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PROCESS FOR PRODUCING ALKALT HYDROXIDE OR ALKALINE EARTH
OXIDE EMPLOYING A WEAK ACID INTERMEDIATE
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BACKGROUND AND SUMMARY

19005]  Sodium hydroxide i generally produced using the chloralkali provess, which i
snergy intensive, requires rave matal anodes and eathodes, and produces hydrochloric acid,
which has a limited market and cannot be discharged into the environment: Production of
sodium hydroxide in prior art is energy intensive, COr cnussions intensive, and expansive.
Additionally, prior ant production of sodhun bydroside may not be emploved in COx:

removal, or may not be added 0 a sea for deacidification or OO removal, becanse they ave
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energy mtensive, CCh cmissions inlgnsive, expensive, and environmentally damaging,
Commaercial applications of hydrechloric acid often volve employing hydrochloric acid i a
reaction with a carbonate salt, which may result inothe velease of €Oz and may counter any
T emissions reduction benefit. Additionally, if hydrochloric acid 1s released into the
srvironment, it will react with carbonate or bicarbonate salts prosent in the environment,
emitting carbon dioxide and acidifying water bodies, such as the voean. Sodium hydroxide is
an essential chemical employed & wide range of apphications, which include, for example,
pulp & paper prodaction, Hthium processing, soap production, ravon production, stuminem
refining, 1o name 3 fow. Production of sodivm hydroxide in prior art is energy intensive, U
cnussions intensive, and expensive. Reducing the encrgy, cost, and cmissions associated with
the production of sodium hydrogide would greatly benefit the coonomy and euvironment.
There v a significant need for 8 fow energy comsumption, low CO emissions,

envirgumentatly friendly process for producing sodivm hydroxide.

16666} Production of caloium oxade, or caleiwn bydroxide, or coment klisker b prior art
produces U0 enmssions, which may be difficudi or expengive to capture. [t may be highly
desivable to develop a caleium oxide, or calcturn fvdroxide, or cement klinker production
process which does not produce COz eraissions and ¢ or iherently produces high purity,

saptared C,

[0667]  Some ambodiments of the present fnvention may portain to low carbon eraissions,
or low energy conmanption, of carbon negative production of sodian hydroxade, or sodiam
carbonate, or sadiunt bicarbonate, or sodivm sulfite, or sodivn bisulfite, or gypsum, or
allalme-carth sulfate, or alkalt hydroxide, or afkali carhomate, or alkali bicarbonate, or alkahi
sulfite. Bome emwbodiments of the present invention may enable ulira-low COq emissions
production of sodium hydroxide with caloam sulfate as the side product. Calerum sulfate
comprises a selid, v mirinatly schuble 1w water, is non-toxie, is not dangerous for the
cavironment, and has a pudti-biflion metric ton per yoar market i gypsum wallboard,
concrete agaregates, Hreproofing, plaster, butlding materials, and other applhications. Some
cmbodiments of the present invention may be capable of scaling to greater than 1 bilfion ton
per year £0: enussions reduction, or carbon removal, or 2 combination thereof, Some
cmbodiments of the present mvention may enible highly scalable, environmentally beneficial
systenss and methods for ocean deacidifiostion, which are capable of sealing to meaningfally
merease oceat pH, repuvenats warine coosystems, and permancntly sequester carbon diexide.

Additionally some embodiments may lower the required cost and energy consumption of
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alkali hydroxides, atkall carbonates, and slkali bicarbonates. Some embodiments may be

cmplov cquinment comprising abundant and reevelable materials.

[B008] Some embodiments of the present invention miay pertain to low carbon emissions,
o low ciergy consumplion, of carbon negative production of calcium oxide, or calcium
fiydroxide, or calchum carbonate, or magnesium oxide, or magnesiam hydroxide, or coment,
or cement khinker, or Porthand cement, or magnestum carbonate, or alkaline carth oxide, or
alkaline earth hydroxide, or alkaline earth carbomate or any conthination thercof. Some
cmbodiments of the present invention niay enable ultra-low CO: omissions production of
caleium oxide, or magneshon oxide, or coment. Smne embadiments may comprise a CO:
captare process, or a OOz air capture process, or C0: removal process, ora C0: conversion
process, or & COx separation process, or d process for recovermg or separating COx from
solutions comprising carbonate, or bivarbonate, or any combinstion thereof. Some
embodiments of the present Tnvention may emable caloium oxide or cement production with
fiberent production of kigh punity, lugh pressare carbon dioxide in the natwre of the process,
which may reduce the cost and energy reguired o produce low omissions of zery cinissions
caterun oxide or cement. Some embodiments may be employ cquipment comprising

abundant and reovelable matenials.

10069 Advantages of some embodiments inchude lower energy consumiption. lower cost,
or lower COn emissions, €O emissions negative ouiputs, or application in carbon dioxide
removal, or no strong acd prodacts, or abundant materials, or global scalability,

BRIEF FIGURE DESCRIPTIONS

{6018} Figure 1 Frocesy for prodacing caleiom oxide and captand carbon diogide with
varbonylic acid and sulfue dioxide mtermediates,

LG RE Figure 2A: Process for producing calohan oxide and weak aaid derpvative
cmploving carboxylic actd and sulfiv dioxide intermediates.

{6012} Figure 2B: Process for producing calehwm oxide and weak acid dervative
smploying carboxylic acid and sulfur diovide intermediates.

166313 Figure 3A; Process for producing magnesium oxide and weak acid dertvative
employing carboxylic acid and sulfir dioxide mitermediates.

LEHES Figure 3B; Process for producing mamesinn oxkde and weak acid derivative

crploving carboxylic acid snd sulfr dioxide intermediates.
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[0ai5] Figure 4A: Process for producing atkaline carth oxide and captured carbow

dioxide employing carboxylic acid, alkali, and salfur dioxide intermediates.

016} Figure 4B: Provess for producing alkaline carth oxide and captiwed carbon dioxide

cmploying carboxyvlic acid, atkali, and sulfwr dioxide termediates.

106871 Figure 40 Process for producing alkaline earth oxide and captured carbon dioxide

cmploving carboxviic acid, atkali, and sulfur dioxide intermediates.

[oaig] Figwre SA: Process for producing alkaline carth oxide and weak acid derivanive

soploying carboxshic acid, alkah, and sulfur dioxide intermediates.

0619 Figure 3B: Process for producing alkaline carth oxide and weak seid derivative

employing carboxylic acid, alkali, and sulfur dioxide mtermediates.

{0028 Figwre 3C; Process S producing atkaline carth oxide and weak acid devivative

employing carboxylic acid, alkall, and sulfor diraide intermediates.

{9021 Figure 3D Process for prodacing alkaline carth oxide and weak acid derivative

ernployving carbosylic acwd, alkali, and sulfir dioxide mtermedintes.

[0022} Figure SE: Process for producing alkaling sarth oxide and weak acid derivanive

emploving carboxyiie acid, alkali, and sulfur dioxide wtermediates.

{08231 Fugure SF: Process for producing alkaline carth oxide and weak acid derivative

cnpoying carboxylic scid, alkali, and sulfur dioxde intermediates.

[8624]  Figure 6A: Process for producing alkaline carth oxide and weak acid derivative

emploving carboxvlic acid, alkali, and sulfir dioxide intermediates.

{0025]  Figwe 6B: Frocess for prodducing atkaline carth oxide and weak acid derivative

enploving carboxyhie seid, allall, and sulfur dlodide intermediates.

{926]  Figore TA: Process for producing athaline garth oxide and weak acid devivative
employing sarboxylic ad, alkali, and sulfie dioxide termediates with membrane
separation of at least 3 portion of alkali selfite,

{0027} Figure 7B: Frocess for producing alkaline carth oxide and weak acid derivative
employving carboxylic acid, atkaly, and sulfur dioide intermediates with membrane

separation of at least a portion of alkali sudfite.
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{6028} Figure & Process for producing alkaline earth oxide and weak acid derivative
crploving carboxylic acid, alkali, and sulfiv dionide intermediates with membrane

separation of at least a portion of alkali sulfite.

{029 Figure YA Process for producing alkali hvdroxide from alkali sulfate using
garboxylic aod and suli dioxide intermediates,

[6038  Figwre 9B Process for producing atkali hvdroxide from alkali sulfate wsing
carboxyliv acid and sudfar diside internwediaies.

31 Figure 9C: Process for producing alkali hedvoxide from alkall sulfate asimg
carboxylic acid and selfir dioxide intermediates,

[6032]  Figure 9D Process for producing atkali hydroxide from alkali sulfate using
carboxylic aoid and sulfur dioxide intermediates.

00331 Figwre 10A: Process for producing alkalt hydroxide from alkall sulfiste using
carboxvhic seid and sulfur dioade tntermediates.

[0034] Figure 108: Process for producing alkal bydroswade from alkal sulfite nsing
carboxyvlic acid and sulfur dioxide imermedintes.

{8035} Figure 100 Progesy fiw prodocing alkall hydroxide from atkali selfate using
carboxylic acid and suifur dioxide intormediates,

[0036]  Figure 1E: Process for producing alkali hydvoxide from alkalt sulfate using
carboxyvhic acid and sutfur dioxide intermediates,

{0837 Figure 10E: Process for producing alkali hydroxide from alkalt sulfate using
carboxylic acid and subfur divnds infermediates.

[0838]  Figure 10F: Process for producing slkali hydroxvide from alkall sulfte using
carhoxylic acid and selfur dioxide intermediates.

10639]  Figure 1A Process for producing alkali hedroxide from atkali sulfate using
carboxylic acid and sutfor dioxide intermediates.

{0046} Frgwre HB: Process for producing atkall hvdroxide front alkali sulfate using
carboxyhic acid and selfur dioxide intermediates.

{041} Figare 1 Proeess for producing alkalt bydroxide from alkall sudfate asing

garboxylie acid and sulfur dioxide mtermediates.
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{0842} Figure 12A: Process for producing alkall hydroxide from alkali sulfate using

carboxylic acid and sudfur dioide intermediates.
{3043} Figare 1281 Process for producing alkalt hydroxide from atkali sulfate using
carhoxyvlic acd and sulfur dioxide intermediages.
16644]  Figure 120 Process for producing alkah hydroxide from alkak sulfivte using

carboxylic acid and sudfur dioxide intermediates.

[O045] Figure 13A: Process for producing atkali carbonate and romoving or capturing or
converting CO from alkalt sudfate omploving adid, such as carboxylic acid.and sulfur dioxide
misrniediates.

0646} Figure 138: Process for producing alkall carbonate and removing or captuning or
converting COx from alkali sulfate employing acid, sach as carboxylie actd, and sulfur

dinade indermediates,

[B047  Figwre 13C: Process for producing alkali carbonate angd removing or capturing or
converting COy from alkalt sulfate emploving acid, such as carhoxylic aeid, and sulfis

ghoxide mtermediates.

10G48] Figure 13D: Procass for producing alkali cavbonare and retnoving or capturing or
comverting CO: from alkali sulfaie omploying acid, such ss carboxylic acid,and sulfir dioside

iermoediates,

{8049 Figure 138 Process for producing alkali earbonate and removing or captoring o
sonverting COn from alkali sulfate cmploving ackd, such as carboxylic acid,and sulfor dioxide
intermediates.

{0830 Flgwwe 13F: Process for producing alkali carbonate and removing or captaring or
converting COx from alkali sulfate employing acid, such as carboxylic acid.and sulfor diesade

ntermediates.

{00351 Figure 14A: Process for producing alkali carbonade and remmving or caphwing or
converting OOz from alkali sulfite cmploving carboxylic acid and sulfur dioxide
mtermediates.

[80S2]  Figure 4B Process for producing atkali carbonate and removing or capturing or
converting €O from nlkali sulfate employing carboxylic actd and subfur dhoxide

intermediates.
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{0053} Figure 14C: Process for producing allali carbonate and removing or capliwing or
converting COx from alkali solfate cmploving earboxelic acid and saliur dioxde

mtermediates.

[0054]  Figure 15A: Process for producing alkaling carth oxide and weak acid devative
employing carbexylic acid, atkali (such as ammonia or anynoniam), and sulfiy dioxide

intenmediates.

[0as5] Figure 13B: Process fir producing alkaline sarth oxide and weak acid derbvative
cmploving carboxyii acid, alkali (such as ammonia or ammonium}. and subfur dioxide

intermediates.

0656} Figure 13C; Process for producing alkaline carth oxide and weak acid derivative
cmploying carboxylic acid, atkali (such as ammonia or ammoniumy, and sulfr dioxide

intermediates.

[BAS7]  Figure 16A: Process for producing alkaline carth oxide and weak acid derfvative
emploving carboxylic acid, alkali (such ag amumonda or ammontam), and sulfor dioade
intermoediates.

[06358] Fioure 168 Process for producing alkaline carth oxide and weak acid derivative
cruploving carboxyviic acid, alkali (such as ammonia or ammonbum}, and sudfur dioxide

itermaediates,

[H059]  Figwre 1600 Process for producing atkaline earth oxide and weak acid derivative
coploving carboxyhic acid, alkal (such as anmmonia or ammonieay, and selfwr dicade
intermediates.

j0660 Figure 17A: Process for producing alkaline carth oxide and weak actd devtvative
cmplovimg carboxyiie acid, alkali {sach as ammonia or mumoniend, and sudbfer diseade

intermediates,

[0061] Figure 178 Process for producing atkaline carth oxide and weak acid derivative
employiing carboxylic acid, alkali (such as ammonia or ammoniwm), and sulfie dioxide
infermediates.

{HH R Figure 17C; Process for producing alkaline carth oxide and weak acdd dervative
criploving carboxylic acid, atlali {such as anuvrenua or smmontuem), and sulfur dioxide

intermediates.
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{0863} Figure 18: Progess for producing alkaline carth oxide and weak agid dertvative
emploving carboxylic acid, alkali {such as ammonia or smmenien}, and sudfor dioxide

mntermediates,
[{H164) Figure 197 Process for producing alkaling carth oxide and weak sold derivative
employing carbexylic acd, atkali (such as ammonia or anunoniam), and sulfir dioxide

intenmediates.

[6065] Figure 20A: Process for producing or recovering ammonia from ammonium
sulfate
[0066] Figure 208 Process for producing or secovering anmonia from ammoninm
sulfate

100874 Figure 20C: Process for producing or recovering ammoma from ammaomum

sulfate
[0D68] Figure 2LA: Process for producing or recovering ammonia from ammonium
sulfate
[0069]  Figure 21B: Process for producing or recovering ammonia from ammonium
sulfats

10074 Figure 21C: Provess tor producing or recovering ammonia from ammonium

sutfiste

19871]  Figure 22A: Process for producing or recovering ammonia from ammonium
sulfate
{8672]  Flgwe 22 Progess for producing or recovering ammonia from ammonium
sulfate
8731 Figere 220 Process for producing or recovering ammonia from ammonium
sudfate
{0674 Figure 23A: Process for producing or recovering ammonia from ammonium
sutfate
{0073 Figare 338 Process for producing or recovering ammonia from ammonium
sulfate
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{0876  Figwre 230 Process for prodacing or recovering anpmoma from animoniym
sulfate

{8077 Figure 24: Process for thermally decomposing o caloining alkaline sarth sulfiie o
form atkaling carth oade and sulfur diosade sad ¢ or absorbing sulfur dioxide cmploving a
recirculating carrier gas to, for example, enable use of zere omissions heat and / o coable low

diatomic oxygen concentraiions

[0Q78| Figure 23; Process for thermally decompusing o caleining atkaline earth sulfite to
form atkaline earth oxide amd sulfir dioxide and [ or absorbing sulfur dioxide employing a
recirgulating carmier gas

{0079 Figure 26A: Progess for producing alkali hydroxide using carboxylie acid and

sulfin dioxide mermediates from atkali chloride.

[oaRy] Figure 208: Provess fo producing alkali hydroxide using carboxylic acid and

sulfir diexide intermediates from alkali chlotide.
[0081} Frgare 26C: Process for producing alkalt hyvdronide wsing carboxyhic actd and

sulfar dioxide intermediates frony alkali chloride.

10682} Figure 26D Process for producing atkall hvdroxsde using carbogylic acid and
sulfur dioxide intermediates from atkali chlonds.

[0083]  Figwre 27 Process for producing alkall sulfate from alkali chloride and alkaline
carth sulfate using mumonia and carbon dioxide miermediates

[0084]  Figure 28A: Progess for producing alkall sulfate from atkali chloride and atkaline
carth salfate using ammona and carhon dioxide intermediates

{00RS]  Figure 28B: Process fir producing atkali sulfate from alkall ehloride amd alkaline
sarth sudfive asing mmmonia and carbon dioxde intermediates

{1086] Figarg 280 Process for producing alkali sulfate from alkalt chionide and alkaling
carth subfate using ammoms and carbon dioxide mtermediates

{0087} Figwure 29: Process for procducing alkali sulfate and captiring €Oz emploving
alkali chiovide and alkaling carth sulfate using amnumts and carbon dioxide intermediates
16088]  Figure 3 Process for producing alkadi sulfate, captuning U0, and £ or producing

wrea employing alkalt chloride and alkaline carth sulfate using anumonia and carbon dioxide
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[6O8S]  Figure 31A: Process for producing atkali hydroxide from alkali sulfite eploying
acid and solfur dioxide intermediates
[B090] Figure 3181 Process for producing atkali hydroxide from athali sulfite emploving
acid and sulfur dioxide intermediates
10691} Figure 311 Process for producing alkalt bydroxide from alkali sulfile ensploying

acid and salfur dioxade intermediates

[oau2] Figure 32A: Procoss for absarbing or regcting sulfin dioxide within alkali acid-
anion, such as alkalt carboxylate, wy a manner which may sumanize or reduce potential

residual vapor in remalming gases.

[0093]  Figure 32B: Process for absorbing or reacting salfur dioxide within alkali acid-
aron, such ag alkali carboxyvlate, in @ manner which may mintmize or reduce potential
resigdaal vapor in remaining gases.

[0094]  Figure 3% Process for producing alkali hydroxide from alkalt sulfite vsing
carboxylie acid and selfur diode intermediates.

9095 Figure 34: Process for producy allial ydronade fonm alkali sulfate using
carboxylic soid, sulfie dioxide, and carbon dioxide intermediates.

[0096]  Fipure 35 Process for producing alkali hedroxide from alkali sulfate using
carboxylic acid, sulfur diovide, and carhbon dioxide intermediates,

19897]  Figure 36A: Process for producing alkali bivarbonate ov carbonate from atkali
sulfate usmg cirboxyhic seid and sulfur dioxide intermediates and carbon dioxide input and
intermediate,

{0098} Figwe 37; Process for producing alkali hydroxide from alkali sulfate using
carboxyhic acid, magoesiwm, salfur dioide, and carbon dioxide intermediates.

{399} Figure 38 Process for produging adball hydroxide from alkali sulfate using
carboxylic acid, magnestum, sudfur dioxide, and carbon dioxide intermediates.

{61004 Figure 394 Process for produciig alkali bicatbonate or carbonte fromm atkahi
sulfiate using carboxyhic acid and sulfur dioxide intermediates and carbon dioxide tnput and

intermediate,

10
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1ot} Flgure 398: Process for prodecing atkalt bicarbonate ov carhbonate from alkali
sulfate using carbonylic acid and salfur dioxide itermediates and carbon dionide inpat and

mtermediate.
DETAILED DESCRIPTION
EXAMPLE CHEMISTRY

{91827 Example 1; Process for Producing Calcinm Oxide or Cement or Clinker

{0183}

{1) React Material comprising Caleinn, or Magnesium, or Gther Alkaline Earth ~
Weak Aad Anion with Acetic Acid, which may comprise, nclading, but not Himited fo, ote

or mare o iy combination of the following:

o CaCOsis orag) + 2 CHUOO0OHag) = Ca(CHCOO(aq) + COx(g}

»  Calchom Silicate(s)y + 2 CH:COOHag) =¥ Caf CHUOOR{3q) + Silicon Diexide(s)

s CaS(s) + 2 CHCOOHag) < Ca(CH:COORag) + HaS{z)

«  Caloiam{Weak Avid Awion) + 2 CH:COOH(aq) < CalCHCOORRg) + Weak

Agidls, or g, or |, or aq)

16184} Nivte: Residual sohids or undissolved solids, such ax silicon diosade or other
undissolved solids, may be separated from the hquid solution using a solid-hiquid separation.
[0185]  Note: Clbs{g} mav comprise captwad {0:,
[6106} Nete: In sone smbodiments, some chemicals comprising caleiom may compnse a
portion of magnesium. In some cmbodinents, for example, input chenueals or input material
may comprise a mixture of calchum and magnesium,
{6167} Note: In some ermbodiments, acetic acid vaporand / or water vapor may be
separated or regovered from CO:H{g).
B108]  2) CalCHCOMNag) + 30x{g or ag)-+ HxO( or aq) =¥ CaSOx{s) + 2
CHCOOH(ag)
j6169 Note: CaS0s(s) may be separated using a solid-Hquid separation.
I Nete: bnsonie embodiments, SOx{g) may vonypnise other gases v addition o
SO:g). In some embodinments, the remaining gases after the absorption or resction of at lenst
a poriion of SOx(g) may comprise 3 portoen of acetic acid vapor, In some embodiments, the
remaining gases after the absovption ov reaction of at feast @ portion of 5Qx{g) may comprise

at feast a pornon of acetic ackd vapor, which may conprise acctic acid cvaporated from the

11
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products of reaction step “(2). In some embodiments, romaining gases comprising at least g
portion of acetic acid vapor may be contacted with Ca{CHCO0 {ag) before the reaction
with SQa(g), which may cnable at least a portion of acetic scid vapor to be absorbed in the
Ca(CH:COO {ag) and 7 or ramoved from the romaiming gases. In some embodiments, acelie
acid vapor may be removed from remaining gases using, for ghample, nchading, bud not
fimited to, one or more or ity combination of the following: alkaline earth cashonate, or
atkaline carth ~ weak acid, or alkabine earth carbonate ~ water slerry, or alkabine earth oxide,
or alkaling earth hydroxide, or atkaline ecarth hydroxide — water sharry, or alkaline carth
hydroaade - water suspension, or alkaline &arth hydroxide = water solution, or water, of alkalt

carbonate, or atkali licarbonate, or alkali hydroxide.

] Note: nsome embodiments, residual squesus nagnesians solfile may be présent
in the 2 CH2COOH{(agy . To some embodiments, the residual aqueous magnesaon sulfite
pray remgin in the *2 CH2COOH s transferred to reaction (1) from, for example, reaction
(2¥. In some embodiments, at least g portion of the agueous magnesium sulfite may remain

in the 2 CHCOOH(agY solution fransforred o reaction (1) from reaction {2V, Additional

magnesium sulfite above the solubility Hoits of magnesium sulfite 1o the solution may
precipitate or eo-pregipitate during the reaction of CafUH:CO0aq) or Mg{CH:COMHaq)
veith SOy or ag), or sulfite, or bisulfite, or any combination thercof

{61827 Note: In some cmbodiments, restdual aqueous magnesium sulfite nay be present
1 the "2 CHCO0OH(agY . In some ombodiments, a portion of the residual agueous
magnesiam sulfite may be concentrated and / or sepavated asing, inclading, b not Htted o,

one or mong, or any conibination of the following: heating, or confing, or revorse OSIBOSES, &7

membrane hased provess, or precipitation, or electrodialysis, or forward osmosis, or any
vomhination thereof For example, the residual aguecus magnesium sulfite may be separated
by concentrating the magnesaen salfite using reverse oxnosis or nanofiliration, wherein the
pore stee o properties of the membrane may enable the permeation of af least a portion of the
acetic acid and the rejection of at least a portion of magnesium saifite, and ¢ or cooling the
resulting concentrated magnesium salfite solution to produce af least 3 portion of a

magnesium suliife precipitate,
10113 £3) CaSO:(s) ¥ Callis) + SOx{y)
LR TS Nete: “(3) may comprise caleining CaS0s(s), which may emplov a kila,

[@1§5] Nete: TaSOxs) may be dued, or dehydrated, or both before or dawing "3y,

12
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j6116] Example 2: Process for Producing Magnesinm Qxide oy Coment or Clinker

LR {1) React Material comprising Calctum, or Magnesium, or Other Atkaline Earth -

Weak Acid Amon with Acetic Asid

s MpCO:i(s oragl + 2 CHCOOHM) = MofCHCOOR(ag) +~ COu(i)
«  Magnesivm Silicate(s)y + 2 CHECOOHEg) 9 Ma(CH:COM(aq) + SHlicen
Digxide(s)
o MeSi+ 2 CH2OOOH(ag) @ Mg{UH:COO0k(aq) + HaS(y)
#  Magnesian{ Weak Acid Amony + 2 CH:COOH(ag) =¥ MaiCHCOORGg) + Wesk
Acidis, or g, or |, or ag)
[01¥8]  Nete: Rosmidual solids or undissolved solids, such as silicon dioxide or other
undissolved solids, may be scparated front the liguid solution using g solid-Hguid separation.
16119 Nete: In some embodiments, 2 CHCOOHaG) may conypize at least @ portion of
MgSCa{aq). which may be referred to as residaat MeSi(ag).

161203 {2} Mg{CHCOOMN g + 80:{g or aq) + H20( or ag) = MaSth(s) + 2
CH=COOH ()

21 Neote: MaSOs{s) may be separated using a solid-liquid separation.

[0122]  Note: Residual MpSQOu(aqg) may be present m the 2 CH:CQOH((ag) solution.
[0123]  (3) MaeSOss) = MgO(s) + SO

{8124 Nota: (3} may comprise cateming MeSOi(s), which may emiploy a kiln,
[8125]  Nete: MgSOsis) may be dried, or dehivdrated, o both before or during “(3).

18126] Example 3: Process for Producing Calvinm Oxide or Cemient or Clinker with

Alkali Intermediate

@127} {1} React Material comprising Calcium, oo Magnestum, oo Other Alkaline Earth
Weak Acid Anion with Acetic Acid
o CaCOss or aq) + 2 THCO0Hag) = CalCHCOORag) + CO(y)
»  Calonnn Silicate(s) + ¥ CH:COOH{aq) =¥ Co{CHCO0 R aq) + Silicon Digxide(s)
s CaS(s)+ 2 CH:COOH( ag) = Ca(CHCOORag) + HaS(2)
«  Calciom{Weak Avid &wion) + 2 CH:COOH(ag) < Ca(CHCOOREg) + Weak

Acid(s, or g, or L or wp)
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[G128] Mete: Residual solids or undissolved solids, such as siticon dioxide or other

andissolved solids, may be separated from the ligeid sohstion using a solid-ligquad sepavation,

129 Note: HUOxg) s produeced, it sy be desirable for said CO:(g) 1o be produced at

a high partial pressure CO=(g), or purity CO{g), or to comprise captived COx{g).
{0130} {2) CafCH:C00 R aq) + NaxSOu«s or ag) =¥ 2 NaCHOO M ag) + CaShis)
10131 Wote: CaSOxis) may be separated using a sohid-liquid separation.

[81324 Neote: In some embodiments, Na:SOx(s or ag) may somprise a solid conprising

sodiam suifife, which may be added to or ihssolved ina solution comprising calcium acetate,

[6133] Note: In some ernbodiments, NaeSOals or 8q) may comprising an saqueons

solution comprising sodium sulfite and acetic acid.

HOREY {3) 2 NaCH:COORQ) + SOolg or aq) + FaOd or aq) = NaaSOslaqy + 2
CH2COOHGg)

18135]  Note: In some embodinsents, $O:0e) may comprise other gases in addition to
SOh{e). In some carhodiments, the reaction of 2 NaCHCOOaq) + 50« gy may resalt in a
feast & portion of scetic acid vapor i the romaining gases during or after the reaction. In
sonwr embodiments, NaCHCOO(q) entering the present step may be pre-contacted with or
may absorb at least & portion of geetic acid vapor from the remamning gases. In sonie
embodiments, the reactor or sbeorption column piay be configured to absorb seetic avd
vapor in NaCH>COOaq) before or while reacting NaCH:COOGY) with SUh{g). In some
cmbodiments, acetic acid vapor may be removed fFom remaining gases using, for exanple,
including, but not Emited to, one o more or any combination of the following: altkaline carth
carbonatg, or alkaline eanth - weak acd, ov atkaline carth carbonate — water shuery, or atkaline
carth oxide, or alkaline carth

8136 (4 NaxSOxaqg) + 2 CHCOOH ) = 2 CH:COO0H g or B + NaeSOa(s)

[8137]  Nete: CHxCOOH may be more sohible in water thar Na:SQOs, Insome
embodiments, NaxSOr: may be separated or precipiiated from solution hy, for exmmple,
inclading, but not hmited to, evaporation, or distillation, or erystattization, or separation
systems or methods described herein, or separation svstems or methods desoribed i the ar,

ot any coanbination thereot,
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{0138 Mete: In some embodiments, CH:COOH and ¢ or water may be separated from
NazSO: by, for oxample, evaporation, or distillagon, o crystallization, or any combination
condense with water vapor, which may reselt in g distillate or condensate comprising
CHRCOOHag).

[8139 Note: In some embodiments, magnestom sulfite{ag) may be present in the
NaB0s(ag) + 2 CH:UOOH (). To some embodiments, if present, magnesiun salfite may
begin to precipitate or arystalize before NazS0s, In some eatbodiments magnesium sulfite
solid may be separsted during step “(4). In sume embodiments; separated magnesiam sulfite
may be docomposed to magnesiwn oxide, or decomposed separately from calctam selfie, or
decomposed together with calctuny sulfife, or anv combination thereof s

[0140] Note: NasSOs{s) may be separated from CH;COOHag) by a solid-liquid
separation, which may chade, but is not Himited to, filter, or contrifuge, or decanter, or
separation systems or methods deseribed herein, or separation systems or methods deseribed
i the art, or any combination thereof

10141} Noter In some embodiments, a foed solution comprising sodiem sulfite and acetic
gcid may be gvaporated, wheretn 3 portion of acetic acid and water vapor evaporate and / or
are condensed to form an a separated acetic acid sohution, and 7 or the remaining solution
comprises ageeous acetic acid and a higher concentration of sodivan sulfite than in the
concendration of sodium sulfite in the foed solation.

W42] (53 CalOx(s) P Calis) +50:{e)

101431 Note: (5 may comprise caleining CaSCu(s), which may employ a kil

10144] Note: CaSOs(s) may be dried,; or delwvdrated, or both before, or during "3y

[0145]  Note: In some endbodiments, 1t may be preferred or desired to react SOug) with
NalH:COO{aq) to forn Na:S0:(aq), and then react Na:SQs with CalCHACOOR{ag) to form

CaSOxis) becanse, for example, inchuding, but not limited to, one or more or any combination

of the following potential benefits:

s In some embodiments, # may be desirable to absorb SO2{g} in an absorplion
column. Precipitate formation can be problematic in an absorption column dug to,
for examnple, including, but not fimited fo, precipitate clogging packing material, wr

plates, or interforing with gas fows, or interfering with Hquid flows, or forming

15



WO 2023/225089 PCT/US2023/022544

scaling, or any combination thereof The veaction of C{UH:COOR(ag) with SChy)
may form a precipitate comprising CalS0s(s), which may be challenging in some
absorption columns or a gas absorpiion provesses. The raction of NaCH:COOaq)
weith SO(g) may. if destred, the salt may mostly romain at an squeous or Hguid
phase throughout the reaction, because, for example, NaedOs may be solable in
water, which may be desirable in an absorption cohunn,

¢ In some embodiments, f the SOs{g} comprises gases in addition to $O0:(g), acetic
acid vapor may be present in the remaining gases daring or afier the reaction of
SO gy with an acetade salt. I SO«(g) is contacted with NaCHTOOag), which may
form aqueous phase NaoSOx(aq) and 7 or scetic acid, the reactor or gheorption
colemn may be configured sueh that NaCHCOO(aq) wotering the reactor or
absorption colunmn absorbs or recovers at least a portion of acetic actd vapor from
the remaining gases. I SO} is vontsoted with NaCH:COag), which may form
squeous phase Na:SOs(ag) and  or acetic acid, the veactor ov absorption colum
may be configured such that NaCH:COO(g) eatering the reactor or absorption
cohumn absorbs or recovers at least a portion of acetic acid vapor from the remaiming
gases before or while NaCHTOO(ag) is substantially reacted with SOz g). The
employing NaCUH-CQO(ag) may react with residual 3Qx(g) potentially present in the
romaining gases, which may aveid solid formation or solid handing issues which
may occwr HCa{UHC O (ag) is weacted with residual SOx{g).

«  For example, in some sbodiments in some embodiments, the ability for the
reaction products to comprise agqueoys or pumpable phases may enable absorption
cohunn, o absorbet, o reactor, or any combination theveo! designs o
configurations which may facilitate the recovery of acetic actd vapor and / or may
redduce the potential s or concentration of avepic avtd vapor 1 the renwbung
ases.

«  For example, itmay be desirable to absorb SOx() in an absorption columm becnuse
the SO:() may be at a dilute cencentration, or a low partial pressurs, or may
comprise 3 gas mixture, of to improve absorption efficiency, or to fastlitate the
regovery or removal of any acid vapor from remaining gases, or to fectliate the
recovery or removal of acetic acld vapor from remaining gases, of prevent of
mimozg or redecs the concontration or partial presswre of acotic acid vapor in the

remaining gases, or any combination thereof. For example, i some embodimoents,
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the process enployed to decompose caleium sudfiic to calohan oxide and sulfie
dioxide may foem a gas mixture comprising sulfor dioxide. For example, in some
embaodinents, the partial pressure of sulfur dioxide in said gas mixture may be lower
than | atm, or 0.9 atm, or 0.8 atna, or 8.7 atm, or 0.6 atm, or 0.3 gim, or 0.4 atm, or
6.3 atim, or 0.2 atm, or {1 atm, o Q.05 amm, or any combination thereof and £ or
wherein the volume percent concentration of sulfin dioxide In satd gas mixture may
be lower than 100%, or B0%, or 80%, or 7%, or 60%, or M1%%, ar 40%, or 394, or
2%, or 10%, or 3%, or any combination thereof.

e Qreater absorption rate or absorption cfficicncy.

#  Sohid-higuid separations may be easter or simapler or higher yvielding. For example, in
scane smbodiments, 1f the rate of precipitation 1s deperdent on the puxing of two
tiquids, rather a precipitation reaction from a gas and a hquid, the formation of and /

or separation of precipitates may be wore controflable.

6146}  Example 4: Process for Producing Maganesiom Oxide pr Cemeast or Clinker

with Alkali Interinediate
10147 (1) Reaet Material conywising Caletam, or Magnesiam, or Other Alkaline Earth
Weak Ackd Anioa with Acetic Aad
*  MglOx(s or ag) + 2 CHOOOHq) = Mg(CHOORag) + COAg)
«  Magnestum Silicatels) + 2 CHCOOHaq) @ MptCH:COO0aq) + Silicon
Dioxide(s)
o MESEs}+ 2 CHCOOH ag) D Ma(CH:COO M ag) + HaS(g)
»  Magnesiom{Weak Acid Anion)+ 2 CHCOOHaq) - Me(CH::TOO {aq) + Weak
Acid{s, or g, ov | or ag}
10148}  Note: Residual solids or undissolved solids, such as silicon dioxide or othey
undissobved solids, may be separated from the liguid solation asing a sobid-hguid separation.
[0149]  Note: W CO{g) is produced, it may be desirable for said COx(g) to be produced at
a high partial pressure COx{g), or purity COg), or o comprise captared COxp).
IS8 (2 MgfCHCOOaq) + NaxSO:(s or ag) =2 2 NaCH:COO(@g) + MeSOsx(s)
151 Note: MeSOxsis) may be separated weing a solid-liquid separation.
{0182 3) 2 NaUHCOOg) + SO or agq) + HaO( or ag)y < NaaSOs{ag) +2
CHCOOH(ag)
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{81537 (@) MaSufag) + 2 CH:COO0H ag) = 2 CHCOQHGg or )+ Na:S0:a(s)

[01584]  Note: CH:COOH may be mare sofuble in water than NaxSOx T soine
ambodiments, wator mane be removed and /£ or NanSCh may be separated or precipitated by,
for example, ncluding, bat not Hmted to. evaporation, or distillation, or erystathization, or
separatio systems or methods desertbed heremn, o separation systems or methods desenibed

in the art, or any combination thereofl

[o155] Nete: In some emnbodimenty, magnesian salfite{aq) may be prosent in the
Na:SOs{ag) + 2 CH:CO0H{aq). b some embodiments, i prosent, magnesium sulfite may
precipitate or ervstatize before NaeSOh. In some embodinients, if present, magneshum sulfite
may precipitate or crystatize before NaeSOs, which may enable the separation of at least s

portics of magnesions sulfite from NapSOs.

@156} Nete: NaxSOs(s) may be separated from CHUOOH (aq or 1) by a solid-Hquid
separanion, which may nchude, bt is not himued o, filter, or contiifuge, or decanter, or
separation systers or methods described hevet, or separation systorns or metheds described

i the art, or any comthination thercof.

[#157]  Note: Insome cobodinrents, CHCOOH may evaporate with waler vapor and £ or

condense with water vapor to form a distitlste or condensate comprising CHxCOOH((ag).
[e158]  (5) MaSOx{s) & MeOis)+ Sy

[p159] Nete: “{3) may comprise caleining CaSOs(s), which may employ a kil

>

{5160} Nate: CaSOafs} may be dried. or dehydrated, or both before, or dwring “(§Y

18161} Note: In sorne embodiments, it may be preforred to react SCily) with
NaCH:COO(ag ) to form NamSThiagh and then react Na:SQs with Mg{CH:CDOn{ag) o form
MgS0xis) beeause, for example, inchubing, but not lmited 1o, one or moreor any

combination of the following potential benefits:

+  In some embodiments, it may be desimable to absorb 80:(x) i1 an absorption
colamm. Precipitate formation can be problematic i1 an absorphion colamns due to,
for example, inclading, but not Hmited 1o, precipitate clogging packing yaterial, or
plates, or interfermg wigsh gas flows, or interfering with hquid flows, or fornmng
scaling, or any combination theveof. The reaction of Mg{CH:OOO gy with SO«
may form @ precipitate comprising MaSOs(s), which may be problematic in some

absorption columms or a gas absorption processes, The reaction of NalH{COOaq)
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with SOx{g) may, if desived, remain an aqueous solution or Bguid solution
throaghowt the reaction, because, for example, NaaS0s is soluble in water, which
may be desirable inap absorption colunm,

«  For example, it nay be desirable to absomb SQ:(g) in an absorption colonm because
the SOa{g) may be at a difate concentration, or a fow partial pressure, or may
comprise a gas mixture, or to improve absorption efficiency, or to fuacilitate the
recovery or removal of gy acid vapor from remaining grses, or any conmbination
thereof. For example, in some cmbodiments, the process emploved to decompose
calcium sulfite to calcium oxide and salfur dioxide may form a pas mixiure
comprising sulfur dioxide. For example, i some embodiments, the partial pressure
of sulfur dioxide in said gas mixture may be lower thao T atm, or 0.9 atmy, or 0.8
abmy, or .7 aim, or .6 am, ov 8.8 amm, or 0.4 gtm, or 0.3 atim, or 0.2 atmy, or (.1 am,
or (105 atra, or any combination thereof and / or wherein the volume percent
voncentration of sulfur dioside b said pas mivture may be lower than 100%, or
Q0%e, or BI%%, or T0%, or 601%, or 30%, or 408, or 30%, or 2096, or 10%, or 3%, or
any cornbination thereof.

¢ Insome embodiments, i the SOy comprises gases in addition to SO:{g), acetic
acid vapor may be present in the remaining gases during or sfter the reaction of
SO g) with an acetate salt. I SO:(g) is contacted with NaCH:COO(ag), which may
form squeous phase NaeSOn(agy and / or seetic acid, the reactor ov absorption
coltmn naay be configured such that NaCH:COO(ag) entering the reactor oy
absorption colunm ubsorbs o1 recovers at least a portion of acetic acid vapor from
the remaining gases. I SO:(g) is contacted with NalUH:C OO ag), wihich may form
aquenus phase NaxSOh(ag) and / or geetic acid, the regetor ov absorption colunn
may be configured such that NaCHCOQGag) eatering the reactor or absorption
cohummn absorbs or recovers at feast a portion of azctic acid vapor from the rematning
gases before or while NaCH:COO(ng) 1s substantially reacted with SO}, The
coploying NaCH:CO0{(ag) may react with resideal SOx{g) potentially present in the
romaining gases, which may avoid solid formation or solid handing issues which
may oceur H CalCHCOON(ag) is reacted with residual SOx{(g).

«  Greater absorption rate or absorption officiency.

»  Solid-liquid separations may be casier or simpler or higher vickdmg, For exanple,

the rate of precipitation is dependent on the mixing of two liguids, rather than a gas
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and a liquid, the formation of and / or separation of precipitates may be more

contralled.

[B162} Exsmple 5: Process for Producing Calcium Oxide or Cement or Chinker with

Alkali Intermediate with Recirculating Separation Process

[0163] {1) React Material comprising Caleium, or Magnesionm, or Other Alkaline Barth~

Weak Acid Anion with Acetic Acid

o CalOux(s orag) + 2 CHCOOH(ag) ¥ CafCHCOONGag) + COx(g)

s Calciam Stheate{s) + 2 CHWOOHag) = CalCHCOOHag) + Sihcon Dioxideis)

¢ CaS{sy+ I CHLCOO0H aqg) =¥ CalCHACO0 R ag) + HaS(g)

«  Calewen{Weak Acid Anion) + 2 CH:COOH(aq) @ CalCHUOORag) + Weak

Acid{s, or g, or |, ov ag)

j6164] Note: Residual solids or undissolved solids, such as silivon dioxide or other
undissolved solids, may be separated from the liqudd solution using a solid-higaid separation.
[6165] {23 CaCHACOO i{ag) + Na:30:a(s or ag) + CH:COOH ag) =¥ 2 NaCH:COO (s
+ CHUOOH ) + CaS0us}

[o166] Neote: CaSOh(s) may be separated using g solid-liquid separation,

[6167]  Note: CH:COOH{ag) may be present due to CHCOOHag) being present in the
retanate solution covnprising NazSQaag) from a membrane hased soparation of

CH=COOH ay) and NazSOstag).

0168 (32 NaCHCOOaq) + Sthig or ag) + HaOd or ag) = NaoS{h{agy + 2
CHCOOH(ag)

[9#4169) {4 NaxSOslagy + 2 CHCOOH ) ¥ 2 CH:UO0OH(ag) separately from
NiuSOx{aq) + 2 CH:COOH g

6178 Note: A portion of CH:COOH(aq) may be separated from NaeSOx(aq) using a
separation process, such as a membrane based process, such as reverse osmosis, It some
crubodiments, CH:COOH(ng) mayv have a hydration radius or nwolar mass sufficiently small
to permeate through g membrane, while said membrane may reject NaxSOh(ag). In some
cmbodiments, Na:SOx{ag) + 2 CHaOOOHaq) may be sepavated into a pormieste sohstion
vopwprising 2 CHaCOOH{ag) snd & retontate soluation comprising NaaSOhéagy + 2

CHCOOH ag).
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I (5 CaShis) = CaQa) + SOx{g)
{0172 Nete: ‘(8Y may comprise caloming CaSOs(s), which roay smploy a kiln
{0173) Note: CaSQu{s) may be dried, or delwdrated, ot both before or during “(8y.

[0174]  Example 8: Process for Producing Magnesinm Oxide or Cenment or Clinker

with Alkali Intermediste with Recirculating Separation Progcess

[0175] (1) React Mateial comprising Calcium, or Magnesium, o Other Alkaline Earth ~

Weak Acid Anion with Acetic Acid

«  MgCOs(s or ag) + 2 CH:COO0H g 9 Me(CHCOO(aq) + COx{n}
«  Maenesium Sihicate(s) + 2 CHCOOH ) =2 Ma(CH:COU(ags + Silicon
Dioxide(s)
» MeSsi+ 2 TH:COO0H ag) <@ Mg{UH:COOk{aq) + HaS(g)
s Magnesium{Weak Acid Awion) + 2 CH:COOHGag) = Mg(CH:COOR(aq) + Weak
Acids, ov g, or 1, or ag)

G176} Note: Residual solids or undissolyed solids, such as sihicon dioxide or othar
undissolved solids, may be sepavated from the Hauid solutiom using 8 solid-figuid separation,
177 (2) Mg(UH:COO(ag) + NasSOx{s or ag) + TH-CO0H(ag) - 2 NallH:UOOag)
+ CHsCOOH gy + MaSOu(s)
[6178]  Note: Mg50:(s) may be separsted using a sobid-liquid separation
[6179] Nete: CHxCOOR(aq) may he wesent due fo CHaCOOH(ag) heing present i the
refanate solution conprising Nax8O:(aqg) fron: a membrane based separation of
CHCOOH(ag ) and MNa:SQ«{aq).
101809 {3) 2 NaCHCOMag) + SQufp or ag) + HaO( or aig) < NaeSOslag) +2
CH«COOH g
{6184 (&) NaeSOsfagy + 2 CHCOOH{agy = 2 CHAOOOHGq) separately from
NaaSQs(ng) + 3 CH:COUHay
181823 Nate: A partion of CHAUO0OH3q) may be separated from NaeSOs{ag) using 8
separation process, such as & meombrane based process, such as reverse osmosis. b some
embodiments, CH:COOH g} may have a hvdration radius or molar mass sufficiently sl
{o pormeate through a membrane, while said membrane yay reject NaxSOs({aq). In some

cmbodiments, NaxS0:{aq) + 2 CH:O00H{ag) may be separated o a pormeate solution
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comprising 2 CHMIOOH GG and a retentate sohution comprising Ma:5C0:(aq) + 2
CH2CQOH ag).

[BI83]  (5) MaSOa(s) = MeO(s)+ S0«

j184) Note: *(5) may comprise caleining MgSO:(8), which may craploy a kiln
[@185] Noter MgSQu(ss nay be dried, or dehydrated, or both before or during “(3Y,

[0186]  Example 7: Sodinm Hyvdroxide Produciion from Sodinm Sulfate nsing

Calciwm Precipitation and Acid Injermediate

191871 (1) Reaot Material comprising Caleiam, or Magnesium, or Other Alkaline Earth -
Weak Acid Anion with Acenie Acid
o Cal0xs orag)+ 2 CH:COOHag) @ CalCHCOORag) + COx) + HaOt or ag)
«  {glowam Silicateds) + 2 CELHCOOH(Gag) 2 CatCHCOO{ag} + Silicon Dhoxide(s)
+ HaO( or ag)
¢ CaS{g) + 2 CHCO0H ag) <@ Cr{CHCOQRag) + HaS{e) + HaOd ovag)
e Calohon{Weak Acid Amion) + 2 CHxCOOH ag) 2 CallHCO0 {ag) + Weak
Acid(s, or g, or |, or ag) + H200 or ag)
[8188] Nate: Residual solids or undizselved solids, such as silicon dioxide or other

undissotved solids, may be separated froan the higuad solution using a solid-liguid separation.
[0189]  Note: COxg) may comprise captured CO:.

{6154 Nete: In some embodiments, some chemicals comprising calohm may comprise a
pottion of magnesium. b some cntbodimants, for exanple, nput choricals or input material

may comprise a nwaiwe of calciunt and magnestam,

je191} Note: In somoe embodiments, acetic acid vapor and /7 or wister vapor may be

separated or recovered From CO:xg).
{0192 {2} Co{UHCOO{ag) + Na:SOu(s or aq) 9 2 NaCHCOOE) + CalOuds)

{6193} Note: In some embodiments, NazSOs) may be added directly to or dissolved in
Ca(CHCOO 1fagl

18194} Note: In some embodiments, NaeSOufs) may be dissolved i water or an ggusous

sohution to form Na:SOdag) before mixing with CafCH:C00:aq).
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[6195] Mete: In some embodiments, water may be added to the process to make up for
water which may leave the process, for example, if NaOH(ag) is an output, or another
agqueous solution is an output, or any combination thereof In some embodiments, water may
be added to the process by NaaSOas betng to the formy of NaeSOafag) or an agwous solation
vomyprising sodiom salfate, whersin at least a portion of the water in NaxSOu(aq) may
comprise water added to the process. In some embodiments, Nax50(aq) may be provided or
sourced as an agqueous solation. For example, in some embodiments, NazSOsaq) may be
provided to the process in the form of NaeSOus(ag). In some emnbediments, NaoSQOufag) may

be provided or sourced as a solid or NaeSOu(ad, then dissolved fivwater o form NaaSOs{ac.

[R196] (33 2 NaCH:COag) + SO:{g ov ag) + H:O0 or ag) = Na:SOsx{ag) + 2
CHACOOH g

16197} Note: I some embodiments, SO:in) may comprise other gases in addition 1o
SOaig). bn some embodiments, the reaction of 2 NaCHUOOaq) + SOx{gd may resalt in ot
et & portion of acetic ackd vapor in the remaiming gases during or after the reaction. In
soine embodiments, NaCH:COO(nq) cutering the present step may be pre-contasted with or
may absorb at least a portion of acetic acid vapor from the remaning gases. In somg
snbodiments, the reactor ov absorption column may be configared to absorb seetic acid
vapor i NaCH:COO((aq) before or while reacting NaCH:COO(aq) with $O:(g). In some
embodiments, acetic acid vapor may be removed from remaining eases using, for example,
tnchuding, bud not honted to, one or more or my combination of the followmg: atkabine carth
carbongte, or atkaline carth - weak acid, or alkaling carth carbonate ~ water shury, or atkaline

carth oxide, or atkaline carth
[3198] {4} NaaSOufag) + 2 CRLCOOHagq) ¥ 2 CHCOOH ag) + NaxSa(s)

16199] Nate: CHCOOH may be more soluble in water than NazSQs. In some
embodiments, NaeSOs roay be separated or precipitated from solution by, for exanple,
inchuding, but nof Houtted to, evaporation, or distillation, or erystallization, or sepagation
systems or methods desertbed bereln, or separation systems or methods described in the art,

or any combination thereof,

[0200]  Note: In some cmbodiments, CHsUOOH and / oo water may be sepatated from
N80 by, for example, ovaporation, o distilation, or crystallization, w any combination

thereof. In some embodiments, CH;COOH may evaporate with water vapor and / or
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condense with wator vapor, which may resudl i a distiliate or condensate comprising
CH2COOH ag).

8201} Note: In same embodinments, magnesiam sulfite(aq) may be present m the
NaoSOsag) + 2 CH:COOH(ag). In some cmbadunents, if proseut, magnesiua sulfite may

hegin to precipitate or erystalize before Nax80:. hy some embodiments magnesiam sultite

sohid may be separated during step “(4Y. In some embodiments, separated magnesium sulfite

nray be decomposed o pgnesiant oxade, or decomposed separately from caloium sulfite, or

decomposed together with caleiien sudfite, o any combination thereofls

8202} Nate: MNeuxSOa(s) may be separated from CHiCOOR(aq) by a solid-liquid
separation, which may inclade, but is not limited to, filter, or centrifoge, or decanter, ov
separation systems or methods desentbed herem, or separation systems or methods desenbed
finthe art, or any combination thereof,

02031 (5) NasSOuls or ag) + ColOH»{(s or ag) = 2 NaOH{ag or s) + CaSOxs)

[0284]  Note: CalOHk{s or ag) may comprise a solid-Hauid suspension, such as mitk of
hime.

[8265] Noter CabSOufs) may be scparated using a solid-ligud separmtion.

0206 {6 CaSOx(s) = Cal¥is) + Saig)

[8207)  Nete: “(6) may comprise caleining CaSOxs), which may employ a kiln,

[6268] Noter CalSOu(s) may be dried, or dehvdeated, or both before or during (Y.
16209} {7 Caldis) + Water(z or | or ag) ¥ CafOH (s or aqd

[0218]  Nete: In some enibodiments, Ca(s) may be employed to ramove water vapor or
facilitated drving of Ca80s(s) before or during decompuosition of UaSO0s{s) to Calds).

j621y Nate: In some embodiments, calcianm oxide may be reacted divectly with an
aqueous solution comprising sodium sultite to produce calcium sultite and sodium hydroxide.
I soane embodinents, calcium oxide may be reacted divectly with an agusouns solution
comprising sodiam subfite to produce calciam sulfite and sodium hydroxide, which may

comprise combining step (53 and step (7Y

{82121 Noter Insome ambodiments, catciom oxide may be reacted with water to prodace
an agueoes solution, of sohid-liquid suspenston, or mitk of lime, or solid, or any combination

thercof comprising caleiun hydroxade.
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[0213] (B 2 NaOH(ag or s} ¥ 2 NaOHiag or ¢} + Water

(6214} Note: In sonte etibodimaents, NaQH{ag) may be concentrated mio an agueous

solution comprising g greater mass parcent concentyation of NaDH.

9215 Note: In some ambodiments, water may be removed and [ or NaQH may be
separated or precipiated by, for example, inclading, but not Hinited to, evaporation, or
distilation, or crystalitzation, or separation systoms o methods described herein, or

separation systems ot methods described 1 the art, or any combination thereof)

218} Note: Insonme embodiments, # may be desirable for NaOH to comprise a

concenitated aqueous solation,

82177 Example 8: Sodinm Hydroxide Production from Sodinm Sulfate using

Alkaline-Earth Precipitation and Acid Intermediate

[62184 {1} React Material comprising Caleium, or Magnesium, or Other Alkaline Earth -
Weak Acid Amion with Acetic Acid
¢« MoUOs(s or aq) + 2 CH:COO gy 9 Mg(CH:COOaq) + CO(y)
Magnesium Silicate(s) + 2 CHxCOOH aq) 9 Mg(CHiCOMtag) + Silicon
Drioxide(s)
» MgS(ai+ 2 CH:COOM g < Mg(CH:COO:(aq) + HaS{g)
s Magnestum{Weak Acid Anion) + 2 CHsCOOH(zg) =@ MalCH:COO(aq) + Weak
Acies, or g, or ], or ag)
[62194 Note: Residual solids or undissolved solids, such as silicon dioxide or other
andissatved solids, nway be separated from the higatd solution using a solid-ligind separation,
[8228] {2) Mg(CH:C00ag) + NazBOs{aq) =¥ 2 NaCH-COO{ag) + MgSOu(s or aq)
2217 332 NaCHCOO ) + SOu{g or ag) + H:Of or ag) < NaoSOs{ag)y + 2
CHCOOH(ag)
02221 (4 NaoSOs(aq) + 2 CHOO0Hag) = 2 CHCOOHGG)Y + NaaS0als)
02231 Note: CH:COOH may be more soluble i water than NaeSO:. Tn some
erbodiments, water may be removed and £ or NaeSOs may be separated or precipitated by,
for example, inchuding, but not limited 1o, evaporation, or distillation, or erystallization, or
separation systoms or methods descrtbed herein, or separation systems or methods deseribed

i1 the art, or any combination thereof
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G224} Neote: NaxSUOs{s) may be separated from CHUOOHag or 1) by a solid-Hiquid
separation, which may inchde, but is not linited to, Rlter, or contrifisge, or decanter, or
separation svsterns or niethods desceribed hereln, or separation svstems or methods described
in the s, or sy combination thercof

H0225]  {8) NaaSOa(s or ag) + Me{OHn(s or ag) @ 2 NaOH(aq or s) + MpSOs(s}

[0226] Neote: Mu(UHn(s or aq) nay comprise a solid-ligpdd susponsion, such ax milk of
Hmg,

je227 Note: MaSOs(sy may be separated wsing a solid-liquad separation.

[0228] {6} MzROs(s) & MaO(s) + SOx(g)

je229 Note: (6 may comprise caleining MgSOQ:(s}, which may ewploy a kil

[62364 Mote: MuSOs(s) may be dried, or delyedrated, or both before or during (6
18231 (7 Mels) = Water(y ov Lor ag) - Mg{OHR(s or ag)

102324 Nate: MgOis) may be emploved 16 remove water vapor or facilitated drving of
MeSOs¢s)y bafore or during decomposition of MgS0:s) to MgO(s).

[8233] {8 2 NaOH{ag or 8} =¥ 2 NaOH{s) + Water

10234]  Note: In some embadiments, water may be repronved and £ or NaOH may be
sepatated or precipitated by, for example, including, but not Hinited to, evaporation, or
distillation, or crystallization, or separation systems or methods deseribed herein, ov
separation systems or methods deseribed 1o the art, or any combination thereef

[0235]  Note: In some embodiments, it may be desirable for NaOH to comprise a

concentrated squeous solution.

[0236]  Example &: Sodium Hydroxide Production from Sodium Sulfate using

Calcium Precipiiation and Acd Interawdiake
0237} {1) React Mateddal comprising Calcium, or Magnesiur, o Other Alkaline Earth
Weak Acid Anion with Acetic Actd
o CaCOss or ag) + 2 UFRUOOHag) = Ca{CHCOORGg) + CO:Hy)
o Calchom Silicate(s) + 2 TH:COOH{aq) <2 CalCHCOOR{sq) + Silicon Dioxide(s)
s CaS{sy+ 2 CH:COOH ag) = Co{CHLTOOM R aq) + HxS(e)
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»  Calctom{Weak Acid Anion) + 2 CH:COOHag) = CalCH:COaq) + Weak

Actdis, ov g, or |, or aup

16238} Note: Residual sohds or undissolved solids, sach s silicon dhoxide or ather

undissolved solids, may be scparated from the liguid solution using a solid-hguid separation,
182393 {2} CalCHO0Mag) + NaoSOutag) @ 2 NaCHCO0g) + CaS0u(s)

192401 (3) 2 NaCH:C00ag) + SO« or agd + HoO or ag) 9 NaxSOs{ag) + 2
CHCOOH(ag)

241 () NaeSOsfag)+ 2 CHCOO0Hag) = 2 CHaCOOHBg) + NaaSOs(s)

j242] Note: CH:COO0H may be more sohuble in water than NaxSQs. In some
embodiments, water may be removed and ¢/ of NSO may be separated or precipitated by,
tor example, inchidimg, but not lmited to, evaporation, or distilation, or crvsiathization, or
separation $ystems ot methods deseribed herein, or separation systems or methods desertbed

i the art, or any combination thereof.

243 Nete: MuaS0:{s) may be separared from CH:COOH aq) by a solid-liquid
separation, which may melude, but is not hnuted to, filter, or coninfuge, or decanter, or
separation systems or methods described hevelw, or separation systems o methods described

i the art, or any combination thereof.
[0244] {3 NaeSOals or ag) + Me(OH k(s or agi 9 2 NaOH{ag or ) + MaSOsis or ag)

[5245] Note: M{OH)«(s or ag) may conprise a solid-Eguid suspension, such as mitk of
Hime,

[246]  Note: MgSOs(s) may be separated using a solid-ligind separation.

02477 (6) MaSOs{s) & MgO{g)+ Sy

[0248]  Note: ‘(6) may comyprise caleining MuSO:(s), which may conploy a kil

[8249] Note: MgSOsis) may be dried, or dehvdrated, or both before or deing “{6).
92301 ) MuOs) + Water{g or b or ag) = Ma{OH (s or s

j0251 Nete: MgQs) may be emploved & remove water vapor o facthitated drving of

MgSOxis) before or during decomprsition of MaSQsls) to Me((s).
182523 {8) 2 NaliHiag or s) =¥ 2 NaQH{s + Water

Or
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2 NaQH({ag) = 2 NaOH(aq — more concentrated} -+ Water

{02534 Note: In sonie enibodiments, water may be removed and / or NaOH nay be
separated or precipitated by, for example, mehading, but not inited to, evaporation, or
distiflation, or crvstallization, or separstion systoms or methods described heromn, o
sepafation systeis or methods deseribed iu the avt, or any combingtion thereot.

[02544 Nete: In some embodiments, it may be desirable for NaOH {o comprise &
concentrated agueous sohution.

[6255] Note: Residual MeSO:{ag) may be presentor dissolved 1 the solution compising
Na(2H{ag) In some embodiments, dwing the concentraging of NaOH{ag) or removal of at
least a portion of water from the NaOH(aq), st least a portion of the residual MeSQumay
precipiiate or way be separated or rocovered. For exarople, in some embodiments,
MaSO:{aq) may be loss sohibde iy water than NaOH{aq). Separated or recovered MgSOh may
be transforred, for oxample, to step (8

{0256} Example 10: Sodium Carbenate Production from Sodinm Sulfate using

Alkaline-Earth Precipitation and Acd Intermediais

(82571 {1) React Material comprising Caleium, or Magnesivo, or Other Alkaline Barth
Weak Acid Asion with Acetic Acid
s CaliOus orag) + 2 CHCOOHag) ¥ CalCHCOON ) + Ca(e)
s Cafoiam Silicate(s) + 2 CH:COOH{aq) =2 CaiCHCQO0:(aq) + Silicon Dioaide{s)
s {aSisy+ 2 CH2COO0H ag) @ Ca{CHCOOR{ag) + Hal (g
*»  Calohon{Weak Acid Anion) + 2 CHCOOHGag) ¥ CaiCH:UO0{ag) + Weak
Acidiz, or g, ov L, or ag}
{8258} Note: Residoal solids or undissobved solids, such as silicon dioxide or other
undissolved solids, may be separated from the hiquid solation using a sold-liquid separation.
{02891 {2) Ca(CH:COO R ag) + Na:SOsag) =¥ 2 NaCH:COO(aq) + CaS0ds)
02681 (32 NaCHCQOGG) + SOxg or ag) + HaOfl or agd = NaaSOslag) + 2
CH:COOH(ag)
[6261] (4 NaoxSOslagy + 2 CH:COOHR) & 2 CHaCOOHag) + NaaSOsis)
{82621  Note: CHCOOH may be more soluble fn water than NaaSOs, In some

embodiments, water may be removed and / or Na:SOs may be separated or precipitated by,
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for example, mnclading, but not lanied to, evaporation, or distillation, or erystatlization, or
separation systems or methods deseribed herein, or separation systems or methods deseribed

in the art, or any combination thercof.

[0263]  Note: NarSOs(s) may be stparated from CH:COQOHGag or 1) by a solid-higuid
separittion, which may include, but is not Hmited to, filter, or conirifuge, or decanter, o
separation systems or methods deserbed herein, or separation systems or mcthods desentbed

in the art, or any combination thereof.
[0264]  (S5) Na:SQuls or aq) + CalOHxn(s or ag) =® 2 NaOH{ag or ) + CaSOs(x)

[8265]  Nete: Ca(OHn(s or ag) may comprise a solid-liqiad suspension, such as mitk of

time.
162661 Note: CaS0x{s) may be separated using a solid-lquid separation.

267 Nete: In some enibodiments, NazSOu{s) may be dissolved 1 water to form
NazSOs{ng) before step (5. In some embodivacnts, water may provided from internally
within the process, or water may be provided from an external source, or any combination
thereof. For example, i net water is consuned, or water 18 in the sodium hydroxide of
sodiven carbonate product, or water is i the product, or any combination thereof, it may be

desirable for a portion of the water to conw from an extornad sowce.

[0268] {6 CaSOs(s) =» Cal(s) + SO

0269 Note: (63 may comprise caleining CaSOals), which may employ a kiln.
{02701 Note: CaSOs(s) may be dried. or dehvdrated, or both before or during “(6Y.
0271 () Callis) + Water(g or L or ag) = CafOHG or aq)

o272} Nate: Ca)(s) may be emploved o remove water vapor or facilitated deving of
{aS0s(s) before or during decomposttion of CaS0s{s) to Tal(s).

[0273]  Note: In soene cimbodiments, CaQ may be reacted dirvetly with Na:SOu(s or ag)
OF an agueous solution comprising sodhen salfite. For example, in some smbodiments, step
(81 may be combined with step (7Y

0274]  Note: In some embodiments, water may provided from iternaily within the
process, ot water may be provided from an external source, or any combination thereof. For

example, i net water is consemed, or water s i the sodium hydroxide or sodiom carbonate
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product, or veater i i the product, or any contbination thereof, # may be desirable for a

portion of the water 1o come from an extornal sewes.

[p275] (8}

all{ag or s} + COu(g) =¥ Na:COufs or ag) -+ HaO( or ag or g}

{0276] Note: In ssne cinbodiments, COx may comprise a gas with a difute concenteation
of carbon dioxide, which may fnchede, but is not limited 1o, CO:2 sources described herein or
COr samegs, In some embodiments, NaCOH(aqg) may be capable of reacting with a wide range
of {On{g} concentrations, inclading, potentially, for example, very bow COx(g)

concentrations, such as U0x(e) in air.

192777 Nete: Insome embodiments, NaOH{(ag or s} may be added to the occan or sea,
where # may react with €Oy or CO: dertvative tons or chemical species in the noean or aly

and /or merease ocean pH.

[0278]  Note: NapCO(s or ag) may be fiwther reacted with carbon dissade and o water

to form sodium bicarbonate.

8279} Note: Na:COns(s) may precipitate and / or be separated from the remaming
solution. After precipitation, NaOH(S) may be added and 7 o dissobved in the remaining
solution o, for example, make up for sodium lost during the precipitation and separation of

NaCh{sh

{284} Note: In some entbodiments, Na:UOs{ag), which may comprise 3 “foed” splation
o a concentrating process, may be concewtrated using an energy efficient concentrating
method, such as reverse osmosis or electrodialvsis or heat recovery distiflation, at an elevated
temperature angd S or the resulting coneentrate or retentate may be cooted to precipitate a

portion of NapCOss). In sone embodinents, the remaining solution affer precipitation and

separation of Ma:COn(s) may be mixed with Na:COs{ag) feed solution befove heating the
combined solution and ¢ or concentrating the combined solution using an energy efticient
comcerdrating method. In some embodimernds, water recovered during the concenrating, such
as water pesmeate, or dituate, or condensate, may be, tnchuding, but not Hmited o, one or
more or any combination of the followiny: smploved dissolve sodiam solfite and form
agqueoas sodium sulfiie, or transforred to a reaction of calciam oxide with water to producs

calchun hydroside, or transferred to dissobve sodinm sulfate.

[8281} Note: 50:(g) from calcining CaSOs may be further concentrated, or pressunized,

or purified,
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G282 Note: SQa{y) from caloining CaS0s may be shsorbed into water or an agueoss

solution to form sulfurous acid or agueows sudfuy dioxids.

[p283] Note: Weak actd or weak acid amon may comprise an acid or acid anion with an
acid strength lower than the acid strength of formic acid, or acetic acid, or propionic acid, or
hutyrie acid, or eitric acid, or factic acid, or valeric acid, or caprow acid, or enanthic acid, or

caprylic aoid, or pelargonic acid, or capric acid, or carboxyhie acid, or sulfurous acid,

(0284 MNete: Weak acid or weak avid anion may comprise an acid or acid anton with a

higher pKa than acetic acid, mr carboxylic acid, or selfiwous acid.

14285} Nete: Acetic acid may be provided as an example acid with an acid strength
greater than “Weak Acid’, and an aoid strength fower than sulfirous acid or aqueous sulfir
dioxide.

[0286]  Nete: Acetic acid may be provided as an example acid with an pKa lower than
“Weak Acid’, and an pKa greater than sulfurous acid or aqueous sulfr diokide,

10287} Note; Calcrun may be provided as an sxample alkaline earth. Other alkalane
garihs, which say include bervilium (Be), or magnésium (M), or calcium (Ca), or strontium
{Sr}, or hariium (Ba}, or radium (R), or any combination thereof, may be cmploved nstead or

in addition o calchum.

[0288]  Examgpde 11: Process for Praducing Calcimn Oxide or Cement or Clinker

with Anunenia Intermediade

284 {1} React Maierial comprising Caloiam, or Magnésian, or Other Alkaline Earth
Wk Acid Anion with Acetic Aaid
o CalOx(s or ag) + 2 CHaCOOHGq) ¥ CalCHACOOR(ag) + CO(e)
s Caloiem Silicatefs)y + 2 CH:CO0Hag = CaiCH:COO{(ay) + Silicon Mhoxide(s)
o CaSis)y+ 2 CHCOOH ) & CalCHCOORag) + HaSig
*  Calchum{Weak Acid Anion) +2 CH:OOOHagq) = CalCHCO0aq) + Weak
Acid(s, or g, ov |, of ag}
[6294]  Nete: Residual solids or undissalved solids, such as sibicon dioxide or other

undissolved solids, may be separated from the liauid sotation asing a solid-ligeid separation.

jp201] Nate: HTOg) is produced, # may be dessrable for said CO:(g} to be produced at

a high partiad pressure COz(g), or purity COHg), or o comprise captured CO{g).

31



WO 2023/225089 PCT/US2023/022544

{02921 () CatCHRCOONR{aq) + INHahSOs{s or ag) ¥ 2 NHCH::COOGg) + Calals)
[0293]  Note: CaSOx{s) may be separated using a solid-liguid separation.

H0294]  {3) 2 NHLOHCOOR) + SOx(g or ag) -+ HaO4 or ag) = (NHa:80aq) + 2
CHCOOHag)

0295 () (NH:SO:(ay) + 2 CHUOOH((aqy @ 2 CHACQO H ag) + (NHapSOs(s)

[8206]  Note: CH:COOH may be more soluble in water than {(NH: 180, In some
embodiznents, water may be removed and 7 or (INHO:50: may be separated or precipitated
by, for example, inclading, but not fimited o, evaporation, or distitlation, or crystallization,
or sepanition systems or methods described herein, or zero-liquid discharge methods
deseribed b the art, or separation systems or methods described i the @y, or any

combination thereof.

[02987 Nete: Insonme embodiments, magnesium sulfite(ag) may be presest in the
(NHa:SOatayy + 2 CH:COO0Hng). Yo some embodiments, ¥ present, at least a portion of
magnestm sulfite may begin to precipitate or ervstalize before (NEL RSOy, In some
embodiments, it may be desivable to separate at ledst 3 portion of the magnesium sulfite from
{NH SO
[6298] Note: (NHS0:(s) may be separated from CH:COOH(ag or 1) by a solid-liquid
separation, which may mchude, but is not Hinated to, filter, or contrifuge, or decanter, or
separation systems or methods described hevedw, or separation systems or methods deseribed
i the art, or any combination thercof
[0299]  {5) CaSOx(s) ¥ CaOis) + SOx(x)
je38]  Nete: '(3) way comprize caleining CaSOx{x), which may soploy a kiln,
[301)  Noter CaSO:(s) nay be drind, or debydrated, or both before, or during “(SY,
{6302} Note: In some cmbodiments, #omay be preferred to react SOx{g) with
NHOH:C00ag) to fornt {iNHaRSOs(aq), then react INHRSOs with Ca{CHCOON ) 1o
form CaSOx(s) becanse, for example, including, but not limited to, one or mare or any
combination of the follinving potential benefits;

» lnsome embodiments, it may be desirable to absorb SOx(g) i an absorption

cohumn. Precipitate formation can be problemaiic in an absorption cohanns due o,

for example, wclading, but not imited 1o, precipatate cloggng packing roaterial, or

fociec
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plates, or interforing with gas Bows, or interforing with liguid flows, or forming
scaling, or any combination thereof The veaction of Ca{UH:COO (ag) with SOxg)
may form a precipitate comprising CaSOsts), which may be problenzatic in some
absorption colimns o 3 gas absorption processes. The reaction of NHsUHYCOO ag)
with SO=(g} nay, i desired, remain an aqueous sofation or hguid sohetion
throughout the reaction, because, for exmople, (INH:3:80; is soluble n water, which
may be desirable in an absorption colamn.

»  For example. it may be desirable to absorb SOh{g) in an absorpiion cohann because
the SO:x{) may be at a dilute concentration, or a low partial pressure, or may
comprise & gas mixiure, or 1o mmprove absorption efficiency, or any combination
thereof. For exaraple, in some embodiments, the process employed to decompose
cateium sudfiic to calohm oxide and sulfiy dioxide may form a gas mbtwe
comprising sulfur dioxide. For exanple, in some embodiments, the partial pressure
of sulfur dioxide in said gas nuxtwe may be lower than 1 atm, or 0.9 aun, or 0.8
atm, or 0.7 atm, or 0.6 atim, or 0.5 ati, or 1.4 atmy, or 8.3 atoy, or 0.2 atm, or 0.1 atim,
or 0.05 aum, or any combination theveof and ¢ or wherein the volume percent
concentration of sutfur dioxide in said gas mixture may be lower than 100%, or
G1%%, or 80%s, ar 7%, or 60%, ar 309, or 40%, or 309, or 20%. or 10%, or 3%, or
any conbination thereofl

»  Greater absorption rate or absorption efficiency.

»  Solid-liguid separations may be casicr or simpler or higher yielding. For exanple, if
the rate of precipiiation 1s dependent on the muxing of two liguids, rather than a gas
and a liquid, the formation of and / or separation of precipitates may be more

controlled,

[0303]

Clinker with Ammonia Infermedigic

rih OQxide or Cement ov

{0304] {1} React Material comprising Caloium, or Magnesium, or (ther Alkaline Earth —

Weak Acid Anion with Acetic Agid

»  MeCOs(s orag) + 2 CHCOOHag = M(CH:COOR(ag) + Oy

s Magnestun Sibicate(s) + 3 CH:COOM{ag) 9 MglUH:COO(ag) + Silicon
Dioxide(s)

e MgSis)+ 2 CHxCOORag) = Ma(CHCOORag) + Hel{g
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+«  Magnesiund{ Weak Add Amion) + 2 CH:COOHag) = Me(CH:COQR{ag) + Weak
Acids, or g or 1, or ag)

0365 Neote: Residual solids or undissolved solids, such as silicon dioxide ov other
undissolved solids, may be scparated from the lguid solution using a solid-Hguid separation,
18306] Note: HUOg) 15 produced, Wy be desirable for said TO0:x{(g) 1o be produced wt
a high partial pressure CO=g), or purity U0, or to compnise captured COn(g).
[0367]  {(2) Ma(CH:COORGa) + (NHO:S0:(6 or ag) D 2 NHGCHCOO(aq) + MeSOi(s)
{0308 Nete: MgBO:(x) may be separated using a solid-hiquid separation.
18369} £3) 2 NHCHCOOG) + SOh{g orag) + Hx00 or agy 9 (NHaO80:6aq) +2
CHRCOOH (g}
{0310} {4) (NH:80s(aqy + 2 CHCOOH(ag) = ¢ CHCOOH(aq) + INHa»:SO(s)
6381} Nete: CHCOUH may be more solable i water than (NHaRSQ:. In some
cnbodiments, water may be removed and ¥ or {NHe 801 niay be separated or precipitated
by, for example, inclading, but not Hmited 1o, evaporation, or distllation, or crystailization,
or separation systems of methods described herein, or separation systems or methods
tdescribed in the art, or any combination therenf.

[6312 Neote: In some ambodiments, magnestar salfite{aq) may be prosent n the
{NHSO:agy + 2 CHCOOHag) In some embodiments, if present, magnesium sulfite may

begin to precipitate or erystahize before (NHaR50s,

[313]  Nete: (NHO:SOs() miay be separated from CH:COOH(ag) by a solid-higeid
separation, which may include, but s not hmited to, filter, or centrifuge, or decanter, or
separation systems or methods deserthed herein, or sepacstion systems or methods desenibed

in the art, or any combination thereof.

[0314]  (5) MaSOu(s) = MeO(s) + S0

{8315} Nate: (83 may comprise caleining CaSUh(s), which may emplov a kila
H336]  Note: CaSQ:(s) may be dried, or delivdeated, or both before, ov during “(3)

(03174 Nete: In some embodiments, it may be prefiorred to react SOu(y) with

NHOH:COO ) to form INHO:8O0:aq), then reast INHaRSO: with MelCH:CQOaq) 1o
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form MgSQOs(s} because, for example, inclading, but not Himited o, one or more or any

comnbination of the fodlowing potential benefits:

+ I sonwe embodiments, it may be desirable to absorb SOx{g) 1 an absorption
column, Precipitate formation can be problematic v an ahsorpiion colummns due to,
for example, ncluding, but not limited 1o, precipuate cloggng packing material, or
plates, or interforing with gas flows, or interforing with Hgudd Hlows, or forming
scating, or any combination thorent. The reaction of MglUHU OO ag) with S(hig)
may form a precipitate comprising MpSQ0s(s), which may be problematic in some
absorption columng or a gas absovption processes. The reaction of NHsCH:COO(aq)
with SO(e) may, if desived, remain an squeous sohution or Hguid solution
throughout the reaction, because, for example, Na:SO:z 18 soluble in water, which
niay be desirable inan absorption colurmy.

«  For example, it may be desirable to absorb SO:x(g) in an absorption cotenm becasse
the SCh{y) may bo at a difate concentration, or & fow partial pressure, or may
domprise a gas mixture, o1 o iraprove absorption efficiency, orany combination
thereof. For example, in some embodiments, the process emploved to decompose
caleium sulfite o calcium oxide and sulfar dioxide miay form a gas mixture
comprising sulfur dioxide. For example, in sonwe embodiments, the partial pressore
of sulfur dioxide b said gas misture roay be lower than 1 atm, or 6.9 ato, or 0.8
abw, or .7 atmy, or 0.0 atng, or 0.5 atny, or 0.4 atm, or 0.3 atim, or 6.2 atm, or (0.1 atny,
or 005 atim, or any combination thoreof and / or wherein the vohue peroat
goncentration of sulfur divxade in sid gas wixture may be lower than 100%, or
Q0%%, or B0%,, ar T%, or HO%, or 30, or 40%, or 30%, or 20%, or 10%, or 5%, or
any combination thersof,

«  Greater absorphion rie or absorption efficiency.

+  Solid-ligod scpavations may be casier or simpler or higher vielding. For example, if
the rate of precipitation is dependent on the mixing of two liquids, rather than 3 gas
aind a liquid, the formation of and / or separation of precipitates may be more

contralled.
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{315} Example 13: Process for Producing Calcium Onade or Cement or Clinker

8319 (1) React Matertal comprising Calenan, or Magnesium, or Othey Alkaline Earth ~
Weak Acid Anion with Scetic Aad

o Callufs or ag) + 2 CHCO0Hag) = CatTHCOOR(ag) + C0H(g}

¢ Calciam Silicate(s) + 2 CHCOOHmg) 2 CalCH:COONRag) + Silicon oxide(s)

o CaSis) + 2 CHOCOOH(ag) = CoiCHCOO0 {aq) + HaSg)

»  Calcian(Weak Actd Anjon) + 2 TH:COOH{ag) = Ca(CHCOM{aq) + Weak

Acid{s, or g orl, or ag)

[0320]  Netw: Residual solids or undissobved solids, such as silicon dioxide or othey
undissolved solids, may be separaied front the liguid solution using g solid-Hguid separation.
j8321] {2) Ca{CHRCOO hag) + (NHpSO:(s orag) + CHaCOOH G =2 2
NHCHCOOaq) + CHaCOO Hag) -+ {abSQ0s(s}
18322} Note: CaSOsis) may be separated using a solid-liguid separation
{03234 Nete: CHRCOOH(aq) roay be present due o CH:COUH(ag) being present w the
retentate solution comprsing (INHO0:50:(ag) from a membrane based separation of
CH3COOH(aq) and (MHa1280s(ag).
19324 {3) 2 (NHOCHUOO(ag) + SOxg or agy + HaO0 or ag) =@ (NHupBOsxaq) + 2
CHCOOHag)
{6325 {4} (DHS0ag) + 2 CHCOOHaq) = 2 CH:COOH ag) scparately from
(NHRSOsag)y + 2 CHCOOH g
16326] Note: A povtion of CHxCOOHag) may be separated from (NHOSOx{my) weing a
separation process, such as g membrane based process, such as reverse osmosis. In some
embodiments, CHCOOHq) may have a hydration radius or molar mass sufficienthy simall
s pormeade theough a membrane, while said membrane may reject INHaR SO ag). In some
embodiments, INHSOs(aq) + 2 CH:COOH{aq) may be separated mio & permcate solution
cennprising 2 CHCOOHag) and 2 retentate solution comprising (NHO2SOx(agq) + 2
CH2OCOOH(ag).
193271 {8) CaSO(s) ¥ Cali(s) + SCaly)

[G328] Nete: "(3Y mayv congwise caleining CaSOx{x), whith mav-cmploy a kiln,
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[6328]  Nete: CalOax{s) may be diied, or dehydrated, or both before or duving "(5)'.

0338  Example 14: Process for Produciug Alkaline-Earth Qxide or Coment ov

Clhinker with Ammonig Intermediate with Recirculating Separation

{331 {1} React Maierial comprising Caleium, of Magnesiuny, or Other Alkaline Barth

Weak Actd Anion with Acetic Acid

*  MgCOs(s or ag) + 2 CHOUO0HGag 9 My(CHOOO0 gy + COHg
s Muagnosium Silicate(s) + 2 CH:COOR{ aqg) < MyCH:COOR{ag)y + Sihicon
Dioxide(s)
¢ MpSs)y 4+ 2 CHACOOHag) = Mg(CH2OO (ag) + HeS{e)
s MagnestunWeak Acid Andon) + 2 CHCOOHGRQ =2 M{UH:COOk(ag) + Weak
Acidis, or g or |, ov ag)
163321 Note: Residoal solids or undissolved solids, such as sibicon dioxide or other
undissolved solids, may be separated from the liquid solation using a solid-higaid separation.
{03331 () MgtCHCOORGg) + (NHO:80:(s or ag) + CH:COOHag) = 2
NHOHCO0ag) + CHCOOH ag) + MeSO0s(s)

[03344 Neote: MaSOs(s) may be separated using a solid-liguid separation.

[0338]  Note: CH:COOH{ag) may be present due to CHCOOH ag) being present in the
retanate solution comprising (NHshSOxag) from a membrane based separation of

CH=COOH ag) and (NHa:SO:(agy.

{0336 (3) 2 NEUHCOOg + SO or ag) + B0 or aq) = (NHa:80xag) + 2
CH:CQQOH((ag)

18337 {4 (NHsRpSOslag) + 2 CHCQOH{ag) = 2 CHCOOH(ag) separately figm

{NH R0 aq) + 2 CHLRCOQOHag)

{6338} Note: A portion of CH:COOH(aq) may be separated from (NH:5(:(ag} using a
separation process, such as a membrane based process, such as reverse osmosis. {n some
crubodiments, CH:COOH(g) mayv have a hydration radius or nwolay mass sufficiently small
to permeate throngh g membrane, while said membrane may reject {INHi:50:dag). In some
smbodiments, (INHD:80xaq) + 2 CHCOOHGxy) may be separated o a peomcate sofation
vopyprising 2 CHaCOOH{ag) and a retentate solotion comprising (NHhSOsag) + 2

CHCOOH ag).
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{0339 (5) MeSOx{x) @ MaO{s) + S0{g}
[0348]  Note: ‘(6) may conymise ealaming MpSQu(s), which may enploy a kil

{6341} Note: Mghis{s) may be dried, vr dehydrated, or both before or during (6).

{6342} Example 135: Ammonia Production from Ammoenmm Sulfate using Calcium

[0343] (1) React Material comprising Caleum, or Magnesium, or Qther Alkaline Eavth ~
Weak Acid Anion with Acetic Acid
o CalQsfs oragy + 2 CHCOOHag = Ca{CHCOOagq) + CO{ud
«  Calonon Sihicate(s) + 2 CH>COOHag) =¥ Ca(THIOOmag) + Silicon Dioxide(sy
o CaS(s) + 2 CH:CO0H ag) & CaCHCOORg) + HaS(z)
¢ Caloam(Weak Aoid Amton) + 2 CH:CO0H{ag) = Ca{CHCOO agh + Weak
Acidls, ot g, or |, or ag)
[0344] Note: Residual sobids or undissolved solids, sach as silicon dioxade or other
andissolved solids, may be separated from the Hguid sohution using a solid-liguad separation.

[0345]  {2) CalCH:COO N ag) + (NHanSOu(aq) 2 2 NHCHCOOag) + CaS0sls)

[0346]  (3) 3 NHQCH:COOGQ) + SOxg on ag) + HaOU or ag) = (NHaSOs(ag) + 2
CHyCOOHaq)

(03471 (&) (NHO:SO0x(aq) + 2 CH:CODH(ag) » 2 CH:COOH(ag or 1) + (NH:80:(s) +

Water

j6348] Nete: CHxCOOH may be more soluble in water than (NHe:SOs. Insome
embodiments, water may be removed and ¢ or {INHegB50: may be separated or precipitated
by, for example, inchuding, but not fimited to, evaporation, or distitlation, or erystallization,
or separption systems or vaethods desertbed hérein, or separation systerns or methods
described in the art, or any combination thereof.

[B349)  Note: (NFepSOs(s) may be sepavated from CHsCOOH g or 1Y by a solid-liquid
separation, which may include, but is not hnuted to, filter, o contrifuge, or decanter, or
separation systoms or methods deseribed boveln, or separation aystoms of methods deseribed
in the art, or any gombination thereof,

18358 {5 (NHa3:S0(s or ag) + Catits or ag) < {2 KHQOH ) or 2 NHsagy] +

6 ING R
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AL ¥ Nete: CalQH)a(s or ag) may comprize a solid-higaid sespension, sach as milk of

352} Note; CaSO:(s) may be separated asing a sohid-hguid sepavation.

3353 Note: 2 NHy{aq) may be separated into amuonia gas and water f destred,

[0384]  (6) CaSins) @ CaQs) + SO}

[0355] Nete: (8 may compnse caleining CaSOx(s), which may cmploy a kiln.

[8356]  Note; CalO:(s) may be doed, or dehydrated, or both before or daring “(8Y'.
183587} {73 Cal¥s) + Water(z or Lov aq) ¥ CaflOHnis or ag)

[O3S8] Neta: CaQs) miay be cmployed to remiove water vapor or facilitated deving of
CaSOs{s) betnre or during decomposition of CaSOx(s} to Tals).

16359 {8) 2 NH:QOH{ag) or 2 NHs{aq) = 2 NHa(g or { or ag) + Water

[0360]  Note: Tnsome embodiments, it may be desirable to produce sramonia gas or
higuid arvnonia. In some coabodiments, i may be desirable @ produce » lugh concentration
or grealor conceniration agquecus afnmonia or ammonium hydroxide salution.

[a36l} Meote: In some embodiments, # may be desirable for 2 NHaOH{aq) or 2 NHisag)
o comprise an aqueous sohution. If example, in some embodinents, #may be desirable for to
keep aquenus ammonia or ammoentum hydroxide at an agueous phase.

{6362}

Earth Precipitation and Acid Intermediate

8363} {1) React Materigl comprising Calewan, ar Magnesiwm, or Other Alkaline Earth -
Weak Acid Anton with Acetic Acid
«  MaCOus or ag) + 2 CH:COOHagy < Mg(CHU0Maq) + COxg)
«  Magnesium Silicateds) + 2 CHCOOHGag) = Me{CH:COOR(ag) + Silicon
Dioxide(s)
¢ MeSGi+ 2 CH2OO0 H ag) - MgCH:COO R ag) + HoS(g)
»  Magnesiund Weak Acid Anion) + 2 CH:COOH(ag) @ MelCH:COOR(ag) + Weak
Acid(s, or g, or |, or ag)
[6364] Note: Residual solids or undissolyved solids, sach as silicon dioxide or other

undissolved solids, may be separated from the lquid solution using a sohd-hquid separation.
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[0365] {2 Mg{CHCOOMtags + (INHG:SQa(ag) =¥ 2 NHUHUOO(ag) + MeSCals or
)

[9366] {33 2 NHCHCOOm) + SO or ag) + HaOil or ag)y = (NHaRSOsfagi + 2
CH:COORag)

[0367] () (NHa»:SOsaq) + 2 CH:COOH(ag) ¥ 2 CH:COOH(aq) + (NHa SO (s)

[0368] Note: CH:COOH may be mure soluble in water than (NHe:80:. fn some
cmbodiments, water may be removed and ¢ or (NHO:80: nay be separated or precipitated
by, for example, including, but not Innited 1o, evaporation, or distflation, or crystathzation,
or separation aystoms or methods deseribed horein, or separstion sysicma of methods
deseribed in the an, or any combination theweof.

16369 Note: (NH:2SO:{s) may be separated from CHOOO0H(ag or by a solid-liquad
separation, which may mclude, but is not hinuted o, filter, or contrifuge, or deemter, or
separation systers o methods deseribed heredn, or separation systoms or methods described
in the art, or any combination thereof

{0378 {5) (NHau80(s or agd-+ MatOH k(s or ag) = {2 NH«OH{ag) or 2 NHulag)] +
MgSOs(s)

[6371] Nete: Mp{OH k(s or ag) may comprise a sohd-hqudd suspension, such as mitk of

Hing.
183721 Note: MgSOs{s) may be separated wsing a solid-liquad separation.

{03731 Note: 2 NH{aq) may be scparated into amumonia gas and water i desired.
0374 {6 MgSO:s) o MeOls) + Shiy)

8375} Nate: “{8) may comprise caleining MgSOs(s), which may enploy a kil
(8378} Note: MgSO:(s) may be dried, or dehydrated, or both before or during *(8Y.
183771 {73 MaO(s) + Water{g or For ag) =» Mg(OH s or ag}

[B378]  Note: MgO{s) may be cmploved o remove wilter vapor or facilitated drving of

MgSOals} before or during decomposition of MaSO:(s) to MeQ(s).

[0379]  {8) 2 NHLOH(aq) or 2 NH(ag) = 2 NHa(g or  ov aq) + Water
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[38G]  Nete: In some embodiments, it may be desirable to prodace anymonia gas or
Liguid anwnomia. In sonie sbodiments, #t may be desirable o produce a hgh concentration
Or greater CONTCNTAtion agqueous anumenia of anwmosium kydroxide solution.

16381  Nete: In some combodiments, i may be desivable for 3 NH«OH(ag) or 2 NHalag)
to comyrrise an aqueous sohtion. I example, in some embodiments, it may be desirable for to

keep aguoous smmonig or ammontar hydroxide at an agqeeous phase,

{0382}

Earth Precipitation and Acid Intermediate

183831 {1} React Material comprising Calenm, or Magnesium, or Other Alkaling Earth -
Weak Acid Anion with Acetic Aad

#  Calllads orag) + 2 CHCOOHGEg) 9 CallH:C00:(ag) + U0x(g}

«  Caleram Silieste{s) + 2 CH:COOH(g) = CaiCHCOO:(ag) + Silicor Dioxide{s)

» CaS{s)y + 2 CHCOOHGag) 9 Ca{CHCOORGY + HoSy)

»  Calciam{Weak Acid Anion) + 2 UCHACOOHaq) = CalCH:COOag) + Weak

Acidls, ov g, or L, or ag)

[0384]  Nete: Residual solids or andissolved solids, such as silicon dioxide or other
undissolved solids, may be separated from the Heguid solation osing a solid-Hguid separation.
[8385]  2) Cu{CHRCOON ag) + (NHkSOx(aq) ¥ 2 NHOUHUOORg) + CalSOals)
163861 (32 NHAIHUOO gy + SOx(g or ag) + HaO or ag) =¥ INHOSOx{mpy + 2
CHCOOH
[6387¢ {4 (NHaS0s(ag) + 3 CHCOOH(aq) < 2 CH:COOH( (agy + (NHa»R50u(s)
16388} Nuote: CH:COQOH may be more sohuble iy water than {MHe RSO In somg
embodinents, water roay be remwved and / or (NHa3:SO: may be separated or precipitated
by, for expmple, mchuding, but not hinuted to, evaporation, or distillation, or erystallization,
or separation systems or methods deseribed herein, or separation svstems or methods
described i the st or any combination thereof,
[8389y Nete: {MHO:80xs) may be separated from CHxCOOHGaq or D by a solid-tiquid
separation, which may include, bat is not imited to, filter, or contrifoge, or decanter, ov
separation systems or mcthods described hovels, o separation systess or methods described

i the ait, or any combination thereof.
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[0398)  (5) (NHO:SO(s or ag) + MgfOH(s or aq) -2 {2 NHaOH@uq) or 2 NHsag) +
MaSOx(s or ag)

391} Note: MgdOH(x or ag) may comprise a sohd-hiquid saspension, such as mitk of
time,

163921 Note: MgSO:(s) may be separpted using a solid-liquid separation,

[0393 Nete: 2 NHa{ag) may be separated ioto amumowia gas ad water if desived.

304 (6) MaSOs(s) = MgOs) + 80«

[395]  Naote: (6)" may comprise caleining MeSOx(5), which may employ a kiln.

[G396] Nete: MgSOs(s} may be dried, or dehydsated, or both before or dusing “(8).
{0397 (73 MgO(R) + Water(g or L ov aq) <P Mg{OHk(s or ag)

16398} Neote: MgOis) mayv be cmployed o remove swater vapor or facilitated drying of
MpSOs(s) betiwe or during docomposition of MgSOxis) to MeO{(s).

[3399] {8) 2 NHDH(aq) of 2 NHax(ag) 9 2 NHu(g or Por ayg) + Water

[0400]  Note: In sonie onbodiments, it miay be desirable to produce amimonda gas or
Liguad ammonig. In some embodinents, # may be desivable to produce o high concentration
or greater conesniration aqueous ammonia o anumonium hydroxide solution.

j0461] Nete: Tn some erbadiments, it may be desirable for 3 WHaOHag) or 2 NHalag)
to comprise an agqueouns solation. If example, i some embodiments, it may be destrable for to
keep aqueous anunonia or anunomum hydroxude at an agueous phase,

jed02] Examiple 18: Ammoniunm Carbonate or Ammoniumy Bicarbonate ar

Ammoninm Carbamate or Urea Production wsing Acid Intermedigte

104631 (1) React Material comprising Caleiem, or Magnesiun, or Other Alkaline Barth
Weak Acid Anion with Acetic Aad
o CaCOals orag) + 2 CH:UOOH(ag) = Ca(CH:COONaq) + Chle}
s Caloiem Siticate{s) + 2 CH2COOH g ¥ CaiCH:COO{ag) + Silicon DHoxide(s)
o Calig) + 2 CH:COOH(ag) <9 CalCHCOOR(aq) + HaS{e)
o Caloram{Weak Acid Anion) + 2 CH2COOH(ag) =2 Ca(CHTO00R{ag) + Weak

Acidis, or g, or L, orag}
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[G404] Mete: Residual solids or undissolved solids, such as siticon dioxide or other
andissolved solids, may be separated from the ligeid sohstion using a solid-ligquad sepavation,
[p405] ) Ca(CHCOORag) + (NHOSQ:(ag) = 2 NHGCHO OO ag) + CaSO4ls)
[0466]  (3) 2 NH.OCH:COOm) + SOx(g or aq) + H:00 or ag) = (NH:SOxag) + 2
CHCOOHag)

[0387 (4 (NHO:SOxag) + 2 CH:COOHaq) ¥ 2 CH:COOH(ag) + (NHsRSO:(s)
[08]  Nete: CH:COOH may be more soluble in water than NweSGs. In some
embodiments, water may be removed and / or NipSCh may be separated or precipatated by,
for example, nchudiog, but not Hmited to, evaporation, or distillation, or crystaliization, or
soparation systems or methods deseribed hereln, or separation systems or methods desertbed
in the art, or any combination thereof

0309 Note: (NHe3:S0:(s) may be separated from CHUCOOH (g or D by a solid-hiquid
separation, which may nclude, but s not bintited to, filter, or centrifuge, or decanter, or
separation systems or methods deseribed hevedn, or separation systoms or methods deseribed
in the art, or any combination thereof.

10414 {3) (NHS0(s or ag) + CalllHls or ag) @ {2 NHOHag) or 2 NHsagy] +
CaS0s(s)

11 Note: Ca(OHh(s or aq) may comprise a solid-Hquid suspension, such ss nulk of
fime.

04121  Note: CaSOsis) may be separated using w solid-liquid separtion.

{04331 (6 CaSOais) = CaQ(a)+ SOl

4] Note: {8) may comprise caleining CaSOx(s), which may employ a kiln.

[1415] Note: CaSOs{s) may be deted, or debydrated, or both before or daring “(8Y.
j8416 {73 CaQs) + Water{yr or L or ag) @ CafOH G or agd

417 Note: CaOfs) muav be cmployed 10 remove water vaper or Trctlitated drying of

a80:(s) before or during decomposition of CaS0:({s) to Cal){s).
[0418]  {8) I NHOQH(ag) + COxg) ¥ (NHaRCOx(s or ag) + B0 or ag or g}

[0419]  Note: In some cmbodiments, (NH432COx(s or ag) may be further reacted with

carbon dionide and / or waler to form sodiinn bicarbonate.
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[G4248] Nete: In some embodiments, the agueous solation may comprise a pxhae of
anumoniwn carbonate, or smmonian bicarbonate, or ammenian carbamate, oF ammoeniwm
sesquicarbonate, or free ammonia, or aqueous ammonia, or ammonium hydroxide, or any

combination thereof

0421} Example 19; Divect Alr Capture, ov Capture of €O from Ay, or CO
Alkaline-Earth, Sulfur Dioxide, and Acid

Capture usin

[0422] {1) Reaction of alkaline-carth oxide, or alkaline-carth hydroxide, or any
combination thereof with carbon dioxide.

e CaOis) + C0xgr = CaCOx(s)

and / or

o Ca{OHk(s or ag) + CO{gy ¥ CaCOa(ay + HeOQlg or B
23] () CaCihis orag) + 2 CHCOOHag) =¥ Ca(CHUOO aq) + COA )
18424] Note: COx(g) in "(2) may comprise captured Clig)
[8425] () CatUH:COM:{ag) + SO grd CaSOs{s) + 2 CHUO0Hag}
[0426] Note: In some embodiments, SOxg) may comprise a gas comprising a difote
cancentration of SO
427] Y CaSO(s) F Calisy + SO
JO428] {3} CaDis) + HO{ or @) ¥ CalOHRds or ag}
[0429] Example 20; Divect A Capture, oy Capture of €O from A or CO

Suffur Dloxide, gnd Acid

Capture using Alkaline-Earth

{8436} {1} Reaction of alkaline-carth oxsde, or alkaline-carth hydroxsde, o any
cotinnation: thereof with carbon dioxide,

»  MeO{s)+ UO(g) 3 MaCOx«5)

¢ and/ov

o Me(OHh(s or ag) + COx(g) = MaCO:() + HoOfgor 1)

[0431]  (2) MaCOx(s or aq) + 2 CH:COOH(ag) & MetCHHOO0:(aq) + COx(g)

[8:432] Nate: COx{g) in (2) may comprise eaptured Thg)

[0433]  (3) Ma(CH:COOR(g) + SO{g)1 MuSOs(s) + 2 CH:COOH(ag)
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[0434]

Note: In some embodiments, SOx{g) may conyise 2 gas comprising a difoete

concentration of SOx{g).

[9435]

10436

f0437]

[0438}
{6439

6440

(0441}

8442}

[0443]

[O444]

{0445
[0446]
[0447}
[0448
[:4:49]
[0450]

[0451}

(4 MeSOh(s) 2 MeO(s) + SO
{8 MgOs) + HaO(lor g3 = Mg{OHs orag)

Example 21: Divect Air Capture, or Captwre of OO from Ady, oy CO

Capture using Alkali, Alkaline-Earth, and Sulfur Dioxide

{11 2 NaOH{agy + CO«{g) ¥ Na:COxlaqor s} + HeO{g or 1)

{2) NaxCOs{ag or £ + SOt} orag)® NaxSOs(ag or 53+ COA{g)
Nete: Clnig) m {2) may conymise captived CO=(g)

{33 Na:SOx{(aq ov s} -+ CalOH k(s or ag) 2 2 NaOH{ag) + CaS:(s)
{4) CaSOx{x) ¥ Call{s) + SO{g)

{5) CaO(y + a0 or g} <@ Ca(OH s or ag)

Example 22: Direct Air Capture, or Capture of CO: from Adr, or $O:

Capture using Alkal, Alkalive-Earth, and Sulfur Dioxide

{1} 2 NaOHag) + CO«{g) ¥ Na:COslag or s} + HeOlg or §

{23 NaaCOs{ag or 83+ SO or ag)=d NaxSOs{ag or 53 + COu{g)
Nete: COn(z) i (2} may conprise captured COn(g):

{3) NaoSOsag or s+ Mp(OFhts or ag) =% 2 NaQHg) + MeS0sd(s)
{4) MuSOs(sy = M)+ SO

{53 MgOst + HaOthor @) =9 MggOH)(s or aq)

Example 23: Divect Air Capture, or Capture of CO: from Air, e COy

Capture using Alkali, Alkaline-Earth. and Salfur Dioxide

16452}

[6453]

jo4s4]

{0455}

{1) 2 NaOH(aq) + COxz) = NaxCOs{ag or s} + HaOlg or )
{2 NCOs{aq or §3 + 2 CHCOOH {1 or agy=S 2 NaCHCOO(ag) + COxe)
Note: COHg) i "(2) woay comprise caphured CO(glh.

£33 2 NaCUH:UOMag) + S0:(g) < NasSOs{ag or ) + 2 CHCOOH (ag)
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[@456] Nete: In some embodiments, SOxg} may conprise 4 gas comprising a diete

concentration of SOx{g).

{457 (1) Separate NSO from 2 CHCQOH

{6458 {8Y NaaSOslag or )+ Ca(OHk(s or aq) =% 2 MaOH((ag) + Ca80:(s)
[04539]  (6) CaSth(s) » Cals) + SOy

[od64] {73 CaOs)+ H:0 o ) = CalOH s o ag)

{8461  Example 24: Direct Air Capture, er Capiure of COs from Air, or €01

Capture wsing Alkali, Alkaline-Earth, and Sulfur Digxide

04627 (1) 2 NaOHiag) + COMg) & NaxCUxag or s} + Hil g or By

{04631 (2) NaeCOslag or g) + 2 CH:COOH (1 or aqyd 2 NaCHCOO0Gg) + COx(g)
j8464] Nete: COx{g) in {(2) may comprise captared COxg).

[0465]  (3) 2 NaCHCOOag) + SOuz) 2 Nax$Ox(ag or £) + 2 CH:COOH (ag)

foda6] Note: In some embodiments, SOx(g) may comprise a gas comprising a difute

coneeitration of SOx(g)

6467} {4} Separate NaxSOs from 2 CH:COOH

[0468] (5 Na:xSOxlag or s) + Mg{OH (s or ag) = 2 NaOH((aq) + MaSQu(s)
[0469]  (6) MaSOss) = MaOis) + SOxg)

18476} {73 MpQs) + FaO( or g) <@ Mef(OHR(s araq)

{8471 Example 25 CO; Capture with Decoupled CQ; Absorption or Adsorption,

CO; Desorption or Displacenient, and Reagent Regeneration

[8472] (8 CO2 Absorption: U0: may be sbsorbed or adsorbed in calonen oxade, or
cafeiunt hydvoxide, or calelwm hydroxide suspension, sach as milk of Hime, or any

combination thercof to produce calehum carbonate solid or suspension.
184733 CafOHR(s or agql + Clh(g) < CaCiln(s) + HO or g

0474 Note: Calcium bydroxide suspension may be transported to the absorption

Incanion and / or stored at or near the absorption location.

[0475]  Note: Calclam carbonate solid may be separated hy setthing, or solid-liquid

separation, or any combination thereof.
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{6476} Nete: Calcan cavbonate niay be stored at or niear the absorplion wor adsorption
incation. Calcivm carbonate may be transported to an application using calcium carsbonate.
Caleim carbonate may be fransferved 1o the C0: desorption or displagement location. In
some embodiments, the {O0:x desorption or displacement location may be the same as the COz
absorption or adsorption loeation. In some embodiments, the COz desorption or displacement
focation roay be different than the COn sbsorption or adsorption loeation. For example, in
sonte snbodiments, it may be desirable for the €O absorption or adsorption to be located at
mltiple distnibuted sites, while the Regenerstion may be conducted at a kvger and / or more

centralized facility or sie

77 {23 CO: Desorption or Displacement: Calcium carbonate may be reacted with

acetic acid to produce caldium acelate and carbon dioxide.
[0478]  CaCOu(s) + 2 CHCOOH @ CalCH:C00M00q) + Chig)

»  Note: Caloium carhonate way be stored at or near the U0 Desorption ov
Dhsplacement location,

*  Note: Acetic and may be stored at or near the £0: Desorption or Displacoment
location,

s Nate: CQ: Desorption oy Displacement may be Iocated at an application requairing
carbon disside, or tugh purity carbon dioxide, or high prossure carbon dioxide, or
captired crbon dinxide, or any combination thevesf, Fov example, CO: Desorption
or Displacement may be located ata site requiring OOz enbanced oil vecovery
{EOR},

»  Note: Calciunt acetate may conprise an aqueous valeium acetate solution, or
caletum acetate solid, or any combination thereof.

»  Note: Calcram seetate may be stored af or neyr the CQz Desorption or
Displacement. Calctum acetate may be transparted to sn gpplication using caleium
acetate. Calelunt scetate may be transferred to af or near the Regeneration location.
In some embodaments, the UO: desorption or displacement location may be the same
as Regeneration location. In some embediments, the COr desorption or displacoment
location may by different than the Regeneration location. For example, in some
embodimeants, it may be desirable for the €Oz Desorption o Displacernent to be
located at madtiple distributed sites, while the Regeneration may be conducted at a

targer and ¢ or mwore centralized facility or st

47



WO 2023/225089 PCT/US2023/022544

+  Note: Acttic aad vapor may be present i the CO:(g) I some cmbodimants, sectie
amd vapor may be at least partially removed from CQx(g) by, for example,
inclading, but not limited to, one or more or any combination of the following:
contacting CO:g) comprising a portion of acetic soid vapor with CaCCOs, or
contacting COu{(e) comprising a portion of acetic sord vapor with sodium carbonaie,
or eonttacting UOh(g) comprising a portion of acetic acid vapor with an alkall
carbonate, or compression, or cooling, or condensing, or cryo-separation, or freeze

separation.

16479} {3} Regeneration: Calctuin acetate may be reacted with sulfur diogide 1o produce
ealeiam sulfite: Calenum sulfite may be convertad Inte calohum oxide and selfie dioxide,
Calcium oxide may be reacted with water to form a calerars hnedroxide suspension, such as

milk of lime.

j0480]  Ca(CH:COOR{ag) + SOu(g or ag) & CaSOx(s) + 2 CH:COOH (aq)
[8481]  CaSOs(s) 9 CaO(s) + SO}

f0482]  CaOsy + HeOlg or 1) = Ca(OHR(s or aq)

4834 Nete: Calcum oxide or calehun hvdroxide may be transported to the COr

Absorption or Adsorption location.

164847  Note: Acetiv acid rony be transported o the CO: Desorption or Tsplacoment

location.

0485  Nete: It may be desrable for the regeneration to coimprise a contralized facility, or

a facility which may benefit from ceonomies of scale, or iy combination thereof,

4486] Example 26: CQz Capture with Decoupled CQO: Absorption or Adsorption,

L0, Desoyption or Displacenient, and Reagent Regeneration

{487} {1y CO: Abserption: {0O: may be absorbed or adsorbed in caloium onide, or
cateium hydroxide, or calenun hydroxide suspension, such as milk of Hme, or any

combination thercof 1o produce calcium carbonate solid or suspension.
19488] Ca(OHkG or agd + COx(g) 9 CalOx(s)y + H:O0 or g)

[0483] (2} COxDesorption or Displacement: Calctum carbonate may be reacted with

agueous sulfirous acid to produce calenmm sulfiie and carbon dioxide.

[400] CaCnisy+ SQ«(agy ¥ CaShs) + Cg)
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#  Note: SOn{g) vapor may be prosent i the COx{g). In some embodiments, SQax(g)
may be at least partially vemoved frove CO(g) by, for example, inchading, but not
lumited to, one or more of any combination of the following: contacting COx(g)
compwising & portion of SOx(g) with CatlOs, or contacting COxg} comprising a
portion of SO{g) with sodium carbonate, or comtacting Tk{y) comprising 8 portion
of SO:(g) with s sdkali carbonate, or compression, or conling, or condensing, or

ervo-separation, or froeze separation.

jo491} {3} Regeneration: Calohun sulfite 15 converted nto calcium oxide amd sulfin
dioxide. Calcium oxide is reacted with water 1o form a caleinm hydroxide suspension, such as

milk of Hme.
8482} Cal0us) > Calis) + S0
0493 CaQ{sy + Ha00g or ) ¥ CafOHhls or ag)

16494]  Example 27: CO» Capture with Decoupled CO» Absorption sr Adsorption,

C.{k Desorption or Displacement, and Reasent Regeneration

[8495] (1) CO: Adsorption: CO: adsorption or absorption in calchnm oxide or calcium

hydroxide 1o produce calehum carbonate solid
[6496]  Calds) + CO{p) ¥ Callx(s)
104977 CalOHR{s or aq) + COxg) & CaCO:x{s)+ HoOtl or g}

[B498]  (2) CO: Desorption or Displacement: Caleium carbonate may be reacted with
acetic aeid o produce calchum acetate and carbon dloxade,

499 CaCOuls) + 2 CH:COOH 3 Co{THCQO0 () + COxa}

j@saa] {3} Regeneration: Calcium acetate may be reacted with salfur dioxide to producs
catetum sudfite, Caletum sulfite s converted into caloham oxide and sulfur dioxide. Caleium
oxide may be reacted with water to form a calcium hydroxide. In some embodinents,

catoim hydroxide may form due o reaction of calehurn oxide with water vapor.
19561] Ca(CHCOORag) + 5Oz or ag) = CaS0:({s) + 2 CHTOOH agq}
j0562] CaSOis(s) - CaO{x) + SO}

{0583 Cafisy + HeOg or B = CafOH (s or aq)
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{0564} Example 28: OO Capture with Decoupled €

i Desorption or Displacement, and Reavent Regeneration

[8365) {1) CO» Adsorption: CO: adsorption or absorpiion in ealciant oxade oy calciom

hvdroxide to produce calehun carbonate solid,
jO566] Cal{s) + CO{r) P CallOx(s)
[0307]  CalOH)»{s or ag) + COx{g) = CaCOs(x) + HaOll or @)

[e588]  {2) CO: Desorption or Displacement: Caleium carbonate may be reacted with

sulfurovs acid to produce caleium sulfite and carbon dioxide.
j6509 CaCOa(s) + 2 CHUOOH ¥ Ca(CHCOO{ag) + CO:{y)

LSh S 3} Regeneeation: Caleham sulfite may be comverted iato calctam oxide and sulfur
dimude. Caleium oxide may be reacted with water to fonm a ealeium hvivoxide. In some
embodivents, caletons ledroxide may form due to rescton of caleium oxide with water

apor.
10511 CaiCIRCOO0 () + SOy or ag) =¥ CaSOh(s) + 2 CH:COOH )
[0512]  CaSinis) 2 CrOGE) + SOl

8313 {aOis) + HaO{g or D ¥ CalOH s or ag)

[6514]  Example 29: CQ; Capture with Decoupled CQ; Abhsorption or Adsorption,

COn Besorption or Displacenient, and Reagent Regeneration

{0515 {1) €Oz Absorptien: {0; absorption in sodiwm hydroxide solution to producs
sodim carbonate solution or sodium carbonate precipitate. If sodium carbonate precipitate
forms, sadivm carbonate precipitate may be separated using, for example, a selid-liguid

separation method,

[4516] 2 NaOH{aq or 8) + CO{g) 9 NaxCOx{aq or s + HaO( wr ag or g}

{6587} Nete: Sodiam hydroxide sofid or selution may be transported o the absorption
tocation and / or stored at or near the sbsorption Togation,

{318] Neote: Sodium carbonate may be stored ai or near the absorption or adsorption
location. Sodiuwn carbonate niay be transported o an application using calcium carbonate.
Sodium carbonate may be transforred to the €2 desorption or displacement location. In

sonxe envbodiments, the CO» desorption or displacement location may be the same as the €O
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absorpiion or adsorplion focation. In some embodiments, the CO» desorption or displacement
incation may be different than the €O absorption or adscaption location. For example, tn

somme embodiments, it may be desivable for the €Oz absorption or adsorption to be located at
mltiple distribiged sites, while the Regeneration may be conducted at a larger and / or more

ventralized faciliny or site

j6519% {23 CO, Desorption or Displacement; Sodium carhonate ywoay he reacted with

aeetic acid to prodace sodiom acetate and carbon dioxide.
05208 NaxUOslagorsi+ 2 CHCOOH = 2 NaCHLOO + CO(g)

s - Noter Sodium carbonate may be stored at or near the C0: Desorption or
Displacement location.

*  Noter Avetic acid may be stored at or near the COh Desorption or Displacement
location,

s Nopte: CO» Desorption or Displacement may be located at an application requiving
carbon dioxide, or high purity carbon dioxade, or high pressure cavbon dioxide, or
captured carbon dioxide, or any combination thercof, For example, C0: Desorption
or Displacenient may be located at a site requinng COb enhanced ol recovery
{EQOR).

«  Note: Sodium scetate may comprise an agueous saleium avetate sofution, or sodium
aoctate solid, ot any combination therzof

«  Neote: Sodium scctate ey be stored at or near the UO: Desorption or Displacement.
Sodium acetaio may be tansported 1o an application using sodium avctate, Sodium
geetate may be transforred to at or near the Regeneration Tocation. In some
einbodinents, the U0: desorption or displacement location may be the same as
Regencration location. Insome crnbodiments, the CO: desomption or displacenent
focation may be different than the Regenceation locattion. For example, tn some
cbodiments, it yoay be desivable for the €O Desorption or Displacersent to be
located at oudtiple distobated sites, while the Regencration may be condected at a
targer and { or mors centralized facility or sie,

»  Note: Acetic acid vapor may be present i the CO{g). In some embodiments, seetic
acid vapor may be at least partially removed from COx(g} by, for example,
ncluding, but not Himited to, one or more o any combination of the following:

contacting €O g) comprising & portion of aceve acid vapor with CaCO, or
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contacting COx{g) comprising a portion of acetic acid vapor with sodium carbonate,
or contacting COx(g} comprising a portion of acetic ackd vapor vith an alkali
carhonate, or compression, or cooling, o condensing, or cryo-separation, or fregze
separation.
10521)  (3) Regengration: Sodium scetate may be reacted with sulfur dioxide to produce
sodiwm sudfite and acetic acid, Sodivm sulfite may be separated from acetic acid. Sodien
sulfite wmay be reacted with catcions hvdroxide, or calehum oxide, or ealoram hydroxide
suspenston, or any combination thereof to produce sodhun hyvdroxide and calehm sudfite
Calcium sulfite solid may be separated from sodium hydroxide solugion. Calcium solfite solid
may be converted infe caloiwm oxide and sudfor dioxide. Calaium oxade may be reacted with

water to prodace caloian hydronide or calennm hydroxide saspension.

j0522% I NaCHACO0 + 80:(e orag) P NaoSOs{ng or ) + 2 CH:COO0Haq)
[0523} Separate Na:SOs and 2 CH:COOH

88244 Na:SOs{aq or sy+ CafOHk(s or g} *» CaSOsis) + 2 NaOH

[8525)  CaSOa(s) ¥ Caliis) + SOy}

10526} Cal{s) + HolMg or D -3 CalOH)(E or ag)

¢ Nopte: Sodiwm hydroxide may be transported to the COr Absorption or Adsorption
location.

»  Note: Acetic acid may be trsported to the CO: Desorpion or Displacement
logation.

»  Note: It miay be destrabide for the regeneration to comprise g contralized facihity, ora

facility which muay benefit from ccononties of scale, or anmy combination thereof,

05274 Example 38 CO: Capture with RDecoupled € Absorption or Adsorption,

Oy Desorption or Dispdacement, and Reagent Regeneration

[B328} (1) CO: Abserption: CO: absorption in sodium bydroxide solution to produce
sodiam carbonate selotion, or solid precipitate, ov any combination thereof.

10529} I NaOH{aq or 53+ CO:{g) ¥ NaxCOs{ag or s} + H:Q(lor ag or @)

03344 {23 OOy Desorption or Displacement: Sodium carbonate may be reacted with
aqueons sulfiarnus ackd or agueous sulfir dioxide to produce sodivm sulfite and carbon

dioxade:
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[0531]  NaxUOslag or 8) + SO:(agq) & NaxS(ag or 8+ COxg)

s Note: SOugy vapor niay be present i the COxg). In some embodiments, SC(y}
may be at least partially removed from CO{g) by, for example, including, but ot
tinited to, one o meore or auy combingtion of the following: contacting COs{g)
comprising a portion of SO:g) with CaCOs, or contacting COx{g) comprising a
portion of S {y) with sodhun carbonate, or contacting COx{g) comprising a portion
of 5Ck(y) with an atkali carbonate, or compression, or cooling, or condensing, or
cryo-separation, o freeze separation.

{0532 (3) Regeneration: Sodium sulfite may be reacted with caleium hydroxide, or
caterum gaade, or ealoiam hydroxide susponsion; of any conbination thereof & produce
sodium hydroxide and calchan sulfiie, Caletun sulfite solid 1s separated from sodha
hvdroxide solution. Caleium sulfite solid is converted into calohinn oxide and sulfiy dioxide,
Caleten oxide may be reacted with water to prodhce calenen hydroxide or ealeium
hydroxide suspension.

05334 MNaSUx(ag or 8§+ CatOHa{x ov ag) B Cadlu(s) + 2 NaQHag or 5)

[0534]  CaSOs(s) 2 CaO(s) + SOalg)

18535] CaOis) + HaOfg or 11 9 CalOH)R(s or ag)

[6536]  Exawmple 31: CQ: Production and Produciion of Sodinm Hedroxide

{3374 {1y CO,; Desorption or Displacament: Sodhmn bicarbonate, which may coniprise
Nahcolite, may be reacted with agueous sulfirous acid or aquerus sulfie dioxide to produse
sodium sulfite and carbon dioxide,
[6338] 2 NaHUOslag or 3+ SOx(agl =¥ NaxSUs(ag or s) -+ HaQ -+ 2 €0}

O

2 NaHCO:(aq or 53+ 2 Shlag) = NaH50alag ors) + 2 COx{w)
{339} {2} Production of Sodium Hydroxide: Sodium salfite may be reacted with
cateium hydroxide, or eadciam oxide, or caloium hydroxide suspension, or any combination
thoreof to produce sodium hydroxide and calciunm salfite. Calciom salfite solid is separated
fronm sodium hydroxide solation. Calelum sulfite solid is converted inte calcium oxide and
sulfur dioxide. Caletwm oxide ray be rencted with water to produce calehurn lyedroxide or

calciun hydroxide suspensia.
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LRE T NaxSO:fag ors} + CalOHk{s or ag) 2 Cabuis} + 2 NaOHag or s)
841 CaSO0«(s) = Cals) + SO:g)
195421 Calix)+ HaO(g ov 1) ¥ Cx{OH k(s or ag)

[0543]  Example 31 OO Production and Production of Sodium Hedroxide

LRE S {2) COx Desorption: o Displacement: Sedimn bicarbonate, which may comynise

Nahvolite, may be resetad wath acetie acid to produce sodivm acetate and sarbon dioxide,
9545 2 NaHUOs(ag or s) + 2CH}COOH = 2 NaCH OO + 2 COx{g)

16546]  (3) Regeneration: Sodium acetate may be reacted with sulfur dioyide to produce
sodian sulfie and sectic acid. Sodium sulfiie is separated from acetic acid. Sodium sultiis
may be reacted with calehan hydroxide, or calcium oxade, or calonam hydroxide saspension,
or any comnbination thereof to produce sodium hydroxide and caleium sulfire. Caloium sulfie
solid is separsted from sodium hydvoxide sohetion. Caletam solfite solid s converted into
cafeivm oxide and selfur dioxide. Calehum oxide may be reacted with water to produce

calctun bydrmade or calein hydroxide suspensiown.

165477 2 NaCHCOO + 80x(g or aq) ¥ NaoSs(ag or ) + 2 CHiCOOH )
[o348] Sepanate Na:SOQs and 2 CH:COOH

8349} NazSOs{ag or 8} + CafOH)(s or agy ¥ CalSOs{s) + 2 NaOH

165560} CaSOsie) ¥ CaOis) + SO

6551 CaOis) + HaOg or 1) = CafOH:(s or aqd

88521 Examgpde 32: Lithivm Hydroxide Production frem Lithinm Sulfate using

Calcum Precipitation and Acid Intermediate

108831 (1) React Material comprising Caleiem, or Magnesiun, or Other Alkaline Barth
Weak Acid Anion with Acetic Aaid
o CaCOals orag) + 2 CH:UOOH(ag) = Ca(CH:COONaq) + Chle}
s Caloiem Siticate{s) + 2 CH2COOH g ¥ CaiCH:COO{ag) + Silicon DHoxide(s)
o Calig) + 2 CH:COOH(ag) <9 CalCHCOOR(aq) + HaS{e)
o Caloram{Weak Acid Anion) + 2 CH2COOH(ag) =2 Ca(CHTO00R{ag) + Weak

Acidis, or g, or L, orag}
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{05541 Nefe: Residual solids or andissolved solids, such as silicon dioxide or other
andissolved solids, may be separated from the ligeid sohstion using a solid-ligquad sepavation,
[9555] Q) Ce{CH:COORCag) + LuS0s(aq) = 2 LiTHCOO ) + CaS0u(s)

[0556] {3 2 LICH:COOG@Q) + SOalg or ag) + HaO( or ag) = Li:SOxag) +2
CHCOOH g

0357 (4 LiSOs{ag) + 2 CHxCOOBG) ¥ 2 CHCOOHag or 1 + LuSOs(x) + Water
[B558]  Nete: CH:COOH may be more soluble in water than Li:SOs. In some
embodinments, water may be removed and /7 or LSO may be separated or precipitated by, fr
example, eluding, but not Hmited to, ovaporation, or distillation, or erystallization, or
separation systems or methods deseribed hereln, or separation systems or methods desertbed

in the art, or any combination thereof.

BS54 Note: LuSOs(s) may be separated from CHC00HGyg or 1) by 2 solid-Hquid
separation, which may include, but 1s not bntited to, filter, or centrifuge, or decmter, or
separation systems or methods deseribed hevetn, or separation systoms or methods deseribed

in the art, or any combination thereof.
10564 {3) LiS0sis of ag)y + CalOb:(s or agy ¥ 2 LiOH((aq or ¢} + CadQa{3)

[6561]  Note: Ca(QF)(s or ag) may comprise a solid-Hquid suspension, sueh as nulk of

tirne,

{05621  Note: CaSOs(s) may be sepavated using o solid-iquid scparantian,

10563 {6) CaSthais) = Cal(s} + SOy

[0564]  Nete: *(6) may comprise caleining CaSOs(s), which may smploy a kiln,
[8365] Neoter CalSO:(s may be dried, or debydreated, or both before or during “(6Y.
[6366] {7 CaQfs) + Water(p or Tor ag) =¥ CalOHhis or ag)

LU OFf Nete: CaO{s) may be smployed o remove water vaper or faetlitated drying of

CaSOs(s) before or during decomposition of CaS0:(s) to Tald{s}.
[0568]  {8) 2 LiOH{ag or s} = 2 LiOH(s) + Water

10569 Note: Tn some embodiments, water may be removed and / or LIOH nay be

separated or precipiated by, for exaniple, inclading, but not limited to, evaporation, or
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distifation, or crestallization, or separation systoms o methods deseribed herein, or

separation systems or methods deseribed 1 the art, or any combination thergof

{9570} Nate: In some embodiments, # may be deswrable for LiDH to comprise a

concenirated agueous solution,

10871 Example 33: Sodinm Hydroxide Production from Sodinon Chloride usin

Calctem Precipitation, Acid Intermediate, and Process for Producing Sodinm Salfate

and Calohum Chloride from Calcinm Sulfate and Sodivm Chloride

[B372) {1} React Matertal compristng Calotum, or Magnesiam, or Othey Alkaline Earth ~
‘Weak Actd Anlon with Acetic Acid

s (alihis orag) + 2 CH:COOH gy o CalCHCO0:ag) + C0:{g}

*  Calenon Silicate(s) + 2 CHaCOQH((ag) - CafCH:IO0 R ag) + Silicon Dioxide(s)

o CaS{s)y + 2 CHCOOH@g 9 CalCH:CO0RGEY) + Sy

»  Ualciom(Weak Aaid Anton) + 2 TH:UOOHag) = Ca(CHCOO (g + Weak

Actdls, or g, or L orag)

[05734 Note: Residual sohds or undissolved solids, sach as silicon diogide or ather
wndissolved solids, may be separated frony the hiqusd sohution using 8 solid-lipnd separation.
18574 £2) Ca{CHRCOO htag) + NaxSsts or ag) = 2 NallH:UOOag) + CalSOsds)
[05738]  Nute: In sovne ernbodiments, NaaSOals or ag) may be transferved from step “(10)
185761 (3) 2 NaCH:COO(aq) + SChigorag) + HaOl or agy ¥ NaxSs{agy + 2
CH-COOHag)
{0577 4 NaoSOs{ag)y + 2 CH:COOH ) & 2 THCO0H(aq or 13+ NaoS(h{s) + Water
18578 Novte: CHCOOH may be more soluble fin water than NaxSQs. In som
embodiments, water may be removed and / or Na:SOs may be separated or progipitated by,
for example, including, but not mited to, evaporation, or distillation, or erystathization, or
soparation systemns av mcthods described heredn, ot separation systoms or methods deseribed
nthe art, or any combination thereat.
[B379] Note: NaeSOa(s) may be sepmrated from CHCOOH{ag or ) by a sohd-hqud
separation, which may inchude, but ts not Himited fo, filter, or centrifuge, or decanter, or
separation systoms or methods desertbed herein, or separation systems or methods deseribed

i1 the art, or any combination thereof
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6388 (5 NaxSOa(s oragl -+ CalOH)(s or ag) = 2 NaOHiag or §) + CaS0s(s)
[0581]  Note: CafOH k(s or ) may comprise a solid-Hauld suspension, such as nulk of
{ime.

16582] Nater CaSQu(s) may be separated using a solid-lguid scparation,

[0583] (6 CaSih(s) =¥ CaOs) + SOl

[0584]  Neote: (8 may compnse caleining CaSOx(s), which may cmploy a kiln.
[B583]  Neter CalO:(s) may be doed, or debydrated, or both before or daring “(8Y'.
105861 {73 Cal¥{s) + Water(g or Lov aq) ¥ CaflOHnis or ag)

{05871 Neta: CaQs) may be cmployed to remiove water vapor or facilitated deving of
CaSOs(s) betne or during decomposition of CaSOx(s) to Tals).

18588] {8) 2 NatOH{aq or 53 2 2 NaQH{(s} + Water

[0589]  Note: Insome emmbadiments, water may be removed and ¢ or NaOH may be
separated or precipitated by, for example, inclading, but not limited o, evaporation, or
distitation, or crystallization, or separation systems or methods described herein, or
separation systerns or niethods desenibed in the ari, or any connbination therent,

10590 Note: In some smbodiments, 1 may be desivable for NaOH 1o comprise a

voncentrated agueous solution,

0591 (%) CaSOu(s or ag) + (NHa pCOxagy = CaCO:s or agh + INH:SOulag)
[0392]  Nete: CaSOu(s or ag) may be transtorred from step (21,

jese3} Note: Catll0x(s) may be separated from a solation comprising (NHa»Ss((agi by a
sohid-ligudd separation,

[0594] {(HY (NHO:30a(ag) + 2 NaClag) < 2 NHClaqg) + NaeSOs(s or ag)

10595 Keote: In some embodiments, a portion of NaxSQufs) may be precipitated by
cooling precipitation due to, for example, the inereasingly fower solubility of NazSOx in
water comspared to NHaCl the lower the temperature below about 32 degrees Celsing or the
closer the empetatare of the sctution s o °C,

165967  Npte: In some cmbodiments, NaaSOx may be separated from INHC by

evaporation, or crystallization, or cocling precipitation, or any combination thereof, In come
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cmbodiments, NaeSQu(s), or water, or INHCHag), or 2NHCl(s), or any combination thereot
may be produced or may form.
jpse7) {11} One, or more, or any combaation of the following:

s INHCHs) 9 2 NHi{g) + 2 HCHg)

2 NHxg)+ 2 HCOK + CaCOs(sy Calls) + HaOfgd + COg) + 2 NHx{w)

o CaliOds) + 2 NHGCHsy 2 CaCh(s) + FaOle) + COu{p) -+ 2 NH(w)
[0598] Nete: CaCO:(s)y may be vransfored from step “(9Y.
[8398]  Nete: One or more or any combinanon of the above reactions may rfequire heat
Hput,

[6668]  Note: In stine cinbodinents, heat may be recovered from one or more or any
combination of reactions. For example, the caloim carbonate and hydrogen chioride voay be

exothernue.

[paB1]  Note: In some embodiments, 2 NHaCHs) vty be precipitated or ervstaliized from
an aqueous solution in the presense of calcian carbonaie to, for example, create a distributed
mixtare of calcnam carbonate and ammonion chlorude.

jos02]  Note: Calcium chloride may conyprise an output. In some embodinents, calcin
chioride may be sold or utilived. In some embodiments, caleian chloride may conmyprise a
waste prodact,

{6031 (12) 2 NHse) + HO(e) + CO{g) = {(NHa:COx(s or ag)

[0604]  Nete: (NHRCOs(s or ag) may be transterred to step “(9).

[605] Note: 2 ME(gd, or HeOlg), or COhigy, ov auy combination thereof may be
reeycied or rectvulated within the process. In some smbodinents, losses faay scaw and £ o
make up 2 NHy, or HeO, or CO:, or any combination thereof may be added,

{p6086) Example 34: Process for Preducing Sodium Sulfate, Ammonia, and Calcium

o607} {1 (NHO8O0dag) + 2 NaClagh =¥ 2 NHaCHag) + Na:SOufs or ag)

[Bal8]  Noter Insome embodiments, & portion of Na:SQafs) may be previpitated by

cooling precipitation due to, for example, the tnereasingly tower sohubility of Nax804 in
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water compared 1o NHa{l the fower the temperature below abowt 32 degrees Colsius or the

closer the temperature of the sohstion ¥ 1o 0°C.

{609} Nate: In some embodiments, Na:SO4 may be separated from 2N by
h 3! Y

gvaporation, or eryvstallization, or cooling procipitanion, of any combination thereof. In some
embodiments, NaSOu(s), or water, or 2NHaClag), or ZNHCI(s), or any combinatiom thergof

may be produced or pray form,
jo61d {23 One, or more, or any combination of the following:

e INHLCHsY = 2 NHx(e)y+ 2 HCH

» 2 NHu{g)+ 2 HCH) + CaCOx(s)=¥ CaClysy + Hx0{z) + COx(g) + 2 NHs(g)

s CaCiiais)+ 2 NHaCls) = CaCl(s) + HaOlg) + CO(g) + 2 NHx(g)

o 2 NHs(g)+ 2 HOW = CalWANS)D Callafs) + H:O(m) + WA or g or 1) + 2
NHs(g

o CalWaNs) + 2 NHCls) =2 CalCl{s) + gy + WAG or gor ) + 2 NHs(g)

gl

[o6i1] Nete: One or pwore of any combination of the above reactions may fequire heat
HpUL

{96321  Note: In siane ommbodiments, heat may be recovered from one of more or any
combination of reactions. For example, the colefm carbonate and hydrogen chlovide may be

exothermic.

[p6i3] Nate: In some embodiments, 2 NH.CKs) may be precipitated or erystallized from
an aqueces solfution i the presence of calciam — weak acid to, for example, oreate o
disivibuted mixtere of calehon -~ weak acid and smmonian chloride,

10514} Note: Caleium chloride may comprise an output. In some embodiments, caleium
chionide may be sold or utitized. In some embodiments, calohan chioride may comprise a
waste prodact.

[8615]  Note: In some embodiments, catbon dioxade produced may comprise captured
carbon dioxide, For example, annnonia and ¢ or water may be separated from carbon dioxide

using an aqueous sofution and 7 or high pressures and { or clevated lomporatures.

[o616] Example 35; Process for Producing Sodinm Salfate sod Calohm Chloride

from Sodiwm Chloride and Calcinm Sulfate ssing an Ammonia and Carbon Dioxide

Intermediate
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[0617] {1y CaSis or ag) + (NHCOsag) = CaCOu(s or aq} -+ (NH:50u(ag)

[eois] Note: CaSOu{s or ag) may connprise an input. For example, CaSOu{sy may he a
product or byvproduct from a process, For exanyle, CaB04(s) may be mined: For example,

Casu(s) may comprise phosphogypsum,

[0519] Note: {aCOx{s} may be separated from a solution comprising (NHe:504{aq) by a
sohid-liguid separation.

06201 (2) (NHspSOsag) + 2 MaCltaq) =¥ 2 NHaClaqg) + NaeSQuls or ag)

[621]  Netes In some cibodiments, @ poriion of NaxSO(s) may be precipitated by
cooling precipitation due to, fir example, the mercasingly lower solubility of NaoSQu in
water compared to NHaCl e fower the temperature below about 32 degrees Celsius or the

closer the temperature of the sohstion s 16 O°C.

[B622]  Nete: In some enbodiments, NazSOs may be scparated froms 2MHCL by
cvaporation, or erystallization, or vooling precipitation, or separation method deseribed
herein, or any combination thereof. In some embodiments, NaeSQos), or water, of

INH:Clag), or 2NHAI), or any combination thereof may be produced or may form.
10623 {3) One, or more, or auy combination of the followmg:

o INH(CHs) = 2 NHa(g) + 2 HCHg)
s 2 NHx(g) + 2 HCl(g) + CaliOx{s)® CaClits) + Hili(g) + COxg) + 2 NHs(e)
o CaCOss) +2 NHaClis) @ CaCla(s) + HoO() + COx(e) + 2 NHs(g)

{624} Note: Callx{s) may be transferred from step (1Y,

[0628]  Note: One or mare o iy combination of the above reactions may reguire heat

faput,

[6626]  Note: In some entbodiments, heat may be recovered from oie or more or any
combination of reactions. For example, the calchum carbonate and hyvdrogen chloride may be

exothermie.

{06271 Note: In some embodiments, 2 NHuCHs) may be precipitated or crvstallized from
an agueous sohiion i the presence of calehion carbonate to, for example, create a distributed

mixture of calcium carbonate and ammoniam chloride.
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[0628] Mete: Calcham chloride may comprise an ouput. In some ambodiments, calohom
chioride may be sodd or wtilized. In some cmbodiments, caloian chloride may comprise a

waste product.
{0629 {4) 2 NHa(p) + HeOfg) ~ Clh{g) ¥ (NHhCOs(s or ag)
[06360] Note: (NHaRCOs(s or aq) way be transferred 1o step “(1Y.

[0631]  Note: 2 NHx{g), oo HaQfg), v i), or sy combination thereof mayv be
recyeled or rectreulated within the process. In some smbodinients, losses may ocowr and /oo

make vp 2 NH:, or HO, or €0q, or any combination thereof may be added,

[0632] Example 36: Process for Preducing Sedinm Sulfate and Calcium Chloride

[0633] ()2 NHyag) + HaOg) + COxg) P (NHa):COs(x or ag}

{0634  Noter COx{g) muy comprise a gas comprising COHg). In some embodiments, the
COn(y) may conyrise g gas comprising a dilute concentration of cvbon dicade, which may
tnclude, but is not lmited to, flue gas, of CRYISSIAS 238, OF S0Ur Zas, oF alr, o uther Ty
sowrces deseribed herein, or other CQq spurces i the an, or any combination thereof.,

{06351 {2) CaSu(s or ag) + (NHRCOMag) = CaCOa(s or aq) + (NH:S0(ag)

[B636]  Note: CaSOuls or ag) may comprise an input. For example, CaSOu{sY mav he a
product or byproduet from a process. For example, CaSOa(3) may be mined. For example,
CaSO:{s) may comprise phosphogypsum.

8637} Nete: CaCOx{s) may be separated from a sohstion comprising (NHaS80(ag) by a
solid-liguld separation.

9638 (3 (NFLuRSOu{ag) + 2 NaClag) ¥ 2 NHCHag) + NaaSOu(s or )

186391 Note: In some smbodiments, a portion of NaxS04(s) may be precipitated by
sooling precipitation duc to, for gxample, the ncrcasingly fower sohibility of NaxSQs in
water compared to NHa{'l the lower the temperature below about 32 degrees Celsius or the
closer the temperatire of the sohstion is 1o 6°C.

8646]  Note: In some embodiments, Na:SOq may be separated from 2NH{O1 by
evaporation, or erystatiization, or cooling precipitation, or separation method described
hergin, or any combination thergof, it some enbodiments, NaeSQs(s), or water, or

INHCHag), or 2NHLCHs), or any combination thercof may be produced or may form,
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[Go41] {43 One, or morg, or any combination of the following:

s INHCKs) = 2 NHa(g) + 2 HOKg
= I NHa(g) + 2HCK) + CaC Oy CaClisy + H:O() + COxg) + 2 NHyg)
s CaCOs(s) + 2 NHLCUs) @ CaCla(s) + FoOfg} + COLe) -+ 2 NHu{(g)

{86421  Note: Call0x{s) may be transforved from step (1Y,

106437 Note: One or more or ay combingtion of the above reactions may reqaire heat

it

6644 Nete: Insome embodiments, heat may be recovered front one or more or sy
combination of mactions. For sxample, the calonam carbonate and hydrogen chloride may be

exothermic.

[0645] Note: In some embodiments, 2 NHaUls ) may be precipiiated or erystallized from
an agueous solution i the presence of calchun carbonate to, for example, create a distobuted

mxtwre of calcium carbonate and ammoniem chloride.

[#646]  Nete: Calcium chlovide may comprise an oudput. In some embodiments, calciom
chicride may be sokd or aitlized. In some cmbodiments, calciom chloride may comprise 3

waste product.

[0647] (%) 2 NHi{g)+ HaOig) + COe) B 2 NHa(ag) + COu{g)

x

[0648]  Nete: 2 NHi{ag) may be transforred tir step (1)

[6649] Nete: If conducted at 3 pressure greater than 0.9 atm. or | atm, or L2 atm, or L4
atny, or 1.6 atoy, or L8 atm, oo 2 ate, or 2.5 atie, or 3 atm, ov 4 atm, or 5 atm, ot any

combination thereof and / or temperature greater thay SO°C, 60°C, or TU°C, ar RO°C, or 90°C,
or 100°C, or TIFC, or 12090, or 130°C oy any combination thereof in the presence of Hagudd
water, ammonia may mostly transtar to the aguenus phase, while carbon dioxide may mostly

rernain at a gas phase.

{638 Note; In simne cmbodiments, U0 may be fiother purified to remove residusl
anwnonia, For example, TOx{ g} comprising residual ammonita may be cooled, which may
result in the removal of at least a portion of the residual ammonia by the formation of
amnonia - carbon dioxide derivative salts, sach as ammoniun carbanate, or ammonhum
carbonate, or amynonivm bicarbonate, or any combination thereot, For example, COu{y)

carpprising residual ssomonia meay be cooled and / or contacted with water, which may result
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in the removal of at Teast & portion of the residual ammonia by the formation of ageeous
anunonia, or anunoma - carbon dioxide derteative salts, such as ammonium carbamate, or

anmoniwm carbomate, or smonium bicarhonate, or any combination thereof.

[0651]  Example 37: Process for Producing Sedinm Sulfate, Calvhum Chioride, 3nd

Ulrea from Sedium Chioride, Calciom Sulfate, Amimonia, sud Carbon Dioxide

[0652] {1) 2 NEx(g o ag) + Water + €O} 2 (NHakCs{s orag)

0633  Nete: COug) may comprise a gas coruprising UO:xg}. In some embodiments, the
CO(g) may comprise a gas comprising a diluie concoentration of carbon dioxide, which may
include, but 15 not houted to, flue gas, or coxisaions gas, of sowr gas, ot air, or ather Clk
sources deseribed herein, or other €O sources in the art, or any combination thereof

186541 () CaStais or ag) + (NHROOs(agy < CaCOa(s or aql + (NHaS0uay)

[0655]  Note: CaSOa(s or ag) may comprise an mput. For example, CaSOuY mav bea
product or byproduct from a process. For example, CaS04(s) may be mined. For example,
CaS0uds) may comprise phosphogyvpsum.
{0556} Note: CaCOs{s) may be separated from a solution contprising (NHa:80s{aq) by a
solid-higuid separation.
[B657] (3 (NHORSOulag) + I NaClag) < 2 NHCHaq) + NaaSQu{s or aq)
186581  Noter In some enbodiments, @ portion of NaxSO«(s) may be precipitated by
cooling precipitation due to, for oxample, the ncreasingly lower solubility of NaxSQu in
water compared 1o NHaCI the lower the tomperature below about 32 degrees Celsius or the
cloger the temperature of the sohstion w o 0°C,
[0659]  Note: In some enbodiments, Na:SOs may be separated from 2NHCl by
svaporation, or erystallization, or cooling precipitation, or separation method deseribed
herein, or any combination thereof. by some embodiments, Na:SOsfs}, or water, or
INHCHag), or INHCIs), o any combination thereof pay be produsesd or may form,
{8568 {4} One, or more, or any combination of the followmyg:

e INHLCKs) =3 2 NHa(g) + 2 HCH)

s 2 NHxgy+ 2 HCl) + CaCO:{s) CaChisy + Halig) + COnigd + 2 NHu(®)

o CalOu(s) + 2 NHaCHsY ¥ CalCla(s) + HaOfu) + CO) + 2 NHi(g)

{#661]  Note: CalOss) may be transferred from step (1Y
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[0662] Mete: Une or more o any combination of the above reactions may regoire hoat
it

8663} Note: In some embodinments, heat may be recovered from ong or more or any
combination of reactions, For example, the calcium carbonate and hydrogen chioride may be
exotherane.

[0664] Nete: In some embodiments, 2 NH.CHs) may be precipitated or crvstallized from
an aquesus solution m the presence of caloham carbonate to, for example, create a distributed
mixfre of calcium carbonate and anunonium chloride.

[8665]  Note:r Calcium chlovide may comprise an output. In some smbodiments, calciam
chloride may be sold or utilized. In some ewbadinents, calehum chloride may comprise s
wiaste product.

[Ba6s] {51 2 NH{@) + HaOt) + COo{) = 2 MH:(aq) + C0:xg)

0667 Note: If conducted at a pressure greater than .9 atoy, or 1 atoy, ov 1.2 atm, ov 14
atm, or 1.6 atm, or .8 atm, or 2 atem, or 2.8 aton, or 3 atm, or 4 atm, or § atm, or any
combination thercof and / or tompeeatare greater than 50°C, 60°C, or 70°C, o8 887, or 90°C,
or 100°C, or HHPC, or 120°C, or 130°C or any contbination thercof in the presence of Hauid
water, sounonia may mostly transfor to the agueous phase, whilte carbon dioxide mav mostly
remain at a gas phase.

[P668]  (6) 2 NHa{ag) = 2 NHx(g) + Water

[8669]  (7) 2 NHadg) + COug) P 2 (NHRCO(s) + HaO(g or 1)

[o67H Neote: The process may produce wrea and 7 or water,

[0671]  Note: It may be desivable fo further diy the ammonia, or earbon dioxide, or hoth
before use n the production of urea,

151672} Example 38 Sodium Hydroxide Production from Sedinm Suifate using

Calciem Precmpitation and Acid intermediate

{6673} (1) React Materisl comprising Calcium, or Magnesivm, or Other Alkalme Harth -
Weak Acid Anjon with Acetic Actd
o CaCOsis orag) + 2 THUO0H{agd = CalCHCOORGag) + COLw)
»  Calehom Silieate(s) + X CH:COOHag) = CalCH:CO0{ag) + Silicon Dioxide(s)
s CaS(s) + 2 CH:COOH ag) = CafCHWCOD ) + HiSG
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»  Calctom{Weak Acid Anion) + 2 CH:COOHag) = CalCH:COaq) + Weak
Actdis, ov g, or |, or aup

[6a74]  Nete: Resichmal solids or unsdissolved solids, such us sibicon dioxide or ather
undissolved solids, may be scparated from the liguid solution using 4 solid-hguid separation,
[8675] {2} CalCHO0M A ag) + NaoSOutag) @ 2 NaCHCO00g) + CaSOu(s)
9676 (3) 2 NaCH:CO0ag) + SO« or agd + HoO or ag) 9 NaxSOa{ag) + 2
CH«COOH(ag)
6771 {4 NaeSOs{ag) + 2 CHCOO0Hag) = 2 CH:COO(aq - sepatate) + NaaS$s(lag -
separate}
18678} Naote: An aqueoss sohtion comprising sodium sulfitc and acetic acid may be
separated o & soparaie aqueous solution comprising acetic acid and & separate aquenus
solution comprising sodivn sulfite using, for example, electrodialysis, or electrodialysis
reversad, or seloetive electrodialysis.
[0679 Note: For example, sotoe embaodinients may employ electrodinlysis selective for
manovalent or divalent or trivakent or totravalent cations, or monavalent or divalent or
trivalent or tetravalent anious, or any combination thereof.
[0680]  Nete: The agueous solution comprising acetic acid may be employed as the
aqueous acetic actd i step (1)
10681} {53 NaoSOsag) + CalOHn(s or agh > 2 NaQHaq) + Cal0:{s)
[6682]  Nete: CatOH)(s or ag) may comprise a solid-liguid suspension, such as autk of
lime.
0683} Note: CaSOx(s) may be sepavated using o solid-liquid separation.
[0684]  (6) CaS0:(s) = CaQ(s) + Sle)
[6685} Note; (6) may comprise calcining CaSOx(s), which may employ a kiln.
[0686]  Note: CaS0:{s) may be dried, or deluydrated, or both before or duting “(6).
[G6R7] {7 Caldis) + Water{g o L or agy < CalOH s or aq)
[0688]  Noter Call(s) nay be emploved to remove water vapor or facilitated deving of

CaSOs(s) before or during decomposition of CaS0x(s) to TaO(s}.

105891 {8) 2 NaOH{aq) < 2 NaQH(aq or )+ Water
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{66949 Mete: In some embodiments, 1t mayv be desirable for NaOH o comprise an
aqueous solution or concentrated agueous solution. In some cimbodiments, NaOH(ag) may he
concentrated or farther concentration using one of more of any combination of separation

methods or waler removal methods.,

591} Note: In sinne cmbodiments, water may be removed and / or NaQOH may be
separated or precipitated by, for example, inclading, but not limited {0, evaporation, or
distitlation, or erystallization, or separation systems or meéthods desertbed herein, or

separation systems or methods deseribed s the art, or any combination thereof.

[0692]  Note: Water or distillate from concentrating or further concentrating may be
somsoyed within the process. For example, water or distiliate from concentrating or further
concentrating may be emploved to, for example, includmyg but not lhuited o, obe or more of
sy combination of the following: to dissolve sodiam sulfate, or o absorb acetic acid vapor,
or dilute or mix with the aqueous solation comprising sodiam acstate, or dilute or mix with

the sgueous solution comprising sodiam selfite and acetic acid, or any combination thereofl

Example 392 Sodiwm Hydroxide gnd Caloium Oxide Production from

[11693)

Intermaediate

[6634] (1) React Matenial comprising Caloium, or Magnesiom, or Other Alkaline Barth -
Weak Actd Aniow with Acetic Acid

o CaCiOsis oy aq) + 2 CHCOOHagy = CalCHCOO R ag) + CO(y)

«  Calciam Silicate(s) + 2 CH}OOHag) = CalCH:CO0{ag) + Silicon Dioxide(s)

s Calsy+ 2 CH-COOH{ag) < CafCHACOO(ag) + H:S{g)

+  Calchen{Weak Acid Anion) + 2 CH:COOH(g) =¥ CatCHCOOR{ay) + Weak

Actd(s, or g, or L, or ag)

[8695] Nuote: Residoal solids or undissolved solids, such as silicon dioxide or other
undissolved sohds, may be separated frowm the hquid solution using a sotid-Hguid separation,
[8696] {2y Ca{CHCOO0 R{ag) + Na:S0s{ag) ¥ 2 NaCH:COO(ag) + CaS0(s}
8697 (3) 2 NaCH:COOGEQ) + SOule or ag) + FaO0 or agy = NaeSOs{agy + 2
CHCOOH((ag)

[0698]  {4) Na:SOxag) + 2 CH:COOH(aq) ¥ 2 CH:COOHaq) + NasSOs(s)
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[6699] () Cal’Oxs or ag) + COxg or g} + HaOfag) & CatHCOsnlag)

[o7e4 Note: In some embodiments, may be conducted onder hugh COp partial pressures
and { or elevated tomperatures. For oxmuple, some embodiments may employ Ch partial
prossures greater than | Bar, or 2 Bar, or 3 Bar, or 4 Bay, or § Bar, or any combingtion
thereof and fov temperatures greater than 0°C, or 20°C, or 40°C, ov 30°C, ot 60°C, o T0°C, or

8O°C, or S0, o 95°C, or 10T,

Lt MNete: CUh may be soarced from, cluding, but not linuted to, ong or more or any
combination of the following: the decompuasition of sodium bicarbonate, or captured carhon

dioxide, or any combination thereof

[6782] {6) Nax SO + Water ¥ NaaSOusfag)

07031 () NaoSOs{ag) + CatHUO a{ag) - 2 NaHOOx{ag) + CaS0s(s)
0704]  (8) CaSOus) & Cals) + 50x(e)

[67065) {9} 2 NaHCDag) ¥ NaxCOx{ag) +~ COxgy + HaO{g or 1}
[0716] {(18) NeoUOslag) + CalOH R or agl ¥ 2 NaOHag) + CaCOx(s)
[o7e7]  (11) 2 NaOH(ag) = 2 NaOHM{ag or s) + Water

[708] {123 CaCinis) < CaO(z) + CO(w)

16769 Niste: Tn soine cmbodiments, calcium carbonate may be decomposed into caleiom
oxide i & manner which produces high purity o captured carbon dioxide. For example; in
some embodiments, calciam carbonate may be caleined or decomposed by indirect
caleination or indirect heating, wiich may resudt i the production of high purity or captured
cirbon dioside.

{8710  Note: Captwred carbon dioxide may be sequestered or employed in one or mowe of

any combination of apphcations.
16711} {13) Ca¥s) + Water ¥ CafOHY(s or agd

0713 Note: Insome embodiments, calonon oxide may be reacted with water to produse
an aqueous soluion, of solid-hiquid suspension, or milk of Hoe, or solid, or any combination
thereof comprising calciom hydronide.

107331 Naote: In soroc arobodinents, calcium oxide may be rescted directly watlvan

aqueous solution comprising sodim carbonate to produce calehum carbonate and sodiam
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hydronide. For example, in some embodiments, stop (103 may be combined with stop
(13,

9714} Exsmple 40: Sodivm Carbonate, or Sodivm Bicarbonate Production from

Sodium Suliate using Calcinm Precinitation and Acid Intermediate

[0715] {1) React Material comprising Calelum, or Magnesiom, or Other Alkaline Barth~
Weak Acid Anion with Acetic Acid
o CaCOu(s orag) + 2 CHCOOH(ag) ¥ CafCHCOONGag) + COx{g)
s {Calciam Silicateds) + 2 CHMCOOHag 2 CaiCHCOO ag) + Silicon Dioxideis)
o CaS{s)+ 2 CH:COOH{aq) ¥ CalCHCO0(uq) + HaS(e)
«  Calewen{Weak Acid Anion) + 2 CH:COOH(aq) @ CalCHUOORag) + Weak
Acid{s, or g, or |, ov ag)
18716] Neote: Resideal solids or undissolved solids, such as silicon dioxide or other
undissolved solids, may be separated from the liquid solution using a solid-higaid separation.
187317} {2} CaCHACOO k{ag) + Na:S0u({ag) = 2 NaCHCO0ag) + CaB0as}
[O788]  (3) 2 NaCH:COQG) + SOx{g o aq) + HaOl or aq) = NapSOslag) + 2
CH2O00H (ag
719 () NasSOslag) + 2 CHCOOH(agY = 2 CHCOOHag) + Nan8Osis)
107207 {8 CalOs(s or aqy + COx{ or aq) + H:Ofaq) ¥ CatHOQa{aq)
8721 Nete: In some embodiments, may be conducted under agh CO: partial pressures
and { of clevated tomperatiwes. For example, some embodiments may employ CO; partial
pressures greater than § Bar, or 2 Bar, or 3 Bar, or 4 Bar, or 3 Bar, or any combination
thercof and 4w temiperanures greater than 0°C, or 2000, or 40°C, or S8, or 80°C, oy T, or
RO, or BOC, or 93°C, or 10T,
[6722] Note: CCh may be sourced from, inchuding, but not hmuted to, one or more or any
combination of the fnllowing: the decompasition of sodium bicarbonate, or capiared carbon
diesade, or any conbination thereof,
19723 {6) NaxSOxs) + Water 9 NaaSOQuxiag)
0724 (7) NaxSOaag)+ CalHCO:x{aq) 3 2 NaHCOs(aq) + Cad04(s}

07251 (B) CaSQOx(s) = Cal(s) + $Onig)
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[0726] (%) 2 NaHCOxaq) F Na:Ciiag) ~ COx(g) + HOig or
[0727)  (10) NaxCOx(aq) = NaxCOs(s) + Water

[728] Example 41: Sodivm Hyvdroxide Production from Sedivm Sulfate using

Calcium Precipitation, Acid Infermediate, and Calciom Carbenate Intermediate

[@729] {1} Rieact Material comprising Calcium, or Magnesium, or Other Alkaline Earth ~
Weak Acid Amon with Acetic Acid

o CaCOsls orag) + 2 CHCOOHag) < CalCHACOOM(ag) + CO:e)

»  Calewm Silicate(s) + 2 CH:COOHag) = CalCHCO0:{aq) + Silicm Dioxide(s)

»  Calsy + 2 CH:COOH sy = CafCHCOD R + HiBG

s Calcim{Weak Acid Anton) + 2 CH:COOH{ag) =¥ CalCHC000R{Gg) + Weak

Acid(s, or g, or | ov ag)

[9730]  Nuie: Residual solids or undissolved solids, such as silicon dioxide or other
undhissolved sodids, may be separated from the hiquad solution asing a solid-Hauid separation.
{0731} {2) CafCHCOQO{aq) + NaaSOs(ag) = 2 NaCHCOO(ag) + Calb0ss}
87324 (33 2 NaCH:CO0(aq) + SO:{g or ) + HaO or agd = NawB8Oslagqy + 2
CHCOOH (ag)
107331 {4) NaxSOslag) + 2 CHsCOOH(ag) = 2 CHOO0Hag) + Nan80s(s)
[0734] (5) CallOx{s ar ag)y+ UOx{g or ag) + HaOlag) =¥ CaHCO: n{ag)
735 Nete: In sonte embodiments, may be condacted under tugh COu parnal pressares
and / or elevated tomperatures. For example, some embodiments may employ CO: pantial
prossures greater than 1 Bar, or 2 Bar, or 3 Bay, wr 4 Bar, or 3 Bay, v & Baw, or 7 Bar, or 8
Bar, or 9 Bay, or 10 Bar, or 11 Bar, or 12 Bar, or 13 Bay, or 14 Bar, or 15 Bar, or any
combination thereof and for temperatores greater than 0°C, or 20°C, or 40°C, or 307°C, or
HO%C, or 700, or 80°C, or WiC, or 95°C, or 100°C.
[B8736]  Note: CO: may be sourced from, including, but not lintted 40, one or mote or any
combination of the following: the decomposition of sodium bicarbonate, or caphwred carbon
dioxide, or any combination thereof,
07371 {6) NaSOx(s) + Water < NaeSOxaqg)

[6738] {73 Na:SO:x(aq) + CalHCO0ag) < 2 NaHCOxay) + Cal0a(s)
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[0739]  (B) CalSth(s) = Calis} + SO
[0748]  Note: CaO(s) may be mansfiored to step {9 orstep (110
[0741]  Note: SOxg) may he tansterred to step “(3)°

{07421 (%) Caldis) + Water ¥ CalOH k(s orag)

743} Nete: In sonie embodiments, calehum oxide may be reacted with water to prodiwe
an agqueous solution, or solid-liquid suspension, or mitk of Hoe, or solid, or any combination

thereof comprising calotum fydroxide.

[0744] Note: In some embodiments, calciom oxide may be reacted directly with an
aqueous solution comprising sodium cavhonate to produce calehun cavbonate and sodim
hydroxide. In some embodiments, calcium oxide may be reacted divectly with an sguoous
solution comprising sodien carbonate to produce caleham carbonate and sodient hydvoxide,

which may comprise combiniog step (%) and step (1137

[8745] €10} 2 NaHOOxag) -3 NaaCOs{agy + COxg) + HeQ{g or 1
[6746] Note: CO0 may be transferred o step (5.

{07471 (1) NaoCUOslag) + Ca{OHk(s or agqy = 2 NaOH(ag) + CaliOs(s)

[748] Note: An aqueons solution comprising sodwm hydroxide may be sepavated from

catoivm carbonate by & sohd-hauid separaton.

10749 Note: Calcium carbonate may be wansforred to {57,

(07548} {12} 2 NaOH(ag) =9 2 NaOH(ag or ) + Water

[4751} Note: The solution comprising sodhwm hydroxide may be furiber concentrated, or
at least a portion of water may be removed from the solution comprising sodium hydroxide,
ar any combingtion thereotl

167524 Note: In some embodiments, at feast a porion of the water removed or recovered

from the solution connprising aguens sodhus hydroxide may betransforred to step {6

[0753]  Exasmple 42: Sodium Hydroxide Production from Sodinm Sulfate and

Calcum Carbonate psing Calcium Precipitsiion and Carben Dioxide Intermedinte

10784] (1) CaCOx{s ot aqy+ COx{g or agy + HeOaq) ¥ CaHCOah(sg)

{6755 Note: In some embodiments, nay be condected vnder bigh COs partial pressares

and / or clevated temperatures. For example, some embodiments may cmploy COr partinl
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pressures greater than 1 Bay, or 2 Bar, or 3 Bar, or 4 Bar, «r § Bar, or 6 Bar, or 7 Bar, or 8
Bar, or % Bar, or 10 Bar, or 1} Bar, or 12 Bar, or 13 Bar, or 14 Bar, or 15 Bar, orany
combination thercof and for temperatures greater than 8°C, or 20°C, or 40°C, or S0°C, ar
HIC, or 7O°C, or B0, or 90°C, or 93°C, or 100°C,

{756] Note: COz may be stwrced from, including, but not hmited to, one or more or any
combination of the followmng: the decomposition of sodiam bicarhonate, or captared carbon

dioxide, or any combination thereof,

757 (23 NaeSOos or ag + CalHOO(ag) @ 2 NaHCOs((ag) + CaS0s(s)

[738] {31 2 NaHCOs(ag) = Nax(Oa(ag) + COx{g) + He{g or i}

18739 Note: CCh may be transforred 1o step (1)

0768 () MaUOx{ag) + CafOH)(s or ag) & 2 NaOF{ag) + CaClu(s)

[8761]  Note: An aguedus solution comprising sodim hydroxide may be sepavated from
cafeivm carbonate by a sohd-hauid separation.

16762} Note: Calcinm carbonate may be transferved t0.7{3Y.

(07634 {%) 2 NaOH{ag) =» 2 NalH(ag or sy + Water

j764] Note: The solution comprising sodium hydroxide may be further concentrated, or
at Jeast a portion of water may be removed from the solution comprising sodium hydroxide,
or any combination thereof

[8765] Note: In some embodiments, at feast a portion of the water removed or recovergd

from the sohtion comprising aqueois sodivan hydroxide nray be transforred to step (1) or

[0766]  (6) CaCCh(s) = Calis) + COxg)

197671 Noie: In senne cmbodhiments, calcium carbonate may be decomposad hivto caloum
axide i g manner which produces high purity or captured carbon dioxide. For example, m
some cmbodiments, calcium carbonate may be calcined or decomposed by mdivect
caleingtion: or indirect heating, which niay resudt m the roduction of high purity or captured

carbon dioxide.

19768} Nate: Captared carbon dioxide may be sequestered or employed in one or more of

any combination of applications.
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{0769 () Caldis) + Water = CalOHk{s or ag}

10774 Note: In some embodiments, calchum oxide may be reacted with water to produce
an agusous solution, or solid-liquid suspenston, or milk of Bme, or solid, or any combination
thercof comprising calcium hydroxide.

10771 Npte: In some embodiments, calcium oxide may be regeted direatly withoan
aqueons solution comprising sodium carbonate to produce calohum carbonate and sodium

hydroxide. For example, in some embodiments, step 44) may be combined with step (7Y

772 Exsmple 43: Sedivm Carbonate or Sodiwm Bicarbonate Production from

Sodium Sulfste and Calcinm Carbonate

10773 (1) CalOss or agy + COx{g or ag) + HaOfag) = CatHCOs hing)

16774 Note: ln some embodiments, may be condected under tugh COq partial pressares
andd /£ or elevated temperatures, For example, some erbodiments may soploy CO: partial
pressures greater than 1 Bar, or 2 Bar, ov 3 Bav, or 4 Bar, or 3 Bar, or 6 Bar, or 7 Bar, or 8
Bar, or © Bar, or 10 Bar, or 11 Bar, or 12 Bar, o 13 Bag, or 14 Bar, or 135 Bar, or sy
combination thereof and fov tomperatures greater than 8°C, or 200°C, or 40°C, or 38°C, or
H0°C, or 70°C, or RO°C. or HUC, or 95°C. or 100°C.

[0775]  Nete: COr may be sourced from, including, but not limited to, ong or mote or any
commbination of the fisllowing: the decomposition of sodium blearbonate, or capturesd carbon
dioxide, or any combination thereof

108776] {2) NaaSOuls or ag) + CalBCOslag) = 2 NaHCOxaq) + CaS0xs)

{7774 Note: In some embodiments, NalCOs(agy or NaHCO(s) may conprise & product
which v be sold or utilized.

187781  Note: 2 NaHCOs({aq) mav be separated from at least a portion of CaSOh(is) by
solid-Hoad sepavation.

{07791 {3) 2 NaHCGOsag) = NaxCO(ag) - Cu{g) + Qg o D)

{07804 Nete: T may be transforred to step (1)

781} Eaample 44: Process for Producing Sediwm Hyvdroxide and Calcinm Sulfate

from Sodium Sulfate and Calcium Weak Acid
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{4782} {1) React Materiad comprising Calciom, oo Magaesium, oo Other Alkatine Earth

Weak Acid Anion with Acetic Acid

o CaCOs(s or ag) + 2 CH:COOMag) < Ca{CH:COOR(aq) + COK)

»  Caloium Silicate(s) + I CH:COOH(aq) = Ca(CH:COOR{aq) + Silicon Dioxide(s)
s {aS(sy + 2 CHaCOOH ag) =¥ Ca(CH:COO0ag) + HiS{g)
«  Calciwm{Weak Avid &wion) + 2 CH:COOH(aq) 9 Ca(CHCOORag) + Weak

Acids, or g, or ], or ag)

19783  Note: Residual solids or undissolved solids, such as silivon dioxide or other

undissolved splids, may be separated from the hiquid snlution using a solid-liquid scparation.
[0784]  Note: COg) may comprise caphured COx,

8785} Nete: In sonie eorbodiments, some chomicals comprising caleium may comprise a
portion of magnesium. In some cmbodiments, for example, input chemicals or input material

may comprise a mixtee of calelum and magnesiam.

16786} {2) CatCHCOORag) + Sy or ag) + O or ag) = CaSOxsy+ 2
CHCO0H

07874 Neote: CaSOhis) may be separated using g solid-liquid separation,

788} Neate: In some embodiments, residual agueous magnesiam sultite may be prosent
in the "2 CHCOOH(ag)y . In some embodiments, the residual aqueous reagnestum sulfite
may remain i the 2 CH:COOH((ag) ransferred to reaction “(1) from reaction *. In some
embodiments; the agueous magnesium sulfite may remain in the 2 CHCOOHagY'
wansferred o reaction (1) from reaction (2} bevause, for example, magnesh sulfite
additiona! or accunnilated magnesium sulfite above the solubility imits of magnesnum sulfite
in the sohation may precipitate or cosprecipitate during the reaction of Ca{CHTOO R (ag) or
Ma(CH}COO 0 ag) with SO« o ag) or sulfite o bisulfite.

16789 Note: fn somne embuodinments, residoal aqueons magnesium sulfite nay be present
i the “2 CHCOOH@gY . In some embodiments, a portion of the residual agueous
magnestam saifite may be concentrated and £ or separated asing, nclading, but not hmited o,
ot or prwe, or wy conibination of the following: heating, or cooling, or reverse asmosis, or
membrane based process, or precipitation, or clecivodialysis, or forward osmosis, or any
comhination theveof. For example, the residual agueous magnesium sulfite may be separated

by coucentrating the magnesueu sulfite using reverse osmosis or nanofiliration, whercin the
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pore stze or-properties of the membrane may onable the permeation of at least @ portion of the
acetic ackd and the rejection of at Ieast a portion of magnesiom selftte, and / or cooling the
resulting concentrated magnestum sulfite sobution to produce at least a portion of 8
magnesihon sudfite precipitate.

790 (3 CaSOa(s) + SOx{g ov ag) + Halag) + Water = CalHSO(ag)

10791 () Na:SQus or agy + CatHSOe ptagg) = 2 NaHSOsag) + CaSu(s)

7924 Nete: “(4) may be conducted at an clovated temperature o reducs the sohubility

or dissolation of CalS04{x) or reduce potentind {formation of CaSt(ag).
[9793] {5} One or more or any combination of the followng:
2 NaHSOstagh <@ NaxSOs(s or ag) + SOy + HiOg or 1
s 2 NaHSOu(ag) @ NaoSoOs(s) + Ha0 + Water
o NpBOa(s) =P NaaSO:((s) + 8018

[B794]  (6) SOnle o ag) + Water < SOnag)

H795] () NasSOuls or ag) + Ca(OH (s or aq) = 2 NaOH{ag) + CaS0u(s)
[0796] (8 CaSOu(sy> CaOis) + SOy

{0797 (9 CaO(s) + HeO + Water =¥ Ca{OH:(s or ag)

[6798]

Calcivm Precipitation and Acid Intermedintes

Example 45: Sodinm Hydroxide Production from Sedimm Sulfate nsing

10799 {1} React Material comprising Caleiunm, or Magnesiuny, or Other Alkaline Earth ~
Weak Acid Anion with Acetic Acid
*»  CaCQOdsorag) + 2 CH:COOH(ag) < CalCH:COOR(aq) + Ca(g)
s Calcium Silicate(s) + 2 CH:COOH{ag) 9 CalCH:COO:{aq) + Silicon Dioxide(s)
s CaSis) + 3 CHCO0H ag) < CalCHCOOR{aq) + HaS(®)
»  Calchun{Weak Acid Anlon) + 2 CHaCOOHGg) ¥ CafUHU00R(ag) + Wiak
Acidis, or g, or |, ov ag)
16800} Neote: Residual solids or undissolved solids, such as sthicon dioxids or other

windissolved solids, may be separated from the hiquid solution using a solid-liquid separation.

o881} (2 Ca(CHCOO0{ag) + Naxb04lag) ¢ 2 NaCHCOO0@g) + CaS04(s}
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[0862] () 2 NaCHCQO(g) + Citric Acid(aq} ¥ Sodium Citrate(ag +2
CH:COOH(ag)

{8803} Nete: In same embodiments, other carhoxshic acids than citrie acid may be
cnployed, such as carboxylic acids which form soluble sodivim salts and relatively low
solubihity calcimn salts.

[08G4  {4) Sodum Citrate(aq} + 2 CHCOOH{aq) = Sodium Citrate{s) + 2
CHCOOH(ag)

[B805] Neote: {4y may comprise separating sodium citrate from acetic agid. For example,
sodam ciirate may be separated from an agueous solution comprising acetie goid or from
acetic acid by distillation.

0866} (%) Sodium Citratefaq) + Ca{OHlds or ag) <® Caloium Citrate(sy + 2 NaOH(aqg)
[o807 Nete: Agucous solution comprising sodivm hvdroxide may be separated froma
solid comprising calotunm citrate by a solid-liquid separation.

jo868] {b) 2 NaOH{aq) < 2 NaDH(ag or ) + Water

[oBGY] Note: In some ernbodiments, an agaeous solution comprising sodiva hydroxside
may be further concentrated, or walsr may be reowved from the sohstion comprising sodiwm
hydroxade, or any combination thereof. Tn some cmbodiments, the aqueous solution
coraprising sodivm hydroxide mxy undergo fuvther preatment. To some erbodinents, the
aqueous solution comprising sodium hydronide may comprise a product and / or may be
ready to be sold or utilized.

jo818] (%) Calctam Cirale(s) + SChlag) & Ginie Aad{ng) + CalOsls)

811 (%) CaSOus) 2> Cal(s) + Shig)

H812] {9 SOy + Water =¥ S{iaq)

{0813 {30} Cal{sy + HaQ + Water =¥ Ca(OH (s or ag)

[O84]  Nete: In sonie cobodiments, Cal(s) may be reacted with water. In soime
cmbodiments, Cal{s) may be reacted with Suchium Citrate to produce Calcium Citrate and
Sodivm Hedvoxide, In some embodiments, for example, step "(3) and sep “(30) may be

comhined.
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[0815] Example 46; Process for Producing Calcium Oxide or Cement oy Clinker

with Ascorbic Acid Intermediate

[B816] (1) React Matertal comprising Calenan, or Magnesium, or Other Alkaline Earth
Weak Acid Anion with Ascorbic Acid, which may comprise, including, but not hnted to,

one of rote or any combingtion of the followhn:

s Cal0sfs orag) + Ascorbic Acid{ag) =¥ Caloium Ascorbate(ag) + COx(g)

¢« Calciam Stlicate{s) + Ascorbic Acid(ug) <@ Calchum Ascorbate(ag) + Silicon
Dioxide(s)

+  Cad{s) + Asvorbic Acid{aq) =¥ Caloum Ascorbaie(ag) + HaS(g)

»  Calchoan{Weak Acid Anion) + Ascorbic Acid{aq) *¥ Calelum Ascorbatefag) +

Weak Acid(s, org. or b, orag)

{887} Note: Residea! solids or undissobved solids, such as silicon dioxide or other

undissobved solids, may be separated from the liauid solution asing a solid-hguid separation.
{0818} Nite: COx{g) may comprise captured CO:,

[OB19} Note: b some embodiments, some chemicals comprising calehun may comprise 4
portion of magnesiver. i some embodiments, for example, mput chemieals or inpat material

may conyerise a mixture of caloium and magnesium.

108264 {2} Calenan Ascorbatelag) + SOx(g or ag) + HaOQ{ or ag) = CabOs{x) + Ascorbic
Acid{aq)

joB21} Note: CaSOs5) may be separated using a solid-liguid separation.

[0822]  Nete: In some embodiments, residual aqueouns magnesin sulfite may be present
in the *2 CH:COOH{aq)’. In some embodiments, the residual aquecus magnesium sulfite
may remain m the 2 CHxOOOHGGY tansforred to reaction (1) from reaction ©. In some
cenfrodiients, the aqueous magnesionm sulfite may roman in the 2 CHaCOO @Y
fransferred o reaction “(1Y from reaction *(2) because, for example, magnesiun sulfite
additional or accunndated magnesiom sulfite above the sohubility Emits of magneshun sulfite
in the solotion may precipitate or co-precipitate during the reaction of CalCHCOO0 R ag) or

Me{CH:COOR{aq) with SOx(y or aq) or sulfite or bisulfite.

[8823]  Note: In some embodiments, residual aquesus nragnesian solfite may be present

in the "2 CH:COOH(agy . In some embodiments, a portion of the residual aqueous
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magnestam salfite may be concentrated and £ or separated asing, inclading, but not Hmited to,
ong oF I, or any combination of the following: heating, or conling, Of roverse osmosis, or
membrane hased process, or precipitation, or electrodialysis, or forveard osmosis, or any
combination thereof. For example, the residual aqueous magnesium sulfite may be separated
by concentrating the magnesien sulfite asing reverse osmosis or naneftliration, wherein the
pore size or propertics of the membrme may enable the permeation of af least » portion of the
aeetic acid and the refechon of at least 4 portion of magnestum sulfite, and / or cooling the
resubting concentrated magnesiom salfite solution to produce gt least a portion of a
magnestam salfiie plecipitate.

[8824]  Note: In some embodiments, the use of ascorbic acid may be desirable beeaase
ascorbic atid may be non-velatile, or may comprise minnl or oo vapor phase, or any
combination thervof) which may moean ascorbie acid may substantially romain at an pquesis
phase, or ascorbic acid may sebstantially not evaporate into remaining gases, or any
combination thereof. In some embodiments, other acids with stronger acid strength than a
WA or "Weak Acid” amd weaker acidity than sulfurcus scid, or which form water soluble
caterun or magnesiunt or atkaline carth salts, or which are non-volatile or have a lower vapor
pressure or higher boiling pomnt than water, or any contbination thereof may be employed

instead of, or in addition i, ascorbic acud.

108251 (3) CaSOa(s) P CaOfs) + SOy}

[8826]  Nete: "(3) may comyprise caleming CaSOxx), which may employ a kiln.
18827 Nete: CaSOx{s) may be dried, or dehydrated. or both before or during “(3),

[#828]  Eaxample 47: Sodivm Hydroxide Production from Sedium Sulfate with

Calcivm Precipitation and Acid Intermediate

[68291  (¥) React Material comprising Calctum, or Magnesium, or Other Alkaline Earth
Weak Acid Amon with Acetic Acid
o CallOss or ag) + 2 CH2UO0Hag) = Ca{CH:COOaq) + GO
Calehnn Silicate(s) + 2 CH:COOH(aq) 2 CalCHC00Rag) + Silicon Dioxide(s)
s (aS{sy+ 2 CHCOOH ag) = Ca(CHCOOMag) + HeB(g)
« Calelom{Weak Avid Awion) + 2 CH:COOH(aq) <9 CalCHCOO0:Gg) + Weak

Avides, or g, or |, v ag)
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{83 Nete: Residual solids or andissolved solids, such as silicon dioxide or other

andissolved solids, may be separated from the ligeid sohstion using a solid-ligquad sepavation,
[0831) {2) Ca{CHRCOOR ) + NapSOalag) < 2 NaCH:CO0kg) + CaSiis)

108321 (3) 2 NaUH:COO0ag) + SOz or ag) + HoO(lor ag) = NaoSafag) +2

CH:COOH(aq)
[0833] () NasSOsaq) + 2 CH:COOH(ag) B NaaSOxis) + 2 CH:COOH( ag)
[0834]  (5) NasSOu(s) + Ha0(g) = 2 NaOHts or I+ SOu{g)

{0838 Naote: In sine ambodiments, the prosent reaction may be conducted at an clevated
waperatare of emperatare greater than 100°C, or 200°C, or 300°C, or 400°C, or 500°C, or

HO0°C, or any combination thereof.

[6836]  Example 48: Sodium Carbonate Producion from Sodinm Sulfate with

18837 1) React Matertal comprising Calelum, or Magnestam, or Other Alkaline Earth -
Weak Acid Andon with Acetic Acid
o CalOals or ag)+ 2 CHCOOHGg) =¥ CalCHUOORGag) + Cag)
«  Calciom Siticate{s) + 2 CHCOOH(ag} =¥ CalCHCOO0{ag) + Silicon hoxide{s)
o CaSis)y+ 2 CHCOUHag) = CalCHCOOEaq) + Halyw)
»  Calchom{Weak Acid Anion) + 2 CH:COOH{ag) = CatCH:CO0{aq) + Weak
Actdis, or g.or L, or ag)
joR38] Note: Residual solids or undissolved solids, such as sibicon dioxide or cther
ndissolved solids, may be sepavated from the liquad solation using a solid-hguid separation.
10839 {2} CafCHCOO R{ag) + WaxSOs(agy & 2 NaCH:COO0aq) + Cal04ds)
[0848]  (3) 2 NaCHCOO0ag) + SOz or ag) + H:O( or aq) = NaxSOstagy + 2
CHCOORup
8841 ) NaaSOsfagy + 2 CH::COOHGg) = NaeSQafs) + 2 CHCOOH{ag)
[0842] {3) NaaSOs{s) + COx{g) ¥ NaaCOalz or ) + SOx(n)
[6843]  Note: In some embodiments, the present reaction may be conducted at an elevated
femperature of fompesatare greater than 100°C, or 200°C, or 300°C, or 400°C, or 300°C, or

OO C, or any combination thereof,
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{08444} Example 49 Process for Bivect Air Capture with Alkali Intermediate

[0845] (1) One ormwe o any combination of the fnllowing

e Cal {5 oraq) + CO:(g or ag) > CalOu(s or ay)
o CalOH(s or ag) + CO(g or ag) =¥ CaCO:(x or agy + HoOlap)

{0846} Nete: HCOu{y) 1s produced, it may be desirable for said COx(g) to be produced at

a high partial pressure CO(g), or purity COx{g), or to comprise captured COg)
0847 {2) CaCu(s oraqs + 2 CH:COOH ag) =¥ Ca(CHOO0Rag) + Chig)

[6848]  Note: It may be desirable for the CO{g) to be produced at a high pantial prossure

COa{z), o purity CO(g), or to comprise captured COxKg).
8849} (33 Cal CHCOMtag) + NaoSOsls or agq) ¥ 2 NaCH:COOgy + Cal0us)
j0859) Noe: CaSOua(s) may be separated wsing a solid-liquid sepavation.

168517 {4) 2 NaCH:COOR) + SOz or agd + HeO or ag) < NaaSOs{ag) + 2
CHsCOOH{ag)

[08521  (5) Na:SOs{aqy + 2 CH:COOHag) =¥ 2 CH:COOHaq) + NaeSQsls)
16853 {6) CaSOs{s) ¥ Calds) + SO:{g)
10854} {7y Cald{s) + Water 9 CalOH (s or ag)

[0855] Example 30; Process for Producing Precipituted Calcium Carbonate

{083a] (1) Reaot Material comprising Calenum, or Magnesium, or Other Alkaling Earth -
Weak Acid Anion with Acetic Acid, wiach may comprise, inehading, g not Hmited to, one
oF more of any covnhination of the following:

s aC0sds orag) + 2 CHECOOHGg) <9 CalUCHU00Rag) + C0:g)

«  Caloam Silicate{s) + 2 CHCOOH(g) 9 CalCH:COOR g} + Silicon Dioxide(s)

o CaSis) + 2 CHROOMH agy = C{CHRCOO gy + HaSMw)

s Calchon{Weak Acid Anion) + 2 CH:COOH(ag) 2 Ca(CHCOO{aq) + Weak

Acid(s, or g, or | or ag)

[O8S7] {23 CalCHAOOOR{ag) + S0:x{g or aq) + HaOl or aq) =» CaSOaisy+ 2
CHCOOH ey

[B858]  (3) CaSOu(s) ¥ Calds) + SO(g)
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{859} {4y One or more or any combination of the following:
»  Calis)+ COu 2 CaCOsis)
o Cal(s) -+ Water = CalOH)(s or ag)
¢ CafCHhs or ag) + COy =3 CaliOsfs or Q)

{98667  Example 31: Sedium Hydraxide Production and Precipatated Calcium

> - - ) >

Carbonate from Sodium Bicarbonate wsing Calcium Precipitation and Acid

Intermediate

[0861} {1} React Matgrial comprising Calewsm, o Magnestum, or Other Alkaline Earth -

Weak Acid Anon with Acetic Acid

s CalOsfs or ag) + 2 CHRCOOHag) = CalCHCOOaq) +COKm)
¢ Calenon Siieate(s) + 2 CHaCOOH{ ag) ~@ CafCHUO0 s ag) + Silicon Dioxide(s)
s CaS(s) + 2 CH:COOH a) & Ca(CHACO0:(ag) + HeS(w)
«  Caloiom(Weak Avid &wion) + 2 CH:COOH(ag) <@ Ca(CHCOORRg) + Weak
Avidis, or g, or L ov ag)
[0862]  Note: Residual sohids or undissolved solids, such as silicon dioxide or other

andissolved solids, may be separated frow the Bgoid solution using @ solid-lquid separation,
[0863]  Note: COg) may comprise captared C0:

16864} Note: Insome embodiments, some chemicals comprising calorum may comprise a
povtion of magnesium. In some embodinwents, for example, input chenuceals or input material
may comprise a mixtwre of calelun and magnesiom,

JOB65] Neote: In some ernbodiments, scetic acid vapor and / or water vapor may be
separated or recovered from COu{y).

j8860] (2} Ca{CHOOag) + 2 NaHCO(ag or 5y 2 2 NaCHWOOag) + CalOs(s) +
Chriyy

10867} Note: I some ewnbodiments, NaHCO:(s) may be added divectly to or dissolved in
CalCH::U00k{ag).

[0868} Note: In some enbodiments, NaHCOs{ag or 8) may comprise & mineral, or may

comprise nahealite, or wyy combination thergof
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{6869 Nete: In some embodiments, NatiC(s) may be dissobved in water or an aqueows

solution to form NaHCOx(ag) bofore mixing with Ca{CH:COO{ag).
[5878] Note: The COx ) may comprise captured CO={(g

0871} Note: Some embodinents nmay fornt dissolved calohnm bicarbostate, In some
embodiments, dissolved caleium bicarbonate may be decomposed o caleium cathonate and
carbon dioxide may heating sohaion, or deprossurizing the sohstion, or any combination

therend,
{8721 Naote: CallOs(s) may comprise precipitated caleium carbonate,
{0873 Note: CaCOx{s) may be separated by solid-lquid separation,

j6874] {3) 2 NaCH:C00aq) + $Oufy or ag) + HaOl or aqy ¥ NaoSOs{ag) + 2
CH:COOHag)

[B875]  Neter In some embodiments, SOx(g) may comprise other gases i addibion to
S5C:(g). In some embodiments, the reaction of 2 NaCH:COO(ag) + SO(g) mary result fn at
feast a portion of gostic acid vapor i the romupining gases durtny or afler the reaction. In
sonie embodiments, NaCH:COO(ay) entering the present step may be pre-contacted with ov
may absorb at feast a portion of acetic actd vapor from the remining gases. In some
cmbodiminty, the reacior ov absorption column may be comfigured to absorb acatic acid
vapor iy NaCH:CQQ(ag) before ar while reacting NaCH:COOaq) with SQe(g). Insome
ersbodiments, acetic acid vapor may be removed from remaining gases using, for exanple,
mclading, but not fimited o, one or more or any combination of the following: alkaling carth
carbonate, or alkaline carth — weak acid, or alkaline carth carbonate ~ water sharry, or alkaline

earth oxide, or alkaline earth
[0876]  (4) Na:SOs{aq) + 2 CHCOOH(ag) = 2 CH:COOH(aq) + Na:S0s(s)

88771 Note: CH:COOH may be more soluble in water than MNaxSC0x. In some
sitbodiments, NaxS0: may be sepavated or procipitated from solution by, for example,
inclading, but ney fimited to, evaporation, or distillation, or crvstatlization, or separation
systens ot methods descrtbed heroim, or separation systems or methods deseribed f the art,

or suyy combination thereof.

[0878]  Nete: In some embodiments, CHxCOOH and / or water roav be separated from
NaxSOs by, for example, evaporation, or distillation, or crvstallization, or any combination

thereof. Iy some embodimenis, CH:COOH may evaporate with waser vapor and / or
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condense with wator vapor, which may resudl in a distilate or condensate comprising
CHCOOH ag).

{0879  Noter In some embodiments, magnesium sulfite(aq) may be present i the
NaaSOs{ag) + 2 CH:COOH ag). In some smbodunents, # proseunt, magnesium subfite may
hegin to precipitate or erystalize before Nax80:. hy some embodiments magnesiam sultite
sohid may be separated during step “(4Y. In some embodiments, separated magnesium sulfite
nray be decomposed o pgnesiant oxade, or decomposed separately from caloium sulfite, or

decomposed together with caloiien sudfite, or any combination thereofls

[6R86} Nate: MNuxSOa(s) may be separated from CHiCOOR(aq) by a solid-liquid
separation, which may inclade, but is not limited to, filtor, or centrifoge, or decanter, ov
separation systems or methods desentbed herem, oo separatio systems or methods desenbed
finthe art, or any combination thereof,

[O881] {5 NasSOu(s or ag) + Ca{OHh(s or ag) =¥ 2 NaOHiag or )+ CaSOx{s)

[0882]  Mote: CalOHk{s or ag) may comprise a solid-Hauid suspension, such as mitk of
lime.

{0883} Noter CabOuds) may be scparated using a solid-liguid separmtion.

[OBR4] (6 CuSOx(s) » Cal(s) + Shig)

[0885]  Nete: ‘(6)" may comprise caleining CaSOxs), which may employ a kiln,

[6886] Note: CalSOu(s) may be dried, or dehvdeated, or both before or during (Y.
168871 (7)) Caldis) = Water(g o | or ag) ¥ Ca{OH s or s

[0888]  Nete: In some enibodiments, Cal(s) may be employed to ramove water vapor or
facilitated drving of Ca80s(s) before or during decompuosition of UaSO0s{s) to Calds).

16889 Nate: In some embodiments, calcianm oxide may be reacted divectly with an
aqueous solution comprising sodium sultite to produce calcium sultite and sodium hydroxide.
I soane embodinents, calcium oxide may be reacted divectly with an agugouns solution
comprising sodium sulfite to produce calciam sulfite and sodium hydroxide, which may

comprise combining step (53 and step (7Y

188961  Noter In some ambodiments, catciom oxide may be reacted with water to prodace
an agueous solution, of sohid-liquid suspenston, or mitk of lime, or solid, or any combination

thercof comprising caleiun hydroxade.
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{6891 {8} 2 NaOH(ag or ) = 2 NaOH{ag or §) + Water

LA Note: In sone etibodimaents, NaQH{ag) may be concentrated mio an agueous

solution comprising g greater mass parcent concentyation of NaDH.

(0893 Note: In some ambodiments, water may be removed and [ or NaQH may be
separated or precipiated by, for example, inclading, but not Hinited to, evaporation, or
distilation, or crystalitzation, or separation systoms or methods deseribed herein, or

separation systems ot methods deseribed 11 the art, or any combination thereof)

[0894]  Note: Insome embodinments, # may be desirable for NaOH to comprise a

concenitated agueous solaton

[0895]  Example 52: Sodium Hydroxide Production and Precipitated Calcium

Carbonate Production from Sodivan Carbonate wsing Caloiwrn Precipitation and Acid

Intermediate
[B896] (1) React Material comprising Caletwm, or Magnesium, or Other Alkaline Earth ~
Weak Acid Amon with Acetic Acid
¢ CaCOsis orag)y + 2 CH:COOHag) 2 CatCHCO0 g + COxg)
e Calchun Silicate(s) + 2 CH:COQHGag) =¥ Ca(CHOO0{ag) + Silicon Dioxide(s)
o CaS{s) + 2 CHXCOOH g = CalCHCO0 () + FeMy)
»  Calciam(Weak Acid Anton) + 2 CH:UOOHag) = Ca(CHCOURags + Weak
Acies, or g, or ], or ag)
[OBITY Note: Residual solids or undissalved solids, such as silicon dioxide or other
andissatved solids, nay be separated from the hgatd solution using a solid-ligind separation,
[0898]  Neoter COs{e) may comprise captared CO:.
10899]  Npte: Tn some embodiments, some chenucals comprising calehum may comprise a
portion of magnesiun. In some embodinents, for exmmple, input chendeals or input mwaterial
may comprise a mixtare of calciam and magnesivm,
4008 Nete: In sonte enmbodimments, acetic setd vapor and / or water vapor may be
separated or recovered fron: U0l
8901 (3 Cu{CHCOO K ag) + NaaUOxag or 53 9 2 NaCHCO0(ag) + CalOs(s}

16962} Note: Iy zome embodiments, NaeCOx{ag or 83 way be added divectly to or
dissolved in Ca{lCHCOOM(ag).
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[0963} Mete: In some embodiments, NaxClh{ag or ) may comprise a mineral, or may

conmprise decomposed nahcolite, or any combination thereot.

[9904] Note: In some embodivents, NaxCOs({ag or 8) may he dissobved in water oy an

aqueous solution to form NaHCO:(aq) before mixing with CafCH:COO{ag).

j0905] Nate: Some embodiments may form dissolved calehun bicarhonate, In some
cbodiments, dissolved calehan bicarbonate may be decomposed into caleham carbonate and
carbon dioxide may heating sohution, or depressurizing the solution, or any combination

thereot,
[9908]  Noter Call0s(s) may comprise precipitated calohum carbonate,
{09871 Nete: CaCOx(s) may be separated by solid-Hguid separation,

[eves]  (3) 2 NaCH:COQ{aq) + Sthigor aq) + H:O{ oraq) 2 NaeSOxag) + 2
CH:COOH(ag)

{8909  Note: In some embodiments, $O:{e) may comprise other gases in addition to
SQ{g ). b some erubodiments, the reaction of 2 NalH;COOGag) + 8O:(g) ruay result n at
fcast a portion of scetic acid vapor iix the romnining gases during or afier the reaction, In
sofe smbodivhents, NaCH:COOG) enterlog the prosent step may be pre-contacted with o

may absorb at feast a portion of acotic acid vapor from the romaining gases. In

P’

one
cimbodiments, the reactor ov sbsorption column nay be confignred o absorb scotie acid
vapor in NaCH:COO(aq) before or while reacting NaCH:COO(ag) with SOufg). Tn some
cibodiments, acetic acid vapor may be removed from renaining gases using, for example,
wcluding, but not limited fo, one or more or any combination of the following: alkaling garth
carbonate, or alkaline carth ~ weak acid, or glhalive esrth carbonate ~ water slurry, or alkaline
earth oxide, or alkaline carih

[0918 () Na:SOuaq) + 2 CHCOOH{ag) = 2 CHCOOH(ag) + NaeSQuls)

16911} Neote; CHaCOOH may be more soluble in water than NaxSGs. I some
embodiments, NaSOr: may be separated or precipiiated from solution by, for example,
including, but nog himited to, ovaporation, ov distillation, or ervstallization, or separation
systems or methods deseribed herein, or separstion systems or methods deseribed i the art,
or any combination thereof,

[a9i2]  Note: In some cobodiments, CH>COOH and 7 or water ropy be separated from

NaaSh by, for example, cvaporation, of distillation, or erystalfization, o any combination
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thereof. In some embodiments, CHUOOH may evaporate with water vapor and for
condense with water vapor, which may resudt in a distiliate or condensate comprising
CH:COOH( ag).

[0913]  Nete: In soane cmbodiments, magnesiin sulfite{aq) may be prosent m the
NaaSOx{ag) + 2 CH:COOH ). To stine crnbadiments, i prosent, magnesium swbfite may
begin to precipiate or crystadize before NaxSO:. In sone embodiments wagnesium sulfite
solid may be separated during step (@Y. In some embodiments, separated miagnesium sulfite
may be decomposed o magnesiam oxide, or decomposed separately from calohnm sudfite, or
decomposed fogether with calvhum sulfie, or any combmation thereofs

B934} Nete: NaeSQa{s) may be séparated from CH:COOQH(ag) by a solid-liquad
separgtion, which may include, but is not linited to, filter, or contrifuge, or decanter, or
separstion systems or methods deseribed herein, or separation systems or methods deseribed

in the art, or any combination thereof.

OS] {5 Naz:S0:(s ov aq) + CalOHR{s or ag) = 2 NaOH{ag or s) + CaSOx{s)

{9918 Note: CatOH)(s or ag) may comprise a solid-ligpnd suspension, such as mitk of
{ime.

[0987} Nete: CaSG:(s) may be separated wsing o solid-liguid separation.

098] (6 CaSOs(s) =» Cal(s) + SO

[o919} Neote: (63 may comprise caleining CaSOals), which may employ a kiln.

[e9za] Note: CalSOs{s) may be dried, or dehwdrated, or both before or during (6.
[0921] (7)) Caldis) + Water(g or 1 or agy = CalOHk( or aq)

[0922} Nete: In some embodiments, CaO{s) may be enyploved to revove water vapor or
facihitated drving of CaS0s(s) before or during decomposition of UaBOs(s} to Call(s)

10923] Nute: In soine cnbndiments, calctum oxide may be reacted dhectly with an
adquecus solution comprising sodin suffite to produce calchan sulfite and sodiun hydroxide.
In stume embodiments, calcium oxide may be reacted divectly with an agueons solution
comprising sodim sulfite to produce calcium sulfite and sodium hydroside, which may

comprise combining step “(3Y and step (7Y
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[0924] Mete: In some embodiments, calchan oxide may be reacted with water (o produce
an aqueous solution, or solid-liquid suspension, or wmitk of ime, or solid, or any condvination
theveof comprising calcium hydroxide.

{925 (8) 2 NaOH{ag o s3 = 2 NaOH{zq or 8} + Water

[09%6] Note: In some embodiments, NaOH{ag) may be concentrated into an aquoous
solution comprising a greator mass percent concentration of NaQH.

{0927  Nete: In sonie enbodiments, water may be romoved and / or NaOH away be
separated or precipitated by, for example, including, but not hinuted to, evaporation, or
distilation, or crystallization, or separation systems or methods deseribed herein, or

separation systems or methods desertbed in the avt, or any combination therof.

10928} Note: I some embodiments, 1t may be desirable for NaOOH to comprise g

concenitated agucous solution

109291 Exanple 83: Process for Producing Sodium Hyvdraxide with Sulfin Dioxide

and Carbos Dioxide Intermedigices

[938] {1) React Maicrial comprising Caleium, of Magnésiuny, or Other Alkaline Barth ~
Weak Actd Anion with Agetic Aoid
o CaCOss or ag) + 2 CH:COOHag) < Ca(CHACOOMN gy + COHgY + HxMag or 1)
s {alciam Silicate(s) + 2 CHCOOHag) & CalCHCOOR{ag) + Silicon Dioxide{s)
+ HoQlag or B
e CaS{ey+ 2 CH:COOH ag) = CafCHCOONag) + H:S{w)
¢  Calemm{Weak Acid Asson) + 2 CH:COOH(aq) = CatCHMIO0RGg) + Weak
Acid(s, or g, or |, or aq) + HaQlag or )
[0931]  Note: Residual solids or undissolved solids, such as silivon dicside or other

undissolved sodids, ruay be separated from the hguad selution using a solid-liguid separatiom.
{6932 Nete: COx{g) may comprise capured C0s.

{09334 Note: In sonie embodiments, some cheinicals comprising calelum may comprise a
portion of magneshun. Iin some embodiments, for example, mput chemicals or nput materigd

may comprise a mixture of caleium and magnesiont

16934} Naote: In some embodiments, acetic acid vapor and / or witer vapor may be

separated or recovered from COx{y).
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{0935} Nete: In some embodiments, acetic acid for step {1} may comyprise aquenus

acetic ackd produced or regenerated in step ({4Y.

[9936] {2) Ca{CHCOO ) + NanSOuals or ag) @ 2 NalH:UO0(g)y + CaSO4ls)

[6937]  Note: In some cinbodiments, Na:SOu(s) may be added divectly to or dissobved in

CalCH:CO0R(aq)

[0938] Note: n some cmbodiments, Na:SQu(s) may be dissolved m water or an agueous

solution to form NaxSOs{ag) before nuxing with CalCHCOO:(ag).

[8939]  Note: Insome cmbodiments, water may be added to the process to malke up for
water which may leave the process; for exampie, if NaOH{aqg) 5 an output, or another
aqueous sofution is an ogiput, or any combination thereof. In some embodiments, water may
be added fo the process by NaeSOq being in the form of NazSOqfag) or an aguesus solution
couprising sodiam sulfate, wherein at least a portton of the water in Na:SOu{ag) nay
comprise water added to the process. In some embodiments, Na:SOu(ag) may be provaded or
soureed as an aqueouns solution. For example, In some ewbodinents, Na:S{h(ag) may be
movided w the process m the forn of NaxSOs{ag). In some embodiments, NaxSOu{ag) may

be provided or sourced as a solid or NaaSOuis), then dissolved in water to form NaeSQs{ag).

(6948 Nete: In some embodiments, Ca{THCQO(ag) may comprise
CallUHx OO0 R{ag) from step (Y.

(o941} £33 2 NaCH:COOaqg) + S0xg or ag) + X or ag) =¥ Nau:S0uagy + 2
CHUOOH(ag)

{09421 Note: In some embodiments, SOufz) may comprise other gases in addition 1o
SO, In some embodiments, the reaction of 2 NaCHCOO ) -+ SO:{g) may resalt Inat
least a portion of acetic aokd vapor m the roorabung gases during ot affer the weaction. In
some embodiments, NaCH:COO(sa) entering the present step nay be pre-contacted with or
may absorb at lexst a portion of geetic acid vapor from the remaining gases. In sonwe
smbodiments, the reactor or absorption column may be configared to absorb acetic ackd
vapor it NaCH:COO(aq) before or while reacting NaCHCOOG) with SOx{g). In soms
smbodiments, acetic ackd vapor may be removed from remaiining gases vsing, for example,
inchuding, but not Bmited fo, one or more or any combination of the following: alkaline earth
carbonate, or alkalime carth ~ weak actd, or alkaline carth carbonate ~ water shurry, or atkaline

carth oxide, or alkaline cavth.
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{0943} Nete: In some embodiments, NaCHCOOGG) may comprise NallCHsUOOag)

from step “(2Y.

{8944}  Note: In some smboadiments, SCh may comprise SO:(g) from the calcination or
decomposition of Ca8Ox(s) in step 9Y.

[0945] () NaxSOustag) + 2 CHsCOOH(ag) ¥ 2 CH:COOH(aq) + Na:S0uds)

[0946] Note: CHxCOOH may be mare soluble in water than Naa80s. In some
crobodiments, Na:530: may be separated or precipitated from solunon by, fiv example,
wctading, but not lnited 16, cvaporation, or distillation, or crystallization, or separation
systems or methods described hevein, or separation systems or methods described o the art,

ar any combination thereof,

16947} Neote: In some embodiments, CHODO0H and 7 or water may be separated from
Na:SQs by, for example, evaporation, or distiflation, or orystaflization, or anv combination
therenf. In spme embodinents, CHUOOH may evaporate with water vapor and f or
condense with water vapor, which may result in a disullate or condensate comprising
CHCOOHag).
[0048]  Note: In some cmbodiments, magnesiwn salfiiefaq) may be prosent in the
Na:BOs(ag) + 2 CHCOO0Haq). In some embodiments, i present, magnestun selfite may
begin to precipiaie or orystalize before NaaSOx, In some cabodiments magnesium sulfite
solid may be separated during step “(4). In stne embodiments, separated magnesham sulfite
may be decomposed to magnesiwn oxide, or decomposed separately from caletam salfite, or
decomposed together with calciom salfite, or any combination thereofs
109497 Npter NaaSOs(5) may be separated from CHCOOH(ag) by 3 solid-liquid
separation, which may inchade, but Is not Himited 1o, filter, or conttifuge, or decantsyr, or
separation systems or methods described hevetn, or separation systoms of mothods described
i the art, or any combination theveod
[954) {3) React an Alkaline-Earth — Weak Acid, such as an Alkshine-Earth Carbonate,
with Carbon Dhoxide and 7 or Water to Form an Alkaline-Earth Bicarbonatg

s UatlOs(s) -+ Clnlg or ag) + HeDlag) - CalHCO 2 (ag)

¢ MpCO:us) + COxg or ag) + HaDlag) < Ma(HCO: {2
16931} Nete: May be conducted wader a pressunized €O atmosphere of with

concentrated carbonie acid ot COx{aq). For example, the CO: partial pressure during the
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reaction may be greater than, for example, 1 Bar, or 2 Bay, or 3 Bar, or 4 Bar, or 3 Bar, or 6
Bar, or 7 Bar, or § Bar, ov 9 Bar, or 10 Bay, or any combination theveof,
9952} Note: In some gmbadiments, CaCGh(s) or MgOOx{s) may comprise CaClhis) or
MgCOs{s) from step (1),
10953] Npte: In some embodiments, COx(g or ag) may comprise C00 from step (1Y, or
step “(RY, or any combination thereof.
{6954 {6} React an Alkali Sulfite with an Alksline-Eanth Bicarbonate to form an Alkali
Ricarbomate and an Alkaline-Earth Sulfite

s NaaBO0s(s or ag) + CalHCOsk{aq) ¥ 2 NaHUOs(ag) + Cal0s({s)

s NmShis orag) + Mg(HUOshiag) = 2 NaHCUx(ag) + MeSOa(8)
[6935] Noter In some embodiments, Na:SOs(s) may be dissolved in water or may
comrize an aguenus sohstion before mixing with an aqueous solution comprising
CalHCOss(ag) or Me(HOD 2{ag)
Ca(HCOs3:(ag) or Ma(HCD (ag)
16956] Noter At feast a portion of CaSOs(s) or MaSOs{s) may be separated by a solid-
hauid separation.
[8957]  Notw: In some ensbodimenis, NaHCD: maay be sold as a product or enploved asa
carbon sequestration mediam.
18988]  Note: In sowne embodiments, NaaSOa(s or ag) may comprise NaaSOxsfrom step
[0959] Nete: In some embodiments, CalHUON(ag) or Mg{HCGu(ag) niay comprise
Ca(HCO(ag) or Me(HCOs)aq) from step (5).
[8966] (7} 2 NaHCOxaq) 2@ 2 NalHCOs(s) + Water
[0961]  Note: In some cinbodiments, NaHCO: may be sold as a product and / ov
emploved as & carbon sequestration wedian.
962  Note: In some cmbodinents, step 7Y may be combined with step (8).
{963 Nete: In some smbodbiments, 2 NaHCOxag) may be decomposed futo
NaaCOx(ag) and UOx{g) and water within an aquecous and 7 or under-progsure or pressutized

coviromment, which niay avond or proveat the need fv covstallizing or precipitating

MatHCOu(s}.
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{0964 Note: In some embodiments, 2 NaHCQ:(ag) may comprise NaHCOs(aq) from
step “(8y.
[9965) Note; Insome embodiments, at loast a portion of residoal dissolved MgSQs or

magnestu sulfite, if any, may be separsted or precipitated during this step.

109661 Npte: Water may be separted from sodiem bicarbonate or sodium carbonate
wsing systems and methods for water separation described herein,

[0967]  Nete: In sonie embodiments, step B and step 9 may be combined in a single step,
wherein, for exgmple, sodim bicarbonate at an aqueons phase may be decomposed into

aqueous sodium carbonate and carbon dioxide, which may comprise captured carbon dioxade.

s In some embodiments, said agueous sodiam carbonate may be reacted with caleiam
oxide, or calenun hydroxide, or magnesaan oxide, or magnestum hydronide, or any
combination thevee! o produce sodium hydroxide and caloium carbonate or
magnesium carbonate.

»  In spme embodiments, said agqueous sodium carbonate may be separated frowvy water
to produce solid sodium carbonate and / or said solid sodiun carbonate way be
dissobved in water and / or said sodiem carbonate may be reacted with calcium
oxide, or caloram hydroxide, or nwgnesiam oxade, or magnesim hydroxide, or any
combsnation thereof 1o produce sodium hydroxide and calehum carbonate or

magnesiwn carbonate.
[0968]  {8) 2 NaHUOs(s) = NaaCOs(s} + COy v Helg ov )
[89697  Note: COu(g) may comprise captuved C0:,
[6978  Note: In some embodiments, NaxCs may be sold as a product and / or employed
as a carbon sequestation piedium.
18971} Nate: In some embodiments, step “(7) may be combined with step “(8}.
109721 Note: In some embodiments, 2 NaHCO:(ag) may be decomposed into
N COxaq) and COe) and water within an aqueons and ¢ or under-pressare or prassurized
enviromment, which may avoid or provent the nced for ervstallizing or precipitating
NaHCOss).
[0973]  Note: In some embodiments, 2 NaHOO($) may comprise NaHTOs from step

(EY oratep (7Y
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0974 {9 Calcing or decompose an alkaline-casth salfite 1o an alkaline garth oxide and

sulfir dioxide

o CaSOsis) 2 CaO0) + Shig)
»  MgSO:(s) > MgO(s) + SOaig)

J0975] Note: May comprise caleining CaBQa(z) or MgSOh(s), which may employ a kil

[0976]  Nete: CaSOs(s) or MgSOs(s) may be duied, or dehwidrated, or both before or

during caleiming.

18977} Note: Cal0:(s) or Me8Ou(s) may comprise CaSOxs) or MpSOu(s) from step
q{EY.

[6978]  (18) React an alkaline-carth oxide or hydroxide with an alkalt carbonate o

produce an atkaline-carth carbonate and an atkali hydroxade

o CaOis or ag) + NaeCOux(s or aq) + Water < 2 NaOH(ag) + Cal0x(s)
»  MeOfs or ag) + NaxCOs(s or aq) + Water 3 2 NaQH(ag) + MgCOx(s)

[697¢] Nete: I some embodiments, CaO + NaeCOs(s oraq) + Water or MO =+
NazCOx(s or ag) + Water may be conducted i multiple steps. For example, in some
cmbodiments, CaCr or Mpl may be reacted with water to forns CatOH b(ag), or Ca(GH)x(x or
aql, or Me(OH(aq), or Ma(OHh(s ov aq), which may comprize Milk of Lime or Milk of
Magnesia, or a solid-liquid suspension coraprising calcium hydroxide or magnesium
hydroxide. For example, i some embodiments, NaUO: may comprise an agueous solntion
or may be dissobeed in water © form an aqueous solution. For example, in some
cmbodiments, 3 solution or solid-liquid mixtare or suspension comprising Ca{OH{s or ag),

or Mitk of Lime, or Mg{QHY, or Milk of Magnoesta may be mixed with an aquonus sohution

copprising NaxUOx{ag), which mayv result in the formation of a solation comprising aqueons
sodium hydroxide and asolid comprising caloham carbonate oy magnesiam carbonate.

10986]  Noie: In some embodiments, at least & powtion of caletum carbonaie or magnesium
carbonate may be separated from at least a portion of sodnam hydroxide using, for example, @
solid-liguid separation,

[0981]  Noete: Call(s) or MaO(<) may comprise CaO(s) or Mgy from step (9F.

8982} Nate: Na:Clais or aq) may cotprise NaxUOs(s or aq) from step (7Y ov step
(8Y,
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{0983} Nete: In some embodiments, CallGr or MgCh may be transferred o step 5.

[0984]  Example 34: Process for Producing Ssdivm Hydroxide with Sulfur Dioxide

and Carboes Dioxide Intermedigles

[0985] (1) Roaet Material comprising Caloium, of Magnesium, or (ther Alkaline Barth

Weak Actd Anion with Acetic Aaid

»  CaCOds orag) + 2 CHCOOHag) <9 CalCH:OONMGag) + COxY + HOtag or 1)
s Caloam Stlicate{s) + 2 CHOCOOHg = Ca{THCOOay) + Silicon Dioxide{s)
+ HaOfag or D
s CaSis)+ 2 CHCOOH aq) ¥ CalCH:COOR(aq) + HaS{e)
«  Calonen{Weak Acid Amon) + 2 CH:COOH(aq) 2 CalCHACUOO0{ag) + Weak
Acid(s, or g o or L ovag) + HaOfag or )
{0986]  Note: Residoal solids or undissolved solids, such as sibicon dioxide or other

undissolved solids, may be separated from the liqudd solution using a solid-higaid separation.
[0987]  Note: COn(g) may comprise captured {02

[0988]  Nete: In some embodirents, some chemicals comprising caloiun may comprise a
portion of magneshun. In some embodiments, for example, input chemicals or input matertal

may comprise a minture of caloium and magnesteny

10989] Nute: In sene crobodiments, acetic amd vapor and / or water vapor may be

separated or recovered from COk{g).
(0954 Nete: Insome embodiments, acetic acid for step {11 may comprise agueous
acetic ackd produced or regenerated in step (4Y.

joea1) {2) Ca{CHCOO N ag) + NeanSu(s or ag) = 2 NallH:UO0(ag) + CaSD4{s)

[6992]  Note: Insome embodiments, NaxSGuls) nay be added divectly 16 or dissolved in
CatCHLOO ag).

9e3f  Note: In some conbodiments, Na:SOu(s) may be dissolved in water of an agueous
sotution to form NaxSOilag) before mixing with CalCH:COORag).

109941 Note: In some embodiments, water may be added to the process to make up for
witer which may feave the process, for exmmple, if NaOH(aq) s an output, or surother
aqueos solution is an ogipat, or any combination thereof, In some onbodiments, water niay

be added o the process by NasSO: being in the fimmn of NaaSQulag) or an aguerus solution
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comprising sodiom sulfare, wherein at least a portion of the water in NaxSOalag) may
comprise water added to the process. In sonie embodiments, NaxSOs{ag) may be provided o
soureed as an aqueous solution. For example, In some emwbodinents, Na:S{h(ag) may be
provided o the process m the form of NaaSOs{ag). In some cmbodiments, NaxSOs{ag) may

be provided or sourced as a sohid or NaxS0a(s), then dissolved 18 water to form MaxSQs{ag).

18995} Note: I some emwbodiments, Ca(CH::COO:{ag) may comprise
CatCHUOO wtaq) from step "(1Y.

(99| {33 2 NaCH:COO(q) + SOx{g or aq) + FaO(l oragq) =» NaxSOs{agy + 2
CHCOOH ()

{0997} Note: In some embodiments, SOxfp) may comprise other gases in addition to
SOzl In some embodiments, the reaction of 2 NaCHCOO(ag) + 8O0:{g) may result inat
least a portion of acetic acid vapor i the romaining gases during or after the reaction. In
some smbodiments, NaCH:COO(aq) entering the present step may be pre-contacted with or
may absorb at least o portion of sostic acid vapor from the remaining gases, In some
ebodiments, the regetor or absorption colwmn may be configured to absorb acetic acid
vapor in NaCHAUOO g before oy while reacting NaCH:COO(ag) with SOx{(g). In some
cmbodinents, acetic acid vapor may be removed from remaining gases using, for example,
inchuding, but not hmited to, one of more or any combination of the following: alkaline earth
carbonate, o alkabine carth ~ weak actd, or alkaline earth carbonate — water shurey, or alkaline

carth oxade, or alkaline earth,

10998} Note: In some embodiments, NaCHCOO{ag) may comprise NaCH:COag)

from step (2.

16999]  Nete: In some cmbodiments, SO2 may comprise SO:(g) from the calanation o

decomposition of CaB0x(x) in step (9.
[Heeg] (4 Na:SOsag) + 2 CHCOOH gy =» 2 CH:COOHGg) + NaxSQa(s)

11081} Nate: CH:COOH may be more sohuble inwater than Na:5QOs. In some
eatbodiments, Na:SOs may be separated or precipitated from solution by, for example,

including

Tr

but not Hmited to, evaporation, or distillation, or crystatlization, or separation
systems of methods deseribed herein, or separation systems or methods deseribed D the art,

or any combination thereof,
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[1602} Mete: In some embodiments, CH:COOH and ¢ or water may be separated from

NeaSO: by, for example, evaporation, or distillagon, o crystallization, or any combination

condense with water vapor, which may reselt in g distiflate or condensate comprising
CHAOOOHag)
{1603 Note: In some embodiments, magnestom sulfite{aq) may be present in the

NaB0s(ag) + 2 CHUOOH(ag). 1o some embodiments, if present, magnesiun salfite may

begin to precipitate or arystalize before NazS0s, In some eatbodiments magnesium sulfite
solid may be separsted during step (41 In soime embodiments, separated magneshan sulfite
may be docomposed to magnesiwm oxide, or decomposed separately from calctam salfie, or

decomposed together with calctuny sulfife, or anv combination thereofs

11064} Note: NasSOs{s) may be separated from CH;COOHag) by a solid-liquid
separation, which may nchade, but is uot limited to, filter, or contrifisge, or decanter, oy
separation systems or methods deseribed herein, or separation systems or methods deseribed
a1 the art, or any combination thereof

11005} {3} React an Alkaling-Earth — Weak Acid, such as an Alkaline-Earth Carbonate,

with Carbon Dioxide and / or Watey to Form an Alkaline-Earth Bicarbonaty

o Calislsy + Oy or ag) + HaOlag) = CaHCO:ag)

o MpCOs(s) + COxg oo ag) + HaOlag) = MplHCO{ag)
[1606]  Note: May be conducted under a pressurized OO atmosphere or with
goncentrated carbonie acid or COxaq). For example, the COs partial pressure during the
reaction may be greater than, for example, 1 Bar, or 2 Bar, or 3 Bar, or 4 Bar, or § Bar, or 6
Bar, or 7 Bar, or 8 Bar, or ¥ Bar, or 10 Bar, or any comnbination thereof
[1007)  Nete: In some embodiments, CaCOx(s) or MgCOx(s} may conprise CalQs(s) or
MeCO(5) from step “(9Y.
{1068 Note: In smne crobodiments, COx{(g or 5q) may comprise UOq from step (1Y, or
step (BY, or any combination thersof,
[1069] {6 React an Alkali Selfits with an Alkaline-Earth Bicarbonate to fornt an Alkali

Biearbonate and s Alkaline-Earth Sulfite

+  NmSChis or ag) + Ca(HCO:k(ag) =¥ 2 NaHCOxag) + CaS(h(s)
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#  NaxSOs(s or ag) + Me(HCOQ:k(ag) ¥ 2 NaHCO:{aq) + MgSis)
[1630]  Note: Tn some embodiments, Na:50#ds) may be dissolved in water ormay
Comprise an aqueous solution befire mixing with an aqueous solution conyprising
CalHCOM(ag) or Me(HCO: n{aq).
1014 Neote: Atleast a povtion of CaS0xs} or MeSO:(s) muay be separated by a sohd-
hepad separation,
[1612]  Note: In some embodiments, NalCO: roay be sold as & product or eroployed as a
carbon sequestration medsany,
(1013 Nete: bnsome embodiments, NazSOs(s or ag) may conprise NaxSO:sfrom step
Y
[1034]  Note: In smne ambadiments, Ca{HCU: p{aqy or MgiHCO:(ag) may comprise
CatHOO:)(ag) or Mg(HCO: (agq) from step “(5).
[1015] {73y 2 NaHCOs{ag or 53 9 NaxCUOsdag or g3+ COnigd + HaDlgor §)
[1018] Neote: CO{g)may comprise captored Ce.
1017} Note: In stane cxnbediments, NaaCO:s may be sold as a product and ¢ or enployed
as a carbon sequestration wediany,
(1018} Nete: In some cmbodiments, NaHCOs may be procipitated or sepavated as 2
NaHCQ:(s) and 7 or 2 NaHCO:(s) may be docomposed into Na:COs{s), £0q, and H:0(z or 1
11019} Note: In some embodiments, NaxCOa{s) may be dissolved in water before, for
gxample, the reaction with calotum hydroxide or magnestom hydroxide in, for example, step
8.
[1024] Neote: In sonw enbodiments, 2 NaHCO:(aq) may be decmnposed info
NazCOuaq) and COx{) and waber within an aqueons and / or under-pressure or pressurized
environment, which may avoid or prevent the need for erystallizing or precipitating
NaHCO:s) and 7 or to minimizs of reduce watsr evaporation during, for example, COr
desorption.
j1ei1] Neote: In some embodiments, 2 NaHCQ:(ag) may comprise NaHCO; from siep

ey,
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[1822} {83 Calcing or decompose an alkaline-casth salfite to an alkaline garth oxide and

sulfir dioxide

o CaSOsis) 2 CaO0) + Shig)
»  MgSO:x(s) = MgO(s) + SOQaig)

j3623} Note: May comprise calcining CaSQa(z) or MgSOhals), which may employ a kil

024]  Nete: CaSOs(s) or MgSOs(s) may be duied, or dehwidrated, or both before or

during caleiming,

11628]  Note: CabQu(s) or MebOuis) may comprise CaSO:(s) tr MpSOa(xy from step
6y

(1826 (% Reactan alkaling-carth oxide or hydroxide with an atkali carbonate o produce

an alkaline-carth carbonate and an alkall hydroxide

«  CaOis or ag) + NaaCOux(s or aq) + Water <% 2 NaOH(ag) + Cal0x(s)
»  MeOfs or ag) + NaxCOs(s or ag) + Water <3 2 NaQH(ag) + MgCOx(s)

$i240 Nete: I some embodiments, Ca0 + NapCOs(s oraq) + Water or MO =+
NazCOx(s or ag) + Water may be conducted i multiple steps. For example, in some
cmbodiments, CaCr or Mpl may be reacted with water to forns CatOH b(ag), or Ca(OH)x{x or
aql, or Me(OH(aq), or Ma(OHh(s ov aq), which may comprize Milk of Lime or Milk of
Magnesia, or a solid-liquid suspension coraprising calcium hydroxide ov magnesium
hydroxide. For example, i some embodiments, NaUO: may comprise an agueoys solution
or may be dissobeed in water © form an aqueous solution. For example, in some
cmbodiments, 3 solution or solid-liquid mixtare or suspension comprising CafOH (s or ag),

or Mitk of Lime, or Mg{QHY, or Milk of Magnoesta may be mixed with an aqueous sohution

copprising NaxUOx{ag), which mayv result in the formation of a solation comprising aqueons

sodium hydroxide and asolid comprising caloham carbonate oy magnesiam carbonate.

J1628] Note: In some embodinents, at least & povtion of calcium carbonate or magnesium
carbonate may be separated fromm at loast a portion of sodnam hydroxide using, for example, @

solid-liguid separation,
[1029)  Note: Cat¥s) or MaO(<) may compuise CaO(s) or Mgl{(s) from step “(8Y.
110301 Noge: NaeCOs{aq) may comprise NaoUOxag) from step (6) or step (7Y,

1831} Nete: In some embodiments, CallOxy or MaCOy miay be transferred to step 5.
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(1832} Mete: In some embodiments, NaOH(aq) may b concentrated, or at feast a postion
of water may be removed. Separated or recovered water may be transferred to or employved as
a solvent or input in, for example, step 5. In some embodiments, NaOH{(ag) may be
concentrated fo a concendrated solufion, or 33wi% solution, or a 50wi% solution, or sodid
NaOH, or apy combination thereof using one of more or any combination of water scpasation

systoms and { or methods.

j1633 Example 55; Progcess for Producing Sedinm Bicarbengie and / or Calcinm

Oxide or Calcinm Carbonate

{1034} {1} React Material conyprising Caletam, or Magnesium, or Other Alkaline Earth -

Weak Acid Anton with Acetic Aid

¢ CaCOs(s or ag) + 3 CHCOOHGY) ¥ CUHC00 g + C0xg + HoOfag or D

«  Calchon Silicate(s) + 2 CHCOOH{ag) =¥ CaCHZOOag) + Silicon Dioxide(s)
+HeOlaqor D

»  CaS{sy+ 2 CHCOOHGg & CalCHCOO0RGq) + HxSg)

»  Calehon{Weak Acid Anion) + 2 CHOQOMag) = CatCHTOO0ag + Weak
Acidls, or g, or L orag)y + HeOaq or D)

[18351  Note: Residual solids or undissobved solids, such as siticon dioxide or other
undissolved solids, may be separated from the Hguid solution esing a sehid-hguid separation.
[1036] Note: COx{p) may comprisg captared CO:.

[1637 Note: In some ambodiments, COx(g) may be employed internally or emploved in
other steps. For example, in sone embodiments, COx(g) may be emploved b step “(8)".
[1038]  Nete: In some enibodiments, COu() may be utilized or sequestered or sold or
conprise a product. For example, COxg) may be uwiilized or sequestered or sold to a CO:
sequestration stte or 3 COx EOR apphication or an externa application,

116394 Note: In some embodinments, some chemicals conprising calcium may comprise a
portion of magnesium. In some embodiments, for example, input chemicals or inpot material
w3y comprise a mixtare of calcium sad magnesivm,

11048 Nete: In some embodiments, acetic avid vapor and { or water vapor may be

separated or recovered from U0x(g}
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fle4d1 Nete: In some embodiments, acetic acid for step {1} may comyprise aquenus

acetic ackd produced or regeneraied i step {4Y.

1042 {2) Ca{CHCOO ) + NanSOuals or ag) @ 2 NalH:UO0(g)y + CaSO4ls)

[1643]  Note: In some cimbodiments, Na:SOu(s) may be added divectly to or dissolved in

CalCH:C00{aq)

[10444 Note: n some cmbodiments, Na:SQu(s) may be dissolved m water or an agueous

solution to form NaxSOs{ag) before nuxing with CalCHCOO:(ag).

[1045]  Nete: In some ambodiments, water may be added to the process to muke up for
water which may leave the process; for exampie, if NaOH{aq) 5 an output, o another
aqueous sofution is an ogiput, or any combination thereof. In some embodiments, water may
be added fo the process by NaeSOq being in the form of NazSOqfag) or an agueocus solution
comprising sodnan sullate, whercin at lvast a portion of the water in NaxSOq{ag) may
comprise water added to the process. In some embodiments, Na:SOu(ag) may be provaded o
soureed as an aqueous solution. For example, In some ewbodinents, Na:S{h(ag) may be
movided w the process wm the forn of NaxSOs{ag). In some embodiments, NaxSOu{aqg) may

he provided or sourced as a solid or Na:SOais), then dissolved i water to form NaxSQOs{ag).
[1046] Nete: In some embodiments, Ca{THCQO(ag) may comprise
CallTH:x OO0 R{ag) from step (1Y,

[047) (33 2 NaCH:COag) + SO:x{g or ag) + HaO{ or aq) ¥ NaoSOu(agy + 2
CHCOOHGag)

j1048] Note: In soroe embodiments, SOx{g} may comprise other gases in addition 1o
SO, I some embodiments, the reaction of 2 NaCHCOOD ) -+ SO may resalt Inat
least a portion of acetic aokd vapor m the ronabung gases during ot affer the reaction. In
some embodiments, NaCH:COO(sa) entering the present step nay be pre-contacted with or
may absorb at lexst a portion of geetic acid vapor from the remaining gases. In sone
smbodiments, the reactor or absorption column may be configared to absorb acetic ackd
vapor it NaCH:COO(aq) before or while reacting NaCHCOOG) with SOx{g). In soms
smbodinents, acetic ackd vapor may be removed from remaiining gases vsing, for example,
inchuding, but not Bmited fo, one or more or any combimation of the following: alkaline earth
carbonate, or atkalme carth ~ weak acid, or alkaline carth carbonate ~ water shurry, or alkaline

carth oxide, or alkaline cavth.
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[1849§ Nete: In some embodiments, NaCHCOOGG) may comprise NalCHsUO(Oag)

from step 2V

[1038] Nate: In some embodiments, SOk miay comprise SO:(g) from the calcination or
decomposition of CaSOsls) in step 7Y

[1651] () NaxSOstag) + 2 CHsCOOH(ag) 9 2 CH:COOH(aq) + Na:S0us)

J1052} Note: CH:COOH may be more soluble in water than Na:8Os. In some
crubodiments, Na:30: may be separated or precipitated from solunion by, fiv example,
wctading, but not lnited 16, cvaporation, or distillation, or crystallization, or separation
systems or methods described hevein, or separation systems or methods described o the art,

or suty combination thereof,

118534 Neote: In some embodiments, CHODO0H and 7 or water may be separated from
Na:SQs by, for example, evaporation, or distiflation, or orystaflization, or anv combination
therenf. In spme embodinents, CHUOOH may evaporate with water vapor and f or
condense with water vapor, which may result in a disullate or condensate comprising
CHCOOHag).
[1654]  Note: In some cmbodiments, magnesiwon sulfiiefaq) may be prosent in the
Na:BOs(ag) + 2 CHCOO0Haq). In some embodiments, i present, magnestun selfite may
begin to precipiaie or orystalize before NaaSOx, In some cabodiments magnesium sulfite
solid may be separated during step “(4). In stne embodiments, separated magnesham sulfite
may be decomposed to magnesiwn oxide, or decomposed separately from caletam salfite, or
decomposed together with calciom salfite, or any combination thereofs
[I958)  Npter NaaSOs(5) may be separated from CHCOOH(ag) by 3 solid-liquid
separation, which may inchade, but Is not Himited 1o, filter, or conttifuge, or decantsyr, or
separation systems or methods described hevetn, or separation systoms o methods described
i the art, or any combination theveod
[30586] {3) Reaet an Alkaline-Earth — Weak Acid, such as an Alkaline-Earth Carbonate,
with Carbon Dhoxide and 7 or Water to Form an Alkaline-Earth Bicarbonatg

s UatlOs(s) -+ Clnlg or ag) + HeDlag) - CalHCO 2 (ag)

¢ MpCO:us) + COxg or ag) + HaDlag) < Ma(HCO: {2
[1057} Nete: May be conducted wader a pressunized CO atmosphere of with

concentrated carbonie acid ot COx{aq). For example, the CO: partial pressure during the

929



WO 2023/225089 PCT/US2023/022544

reaction may be greater than, forexample, 1 Bar, or 2 Bar, or 3 Bar, or 4 Bar, or S Bar, or 6
Bar, or 7 Bar, or § Bar, ov 9 Bar, or 10 Bay, or any combination theveof,

1038} Note: In some embadiments, CaClh(s) or MgOOx{s) may comprise CaClhis) or
MeCOs(s) from step “(8Y.

[1659] Npte: In some embodiments, CalOs(s) or MeC () may comprise an mput, such
as limestone, or dolomite.

[1a64] Nete: In some embodiments, CQOu(z or ag) may coraprise CO: fomestep (1),
1961}  Note: In some cinbodiments, COxg or ag) may comprise COx from an siissions
source, or another (O scwree, or captured CO2, or any cunbination thereof. For sxample; in
some ebodiments, CO:{g or ag) may comprise, including, but not Honted to, one or more or
any combination of the following: CO: from a bhue hvdrogen or blue ammonia facility, or an

arapcnua fctiity, oran cthanol plant, or a carbon capture plant.
(1863} {6) React an Alkah Sulfite with an Alkaline-Earth Bicarbonate to form an Alkali
Bicarbonate and an Alkaline-Earth Sulfite

& Na:SO:s(s oraq) + CalHCOs (aq) <9 2 NaHUOs(ag) ~ Cal0ss)

«  NSOh(s or ag) + Mg(HCOM(ag) < 2 NaHCOs(ag) + MgS0:(3)
11063 Neote: In somg embodiments, NaaSOs(s) may be dissolved in water or may
comprise an agacous sohution before or during mixing with an aqueous solution comprizing
CalHCO:){aq) or Ma(HCO::(ag).
[1064]  Note: At least a porton of CaSOs(s) or MgSO:{s) may be sepavated by a solid-
hgueid separation
[1865] Note: In some smbodiments, NaHCO: may be sold as a product or employed as a
varkon sequestration mediam,
{1866]  Note: In some ambodiments, NaHCO: may be concentrated and / or erysialized
to a solid, such as, for example, solid sodiun bicarbonate or solid sodivm carbonate.
§RU {7y Decompose an Alkaling-Earth Sulfite inte an Alkaline-Earth Oxide and Sulf
Thoxide

o CaSOus) =2 Calis) + SOxg)

o MBSO - MO + SO}
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[1068] Mete: May comprise caloining CaSQs(s} or MeSOu(s), which may employ a kiln

(1069 Nete: CaSO:{s) or MgSOs(simay boe dried, or debydeated, or both bufore or during
salvining:

11078]  Note: CaS0u(s) or MgSOsis) may comprise CaSO) o MaSOsfs) from step
{Hy.

11871 Note: Ca0 or MO may conprise & valuable product if destred. For example,
Cald or Mg may comprise an ultra-low carbon codssions CaQ or MO product. i some
smbodiments, calctam oxade, or caloium hydroxide, or magnesium oxide, or magnesiam,
hydroxide, or any combination thereof may comprize 3 prodect or may be sold or may be
sold, In some embodiments, caletum oxide, or calehun hydroxide, or rangnesiwrn oxide, of
magnestun hydroxide, ov any combination thereof may comprise a product ov may be sold or

may be sold from the present exanmple embodiment,

[1072]  (B) React an Alkaline-Earth Oxide or Hydroxide wish Carbon Dioade to torm an

Alkaline Earth Carbonaie

¢ Cals) + COx{g) 2 CalOx(s)

o MgOgs) + CO{g) = MglOss)

o CaOfs) + HaO P CalOHniz orag

s MgO(g) + Fatd =% Mg(OM(s or ag)

¢ CalOHk(s or aq) + COxgy 2 CaCOs(s) + HxOQ

»  Me(OH R or agy + COu{g) @ MeCOs(s) + H:0
{10731 Note: In some embodiments, CaO(s) or Mgis) may be reavted with water to
form CalOHkiag), or Ca{OH)x(s or ag), o Mg{OH):{aq), or Mg(O (s or aq), or any
vombination thereof which may comprise Milk of Lime. or Milk of Magnesia, or a solid-
hguid suspension comprising caloium hydroxide andfor magnesium hydroxide. In some
cmbodiments, Ca{OH: or Mg{OH): may be reacted with a carbonate salt, such as sodium
carbonate or sodivm bicarbonate, to form Call0s or MaCOy, or may be reacted with O to
form CaCOs or MelU0s. For example, satd sodium carbonate or sodiem bicarbonate may
crmprise sodiunt carbonate, of sodium bicarbonate, o potassium carhoigte, Of pofassitm
bicarbonate, or alkalt carbonate, or alkall bicarbonate, or any combination thereof employed

ot as a CCh absorption solution.
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116744 Nete: In some cmbodiments, CO:x{g) may comprise Ch in or from a point sowree
€O enissions source. For example, COu{g) may comprise flue gas, or didute COy, or high

purity COh, or captured CO:.

11675]  Nete: In some cmbodiments, COg) may comprise CQ2 m or from air, For
example, COu{i) may comprise air which may comyrise at feast a portion of U0z sven it ata
very dilute coneentration. For example, caloium oxide may be capable of reacting with very
low concentrations or very dibste concentrations of COz if desired. For example, TOx{g) nay
comprise a carbonate salt, sach as sodiym carbonate or potassium carbonate, wherein the
carbonate may comprise carbonate originating from the reaction of carbon dioxide n the air
with & sodiwm or potassium or other alkali salt, such as sodiem hydroxide or potassivm
hvdroxide, fornung the alkali carbonate salt, and / or wherein the reaction of calonm ogide or
caleinm hydroxide with the slkshi carbonate may result in the regeneration or fonmation of an
atkali hydvoxide or adkali oxide or other alkali salt swhich may be enploved to absorb carbon

doxide from the air & regenerate or re-form the alkali carbonate salt.

(1076} Nete: In some embodiments, Cal0: or MaCOsmay comprise a valuable product.
I somne cmbodiments, Call0s or MgCOx may conprise procipitated cafoium carbonate. In

some embodinrents, Cat0s or MU0 may comprise a carbon sequestration medivm.

[16777  Notfe: In some embodiments, for example, including, but not Undted to, Bxample
33, or Example 34, or Example 35, or Example 61, or Example 62, or apy combination
thereod may coraprise procosses operating separately and { or sinwltancousty. For examyple; in
some embodiments, COx produced in step "(1) of Example 53 or Example 34 may comprise

an input to Exanple 35,

[1078]  Example 36 Process for Produciug Calcium Carbonate from Ca(WA) uging

Ammoniwn Chloride Infermediage

(1879} {1} React Matorial comprising Calcsum, or Magnesium, or Other Alkaline Havth -
Weak Acid Anion with Anmmmonium Chloride
o CalWANs)+ 2 NHCUs or gor ag) =2 Calllis or agd + 2 NHalg orag) + HeOlg or
aql
[1088]  Note: In some embodiments, the reaction of Cal WA with anymonium chloride
may be conducted at asolid phase or at a solid-gas mixture phase. For example, 2 NH«Clis)

and Ca(WAXs) may be heated, which may result n the vaporization of MHeCH into NHx(g)
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and HCKg), wherein the HOg) may react with the CafWaAXs) to form, fr example,
Callla{s) and S or {WA)Y and 7 or water.

1081} Note: In same embodinments, WA may comprise, for example, meluding, but not
fnrted to, one or more or any combmation of the following; a silicon oxide, ur ivon oxide, or

ahunbmnn oxide, or hydroxide, or oxide,

[1682%] Note: In some embodiments, the reaction of Ca{WA)Y with ammonium chlovids
may be conducted &t a solid-Hoguid phase or a solid-agueous phase. For example, 2 NHeCiagd
and Cal{WA)s) may be mixed, and [ or may react 1o form, fir example, Callifag) and 2
NHs{ag or g).

[1683] {2} Callysy + Water @ CaCly{aq)

116844 Note: In some embodiments, Call: from step 1 may comprise a solid and { or

may be dissolved m water to forntan aquoouns solution.

[1085]

{3} Ammonia or weak base may be dissolved in water or agueous solution to form

agueous apwnoenia, and / or anwnonia may be dissolved in waler and { or reacted with carbon

cioxide to form ammoniwm carbonate o ammonium Bicarbonate,

s CaCla(ag) + 2 NHa(g) - CaCla(ag) + 2 Ns(ag)

e 2 NHa{g) + Water < NHs(ag)

o 2 NHs{goragh+ CO{g) + HaOd or ag) = {(INHO:COx{ag)

o INHifg oraq) + 2 COxg) + 2 O or aqy 2 2 NHHCOag)
& (NHepCO:aqy+ CO{g) + HaO0 of agy 32 NHHUOs(ag)

¥

[1086]  Note: In smne embodiments, NH: from stegr 1 gy comprisg § pas and / or may be
dissolved in Calllag).
[10871  Note: In some eotbodiments, NHa may be dissolved 1o water and / or reacted with
0 separately from Call:,
j1088] {4) Calchine chioride may be reacted with ammona, or carbon dioxide, or
ammontum carbonate, or anunonium biesrbonate, or any combination theveof to fonm
ammonium chloride and calctom carbonate.

o CaClag) + 2 NHs(ag) + COxg) + H:0 = 2 NHCHag) + CalOa(s)

s Call(ag) + 2 NH:(ag) + 2 CO(gd + HzO =¥ 2 NHaClag) + CallOs{s) + U0:{g}

¢« CaCladlag) + INH:pCOHag) 9 2 NHaClag) + CaCQuls)

103



WO 2023/225089 PCT/US2023/022544

»  CaClx{ag) + 2 KHACO:ag) =2 2 NHoClag) + CatlOs) + COx(g)

[1089]  Npte: Tn some embodiments, if exeess OO is present or COq is in the product, in
some embodinents, satd excess O may be transfoted to the puts o reactands of step 4

and { or the inputs or reactants of step 3

{1856} Neote: In some embodiments, a CaClxiag) + NHx(aq) solution may be produced in

step | and {or may be transtred to step 4, potentially skipping step 2 and step 3,

(16917 Note: In some embodiments, COx{g) may comprise captured COx from another
embodiment deseribed beretn. For example, i some embodiments, COxg) may comprise

CO; from the reaction of calcium carbonate with acefic goid,

{10921 Note: Insome embodinments, CaCl(s) may be transferred to or may comprise an
Hmput 1o Hue of mors oF any combination of embodiments described heretn. For example,
CalOs{s) may be an input to a provess for producing sodivo hydroxide, or caloiam oxide, or

caleiwm hydroxide, or sodivm bicarbonate, or sodinm carbonate, or any combinatim: thersof.

1493} Nete: In some embodiments, COz{g) may comprise CO: fivwn an omissions

SOUICE, OF & point source, or atr, or from an external source, or any combination thereof
[1094] Note: In some smbodiments, 2 NHaClag) may be transferred 1o step L

[1695]  Note: fo some ewbodiments, 2 NHaCHag) may be transferred to step 3.

[1096]  (5) 2 NHoUKaq) = 2 NHCHs) + Waser

{1097 Note: Insonte embodipents, 2 NH«CHY may be transforred 1o step L

[1098]  Nuote: Insome cmbodinments, Water may be transferred o stop 3 and for step 4

(1699} Nete: In some embodiments, the present example embodiment may be integrated
with ather erbodiments deseribed herein to further increase the UOx conversion or U

removal potential, or cuable the production of chemivals without requiring a CO: cutput

exiting the process, of to enable the use of other Ca(WA) taputs or less reactive CafW4)

iputs, or any combimnation thereofl

+  For example, in some embodiments, CaCO: may be transforred from the present
embodiment to a second embodiment, then the captared COr from the seoond
embodiment may be transferred to the present embodimnent. For example, in some
cinbogdiments, the CO: transfvered betivenn the prosent smbodiment and the second

smbodiment may comprise an wtermediate it the production of a chemical, such ax,
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for examnple, nchading, but not Boxited to, one or mose or any combination of the
following: sodimn hydroxide, or calcium oxide, or calcium hydroxade, or sodiam
hicarbonate, or sodium carbonate, oy any combination thereof

«  For exanple, in some embodiments, 02 in the production of CaCO3 nay be from
an enussions sowee or air, and / or the produced CalU0: may be transferred from the
present embodinent to a second embodinrent, such as an enbodiment for producing
sodium carbonate or sodium bicarbonate, which may incrense the net Ch

conversion or CO: removal potentiad of said second embodiment.

11100 Example 37 Progcess for Producing Alkali Hydrovide with Carbon Dioxide

and / or Sulfue Pioxide Intermedigies

81 (1) React Material comprising Calowsm, or Magaesimn, or Other Alkaline Earth

Weak Acid Amion with Avyoomum Chloride

s« CafWAs)+ 2 NHaCHs or g or aq) ¥ Callufs ovag) + 2 NHa{g oraqd + HoOg or

)

[1102]  Note: In some cmbodiments, the reaction of Ca{WA) with amunonium chioride
may be conducted at a salid phase or at a solid-gas mixture phase. For exanple, 2 NHaCl{s)
and Caf WA s miay be heated, which niay reselt w the vaporization of NHaUl into NHa(y)
and HCHg), wherein the HOg) may react with the CalWAXS) to fem, fiw example,
CaCla{syand / or {WA) and / or water.

[1103]  Note: In sanc ammbodiments, WA may comprise, for example, including, but hot
finuted to, one of more or any combination of the following; a silicon oxide, or ron oxide, or
aluminum oxide, or hydroxide, or oxide.

[1104]  Nete: In some embodiments, the reaction of Caf WAY with ammoniin chloride
may be conducied at a solid-liquid phase or a solid-aqueous phase. For example, 2 NH(CHaqg)
and CalWAs) may be mixed, and £ or may react to form, for example, CaClafag) and 2
NHaag or g}

[1165] {2) CaClalsy + Water 2 Callag)

[1106] Note: In some embodimnents, Callls from step 1 sy compnise a solid and 7 or

may be dissolved i water to fornt an aqueouns solution,
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[11a7} {3) Apumonia of weak base may be dissolved in water or agueous sohstion to form
aqueocus ammenia, and £ or ammonia may be dissolved fn water and S or seacted with carbon

dioxide to form anmonium carhbonate or anynoniim bicarbonate.

¢ CaClxag) + 2 NHxp) =¥ CaClag) + 2 NHa(ag)

s 2 NHi(zy+ Water 9 NHxaq)

o 2 NHx{gorag+ COxdg)+ Ha00 or ag) = (NHapCOx{ag)

s 2NHstg oragy + 2 CO{g) + 2 H:O or ng) < 3 NHHCOaq)
o (NHO:U0s(ag) + COg) + Hd or ag) =2 NHHCO:H(aq)

[1108] Nete: Insome embodiments, NHs frony step | may comprise a gas and / or may be
dissobved in CaCla{ag).
(1169 Note: Instmoe embadients, NHs may be dissolved tnowater and 7 o reacted with

-

CO: separately from CaCla,

130 () Caloiun ehiforide may be reactod with ammonia, or carbon dioxide, or
angnomom carbowate, or simmeninm bicarhonate, or any combination thereof to form

snunonium cioride and calchum carbonate,

s Callx{ag) + 2 NHsag) + COx{g) + Ha0 9 2 NHeClag) + CaCOxu(s)

o CaClfag) + 2 NHastag + 2 COx{g) + HaO = 2 KHClaggy + CaCls(s} + CO{3)

o Calbing) + (NHaRCQx(aq) ¥ 2 NHaCllag) + CaCOx(s)

s CaClhing) + 2 NHsHCOs(agy = 2 NHeCHag) + CalOsis) + COx{gd
[1181]  Note: In some embodiments, i excess COy is present or CO: is in the product, in
some epthodiments, said excess CO: may be transferred to the inputs or reactants of step 4

and £ or the mpads or reactants of stop 3,

11121 Noter In some embodiments, 8 CaCla{ag) + NE(aq) sohution may be produeed 1o

step 1 and / or may be transforred to step 4, potentially skipping step 2 and step 3.

11133]  Note: Insome embodiments, COx{(g) may comprise captured €O from another
embodiment described hevein. For exanple, in sobwe embodiments, C0x(e) may comprise
CO: from the reaction of calcium carbonate with acetic acid,

[1134]  Note: In some embodiments, CaCOk(s) may be transforred to or may comprise an

mput 1o one OF More of goy combination of embodiments deseribed herein. For example,
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CaCOxs) may be an input 1o a process for producing sodnam hydroxide, or calciam oxide, ov
calciam hydroxide, or sodium bicarbonate, ov sodium carbonate, or any combination thereod.
[IXIS]  Note: In some embodiments, COx(g) may comprise Oz from an eoussions
SOUICS, OF & PoInt souree, of sur, or froan an extornal source, of any combination thereof
j1116] Note: In some erbodiments, 2 NHaCHaq) vray be transforred to step 1
1117 Nete: In some embodiments, 2 NH«CHag) mav be transtoered to step 5.
1118} {51 2 NHClaqg) 9 2 NHCHs) + Water
[1339]  Note: In smme ambodiments, 2 NHACHs) may be transferred to step 1
(1128 Nete: In some embodiments, Water may be transforred to step 3 and £ or step 4.
FI21] (6) React Material comprising Caloium, or Magaesimn, or Other Alkaline Earth
Weak Acid Anjon with Acetic &cid

o CaCOs{sorag) + 2 CHCOOHg) = CafCHCOOaq) + COHg + HaOU or ag)

«  Calehom Sibicate(s) + 2 CH:COQOH{ag) =¥ CafCHWOORag) + Silicon Dioxide(s)

+ Ha or ag)
o (als) + 2 CHRCOO0Hg) 2 CaCHCOO0 ) + HeS(g) + H:0 orag)
»  Calctom{Weak Acid Andon) + 2 CH:COOHag) = CafCH:COO{aq) + Weak
Acidis, ot g, or L or ag) + HeOU v aq)

j1122i Neoter Residual solids or undissolved solids, such as silicon dioxude or other
undissolved solids, may be sepavated from the Hauid sobution using a solid-lupnid sepavation.
{11231 Nete: COx(g) roay comprise captured OO,
(1124]  Note: In smme embndiments, COs may be transforred to step 4
(1125} Nete: In some embodiments, some chemicals comprising calchun may comprise a
portion of magnesivnt. o some embodiments, for example, input chemicals or inpat maaterial
may comiprise a mixture of calelunt and rngnestum,

{1128  Note:r In some embodiments, acetie aeid vapor and { or water vapoy may be

separated or recovered from COxg)

27 () CaCHCOO0 R + NaBOs(s or aq) =¥ 2 NaCHCOOG) + CaSOx(a)

[1128]  Note: In sonie enbodiments, NazSQu(s) may be added dirvetly to or dissolved 1n
CalCHCO0 (agk
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(11294 Neote: In some embodiments, Ma:504(s) may be dissolved in water or a8 agueons

solution to form NaaSOudag) before mixing with Ca{iCH:COO0R{ag).

(1138 Note: In some embadiments, water may be added to the process to make up for
water which may feave the process, for example, if NaOH{aq) is an output, of another
aqueeus soduticat is an oulput, or any cornbination thereofl In stne ainbodiments, water may
be added 1o the process by NeeSOu« being in the form of NazSOqag) ov an dqueous solution
comprising sodian sulfste, wherein at loast a portion of the water in NaaSOulag) way

comprise water added to the process. In some cmbodimernts, Na:SOag) may be provided or

sourced as an aqugous solution. For example, in some embodinients, NaxSOs(ag) may be
provided to the process in the form of NaaSOs{ag). In some embodiments, Na:SQs{aqg) may

be provided or sourced as a solid o NaaSOu(s), then dissolved in water to form NaxSOs(ag).

{113y {8 2 NaCHCOOaq) + SOl or ag) + HoO or ag) = NaaSOs{ag) + 2
CH-COOH(ag

[1132]  Note: Insome embodiments, S{hig) may conymise other gases in addition to
S0:(g). In some embodinents, the reaction of 2 NaCHCOO(aq) + SOa(e) may resudt in at
feast a portion of acetie acid vapor in the remaining gases during or after the reaction. In
some enbodiments, NaCH:COO(ay) entering the present step may be pre-contacted with or
may absovh at least a portion of acetie acid vapor from the remaiming gases. In some
embodiments, the reactor or absorption colunmm may be configured to absorb acetic actd
vapor m NaCH:COO(ay) hefore or while reacting NaCH:COO(ag) with SOx(g). In some
embodiments, acetic acid vapor may be removed from remaining pases using, for example,
wncluding, but not Hmited to, one or pore or any combination of the following: alkaline earth
carhbonate, or alkaline carth — weak acid, or alkaline carth carbonate — water shury, or alkaline
earth oxide, or alhaling garth
1133 (9 NaeSOafagy + 2 TH:COOH(aq) <@ 2 CHCOOHG) + NaxdQOu(s)
[11344 Nete: UHXUOOH may be mare sofuble in water than Kax&0s. In some
srbodiments, NazSO: may be separated o procipitated from solution by, for example,
mclading, but not Bmited 1o, evaporation, or distillation, or erystathization, or sepavation
systenis of methods deseribed heroin, or separation systems of methods described in the art,
o sy combination thereof.

135} Nete: Insome embodiments, CH:COOH and { or water may be separated from

fit
NazSs by, for example, evaporation, or distillation, or crvstallization, or any combination
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thereof. In some embodiments, CHUOOH may ovaporate with water vapor and for
condense with water vapor, which may resudt in a distiliate or condensate comprising
CH:COOH( ag).

{1136} Nate: In soune cmbodiments, magnesium sulfite{aq) may be prosent m the
NaaSOx{ag) + 2 CH:COOH ). Tn stine crnbadiments, i prosent, magnesium swfite may
begin to precipiate or crystalize before Na:xSO:. In sone embodiments wagnesium sulfite
solid may be separated during step “(9Y. In some embodiments, separated miagnesium sulfite
may be decomposed o magnesiam oxide, or decomposed separately from calohnn sudfite, or
decomposed fogether with calvhum sulfie, or any combmation thereofs

{1137} Nete: NaeSQa(s) may be separated from CH:COOH(ag) by a solid-liquad
separation, which may include, but is not Hinited to, filter, or contrifuge, or decanter, or
separation systems or methods deserthed herein, or separation systems or methods deseribed

in the art, or any combination thereof.

(1138} {10) MNax80s(s or ag) + CalOHh{x or aq) =¥ 2 NaOH{ag or s) + CaS0a(s)

[1139] Note: CatOH)(s or ag) may comprise a solid-lipad suspension, such as midk of
{ime.

{1148 Nete: CaS0:(s) may be separated wsing o solid-liguid separation.

Y] (1) CaSOs(s) = Cal(s)y + SOxig)

1142} Neote: (1) may comprise ealcining CaSthis), which may employ a kil
{1143 Note: CalSOu{s) may be dried, or dehwdrated, or both before or during “{11Y,
[1144]  (32) CaOde) + Water{g or L or ag) < Ca(OHR( or ag)

[1145] Nate: In some embodiments, CaO{s) may be enyploved to revove water vapor or
facthitated drving of CaS0:(s) before or during decomposition of {UaBOs(s} to Call(s).

111406 Note: Tn some cmbodiments, calcium oxide may be reacted dhoctly with an
aguecus solution comprising sodin suffite to produce calehan sulfite and sodiunt hydroxide.
In stume embodiments, calcium oxide may be reacted divectly with an agueons solution
comprising sodivm sulfite to produce calcium sulfite and sodium hydroxide, which may

comprise combining step (10} and step “(12)
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(1147} Mete: In some embodiments, calchan oxide may be reacted with water (6 produce
an aqueous solution, or solid-liguid suspension, or wmilk of ime, ov solid, or any condvination

thereof comprising calcium hvdroxide.

11148]  (13) 2 NaOHiaqor s) = 2 NaOH(aq of )+ Water

[1149] Note: In sove embodiments, NaOH{aq) may be concentrated into an aqueous
solution comprising a greator mass percent concentration of NaQH.

(1154 Note: In some entbodimonts, water may be removed and ¢ ov Na(OH nay be
separated or precipitated by, for example, including, but not hiputed to, evaporation, or
disuilation, or crvstallization, or separation systems or methods deseribed herein, or

separation systems or methods desertbed in the art, or any combination thercof

[1151 Note: In some embodiments, it may be desirable for Na(OH to comprise g

concenivated agquenus sohution.

I152]  Exanmple 38: Process for Prodacine Alkali Hyvdroxide with Carbon Dioside,

Alkali Carbonate, and / or Sulfur Diexide Intermedigies

j1153 {1) React Maierial comprising Caleium, or Magnésium, or Other Alkaline Barth ~

Weak Acid Anion with Aramoniam Chioride

o Cal WA + 2 NHCls ov g or ag) =@ Callals or ag) + 2 NHs{g orag) + H:Olg or
ag)

T11544 Nete: Insome eobodiments; the reaction of Cal WA)Y with ammonium chloride
may be conducted at a solid phase or at a solid-gas mixtore phase. For example, 2 NH:Cl(s)
and CalWANs) may be beated, which may resull in the vaporization of NHCl into NHyg}
and HUH(g), wherem the HCHg) may react with the CalWANs} to form, for example,
CaClxsyand S or {(WA) and 7/ or water.

[1155] Nete: In zome embodiments, WA may comprise, for example, including, but not
lirited to, one oy move of any combination of the fllowing: a silicon oxide, or fron oxide, or
sheninum oxide, or hydroxide, or oxide.

[1188]  Nuote: In some embodiments, the reaction of Ca{ WA ) with anmmonium chloride
may be conducted at a solid-fiquid phase or a solid-aquecus phase. For exanple, 3 NH«Cl(ag)
and Ca{WA)s) may be mixed, and / or may react to form, for example, CaCllag) and 2

NHilag or g3,
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1157 {23 Calllx(s} + Water 2 CaClxiag)

[HIS8]  Nete: In sonie cobodiiments, Callz Bom step | roay compnise a solid and / ov
miay be dissolved i water to form an aguesus solution

[115%)  {(3) Anumonia or weak base may be disselved in water or agugous sofution to form
aquecus ampionia, and Jor ammonta may be dissohved in water snd £ or reacted with carbon

dioxide to form ammonium carbonate o amamoniem bicarbonate.

o Callbiag) + 2 NHs(g) 9 CaCliag) + ¥ NHs(ag)

= 2 NHx(g) + Water <9 Ni(ag)

s 2 NHs(gorag)+ COx{g) + HeO or ag) = (NHO:00:(aq)

s INHa(p orag) + 2 CO(g) + 2 HoO0 vy ag) =¥ 2 NHHCOaq)

o (NHCOstg)y + COxg) + FoO0 or g =2 NHHCGsag)
[1168]  Nete: In sone embodirnents, MHa o step | may comprise a gas and / or may be
dissolved in CaClfag).
{1161} Naote; In some cmbodinents, NH: mav by dissolved in water and / of reacted with
COy separately from Callle
11162} {4) Calctmn chioride may be reacted with ammonia, or carbon dioxide, or
amgnoniwm carbonate, or anunonian bicarbonate, of any combination theteof to form

anwneman chlonide sid calcium carbonate,

¢ Callxag) + 2 NHatag) + COx(g) + H:O = 2 NH«CHag) + CalOs(s)

o CaClhiag) + 2 NHsag) + 2 COx(g) + H20 <9 2 NHaClag) + CalOxs) + COu{d

s CaCl(ag) + (INHCO(ag) 2 2 NHaClag) + Callinis)

o CaClbiag) + 2 NHHCO: g 9 2 NHCliag) + CalOxs) + CO«(g)
111631 Note: In some embodinrents, if excess CC 18 present or U0 is in the product, in
some cimbodiments, said exeess CO: miay be transferred o the inputs or reactants of step 4
and ¢ or the puts or reactants of step 3.
[1164] Note: In some embodiments, a Calllx(ag) + NHs(ag) solution may be predaced in

step 1 and £ or may be transferred to step 4, potentially skipping step 2 and step 3.

11185]  Note: Insome embodinents, C0h{g) may compise captured €O from another
sabodiment deseribed herein. For example, in some embodiments, CO:(g) may comprise

O from the reaction of caleram carbonate with acetic acsd.
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[1166] Mete: In some embodiments, CallOx(s) may be transforred to or may comprise an
gt to one of prove of any combination of embodiments described herein, For example,
CaCO{s) may be an inpot 0 a process for producing sodimn hydroxide, o calcium oxide, or

valoivan hydroxide, or sodiun bicarbouate, or sodiumn carbonate, or any combination thereof,

[1167] Note: In sorne ambodiments, COxg) may comprise Q2 from an sinissions

souree, oF # poyt source, ov air, or from an external sowrce, or any combination thereof
[1168] Nete: In some embodiments, 2 NHCKag) may be transtorred o step 1

[1169 Neote: Insonme embodiments, 2 NHaClag) may be transferred o step &

PI70]  {5) 2 NHLClagq = 2 NHGCHs) + Water

117y Note: In some cinbodiments, 3 NHaOls ) may be transferred fo step 1

[1172} Note: I somie enibodiments, Water may he teansferred 1o step 3 and / or step 4.

1173 {6} React Materiad comprising Caletum, or Magnestum, or Other Alkaline Earth -
Weak Acid Anton with Acetic Acid
»  Calliisorag)+ 2 CH:COOHGEg) # CaCH:C000ag) + COxgl + HoOag or )
o Calowm Silicate(s) + 2 CHxCOOHGg) <@ Ca(CHLO0R{ay) + Silicon Dioxide(s)
+ HaO{ag or D
o CaSis)y+ 2 CHCO0H(ag) & CalCHCOO G + Ha¥y)
s Calchon{Weak Acid Anion) + 2 CH:COOHag) = CatCH:CO0 {aq) + Wenk
Actd(z, or g, ov L oragy + HaOlag or D)
[1174]  Nete: Residual solids or undissolved solids, such as sibicon dioxide or ather

ndissolved solids, may be sepavated from the liquad solation using a solid-hguid separation.
11178 Napte: COn{p) vray comprise capturad €Oy,
11176} Note: In some embodiments, COz may be vansferred to step 4.

177 Nete: In some embodiments, some chemicals comprisiog calcium may compise a
portion of magnesium. In sone embodiments, for example, nput chemicals or put material
may comprise a mbature of valonm and magnesiam.

[1178 Nete: In some ewmbodiments, scetic acid vapor and ¢ or water vapor may be

separated or recovered From CO:{g).
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[1179] Mete: In some embodiments, acetic acid for stop “(8) may comprise agquenus

acetic ackd produced or regenerated i step ((9Y.

[1180] {7 Ca{CHRCOOM ) + NanSOuals or ag) @ 2 NalH:UO0(g)y + CaSO4ls)

[1181]  Note: In some cimbodiments, Na:SOu(s) may be added divectly to or dissolved in

CalCHLO0Raq)

[1 82 Note: n some cmbodiments, Na:SQu(s) may be dissolved m water or an agusous

solution to form NaxSOs{ag) before nuxing with CalCHCOOR(ag).

[1183]  Note: Insome cmbodiments, water may be added to the process to malke up for
water which may leave the process; for example, if NaOH{aqg) 5 an output, or another
aqueous sofution is an ogiput, or any combination thereof. In some embodiments, water may
be added fo the process by NaeSOq being in the form of NazSOqfag) or an aguesus solution
comprising sodnan sullate, whercin at lvast a portion of the water in NaxSOq{ag) may
comprise water added to the process. In some embodiments, Na:SOu(ag) may be provaded o
soureed as an aqueous solution. For example, In some ewbodinents, Na:S{h(ag) may be
movided w the process wm the forn of NaxSOs{ag). In some embodiments, NaxSOu{aqg) may

be provided or sourced as a solid or NaaSOuis), then dissolved in water to form NaeSQs{ag).

(1184 Nete: In some embodiments, Ca{THCQOR(ag) may comprise
CalTHUOOn{ag) from step {6).

[1185)  €8)2 NaCH:CO00ag) + SOx(g ov ag) + Hal or ag) =% NaaSOsx{ag) + 2
CHOOOH(ag)

[1186] Note: In soroe embodiments, SOu{z} may comprise other gases in addition 1o
SO I some embodiments, the reaction of 2 NaCHCOO gy -+ SO:{g) may resalt Inat
least a portion of acetic aokd vapor m the ronabung gases during ot affer the reaction. In
some embodiments, NaCH:COO(sa) entering the present step nay be pre-contacted with or
may absorb at lexst a portion of geetic acid vapor from the remaining gases. In sone
smbodiments, the reactor or absorption column may be configared to absorb acetic ackd
vapor i NaCH:2COO(ag) betore or while reacting NaCH:COOGg) with S{h(g). In some
smbodinents, acetic ackd vapor may be removed from remaiining gases vsing, for example,
inchuding, but not Bmited fo, one or more or any combmation of the following: alkaline earth
carbonate, or atkalme carth ~ weak acid, or alkaline earth carbonate ~ water shurry, or alkaline

carth oxide, or alkaline cavth.
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(1187} Nete: In some embodiments, NaCHxUO0(aq) may comprise NalUHWOO(ag)

from stop (7Y

1188} Nate: In some embodiments, SOk miay comprise SO:(g) from the calcination o
decomposition of CaSOxds) in step “(14Y.

[1189] (%) Na:SOutaq) + 2 CHsCOOH(ag) ¥ 2 CH:COOH(aq) + Na:S0us)

j1 194 Note: CH:COOH may be more soluble in water than Na:x8Os. In some
crobodiments, Na:30: may be separated or precipitated from solunion by, v example,
wctading, but not lnited 16, cvaporation, or distillation, or crystallization, or separation
systems or methods describad hevein, or separation systems or methods described 0 the art,

or sty combination thereof,

11194 Neote: In some embodiments, CHODO0H and 7 or water may be separated from
Na:SQs by, for example, evaporation, or distiflation, or orystaflization, or anv combination
therenf. In spme embodinents, CHUOOH may evaporate with water vapor and f or
condense with water vapor, which may result in a disullate or condensate comprising
CHCOOHag).
[1192]  Note: In some cmbodiments, magnesiwon salfiiefaq) may be prosent in the
Na:SQs{ag) + 2 CHUO0H g I some embodiments, # prosont, magacstum salfitc may
begin to precipiaie or orystalize before NaaSOx, In some cabodiments magnesium sulfite
solid may be separated during step “(9Y. In soine embodiments, separated magnesham sulfite
may be decomposed to magnesiwm oxide, or decomposed separately from caletanm salfite, or
decomposed together with calciom salfite, or any combination thereofs
[1893)  Npter NaaSOs(5) may be separated from CHCOOH(ag) by 3 solid-liquid
separation, which may inchade, but Is not Himited 1o, filter, or conttifuge, or decantsyr, or
separation systems or methods described hevetn, or separation systoms o methods described
i the art, or any combination theveod
11194] {10} React an Alkaline-Earth ~ Weak Acid, such as an Alkaline-Earth Carbonate,
with Carbon Dhoxide and 7 or Waler to Form an Alkaline-Earth Bicarbonats

s UaCOsgsy -+ Cllg or ag) + HaOlag) - CalHCO 2 (ag)

¢ MpCO:s) + COxg or ag) + HaDlag) < Ma(HCO: {2
j1195} Nete: May be conducted wader a pressunized CO atmosphere of with

concentrated carbonic acid ot COx{aq). For example, the CO: partial pressure during the
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reaction may be greater than, forexample, 1 Bar, or 2 Bar, or 3 Bar, or 4 Bar, or S Bar, or 6
Bar, or 7 Bar, or § Bar, ov 9 Bar, or 10 Bay, or any combination theveof,

[1195] Note: In some embadiments, CaCGhs) or MgCOx{s) may comprise CaCxis) or
MgCOs(s) from step “(14),

11197} Nopte: In some embodiments, CO(y or ag) may comprise CQ0 from step (6Y, or
step “(13), or anyv combination thercof,

198} {11) React an Alkall Sulfite with an Alkaline-Earth Bicarbonate to formt an Alkah
Ricarbomate and an Alkaline-Earth Sulfite

s NaaBO0s(s or ag) + CalHCOs k{aq) ¥ 2 NaHUOs(ag) + Cal0s(s)

*»  NaSOh(s orag) + Mg(HOO:se{ag) = 2 NaHCOs{ag) + MgSO:{(s)
1199 Note: In some embodiments, Na:SOs(s) may be dissolved in water or may
comprize an aguenus sohstion before mixing with an agueous sohdion comprising

CalHCOs3:(ag}) or Me(HU o ag).

j1my Noter At feast a portion of CaSOs(s) or MaSOs{s) may be separated by a solid-

hguid separation.

[1201] Nete: In sonie embodiments, NaHCD: may be sold as a product or eniploved as a

carbon sequestration mediam.

11282]  Note: In sone embodiments, NaaSOais or ag) may comprise NarSOxfron step

% ( 4} > .

1283} Nete: In some embodiments, CalHUON(ag) or Mg{HCG(ag) niay comprise
Ca(HCO:(ag) or Me(HCOs Jx(ag) from step “{5).

[1204] (12} 2 NaHOOs(ag) = Na:COs{aqy + COx{g) + HO{gor 3

(12657 Npte: COu(g) vy comprise captred CO:,

[1206] Nete: In sone embodireents, Na:C0h may be sold #s a product and 7 or cinployed
as a carbon sequestration medium,

{1287} Neote: Insome embodiments, 2 NabCOx(aeg) may be decomposed tido
Na:COx(ag) and CO:x{g) and water within an agucous and 7 or under-progsure o prossurized

coviromment, which nay avind or proveat the need fv crvstallizing or precipitating
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NaHCQs(s} and { or to munimize or reduce water evaporation dusing, for example, Clh

desorplivn,
[1208] Note: In some embodiments, 2 NaHCOxag) may comprise NaHCO: from step
(LY

[1209] {13) Caleine or decompose an atkaline-carth sulfite to an alkaline carth oxide and

sulfur dioxide

CaSOss) 3 Calis) + 80
s MaSOs)  Ma¥s) + SO

112194 Note: May coraprise caleining CabOx{(s} or MgSG:(s), which may einploy a kil

[1281]  Note: CaSOxs) or MgSO:(s) may he dried, or dehydrated, or hoth betore or

during calcining.

[1212]  Noter CaS0:(s) or MgSOh(s) may comprise CaSOusY or MeSO:(s) from step
LY

(12134 {14) React an alkaling-carth oxide or hydroxide with an alkalt carbonate to

produce an atkaline-canh carbonase and an alkali hydroxide

o CaOfs or ag) + NaxCOs(3 orag) + Water = NaOH(ag) + CallOx{s)
= MO orag) + NaxCQus{s or ag) -+ Water ¥ MNaOH((aq) + MeCQO:(s)

{12144 Nete: In some embodimuents, CaO + NaxCs(s or ag) + Water or MgD +
NazCOx{s or ag) + Water may be conducted inmultiple steps. For cxample, n some
cmbodiments, Ca0 or Mg may be reacted with water to form Ca{OHR{(ag), or CalOH s or
aqy, of Ma{OHlag), or Mg{OH){s or ag), which may comprise Mitk of Lime or Milk of
Magnesia, ov 3 sohid-liquid suspension comprising catctant hydroxide or magnesiien
hydroxide. For example, in some embaodinients, NaxCOs may conprise an aguenus solution
or piay be dissobved tnoswater to forro an agqueous solution. For example, m some
embodiments, a1 solution o solid-hiquid mixter: or suspension comprising Ca{OHR(s or ag).
or Milk of Lime, or MefOHY, or Mulk of Magnesia may be mixed with an aqacous solution
conmnprising NaaCOsfag). which may reselt in the formation of a soluticit comprising agqueaus

sodiam hydroxide and a solid comprising caleium carbonate or magnesium carbonate.
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(1215 Nete: In some embodiments, at least a portion of calciam carbonase of magneshen
carbonate may be separated from at least 2 portion of sodhen hydroxide using, for exanple,
sotid-liquid separation.

F1216]  Neter Cal{s) or MeO{s) may comprise CaO(s)y or MgQO(s} from step "(13Y.
[1217) Note: NaaCOs{aq) may comprise Na:COxfag) from step (11 or step *(1 3
[1288) Nete: In some embodiments, CallCs o MaCOs may be wansforred o step 1L
(12194 Nete: In some embodiments, NaOH(aq) may be concentrated, or af least a portion
of water may be removed, Separated or recovered water may be ransforred to or employved ag
a solvent or input i, for example, step 107, In some emboduments, NaOH{aqg) may be
concentrated o a concentrated solution, o 33wt solution, or a 30wt solaton, or solid
NaQH, or any combination thereof using one or more or any combination of water separation

systerns and / or methods,

(12281  Example 39: Process for Producing Alkaline-Earth Oxide or Alkaline-Earth

Hydraxide with Carbon Dioxide, Sulfur Pieoxide, and { or Alkali btermediaig

j31221} {1) React Maierial comprising Caleium, or Mapnesium, or Other Alkaline Barth ~

Weak Acid Anion with Amamoniam Chioride

o Cal WA + 2 NHCls ov g or ag) =@ Call(s orag) + 2 NHs{g orag) + H:Olg or
ag)

112224 Nete: Insome eombodiments; the reaction of Cal WAY with ammonium chloride
may be conducted at a solid phase or at a solid-gas mixture phase. For example, 2 NE:Cl(s)
and CalWANs) may be beated, which may resull in the vaporization of NHCl into NHyg
and HUH(g), wherem the HCHg) may react with the Cal WA} to form, for example,
CaClxsyand S or {(WA) and / or water.

(1223} MNete: In some embodiments, WA mray compuse, for example, tncluding, but not
lirnited to, one oy move of any combination of the fllowing: a silicon oxide, or fron oxide, or
sheninum oxide, or hydroxide, or oxide.

{1224]  Nuote: In some embodiments, the reaction of Ca{ WA ) with anwmoniym chloride
may be conducted at a solid-ligquid phase or a solid-aqueocus phase. For example, 3 NHClag)
and Ca{WA)s) may be mixed, and / or may react to form, for example, CaClzag) and 2

NHilag or g3,
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1225} {23 Calllx(s} + Water 2 CaClxiag)

[1226]  Nete: In sonie conbodiiments, Callz Rom step | roay compnise a solid and / ov
may be dissolved i water to form an aguesus solution.
131227} {3) Anunona or weak Base may be dissolved in waier or agucous solution to form
aquecus ampionia, and Jor ammonia may be dissohved in water snd £ or reacted with carbon
dioxide to form anmmeoniham carhonate of anynoniam bicarbonate.

o Callbiag) + 2 NHs(g) 9 CaCliag) + ¥ NHs(ag)

» 2 NHx(w) + Water < NHx(ag)

s 2 NHs(gorag)+ COx{g) + HeO or ag) = (NHO:00:(aq)

s INHa(p orag) + 2 CO(g) + 2 HoO0 vy ag) =¥ 2 NHHCOaq)

o (NHCOstg)y + COxg) + FoO0 or g =2 NHHCGsag)
[1228] Nete: In sonie enbodireents, MHz Fom step | may comprise a gas and / or may be
dissolved in CaClfag).
112293 Naote; In some smbodiments, NH: mav by dissolved inwater and / of reacted with
COy separately from Calle
13236§ {4) Calctmn chioride may be reacted with ammonia, or carbon dioxide, or
amgnoniwm carbonate, or anunonian bicarbonate, of any combination thetcof to form

anuneman chionide sid calcium carbonate,

1231 CaCla(ag)+ 2 NHs(ag) + COx{g) + H:O =» 2 NHaClaq) + CatlOs(s)

12321 CaCllag)+ 2 NHsag) + 2 COxMg) + HaO =9 2 NHCHag) + CalOds) + i)
[12334 “aChlag) + (NHa:COs(aqgy = 2 MHClag) + CaCO0x)

2344 CaClxag) + 2 NHHCOxag) =@ 3 NHaCHag) + CalOs(s) + COx(g)

131235} Naote: In some embodiorents, i exgess COu s present of U0 is 1o the product, 1n
some embodiments, said excess COr may be transfomred to the inputs o reactants of step 4

and { or the Inputs or reactants of step 3

{1236} MNefe: In some ambodiments, 3 Callli(ag) + NHa{ag) solution may be produced in

step | and £ or may be transferred to step 4, potentially skipping step 2 and step 3.
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{12374 Nete: In some embodiments, CQ:x{g) may comprise captared COh from another
cmbodiment described hevein. For example, tvsome eorbodiments, C0x{g) may comprise

{00 from the reaction of calcium carbonate with acetic acid.

[1238]  Note: In sone ombodiments, CaCG:(s) may be trapsforred to or may comprise an
iput 1o one of more or Aty combination of embodinents described herein, For exanple,
CaC0s(s) may be an input to a process for producing sodiam hydroxide, or ealoiam oxide, or

caleium hvdroxade, or sediuom bicarbonate, or sodium carbonate, or any combination thereof.

[1239]  Note: hnsome embodiments, COx(z) may comprise O from an enussions

source, ora poird source, or air, ot from s external scurce, or any combination thereof.
[12409 Note: In some embodiments, 3 NHaCHag) may be transferred 1o step 1.

[12414 Note: In some emwbodiments, 2 NHaClag) may be transferred to step 5.

[1242 {5) 2 NHOCKaq) <@ 2 NHCOHs) + Water

[1243]  Note: In some embodiments, 2 NHaCH) may be transferred fo step L

J1244] Note: In some embodiments, Water may be transferred to step 3 and for step 4

[1245] {&) React Material comprising Caloium, or Magnesium, or Other Alkaline Earth —

Weak Acid Anjon with Acetic Acid

L4

CalOs(s or ag) + 2 THC00Hag = CafCHACOO g+ CO()

»  Calehsn Silicate(s) + 2 CHOO0Hag) =¥ CalCHLOO0R(aqg) + Silicon Dioxide(s)
CalSes) + 2 CH:COOH ag) = CaCHCOOR ) + HaS{g)

s Caloiam{Weak Acid Anton) + 2 UHCOOH{aq) =@ Ca{CHUOONMag) + Weak

Acides, or g, or |, o ag)

11244 Note: Residual solids or undissolved solids, such as silicon dioxide or other

andissolved sohids, way be separated Fom the hgoid selution using a soliddiquid separation,

{1247 Neter H COuyy is produced, it may be destrable for said COxg) to be produced at

a high partial prossure COx(g), or purity COxg), or to comprise captured CO{g).
{1248]  Note: CalOsmay be from step 47,

[1249] Nete: COh may be transferred 1o step *3 or step *4°

[1258) {7y CafCH:COO{ag) + NaBOs(s vr aq) & 2 NaCHCOOg) + CalS0a(s}

{1231} Note: CaSOs(s) may be separated using a solid-liguid separation.
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12524 Nete: In some embodiments, Ma:SOs(s or ag) may comprise a solid comprising

sodion sulfite, which may be added to or dissobved in a sohstion comprising calchwm acctate.

1253 Note: Insome embodinments, NaaSOs(ls or ag) may comprising an agquesus

solution comprising sodium sulfite and acetic acid.

{1254] {8) T NaCH000ag) + SOx(g or ag) + HeOl or agy 9 NaxSQu{ag) + 2
CH:COOH(ag)

[1255] Nete: In some embodiments, SOxe) may comygnise other gases in addition to
50:(e). In some embodiments, the reaction of 2 KaCHCOO(ay)y + SO0:(p) may result inat
least a portion of acetic acid vapor iy the romaining gases durtng or atter the reaction. In
some embodiments, NaCH:COO(ag) entering the present step may be pre~contacted with or
may absorb at least a portion of acetic acid vapor from the remabming gases. In sowme
cmbodiments, the reactor or absorption colunm may be configared to absorb acetie acid
vapor in NaCH:COO(ag) before or while reacting NaCHXCOO(ag) with SOx{z). o some
cmbodiments, acctic acid vapor may be removed from remaining pases using, fiw oxample,
mcluding, but wot imited to, one or more or any combination of the following: alkaling carth
carbonate, or alkaline earth — weak acid, or alkaline earth carbonate - water slurry, or alkaline

garth oxade, or alkaling canth
1256 (9 NaeSOu{aq) + 2 CHCOOH ag ) = 2 CHOOOH g or D+ NagSO0s{s)

{1257 Nete: CHxCOOH may be more soluble in water than NaxS0s. In some
enthodiments, NazB0: may be separated or precipitated from solution by, for example,
melading, but not Himited 1o, evaporation, or distillapon, or ervstathization, or separation
systems or metheds deseribed hevetn, or separstion systoms or methods described in the art,

or any combination thereof.

[1258]  Nete: In some entbodiments, CH>COOH and { or water may be separated from
NazSQs by, for example, evaporation, or distiliation, o coystalization, or any combination
thereof! In some simbodinents, CH:COOH may evaporaie with water vaporand { or
condense with water vapor, which may result in 3 distillate or condengate comyprizing
CHCOOHag)

11259 Nete: In some ambodiments, magnestom salfitefag) may be prosent in the
NaeSOxag) + 2 CH:UOO0H(aq). In some ambodiments, if present, magnesion salfite may

begin to procipitate or erystalize befre NaeSOs. In some cmbodiments magnosium sulfite
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solid may be separated during step “(9Y. Insome gmbodinments, scparafed magneshun sulfite
may be decomposed to magnesiant oxide, or decomposed sepavately from caloham suldfite, o
deconyposed together with caloium sulfite, or any combination thereofls

11260]  Nete: Na:SOs(s) may be soparated from CH:COOH(ag) by a solid-hquid
separation, which may nclade, but is not lmited to, filter, or contrifuge, or decanter, or
separation systems or methods described herein, or separation systems or methods desentbed
in the art, or any combination thereof.

[1261]  Nete: In some embodimenis, a feed solution comprising sodnun sulfite and acetic
acid may be evaporated, wherein a portion of acetic acid and water vapor evaporate and ¢ or
are condensed to form an a separated sectic acid solation, and / or the remaining solution
conyIses aqueous acetic acid and a higher concentration of sodium sulfite than in the
coneentration of sodium sulfite 1 the feed solution.

112621 (1) Calisis) = (o) + SOnlg)

[12631  Note: *(10Y may comprise caleining CaSOsx(s), which may employ a kiln,

[1264]  Note: CaSO:x(s)may be dried, or deliydrated, or both before, o during *(1)"

1265 Example 60: Process for Producing Alkali Carbonate or Alkali Bicarbonate

with Carbon Dioxide, Alkali Carbonate, and { or Sulfur Disxide Iitermediatey

[1266] (¥} React Matenial comprising Calennm, or Magnesiun, or Other Alkaline Earth -

Weak Acid Anion with Ammonium Chloride

¢ CalWANs) + 2 NHaCls or g or aq) ¥ Calla{s oraq) + 2 NHa(p oraq) + Ho{p or
aqd
11257] Naste: In some ambodinents, the reaction of Cal WA with ammoniwy chioride
may be conducted &t a solid phase or at a solid-gas mixtwre phase. For example, 2 NHaClésy
and Cal WA} may be heated, which may resalt n the vaporization of NHa{Ul into NHx(g)
and HCKg). wherein the HCKg) may react with the CalWAXs) to form, for example,

CaClisyand { or (WA and / or water,

{1268]  Neote: In sne embodiments, WA may comprise, for example, including, bat aot
Hinnited to, one or more or any combination of the following; a silicon oxide, or iron oxide, or

ataminum oxide, or hydrodde, or oxide,
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[1269§ Notg: In some embodiments, the reaction of Ca{WA)Y with ammonium chovids
may be conducted &t a solid-liguad phaseor a solid-agueous phase. For example, 2 NHsClitagd
and CalWANs) may be niixed; and 7 or may react to form, for exanple, CaCliagy and 2
NHaag or g)

11270) {2 Calls) + Water = Call(ag)

[1271} Nete: In some embodiments, Callly from step 1 may comprise a solid and / or
may be dissobved i water 1o form an agueons solution,

f1272 {3} Ammonia or weak base may be dissolved ta-water or agueons solation 1o form
aqueous anments, and /S or anwnonta may be disselved i water and 7 or reacted with carbon

dioxide to form ammonian carbonate o arnmonium bicarbonate.

s Callag) + 2 NHx() 9 Calla{ag) + 2 NHs(ag)

2 NHa(g) + Water -3 NHs(aq)

e 3 NHx{goragh+ COxg) + H:00 or ag) =¥ (INHO:COs(ay)

»  INHafe orag)+2 OOl + 2 H:O0 or agy = 2 NHHUOxag)

o {(NH»RCO(ag) + CO:{g) + HxO( or ag) 223 NHHCOMag)
[1273]  Note: Insmne embodiments, NH: from step 1 may comprise 3 gas snd /o8 may be
dimsolved in Callfagl.
[1274] Nete: In sonwe cobodiments, NH: may be dissobved tnwater and / or reacted with

COn separately from CaCle,

131275) {4y Caloim chlorde may be reactod with ammonia, or carbon dioxade, or
ammonium carbonate, or amumoniunm bicarbonate, or any combination thercof tix fonm

ammonium chloride and calcium carbonate.

s CaChiag) + 2 NHs{ag) + TOu{g) + Hz0 = 2 NHLClag) + CaCOx(s)

s CaClxag) + 2 NHa(ag) + 2 CO{gd + HzO = 2 NHaClag) + CallOs(s) + C0x{g}

¢ Calbilaq)+ (INHapCOxMag) =9 2 NHLWClag) + CaliOs{s)

e CaCliag) + 2 NHHCOs{ag) = 2 NHaClag) + Calh(s) + Cihiy)
[1276]  Nete: In some embodiments, i excess €207 15 present or CO; 15 in the product, in
some embodiments, said exeess €Oz may be transferred to the nputs or reactants of step 4

and { or the inputs or reactants of step 3.
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(12774 Mete: In some embodiments, a Calllx{ag) + NHs(ag) solulion may be prodaced in

step 1 and ¢ or may be transforved to step 4, potentially shipping step 2 and step X

[1278]  Note: In some smbodiments, COx(g) may comprise captuted CO: front another
embodiment described herednn. For example, in some embodiments, COs(g) may comprise

{Os from the reaction of calcium carbonate with aoetic acid,

(1279 Nete: In some embodiments, Cal’0:{s) may be sransforred to or my comprise an
fnp {0 one of more of any combination of embodiments described herein, For example,
CalClnis) may be an input to a proogss for producing sodiem hydroxide, or caleiam oxide, o

caleiunt hydroxide, or sodivm bicarbonate, or sodium carbonate, or any combination thereof.

[1280§ Note: In some embodiments, COx(g) may comprise CO: from an cmissions

SOUFCE, OF @ point sowree, or sir, or from an extemal source, or any combination thereof
1281} Nete: In some embodiraents, 2 NH«CHag) may be ransteered o step L

[1282]  Note: In some embodiments, 2 NHaClaq) may be transferred 1o step S,

[1283]  (5) 2 NHuClag) = 2 NHCls) + Water

J12843 Note: In some ombodiments, 2 NHaCls} may be transforved to step 1.

[1285%]  Note: In some entbodiments, Watsr vony be transtorred 1o step 3 and ot step 4.

[1288] {6} React Materiad vopprising Caleten, or Magnesium, or Other Alkaline Earth -
Weak Avid Anion with Acetic Acid
o CalOs(s orag) + 2 CH:CO0Hag) = CalTH:CO00 aq) + U0} + HelO{ag ov )
s Calewmi Stlicate(s) + 2 CH2COOH{(ag) = Ca(CH;COO0R{ag) + Silicon Dioxide(s)
+ H:Olaqor
o CaSis)+ 2 CH:COOHag) ¥ ColCHCO0 k() + FaS(g)
+  Calehan{Weak Acid Anion) + 2 CH:COOHGy) = CalCHUOO{ag) + Weak
Acid(s, or g, ov L oragh + HaOlaq or D)
[1287F  Note: Rosidual solids or undissolved solids, such as silicon dioxide or other

undissalved solids, may be separated from the liquid sohution using a solid-hquid separation.
J1288]  Nate: CaCOs may be from step "4

[1289] Note: COhig) may comprise captured {02
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(1254 Nete: In some embodiments, CO:x(g) may be cmploved miomally or coyployed in

other steps. For example, in some embodinments, COx(g} may be emploved in step “(10Y.

[1281} Note: In some embodiments, TOx(g) may be wiilized or sequestered or sold or
comypise a product. For example, COxe) may be utilized or sequestered or sold toa Ty

sequestration sife or 3 CO: EOR application or an external application,

(1292} Nete: In some embodiments, some chemicals comprising calcium may comprise ¢
portion of magnesiunt. In some cmbodiments, for example, tnput chemieals or inpat material

may comprise » mxture of caleium and magnesium.

(1223 Note: Insome embodiments, acetic actd vapor and ¢ or water vapor may be

separated or recovered from COx{g).

112944 Note: I some embodiments, acetic acid for step (6} pay comprise aquesyus

acetic ackl produced o regenerated dn step {RY.

[1295} (23 Col CHCOON{ag) + NaoSOals or 3q) <9 2 NaCH: QOO + CalQsds)
{1290 Npte: In some embodiments, NaaSOu(s) may be added divently 1o or dissolved in
CalCH:COOMaq).

[1297} Nete: In some embodiments, MazSOus) may be dissolved in water or an aguous

solation to form NaxSOs{ag) before suxing with CalCH:COORGg).

j1298} Neote: In some embodiments, water may be added to the process (o make up for
water which may leave the procass, for oxample, if NaOH(aq) s an output, or another
agueous solution 1s an oulput, of any cosbination thereof. Tn sone embodiments, water may
be added 1o the process by NaSQs being in the form of Na:SOulaqg) or an agueous solution
cornprising sodion suffate, whurein at loast a povtion of the watse in Naa$Oulag) may
comprise water added to the process. In some embodiments, NaxSOu(ag) may be provided or
sowreed as an aqueous solution. For example, in some embodinients, NaxSO({ag) may be
provided @ the process in the formt of Na:SOdaq). In some embadiments, NaxSOQulag) way

be provided or sourced as a solid or NaaSOa(s), then dissolved in water to form Na:80s(aq)

[1299] Noter In some cmbodiments, CatCH:COOk{ag) may conprise
CafUHUOO0 R{ag) from step {6Y.

[1386] (82 NaUH:COQGQ) + SOy or sq) + HaO{ or ag) = NexS0Os{agy + 2
CHCODH(ag)
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R Mete: In some embodiments, SOxgd may comprise other gases i addition to
SOa{g). In some embodiments, the reaction of 2 MaCHxCOO(GG) + SOy may resalt in at
teast a pogtion of acetic seid vapor in the romaining gases during or after the reaction. In
some cmbodiments, NallH:UOO(ag) entering the prosont step may be pre-contacied with or
may absorb at least a portion of acetic acid vapor from the remaining gases, In some
embodinents, the reactor or absorption colums may be contigured to absorb acetic acid
vapor i NaCH:COO0() befove or while reacting NaCCH:COOag) with 5O:(g). In some
embodiments, acetic actd vapor may be removed from remaining gases using, for example,
mehading, but sot hmited to, one or mere or any combnnation of the fellowmg: alkalive carth
carbonate, or alkaline carth — weak acid, or alkaling carth carbonate — water shery, or atkaling
carth oxide, or alkaling carth,

[1362]  Note: In some eombodinents, NaCHCOOag) may comprise NaCHCOO(ag)

&gy

from step (7Y

RIS Neter In some embodiments, SO» may comprise SCh(y) from the calcination or

decomposition of CaSOx(s) i step {12),
[1304] %) Na:SOs{ag) + 2 CH:COOHGag) @ 2 THZUOO0Hag) + NaaS0s(s)

{1363 Note: CH:COOH may be nore solubde i water than NaaSOs, Insome
embodiments, NaoSOx miay be separated or precipitated from solution by, for example,
ichuding, bud not howted to, evaporation, or distitiation, or erysiallization, or separation
systems or nethods described hereln, or separation systoms or methods described in the arg,

or any combination thereof

{1366  Nuote: In some embodiments, CH¥TOOH and / ov water may be separated from
N80 by, for example, evaporation, or distillation, or crysiallization, or any combination
thereof. In some smbodiments, CHXOOH may ovaporate with water vapor and { or
condensg with water vapor, which may resudt in a distiliate or condensate comprising
CH:COOH (ag).

113677 Note: Insome embodiments, magnesnm sulfite(ag) may be present in the
NaShiag) + 2 CH-COOHag). In some embadiments, i present, magnesivan sulfite may
begin to precipitate or erystalize before NazSO:. In some embodiments magnésium sulfite
solid mav be separated during step “(9Y. In some embodiments, separated magnesium sulfite
may be decomposed o magnesiam oxide, or decomposed separgtely from calohum sulfite, or

decomposed together with calotun sulfite, or any combination thereof's
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[1368]  Neier NapSOs{s) may be separated from CHxUOOHaqg) by a solid-liguid
separation, which may inchede, but is not linited to, Rlter, or centrifisge, or decanter, or
separation svsterns or methods deseribed hereln, or separation systems of methods described

in the s, or any combination thercof

[1309] {19 React an Alkaling-Farth — Weak Acid, such as an Alkaline-Earth Carbonate,

with Carbon Dioxide and / or Water {o Form an Alkaline-Earith Bicarbonate

s CallOxds) + COxg or ag) + FaOlag) =» CaHCO:)ag)
s MeCO:(5) + COg orag) + H:OQag) ¥ Ma(HCO:{aq)

[13109 Nute: May be conducted wnder a pressurized COp atmuosphere or with
concentrated carbonie scid o COx(ag). For example, the CO partial pressure during the
reaction may be greater than, for example; | Bar, ov 2 Bar,or 3 Bar, or 4 Bar, or S Bar, or 6

Bar, or 7 Bar, or § Bar, or 9 Bar, or 10 Bar, ov any combination thereofl

[1311]  Note: In some embodiments, CaCO(s) or MU Os{s) may comprise CallCOs(s) or
M) from step “(13).

[1312]  Nete: In some embodiments, CalOx(s) or MgCOx(s) may comprise an Input, such

as mestone, or dolomite.
1313 Note: In some entbodiments, COxg or ag) may comprise TO: from step (6)

11314 Nate: In some embodiments, UOxg or ag) may congrise COx from an cntissions
source, or another COy sowree, or captured €Oy, or any combination thereaf. For example, in
some embodiments, COx{g or ag) may comprise, ncluding, but not himited to, one o more or
any combination of the following: C: from a blue hivdrogen or blue ammonia facility, or an
anmonty fcilty, or an cthanol plagt, or 3 carbon capture pland.
[1315] (31} React an Alkali Sulfite with an Alkaline-Earth Bicarbonate to form an Alkahb
Bicarbonate and an Alkaline-Earth Sulfite

»  Na:SO0sx(s or aq) + CalHCO kp{ag) ¥ 2 NaHCOs(aq) + CalS0x{s)

s NaSOsis or ag) + Mg{HCOsp{ag) = 2 NaHCOsag) + MeS0:(s)
1316 Nete: In sone enmbodiments, NazSOx(s) may be dissolved in water or may
comprise an ageeous sohution before or during mixing with an agueous solution comprising

CalHCO: (g} or Me(HU O ag).

gy
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[13174 Meter At least a povtion of CaSO:(s) or MeSOs({s) may be separated by a solid-
tiquid soparation.
[1318} Note: In some embadiments, NaHOO: may be sold as a product or smployed as a
carhon seguestration median,
[1319) Note: In some embodiments, NaHCOs mav be concentrated and / or erystalized
into @ solid, such as, for example, solid sodivm bicarbonate or solid sodium carbonate.
(13244 {12y Deconpose an Alkaline-Earth Suffite into an Alkaline-Earth Oxide and
Sulfur Dioxide
s CaSOsy ¥ Calis) + SOy
» MeSOu(s) = MeO(s) + SOl

[1321} Noter Muy comprise caleining CaSOs(s) or MaSO:(s), which may employ a kiln.
1322} Note: CaS0:(s) or MeSOs(simayv be dried, or dehvdrated, or both before or during
palctmg,

1323 Note: CaSOa{s) or MgBOs:(8) muy conprize CaSh(sy or MgSUh(s) from step
DY

11324} Note: Call or M may comprise o vatuable produet if desired. For example,

Ca0 or MO may comprise an ubira-tow carbon cimissions Cald or MgO prodact.

j1328§ {13) React an Alkabine-Earth Oxide or Hydroxide with Carbon Dioxide to fornyan

Adkalive Earth Carbonate

o Calisy+ COHg) ¥ CallOu(s)
s MgOis)+ UO2igh =¥ MaClu(3)

[1326§ Note: In some embodiments, Cald(s) or MgO(s) may be reacted with water to
form Ca{OH){aq), or CallH):(s or aq), or Mg(OH):(aq), or Me{OH (s or 8q), or any
combination thereof which may comprise Milk of Lime, or Milk of Magnesia, or a solid-
Heuud suspension copprising salcium hydroxide andfor magnesium hydroxide. In some
embodiments, CafQH): or MafOH) may be reacted with & carhonate salt, such as sodium
varbonate or sodiam bicarbonate, to form CaCOs or MgtlDs, or may be reacted with CQszto
form CaCOs or MgCQs. For example, said sodium carbonate or sodiwm bicarbonate may

contprise sodium carbongte, or soditm bicarbonate, ov potassium carbonate, or potassiinm
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bicarbenate, or alkali carbonate, or alhali bicarbonate, or any combination thereof coployed

i1 ov as a U0 absorption solution

[1327 Nete: In some embodiments, COx(g) may comprise Tz in or fron a point sogree
CO: cmissions source. For example, COxMg) may conyise flue gas, or dilwe €O, or high

puvity CO:, or capiured C0:,

(1328} Nete: In some embodiments, COx{g) may comprise Clh in or from aiy. For
examyple, {0} may comprise ar which may comprise at least a portion of COz even tfat a
very dilute copcentration. For example, calchirn oxide may be capable of reacting with very
tow concentrstions or very ditute concentrations of CQu if desired. For example, COn{g) may
comprise a carbonate salt, such as sodam carbonate or polassium carbonse, wherein the
carbomate may comprise carbonate anginating from the reaction of carbon diseade w the air
with a sodiom or patassium or other atkali salt, sueh as sodim hydroxide or potassiaom
hydroxide, forming the alkall carbonate salt, and ¢ or wherein the reaction of calciam oxide or
caleium hydroxide with the alkall carbonate may resalt in the regeneration or formation of an
alkali hydroxide or atkali oxide or other alkali salt which may be emploved to absorb carbon

dioside fom the aie s regenerate o re-form the alkali carbonate sale

[1329]  Note: Insmne embodiments, CaCOs or Mg{'Os may comprise & vahiable product,

In some embodiments, CaC0s or MaUOxmay comprise a carbon sequestration medim,

133404 Example 61: Process for Producing Sudinm Hydroxide with Sulfur Diexide,

Carbon Dioxide, Carboxvlic Acid, and Magnesinm Intermedintes

{1331} {1} Reaot Material comprising Calewun, or Magnesium, or Other Alkaline Earth -

Weak Ackl Anion with Acctiv Acid

s CaCOsis orag) + 2 CHCOOHGag) = CalCHCOO G + C0x{g) + HoOlag or )

«  Caloiam Silicate(s) + 2 CHCOOH(ag) ¥ Ca{TH:COOR(ag) + Silicon Dioxride(s)
+H:Olaqor B

o CaS(e) + 2 CH:COOH ) ¥ CaiCH:COOR(aq) + Fasle)

»  Calen{Weak Acid Anion) + 2 CHxCOOHag) =¥ CatCHCO0 ag)y + Weak

Actds, or g, or 1, or agd + HaOfag or 1)

[1332]  Note: Residual solids or undissolved solids, such as silicon dioxide or other

undissolved solids, may be sepavated frony the liguid sotution using a solid-hquid separation.

1333} Noge: COxig) may comprise captured CO:
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[L3344 Nete: In some embodiments, some chemicals conmprising calehun may conywise &
poriion of magnesiunt. In some embodiments, for example, nput cheamicals or inpat material

may comprise a nuxtge of caleium and magnesium.

11335 Nete: In some cmbodiments, acetic anid vapor and ¢ or water vapor may be
separited or recovered fromm COx(g).

(1336} Nete: In xome embodiments, acetic acid for step 1) may comprise agqueous

acetic acid produced or regenerated in step “{4Y

11337 (2} CafCHOD R ag)y + NapSOals or ag) 2 2 NaCH:U00mg) + CaSOuds)

{1338] {3) 2 MaCHCOMag) + SOz or ag) + HaO or aug) <@ NaeSOalaqy + 2
CHCO0H g

13397 (&) NaxSOsaq) + 2 CHCO0H g = 2 CHCOOHaq) + NazsbQOa(s)
113487 (5) MeCOu(s) + COxgor ag) + HaOaqy - Ma(HCO:sk{ag)

{1341 Note: May be conducted wnder a pressunzed Clb atmosphere or with
concentrated carbonic acid or CO{aq). For example, the CO: partial pressure during the
reaction way be greater than, for example, 8.3 Bar, or 1 Bar, or 2 Bar, or 3 Bar, or 4 Bay, or 3

3ar, or & Bar, or 7 Bar, or 8 Bar, or 9 Bar, ov 18 Bar, or any combination thercof,

[1342]  Note: In some entbodiments, MgCOs(s) may comprise MaU0u(s) from the
regotion of MgQ or Mgt O with €0:.

1343 Nete: In some embodiments, COx(g or ) may comprise O from step *(3Y, or
step {9Y, or any contbination thereof. For example, in some embodiments, the reaction of
MO oo Mg(OHyz with CO: may comprise saptaring COk from the calcination or
decomposition of calctum carbonate gnd / or may enable the calcium carbonate caleiner to
prodace dilute carbon dioxide or foe gas carbon dioxide becanse carbon dioxide n said
dilute or fhue gas carbon diogide may be captured by the reaction with magnesium oxide and ¢

o vragneshum hydroxide,
[1344] {0) NaSChis or aq) + MeHCO 1(ag) <@ 2 NaHCOs(ag) + MeB0:«(s)

[1345] Note: In sonie enbodimernts, MazSOs(s} mayv be dissolved in water or may
comprize an aqueons sohution before mixing with an aqueous sohation comprising
Me(HCOskag).
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[1346] Neter At least a povtion of CaSO:(s) or MeSOs({s) may be separated by a solid-

fiquid soparation.

131347 Note: In some embaodiments, NaHOO: may be sold as a product or employed as a
carbon seguestration modinm,

J1348] Nate: In some embodiments, NaSOs(s or ag) may comprise NaxSOhfrom step
{4y

[1349]  Note: In sonie enbodiments, Mg{HCO:){aq) may conmprise Mg{HCO:)(aq)

from step "3y

{135 Note: In some ernbodiments, restcdhial MgSOx may be prosent as, for example,
MaSO:{aq) in the solution comprising sodiwm bicarbouate. In some embodiments, i way be
desirable to separate at least a portion of residual MaS<h from at foast a portion of sodium
bicarbonate. For example, in some embodiments, said separation vy comprise, cluding,
bt not outed to, one or wors or any conbination of the following: cleciredialysis, or
seleetive electrodialysis, or monovalent selective electrodiatysis (MSED), or divalem

selective electrodiabysis (DSED), or concentrating, or cooling precipitation, or reverse

gsmosiy, or membrane based process, or nanofiltration.
R3S (7) MeSOas) = MeO{s)+ S0y
(1352 Nete: The thernal decomposition of magoesinm sulfite may be condusted with
tess energy and { or at lower temperatures than the thermal decomposition of calcium sulfute,
[1353) Note: Sulfur dioxide formed may be coployed. for example, e reaction of
atkali ncetate or alkali carboxylate with sulfir dioxide,
H354]  (8) Reaot Magnesran Qxide or Magnestum Hydroxide with Carbon Dhoxide to
Form Magnesnomn Carbmate

o MgOs)+ COxg) F MglOxs)

o Me(OHs) + HaO0 or ¢ or 8) < MeglOHR(s or ag)

s Mo{OF)lz v aq) + CO{) = MeCOx(s) + H:Od or g or 9)
113551 Note: In some embodiments, the TOx{g) may comprise CO{g) from the
decomposition of calciam carbonate.
[1356] Note: In some embodiments, the COxR) may comprise CQx{y) from an envissions

source, or point source, or air.
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(135874 Mete: MpCOh{s) may comprise the MgCQOu(s) in the reaction of MglOs) + UG

[1358] () 2 NaHCDxag) =@ 2 NaliCOs(s) + Water

1359 Note: In scune cmbodiments, NaHCOa(s) may be formed by process or cycle
comprising concentrating and cooling precipiiation, or a precipilation or erystaltization

process, or any combination thercof

[1368]  Nete: In sone enbodiments, MaHCOs may be sold as a product and ¢ or

asmpdoved as a carbon scquestration median,

11361] Note: In some erobodiments, 3 MaHCOs{aq) may be decomposed mto
NaaCOs(aq) and CO{g) and water within an aqueons and / or under-pressure ov pressurized
environment, which may avoid or prevent the need for crystallizing or precipitating
NaHCQu{s).

[1362]  Note: In some embodiments, at least a portion of residuad dissolved MgSOx or

magnesian sidfite, 18 any, may be scparated andfor preapitated.

131363 Nate: Water miay be separated fronn sodihum icarbonate or sodiam carbonate
asbing systenms and methods for watey separation, of yystems and methods for salt precipitation

or crystathization, o sy contbination thereof,

1364  (10) 2 NaHCOu(s) 3 Na:COxs) + OO + HoO(p or )
[1365]  Note: COofg) may comprise caphed J0:,
[1386] Note: In some embodiments, Nee Ul may be sold as & product and 7 or employed
as & carbon sequusteation medium.
11367 Nate: In some embodiments, NazCOx(s3 nay be dissolved tn water or an aqueous
solution and / or comprise the Na:COh(s) i1 the reaction of Ca(CH  and Nae{Os(s)
{1368) {11} Calcinie or decompose an alkaline-carth carbonate to form an alkaline carth
oxide and carbon dioxide

o Cal0uds) < Calis) + COul)

s MgCOsx(s) ¥ MOy + COx(g)

(13697  Note: In some embodiments, it may be desivable to decompose caleium carhonate

or magnesiam carbonate ina manner which the carbon dioxide is lngh purity, or iy a wamer
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which the carbon dionide is captared, or in o manner which the carbon dioxide ix dilute bug
then captared, ov any combination thercof,

[1376] Note: In some embodiments, carbon dicxade from the decomposition of calciam
carhonate of magnesium carbonate may comprise the carbon dioxids in the reaction ot

magnestun exkde or magnesiuny hydroxide and carbon dioxide,

(1371 {12} Roact an alkaline-carth oxide or hydroxide with an alhali carbonate to form

an alkaline-carth carbonate and an alkali hydroxide

e CaOtis orag) + NaeQQuls or agd + Water = 2 NaOH{ag) + CalCh(s)
»  MeOis or ag) + NaxCQOs(s or ag) + Water < 2 NaOH(ag) + MglOs(s)
s (a(OHn(s or ag) + NaxUOs{s v ag) ¥ 2 NaOH{ag) + CaCOs(s}

¢ MaUOfs or ag) + NaxCOsls or agy + Water = 2 NaOH{aq) + MpCOs(s}

131372} Nete: In sonw embodiments, Cal -+ NaoCOs{s or ag) + Waker or MgQ +
NaaOs(s ov ag) + Water may be conducted in muoliiple steps. For example. in some
embodiments, Ca0 or MgO may be reacted with water to form Cal{OHk{s), CalOH)aq), or
CalQHh(s or ag), or Me(OMhiag), or Mg(QH (s or ag), which may comprise Mitk of Lime
or Milk of Magnesia, or a solid-Hquid suspension comprising caleiunt hydroxide or
magoesium hydronade. For exmple, i some embodiments, NuCOs may comprise an
agqueous solution or may be dissolved i water to form an aqueous solution. For example, in
some embodiments, a solation or solid-fiqued mixtare or saspension comprising CafOHh(s or
aq), or Mk of Lime, o Mp(OH ), or Milk of Magoesia may be mixed with an aqueous
solution comprising Na{UOx(ag), which may result in the formation of a solution comprising
gqueous sodium bydroxade and a selid comprising caloum carbonaie or voagnesiwg
carbomate.

[1373]  Note: In some embodiments, at least a portion of caloiun carbomate or reagneston
carbonate miay be separated from at feast a portton of sodium hydroxide using, for example, a

solid-ligpnd separation,

[1374]  Example 82: Process for Producing Sedinm Bicarbonate, or Sodigm

Carbonate, sad [ oy Calehum Oxide or Caleinm Carbongie

[13758] (1) React Material comprising Caloiwm, or Magnesium, or Qther Alkaline Earth ~

Weak Acid Anton with Acetic Acid

¢ CaClnsis or aq) + 2 CHCOO0H ) 2 CafCH:OO0ag) + COxey + HiOaq or B
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+  Calciam Sibicate(s) + 2 CH:COOH gy = CalCH:CO0Hag) + Silicom Dioxida(s)
+ HaOlag or By

s CaS{sy + 2 CHCOO0H{ag) = Ca{CHCOM(ag) + HS )

s Caloium({Weak Acid Awion) + 2 THC00H(ag) <@ Ca{CHCOONR{ag) + Weak

Acid(s, or g, or l or a@) + HoQag or 1)

[1376]  Nude: Residual sohids or undissolved solids, such as silicon dioxide or other

undissolved sofids, muay be separgted frovn the higuid solution asing a solid-Higuid separation.
(13774 Note: Ch{g) may comprise capiired C0:,

[1378] Neotes In some embodiments, COxg) may be emploved intemally or emploved in

other seps.

[1379]  Note: In stvoe aobadiments, COx{(g) may he utifized or sequastered or sold o
comprise a product. For example, CO(g) may be utitized or sequestered orsold to a COs
sequestration site or @ {0 EOR application or an external appBoation.

113844 Nete: In some embodiments, some chomicals comprising calcium may comprise a
poriion of magnesiem. In some embodiments, for example, inpuf chemicals or it material

may comprise a mixgee of calohum and magnesiam.

[1381]  Note: Insome embodiments, acetic acid vapor and £ ov water vapor may be

separated or recovered from COx{e).
11382 2 ColCHCOMag) + NaaSOuls or aq) 9 2 NaCH:CO0gy + CalQds)

11383} Note: In some embodiments, NaxSO4s) may be asdded divectly to or dissedvied in
CalCH:COO {aq)

[1384] Note: In some embodiments, Ma:SQu(s) may be dissolved o water or an agueous

solution to form NaaSOu{ag) before nuxing with Ca{CUH:COOR{(ag).

[1385]  Note: In some enbodiments, water may be added to the process to make up for
water which may leave the process, for example, if NaOH{aq) is an output, or another
agueaus soluticat is an muput, or any combination thereof. In stne emnbodiments, water may
be added 1o the process by NaaS0; being in the form of Na:SOusq) or an agueous solution
comprising sodhen sulfate, whercin at loast a portion of the water in NaxSOalag) may
comprise water added to the process. In some embodiments, NaxSOafag) may be provided wr

sourced as an aqueons solution. For example, In some cnbodiments, NaxSOs(ag) may be
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provided to the process in the form of NaeSUs(aq) In some embodiments, NaxSQ«aq) may

be provided or sourced as & solid or NasSOua(s), then dissolved iy water to form NaxSOsfag).
[1388] Note: In some embodinments, Ca{CH2COOR ) may comprise
CafCHCOO {ag) from step (1Y

{13871 {3) T NaCH000g) + SOx(g or ag) + HeObor agy 9 NaxSu{ag) + 2
CHxCOOHag

[1388] Note: In some embodiments, SOxe) may comygnise other gases in addition to
50:(e). In some embodiments, the reaction of 2 KaCHCOO(ay)y + SO0:(p) may result inat
least a portion of acetic acid vapor iy the romaining gases durtng or atter the reaction. In
some embodiments, NaCH:COO(ag) entering the present step may be pre~contacted with or
may absorb at least a portion of acetic acid vapor from the remabming gases. In some
cmbodiments, the reactor or absorption colunim may be configured to absorb acetiv acid
vapor in NaCH:COO(ag) before or while reacting NaCHOO(ag) with SOx{g). o some
cmbodiments, acctie acid vapor may be ramoved from ramaining gases using, fiw example,
mcluding, but wot imited o, one or more or any combination of the following: alkaling carth
carbonate, or alkaline earth — weak acid, or alkaline earth carbonate - water slurry, or alkaline

garth oxide, or alkaling garh

{13894 Nete: In some embodiments, NaCH:COOaq) may comprise NaCUHUOOag)
from step “{2Y.

1328  Nete: In some embodiments, SO may comprise SOx(g) from the calcination or

decomposition of CaSOs(e) e sep (7Y
[1391] {4 Na:SOstag) + 2 CHCOOH(q) 9 2 CH-COOH ) + NSO«(s)

[1392] Nete: CHCOOH may be muwe soduble in water than NaaSOs. In sorac
cmbodiments, Ma:50% may be separated or precipitated from sohution by, for example,
metuding, but not limited to, evaporation, or distillation, or erystathization, or scparation
systems or methods described hevein, or separation systems or methods deacribed in the art,

or any combination thereof

11393 Note: In some embodiments, CHsCOOGH and ¢ or water may be separated from
Na:SOs by, for cxample, cvaporation, or distiliation, or crystallization, or any combination

thevend. In some cmbodiments, CHXCOOH may evaporate with water vapor and /or
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condense with wator vapor, which may resudl i a distiliate or condensate comprising
CHCOOH{aeg).

[1394]  Noter In some embodiments, magnesium sulfite(aq) may be present i the
NadOslag) + 2 CH:COOH(ag). In some cmbadunents, if prosent, magnesiua sulfite may
hegin to precipitate or erystalize before Naz80:. hy some embodiments magnesiam sultite
sobid may be separated during step "(4Y. In some embodiments, separvated magnesium sulfite
nray be decomposed o pgnesiant oxade, or decomposed separately from caloium sulfite, or

decormposed together with calonwn sudfite, or any combination thereots

[1395} Nate: MNeuxSOa(s) may be separated from CHiCOOR(aq) by a solid-liquid
separation, which may inclade, but 1s not limited to, filter, or centrifoge, or decanter, o
separation systems or methods desentbed herem, or separation systems or methods desenbed

iinthe art, or any combination thereof,
[1394] {53 MaCOua{s) + COx{p or ag) + Haaqg) =¥ Ma{HCO:up{ag)

[1397  Nete: May be conducted under a pressurized CO: atmosphere or with
voncentrated carbonic acid or Clxag). For example, the CO0: partiad pressure donng the
reaction may be greater than, for example, 0.5 Bar, ov 1 Bay, or 2 Bar, or 3 Bar, or 4 Bar, or §

-
¢

Bar, or 6 Bar, or 7 Bar, or § Bar, or @ Bar_or 18 Bar, or myy combingtion thereof,

[1398] MNete: In some embodiments, MgCOa(s}) may comprise MgCQu(s) from the

reaction of Mgl o Mp(OHY: with COx

{1399 Nate: Insome embodiments, COx{g or ag) may comprise CO2 from step (1Y, or
step “{8Y o sy combination thereofl For example, i some embodiments, the reaction of
B0 or Mg{OH): with CO2 may comprise capturing CO: from the caleination oy
decomposition of calcium carbonate and ¥ or vy enable the calaiam carbonate caloner io
produce dilute carbon dioside or flue gas carbon dioxide because carbon dioxide in said
ditute or tlue gas carbon divxide may by vapiuwred by the reaction with magnesium oxide and /

or magnesiun hydroxide
11400 6) NaxSOsis or ag) + MgtHTOsz(ag) 9 2 NaHCOx(ag) + MeSOu(s)

j1401] Note: In some embodinents, Ne:SOu(s) may be dissodved in water or may
comprise an agueous solution before mixing with an agueous solution conywising
Me(HCQ:)(aq).
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1462} Neter At least a povtion of CaSO:(s) or MeSOs({s) may be separated by a solid-
Hguid separation.
{3403} Note: In some embadiments, NaHOO: may be sold as a product or employed as a

carhon sequestration medium,

[1404] Nate: In some embodiments, NaSOs(s or ag) may comprise NaxSCh from step
H{4¥.

1405} Note: In some enbodiments, Mg{HCO:)(aq) may comyprise Mg{HCO:):{aq)

from step "3y

f1406] Note: In some ernbodiments, restcdhial MgSOx may be prosent as, for example,
MeSOs{aq) in the solution comprising sodiwm bicarbouate. In some embodiments, it way be
desirable to separate at least a portion of residual MaSOh from at foast a portion of sodium
bicarbonate. For example, in some embodiments, said separation vy comprise, cluding,
bt not hiouted to, one or mwors or any conbination of the following: cleciredialysis, or
seleetive electrodialysis, or monovalent selective electrodiatysis (MSED), or divalemt

selective electrodiabysis (DSED), or concentrating, or cooling precipitation, or reverse

gsmosiy, or membrane based process, or nanofiltration.
1487 (7)) MeSOas) = MgO{s)+ Sy
[1408]  Nete: The thernal decomposition of magoesinm sulfite may be condusted with
tess energy and { or at lower temperatures than the thermal decomposition of calcium sulfute,
1140%9) Note: Sulfur dioxide formed may be coployed. for example, e reaction of
atkali ncetate or alkali carboxylate with sulfir dioxide,
48 (8) Reaot Magnestan Qxide or Magnestum Hydroxide with Carbon Thoxide to
Form Magnesnomn Carbmate

o MgQ(s)+ COfe) F Mel0x(s)

o Me(OHs) + HaO0 ov ¢ or s) = MelOHR(s or ag)

s Ma{OM)ls or aq) + COx{g} = MeCuisy + H:lll or g or s)
[1411 Note: In some embodiments, the TOx{g) may comprise CO{g) from the
decomposition of calciam carbonate.
[1412} Note: In some enmbodiments, the COxR) may comprise CQx{y) from an envissions

SOUPCE, OF point souvee, OF atr, or any combination thereof
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[1413] Mete: MpCOh{s) may comprise the MgCQOu(s) in the reaction of MglOs) + UG
+ HaQ,

*  Note: in some embodiments, carbon droxide front the decontposition of caleiinn
garhonate or magnesium carbonate may comprise the carbon dioxide u the reaction
of magnesium oxide or magnesiunt hyidroxide and carbon dioxide.

Neote: In some embodiments, CalXs) or MgO{s) may be reacted with water (o form
CafOHk{ag), or CafOH k(s or aqd, or Ma(OH(ag), or Mg(OH):({s or ag}, or any
combination thereol which may comprise Milk of Limg, or Milk of Maznesia, ora

solid-Haquid suspession comprising calciv hydvoxide andior magneshrn hydroxide.

In some embodiments, Ca{OH Yz or MetOH): may be reacted with a carbonate salt,
such as sodiam carbinate or sodiam bicarbonate, to form CaCOs or MelOs, or may
be reacted with CO: to form CaCOx or MgCQs, For example, said sodhmn carbonate
or sodium bicarbonate may comprise sedium carbonate, or sodiam bicarbonate, ot
potassian carbonate, or potassimm bicarbonate, or alkali carbonate, or alkali
hicarbonate, or any combination thereot cmployed in o as a CO2 absorption solution,
Note: In some embodiments, COxg) nray cormprise COx it or frony a point source
C0: emisstons source. For example, CO=(g) may comprise flug gas, or dilute €Oz, or
high purity CQg, o captured CQa.

Note: In some embodiments, COx{g) may comprise COqzin or from mir, For example,
COn{g) may comprise aiv which may comprise at least & porfion of CO: even ifata
very dilute concentration. For exampde, calciam oxide may be capable of reacting
with very low concentrations or very dihstc concentrations of COz #f desired. For
example, COA ) may comprise g carhonate sali, such as sodhwm carbosate or
potassiam carbonate, wherein the carbonate may comprise carbonate onginating from
the reaction of garhon dloxide m the alr wath a sodium or potassium o other atkall
salt, such as sodium hydroxide or potassium hydroxide, forming the alkeli carbonaie
salt, and £ or wherein the reaction of ealeium oxide or calcium hydroxide with the
alkalt carbonate may result i the regencration or formation of an alkal hvdroxide or
atkali oxide or other alkali salt which may be employed to absorb carbon divnide from
the air 8 regenerste or re-form the atkali carbonate salt.

Note: In some embodiments, CaCOs or MeCOs may comprise a valuable product. In

some embediments, CaCOr or MeCOs may comprise procipitated calehum carbonate,

137



WO 2023/225089 PCT/US2023/022544

In some embodiments, CaCOs or MelOymuy compwise a carbon sequestration

medinm,

EXAMPLE DESCRIPTION ALKALINE EARTH OXIDE PRODUCTION SYSTEMS
AND METHODS
BPescription

[1314]  Sonic enibodiments of the present invention may perfain to systens and methods
tor producing atkaline garth oxides, or alkaline carth byedroxides, or coment, or clinker, Some
gmbodiments of the present nvention may pertain to producing atkaline carth oxides, or
atkaline carth bydrosides, or coment, or chnker, which mav conyrise a chenuical or material

comprising calciom, or magnesium, or other alkaline carth,

145 Some enibodiments may involve producing alkaling carth oxides, or alkaline carth
hydroxides, or coment, or chinker using ar input material comprising @ atkaline-carth weak
acid material, For example, in some embodiments, the alkaline-earth weak acid material may
comprise a carbonate, which may include, but is not Hmited to, ong or more or any
combination of the following: calchom carbonate, or magnesium carbonate, or lmestone, ov
calchum~magnesiom carbonate, or dolomite, or any combination thereof. For example, in
some embodiments, the alkaline-zarth weak actd material may comprise a silicate material,
which may include, but s not Himited to, one or move or any combination of the following: a
calcium silicate, or a magnesium silicate, or orthosilicate, or fluorpsilicate, or metasilicate, ar
pyrosilicats, or aluminosilicate, or silicon oxide, or silicon material, or any combination
thereofl In some embodiments, the atkaline-carth weak scid material may comprise a sulfide
material, which may inchude, but is not thimiled to, one or more or any combination of the
following: a caleram solfide, or & magnesium sulfide, or any combination thereof. For
cxample, in some cmbadinients, the alkaline-varth wizak acid material may conprise 3 nietal
oxide or metal oxide devivative anion material, which may include, but is not hmited o, one
or more any combination of the following: aluminate, or fermte, ferrite, or zincate, or
manganaie, or clay, or permanganate. In some smbodiments, the alkaline-carth weak acid
material may comprise an alkaling carth metal in a compound with an anton or acid
derivative or any combinntion thereof, wherein the anion or acid derivative may comprise a
derivative or may oviginate frop an acid with a lower acid strength or weaker acid strength
thas sultfor dioxide, or agucous sulfor dioxide, or sulferous acid, or sulfte, or any

combination therecof, In some embodiments, the alkaline-carth weak acid matenal may
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comprise metal oxides or metal hydroxides which mav possess overlapping or similar
chemistry or sinsilar propertics to calonan, or magnestam, or other alkaline-carths. In some
cmbodiments, the alkaline-carth weak acid msterial may comprise impurities. In sone
satbodiments, the slkaline-garth weak acid material may comprise, nchuding, but not limited

to, one i more or any combination of any of the aforementioned chemistrics or properties.

[1416] In some embodiments producing cement, ov clinker, or any combination thereof, i
nray be desivable to nux olay, or silicon material, or other cement raw mix components with
the alkaline carth at one or more or 3 combination of polots i the process. For example, in
some embodiments, raw mix components may be added to calohuw sulfite or magnesium
sulfite before or during decomposing the sulfite into sulfir dioxide. For example, in some
smbodinents, faw pux components may be added to calenmm oxide of magnesham oxide

hefore or during sintering or fusing to form coment or clinker,

[1487} Some embodiments may involve producing alkaline sarth oxides, or alkaline garth
hydroxides, or coment, or clinker, or any cominnation thercof using an mput material
comprising an alkaline-carth weak acid material. In some cmbodinments, the alkaline-carth
weak acid material niay be reacted with or miked with an acid with an aoid strength greater
than the “weak acid® and an acid strength weaker than salfirous acid. In some embodiments,
the alkaline-carth weak aeid roaterial voay be reacted with or mixed with an acid with an acid
strength greater than the “weak aoid’ and an acid strength weaker than sulfurous acid, which
may resadt m the formation of an agueous sohation comprising a salt comprising the atkaline
cath and an anion of the aod with au acid strength greater than the “weak seid” and an acid
strength weaker than sulfurcus acisd o sonie cmbodiments, the alkaling-carth weak acid
material woay be reacted with or mived with an acid which displaces the weak acid from the
atkaline carth or reacts with the alkaline carth. In some corbodiments, the alkaline-carth weak
actd material may be reacted with or mixed with an acid which displaces the weak acid from
the allialinge carth ov reacts with the alkaline carth, wiucl may result in the formation of an
aguecus sofution comprising a salt comprising the alkaling carth and an anton of the acd
which can displace the weak acid from the alkaline carth. For example, some carboxylic
acids, such as formic acid, or acetic acid, or opanowe xoid, may have gn acid strength greater
than some weak acids and weak actd devivatives, such as carbonates, or bicarbonates, or
sutfides, or silicates, and / or may react with the atkaline carth weak acid materidd to produce
an aqueons solution compeizing ag atkaline carth - carboxylic acid anton and / or 5 displaced

weak ackd. For example, i some embodiments, # may be desirable to react the alkaline earth
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~weak ackd matenial with an acid or agueoas acid to form an agueous alkaling carth solation,
For example, in some cmbodiments, an slkaline-carth weak acid solid comprising calcium
carbonate may be reacted with an acid comprising acetic acid, which may result in the
formation of 3 dissobved alkalive earth ~ carboxylic ackd anion sohution comprising dissolved
aqueous caleham acetate and a displaced weak said comprising carbonic acid, or agugons
carbions dionide, or gassous eurbon dioxide, or any combination thereof. Fov examples, in some
embodiments, an altkaline-carth weak acid sohd comprising a caleium sihcate may be reacted
with an actd comprising acetic acid, which may resalt in the formation of a dissolved alkaline
carth - carboxylic actd anion solution comprising dissaived aqueoys calotum acotate snd a

displaced weak acid comprising silicon dioxide solid.

[1418]  In some embodiments, the reaction of an alkalive earth weak acid with an acid
mway be gas evolving, o solid evolving, or fiquid evelving or aquenus solition evolving, or
any combination theveof. In some smbodiments, the “weak acid” may be displaced by the acid
which may be stronger than the weak acid and / or wesker thaw selfirous acid. In some
embodiments, the weak acid may be displaced and may form a gas of aqueoss solution,
which may include, but it not Tunited to, one or more of any combination of the following:
carbon dioxide, or carbonic aeid, or hydrogen sulfide, or hydrosutfurie acid. In some
cnbodinients, it oay be desirable for evalved gas or gas conoprising the displaced weak acid
10 be captured ov isolated. For example, the veaction of an alkaling varth weak acid with an
acid may be conducted in an environment or contuingr such that ovolved gas may pressurize,
or acoumalate, or be produced at a partial pressure greater than the partial prosswre of the
chenrical i ambient air or the Earth's atmosphere. For example. the reaction of an atkaling
carth weak acid with an scid miay be condueted iy an environment or containey such thas
evolved gas may comprise a volumetric concentration greater thaw the volunetric
concentration greater than the volumetric concentration of the gas in the Earth's atmosphers
ar ambient air. For example, & solid conywising calchan carbonate or magnesiam carbonate
may be reacted with acetie acid to form caleium acetate and 8 gas comprising carbon dioxide,
wherein the reactor may be confipured to cpable the pressurtzation or aceamulation of carbon
dioxide gas vach that the carbon dionide gas produced is af a partial pressure, for example,
greater than 0.01 Bay, or 0.1 Bar, or 8.3 Bar, or 0.5 Bar, or 0.7 Bar, v 1.0 Bar, o3 2 Bay, o 3
Bar, or 4 Bar, or § Bar, or any combination thereof or | for example, a copcentration greater
than Pvol%, or Svol, or Hivol%o, or 2ihvol®s, or 30volls, or 40vol¥s, or S0vol%, or 68volta,

or 70vol%, or 80vol%, or 90vol%, or 95vol%, or any ceanbination thercof. In some
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cmbodiments, it may be desirable for the gas evelving reaction to be condacted 1 a batch
configaration, due to, for example, the fast reaction kinetics and / or the ability to achieve
greater ovolved gas partial pressures. In some embodiments, it may be desirable for the gas
gvolving reaction 1o be conducted in o semi-contingogs, or contimous fashion or
configusation. In some embodiments, i may be desirable for the gas produced to be stored, or
wansterred, or converted, or transported, or utilized, or sequestered, or Aather compressed, o
further wreated, or any combination thereof. For example, if carbon dioxide s produced, it
may be desirable to, including, but not Himited to, one or more or any combimation of the
following: convert the carbon dioxide into a valeable product, of convert the carbon dicxide
into a sequestration procuct, or compress the carbon dioxide, or liguefy the carbon dioxide, or
torn the carbon diogide o a seperdritical flaid, or travsfer the carbon dioxide o &
utitization application, or sequester the carbon dioxide, or employ the carbon dioride in
enhanced off recovery, or any covabination thereof. For example, if hydrogen sulfide is
produced, it may be desirable to, tnchuding, but not hintted to, one or more or any
combination of the following: convert to sulfor, or employ in the Class process, or produce
heat, or combuyst, or produce satfir dioxide, or produce sulfur dioxide makeup, or convert
sulfte to sulfite or sulfide, or produce power, or produce stcam, or produce sulfurous anid, or
prodhce sudfuric acid, or coaploy e an sppHeation, or trawsport, or stove, or sy combination
thereof.

{1419} in some embodiments, the reaction of an alkaline carth weak acid with ap acid
may be gas evoldving, or solid cvelving, or Hgwid evolving or agueous solation evolving, or
Ay combination thereof. In some ctbodiments, the “weak acid” may be displaced by the acid
which may be stronger than the weak ackd and / ov wegker than sulfurous acid. In smme
embodivents, the weak peid may be displaced and may form a solid, whicl may include, bt
inot Hosted to, ome or more or any combination of the following: silicon dioxide, or silivon
exide, or metal oxide. For example, a cadetum silicate may be reacted with acotic acid o fomm
aquenus calcium acctate and a solid comprise silicon dioxide. The solid silicon dioxide may
be separated from the agueous caletum acetate by, for sxample. a solid-liquid separation. In
some embodiments, the selid may be wtthized. For example, silicon dioxide may be emploved
as an aggregate for conorete production. n some embodiments, the solid may be disearded.

In some embodiments, a solid fornung veaction nay be desirable because, for example, a
solid forming reaction may avoid, o mininuze, or prevent, or redace the potential production

of and /7 of handling of 2 greenhouse gas; such as earbon droxide, ov a relatively toxic gas,
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such as hydrogeon sulfide. A solid forming reaction may coable the production of calchum
oxide or coment while potentially reducing, or preventing the co-production of carbon

dioxide.

[1428]  The sgucous alkaline carth cation ~ acid amon salt sofution may be reacted with
sutfar dioxide gas, or sulfarous acid, or dissolved satfur dioxide, or any combination thereof
1o produce, for example, an alkaline carth cation ~ sulfite anton salt and / or an acid. In some
embodiments, the alkaline corth cation — sulfite may be produced mostly as a solid
precipitate, while the acid may comprise an agueous solution. For example, i some
embodiments, the producest the atkaline carth cation - sulfite may comprise a solid which
may be separated from the agucous acid by a selid-liquid separation system or mothod. In
some embodiments, restdual dissobved alkaline carth cation — eudfite mray be present i the
aquecus actd. Ty some anbodiments, said residual dissobved alkaline cavth cative ~ solfite
nray remain present 1n the aquecus geid while, for example, the aqueons acid i reciraidated
or recveled in the process. In some embodiments, a portion of said residual dissolved alkadine
carth cation - sulfite may be recovered of precipitated, using, for example, including, but not
tirnited to, ong or more or any combination of the following: cooling, or reverse osmosis
concenteating, or nanofiiiration concentration, or electrodialyss, or electrodialysis reversal,
o precipitagon, v evaporaton. For example, in some embodiments croploying caleium
sulfite, calohny sulfitc may be sufficiontly insoluble where it may be luoss destrabde or
undesirable 1o recover residunl dissobved calchim sulfite from the aqueous scid solution. For
example, In some embodiments emploving magnesium sulfite, magnesium subfite may be
sufficiently soluble where # may be deswable to recover restdual dissolved magnesuan sulfite

fron: the agueous acid selution,

{1421) In some embodiments, agusous alkaline earth cation — acid anion salt solution
may be reacted with a gas comprising sulfur diexide to produce an alkaline carth vation —
sulfite anfon salt and an acid. In some embodiments, the alkaline carth cation - sulfite anion
salt may comprise a solid. In some embodiments, the acid may comprise an squeous soletion.
In some cmbodiments, subfer dixide gas may be at a didute concentration i the gas
comprising sulfir dioxide. In some embodinmenis, if the sulfur dioxide gas forns from the
decomposition of calcien sulfite, ¥ may be desirable for the concentration of sultur dioxide
gas to be dilute beeause, forexample, the decomposition temperature and the decomposition
rate may have a relationship with the concentration or partial pressars of sulfyy dioxide gas

formed, wherein, for exsiople, the lower the concentration or partial pressire of sulfur
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divexide gas formed the bigher the rate of calonun sulfite decomposition and 7 or the lower the
required tomperatire to decompose the calenam audfite. For example, v some embodiments, a
dilute concensration of sulfur dioide gas may comprise a concéntration lower than ol or

Sval®s, or Hivol2s, or 20v0l®%, or 30vol®h, or 40vol. or $0vol, or 60val®, or Fvel%, or

Bitvolle, or Hhvol¥, or 100vol¥ or any combination thereof. For example, in some
epthodiments, a dilute concentration of sulfur dioxide gas may coraprise a sulfor dioxide gas
partial pressure fower than 0.01 Bar, ov 0.05 Bar, or 8.1 Bar, or 0.2 Bar, or 8.3 Bar, or 0.4
Bar, or {1.3 Bar, or {1.6 Bar, or 0.7 Bar, ov 0.8 Bar, or 0.9 Bar, or 1.0 Bar, or any combination
thereot. In somwe embodiments, subfor dioxide gas may be at 2 igh concentration 1o the gas
comprising sulfur diexide. For example, in some embodiments, a high concentration of sulfur

3

dioide gas ny comprise a concontration greater than Tvol, or Svolts, or Hhvol¥, ot
20volle, or 30vol%%, or 40vol¥, or SOvel¥, or 60vol¥, or Tihvol®, or Mol or S0velds, or
{0{voliw, or any corsbination thereof. For exsmaple, in some embodiments, ahigh
concentration of sulfur diowide gas may comprise a sulfur dioxide gas partial pressure greater
than 0.01 Bar, ov 0.03 Bar, or 0.1 Bar, or 8.2 Bar, or 0.3 Bay, or 0.4 Bar, or .3 Bar, or 0.6
Bar, or .7 Bar, or {1.8 Bar, or 0.9 Bar, or 1.} Bar, or 2.0 Bar, or 3.0 Bar, or 4.0 Bar, or 5.0

Bar, or any combination thereof.

j14223 In some embodimenis, the reaction of a gas comprising sultfur disside with a solid
or aguerus alkaline carth cation —acid anion salt may be conducted in a gas iguid contactor.
For example, the reaction of a gas comprising sudfur dioxide with an aqueous alkaline earth
cation — acid snion salt nay be conducted 0 2 gas-iquad contactor, which may mehude, but is
not Bmited to, one or mors or any conthination of the following: an absorption columa, ora
spray tower, or bubbie colunuy, or 8 static MIXEE, OF 4 MIIXCY, OF A SPRATELr, Of & memivane
contactor, or packed column, or a plate colum, or a dise cobmnn, or g colum, ora
precipitator, In some epbodiments, it may be desisable for the reaction of 3 gas comprising
sulfur dioxide with an aqueoss atkaline cacth cation — acid anion salf o be condeted n g
reactor configured to handle precipitate or solid formation. For example, in some
cmboduments, it may be desirable for the reaction of a gas comprising sudfiw dionide with an
aqueocus alkaling carth cation — acid anton salt 1o be condueted in 2 babbie colunm or a
spargen. In sonte embodiments, the formed alkaline earth sulfite, which ray comprise a solid,
nay settle or may otherwise be separated by a solid-Hiquid separation from the aqueous acid
solution. by some embodiments, the formed alkaline earth solfite may settle within the

reactor. o some cmbodiments, the formed alkaline varth sulfise may reowin suspended within
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the reactor and / or may be separated from the agueous acid sobution afler the mixture is
transferred from the reactor. In some embodiments, the reactor may comprise a batch, or
seni~bateh, or continuous, of any combination thereof operation or configuration. In some
satbodiments, the solid phase formation reaction may enable fast yeaction kinctics and 7 wr
high absorption or reaction eificiency du to, for example, the lack of accumudation of sulfur
dioxide or sulfie bon in the agqueous phase. In soroe awwbodiments, an aqueous calctum
geetate solution may be contacted with a gas comprise sulfar dioxade, which may result in the
formation of solid calchmn sulfite precipitate and an aqueowus solution comprising acetic acid.
The aqueoas acetic acid may be sepavated from the solid calchan suliite precipitaie by o

solid-Hauid separation,

{1423 In some embodiments, the reaction of sy alkalive sarth cation < xeid anion wlt
with sulfur dioxide may fonm an atkabing carth salfie and an acid, wherein said fonmed acid
nEAY pOSSess & vapor pressure, For example, the reaction of ealcium acetide with salfur
dioxide may form caloiam selfite and acobic acid, whorein acetic acid may possess a vapor
presswre. In soime embodinients, H may be desirable {o nunimize or provent losses of acid due

to release of acid vapor, or carryover or slip of acid vapor, or any combination thereof.

*  For example, in some embodiments, 1F a gas stream comprising selfie dioxude
comprises other gases or comprises ditute salfur dioside, acid vapor may be present
in the remmining gases shamg or after the rexction of sulfur disndide with an alkaline
earth actd and the formation of acid mnd alkaline carth sudfite. For example, 1 some
embodiments, as a dilute sulfur dioxide gas is contacted with an alkaling canth acid,
sulfur dipxide may react or absorb to form slkaline carth sulfite and / or an acid,
wheremn 4 porbion of the formed acid may evaporate as acid vapor or acd vapor
progsure inte the romaining gases, It some enthodbments, for example, Hawy be
desirable to design a sutfur dioxide absorption colunm or absotption provess to
contact a sohution coniprising atkaline cwrth actd with the gas fean in sulfur dioxide
and rich in actd vapor, For example, in some smbodiments, agueous solution
comprising alkaline carth acid enterdng an sbsorption provess, which may not have
substantially reacted with sudfur dioxide, may comprise hitls free acid or acid
wnreactad with alkaline carth or may congrise solution with the least, or noar lowest,
or lowest concentration or vapor pressare. For example, in sonwe embodiments, a
subfur dioxide absorption may be configuresd such that fivst, 2 gas rich in sulfir

dioxide and lean n acld vapor is contacted with & solution comprising alkaline earth
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acid to form alkaline carth sudfite and an ageeous solution conyprising an acid and a
gas lean in sulfor dioxide and rich i acid vapor, then, sccond, the gas fean i sulfur
dioxide and rich in acid vapor may be contacted with solution compuising atkaline
carth acid which s lean i aqueous acid or froe ackd, absorbing af least a portion of
the actd vapor and forming a solation comprising atkaline carth acid relatively rich
i agqueous aaid or free acid and a gas Tean iIn sulfir dioxide and lean n acid vapor,
For example, it some embodiments, an aqueous solution comprising alkaling earth
acid may be first contacted with 2 gas rich i actd vapor and lean m sulfor dioxide,
which may resalt in the absorption of acid vapor and the formation of a selution
comprising aqueous alkaling carth acid relatively rich i in dissolved acid or free
acid; thew, second, the agueoas alkalive carth acid relatively vich in absorbed acid or
free acid pray be contacted with @ gas rich in sulfor dioxide and lean in acid vapor to
forns alkaline carth sulfite and a sohetion conyprising aqueous acid. For oxample,
some embodinents may utilize the inheremtly low concentration of acid, or low acid
vapoy pressure, or any combination thereof of sowme solutions comprising alkaline
carth acid to absorh ackd vapor, In some embodiments, 1 nay be desirable to contact
gas comprising acid vapor and 7 or absorb acid vapor into a solution comprising
atkaline earth acid, for example, substantially before reacting the atkaline carth acid
with sulfur diexide betause, for example, the reaction of alkaline carth acid with
sulfir dioxide may produce acid or five acid and / or increase the solation’s acid
vapor presswve. For example, in some embodiments, an aqueouns solution comprising
calorun acetate may be first contacted with & gas comprising remaining gases and ¢
or acetic scid vapor, which may result n the formation of an agueous solution
comprising calohnm acetate with dissolved or absorbed acetie acid vapor and / ov a
KIS COMPrISING rAOMAIDING gases conywrising a lower concentration of acetic acid
vapor. For example, in some embodiments, the aqueous solution comprising calciom
acetate with dissolved or absorbed acetic ackd vapor may be then, second, comtacted
with @ gas comprising sulbur dioxide, which may vesult in the formation of calcium
sulfite and an aqueous solution comprising acetic acid. For example, in some
cnhodiments, the agquenus solytion comprising caloium may enter the progess at the
first step, then nwy be transferred info the second step, then may exit the process at

or after the sceond step. For example, in some embodinents, the gas may enter the
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process at the second step, then may be transforred inte the fivst step, thon may exit
the process at or after the fiesst step.

o For example, insome embodiments, a sulfur dioxide absorption process with
acid vapor recovery of removal may comprise an absorption colwmnn,
whergin a higher elevation portion of the colomm, or the “top portion’, may
comprise absorbing seid vapor into the nlkatine acid salt solution 1o form
alkaline acid salt solution with dissolved acid vapor, and then the lower
elevation portion of the column, or “bottom portion”, may comprise
absorbing or reacting selfr dioxide into the alkaline acid salt solution with
dissobved acid vapor transferred from the higher clevation portion of the
cotunm, For example, 1 some embodiments, & gas comprising selfir dioxide
may enter the ahsorption process i the bottom portion of the absorption
cohumn and /o the renmining gases after sulfur dioxide absorption may exit

the top portion of the absorption colwmn.

&

For exanple, in some embodiments, @ sulfur dioxide shsorption process with
acid vapor recovery may connprise at least two absoeption steps, comprising
a first absorption step and a second absorption step. The first absorption step
may be configured to shaorh acid vapor slip or carryover. The second
absomption step may be conpfigured to absord sulfur dioxide. An agqueous
sofution comprising an altkaling carth acid may enter the absorption process
in the first absorption step, then may be transferred to the seecond
absorption step, and then may exit the second absorption step as a solid
comprising an alkaline carth sulfite and an aqueons solution comprising an
achd. A gas comprising sulfur dioxide may enter the absorption process in the
second ahsorption step, then may be transferred into the frst absorption step,
and then may exit the fivst absorption step as a gas lean i selfur dioxide. In
the second absorption stop, 3 zas comprising salfur dioxide may be reacted
with an sgqueous solution comprising an alkaline carth soid and absorbed acid
vapar, whereln a solution comprising alkaline canth acid and absorbed acwd
vapor may cater the second absorption step and then exitas a solid
comprising alkaline carth sulfite and an agquenus solution comprising o scid;
aed £ or whereln a gas comprising sulfir dioxide may enter the second

absorption step and then exitas 3 gas comprising remaining gases and acid
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vapor. In some embodimenis, gas may onter the second ahsorplion step near
the bottom of the absorption siep and 7 or ligpdd or solation may enter the
second absorption step near the top of the absorption step. In the first
absorption step, 2 gas commprising remainmg gases and acid vapor may be
contacted with an agqueous selution comprising an alkaline carth acid,
wherein a solution comprising atkaline carth acid may enter the frst
abisorption step and exit as & sohution comprising an alkaline earth scid and
absorbed acid vapor; and 7 or wherein a gas comprising remaining gases and
actd yapor may enter the fifst absorption step and exitas a gas comprining
remaining gases with a lower concentration of acid vapor. In some
embodiments, gas nay enter the first absorption step near the bottom of the
absorption step and { or Hguid or soletion may enter the first absorption step
near the top of the absorption colunu. In some ombodiments, renaining
gases may conyprise unabsorbed gases, or gases remaining after absorption,
or gases exiting an absorplion process, oF gases exiting an adsorption
proeess, o any combination thercof
+  Forexample, in some embodiments, alkaling carth acid may be reacted with high
prossure, or igh pusity, or hgaid, or aqueoas, or solid, or any combination thereof
sulfur dioxide. For exanple, in some enthodiments, acid vapor release, or shp, or
production may be provented by craploving, for exanople, high pressure, or high
parity, ov lguid, or agueous, or solid, or any combination thereof sulfur diexide in
the reaction of alkahine earth acid with sulfar disxide. For example, in some
embodiments. by emiploying high pressure, o high purity, or liquid, or agueous, or
selid, or any combination thereof sulfur dioxide i the resction of alkalive earth acid
and sudfur dioxide, a lower proportion of acid vapor may evaporate or form. In some
embodiments, for example, a0 agueous solution comprising calolum acetate mav be
reacted with Hguid selfie dioxide, which may result in the formation of a solid
comprising calciom salfite and an agqueous solution comprising acetic acid and For
nunimal remaining gases, i any, into which a portion acetic acid may evaporate.
»  For exanple, in soane embodiments, acid vapar may be removed or furthsr removed
from a gas comprising acid vapor, or acid vapor slip, or acd vapor carryover, or any
combination thereof by, for example, contacting or reacting said gas with an alkali

bhydroxide, or atkab carbobate, altkall - wealo aard or a8 atkaline carth oxade, wr
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atkaline carth bydroxide, or alkaline carth carbonate, or alkaling carth - vweak acid,
or anwnonian hydroxide, or anunomum carbonate, or a bicarbonate, or an
smonium ~ weak aoid, or any combination thereof to form, for example, an alkali
acid, or alkaline carth — acid, or ammonnan - aoid, or any combination thereot In
some embodiments, alkali acid, or alkalme carth - aeid, or ammonium -~ acid, or any
combination thereof may be, for exmmple, added to a process, or a process deseribed
herem emploving atkali actd, or alkaline carth ~ acid, or ammonium - acid, or any
combination thereof

#  For gxample, n some cmbodiments, water produced or soursed without or with a
fow concentration of dissolved acid, or a low vapor pressure of acid, or a vapor
prassure of acid lower than the vapor prossure of actd in 4 gas, or any combination
thercol may be emaploved o absorb at least 8 portion of actd vapor from a gas. For
example, in some entbodiments, water added to the process as makeup waler, or 1o
makeup for water removed from the process in aqueous solutions exiting the
process, or waler added in the natwre of process operations, or any combination
thercof may be contacted with gas comprising acid vapor 1o remove or absorb at
last a portion of acid vapor,

»  For cxample, in some embodiments, u portion of ackd vapor may be recoverad or
ahsorbed by contacting remaining gases comprising acid vapor with a solvent with
which the actd vapor is soluble. Tn some embodiments, 1t may be desirable for the
solvent to enable or allow for the separation or regeneration of absorbed acd and ¢
or sobvent and ¢ or may crable or allow for the separation of the acid from the
solvent after absorption of the geid vapor into the solvent. In stine embodiments, the
solvent may corprise a Hoguid with g significantly lower vapor pressure, o
significantly lower vapor prossure of the acid, or lugher bushing point, or any
combination thereof than the scid, or remaining pases comprising soid vapor, ovany

combination thereof. For example, in sonie embodimaends, remaining gases

comprising acid vapor comprising acetic acid may be contacted with a solvent
comprising, mchuling, but not limited to, one or more or any combination thereofl a
glyeol, or glveol sther, or glveol polviner, or glveol ethor polymer, or an ester, or
any combination thereof. For example, in sone embodiments, H may be desirable
for the absorbed acid to be regenerated or desorbed from the solvent by heating, or

stripping, or steam stripping, or distillaticny, ot fractional distiflation. In somng
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embodiments, it may be desirable o absorb acid vapor into water. n some
cbodiments, it may be desirable o absorb acid vapor fnto a sobeent from which the
acid may be separated by extractive distillation; or azeotropic distillation,; or melt
separation, or presswre swing, or clectrical method, or other separation method
described herein, or a separation method n the agt. In some embodiments, i may be
destrable to absorb scid vapor into a solvent from which the seid may be separated
by a separation method described berein, or 4 separation method in the art, or any
combinagon thereof In some erbodiments, it may be desirable to absorb and
soncentraty the acid in the sobvent, whach may reswdt in a partially separated acid, or
a concentrated acid selution.

¢ For example, 0 some embodiments, actd vaper may be adsorbed to a sobid or
adsorbent with which the acid vapor has affinity. For exampde, 1 some
embodiments, acid vapor may be adsovbed to a solid or adsorbont with which the
sicid vapor has affindty and from which the adsorbed acid may be separated. For
exanye, m some embodiments, acid may be regenerated or separated from an
adsorbent by heat, or stripping. or steam stripping, or clectrical method, or pressure
swing, or any combination thereof,

»  For cxample, in some emboduments, soid vapor may be separated or recovered by
cryogenic separation, o vooling, or condensing, or absorbiag s a cooled solution, or

tiquetaction, or deposition, or any combination thereef

fld24] In some embodinients, a solid or agueous atkaline earth cation —~ avid anion salt
may be rescted with sn agueous selution comprising aquecus sulfur dioxide, or agueous
sutfarous actd, or any combination thereofl Ty some emboediments, the aquecus sulfur
dioxide, ur sguenus sulfirous acid, or any combination thereof may comprise a solution
comprising sulfur dioxide and water, with lower than 5wl other chemicals. In some
cmbodinent, the aqueous sulfir dioxide, or aqueocus sulfurous acid, or any combination
thereof may comprise a solution comprising sutfir dioxide and water, with greater than Swi%
other chemicals. In sone embodiments, the aguesus salfie dioxide, or aquenus sulfirous
acid, or ay combination thereof may comprise a solutton comprising aqueous sulfur dioxide
and another acid. For example, 1o some embodiments, the squeous sulfur dioxide, or aqueous
sudfarous acid, or auy combination thereof may further comprise acetic acid, In some
sbodiments, an agueous alkaling sarth cation —acid anion salt may be reagied with an

agueous sohation comprising adqueons sulfur dioxide, or agquecas sulforous acid, or any
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combination thoreof, which may result in the formation of an alkaling carth sulfite, which
may comprise a solid or solid precipitate, and an agueons acid. The alkaline carth salfite solid
may be separated from the aqueous acid in a solid-liquid separation. For example. a solution
comyprising caloian acetate may be reacted with an aqueous selution comprising sulfuy
doxide, which may result in the Raomation of solid calcium solfite and agueous aeotic acid.
The aiuecus avetic noid may be separated from the solid ealelum sultite by w solid-hiquid
separation. In some embodiments, the reactor may comprise & bateh, or semu-bateh, or
contintous, or any combmnation thereof operation or configuration. In some embodiments, the
acld pray need to be farther concentrated or water temoved 1o make up for, for exanple, any
water added or dilution of the acid during the reaction with aqueous sulfar dioxide. in some
crabodiveents, the acid fornted from the reaction, oF concentrating, orany combination

thereof may comprise an aqueous sohution, 4 solid, or a lquid, or any combination thereof.

[1425] in some emvbodiments, g solid of aqueous alkalie carth cation - acid andon salt
iy be reacted with Tiqued sulfor dioxide, or solid selfr dioxide, or superenitical sulfur

dioxide, or any combination thereof)

{14268]  In some cmbodiments, a solid or aqueons alkahine eanth cation - actd anton salt
maty be reacted with a solid or aqueous alkalt sulfite. In some embodiments, a solid or
agoeous alkaline earth cation — aoid anton salt mway be reacted with a solid or aquenus alkali
sulfite, which may result in the formation of an alkaline canth sulfite, which may comprise a
sohid, and an alkal cation - acid amion salt, which may comprise an agueous salt or dissolved
salt. In some embodinients, an agueous solution comprising alkali eation - acid anion saly
may be separated from the alkahine carth sulfite solid using, for example, a sofid-Tigund
separation. by some embodiments, the resction may comprise mixing an agueous solution
comprising an abkali salfite with an agueons sobtion comprising an alkaline carth cation —
acid aniom salt, which may result in fornung an alkaline carth sulfite prociptate. It nay be
desirable to conduct the reaction m 8 pEXINE rEACOY, 0 MIXGE, OF CONTHOES MIXSY, of
continoas stirred reacior, or any combination thereof because, for example, the reaction may
possess relatively fast reaction kinetics, The rate of solid formation, or the location of solid
formation, o1 the rate of production of reaction products, or any combination thereof may be

controlled due 1o, for example, the input reagents being at a biquid phase.

11427} in some embodiments, it may be desirable to react the solution comprising an

atkaline carth cation — zeid auion salt with a salt coraprising & sulfite. In some ombodiments,
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it may be desteable to react the solution comprining an atkaline carth cation - acid anton salt
with a salt comprising a sulfite beeause. for example, the absorption of sulfur diexide gas
may be conducted at a gas or liquid phase and £ or may be separate from a solid formation
step, which naay avoid challenges selated o solid handling i 3 gas absorbing envivonment, in
some embodisnents it may be desirable to react the solution conyrising an slkaline earth
gation - acid anion salt with a salt comprising o sulfite to enable fast renction kinetics and For
gasier ov more controlied solid-liguid separation and / or faster soliddiquid separation. In
some enthodiments, 2 solution comprising an alkaline swrth cation - acid anton salt may be
reacted with an alkali sulfite, which paay reselt in the formation of an alkaline earth sulfite
and an alkali acid. In some embodiments, the alkaline carth sulfite which forms may

comprise a solid,

11428] 1o some ombodiments, v examyple, an aquenus calemt aoetate solutiom may be
nuxed with anaqueous sodinm sulfite soletion, or sohd sodium sulfite, or any combination
thereof, which may result in the fonmation of aqueoes sodiam acetate and solid calciam
sulfite. Soine smbodiments may mvelve employing 3 cation or base which formgs sohdble salts
with the sulfite and / or the acid. For example, some embodiments may emiploy ammonia or
anunomun, In some cimbodinents, for example, an aqueous calehwn acctate sohition way be
mixed with anagacous ammonien sulfite solution, or solid ammeaum sulfite, or any
combmation thereof, which may vesult in the formation of solution comprising agucous

ammontum acetate and a solid comprising caletwn sulfite.

1424 In some embodinments, an alkahng carth sulfite may be thermally decounposed or
thermally converted. In some cimbodiments, an alkaline canth sulfite may be thenmally
decomposed in an alkaline carth oxide and sulfir dioxide gas. For example, in some
embodiments, caloiarn salfite mav be thermally decomposed tnto calctom oxade and sulfur
thoxide gas. For example, v some embodmients, oalcium sulfite moay, mn the mesence of
srther ryw nux matenials, be thormally comverted o chinker or comens. The thermal
conversion or decomposition of an alkaline earth sulfite nwy be conducted in, for example, a
catemer or kiln, It may be desirable for the thermal conversion ar decomposition to be
comnducted in 2 low oxXygen environment, or 10 be conducted at a desirable tomperature range,

of any combination thereof.

11430} In some embodiments, alkaline carth sulfite may be wet, or comprise hvdrated

alkaline earth sulfite, or any conbination thoreof. In some swbodiments, 3t may be desivable
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to dey, or de-wet, or dehvdrate, or any combination thereof the alkaline carth selfite. For
example, In some cobodiments, alkaline carth oxade, which may be produced by the process,
may be enmploved as a desiceant to indivectly dry or remove water from the alkaline canh
sulfite and /7 or produce alkaline carth hydroxide. For example, bt some enbodiments, a gas,
such as an tnert gas or mifrogen gas, may be civculsied between contacting the atkaline cavth
sulfite and the alkaline carth oxide, wherein, far example, water vapor and / or hext may be
transferved From the alkaling earth sulfite to the alkabine earth oxade. In some embodiments,
vesidoa! heat from the alkaline earth oxide and 7 or clivker may be emploved to facilitate the
drying of the alkaline arth sulfite. In some embodiments, waste heat may be employed
facilitate the drving of the alkaline carth sulfite. In some embodiments, heat from the reaction
of alkaline carth oxide and water 1o form atkaline carth hydroxide may be Ssraploved fo
facilitate the drving of the atkaline carth sulfite. In some enbodbments, a kiln, or heater, or
preheater, or any combination thergof, which may be desived to facilitate the debydration of
atkaline corth sulfite or the Bberation of water from alkaline earth sulfite, may be emploved to
drv or dehvdrate the alkaline carth sulfite. In some embodiments, 2 beat pump may be
cmploved o facilitate the dryving of an alkaline carth sulfite. In some embodiments, it may be
desivable @ dry the atkaline carth sulfite in a fow oxygen cuvironment, 1o, for example,
prevent or infubit the oxidation of alkaline earth sulfie, or the formation of alkaline carth
subtate, or any combination thercofl In some cmbodiments, the temperature of heat required
for dohydrating an atkaline carth sulfite ray be substantially lower than the temperaturs of
heat required to thernully decompose an alkaline earth sulfite into an alkaline carth oxide snd
sutfir dioxide. It way be desirable to employ potentially lower cost sources of heat or ensrgy
o dry and 7 or debvdrate alkaline carth sulfite. For example, it may be desirable to cmploy a
heat pump, or waste heat, or solar heat, or recovered hewt, or any combination thereof as a

heat source or encrgy source for the thenoal decomposition of an alkaline ewrth sulfite.

11431} In some embodiments, alkaline carth oxide may be reacted with water or water
vapor to produce an atkaline carth hydroxade. For example, in some embodiments, the
reaction of alkaling cacth exide with water may prodece an alkaline sarth hvdroxade
suspension, or milk of fame, or milk of magnesia, or an alkaling carth hvdroxide solid, or an
agueous dissolved alkaline earth hydroxide or any combination thereof. In some
embodinents, the veaction of atkaline carth oxide with water ray prodhece heat and ¢ or said
heat may be wtilized or emaploved productively, which may include, but is not limited to,

cimHoying satd beat in drving, or delyydration, or preheatimg, ot heating, of any combination
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thereotf. In some smbodiments, alkaline carth oxide or alkaling carth hydroxide may be
reacted with carhon dioxide to produce calohun carbonate, or precipitated calchan carbonate,
or high punity calcium carbonate, or any combination thereof. In some embodiments, atkaline
sarth oxide or alkalive carth hydroxide may be reacted with carbon dioxide to capture or
remove carbon dioxide from one or pxwe or any combimation of gay sources, which may
include, but is not Hmited 1o, one or niove of any comnbination of the following: aiy, or

combustion fhe gases, or other gas described hevetn, or other gas compriging cathon dioxide

{1432} I some cmbodiments, alkaline carth, or alkaline carth sulfite, or atkaline carth
oxide, or any combination thereof may be in the presence of or may be mixed with other raw
mix materials to prodice coment, or chinker, or agy combimation thereotl In some
satbodiments, the slkaline carth sulfiic may be thenmally decomposed mte a solid comprising
atkatine carth oxide and then the alkaline carth oxide may be mixed with other raw mix
praterialy and sintered in a cement kiln to prodace chinker or coment. In some embodiments,
the atkaline carth selfite may be thermally decomposed and ¢ of sintered in @ mixtuwee with or
inn the presence of other raw mix materials fo produce cement, or clinker, ov any cominnation
thereof. Raw mix materials nway vary depending on, for example, including, but not honted
t0, GIIC OF More or any combination of the following: the desired properties of the coment or
shinker, or the availahie materials, or the comyposition of 1opul alkaline carth nwserials, or the

composition of wnput atkaline carth — weak ackd materials.

[1433] In some ombodiments, alkaling carth sulfite may be thermally decomposed or
thernally converted, In some embodiments, alkalme earth sulfite may be thermally
decomposed o a matorial comprising an alkaline carth oxide and 2 gas comprismyg sulfir
dioxide. In some embodiments, the thermal decomposition or thermal conversion may he
vonducied ina kiln, or a-caleingr, or any combination thereof. In some smbodiments, the kiln
or valctner may conprise & multstage kiln or caleiner. For example, i some embodinents,
the kiln or caleiner may include a prebeating 7 precooling stage, a caleining stage, and a
precoating  preheating stage. For example, in some embodiments, the kiln or caleiner may
nchide a preheating 7 preconting stage, a caleining stage, a sintering stage, and a precooding /
preheating stage. Tn some cmbodiments, the kils or calciner may be powered or heated by
one of more or any combination of enerpy sowrces, which include, but are not limited to, one
ot more or any combination of the following: beat, or electrivity, or combuation of fuels. In
some ambodiments, the thermal reaction of alkaling carth sulfite to alkaline carth oxide way

be sensitive t (e conditions. Bt may be desirable to adjust or optinnize conditions o, for
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example, facilttate formation of alkaline carth oxide and sulfir dioxide and / or prevent the
formation of alkaling garth sulfate, or alkaline carth sullide, or salfin. For example,
conditions mayv mclude, but are not Himited o, one oy move orany combination of the
following: femperature, or pressurs, or residence fme, of gas composition, or heat carrving
zas composition, or heat carrying gas flow characteristicy, or emploving indiveet heating, o
employ direct heating, or heat transfer method, or gas partial pressures, or particle size, ov
nerbulence. In some embodiments, #may be desirable {o reduce ov minimize exposure fo
dissolved oxygen, or oxveen gas or distontic oxygen, or any combination thereof, to, for
example, inhibit the formation of alkaline carth sulfate. In some embodiments, i may be
desirable to decompose m a carbon dioxide rich atmosphere or gas phase. In somg
arnbodivaents, it ay be desirable 1o cmploy 8 recireulating carrier gas, Ta some
smbodiments, it may be desirable 1o employ a recireulating carviey gas, which may comprise
an inert gas, or carbon dioxide, or nitrogen, or any combination thereot. In some
embodiments, 1t may be desirable to reduce or nunimize the concentration of carbon
monoxide. In sone embodiments, it may be desirable 1o employ combustion gases or flug
gases as a heat tansfer or heat carrying medium. In stnne embodiments, i may be desirable
w employ fudirect heating. In stme cimbodiments, i may be desirable to heat the walls of a
kiln or caleiner to facthitate the heating or decomposition of the alkaline earth sulfiie. In some
crabodiments, i may be desicable to cmploy sulfor dioxide as a recrcplating carrier gas. In
some cmbodiments, the kiln or caleiner configuration may tnchude, but is not Hinited to, ong
or more of any combination of the following: rotaning kiln, or vertical shaft kilo, or flave kiln,
or draw kiln, or shaft kiln, or Counter~current shaft kifn, or Regenerative kiln, or Amnular
kilns, or a pyroprocessing deviee. In some embodiments, kilus or calciners may eraplou
clectrostatic precipitators, or bag filters, or other emissions control device to, for exmople,
separate or renwree potential air pollutants and 7 or gas contmminents. 1t may be desivable for
the kiln, or caleiner, or overall process, or any combination thereot to employ one or more or
a vombination of heat recovery, o hoat transfier, or heat exchange, or any conhination

thergof to optimize energy efficiency and performance,

[1434] In some embodiments, sulfr dioxide may be produced from the decomposition of
atkaling carth sulfite. In some enibodimerts, at least a portion of the sulfir dioxide vy he
absorbed 1oto an agqueous sohution. In some embodiments, af least & povtion of the sulfer
dioade may be absorbed into water. In some embodiments, at Jeast a portion of the sulfar

tioxide may be absorbed mto a solution compeising an atkalive carth — anid, which may
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result in the formation of an alkaline carth selfite and 7 or anacid. In some envbodiments, at
feast a portion of the alkaline carth salfite may precipitate during or after the reaction of the
sulfur dioxide with the alkaline carth ~ acid. In some embodiments, at least a portion of the
sultur dioxide may be absorbed mito a solation comprising an alkali - acid, which may result
in the formation of an alkali sulfitec and / or an acid, In some embodiments, the alkalt sulfite
yay remain at an aqueons phase in the absorption devier or absorption colunmt. Tn some
embodiments, at least a portion of the alkali selfite may previpitate during or after the
reaction of the sulfur dioxide with the atkali ~ acid. In some embodiments, at leasta portion
of the atkali selfitc may be separaed from the scid during or after the reacnon of the selfin
dioxide with the alkali — agid. i some embodiments, at least a portion of the sohution
compristng alkali salfite may be concentrated or evaporated or codled or heated or treated,
which may resulting in the precipitation or crystallization of at least & portion of afkali sulfite.
I sonte entbodiments, the sulfur dioxide nwy comprise a gas conyprising sulfur dioxide. In
some embediments, the sulfur dioxade may comprise a relatively dilute concentration of
sulfir dhoxide i o gas comprising subfur dioxide. In some embodimoents, #may be desirable
for the process to react or absorb the sulfin dioxide to be capable of recovering sulfur dioxide
from a relatively low or dilute concontration of seltyr dioxide, In some embodinients, 4 may
be desirable for the gases other than sulfir dioxide to comprise relatively inert gases. For
example, selur dioxide may react with a salt, or an alkaline carth - acid salt, or alkali -~ acid
sult, v any combination theveot in the presencs of an inert gas. For exaraple, in some
embodiments, an nert gas may comprise a relatively non-resctive gas, such as distonie
strogen or argon, For example, tn some ebodiments, af cortain copconiraions or in some
mstances, diatomic oxygen may be considered a relatively tnert gas due to, for example, its
refatively low solubility in water compared to sulfin dioxide. In some embodiments, carbon
dioxide may be an inert gas beeause, for example, sulfur dioxide may resct with an athaline
carth — seid salf, or an alkab - acid salt, or any combination thereof in the presenve of carbon
dioxide, or bocause carbonic actd may be a weaker acid than the “acid’, or soy combination
thereof, For example, an agueous solution of caleium acetate contacted with a gas comprising
sulfir dioxide and carbon dioxide may react fo form calchmn sulfite and 7 o the cavbon
dioxide gas may rematn substantially sewreacted dae to, for example, carbenic acid
comprising a weaker acid than acetic acid and { or due to the relatively low sotubitity of
cwbon dioxide compared 1o sulfur dioxide. Fov example, an aquecus solution of sodiwn

acetate contacted with a gas comprising salfur dioxide and carbon dionide may react to fonm
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sodiom sudfite and £ or the carbon dioxide gas may remain substantiadhy wreacted due to, for
example, carbonic acid comprising 8 weaker acid than acetic actd and { or dae to the
refatively tow solubility of carbon dioxide eompared o sulfin dioxide. It 1s important to note,
however, that i some cabodiments, sulfir trioxide or sutfurie acid may be present in the gas
comprizsing salfur dioxide, wheretn sudfur trioxide or sudfuric acid may comprise reactive

wases and / or mwiay not be inert,

[1435] In some enthodiments, g solution comprising an atkali seid salt may be contacted
with or reacted with a gas or liguid comprising sulfer dioxide. o some embodinments, a gas
comprising sulfur dicxids may be sbsorbed w3 solution comprising alkak acid salt. 1n some
embodiments, @ sohutton comprising an alkali scid salt may be comtacted with sulfur dioxide
w a gas-hqeid contactor, which may mclade, bat 15 not hngted to, one or more or auy
combination of the following: an absorption calumn, or a bubhie colunm, or a mixer, ar g
pronthrane contactor, or sy combination thereof, In some erubodiments, & may be desirable
for the reaction of sulfur dipxide with an alkall acid salt to forn an alkali sulfite snd an aad
to resudt i products which mostly at an agqueous phase of hquid phase within the reactor. For
example, an atkali acid salt solution comprising sodium acetate may be reacted with a gas
comprising sulfur dioxide, which rany resultin the formation of sodiun suifite and acetic
acid. Sodiwn sulfiic may be solubie in water and ¢ or form at an squonus phase. In some
embodiments, 1t may be desirahle for the atkalt sulfite 1o remain at least a portion at an
aqueous phase in the absorber or reactor. In some embodiments, i roay be desirable fir g
portion of the alkali selfite to precipitate in the absorber or reactor. In some embodiments, &
may be desivable for the alkali salfite to romam at an agqueous phase in the absorber o
regetor, then erystabized or precipitated in a subsequent separation of the alkali sulfite and the
acid. Tn some embodiments, it may be desirable for the alkali sulfite to remain at au aqueous
phase {n some cmbodiments, alkali acid may be reacted with agueous salfur dioxide or
subfurous acid. In some enrhodiments, if the alkali acid may reacted with & solution
comprising aqueous sudfur dioxide, exeess water or aqueous acid removal or recovery may he
required,

[1436]  In some ombodiments, an adqueous solution connprising alkak sulfite and s acid
may be separated into alkaldi subfite sohid, water, and @y acid. In some embodiments, an
aqueons solution comprising alkali selfite and an acid may be separated into atkaly sulfite
solid and an aqueous acid. Ta some embodiments, as aqueocss soletion comprising atkali

sulfite and an acid may be scparated into alkali sulfite solid, water, and an acid, which may
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comprise a Hauid acid, or solid acid, or agquepus acid, or any combination thereofl in some
cmbodiments, an agueous soludion comprising alkall selfite and an acid may be separated ligo
alkali sulfiie solid, and anaqueous acid. For cxample, an aqueons solution comprising
sodian seifite and acetic acid may be separated tto sodium salfite solid and agucous acetic
acid, or gasgoas acctic acid, or water vapor, or any combination thereof, For example, in
some embodiments, an aqueous dkall salfite may be separated from an agueous acid by
evaporation and £ or erystallization and ¢ or precipitation. In some enrbodiments, the acid may
be more sohible in water than the alkali seifite. In some embodiments, the acid may possess a
vapor pressure and ¢ of make be ovaporated or distilled For example, acetie acid may posacsa
greater spiubility in water than sodium sulfite. For example, water and / ov acetic acid may be
evaporated from a solution comprising sodiom selfue and acetic acid, and /or sodinm sulfie
may crystathze or precipitate, while acetic acid may remain at an aqueous phase, ovata
Hquid phase, or may vaporize or evaporate, of may vaporize or evaporate simultancous to
witter, o any combimation therenf. Sodiurn sulfite solid may be separated from the hiquid by
sobid-liguid separation, which may include, but is not lhmited 1o, one or wiore or any
combination of the following: a filfer, ora decanter, of a seitler, or a gravity based separation
methad, or a centrifuge, or 3 pross, or a belt press or 3 rotary filier, For exanple, agetic acid
may possess & lower melting point temiperature than sodinm sulfite. For example, water may
be evaporated from a soletion comprising sodim suliite and acetic acid, and / or sodien
sulfite may crystallize o precipitate, while acetic acid may exist at a liquid phase. In some
embodinents, the solutton may be preconcentrated by an energy efficient ywater separation
method, then concentrated or ervstalized using an evaporator overvstallizer. For exonple, the
solution may be preconcentrated or concentrated wing cacrgy officient methods, which may
include, but are not limited to, one or more or any combingtion of the following: Reverse
Osmosts, or Napofiliration, or Forward Osmosis, or Membrane Based Process, or Multistage
Flagh Disuillation, or Mudti-Effect Distillation, or Mechamcal Vapor Compression
Distillation, or Electrodialvsis Reversal, or Electrodialysis, or Mombrane Distillation, o
Evaporator, or Crystallizer, or Falling-Film Evaporator, ov other separation miethods
doscribed herein, or separation methods i the art. In some embodinments, a concentrated
solution comprising sodinm sutfite and / or acetic scid may be separated by evapirating water
ansl £ or erystallizing or precipitating sodium sulfite solid In soroe crobodiments, the solution
comprising ag alkall sulfite and an acid may be sefficiently concentrated for encrpy efficiont

s in an evaporator or erystallizer. In some emmbodiments, it may be desirable to employ
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enerpy officient orystallizers, such as crvstallizors with heat recovery. For example, enorgy
efficient evaporators or crystathizers may inchade, but are not Himited o, one or more o any
combination of the following: falling filbm evaporators, or heat recovery evaporators, or
mechaical vapor compression distillation, or mechanical vapor comprussion svaporator, or

digtitlation, or forced-circalation crystallizer,

[1437] In some embodiments, 4 solution comprising atkali sulfite and an scid may be at
least partially sepavated by roverse osmosis (RO), or nanofiltration (NF), or any combination
thereof. For example, acetic acid way be at least partially separated from sodinn sulfite vsing
RO or NF due to, for example, the hydration radius of sodiurn sulfite being greater than the
hydration radius of acetic acid, which miay enable acetic acid to permeate the membrane,
while sodium sulfite may reman ot a0 agqeeous phase. I some ermbodiments, the permeate
niay coraprise acetic actd, which sy be recirculated. In some etnbodiments, the concenirate
npray comprise a solution comprising sodram sulfite and acetic aeid. [n some exmbodiments,
the concentrate comprising sodiwm sulfite and acetic acid may be recireulated within the
process. For example, i some embodiments, the concentrate comprising sodiam sutfite and
acetic acid may be mixed with the feed solution comprising a solution comprising sodium
sulfite and acetic acid before feeding the solution into the RO, or NF, or any combination
thoreof. In some enbodimaents, the concontrate comprising sodium sulfite and avetic acid may
be further concentrated and ¢ or the sodiuny sulfite way be separated, or precipitated, or
erystalized by an evaporator or erystalizer. In sonte embodiments, sodhan sulfite may be at
least partially separated or concentrated from the concentrate comprising sodivan sulfiie and
acetic acid by clectrodialysis or clectrodialysis reversal, In some cmbadiments, the
concertrate comprising sodiura sulfite and scetic acid may be firther concentrated by
concentrating or preconcentrating processes, which may inclade, but are not Bnuited to, one or
morg or any combination of the following: Forward Osmosis, or Maltistage Flagh
Distillation, or Multt-Effect Distillation, or Mechamical Vapor Compression Dastillation, or
Electrodialysis Reversal, or Eleetrodialvsis, or Membrane Distillation. In some embodiments,
a concentrated soligion comprising sodivm selfite and / or acetic acid may be separated by

evaporating water and { or erystallizing or precipitating sodium salfite solid.

[1438]  In some cmbodiments, a solution comprising alkall sulfite and an adid may be at

teast partially separsted by electrodiabysis (ED), or electrodialysis reversal {EDRY, or any
vombination thereof, For exanple, sodiomn swifite may be at least partially separatod using

EDY or EDR. For example, sodium sulfite niay be at least partially separatediusing EDY or EDR
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dug o, for example, the sodivm sulfite comprising charged tons of sodicm cation and selffic
anion. It some embodiments, the permeais may compriss acetic actd, which may be
recireutated. In some embodiments, the concentrate may comprise a solution comprising
sodigm salfite and / or acetic acid. I some emboduments, the conventrate comprising soditan
sudfite and ¢ or acetic acid may be recirenlated within the process. For example, in some
embodinments, the concentrate compristng sodiunt salfite and / or acetic awid may be mixed
with the feed solution comprising a solution comprising sodium sulfite and acetic acid before
feeding the solution Into the ED, or BDR, or any combination thereof. In some embodiments,
the concentrate comprising sodiem sulfite and 7 or acetic avid may be farther concentrated
and ¢ or the sedium sulfite may be separated, or precipitated, or crystalized by an evaporator
orervstatlizer. Insome embodients, the concentrate comprising sodvam subfite and /ot
acetic acid may be further concentrated by concentrating or proconcentraling Processes,
which may include, but sre not Hmited to, one or more or any combination of the following:
Forwaed Osmosis, or Multistage Flash Disullation, or Malti-Effeet Distillation, or
Mechamical Vapor Compression Dhstilation, or Electrodialysis Reversal, or Electrodialysis,
or Membrane Distiflatint. In scane embodiments, a concentrated sohution connprismyg sodiwm
sulfite and / o acetic acid mayv he separated by cvaporating water and ¢ or orystallizing or
precipitating sodin sulfite solid.

11439]  In somce cmbodiments, slkeli sulfite, or water, or acid, o any combination thereof
may be separated. For example, in some embodiments, alkali sulfite may be separated as a
solid, or at least a portion of water may be separated as a liguid, or vapor, or solid, or any
combination thereof andfor actd may be scparated as avapor, or Haaid, or solid, or agueous
solution, or any combination thereof. For example, in some embodiments, sodivan sulfite may
be separated as a solid, or water may be separated as s lguid, or vaper, or solid, or any
vonthination thereof andior acetic acid may be separated as a higuid, or solid, or agueous
solution, or vapor, or any combination thereof. ln some catbodiments, separated water may
be mixed with alkali sulfite 1o form an agucous solution comprising an alkali sulfite. In some
embodiments, separated water may be mixed with an acid to produce an agueous acid
solution. In some embodiments, separated water may be mixed with an acid & produce an
agueous acid solution with a sefficiently low concerdration aquenus acid, which may be
desivable to ensare the alkaline carth — acid, which may form 2 reaction between acid and
alkabine carth — weak acid salt, is at least partially soluble 1o the squecus solution or the

atkaline earth - acid can dissolve vt the solution. For examiple, a sufficiently low
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concenivation of agueous acid may comprise, for example, including, bt not limited to,
fower than one or more or any comthination of the following: ROwths aqueous acid, or 70wt
agueous acid, or 60w aqueous acid, or 50wt agueous acid, or 40wt aqueous acid; or
0wt aqueons acid, or 20wi% aqueous acid, or 10e% agueous acid. For example, b some
snihodiments, I the actd is acctic acid and the alkaline carth — weak acid s caloiom acotale, i
may be desirable for the concentration of acetic actd, or the residence time of the reaction, or
hoth to enable the dissolution of & least a portion of formed caloum seetate. For exaniple,
the solability of caleium acetate in water may be 30y per 100g HeD or about 1.6 moles per
hiter selution, which, with a stoichiometrie ratio of 1 calchan | 2 soctate, may mean a
sufficient acetic ackd concentration may comprise 3.2 moles per Biter solution. In some
cribodiveents, it nay be desivable 1o provide acid o the reaction 1o stoichiometiic exeess to
the avatlable alkaline carth. For examiple, # niay be desivable to provide seid to the reaction in
strichiomenic excess to the available alkaline carth to enable faster reaction kinetcs, In some
embodiments, 1tmay be desivable to optintize the concentration of aqueous acid to ensure the
alkaline~carth acid and 7 or alkali acid is soluble in the solation, however mibninuze the exoess
water or excess dilution beyond the exoess water reqpuured to ensure sohdnlity or suitable rate
of dissolution of the altkaline-carth acid and / or alkali acid to, for expmaple, optinuze ot
minimize energy required 1o evaporaie and J or orvstalize alkali sulfite and / or separate at
feast s portion of alkali sulfite, or water, ov acid, or any combination thereof. In some
embodiments, excess witer may be removed, or solid, or utitized, or any combination thereof,
In some embodiments, water fosses may ocowr and ¢ or miake up water may be added, In some
embodiments, it may be desirable to optinuze the actd concentration to ensure the
concentration is i a destrable range or s appropriste for electrodiatysis separation of atkalt

sulfite and acid in later process steps,

[1440] in some embodinwats, some acids, sueh as sonme carboxylic acids, may have a
haotling point near the botling point of water and / or may form azeotropes with water, In
some embodiments, “water’ may comprise an agucous acid solution, or aqueous carboxylic
acid sohetion, or any combination thereot. In some embodaments, the “water” or liqund
formed from the condensation of vapor from distiflation, or evaporation, or erystatlization, or
any combination thereof may comprise an agqueous carboxrylic acid solution. For example,
forane acid nay form an azcotrope with water, or propanoic acid may form an azeotrope with
water, or batyrie acid may form an azcotrope with water, or 1so-butyric acid may form an

azeotrope with wager, ov auy combination thereof. Fot exanple, acctiv acid may be zeotropie
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with water, however acetic acid may have & boiling point elose to the botling point of water,
which may mean vapor or distitlate from a solution conyprising water and acctic acid may

comprise substantal proportions of both water vapor and acetie acid vapor,

{1441 1 somic cbodiments, an atkali sulfite may be sepasated from an acid, or wats,
o ity combination thereof In sonte cmbodimeids, the atkali sulfie may be separated by
gvaporation, ov ervstallization, or any combination thereot. For example, an agueous sohtion
comprising sodhun sulfite and scetic acid may be separated by evaporation and / ov
crystallization, which may sesudt in the formation of a vapor phase or condensate Haguid
comprising acetic acid and water or aqueous acetic acid and /o 1 solid comprising sodiuny

sulfite. Sodium salfite may be separated by sohid-ligeid separation.

1314421  in somie cmibodiments, higher purity water or acid may be desived, ov water or acid
of purity greater than can be achieved by evaporation or bothing or fractonal distillation may
be desired, or any combination thereof. For example, if igher purity water or acid s desdred,
techmgues or mothods for separating water and acid may be emploved. I higher purity water
or avetic acid is desired, fecimigues ov micthods for separating water and carboxylic acid may
beemploved. For example, technigques or methods for separating lquids or solutions with
sinilar boiling polits, azeotropes, or any combination thereof may comprise, meluding, but
ot Taited to, one or more or any combination theveof: extractive distillation, or azeotropie
chistifation, or Hqud-hiquid exmaction, or fractions] crystallization, or fractional melt
crvstallization, or saliing oul, or methods for sepavating acetic acid in the an, or methods for
soparating carboxylic scids in the ant, or methods for separating carboxylic acids frmn water
i the att, or any comabination theresd, For example, acetic aoid may be separated fron water
by extractive liquid-liquid extraction, or distllation, or gzeotropic distillation, or any
vomthination thereof by enmploving au entrainer or extractant comprising, for example, sthyl
acctate or Metlyl tert-butyl cther (MTBE). For example, in some embodiments, water niay be
separsted fromn othl acctate, or MYBE, oo both by mixing with or dissolving an alkali salfite,
or alkall sultate, or alkali carbonate, ov sodivem sulfite, or sodiam sulfate, or sodium
carbonate, or potasstum sulfite, or potassium sulfate, or potassium carbonate, or alkaling carth
salt, or anv combination therzof, which may salt out at keast a portion of the ethyd acetate, or
MTBE. For example, a portion of some carhoxyhe acids may be “salted-out” from solution by
the dissolution of or addition of an alkali sulfate, or alkab sulfite, or alkali salt, or alkaline~
varth salt, or anunordum salt, or alkaline earth salt, or salt, or any combination thereof into an

agueous solution comprising carboxylic acid.
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(1443} In some embodiments, a selution comprising alkalt sulfite and acid may be at least
partiatly separated. In some cmbodiments, at loast a portion of the concentrating or sepatation
of alkali sulfite and 7 or acid may be conducted using, for example, 3 membrane-based
mrocess, an clectrochentical process, or any combination thereof, Insome smbodiments, a
portion of an acid may be separated from an alkali sulfite by clectrodiabysis. For example, g
solution coniprising sodivm salfite and acetic acid may be separated into a separate solution
comprising sodhun sulfite and a separate sohstion comprising scetic acid using
electrodiadysis: For example, in some embodinents, a feed selution comprising an alkali
sulfite and an acid may be separated nte 3 concentrate solation comprising a greater
coneentration of atkali sulfite than the feed solution and a pormeats or diluvate sohwtion
comprising the ackd, For exarople, i some ombodiments, a feed solution comprising sodium
sulfite and acetic acid may be separated into & concentrate solition comprising a greater
conesntration of sodivm sulfite than the feed solution and & permeate or diluate solution
comprising acetic acid. In some embodinients, the concentrate selution miy conyrise a
povtion of acid. Tn some embodiments, the pevmeats or dituate solution way comprise 8

portion of alkali sulfite.

«  In some embodiments, an ageeous solution comprising afkali sulfite and acid may be
st feast partially separasted or concentrated using reverse osimosis, or nanofiltration,
or forward osmosis, o any combingtiont thereofl For example, in some
embodipients, an agqueous solution comprising sodivm sulfite and acetie acid may be
at least partially separated of concentrated using reverse osmosis, or nanedilivation,
or foraard osmwosis, or any cumbination thercof. For example, in some
enbodiments, 8 feed solution comprising an agueous solution comprising sodivm
subfite and acetic acid may be wansforned o a concentrate sohution comprising
sodium salite 5t 2 higher concenteatiom than i the ford solution and acetic acid, and
¢ or a pormeate solution comprising acetic acid, I some cmbodiments, some aoids
may permeate a semi-penmeable membrane or may have a lower rejection rate while
the alkali sulfite may be rejected by the semi-permeabls membrane or may have a
higher rejection rate, becayse, for exanple, some ackds may possess a smaller
hydration radius thao the disselved ionie salt comprising alkall sulfite. by some
embuodiments, the concentrate conywising sodiam solfite and acetic acid may be
distifled, or evaporated, or any combination thercof and /7 or sodivm selfite may be

precipitated or erystallized. Precipitated or orystallized sodivm sulfite may be
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separated by, for example, & solid-liquid separation. Concentrating the sodium
salfite using & membrane-based provess may reduce the quantity of water or acetic
acid removal required using more encrgy Intensive methods, such as methods
empliving gas-liguid phase transitions. I some embodiments, the concentrate
comprising sedinm salfite and acetic acid may be mixed with feed sototion before oy
while feed solution is concentrated or separated using the membrane based process,
and / or the combined sohstion of concentrate comyprising sodivm sulfite and acete
acid and feed soletion comprising sodiam saifite and scetic acid may comprise the
feed sohtion entering the membrane based separafion, In some enibodbments, the
permeate comprising acetic acid may be transforred to the reaction with atkaline
earth - weak acid. In sove embodinents, the pormeate comprising agueons adeues
acid may be mixed with distillate comprising agueous acetic acid before, or while
being trmsforred to, or during, or any combination thereof the reaction with atkaline
eurth — woak acid.

»  In some embodintents, an agueous solotion comprising alkali sulfite and acid miay be
at lenst partially separated or congentrated using electrodinlysis, clectrodialysis
reversal, or any commbination thereof. For example, in some embodiments, s
agueous sohstion comprising sodivm sulfite and acetic acid may be at least pactially
separated or concontratud using electrodialvsis, electrodialysis roversal, or suy
combination thereof, For example, w some smbodiments, a foed solution conypwising
aqueows sodiwm sulfite and acetic acid may be tansferred into an electrodialysis or
electrodialysis reversal process, wherels the feed solution may be separated into a
concentrte solution comprising sodiun sulfite and a diluate solution comprising
acetic acid. In some embodiments, the aaid, which may comiprise scetic avid, may
comprise mostly encharged agueous species, while the alkali sulfite, wiuch may
comprise sodizan sulfite, may compnise maostly charged tonic agusous speeies. For
example, inoan ED or EDR process, the charged speeies may be transferred tnto the
coneentrate solution, while uncharged speefes may renain i the dilvate solotion. In
sonie enrbodiments, i may be desirable for the feed sohstion to comprise an alkali
sulfite concentration which may be low, or low relative to the alkalt sulfite sali's
solubility Hmit, or desivable concentration of electrodinbysis, or any combination
thercof to, for example, reduce or optimize energy consumption of the

cleetrodiaiysis system, or o enable proper fimetion of the cleotrodialysis svstem, or
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any combination thercofl In some embodiments, 1 may be desirable for the
conceontration of atkall sudfite in the foed sohstion o be lower thaw, for example,
100g per kg of water, or 150g per kg of water, or 200y per kg of water, or 250¢ per
kg of water, or any combination thercof, For example, a concentration desirable for
clectrodialysis, or a low concentration, or any combination thereof may comprise
fower than of equal to o concentration of, inchuding, but not Hmited to, one or more
o any combination of the follewing: Sg per kg of water, or H0g per kg of water, or
23 g per kg of water, o She per kg of water, or T3¢ per kg of water, or 100g per kg
of water, or 130g por kg of water, or 200g per kg of water, or 250g per kg of water,
or any combination thereof.

& b osome embodiments, the concentrate sohstion comprising aquesus alkali
sulfite may be reacted with an alkaline carth hydroxide, which may result in
the formmaton of an aquecus selution comprising atkali bydroxide and solid
comprising alkaline carth sulfite. For exaraple, in some embodiments,
concentrate solution comprising aqueous sodiv sulbfite may be reacted with
calennn hydroxide, which naay result in the formation of an agueous solution
comprismyg sodimm hydroxide and solid comprising calcium sulfite. In some
embodiments, it may be desirable to further concentrate the agueous solution
comprising stkali hvdroxide, For example, the agueous sohution comprising
alkali hydroxide may be concerdrated using, mehuding, but not tamited to,
one of more o any combination thereof: MV disullation, or MSF
distithation, or MED distillation, or other an evaperator, or a crystallizer, ov
another separation method described herein, or another concenirating method
desoribed herein, or a separation method deseribed in the art, o any
combination thereof. In some einbodinients, 1t may be desirable to orystalliee
the alkali hydvoxide or prodece alkalt hvdroxide solid. In some
embodiments, it may be destrable to prodece an alkali hydroxide sohstion, or
a concentrated allah hydroxide solution, or any combination thereof. In
some grobodiments, it may be desirable to further react the atkali hydroxide
sohution, with, for example, carbon dioxide, to produce atkali carbonate or
alkali bicarbonate. In some embodiments, some dissolved alkaline earth
sulfite may be prosent in the alkalt hydroxide or aqueous solution comprising

alkalt hydroxade. In some embodiments, 3t may be desirable to separate or
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romove af least a portion of said dissolved alkaline earth salfite. For
gxaimple, in some embodiments, a portion of dissobved alhaling garth sulfite
may precipitate dunng forther concentrating of the atkali hydroxide and / or
ey be separated using a solid-Tiquid separation. For example, i the alkaline
carth sulfite comprises magnesium sulfite, the sohstion comprising agueous
alkali iydroxide may comprise sonie aqueous magneshun sulfite because

magnesiwn sulfite may oxhibit some solability in water,

2 Insonwe embodiments, the diluate solution comprising acid may be
tranaferred o o emploved i the reaction of the acid with alkaline earth —
weak acid. For example, a diluate comprising aqueouns acetic apid may he
transterred fo and / or reacted with alkabive carth — weak acid.

[1444] I some ebodiments, st Teast a portion of alkali sulfite, ov sodium salfite or

potasstum sulfite may be separated from at least a portion of carboxyhie acid, such ag acetic
gcid. For example, in some embodiments, a sohdtion compnising sodivm sulfite and
carboxvlic acid may be tranaferred into a reverse osmosis system as 3 foed solution, forming
a permeate comprising carboxylic aoid and a retentate comprising sodium sulfite and
carboxyhie acid. Tn some embaodiments, the molecular weltght or Tivdration radius of the
carbosvlic acwid may be sufficiently small to cnable peemeation of at least a portion of'the
agueous catboxylic acid through the semi-permeable membrane, while at least a portion of
the agueous sodiam sulfite may be rejected by the mambrane. In some embodiments, the
permeate may comprise carboxylic acid and £ or may comprise the carbonylic aeid in the
reaction of calcium carbonate or magneshan carbonate or atkaling carth carbonate or alkaline
carth weak acid and an ackd, such as g carboxylic rond. In some embodiments, the concentrate
ot retentate may comprise a solation comprising agueoas sodiun sulfife and carboxylic acid,
snd ¢ or said sodian sulfite may be ar a greater concentration than the concenteation of
sodiun suifitc in the feed sohution. In some abodiments, said concontrate or retentate may
comprise the sodiunt sulfite i the reaction of sodium sulfite or potassium salfite or atkali
sulfite and calcium carboxylate, or magnesiwm carboxylate, or alkaling sarth acid, or any
combination thereof In soume embodiments, the reaction of alkali sulfile and alkaline carth
curboxylate miny successtully form resction produrts conmprising atkaline earth solfite and
alkal carboxylate 1n the presence of agueous carboxyhic acid, or even if carboxylic acid s

present in the reagent comprising alkalt sulfite or aqueous atkal sulfite.
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[1445]  Some embodiments may conymise a CO: capturg or COx separation progess. For

example, in some embodiments:

[14486] {1} Carbon dioxide, or carbonate, or bicarhonate, or carbamate, or any
combination thercof may be reacted with an alkalive carth oxide or alkaline carth hyvdroxide,
such a5 magnestum or calchan, 1o form, for oxample, 2 solid comprising an alkaling carth
carbonate. In some embodiments, said reacted carbon dioxide, or carbonate, or bicarbonate,
or carbamate, or any combination thereof nuay comprise for example, including, but not
himited to, ong or more or any combination of the following: flue gas, or a gas comprising
CQx from an wmissions source, or 3 gas comprising CO: fron a paint sowrce, o CO: from the
air, O air, or ocean, or body of water, or a carbonated absorption sohution, or an athali

carbonate from a COx removal system or air caphure system.

11447} {2y Alkaling earth carbouate frony ° 1 miay be reacted with an acid, such as g
cathoxylic acid, to form, for example, an alkaline carth cation - acid anfon solution, such as
an alkaline carth carboxylate or agueoss caloham acetate or magneshum scetate, and a gas
comprising cvbon dioxide. Said gas comprising carbon dioade may conprise a high

pressure and ¢ o Jugh purity COh gag stream, which may comprise capived 0,

[1448]  (JoptionA) A soluticnr conywising aqueous atkaline carth carboxylate may be
reacted with sulfor dioxide to form, for example, an alkaline carth sulfite. Tn some
emboduments, at least a portion of said alkaline carth sulfite may comprise a solid or 3 solid
precipitate. o soine cbodiments, said sulfie dioside may conprise a gas comprising sulfls
dimxide from the deoompaosition of alkaline canh sulfitc into alkaline earth oxide and sulfur

dioxide, such as from "7,

11449} {Joption B} A sulution comprising aquecus alkaline carth carboxylate may be
reacted with an alkall sulfite w form, for example, an alkaline earth sulfite and an atkali
carboxylate, b some embodiments, at least a portion of said alkaling carth sulfite may
comprise a solid or a solid precipitate, by some embodiments, at least a portion of said alkalt

cirboxylate may comprise a biquid or an agueows solution comprising alkali carboxylate,

f1438] {43 & Liguid, such as a Hquid comprising a solution comprising aqueows alkalt
varboxviste or agueous carboxyiic seid, and a solid, such as o solid comprising an alkaline
carth sudfite, may be sepavated using, for example, a solid-houid separation method. For
example, i from SoptionA, then separated agueous carboxyhic neid may be transferred to °2°

and the solid comprising atkaline carth sulfite may be transferved w0 *77. For example, if from
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JoptionB, then the sohution comprising aqueous atkali carboxylate may be transforred to

“SoptionB” and the solid comprising alkabine carth salfite may be wansforred w0 70

[1454 {SeptionB) A solution comprising aquecus alkall carboxnyvlate may be reacted with
a gas conymising sulfiy dioxide o form, for example, at least 3 portion of 3 solution

cormymising aquemus alkalt sulfite and carboxylic acid,

[14524 {GuptionB} At least a portion of an aqueous solation comprising aqueoas alkali
sulfite and carhoxylic acid may be separated ingo an agueous solation or solid comprising
alkali sulfite and an aqueous solution comprising carboxylic avid. Systems and methods fiw
separating at feast a portion of alkali sulfite from at least a portion of carboxylic acid may be
deseribed i1 more detail elsewhere berein, At feast a portion of said separated alkali sulfie
miay be transferved to 3opticnB” and at least a portion of said separated sclution comprising

gqueoys carbesylic acid may be transferred 10 'Y,

[1453] {7y An alkaline carth suliite may be docomposed into an alkabive earth oxide and
sultur dioxide. Said atkaline carth oxide may be further reacted with water to form, for
oxample, atkabine carth hvdroxide. In some embodinents, said alkaline carth oxide or
alkaline carth hydroxide may be transferred to°27 and 7 or suid sulfor dioxide may be

transferred to 3optiond” ar SoptienR®

{14544 Note: In some embodiments, i may be desirable to cmploy magnesiom tna Cx
caphure embodiment, due to, for example, the fower cnergy consumption and / or tempevatire
required to decompose magnesium sulfite mio magnestum oxide and sulfur dioxide,

compared to, for example, calchan,

[1488]  Systems arnd Methods for Decpupling vr Distributing CO: Absorption or

Adsorption, CO; desorption or displacement andfor use, and Regeneration of Reagents

[1456]  In some applications, the timing of availability of COs, or the rate of production of
COn, or the rate of capturing CO3, or any combination thereod niay ditfer from the timing of
demang for C0:, or the rate of consamption of CGx or any combination thereof and / or may
differ from the rate or capacity which reagents can be regenerated to capture b, In some
applications, the thming and / or rate of the production of COr or the absorption of TU0», or the
demand or need fior COy, or the regeneration of reagents, or any combination thereof may not
match. In some applications, the CQ» emissions spurces requiring CO: capture may be
dispersed or inconsistent or intermitient. In some applications, the demand for CQz o

applications consuming CO: may be dispersed, or mconsistont, or imermittent, or mobile, or
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space constrained, or any combination thereofl In some embodinments, the diswibuted, or
dispersed, or inconsistent, or tormitient, or mobile, or space constratned, or any
combination theveot of 2 CO: sowrce, or €0 user, or any combination thereof may make co~

locating the provess for regenersting of COx capture reagents with the COr: source or Uk

demand cost prohibitive, or imefficient, or arduous.

»  For example, CO: omissions soarces o CO soarces may by dispersed, or
mconsistent, or ntormitiont, or mobile, or i space lmited suvironments, of any
combination thereof, which may include, hut are not Himited fo, oue or maore or any
comsbination of the folfowing: flave gas, or upstream ol & gas production, or electric
gonerator, or midstream ol & gas production, or downstream oil & gas production,
or rgsidential heating system, or combustion fired heating or hot waker system, or
commcroial heating svstent, or kitchen, or cooking, o indesttial cooking, or
commercial kitchon, or residentind kitchen, or fireplace, or peaker power plant, or
divsel penerator, or backup gengrator, or defling rig, or combustion enging powered
oif well jack, or oil drilling svstems, or Tocomotive, of frain, o offshore vessel, or
refinery flare, or refinery flare gas, or associated gas, or acid gas rich natural gas, or
sour gas, or abandoned oil well, or vehicle emissions, or wedical facility, or dry e,
or water treatment, o sewgrage treatment, or landfill gas, or waste incineration, or
respiration, or indoor alr, or air, o gas processing, or LPG gas processing, or LNG,
or oftshore o1l & gas production, or mobile generator, or methods for artificial it of
oil & gas, or mobile heater, of construction cquipment, of mining cquipment, or
roasting, or drving, or melting, or boiling, or cooling, or CO: emissions souwrce ina
remote focation, or €Ok enussions scurce on s ishnd, or an island power plant, or a
remote power plaat, or a remote refinery, o 3 remote ranufacturing site, or a
ranote waste ncinerator, ot a remote comunercial butlding, or a remote mdustrl
site.

«  For example, C0: demand or cousempiion may be dispersed, ov ineonsistent, or
tndernttent, or mobile, or 1w space lhnited enviromments, or in regulated
cuvirsEnents, of any combimation thereof which may include, but are not funited to,
one or more or any combination of the following: enhanced oit recovery, or
greenhouses, or U0 entiched photosynthesis, or mosquito magnet, or ingert
attractant, or Clh sequestration, or €01 conversion o salts, or U0 convarsion

into chemicals, or CO: conversion into fuels, or beverage cashonation, or beverage
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prodaction, or beer prodaction, or carbonate production, or bicarbonate progduction,
or wrea production, or nitrogenous compound production, o dry ice, or medical
application, or biological application, or rescarch application, or laboratory
appdication, or industrial gas application, or fire retarding application, or fire
suppression apphication. or CQOr sequestration, or acidifving water, or acidifying

materinds o chenmicals,

1145877  Some embodiments may pertain to distributed or decoupled COx absorption or
adsorption, COz desorption or displacement audfor use, and regengration of reagents to, for
cxample, enable cost effective and officient CO: caprare, or CO: wiilization or stovage, or Ty

captare repgent reg eneration.

[1458]  CO; Abserption or CO: Adsorption: For example, in sonic embodiments, Cs
may be gbsorbed from an envissions source, or air, or any combination thereof into a solid or
solution which may react with or absorb COr with fast reaction kinetics, which miay taclode,
bat are not Emited to, one or more or any combination of the following: sediem hydroxide
agquecus solution, or a calchan hydroxide suspension, or milk of Hime, o mitk of mngneshum,
or caleim oxide solid, or calenm hydvoxide solid, or sadium hydroxide solid, or alkali
solution, or alkalt hydroxide solution, or alkaline earth solid, or alkali solid, or alkaling carth
suspansion, or alkaline carth solution, or alkaline carth hydroxide solution. Fast reaction
kinetics oray be destred w0 enable, for example, relatively compadt, or mobile or inexpensive
absorpuon or adsorption eguipment. In some embodiments, low CAPEX, or small land
footpring, or any combination theteof may he desired i the uiilization rate of the CO:
absorptiom o adsorphion equipment 5 relatively low, or if the COr absotprion or adsorption
equipment is freguently vansporied, or if the €D absorption or adsorption uptake or rate is
slow, or any combination thereof. In some embodiments, solubions of sespensions may react
with CO1 to form a carbon dioxide derivative salt, such as o carbonate, or carbamate, or
hicarbonaty, or scsquicarbonate, or sy combination therpof, which may form a CQu-rich
precipitate, which may be separated by a solid-liquid separation method, or by settling, or any
combination thereat. The COqx-rich precipitate may be stored, or transported, or any
conmbination thereot. In some embodiments, sofutions of suspensions may mact with CO: to
form a carbon Gloxide dorbvative salt, such as a carbonate, or carbamate, of bicarbomate, or
sesquicarbonate, or any combination thereof, which may comprise & COzrich sohstion, The
Cih-rich solution way be stored, or transporied, o any combingtion thercof! In some

gmbodiments, solids may réact with CO: 1o form a carbon diodde derivative salt, suchoasa
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carbome, or carbamate, or bicarbonate, or sesquicarbonate, or any combination theveof,
which may congrise a C0q-rich solid. The COr-rich solid may be storgd, or transported, or

any combination thereof,

11459 For oxample, some embodiments mav comprise a eomtainerized sysiem or method,
For example, in some embodinients, a container storing a COx-lean concentrated sofution or
suspension comprising, inchudmg, but ot nuted to, hydroxide solution, or hydroxide
suspension, or sodiwm bydroxide solution, or milk of lime, or milk of ngnesia, or any
combination thereof, pray be transpotted to and § or located &t 3 sowree of carbon dioxide. A
eas comprising earbon dioxide niay be transforred into the container and absorbed intea
COn-lean concentrated solution or saspension to form g COrrich salt solid, or solution, or
any combingtion theveof. The containerized system or method may be designed to absorb
carbon dioxide mud £ ot storye the resulting COrerich salt within the container. In some
embodiments, when the desired amount of OO shsorbed as & proportion of total potential
COz absorption capacity is reached, or when the absorbent or adsorbent in the contaiver is
fally or desirably *CO:-Rich’, or any combination thereof, the UO»-Rich container may be
swapped with a comtainer comprising CQu~lean concentrated solution or suspension. The
*CQe-Rich™ container may be stored or trmsported 1o an application requirmg CO: or an
application with demand for CO4, or other chemical within the container, or any combination
thereof. Tn some embodiments, the “CO-Rich’ container may be stored or stacked vath other
contatners. In some embodiments, the *CO=Ricl’ container may be transported using, for

example, a vehicle, to an application requining Tlh,

[1468]  In somc embodiments, COx-Rich solid may form and / or may scitle at the bottom
of the container, while, above the CO:-Rich solid muy privaarily comprise lquid. In some
embodiments, lquid may be romoved or drained from the contamer. For xanple., hauid may
be renoved or dramed fronn the container to, for example, including, but not hnited 1o, ong
o more or any connbination of the following: reduce transportation weight, or provide space
for geid to be added, or provide space for CObx-lean solution or suspension o be added, or
provide space for hydroxide solution or suspension to be added, or any combunation thereof.
n some cmbodiments, removed Hauid may be, for example, employed as agriculiural water,
or may be comployed in industriad use, or may e drained 1o a sowerage or wastowater systeny,

or any combination thereof.
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f1det} In sope embodiments, the contaimer may comyprise a refatively simple and ¢ or
transportable destgn. For example, in some embodiments, the container may comprise a
cyhndrical or tank with an inler port for gas, a port for liquid or suspension or fhaid, an outlet
port for gas, and an internal gas disperser oo sparger or distributer. In some embodiments, the
container may be transportable by truck, ur trailer, or train, or any conbination thereof, In
some embodiments, the container may comprise a skid mounted or comnected gas blower or
gas comprassor 1o, for example, feed COrrich gag into the container. It may be destrable for
the container 10 be positioned vertically doning COh absorption. 1t may be destrable for the
contamer fo be designed 1o handle pressures, which may mclude, but are not bimited to,
greater than or equal 1o | Bar, or 2 Bar, or 3 Bar, or 4 Bar, or § Bay, or 7 bar, or 10 Bar, or 13
Bar, or 15 Bar, or 17 Bar, or 20 Bar, or any combination thereof o, for example, enable the
prodaction of high pressure carbon dioxide when emploved in CO: desorption or production,
or o, for example, cnable absevption of CO: from high pressure gas stremms, or any
combination thereof. It may be desirable for the container to be mobile or transportable. For
example, the container may be skad mownted. B may be desirable for the containgr tobe

madulay on stackable, or anv combination thercof,

{13462  Storage and / or Transportation of COx-Rich Solid or Solution: In some
cothodiments, it may be desirable to store the COu-Rich solid or solution on ov neay the st of
the €Oz absorption or absorption, or w an intermediate storage location, or at or near the
application or use of COy, or myy combination thereof.

f1463] 1 is truportant to note that in some embodiments, i may be casier, or loss
exponsive, or any combination thereof to store carhom dioxide i the fm of a C0x-Rich
solid, or solution, or ay combination thereof than 1t is to store carbon dioxide as a
compressed gascous carhon dioxade, or as liguid carbon dioxide, or as supereriticad carbon
dioxide, or as solid carbon dioxide. For exanpie, i desived, ealciun carbonate sobid may be
stewved i piles, or by warehouses, OF In Oper Mt space, Oof it NEPreSSUre resistnt containers,
or any combination thereof. I an application requives a significant wnownt of carbon dioxide,
or requires a large carbon dioxide storage requirenient, it mav be lower cost or casier 1o store
carbon digwade in the form of a CO:-Rich sohid, or soluticn, or any combination thereof than
to store carbon dioxide as a compressed gaseous carbon dioxide, or as biguid carbon dioxide,
ot as supereritical carbon dioxide, or as sobid carbon dloxide. Some embodiments of the

presernit invention may ¢nable gencration of high quality or high partial pressure carbon

171



WO 2023/225089 PCT/US2023/022544

divaxide from CO-Rich solid, or solution, or any combination thereof, which may be stored,

without requiving divect heqt inpat or an onsite heat source to genesate the carbon dioxide.

[1464] For sxample, in some embodiments, a source of COh may have a relatively low
rate of CO: production. CO= may be absotbed o adsorbed from the soures of CO: and the
resalting produced COx=Rich solid or splution vy stored. When the acommidaied C0:-Righ
sohid or solution is of a sufficient quantty to be economically or desivably transported, at
least & portion of the CO-Rich solid or solution may be transported o another storage

facility, or to an application reguiring carbon dioxide, or any combination thereof.

j1463] For example, some embodiments may comprise a containerized systen, For
example, insome cmbodiments, a CO-Rich container may be wminstalled and the U0-Lean
container may be mstalled. A CO:-Rich container may be stored, or stacked, or trausported,
For example, a COx-Rich container may be transporied to an application requiving CQs or
with demand for U0, In some embodiments, the container may be stored at the €Oz
absorption location, or at an mtermediate sife, or af the OOk prodaction or demand location,

or any carnbiation Herent

f1466] In some embodinents, a portion of Hqwd may be drained from the containerized

system to provide space or volume for the and or acid solution o be sdded.

[1467] in some estbodiments, the contaimerized system may be similar to mobile
compressed or liquificd gas waks. For oxample, LPG tanks, or propane tanks, or butane

tanks, or conpressed gas tanks, or liquid nitrogen tanks, or any cornbination thereof nmy be

swapped, or refilled, or transported, or stored, or any combination thereof,
[1468]  Degorption oy Displacement or Production or Use or Conversion or

Sequestration of CO::

[1469]  In some embodiments, COx-Rich solid, or suspension, ov solution, or any
combination theven! may be fransforred o an applcstion with demand fir CO: T some
coibodiments, a CO»Rich solid, or suspension, or solution, or any combination thercof may
be mined and / or mined onsite and 7 or ransperted and ¢ or may melude, bt 18 sot lmited o,
QUE OF IOTS or any combination of the following: calcium carbounate or magneshum
carbonate, or calclwr-nagnesium carhonate, or Hmestone, or dolomite, or sodivnm carbonate,
or sodium bicarbonate, or Nahcolite. In some embodiments, a COx-Rich solid, or suspension,
or solution, or apy combination thereof may be maned and / or mined onstic and S or

transported to an application with demand for CQu. In some embodimoents, a COx-Rich solid,
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or suspension, or sofation, or any combination thercof may be fron a CQr absorption

process, which mav be in ¢ different focation or in the same location as the OO denand.

(14763 In some embodiments, COx-Rich solid, or suspension, or solution, or any
combination thereof may be reacted with an-acid to produce earbon dioxide gas. In some
embodinionts, sald acid may possess stronger acid strength than carbonic acid and / or weaker
acid strength than sulfwrous acid and / or sqoal acid strength o sulfirous scid. Bomay be
desirable for said acid to be non-volatile, or non-toxic, or inexpensive, or abundant, or
envirommentally friendly, or have a regoneration pathway, or be regenerable, or any
combination therent. In some embodiments, it may be desirable for the reaction of the 0
Rich solid, or suspension, or solution, or any combination thereof with the acid to result in
the formation of o high pressure gus comprising carbon dioxide which may inclade; batis not
fimuted o, 2 pactial pressure of carbon divxade greater than, or cqual to, one or more or any
combination of the following: T Baw, or 2 Bar, or 3 Bar, or 4 Bar, or 5 Bar, or 7 bar, or 10

Bar, or 13 Bar, or 15 Bar, or 17 Bar, or 20 Bar.

[1471 In sonwe embodiments, 1t sy be desirable to optinuize, oy mintmize, or prevent, o
reduce, or ntlt, or any combination thereof the concentration or presence of acid vapor b the
prodact carhon dioside. In some embodiments, the acld may possess a vapor pressare, For
example, including, but not linited 1o, some carboxyhie acids, or formic acid, or acetic acid,
or propanoic avid, or gy combination thereof may possess o vapor pressure sad £ or some

vapor may evaporate mio the carbon dioxide,

o For example, in some embodiments, the configuration or design of the reactor for
the reaction of acid and the TOx-Rich sobid, or suspension, or solution, or any
conthmation thereof may prevent of reduce the presence of acid vapor m produt
carhon dioxide. For example, in some embodinients, the reactor may be configured
such that COz-Rich solid, or suspension, or solution, or any combination thereot
mray be contacted with produced CGz comprising acid vapor to remove a portion of
acid vapor before, for example, COx-Rich solid, of suspeusion, ov solution, or any
combination therend is comtacted with the butk of the actd. For exanple, in some
embodiments, an dgueous solution comprising sodium carbonate or sodimm
bicarbonate may be contacted with produced CO» comprising aceti soid vapor,
which may resull in the formation of produced CO: connprising a significantly lower

concentration of acid vapor dae 1o, the reactor ov absorption of acetic acid vapor,
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and then the agueous sohuion comprising sodiom carbonate or sodivm hcarbonate
may be contacted with or reacted an agecous solution comyprising acetic acid. In
some embodiments, for example, the reactor oy comprise at least two stages. The
first reactor stage may conypwise reacting acid with the COs-Rich solid, or
suspension, or solution, or any combination thereof with some salt of the acid, which
may soureed fionn or transferred from the second reactor stage, to produce a CO»
Lean solid, or suspension, or selution, or ay combination thereof, which may
comprise a salt of the geid, and carbon dioxide gas comprising acid vapor. The
sceond reactor stage may comprise reacting or contacting the carbon dioxide gas
comprising acid vapor from the first reactor stage with CO2-Rich solid, or
suspension, or sohution, or any cornbination thereof Gansforred into the first reactor
from, forexample. outside the reactor, which raay result in the formation of the
COx-Rich solid, or suspousion, or solution, or any combingtion thereof with some
salt of the avid and CO: gas with o sigmificantly lower concentration of acid vapor.
fn some embodiments, carbon dioxide gas may be prodeced in the first reactor stage
and may ke transferred fo the second reactor stage 1o be serubbed of at feast a
portion of acid vapor before, o exanple, being ransforred out of the reactor. Ty
transferred oot of the resctor may comprise product C0:, or may undergo finther
frentment o compression before comprising production €O:, or any combination
therend, Tn some embodiments, COx-Rich solid, or suspension, or sohution, or any
combination thereof may enter the reactor i the second reactor stage and may be
transforred to the frst reactor stage to be reacted with acid to produce carbon
dioxide, snd ¢ or may exit the second reactor stage as €0:-Lean solid, or suspension,
or solution, or any cimbination thereod, which may comprise a salt of the acid. In
sone entbodiments, for example, the first reactor stage may comprise a pro-
absorber, or presteactor, o presserabber, while the second reactor stage may
Comprise & mixer, o reactor, o any combination thereof. In some embodiments, the
first reactor stage may comprise a separate vessel comprising an absorption colupin
or hubble cohunn, and the sccond reactor stage may comprise a separate vessel
compyising 8 miking resctor. In some cmbpdiments, the first reactor stage awd
second reactor stage yaay comprise the sime vessel. In some embodiments, the first
reactor stage and sevond reacior stage may comprise an integrated vessel wherein

the first reactor stage may be located at the top portion of the vessel or at a Bigher
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(1472

clevation position in the vessel and 7 or the second reactor stage may be located at
the bottom portion of the vessel or at a lower clovation position in the vessel and 7 or
Liquid solution travels from the top of the vessel to the bottom of the vessel and / or
formed gases travel from the bottom of the vessel to the top of the vessel.

For example, in some embodiments, 1 may be destrable to cmploy an acid withowt a
vapor pressure, of without an actd vapor phase, or with a low vapor pressure, or sy
combination thereot in the reaction of acid and the CO»-Rick solid, or suspension, of
solution, or any combination thereof, o, for example, prevent or redoce the presence
of acid vapor i the product carbon dioxide. For example, in some ermbodiments, the
acid may comprise oitrie acid, or ascorbie acid, or plventic acid, or maleie acid, or
any combination thereof

For exarople, in sonte embodiends, it may be destrable to contact the produced
carbon dioxide with a carhonate, or bicarbonate, or carbon dioxide derrvative, or any
combination thersof salt, or an squecus solution comprising a carbonate, of
bicarbonate, or carbon dioxide derteative, or any combination thercof salt, or any
combination thereof to, for example, serab or remove acid vapor from the produced
carbon dioxide. For example, acid vapor may react with the carbomate, or
bivarbonate, or carban doxide derivative, or any connbination therend salt, which
may remeve at least a portion of acid vapor, or increase COq yield, or improve Cr

purity, or any contbination thereof.

In some embodinients, the producting ot high pressure and ¢ or high quality

cavbon divnade hy reacting a COx-Rich sobid, or suspension, or solution, o any cunbination

thereof with an acid, which may be a regenerable, may:

®

Reduse or climinate the need for extensive pipelings to transport carhos dioxide
from a carbon dioxide source to an application requiving carbon dioxde. €O
pipelines can be ponerally expensive and dificudt to pernnit. The significant cost and
development timeline of a OOz pipehine may be unjustificd fir distributed or

dispersed sources of COu, oy distributed or dispersed applications for OOy, or

temporary sourees of CO:, or temporary applications for COu, or any combination
thereof,

Reduee of elininate the need for sxpensive and energy Intensive thermal desorption,
ot thermal regeneration, or corpression, or any combination thercof equipment 10

produce high pressure and / of ugh quality OO at or newr apphication requiring CO.
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Thermal desorption of COx may reqeive complox, expensive equipment which may
reguire lavge scate to be coonemically justifiable. The significant cost ad
development timeling of thermal desorption maay he yyustified for distributed or
dispersed sources of COq, or distributed or dispersed applications for COq, or
femporary soarces of COy, o temporary applications for CO, o any combination
theveof. Addinonally, thermal desorption generally produces lower pressure, or high
teynperature, or high water vapor concentration, or any combingtion thereof carbon
dioxide gas, which may reguire sigmificantly cooling, or treatment, or compression,
of any combination thereof before the carbon dioxide may be used in many
apphications. Additionally, thermal desorption may reguire a continuous supply of
heat or other energy to power theraal desorption which may be exponsiveor
anavailable insome locattons. Additionally, the rate of CO: production from thermal
desorpiion may be Umited by available heat supply and / or gas compression and
treatment rates and / or heut transfer rates,

*  Provide high rate of CO: production, or adjustable rate of €Oz production, or
adjustable pressure of CO: production, or any combination theveof if desived.

s Provide g reliable sapply of carbon dioxide, a¢ a primary sowuree of carbon diexide,
or ax a backup sowrce of carbon dioxide, or any combination thereof, CQz shortages
may be relastvely commen snd 7 or it may be desirable for processes which consume
or use carbon dioxide to have a rehiable supply of carbon dioxide.

»  Provide a sourcs of cathon dioxide to applications with significant Hluctuations n
pressure o temperature. Some embodiments may enable the stovage of carbon
dioxide at a solid phase while at, for example, high temperatures, or low pressures,
or fluctuating temperaturss, or fluctaating prossures, or any combination thereof, For
exanple, storing carbon dioxide as pure gaseous CO2, of Haald COy, ar solid CO0:,
or supereritical T, or other phase of CO0» may be vulnerable to significant changes
in pressure and / or temperature, and [ or miay require expensive vessels and
equupment for storage mnd transport and 7 or may prosent a safety hazard,

«  Enable large scale, low cost stowage of carbon dioxide. For example, some
embodiments herein niay enable the storage of stymificant quantities of carbon
dieside at a solid state tn regular anabient pressure wr tonperature congditions,
desired. For exangple, some embodinents may invelve stoving carbon dioxade as

inchuding, buy not Himited to, caleiuny carbonate or magnesium carbonate, o
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calcium-magnesian carbopate, ov Himestone, or dolomity, or sodivm carbonate, oy
sodiam bicarbonate, or Naheolite, or any combination thereof, which may be stored
in significantly lower cost containers or storage methods than compressed o
hguificd carbon dioxide. Some embodiments may cnable the storage of sigmificant
quantitics of carbon dionide to provent or alleviate carbon dionide shortages.

s Enable lower cost tramsport or logistics for carbon dioxide.

1314734 In some embodiments, # may be desivable for the acid to form a salt which is
soluble. In sone embodiments, it may be desirable the reaction of a COx-Rich sofid, or
suspension, or solution, or any combination thereof with an acid may result in the formation
of a soluble-salt, or a sohution comprising a soluble salt, or amye combination thercef, For
example, UOr-rich salt may comprise calaiam carbonate and the acid added may comprise
acetic achd, the resulting salt may comprise caleium geetate, which may be significantly more
water soluble than caleium carbonate. For example, {Oxvich salt may comprise sodium
rarhonate and the actd added may comprise acetic acid, and £ or the reselting salt may
comprise soditm acetate, which may be significantly morg water solublde than sodium
carbonate. For example, 1t may be desivable for the formed salt to be sohuble ov dissobved to
enable the resubting COxlean salt to be pumpable, or removable, or transferrable before or

during, for exanmyple, regeneration of reagents.

[1474]  In some embodiments, the scid may be stored on or near the site of the application
with C01 demand. In some embodiments, the acid may be wansforred or transporied to the
site of the application with CO: demand: Tn some embodiments, the actd may be ransferred
by track, or tanker truck, or rasl, or pipehine, or shap, or any combination thereof. In sonwe
cinbodiments, the acid may compriss a solid, or hguid, or aqueons sotation, or solition, or
organic solution, or nonaqucous solution, of any combination thercod. In sume cmbodinents,
the acid yaay be stoved separately froan or non-contiguously separiely from the COx-Rich
salt to, for exanple, provent untimely or undestred reaction of the COx-Rich salt with the
acid.

11478} Smne cimbodiments may comprise 8 containerized system, For example, in some
embodiments, a containor comprising a CO»-Rich solid, or suspension, or solution, or any
combination thiveot may be transported t, ot stored, or located near the applicaton with
demand for carhen dioxide, Acid may be mixed with the CO»-Rich container, or mixed with

the COzrich solid, or suspension, or solution, or any combination thereof from the container,
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or any combination thereef, which may result in the formation of carbon dioxide and /v a
COx-loan, actd rich salt sohution. In some pmbodimonts, # may be desirable for containers
comprising COk-lean, acid rich salt solation o be transported {o a rogeneration process. In
some cmvbodiments, € may be desirable to pump owt CO-lean, said nich salt from containers
comprising Ce-fean, acid vich salt solution, transporting or taasforring the Ch-lean, acid
rich salt solution o a regeneration step, and fransferring the empty container to the ¢
ahsorption step, o 1o a COx-lean hydroxide sohation filhing station, or any combination

thereof
[1476] Sterage and / or Transportation of COh-Lean, Acid-Rich Salid or Solution:

131477 in some embodiments, # may be desirable to store the U0:-Lean, Acid-Rich Solid
s Solution on or near the site of the CO: production, ov in an intermediate storage lovation,
ar st or near the apphcation or use of COq, or at or near a COx-Lean absorbent or adsarbent
regeneration system of method, o at or pear an acid regeneration system oy method, or any

combination thereof,

f1478] For example, in some embodiments, an apphication with demand for COrmay
have relatively low rate of COz demand, or an meonsistent lovel of COh démand, or any
gontnnation thereof CO: may be produced and the resulting produced CO2-Lean, Acid-Rich
Sohd or Selution may stored. When the sconmalated COr-Lean, Acid-Rich Solid or Solonon
fsof a sufficient quantity to be econvmically or destrably transported, at least a portion of the
COr-Loan, Actd-Rich Solid or Sohstion may be traasported o a storage factlity, or o an
application requiring COp-Lean, Actd-Rich Soiid or Solution, or 8 CO:-Lean absorhent or
adsorbent repencration systom or method, or an acid regencration system or nmethod, or to a

regeneration system of method, or any combination thereof)

11479 For example, some embodiments nwy comprise a containerized system. For
example, in some embodiments, o C0-Lean, Acid-Rich contamer may be uninstalied and the
CO-Rich container may be installed. A Clh-Lean, Acid-Rich container may be stored, o
stacked, or ransported. For example, a COx-Lean, Acid-Rich contamer may be wanspaorted io
a storage facility, or to an application requiring COxLean, Actd-Rich Sohd or Solution, ot a
{ih-Lean ahsorbent or adsorbent rogeneration system or method, or an acid regencration

system or methad, or to a rogeneration systom o method, or any combination thereof.

(14801  in some embodiments, TO:Lean, Anid-Rich solution may be transferred by

pipehine. In some embodiments, the acid may be trapsferred by pipeline,
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[1481]  Regenerstion of Reagents:

[1482]  In somwe simbodiments, CO0x-Lean, Actd-Rich Solid or Solition may be transferred
to a system and/or method for converting COxLean, Acid-Rich Selid or Selution mto Tk~
Lean absorbent or adsorbent, or into a hydroxide salt, or an acid, or megensrated acid, or any

combination thereof,

[1483] For exampte, in some embodiments, the COz-Lean, Acid-Rich Solid or Sohstiom
may comprise calohan acetate, To some cibodiments, the regeneration process may conpywise
reacting caloium acetate solution with sulfur dioxide 1o produse calcivm sulfite sohid and
acetic ackd. The acetic acid may be firther concentiated, or stored, or any conmbination
thereof. The avetie acid may be vansferred or ransported to an apphication with devand for
carbem dioxide or a £O: production step, The caloium sulfite sofid may be separated from the
sohution and / or decomposed into caleium oxide and sulfir diowide, The caloiun oxide may
be reacted with water to form caleiwm hydroxide, or calonan hydroxide saspension, or milk
of liumne, or magneshan hydroxide, or magnesian hydroxide saspension, or mitk of magnesia,
or any combination thereof. The calciuny oxide or caleium hydroxide may be stored. The
citeiun oxide oy caletan hydroxide may be transforred or ransported 1o a CO: souree, or
{{h absorption application, or an acid gas absorption application, or acid gas source, or any

combination thereof,

j1484] For examiple, i some smbodiments, the COx-Lean, Actd-Rich Solid or Solution
may comprise sodium acetate, In some embodiments, e regenertion process vy comprise
reacting sodium acetate solution with sulfur dioxide to produce sodiwm sulfiie and acetic
acid. In some embodivecnts, at least a portion of the sodium sulfite may be separated from the
acetie actd. The acetic acid may be firther concentrated, ov stored, or any combination
thereof. The acetic acid may be transfereed or transported o an apphication with demand for
carbon dioxide or a CO: production step. The sodiem selfite may be reacted with calctum
oxide, of caleitan hydroxade, or milk of time, or magnesium hydroxide, or milk of nuagnesia,
or any coinbitation thereof fo produce an alkaling-earth sulfite solid and sedhwm hyydroxide.
The sodiunt hvdroxide may be stored. The sodian hydroxide may be sold or used foran
external appheation. The sodium hydroxide may comprise regenerated CO: absorption
sotution, or adsorption material, or any combination thereof and ¢ or mav by transferred or
sransported COr source, or CO» absorption application, or an acid gas absorption application,

or acld gas source, or any combination thereof.
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{1485} In sope embodiments, it may be desirable for regeneration to be conducted ing
centralized facility, or a facility with more than one soaree of COxLean, Acid-Rich Solid or
Solation, or any combination thercof. For example, in some enboduments, the régeneration
systom or mothod may benefit from larger scale, or high capacily atilization, or access {o
oncrgy, of aceess to logistios factlities, or contimous oporation, of 8cCess to a heat stureg, or
aceess to markets for produets, or any combination thereof. For examyple, thermal
decoraposition equipment, or sulfur dioxide absorphion equipment, or solid-Hauid separators,
or any combination thereof may benefit from larger seale, or continaous operation, ov

congistent operation, or high capacity gthzation, or any combination thereofl

[1:486] Soane embodiments may comprise a comaimorized system. For oxample, in some
smbodisnents, a container comprising COz-Lean, Acid-Rich Solid or Solution may be
teansported to the regeneration facility. In some embadiments, COz-Lean, AcidRich Solid or
Solution may be transferded from the container to 3 regeneration system or nethod, In some
emboduments, the regeneration system or method may add COz-Lean absorption sotation, or
susponaion, or adsorption material, of adsorption suspension, or any combination thereof to
the container, which, i some cmbodments, may be conducted after removing the COxLean,
Acid-Rich Solidor Solugion from the container. In some embodiments, the volume of COz-
Lean absomtion solution, or suspension, or adsorption material, or adsorption suspsnsion, or
any combination thereot added to the container may be lovwer than the vohanetric storage
capacity of the contaney, to, for example, provide sufficient vacant volunie to allow for the
addition of acid during CO: production, v the provide sufficient vagant vilume to allow for

the increass in volume and £ or mass when COy is absorbed, or any combination thereof.

[1487} In some embodiments, the seid may be transported a5 3 Hauid or solid. In some
enhodiments, the acid may be stared or ransporied separately from the €Oz absovhent or
adsorbent. I some embodiments, actd may be stored or transported together with the COx
absorbont or adsorbent, however may be stored ot tamsported non-cotiguousty or without
substantial direct comtact to, for example, prevent an undesired reaction. In some
embodiments, the aoid may be transported as a free Hauid or solid, In some cmbodiments, the

acid may be ransported m a swappable andfor o transportable condamer.

11488} Nete: In some embodiments, the absorption or adsorption of U0 may resuli in
absorption or production of water. For example, a solid or a concentrated solation of sodiven

hivdroxide may absorb water from 8 gas stream or air. For example, a solid comprising
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caleiwm oxide may absorb water from a gas strean or air to form caleium hvdroxide. For
example, absorption or adsorption of COr hito catciam hydroxnide may result nto produstion

or relense of water as, for example, 8 production of the reaction.

{1489  Note: In smne cmbodiments, the systom o method may cniploy a solid, or Hauid,

o aqueous solutton, or solution, or organic solution, vr nonaguecas soluticay, or any

comnbination thereof,

EXAMPLE DESCRIPTION ALKALI HYDROXIDE, OR ALKALI BHCARBONATE,
OR ALKALINE CARBONATE PRODUCTION SYSTEMS AND METHODS

[1494 Description

1491} Some entbodiments of the present mvention may pertain to producing altkal
hyvdroxides, or alkadi carbonates, or alkal bicarbonates, or alkali oxides, or any combination

thersof

{14921  in somoe cmbodiments, alkall bydroxides may be produced using input materials
comprising an allkaling sarth - wesk acid, or an alkaline carth - acid, or an atkali selfate, or

an atkalt chlonde, or ap alkali - weak acid, or alkalt - acid, or any combination thereof

[1493} In some embodiments, an atkaline carth ipot may comprise, inchuding, but not
timited o, an alkaline garth - weak acid, Alkaline earth — weak acid may be reacted with an
acid to form an alkaline carth —acid and { or weak acid, or weak acid derivative, or weak acid
amon dertvative, or any combination thergof. In some embodiments, a weak acid may
comprise an acid with an acid strength lower than the added “acid™ and / or an acid strength
wegker than the aoid strength of sulturous acid or agusous sultur dioxide, For example, an
alkaling varth ~ weak acid comprising calchum carbonate may by reacied with an acid
comprising acetic acid, which may resalt 1o the formation of an alkaline cwrth — and
comprising calehnm acetate and g weak acid comprising carbonie acid or a weak acud
dethvative comprising carbon dioxide. In some embodiments, at least 3 portion. of carbon
dioxide formed may comprise captured carbon dicxide and /or may be stored, or transforred,
or wilized, or transported, or converted, or any combimation thereof. For example, an alkading
carth - weak scid conprising calehun stlicate sy be reacted with an acid compeising acstic
acid, which may result ja the formation of an slkaline carth — aoid comprising calchum acete
and 1 weak acid comprising a silicon oxide acid or a weak seid dertvative comprising silicon

droxide. Iin some covbodiments, it may be desirable for the alkaling carth - acid w be soluble
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and ¢ or dissolve to fomm an aqueons solution. It may be desirable to separate the atkaline
carth — actd from the weak acid, or weak acid derbvative. For example, an alkaline carth
acid comprising caloium acetate may be water soluble and 7 or an aqueous solution of
caleium acetate may be substantially sepasated from a gas comprising carbon dioxide or a
solid comprising silicon dioxwde. In some embodiments, the sdded acid may be recveled, or
regenerited, or revirculited, o any combination thereof within the process. In some
embodiments, the acid nray comprise an acid with an acid strength greater than the acid
strength of the weak acid or weak acid anion and / or an actd strength weaker than the acid
strength of sulfirous acid, or aqueous sulfar dioxide, or any combination thereof The
reaction of an atkaling earth~weak acid input and 7 or reaction o form an athaline carth - acid
and { or separation and {or other related deseription may be further described elsewhare in

the present specification or elsewhere herein,

[1494§ in some eotbodiments, an alkaline sarth ~ acid may comprise an taput chemical,
I some embodiments, an alkaling carth acwd miy be prodaced or formed. For exanple, in
some embodiments, an alkaline carth - aotd may be produced or formed from a reaction of a
material comprising an alkaling carth —weak acid with an acid. Tn some embodiments, the
acid or acid anton 1n an alkaline canth ~ acid may comprise an acid anion which cnables the
atkaline earth 1 be soluble or fonus a soluble salt with an atkaline carth cation, Tt some
gibodiments, the acid or acid anion i an atkaline corth - acid may enable the alkaline earth
~ acid to undergo 2 double replacement or double displacement reaction with an alkall sulfate
t formy an allaline carth sulfate and an alkali —acid. In sonwe enrbodiments, an alkaline earth
~actd may underge a double replacement or double displacement reaction with an alkali
sulfiste fo fonm an alkaling carth sulfate and an alkali — acid and ¢ or wherein the alkabing carth
sudfite possesses different properties than the alkali — geid. o some embodiments, an alkaline
varth - aoid may wndergo a double replacement ov double displacement reaction with an
alkali sulfate to form an alkabine eartdy sulfate and an alkall - acid and 7 or wherein the
alkaline carth sulfate possesses a lower solubihity 1 water than the atkali - acid. For example,
i some embodiments, the atkaline carth selfate may possess a solability i enms of grams of
salt per 100mL of water of, incheding, but not hmited to, one or more or any combnation of
the following percentages fower than the solubility of the atkali - acld: 5wt or T0wt%, or
2w, or 3w, or 40wiSs, or 30wibe, or 6lhwtie, or TOw, or 80wiSs, or 20wi%, or
3wk, or 99wi¥, or 99 Fwt%o. For example, insome embodiments, an alkaline eavth - acid

may cotmprise calcium acetate and 7 or an alkali sulfate may comprise sodiunmy sulfate. In
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some embodiments, if calctam acelate i mined with sodiom salfate in the presence of water,
a double displacement reaction may ocaw, which may resudt in the formation of an aqueocas
solution comprising sodivm acetate and a solid precipitate comprising calehum sulfate. A
ectpitate comprising calciam sulfate may form becavse, for example, the sohubility of
cateium sulfate may be sebatantially lower than the solubility of sodivm acctate. dn some
embodiments, a solid comprising calchum sulfate may be separated from an aqueous solution

comprising sodium acefate sehution by a solid-liquid separation.

{1495} In some entbodiments, alkall sulfate may be cmployed within the process. In some
cmbodiments, te alkali sulfiic may comprise an inpul. In smme embaodiments, the alkali
subfate may be supphied as a oy materiad, or maw chemical, or a treated matenial, or treated
chemical, or parified material, or punified chenucal. In some cmbodiments, the alkah sulfate
may be produced from another alkali or atkali soutce. In some embodiments, the atkali
sulfate may be produced from another alkali or atkali source outside of the process. In some
emboduments, the alkall sulfte may be produced from another atkali or alkali source within

the process.

{1496]  In some embodiments, alkall sulfato may be frons a geological source, or o sised,
or any combination thereof. For example, an atkali sulfate comprising sodium sulfate o
potassturn sulfate may be peologieally in g natural nuineral form. For example, sodivm suifate
may be mined in the form of, ngluding, but not limited to, ong or more or any combination of
the followmg: Thenardite, or Mirabbite, or Glmdbenite, or any combination thereofl As of
2013, the tot! estimated reserves of natarad minera! form sodium sulfite were estitated to be
about 3.3 billion tons, For example, potassium sulfate may be mined m the form of,
including, but vot imited fo, one or mere or any comnbination of the following: Kainite, or
RMg(SO4) CEIH2O, or Schonite, or piormmertte, or K250 MyaSO4-6H20, or Leonite, or
K2504-MpSO4-4H20, or Langbetnite, or KIMe2{SO413 Aphthitalite, or glaserite, or
KINK{SOH? Polvhalite, oo K2S04-MgS04-2CaS0O4-2H20. In some enbodiments, alkali
sulfate may be further paaified, or refined, or separated, or any combination thereof before
use Of Input ke the process. In some embodiments, alkali sulfates may be separated from
other chemieals in minerals due to mehuding, but not imited to, for example, solubility

differences, or substantial changes in solubility due to temperatare.

13497 In some embodiments, alkali selate may be sowrced from a byproduct of &

chemical or material production process. For oxample. sodium sulfate is a byprodoct of many
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chentical progduction processes. As of 2013, the total werld production of byproduct sodimm
sulfate was estimated to be between 2.0 and 4.0 miflion tons., For example, sodhan sulfate (s a
byproduct of inchuding, but not Umited 1o, one or miore or sy combination of the following:
{ithnun production, or lithium refiniag, or lithien carbonate production, or Hthiam hydroxide
production, or battery reeyeling, or lead-acid battery reeyeling, or Bhium son battery
reeyeling, or asvorbic acid production, or rayom production, or excess sulfiwie seid
neutralization, or excess sodium hydvoxide neatrabization, or flue gas desulfurtzation, or pulp
& paper nanufacturing, or other provesses deseribed herein, or other processes in the art. In
somwe eimbodiments, the atkal selfate may be added to the process or transferred to the
process in a sohid form, or aqueous form, or any combination therest, In some embodiments,
2 process producing sodium selfate byproduct may Smploy or requine v inpat comprising
sodiam hvdroxide, or sodiwm carbonate, or sodiam carbonate, or sodhon sulfite, or any
combinatiom thereof, In some embodiments, a progess producing sodium sulfate byproduct
may produce or provide sodium sulfiste to one or more or any combination of embodiments
and sard one or more or any combination of embodiments may produce ov provide sodium
hydrowide, or sodiunt carhomate, or sodiuin bicarbonate, or sodiwn sulfite, or any
cenmbination thereod to the process producing sodium sulfate byproduet. Seme embadinients
may provide or enable recyeling or regenerating or circular economy in the production, or
consampiion, or any combination thercof of sodiam selfatc, or sodium hyvdroxide, or sodium
sarhonaie, or sodivin bicarbounate, or sodium sulfite, or any combination thereot, which may
reduce costs, or improve supply chain reliability, or stabilize costs, or reduee risks, or reduce

COzemissions, or help the snvironment, of any combination thereof

{1498  In come embodiments, atkali sulfates may be produced from other alkali sources,
For example, by some enbodiments, alkali sulfates nay be produced from alkali chlovides
and / or sulfane acid. For example, potassiom sulfate and hydrogen chioride may be
produced by reacting potassiam chloride with salfaric acid. For example, sodiam seliate and
hydrogen chlonde may be produced by reacting sodium chioride with sulfuric acid. For
exanple, sodium sulfate and hydrogen chlonde may be produced by reacting sodium chloride
with sulfuric acid, using, for example, the Mannheim process. For example, potassisan sulfate
and nitrie acid miy be produced by reacting potassiun nitrate with sulfuric acid. For
example, sedivn selfate and nitrie acid may be produced by reacting sodium nitrate with

sulfuric acid.
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[1499§ I some embodiments, an acid byproduct mav be produced daring the production
of an atkali sulfate. For example, insome embodiments, hydrogen chioride or hydrochloric
acid may be produced a8 a byproduct of producing sodinm sulfate or potasshir sulfate asing
the Mangheim process. In some embodiments, the commercial market for hvdrochlornic acid
may b linted and may be smaller than the potential production of hydrogen chloric or
hvdrochloric acid. Hydrochloric acid or hydrogen chloride may be difficult to dispose or
retease because 3t s lughly toxic and reactive, Additionally, releasing hydrogen chiloride or
hrydrochloric acid into the environment may negate some greenhouse gas or carbon dioxde
envasions reduction or carbon disnade vemeval benefits because hydrogen chiloride ot
hydrochloric actd, i refeased mto the environment, may react with water, bicarbonates, and
carbonates, resulting in the prodection and release of carbou dionide and e acidification of
water bodies and the ocean. As g result, in some embodiments, # may be desirable to produce
alkali sulfate from an atkali chloride while substantially aveiding the production of

hvdrochlorie acid or hydrogen chlorde as an muput.

1564} For example, m some embodinrents, alkali sulfates may be prodeced from alkaht
chiorides and / or alkaline earth sulfates. For example, in some embodiments, atkali
hydroxides may be produced from alkali chloride salt and ¢ or alkaline carth -~ weak acid salt,
wherein sulfate iy recivculated, or recycled, ov regenerated internally, or any combingtion
thoreof and / or atkali sulfite, or atkaline carth sulfate, or any combination thereof may
comprise an intermediate. For example, in some enbodiments, in some embodiments,
sodiam hydroxide, or caleium clidoride. or weak acid derivative, or any combination thereof
may be prodiweed from sodiam chiloride and caloium ~ weak acid by a process eoploying
sulfite, or sodiunt salfate, or calvium sulfate, or momonia, or carbon dioxide, or water, or any
comshination thereof itermedistes. For example, in some embodiments, soditm sulfate and
cadeivm chloride may be produced from caleium sulfate and sodiam chloride waing, for
oxample, infermediates comprising amnmonia, of cavbon dioxide, or water, or any
combination thereof. For example, s some embodinients, calcium sulfate may be reacted
with anumonium carbonate, which may result i the formation of anunouiom suliate and
catetum carbonate. Calcivm carbonate may be separated from ammonim sudfate by, for
example, differences in solubility. For example, caleiun carbomare my couprise a solid and
aunonianm selfate may comprise an aqueous solution and 7 o g sobid comprising ealchum
carhonate may be sepavated frony an agueous sohution comprising annvonitm sulfate by a

solid-fiquid separation. The agueous solution comprising anwnomum sulfate may be reacted

185



WO 2023/225089 PCT/US2023/022544

with sodium chlovide, which may rexalt in the formation of ammoeniam chloride and sodian
sulfate. In some embodiments, @ portion of sodiem selfate may be separated from ammeoniam
chloride by vooling precipitation due to, for cxample, the substantial reduction in sodium
sulfate solability with decreasing temperaturs below about 32.3 degrees Celsiug, Tn some
smbodiments, ammontum chlonide and sodiun selfatc may bo separated by an vvaporator
and 7 or erystallizer, wind J ov due to differences in sohubility between avuivonium ehforide and
sodium sulfate. In some embodiments, sodivm sulfate way be wansferred to further process
steps, sueh as process steps which convert sodivm sulfate to sodian hydroxide or sodiam
carbonate. In some embodients, sodren sulfate may be wansforred, stored, or sold, or
utilized, or any coanbination thercof. In soene cimbadiments, the ammonium chlorkde, which
whay comyprise & solid or aguecus solution, may be thermally decomposed into ammonia and
hvdrogen chloride gas. In sowme embodiments, ansnoniunt chloride may be contacted or
thermally decomposed or regeted, or sy conrination thercof in the presence of & materiat or
chemical comprising calomn ~ weak acid or atkaline earth — weak acid salt. In some
embodinents, the ammonium chlovids, or anmmowma gas, or hydiogen chlonde gas, or any
combination thereof may be confacted with or reacted with calcium carbonate, which may
result m the formation of ammonia gas, or calerun chioride, or water vapor, or carhon
digxide gas, or any combination thereof. In some ambodiments, siid caleiuny carbonate may
conymizing the caletom carbonate produced from the reaction of ammuonium carbonate with
valetmn sulfate. in some cmbodiments, anunonia gas, or water vapor, or carbon dioside gas,
or any combination thereof may be separated from caleiom chionde, which may comprise a
solid phase calein chloride o an aqueous phase calaam chiloride. In some embodiments,
catetum chiovide may be transferred, stored, or sold, or etilized, or any combination thergef.
In spne embodinients, anumonia gas, or water vapor, or carbon dioxide gas, or any
combination thereof may be cooled and / ov reacted to fornt o solid or aqueous solution
comprising ammonium carbonate, In some embodiments, anunonia gas, oF Rater vapor, or
varbon dioxide gas, or any combination thereof may be contacted with or reacted in the water
recovered or removed during the evaporation o erystallization of sodham sulfate and
amynonium chioride, In some embodiments, the anwnoniian carbonate or other ammonts —
carbon dioxnide derivative may be reeveled or recirvelated intermally or within the process.
For sxample, tn some cmbodiments, the ammeomum carbonate or other ammonia - carhon
dioxide dertvative may be employed in the veaction with calctum sulfiite to, for exmuple,

form calcium carbonate and ammonium sulfate. In some embodimenta, ammonia and carbon
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dioxide may by separated. In some embodiments, such as the ambodiment shown in Figare
20 anvmonia and carbon dionide may be separated o the presence of water sach that
separated or captured carbon dioxide may be produced and / or the process niay comprise
captaring of separating carbon dioxide. In some embodiments, such as the embodiment
shown i Frgure 30, ammonis and carbon dioxide may be separated sach that ammonia and

carbon dioxnide can be rencted to produse urea.

[1501] in sopre eathodiments, the prodection of alkali hydroxide and atkaline canth
chiloride from an atkali chloride, or an alkabine carth - weak acid, or any combination thergofl
i a process which recireulates sulfate and / or may preveat production. of hydrochioric acid
or hvdrogen chlonde as a byproduct may be desirable. In some embodiments, prodaction of
sodiamy hydroxide and calerom chlovide from sodiam ehlonde, or caleram — weak acid anion,
s ey combination thereo! i a process which recirculates sulfate and ¢ or gy previent
production of hydrochione acid or hydrogen chloride as a byproduct may be desirable, For
example, producing caleian chloride be desirable due to the calon ehlonde byproduct
bemg a valaable product snd 7 or due to the fact calohn chioride, if iy exoess quantitics, can
be discarded into the ocean with minimal environmental impact and negligible wpact on
occan water composition or pH, unlike hydrogen chlonide or hydrochloric acid. For example,
in some cmbodimeats, 3 process which recirculates of recyeles suliate may be desizable
hecause, fov example, in some geographics, sulate may be relatively less abundant than
chioride, which may be imporiant if some emmbodiments are cmployved to remove or sequester
hundreds of millions or bifhions of tons of CO2 annually from the atmosphere, or oceaas, of
crmissions sources, or any combination thereof, or werease the pH of the ocean, or counteract
ocean acklification, or any combination thorest. For example, in sonre embodimends, a
process which recireulates or recycles carbon dioxide may be desivable because, for example,
in some geographis, the availability and reliability of CO: injeetion or COh sequestration
may be Hmited, 1 may be important if some ssbodiments are cmploved o romove o
sequester Tundreds of nulitons or billions of s of O annually from the atmosphere, or
OGRS, OF SNHSHONS SOWees, of any combination thereof, or increase the pH of the ocean, or
coumtoract ocvan acidification, orany combination thereofl

[1382] In some embodiments, production of alkadi sulfate and alkaline earth ¢hlonde
from an alkali cldoride and atkaline carth sudfate may be desirable. In some embodimenty,
prodaction of sodiam sulfate and calenum chioride from sodium chioride and calehon sulfate

may be desirable,
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{15634 For exanmple, in some embodiments, producing sodiam sudfate with sulfie from
caleium sulfise may be desirable becaose # may enable sourcing of sulfate from inexpensive
calciom sulfate, or gypsam, or phosphogypsum, or any combination thereof, which axay be
fess expensive and / ov more abundant than, for example, sulfuric acld. For example, gypsam
and phosphogyvpsum are significant bypraducts of the phesphate and phosphorie acid
production indostry and are generally produced o significant excess to thelr conswnption in
the market. In 20081 was estimated that 10010 2830 Mithon tons of phosphogypsum is
produced annually globally for phosphate and phosphorie acid production. Excess
phosphogypsum s generally stored inostacks. Greater than { bifhion tons of phosphogypsum

accumulated i stacks ave present in Florida, for example.

{1804]  In some embodiments, alkal salfate may be emploved at 1 solid phase, or ageeous
phase, or any combination thereofl For exanple, in some embodiments, the atkall sulfaie may
supphied as or sourced as an agueoss solution. For example, n some embodiments, the alkali
sulfate may sapplied ag or sourced as a solid. In some ersbodiments, it may be desirable to
dissolve solid alkali selfate i waker to form anaguesus alkalt sulfate solution, whereln the
agueous altkals sulfate solution may be emploved in the reaction between altkali sulfate and
alkali earth — acid. In some embodiments, # may be desirable o add a solid, or solid liquid
slurry, or any comtmnation thereof comprising alkali sulfate to an atkall carth acid solution. In
some cmbodiments, it way be destrable fo add a comcentrated squcous solution compristng
atkali sulfate to an agueous solution comprising an alkali corth avid For exanple, an aqueous
solution comprising sodhun sulfate may be mixed with @ solotion comprising an alkaling
carth — acid. For example, an agueous solution comprising soditen sulfate, or a solid
comprising sodiun sulfate, or any conbination thereof may be mixed with a solution
comprising an caleiun scetate, which may result in the formation of an aqueous solution
conyrising sodium acetate and solid precipitate comprising calciam selfate, In somg
eathodiments, it may be desieable to for the agueoss splation comprising sodiom salfate to be
at a temperatre greater than 10°C, or greater than 20°C. br greater than 30°C because, for
exanyple, sodiuwm sulfate solubility may substantially inerease with increasing temperature
beteeen zero and about 32.3°C. In some embodiments, it niay be deairable to maximize
sodim sulfate concentration to, for example, reduce potential required water rersoval, o
water separation, or waler evaporation in, for example, later steps. In some embodiments, #
may be desirable for atkali selfate concentration, or atkaline carth acid concentration, or

alkah scid concentration, or any combinaticn thercof to be 2 high concentration to, for

188



WO 2023/225089 PCT/US2023/022544

example, reduce potential roguired water removal, or water separation, or waler ovaporation
fny, for example, later process steps. In some smbodiments, i may be desivable for alkali
sulfate concentration, or alkaline canth acid concenteation; or alkali acid concentration, or any
combination thercof 10 be a relatively low concentration or relafive diduls concentration to

enable sepasation of atkali sulfite and acid by means of clectrodialysis in later process steps.

[1565] In some embodiments, an atkali selfate may be reacted with an alkaline earth aoid,
which may result in the formation of an alikali acid and an alkaline earth sulfate, In some
cmbodiments, tmay be desirable for the formed alkall acid to comprise an aqueous sotution,
or dissolved salt, or any combination thereaf and / or it may be desirable for the formed
alkaline carth sulfate to comprise & solid, or a solid precipitate, or any combination thereof.
For example, sodion sulfate nuay be mixed with or roacted with a calehm acetate, which
may result i the formation of sodiun acetate and caleiwn sulfate. In some ambodiments, it
naay be desirable for the sodivm sulfate to comprise an ageeous solution, or the caleium
acetate to comprise an agueons solution, or the formed sodiam acetate 1o comprise an
aqueous solution, or the formed calohan sulfate to comprise & solid, or any combination
thereof. It may be desirable for the reaction of sodiwm sulfate with ealeium acetate to be
conducted at a temperature greater than, for example, 10°C, or 20°C, o8 30°C, or 35°C, or any
combination thereof because, for example, sodivm sulfate exiubits groater selubility tn water
with increasing fomperature bebween up to about 32.3°C and / or calelum sulfate solubihity in
water, which is penerally significantly lower than sodium sulfate solubility, decreases with
increasing solution temperature. Solid precipifate comprising calcium salfate may b
separated from the agueous solation comprising sodium acetate by, for example, a solid-

liquid separation.

{1506] In some cimbodiments, a portion of calerom sulfate may dissolve or may be
present at an agqueous state it the solution comprising alkali acid, In some embodiments, a
portions of calohan sulfate may dissolve or may be present at an agueous state in the serdution
comprising sodium acetate. In some embodiments, it may be desirable for the reaction of
caleium seid with an atkali sulfate to form calcium sulfate and an alkall acud may be
conducted at gn clevated solution temperature, which may include, but is ot limited fo,
greater than or equal to one or more or any combination of the following: MPC, or 40°C, or
S0, or 60°C, or F0°C, or 80°C, or 90°C, or HRC, or 110°C, or 12000, ov 130°C, or 1407C,
or 1S0°, or 160°C, or 170°C. insome embodiments, # mayv be desivable to conduct reaction

of calcihum acid with s atkali sulfate 1o form caloium sulfate and an alkali scid at an clevated
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solution temperatare becanse the solubifity of calohun sudfate may sigatficantly decrease with
increasing temperatars. For example, conducting said reaction at an elevated sohstion
temperature oray enable a lower dissobved concentration of calchun sulfate, which may
mevent or reduce caleiim sudfase sealing tu later process steps and / or may medace the
conceniration or presence of caloion sulfaie i produced alkali salfite or alkali hydioxide. In
somie embodiments, it may be desirable for the elevated solution temperatwre to bewt a
tenperature greater than the temperature which a solution comyprising atkali sulfie and acid
nray be distilled, or evaporated, or crystatlized, or any combination thereof In some
embodunena, 1t may be desirable for the clevated solebion temperature (o be at a temperature
greater than the femperature which a solution comprising aliall sulfite and acid may be
disttied, or evaporated, or erystallized, or any combination thereot beeause it may provent
caleium sulfate scale formation frons occarving m the heat exchangers and / or other
equipnnent during, for example, the pre-heating or countercinrent beat exchange of a salution

comprising alkall sulfite and acid.

1367} In some embodiments, 8 may be desitable for the reactor einploved for the
reaction of caloium acid with an alkal sulfiste to form caloum sulfate and an alkah acid o
cormprise a pressurized reactor, which may coniprise a reactor with an operating pressure
wreater than atinaspheric pressure, o wroator than the pressure of the ambion alr adjacent to
the reagtor, or greater than the presswre of the ambient air at the same elevation of the reactr,
or any combination thercof. For exaniple, if said reaction is conducted at an clevated solution
temperatare, the vapor pressure of the water, or other solvent, or acid, or any combination

thereof may necessitate the use of a pressurized regctor,

11508} In some embodiments, a countersurrent heat exchanger may be emploved to pre-
heat reagents entering the reaction of calovam acid with an alkal solfiate and 7 or cooling the
aguenus solution comprising alkalt acid. In some embodiments, calcium sulfite solid or
precipiiate may be sepavated or removed by a solid-Hguid separation before the agqueous
sohution comprising alkali acid enters the covntercurrent heat exchanger, In some
embodiments, it may be desirable for the aqueous alkal acid to be at a lower mperature for
the absorption or reaction with sulfur dioxide and / or provent ov mumimize the evaporation g
vaporization of acid during or after reaction with sulfar dioxide, which may be applicable, for
example, if the formed seid is volatile or possesses a vapor pressure. For example, an alkali

acid solution comprising sodiunt acetate may be reacted with salfur dioxide to form sodium
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sulfite or sodnam bisalfite, which may result in the formation of acetic avid, which may be

volatile or may possess a vapor pressurs.
[1509] In some embodiments, an agueoas solution comprising an alkall - acid may be

contacted with or reacted with sulfur dioxids, which may result in the formanon of an alkali
sulfiic and an acid or an aguesus solution comprising an alkali sulfite and an acid. In some
embodiments, the alkall sulfite and acid may form of an ageeous phase within a resctor or
nry comprise an agueous solution comprising alkali selfite and acid. For example, an
agucous solation compristng sodiwm acctate may be reacted with sulfor dioxide, which may
restilt in the formation of sn agueous solution coniprising sodium sulfite and acetic acid. 1t
may by destrable for the acid 1o possess 8 weaker acid strength than salfarous acid or agutous
sulfur dioxide. In some embodiments, selfu diokide may compeise a dilute gas, or a gas, or g
Higuid, or an aguenus solution, or a sofution, or a solid, or a supereritical Hukd, or any
combination thereof. For example, an agueoss solution comprising sodium aeetate may be
contacted with & gas stream comprising dilute concentration of selfir dioxide. For example,
in sopwe erbodinents, a dilute concentration of sulfiy dicxide gay may comprrise, including,
but not hinuted to, one or more or any combination of the following: a sulfur dioxade partial
pressure of lower thain ¥ atm, ot 009 atm, or 0.8 atm, or 0.7 atmy, or (06 atm, or 0.5 atm, or 0.4
atm, or 0.3 atm, or (.2 atm, o 8.1 atro, or 0.08 atm, or any combination thereof amd /or a
vorhume pereent cotweniration of sulfir dioxude lower than 100%, or 90%, or B0%, ov T0%, or
GO%, or SU%, or 40% or 30%, or 20%:, or 10%, or 3%, or any combination thereof. In some
embodiments, # gas stream comprising sulfur dioxide may comprise sulfur dioxide from the
decomposition of an alkaling carth sulfite. In sonwe embodiments, an atkali acid may be
contacted with or reacted with sulflr dioxide in a gas-hguid contactor or reactor, which may
inclade, but is not Himited o, an absorption colanw, or bubble coluny, or packed colunmw, or
membrane contactor, or any combination therend. In some cmbodiments, it may be desirable
for at least & portion of the atkali selfite and / or the acid to conywize aty aquesus sobtion, or
an aqueous hiquid phase, or to be pumpable, or any combination thereof while in the
contactor or reactor. In some embodiments, an atkali ackd may be reacted with high
concenration or high purity or high pressare solfur dioxide gas, or a liquid comprising salfer
digxide, or liguid sulfin dioxide, or an aqueous solution comprising sulfurous xeld, or an
agueons selution comprising sulfur dioxide, or a solid comprising sutfur dioxide, ora
supereritieal fhud comprising sulfur dioxide, or any combination diereof. In some

ganbodiments, an allaal sulfate may be reacted with sulfur dioxide in 2 nuxer; or statie miixer,
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or contimous stirred reactor, or a liquid-higuid contactor, or a Bgeid-liguid mixer, or a Hauid-
solid mixer, or a gas-lipad comtactor, or sparger, or any combination thoreof. In some
entbodiments, a portion of alkah sulfite precipitate moay form in the reactioh of alkali acid
with sulfie dioxide or salfurous acid, In some embodiments, alkall sulfitc may romaing
{iquid or af an agquenus phase theoughout the duration of the reaction of atkali acid with sulfiw
dioxide. In somie enibodirents, atkall sulfite may rersain a Hguid or at an aquesus phase
throughout the duration of the reaction of alkall acid with salfur dioxsde, which may be
desrable due to, for example, the pumpability of haeids, avoidance of solids entrapment, or

preventing or avonding solids handling 1% an absorption colamin, or any combination thereof.

1151644 in sinne embodiments, the reaction of an alkadi acid with sulfar dioxide may form
an atkal sulfite and an seid, whersm said formed acid may possess g vapor pressawe. For

gxarmiple, the reaction of soditm gcetate with sulfur divxide nay form sodivm sulfite and
acetic acid, wherein acetic acid may possess a vapor pressure. In some embodiments, it may
be desirable to minimize or prevent losses of acid due to release of acid vapor, or casryover or

ship of goid vaper, of any comtbingtion thereof,

e For example, i some embodiments, if g gas stream comprising sulfur dioxide
conyprises other gases or comprises didute sulfor dioxide, acid vapor may be prosent
in the remuining gases during or after the reaction of sulfur dioxide with atkaly acid
and the formation of acid and alkali sulfite. For example, m some embodiments, as a
dilute sulfor disxade gas s contacied with an alkalt acid, sdfuy dioxide may react or
absorb o form alkali selfite and / or the acid vapor or acid vapor prossure may
aceumulate or be refeased into the remaining gases. In some embodiments, in some
cmbodiments, it may be desuable o destign a sulfie dioxide absorption cotanm or
absorption process to contact solution comprising atkali setd with the feast, or near
lowest, or lowest concentration oy vapor pressure of acid with the gas lean in sulfw
dioxigle and rich in acid vapor. For exaople, in some embodiments, aqueous
sohition compnising alkall acid entering an absorption process, which may not have
substantiglly reacted with sulfur dioxide, may comprise little free seid or acid
unrcacted with alkali or may comprise solution with the least, or near lowest, or
lowest conerntration ot vapor pressure. For example, in some embodiments, 5 salfur
dioxide absorption column may be configured such that gas comprising a high
concentration of suffur dioxide and fow concentration of acid vapor is contacted

with an agueoes solution comprising a gh conventration of alkadi sulfite, a low
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concontration of atkalt acid, and a hgh concentration of aqueous acid or free acid;
and ¢ or gas comprising a low concentration of sudfuy dioxide and high concentration
of neid vapor is contacted with an agqueous solution comprising a low concentration
of alkak sulfite, a igh conventration of atkali ackl, and a low concentration of
aqueous acid or free acid. For example, in some embodiments, a sulfur dioxide
absorption may be configured such that fivst, a gas vich i sulfur dioxide and Tean in
acid vapor is contacted with a solution comprising alkali scid to form a solution
comprising alkali selfite and acid and g gas lean jry selfur dioxide and vich in acid
vapor, then, second, the gas fean m sulfiv dioxide and rich w said vapor is contacted
with entering solution comprising alkali acid lean in agueouns acid or fiee acid,
absorbing at feast a porton of the acid vapor and forming a sohution conygrising
atkali acid relatively rich in aqueoes acid or free seid and 3 gas fean in sulfor dioxide
and lean in seid vapor. For exaniple, n some embodiments, an aguoous solution
comprising atkali acid roay be fivst contacted with a gas rich in acid vapor and lean
n widfur dioxide, which may result bn the absomption of acid vapor and the fordation
of an agucous atkal actd refatively rich m dissolved amid or frow acid; thew, scoond,
the agueots atkali acid relatively rich tu absorbed scid o fiee acid may be contacted
with a gas rich i selfur dioxide and leaw in acid vapor o form a solution comprising
aqgueous alkalt sulfite and acid. For example, some enbodianents may utilize the
mherently low concentration of acid, or low amid vapor prossure, of any combination
thercof of some sohutions comprising alkali acid w0 absorh acid vapor. T some
enbodiments, i may be desirable to contact gas comprisimg acid vapor and { or
absorb acid vapir into a sohution comprising atkalt acid, for example, sebstantially
hefore reacting the alkal acid with salfur dioxide beeause, for examyple, the reaction
of atkah acid with selfire dioxide may produce actd or free acid and / or Inerense the
sodution’s acid vapor pressure. Fov example, i some embodiments, an agueous
solution comprising sodiion acetate may be first contacted with & gas comprising
remaining gases and £ or acetic acid vapor, which may result in the formation of an
agqueous solution comprising sodium acetate with dissolved or absorbed acetic acid
vapor and £ 0r & gus comprising romaining gases comprising a lower concentration
of acetie acid vapor. For example, i some smbodinents, the aqueous solution
comprising sodiwn scetate with dissolved or absorbed acctic acid vapor may be

then, second, contacted with 8 was comprismy sulfur dioxide, which may result in
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the formation of an aqueous sofution comprising sodium sudfite and acetic acetic
actd. For example, in some embodiments, the aqueous solution comprising sodhun
may enter the process st the fivst step, then sy be tansferred into the second step,
then may exit the process st or after the second step. For example, in some
embodiments. the gas may enter the process at the sceond step. then may be
wansferred nto the first step, then may exit the process at or after the firgt step.

o Forexample, in some embodiments, a sulfur dioxide absorption process with
acid vapor recovery or removal may comprise an absorption colamn,
whereit a higher clevation portion of the colnan, of the “top portion”, may
comprise absorbing acid vapor info the alkall acid salt sohstion to form alkali
ackd salt sotaton with dissobved acid vapor, and then the lower ¢levation
portion of the column, or *bottom portion”, may comprise absorbing or
rencting sulfur dioxide inte the alkali acid salt solution with dissolved acid
vapor gansferred from the higher elevation portion of the colunn. For
example, fn sopre embodiments, 4 gas comprising sulfi dioxide may ehter
the absorption process in the hottonn portion of the absarption cohwnn and /
or the reoaiing gases after sulfur dioxide absorption may exit the top
portion of the absorption colunu

o For example, v some cmbodiments, a selfur dioxide absorption process with
acid vapom recovery may comprise at least two absorption colunmmus,
comprising a fivst absorption colummn and & sccond absorption colomn, The
first absorption colurnn mayv be configured to absorb aad vapor shp or
carrvever. The second absorption cohens may be configared to absorb sulfie
dioxitde, An aqueous solution conyprising an atkali acid may enter the
absorption process in the first absorption cohwon, then may be tansferred
into the second absorption colamn, aud then may exit the second absorption
colun as 1 solution comprising alkali sulfite and acid. A gas comprising
sulfor dioxide may enter the absorpiion process in the second absorption
colwmn, then may be transforred into the first absorption column, and then
may exit the fisst absorption cobwnn as a gas fean a sulfur divride. In the
second absorpiion colwron, & gas comprising sl doxide may be reacted
with an agueous solution comprising an alkall acid and absorbed acid vaper,

whersin a solution comprising allkall acid and absorbed acid vapor may sater
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the second sbsorption colunmn and then exit ss a solution comprising as an
alkals selfite and acid; and 7 o whereln 2 gas comprising salfir dioxide may
enter the second-absorption colugun and then oxit ag & gas comprising
remaiving gases and acid vapor, In some embodinents, gas may ender the
second absorption colummn near the bottom of the absorption colunm and 7 or
liquid or solution may enter the second absorption colurnn near the top of the
absorption columa. In the first absorption coluny, & gas comprising
remaining gases and acid vapor may be contacted with an aqueous solution
comprising an altkali acid, wherein a solution comprising atkalt acid may
enter the first absorption colwmn and exit as o solution comprising an atkali
ackd and absorbed acid vapor; and  or whetein a gas comprising rematniing
gases and acid vapor pay enter the Srst absorption colump and exit as a gas
conynising remaining gases with a lower concentration of scid vapor. In
some embodiments, gas may enter the first absorption column near the
botiom of the absorption cohmn and 7 or iquid or solution may oter the
fivst absorption cefunmy near the top of the absorption column. In stane
crnbodiments, remaining gases may comprise unabsorhed gases, o gases
remmning after absorpiion, or gases exiting an ahsorption provess, or gases
exiting an adsorption process, or any combination thorcef
+  For example, i some smbodiments, alkali acid may be reacted with high pressure,
or bigh purity, or liquud, or aqueows, ov solid, or any combination thereof sulfur
dioxide. For example, in some embodiments, acid vapor release of prodaction may
be prevented by emploving, for example, high pressure, or lugh purity, or hquid, or
agqueous, or solid, or any combination thereof sulfur dioxide in the regction of alkab
acid with sulfia dioxide. For example, in some cmbodiments, by emploving high
pressure, of high parity, or lguid, or agueous, or sehid, or any combination thereot
sulfur dioxide i the reaction of atkali acid. a lower proportion of actd vapor may
evaporate or form. In sonwe entbadiments, for example, an agqueons solution
comprising sodinm acetate may be reacted with Higuid eudfur doxide, which may
result in the formation of @ solution comprising agquenus sodium sulfite and gestic

actd and ¢ or minimal remaining gases, if any, fnto which a portion acetie acid may

&

gyvaporate.
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»  For example, in some embodiments, actd vapor may be removed or further removed
front o pas comprising residual o romaining scid vapor, or acid vaper stip, or acid
vapir carryover, oF any combination thereof by, for example, contacting of reacting
satd gas with an alkali hydroxide, or alkali carbonate, alkali - weak acid oran
alkaline carth oxide, or atkalime carth hydroxide, or alkaline carth carbonate, or
atkaline earth — weak acid, or annnonivm hydroxide, or anywnoniuny carbonate, or g
bicarbonate, or an ammonium ~ weak acid, or any combination thereof to form, for
exampie, an alkall acid, or alkaline carth - acid, or ammoniom — acid, of any
combination therenf. In some embodiments, alkali acid, or alkaline earth — acid, or
anunaniunt ~actd, or any combination theveof may be, for example, added to a
process, or 4 process described horein emploving alkali acid, or alkaline earth - acid,
or ammonien - acd, or any combination thergof.

»  For example, in some embodiments, water produced or sourced without or with a
low concenteation of dissolved seid, or a low vapor pressure of acid, or & vapor
pressure of acid lower than the vapor pressure of acid in @ gas, or any combination
thereof may be employed to absorb at least & portion of acid vapor from a gas. For
example, in some embodiments, water added to the pracess as makeop water, ovto
makeup for water removed frone the process i aqueous sohutions exiting the
provess, or water added in the asture of process operations, or any combination
thereof niay be contacted with gas covoprising acid vapor to remove or absorh at
feast a portion of scid vapor,

= For example, it sonte embodimnends, a portion of ackd vapor may be recovered o
absorbed by contacting remaining gases corprising acid vapor with a solvent with
whach the acid vapor 1s sohuble. In some amnbodiments, it may be desirable for the
solvent to enable or allow for the separation or rogeneration of absorbed acid and /
or solvent mnd ¢ o may enable or allow for the separation of the scid from the
sobvent after absorption of the scid vapor into the solvent. In some erobodiments, the
selvont tay comprise a hiquid with a signaficantly lower vapor presswre, o
significantly lower vapor pressure of the acid, o higher briling point, or any
combination thereof than the acid, or remaining gases comprising scid vapor, or sy
combination thereof. For example, tn some embuodintents, remaining gases
comprising acid vapor comprising acetic acid may be contacted with a solvent

gomprising, including, but not limired &3, one vr move or any combination thereot: 4
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[1511

glyeal, or glveol siher, or ghyeol polvmur, or glveol ether polymer, ovan ester, or
any combiization thereofl For example, i some embodiments, i may be desirable
for the absorbed agid to be regenerated or desorbed from the solvent by heating, or
steipping, or steam stripping, of distiflation, or fractional distflation. In some
embodiments. i may bo desirable to absorb acid vapor wnto water. Insome
embodiments, it may be desirable to absorb acid vapor inte o sotvent from which the
acid may be separated by extractive distillation, or azeotropie disullanon, or melt
separation, oF pressure swing, or cleetrical method, or other separation method
duseribed hervetn, of a separatton methad 1 the @t In sofme embodiments, 1t may be
desirable to absorb acid vapor into a solvent from which the acid may be separated
by & separation method deseribed hereti, of a separation method 1n the avt, orany
combination thereof. In some embodinents, it may be desirable o absorb and
concentrate the acid in the sobvent, which rony result in a partially scparated acid, or
a concentrated aeid solution.

For example, in some embodiments, scid vapor may be adsorbed to a solid or
adsorhent with which the acid vapor has affinity. For example, in some
embodiments, acid vapor may be adsarbed 10 a solid or adsorbent with which the
actd vapor has affinity and from which the adsorbed acid may be separated. For
wxample, in some cnbodiments, acid may be regencrated or separated from an
adsotbent by heat, or stripping, ot stemm stripping, ot clectncal methed, or pressure
swing, or any combination thercof

For example, in some emboduments, acid vapor may be separated or recovered by
CryoEonie separation, or cooling, or condensmyg, or absorbing i a cooled solution, or
tiguetaction, or deposition, or any combination thercof.

I some embodimaents, resideal acid vapor may be comtacted with, or absorbed by, or
absotbed by, or any combination thereof a chenuical or material comprising,
wchiding, but not linited to, one or more or sury combinastion of the following: an
alkalime-carth-weak acid, ot an alkali-wesk acid, o calorum hvdroxide, or calchum
carbonate, of magnesiins bydroxide, of magnesinn carbonate, or sodiunt hvdvoxide,

or sadiunt carhonate, or sodimmn biearbonate,

In some smbodiments, a solution coimprising alkali sulfite and an acid mav be

separated. For example, af least a portion of alkali sulfite may be separated from the scid. For

example, in some embodiments, an aqucous atkali selfite may be separated from an agueows
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acid by atilizing the difference in solebility between the actd and the atkalt sulfite. For
example, an alkalt sulfite comprising sodihon sulfite may be less soluble in water than an seid
comprising acetic acid. For example, sodivm sulfite may be partially soluble or partially
mizcible i water, white acetic acid mav be fdly miscible. In some embodiments, at leasta
poriion of sodivm salfite may be precipitated from a solution comprising acetiv acid and
sodium sulfite. In some embodiments, the solurion comyprising alkalt sulfite and an awid may
andergo evaporation and { or erystallization to, for example, separate water and ¢ or
crystathize ov separate the alkali selfite and { or separate the aeid. For example, & sohdion
comprisittg sodium sulfite and acetic acid may widergd evapdration and / or erystaliization,
wherein & portion of sodiem sulfite may crystallize from solution, while a portion of acetic
ackd may remain st an agquedas or Higaid phase, O a porten of acetic the acetic acid may be at
a gaseows phase, ov 4 portion of acetic the acetic acid may be at a gaseous phase with water
vapor, or gy combination thereof, The sodivm sultite solid roay b separated from the
remaining agqueous sohution o hquid by a sohd-liquid separation. After separating sodium
sulfite, acetic acid may comprise an agueous solution, or concentrated agueous solution, or
liguid acetic aoid, or selid acetic acid, or a vapor, or water-geetic acid condensate, or & vapor
civmprising water and agetic acid, or a distillate o condensate conywising aqueaus acctie
acid, or soetic acid vapor, or any combination thereof., Tt may be important to note that agetiv
scid may have a melting pont at abowt 16°C, which may be substantially ower than the
melting point of sodium sulfite and / o in some embodiments, liquid acetic acid may
separated from sodiam sulfite by a solid-liquid separation or gaseous acetic acid may be

separated from sodian salfite by a solid-gas or sohid-pas-liguid separation,

[1582]  In some embodiment, evaporation or crystallization may be conducted m a
continuous, or semi-continwious, or senv-bately, or baich, or single-stage, or onulti-stage, or

any combination thereot configuration

11513 I some cmbodiments, some acids, such as some carboxylic acids, ruay have a
boiling point near the boitling point of water and / or may form acotropes with water. o
some cmbodiments, ‘water’ may comptise an aqueous acid solution, or agueous carboxylic
acud solution, of auy combination thercotl In some embodiments, the “water” o hquid
formed from the condensation of vapor from distitiation, or evaporation, of erystathizagon, or

any eombination thereof may comprise an aqueons carboxvhic acid sohution, For example,

formie actd may foror an azeotrope with water, or propanoic acid may fora an azeotrope with

water, or butyric acid may form an azeotrape with water, ot iso-butyric acid may form an
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azeotrope with waler, or any combination thereof, For example, acetic acid may be zeotropic
with water, however acetic acid may have a boiling point elose to the botling point of water,
which may mesn vapor or distillate from a sohution comprising water and seetic acid may

comprise substantial propoctions of both water vapor and acetic acid vapor.

j1514] n some embodiments, an atkali sulfite way be separated from an acid, or water,
or any combmation thereof, In some embodiments, the alkali selfie may be separated by
evaporation, or crystallzation, or any combination thereof. For example, an ageecous sohution
comprising sodhun sulfite and acetic acid may be separated by evaporation and £ or
crystallization, which may result in fhe formation of a vapor phase or condensate Tiquid
comprisig acetic aaid and water or agueous scetie acid and ¢ or a solid comprising sodium

sutfite. Sodium selfite may be separated by solid-Hguid separation.

11515 I some embodiments, residus! aqueous calchom sulfate may be present in the
aqueous solution comprising allali sulfite and acid. For example, aquenus calohan sudfate
may be present in the aqueons solation comprising sodiem selfite and acetic acid. Calem
sulfie may be sohuble in witer st a low concentration, such as, for example, 2.1 grams per kg
of water at 20°C. The solubility of calchurm saifate may substantially decrease with nereasing
temperature, such as, for example, decreasing by 5-10 X betoreen 20°C and 100°C. In some
embodiments, a portion of calchum sulfate may precipitate or scale before or duning the
separation of alkali sulfite and acid. In some embodiments, precipitated caletum sulfate may
be removed or sepavated, wsing, for example, a solid-Hguwd separation method. In some
cmibodisncnts, heating or pre-heating the solution covnprising alkalt sulfite and acid miay be
emplirved, which may precipitate at least a portion of calcium sulfate, which may he
separated. In some embodiments, sodiwm sulfite, or sodinm hydroxide, or any combination
thereof nuay comprise a portion of calchan sulfate impurity, with may be futther separated i

desired.

{15167  In tome ombodiments, higher purity water or acid may be desired, or water or acud
of parity greater than can be achicved by cvaporation o baaling ot fractimsal distillationy may

be desived, or any combination thereof. For example, higher punity water or acid is desired,
techniques or methods for separating water and acid may be eraploved. I higher purity witer
or acctie actd is destred, technigues or mothods for separating water and carboxyelic acid may

be emploved. For example, technigues or methods for separating iquids or solations with

strotlar botling poinis, azeotropes, or any combination thereof may compeise, including, but
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not limited to, one or morg or any combination thercof: exiractive distillation, or azcotropic
distifation, or Hguid-hguid extraction, or fractional crystallization, or fractional melt
crystallization, or salting out, or methods for separating acetic acid in the art, or methods for
separating carboxylic acids in the art, or mcthods for separating carboxylic acids from water
in the avt, or sy combination thereol. For example, acetic acid may be separated from water
by extractive Hquid-Hauid extraction, or distillation, or azeotropic distllation, or any
combination thereof by employing an entraiver or exiractant comprising, for example, ethyl
aeetate or Methyl tert-butyl ether {IMTBE). For example, i some embodiments, watey may be
separated frony cthyl acetate, or MYBE, or both by mixing with of dissolving an allali sudfite,
or alkali sulfate, oo alkali carbonate, or sodnum sultite, ov sodium sulfate, of sodium
cavbonate, or potissivn wudfite, or potasshan subfate, Or potassivm carbonate, or any
comthination thereof, which niay salt out at least & portion of the ethyd acetate, or MTBE. For
example, a portion of some carboxylic avids muy be “salted-out” fron solution by the
dissolution of or addition of an alkall sulfate, or alkal sulfite, or alkali salt, or slkaline-carth
salt, or avmoniun salt, or salt, or any combinanion thereof into an squeous solution
comprisiag earboxyhe actd. For oxaruple, in some embodiments, sodium sulfite may be
dissolved into a solution comprising an agueous carboxylic acid, which may resultin a
solution comprising agueous carboxylic acid and sodium sulfate and / or the formation of 8
seeond hguid phase comprising “salted-owt” carboxyvlic acid, In some coabodiments, a liguid-
Hiquid separation may be conployed to sepavate the Hauid phase comprising “salied-out’

carboxylic acid fron the aqueous phase comprising sodium sulfate,

(1317 Insome embodiments, & solution comprising alhalt sulfite and acid may be at least
partiatly separsted. In somne cmbodinents, at heast o portion of the concentrating or separafion
of alkali sulftte and { or acid may be conducted using, for exsunple, 8 wembrane-based
process, an clectrochenical process, or any combination thergef, In somwe smbodiments, a
portion of an acid may be separated from an alkalt sulfite by elecirodialysis, For example,
solution vopiprising sodium sulfite and acetic acid may be separated into a separate solution
commprising sodivm sulfite and a separate solution comprising acetic actd using
electrodialysis, For example, in some cmbodiments, a foed solution comprising an alkali
sulfite and an acid may be separated nto & concentrate solution comprising a greater
concentration of allah wulfite than the feod solution and a pormeate or ditvate solution
comprising the acid. For example, in sonwe enbodiments, & feed solation comprising an

sodiam suifite apd acetic ackd may be separated info 3 eoncentrate solution connprisiag a
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greater conventration of sodimm sulfite than the feed sobsion and 8 permeate or diluate
solution comprising acetic ackd. In some cmbodiments, the concentrate solution may
comprise a portion of scid. In some embodiments, the permeate or diluate solution may

comprise a portion of alkali sulfite.

+  lnsome eobodiments, an agueous solution comprising alkah sulfite and acid may be
at least partially separated or concentrated using roverse gsmosis, or nanofilication,
of foreard osmosis, or any cumbination thercot. For example, i some
embodiments, an aquecus sohution comprising sodium sulfite and acetie acid may he
at least partially separvated or concentrated uging reverse osmosis, of panofilivation,
or forward osmosis, or any combination thereof. For example, 1o some
smbodunents, a feed solution comprising an aqueces solulion comprising sodiam
sulfite and acctic soid may be transformed into a concontrate solution comprising
sodinem sudfite at a higher concentration than in the feed sobution and acctic acid, and
{ or @ perneate solution comprising acetiv acid. In some combodiments, some acids
may permeite a semi-permeable membrane or may have a lower rejection rate while
the alkali sulfite may be rejected by the semibpermeable membrane or wmay have a
fgher rejection rate, becasse, for example, some acids may possess a smadler
frvdration radius than the disselved tonie salt comprising atkali suliite. In some
smbadinients, the concontrate comymising sodium sulbite sad acstic agd way be

distilled, or evaporated, or any combination thereof and / or sodivn sulfite may be

precipitated or ervstathized, Precipitated or crvstallized sodium selftic may be

separated by, for example, a solid-liguid separation. Concentrating the sodiam
sulfite using a membrane-hased provess may reduce the quantity of water ar acetie
acid romoval requived using more encrgy tenmive methods, sueh as methods
emploving gas-liguid phase tansitions. In sore ombodinients, the concentrate
compising sodium sulfite and acetic acid may be mixed with feed solution before or
while feed solation i3 concentrnted or separated using the membrane based process,
amd ¢ oy the combined solation of concentrate comprising sodivm sulfite and acetic
acid amd feed solution comprising sodinn sudfite and acetic actd may comprise the
feed solution entering the membrane based separation. In somwe embodiments, the
permeate comprising acetic actd may be transferved to the reaction with alkaline
carth — weak acid. In some embodiments, the permeate comprising agqueous acetic

acid may be niixed with distiflate comprising agueous acetic acid before, or while
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hoing tramsforred to, or during, or any combination thoreot the reaction with alkaline
varth - weak agid.

*  Insome ernbodiments, an agueous solution comprising alkali sulfite and acid may be
at least partially sepavated or concentrated using electrodialysis; electrodialysis
reversal, or any combination thereof, For example, i some embodinents, an
aqueous solution compnising sodiwm sulfite and acetic acid may be at least partially
separated or concentrated oxing electrodialysis, clectrodialysis reversal, or any
combination thereof, For example, 1n some embodiments, a feed sohation comprising
agqueous sadinm sulfite and acetic scid may be ransfeorred into an electrodialysis oy
electrodialysis reversal provess, wherein the feed solution may be separated o a
concenttate solation comprising sodiem sulfite and a dileate solution comprising
acetie actd. In some envbodiments, the acid, which may comprise acetic acid, may
comprise mostly uncharged agueouns species, while the alkali sulfite, which may
vomprise sodian sulfite, may comprise mostly charged tonie aqueous species. For
exanye, I an ED or EDR process, the charged species may be transforred into the
concentniie solution, while uncharged specics may rewain in the diluate solution. In
some embodinents, itmay be desirable for the foed solution 1o comprise an atkali
sulfite concentration which may be low, or low relative to the alkali sulfite salt’s
sotubtlity hinut, or desirable concentration of electrodialvsis, or any combination
thereof to, for example, reducs or optiniize encegy consumption of the
electrodialysis systeny, or to enable proper fonction of the electrodialysis systen, or
any combination thereof, In some embodiments, it may be destrable for the
concentraticn of atkali sulfite in the feed selution @ be lower than, for example,
Hi0g per kg of water, or 150g per ke of water, or 206 per kg of water, or 2504 per
kg of water, or any combination thereof. For example, a concentration desivable for
cisetrodialysis, ot a low concentration, or any combunation thercof may compwise
{ower than or equal to a concentration of, including, but not limited to, one or more
or any combination of the folfowing: Sg per kg of water, or 10g per kg of water, or
25 ¢ per kg of water, or 50y per ki of water, or 73g per kg of water, or 10y per kg
of water, or 1503 por kg of water, ar 200¢ per kg of water, or 250g per kg of water,
or any combination thereof.

2 I sopwe envhodiments, the concentrate solution comprising agqueous alkah

solfite may be reacted with an athaline cath hydroxade, whach may result in
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the fosmation of an agueous solation comprising alkali hydroxide and solid
comprising atkaline carth sudfite. For example, i sonw embodiments, 2
concentrate solution compnsing aguenus sodium sutfite nay be reacted with
cafcram hydroxide, which may rosult in the formation of an agueous sohution
comprising sodam hvdroxide and solid comprising calehan sulfite. In some
enibodiments, it may be desirnble to Auther concentrate the nguesus solution
comyprising atkali hydvoxide. For example, the aqueous solution comprising
alkali hydroxide may be concentrated using, incleding, but not limited to,
one or more or any combination thergef: MV distillation, or MSF
distitlation, or MED distillation, or other an evaporator, or a crystallizer, oy
ancther separation method described beren, or another concentrating method
described heretn, or & separation method desertbed 1o the art, ov any
conmbination thereof. In some embodiments, it may be desirable to crystatlize
the alkalt hydroxade or produce alkalt hydroxide solid. Insome
embodiments, # may be desirable o produce an alkali hydroxide solution, or
a concentrated atkali hvdroxide schution, or sy combination theveofl in
some embodiments, it may be desitable to further react the atkali hydroxide
sohition, with, for example, carbon dioxide, 1o produce altkali carbonaie or
alkalt bicarbouate, In sommg eibodiments, some dissolved atkaline carth
suffite may be present in the alkali hydroxide or agucous solution comprising
alkali hydroxide. In some embodiments, it may be desirable to separate or
remove at foast a portion of said dissolved alkaline earth sulfite. For
example, 1 sone embodiments, a portion of dissobved alkaline carth sulfite
nray precipifate during further concenteating of the alkali hydroxide and ¢ or
may be separated vsing a sobid-biquid separation. For exarnple, if the alkaline
earth sulfite comprises magnesian sulfite, the sohstion comprising aquesus
alkalt hydroxude may comprise some agueons magnesium sulfite because
magnesiurmn sulfite may exhibit sone solubility in water.

& I some embodiments, the difuate solution conmnprising acid may be
transforred o or cmploved in the vesction of the geid with alkaline canthy -
weak acid, For example, a diluate comprising aqueouns aoctic acid way be

transferred to and { or reacted with atkaline carth ~ weak acid.
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[1518] In some embodiments, an alkali sulfite oy be reacted with an alkaline garth
oxide or atkaline casth hydroxide, which may resalt in the formation of an alkali hydroxide
In some embodiments, an atkaly sulfite and analkaline carth oxide or alkaline carth hydroxide
may be reacted at o solid phase, or at an agueocus phase, or inthe presence of water, or any
vonbination thereof. For oxamyple, in some cmbodiments, an atkali sulfite may comprise
sodiunt sulfite and an alkaline carth oxide or nlkaline envth hydroxide oy comprise caleium
oxide or caloiant hydroxide. In some embodiments, sodium sulfite may be dissolved in water,
to form, for example, an aqueous solution comprising sodium sulfite. In some embodiments,
it may be desirable for the concenteation of sodhan sudiite & be loss than, for example, 3M,
or 2.5M, or 2M, or LM, o 1M, or 0.75M, or any combination thereof, 1o, for example,
facibitate the reaction of sodivm selfie and calehwm hydroxide. Duosone erbodiments, it may
be desivable to add or mix or introduce sodium sulfite ag a ditute solation 0 a reaction with
calciurn hydroxide. Tn some erabodiments, it may be desirable to add or mix or introduce
sodivam sulfite as o solid or concentrated solution to a reaction with calciunt hvdroxide. In
some embodiments, calctum oxide may be added or muwed or introduced as & solid or powder
0 the veaction with sodium sultite or agqueous sodusy sulfite, For example, in some
cmibodiments, calotnm oxide may reacted with a solution comprising sodim sulfite, wheren,
for example, calciam hydroxide may formy as an intermediary or intermediate chemioal
species in the reaction. In some embodinents, calciam oxide or calctom hvdroxide solid or
powder may be transferred into a reaction or teactor or robxer using a screw feeder, In some
embodiments, caloium hydroxide may be added or mixed or introduced as-a solid or powder
1 the reaction with sodivm sulfite or agqueous sodben sudfite. o some embodiments, calenan
oxide may be reacted with water to form calciam hydroxide and ¢ or calcium hydroxids may
be aidded or mixed or miroduced as a solid oy powder to the reaction with sodivm sulfite or
agueous sodiun sulfite, In some embodiments, caleium hydroxide may conyise o solids
liquid suspension and or milk of Eme, and 7 or calenm hydroxide may be added or mixed or

infraduced to a reaction with sodium salfite as a sohid-higuid sespension and /or stk of ime.

(1589 i some embediments, the reaction of calcium hydroxide and sodivm selfite may
comprise an equilibrivan reaction. For example, in somi cmbodiments, it may be destrable to
control the rmperatures, or reagent concenirations, or ratio of reagents, or pluvsical state of
reagents, of residence time, or reactor design, ov reactor configuration, or any combination
thereof to, for example, factlitate the reaction of caleium hydroxide and sodiam selfue. For

gxample, i sonte embodimends, i may be desirable for calehnn hydroxide to be prosent

204



WO 2023/225089 PCT/US2023/022544

stoichiometyic exeess to the sodium sulfite i the reagents, to, for cxample, facititate the
cquiltbrivam toward the formation of sodien hydroxide. For gxample, in some enshodiments,
the caleium hydroxide may be at a ratio with sodiwm sulfite b the reactants which may be
greater than | mode caletum hydroxide to 1 mole sodium salfite. For examypde, i some
smbodiments, it may be desirable for the total reaction residence ime of reactants oy the
reaction to be greater than, for examyple, pue or more o any combination of the following: 1
segond, or 14 seconds, or 30 seconds, or 1 minute, or S nunutes, or 10 minates, or 13
nunutes, or 20 nunuies, or 23 minutes, or M minutes, or 43 minutes, or | hour. Sone
embodiments may cmploy, mcluding, but not fimited to, one or more or any combination of
the following: Cascade Reactors, or Cascading Bateh Mixing Reactors, or Back-Mix
Reactors, or a cascade of well-stirred, jacketed, batch-mix réactors, or any combination
thereof. In some embodiments, calehum oxide or calohum hydroxide may be reacted with
sodivm sulfite 1o form, for example, at least a porton of enlcium sulfite and sodivm
hvdroxide. In some embodiments, caferam oxide or caloium hydroxide may be reacted with
sodivan sulfite to form, for example, at least a porton of caloim sulfite and sodium
hydreude smploying, or using, v within, for example, Cascade Reactors, or Cascading
Batch Mixing Reactors, or Back-Mix Reactors, or a cascade of well-stivved, jacketed, batch-
mix reactors, or any combination thereof. By somse embodiments, the resction of sodiam
sulfite and calciwm hydroxide may be conducted in a batch configuration, or a semi-batch
configuration, or 3 continueris contfiguration, v sy combination thereof. In some
embodinents, 1t may be desivable © minimize exposurs or presence of oxygen, or diatomic
oxygen, or dissolved oxygen, or free oxygen, to, for example, mintmize or prevent the
oxidation of sulfite to salfate. For cxample, storage vessels, or transport methods, or reactors,
or separatars, o any combination thereof miay enploy an at least partially inert atmosphere or
headspace, or w atmosphere or headspace conyprising mwitrogen gas, or an atmosphere or
headspace comprising 3 lower coneeniration of diatomic oxygen than standard atimosgpheric

atr, or operation without or with a nunimized headspace, or any combination thereof.

(15284 in some embodiments, a reaction of caletum hvdroxide and sodium sulfite may
form at least a portion of calciam sulfite and { or sidivan hydroxade. In some embodiments,
the aqueous solution may comprise sodium hydroxide and 7 or the solid phase roay comprise
catoium sulfite, In some embodinionts, an agueous solution way Ruether comprise residoal
sodiam selfite and / or agueoes caleivm hydroxide. In some embodinents, the solid phase

may further comprise residual calehnn hydroxide. i some crubodiments, # may be desirable
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to separate at least a portion of the solid phase from at least a povtion of the squeous phase

asing one of wmore or a combination of solid-liquid separation systoms and / or mothods.

82y In some cmbodiments, an aqueoys solution comprising sodiom hydroxide may be
further punified, or concentrated, or any combination thereof. For example, in some
embodinents, an agueous solution comprising sodium hydroxide may be further
concentrated. For example, in some embodiments, at keagt a portion of water may be removed
or sepatated form an aqueous solution copgprising sodiom hydroxide by one or more or auy
combination of separation processes, such as, mctading, but not linited to, one or more or
any combination of the following: mechanical vapor compression distillation, or mechanical
vapor reeompression distillation, or mudieffoct distillation, or mulisstage Hash distillation, or
distilation, or crvodesalimation, or freeze desalination, or solventing out, o eleetrodialysis, o
reverse osmosts, or forward psiosis, or exmatically assisted reverse osiosis, o membiane
distiflation. In some embodiments, 3 portion of water removal or sodium hydroxide solution
concentrating may be conducted by forward osmosis, or pamotically assisted reverse osmosis,
or vapor gas membrane, or tenmbrane distiilation, or vapor pranstor, or any combination
thereof, wheramn, for exuwaple, aqueous sodiven sulfite, which may require diluting, may
carpprise a draw solution, and ¢ or aqueous sodium bydroxide, which may requirg
concentrating, may comprise a foed solution, In some embodiments, for example, at least a
povtion of water may transfor from an aqueous solution comprising sodium hydvoxide to an
aqueous solution comprising sodium sulfite, wiich may reduce the potentinl required input
energy consumption for concentrating sodium hydronide. For example, in some
embodiments, an agueous soludion comprising sodium hydronide may futher comprise
residual calenim hydroxide, or sediunt sulfite, of sodhan sulfate, or other chenuieals than
sodium fedroxide, or sy combination thereof, and / or In some embodiments, at leasta
portion of calenmn hydroxide, or sodium salfite, or sodium sulfate, or chemivals other than
sodiany hydroxide, or any combination thergof may be separated or remioved. i some
embodinoents, 1F an aqueous solution comprising sodium hydroxide undergoes concentrating,
at least a portion of residual caletuny hvdroxide, i any, may precipitate, or at least a partion
of restdial sodium sulfite, if any, may precipitate, orat least a portion of residual sodium
sulfiite, if any, miy precipitate, or any combination theveof! In some enmbodiments, other
separation systems and methods desoribed herety or other separation systems and wiethods

deseribed 1 the art may be employed.
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(18224 In some embodiments, an aguecous solution comprising sodiom hydroxide may be
concenirated into a highly concentrated sodium hydroxide soluetion, sech as a sohstion with a
comeentration of sodium hydroxide greater thay, for example, 20w, or 3w, or 40w,
or Shwt¥, In some embodbments, an agueous solution comprising sodim hydroxide may be
transformed or concontrated nto a solid or powder comprising sodnum hydroxide.

[1523 in some embodiments, concentrating and / or purifving sodium hydroxide or an
gquecus solution comprising sodiwm hydroxide nay be ennecessary ot wndesired. For
example, In some cmbodiments, sodiwn hydroxide or an aqueous soletion comprising
sodiun hydroxide may be emploved in ocean or sea ov body of water COq removal, where,
for example, dilute concentrations of sodiun hydroxide nay be beneficial, for example, dug
to rmproved ditfasion or dissolution, and ¢ or residaad cadorum hyvdroxide may be boneficiad
due {0 its propeasity o additional capalility of removing COi. In some erabodiowats, the
potential presence of impurities, such as calctom hvdroxide, or sodiun sulfite, or sodrom
sutfate, may be tnconsequentiad or beneficial to €Oy remoreal, for example, 1o the ocean CCh

removal and 7 or atmwospheric OO removal,

[1524]  In some embodiments, an aqueous solution comprising sodtany hydroxide may be
converted into sodium carbonate or sodium bicarbonate. For exanple, an agueous solation
copyprising sodiwm bydroside may be reacted with COy, or a gas conprising COx, or a salt
comprising & carhonate or carhamate, or bicarhonate, or sy contbination thereof and ¢ or

form sodiam carbonate or sodinm bicarbonate.

11525 In some emboduments, af least a portion of water or moisture may he removed
from: 4 sobid comprising caleium sulfite and / or calehum bydroxide. In some embodiments, a
solid comprising caletony salfite and/ or calciam hydroxide may wndergo at least a portion of
drving. fn some embodiments, drying may be conducted using, including, but not limited 1o,
ang oF more or any combination of the following: heat, o an nert stripping gas, or a
destecant, or @ drying surface, or eompression, or fidter press. In some embodinents, boat
recovered from one of mors intenal stops may be employed to facilitate drving, For exanple,
heat from the reaction of caleium oxide with water may be cployed o facilitate drving. In
some gmbodiments, it may be destrable for any drying of calchum sulfite or sulfite 1o be
conducted in @ manner which minimizes ov provents exposure or presence of diatomic

oxygen of free oxygen.
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(1526} I some embodiments, a solid copyrising calciom subfite may comprise or frther
conmprise caloium hydronide. For example, in some embodiments, & may he destrable to
separate at least a portion of calcium hvdroxide from at least s portion of caleium sulfite. For
sxample, i some embodiments, at keast a portion of calciom hydroxide mayv be separated
from caletam sulfite by means of different properties between calchun sulfite and calcium
hvdroxide, such ag, for example, incloding, but not timited to, one or more or any
combination of the following: decomposition temperatures, or change in physical state, ov
change i volwme, or change in physical structure, or change in morphology, or density, or
partick size, or solubility propértivs, or swrface tonsion, ov stabibity of hiquid-solid

suspensions, or other propertigs,

+  For example, m some embodoments, calcium salfite may comprise a hydrate or
possess a hydrate, For example, calolian sulfite may comprise g hvdrate, such as, for
example, homibydrate and the totrabydrate, respectively CaSO3-1(H20) and
CaSO3-4CH2. In some cmbodimants, a solid comprisiag calctan: salfte and / or
calciam hydroxide may be heated to a thermal decomposition temperature of 3
caloium sulfite hydrate, which may result in, for example, deying or dehydration of
at least & portion of the solid comprising calciam selfite, and /ov & change
particulate morphology, or density, o coagulation, or particle stze, or other property,
or any combingtion thereof, which may facilitate separation of at least a portion of
calcium sulfite from at least a portion of caleium hydroxide, if desired.

¢«  For cxample, in some embodiments, a solid comprisimyg calont sulfite and / or
valolun hydroxide may be heated to a thermal decomposinion tomperatare of
ealeimm bydroxide, which may be, for example, less than the decomposition
femperature of calehum sulfite. For example, in some smbodiments, calcium
hydroxide nray begin decomposing at temperatures as bow as 370°C gnd / or may
decompose with a partial pressure of water vapor greater than 1 Bar starting at a
temperature greater than ov equal 1o abowt S12°C. For example, i some
embodiments, caloium sulfite may begin deconposmy at temporatuve greater than
she initial decomposition temperatutes of calerunt hvdroxide. For example, m some
embodiments, a solid comprising caleium sulfite and ¢ or caloium hydvoxide may be
heated to o temperature whercin the morphology or siretire of the ealeim
hydroxide or caleiun oxide changes to, for oxample, facilitate and / or cnable the

scparation of at least a portion of caloium hyvdroxide or calemum oxide from calehum
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sulfite. Forexample, in some cmbodiments, a sodid comprising caleium sulfite and ¢
or calonan hydroxide may be heated to a temperatare wherein calohon hydroxide
may st feast partially deconwpose, which may resolt in a change i particle size, or
separation of particles, or change o density, or any combination thereof which may
facititate the separation of at least a portion of caleham oxide or calcium hydroxide
front calohon sulfite. For example, i sonwe embodiments, calelum sulfite may have
a density of sbout 2.7 g/mL and caloram oxade may have o density of 3.34g/ml.,
which may be a sufficient density difference to enable at least a portion of &
separation, i desired. For exanple, in some embeodiments, the evolufion of at least a
portion of water vapor or the change 1 morphology during heating, my result, for
example, in a change o propertics which may facilitate or enable the separation of at
least a portion of calctom sulfite frony at feast a portion of calcium hydroxide, if
desired.

«  BExample systems and /or sethods for separation of at least a portion of calchum
hydroxide or calehwm sulfite from at least a portion of calctom sulfite or calenam

hydroxide nay be deseribed elsewhers herein.

j1527 In some cotbodiments, if at feast a portion of caloium hydroxide mway be separated
from zalotnn sulfite, the at least partially separated calohnn hydraxide niay be croploved as
at loast & portion of the reactants in the reaction of caloiont hyvdeoxide with sodium sulfite, or
the at least partially separated caletum hydroxide may be caleined or decomposed to form
caloivm oxide and [ or reacted with water to form calctam hyvdroxide, or any combnnation

thergof.

[1528] For example, i soms smbodiments, # may be desirable {o allow st least a porlion
of catcram hywdroxide to be presont in the sodid comprising caletum sulfite. For exanyple, in
some embodinients, a solid comprising caloiun sulfite and calohun fyedroxide may be
decomposed or caleined into exlotum oxide, sulfur dioxide, sand water vapor. For example, in
some embodiments, i, for example, calcium hvdroxide s prosent in the sobid comprisimg
calcinn sulfite, it may be desirable to decompose in a manner 10 mininyize energy
consumption or temperature of heat, which may comprise to decompose calesum hydroxide
tute calcium oxide at a lowet fenweratare than, for example, the decomposition fomperature
of calciam sulftte, then, for example, caleining or decomposing a solid comprising calcium

sulfite or a solid comprising calcium sulfite and caleium oxide mto, for example, calcium
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oxide and { or sulfir dioxide. The caleining ov decomposition of caleium sulfite and for

calciam fvdroxide may be farther described elsowhere herein,

1529} In some embodiments, calenan oxide fromy, for example, the decomposition of a
sohid comprising calcium sulfite and / o calciam hydioxade comprise caloium oxide reacted
with water to form calchim hydroxide and / or may coimprise the calchun oxide or calchan
hydvoxide reactant in the rescion of caloiem hvdvoxide and sodium sudfite, I somwe
embodiments, sulfur diowde gas produced 1n, for example, the decomposition of calcium
sulfite, may be transtorred fo or coployed ia, of pwy comprise the sulfie dioxide in the

reaction of an atkal acid wirh sulfur dioxide, to form, for example, atkalf sulfite and agid,

131530] Example Production of Alkali hydroxide, or Alkali Carbonate, or Alkali

Bicarbouate from Alkali Sullite employing Carbon Diexide Intermedinte or Reactant

(1831 I some embodiments, an alkali sulfite may be converted ortransformed into an
alkalt hydroxide, or alkali carbonate, or alkali bicarbonate by, fiw example, reaction stops

cploving a carbon dioxide intermediate o reactat.

[1532] For exanmple, i some embodiments, an alkaline-carth weak acid or an alkaline-
carth carbonate may be mixed with a solation comprising water and ¢ or carbon diogide to
form, for example, agueons alkeline-carth carbonate, or aqueous altkaline-carth bicarbonate,
or any combination thereof. For example, in some embodiments, said alkaling-carth weak
acid may comprise caloium carbonate, of magnesiwn carbonate, or any combination thereot.
For example, in some embodiments, calchun carbonate, or magnestum carbonate, or any
combination thercof may be nixed with water and / or carbon dioxide to form a solution
somprising agueous calehun Mearbonate, or magnesiun bicarbonate, or any combination
thereof. For example, in some embodiments, 8 may be desirable for the reaction of calcium
carbonate, oy nagnesium carhonate, or water, or carbon dioxide, or any combination thereof
o be conducted 1w the presence of a high CO: partial pressure and £ or at a moderately fow
remperatars. For exaimple, in some embodiments, it may be desirable tor the CO; partial
pressure 13 the reaction of water, or carbon dioxade, or alkaline-carth — weak acid, or calerum
carbonate, or magnesium carbonate, or any cornbination thereof 1o he greater than or equal to,
ane of more of any combination of the following: .5 Bar, or 1 Bar_or 2 Bar, 0r 3 Bar, ov 4
Bar, or & Bar, or 6 Bar, or 7 Bar, w 8 Bay, or ¥ Bar, or 10 Bar, or 1 Bar, ar 12 Bar, or 13
Bar, or 14 Bar, or 15 Bar, or 20 Bar. For example, n some embodiments, i may he desirable

for the temperature of water, or calciom dioxide, or calchun carbonate, or magnesium
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carbonte, of reaction femperature, of dissolation fomperatare, or any combination thereof to
be less than or equal o, one or more o any combination of the following: 100°C, o BT, or
SO, or 7O, or 60°C, or 30°C, or 40°C, or 36°C, o 25°C, or 20°C, or 15°C o 1P, or 5°C,
ar O°C. In some ambodinents, # may be desirable for the reaction of calchon carbonate, or
magnesisen earbopate, or waler, or carbon dioxide, or any combination thercof to be
conducted at a relatively low temperatare bechuse the solubility of caleium carbonate, or
calcium bicarbonate, or magnesium carbonate, or magnesium bicarbonate, or any
commbination thereof way increase with ower temperature. For example, in some
embodiments, the sclubility of calctam carbonate w water m 8 CO» partial pressure of | Bar

maybe 1.3 g/ Lat 0°C and 0.539 57 L at 38°C. For example, in some embodiments, the

sotability of calchum carbonate i water fn 0 COz partial presswie of 1 Barmay be 248 ¢/ L
a0 Cand 135 g7 L at 42°C. For example, insome embodiments, for example, the solubitity
of magnesium carborate in water in a given COr partial pressure piay be greater than the
solubility of calcwn carbonate in water i the same OO partial pressure. For example, n
some embodiments, the residence thme of the reaction may be groater than or equal o 30
secomds, or | minute, or 2 munwtes, or 3 minates, or 5 minutes, or 10 mmutes, or 18 minutes,
ot 20 minutes, o 235 numtes, oF 30 minutes, or 45 minates, or 1 hingy, or any coinbination
thereof. For example, in sone cmbodiments, the resulting concentration of dissolved or
squeous calonam carbonate, or dissolved or agucous caleium bicarbonate, or dissobved or
aquesus tiagnesium carbonate, o dissobved or atueous magoesium bicarbonate, w any
combination thoreof may be greater than or equal 0, one of move or any combination of the
following: 001 gl or il o/l or 03 ¢l w03 oL, or 073 g or Tl o E25 oL or
15 or 175 /L, or 20 6/L, or 228 g/, or 250 oL, or 275 gL, or 3.0 oL, 0 3.3 /L, or
4g/l,ord5g/L,or5g/l,or6g/L,or7g/L,or8g/L,or9¢g/L,or10g/L,or 11 g/L ori2
ghior 3 gl ot Mgl or I8¢l or 16 /L, v 17 gL, or 18 i, or 19 oL, or 20 g/1.. For
example, in some embodiments, calcium carbonate or magaesium carbonate may be mixed
with water to form a solid-liguud mixtare, then the solid-lguid mixtare may be transforred
into a pressurized resctor or mixer wherets carbon dioxide may be added or pressurized. For
exanple, n some embodiments, calctum carbonate or magnestum carbonate and water may
be added & a reactor, and 7 or then carbon dioxide may be added to the veactor and 7 or the
reactor may he pressurized wath carbon dioxide. For exanple, n some smbodiments, carbon
digyide, water, and calchun carbonate or prgnesiunt carbonate may be simultancously fed

it @ reactor, wherein calcium carbongte or magneshan tavhonate may be fed into the
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reactor in & msaner which minimizes or toduces or provents the potential excape of a portion
of carbon dioxide from the reactor through, for example, an opening or port comploved for the
adidition or transfer of calchun carbonate or magnesinm carhonate nto the reactor. For
example, i some embodiments. carbon dioxide, water, and calcium carbonate or magnesian
carbonate may be sinndtancousty fod mto a reactor. For example, in some embodimenis,
garhon dioxide muxy be dissolved In water to fornt nquenus carbon didxide or cadhbonic seid
and / or said aqueous carbon diokide or carbonic actd may be mixed with or reacted with
calehum carbonate or magnesiun carbonate to Torm, for example, agueous calchun cavbonate,
of agudous catcium bicarborate, of agueous magnesium carbonate, oF agueoys DIAGNESIUM
bicarbonate, or any combination thereof. For example, some embodiments may emphoy one
or more batch, or senti-batch, or continuous, CSTR, or any convbination thereof reactors of

mixing vessels or separators,

[1533] in sopre eavhodiments, carbon dioxide employed, for example, n the reaction of
wiater, carbon droxide, and { or caloiam carbonate or magnestam carbonate may comprise
carbon divxide produced or generated from the reaction of alkaling-carth carbonate with acid,
such as, for example, the reaction of caleninm carbonate with acetic acid to formn caleium

agetate and carbon dioxide.

11534} in some embodiments, # may be desirable for calcium carbonate or magnesium
carhonate, water, covbon dioxide, and sodiuwm sulfite to be reacted together or sinudancously
to form, for example, sodhan bicarbonate and calcium salfiic or magneshen sulfite. For
examyprle, ealcium carbonate or magnesium carbouate, water, amd / o carbon disxide miay be
added to an aqueous solution connprising sodin suffite, which may result in the Seemation of

sodiam hcarbonate and caloium sulfite or magnesiom suifite.

[13358] n sore erabodiments, it may be destrable for at keast a portion of a reaction of
calcivm carbonate or magnesium carboriate, water, carbon dioxide, and sodiom soelfite to be

conducted in mudtiple steps or muluple reaction steps.

[1836]  For example, msome embodiments, a solution conprising aqueous caloium
cirbonate, or aqueous calehum bicarbonate, or aqueous magnesium carhonate, or agueous
magnesimn hicarbonate, or ay comtbination theveo! may be mixed with or reacted with a
sohd comprising sodiumn sulfite, or a solution somprising agucous sodiwm sulfite, ov any
somdnnation thereof to form, for example, a sorlution comprising agueous sodium bicawbonate

and a solid comprising calovom salfite, or nagnesium sulfite: or any combination thereof. In
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some emboediments, it may be desivable for the wmixing or reaction of agueons caloium
carbonate, or agurous calcium bicarbonate, or agacous magnestam carbonate, oF aguenus
magnesium bicarbonaie, or any combination thereof and sodinm sulfite or aqueous sodium
sulfite to be condacted i high C0: partial presswre conditions, or in the presence of a CO:
partiaf pressure greater than atmospheric pressure, or a total vessel or reactor or mixer

pressure of greater than stospheric pressure.

[1537§ in some enthodiments, the reaction between aqueous calcium carbonate, or
agucous calctuem bicarbonate, or agueos magneshen carbonate, OF aquecus magiesium
bicarbonate, or mry combination thereof and sedium sulfite may utilize the signiticant
sotubitity difference betwegn caleium bicarbonate or magnesium bicarbonaie ina CO:
atmosphere, or sodium bicarbonate, and calcian salfite to, for exaniple, enable a double
displacoment reaction with precipuation of caleron sulfite, or magnestom sulfite, or any
combination thereof. For example, In some embodiments, the solubility of calciom carbonate
i water i a high CO» partial pressure atmosphere may be, for example, 1 -3 g/ L. For
exarple, in some embodinents, the selubthity of calohwn sudfite i water may be 8043 ¢ /L,
which s sigificantly lower than the potennial solubility of calehum carbonate or calorum
bicarhonate. In some entbodiments, calcium sulfite or magneshun sulfite precipitation may be
facilitated by depressusization or bwering the partial pressere of carbon dioxide, which may
increase the pH of the solution which may decrease or farther deorease the solubifity of
calcium sulfite or magnesivm sulfite. In some embodiments, the solubility of caleium selfite
may inerease with lovwer pH and may deerease with ligher pH. o some embodiments, the
sodubility of calcivm selfite or magnesium sulfite may increase with increasing concentration
or partinl pressure of dissolved carbon dioxide or garbomie acid. In some embodiments, the
solubility of calcium sulfite or magnesiun sulfite woay increase with decregsing concentration
ar pactial prossure of dissolved carbon dioxide or carbonie acid. In some embodiments, the
sotubility of calohum sulfite or magnesivm sulfite may decrease with increasing copcentration
or partial pressure of dissolved carbon dioxide or carbonic acid. In some embodiments, the
solubitity of calciom salfite or magnesium sulfite may decrease with decreasing
concentration or partial pressure of dissolved carbon dioxide or canbonie acid,

[1338} In some embodiments, at least a portion of calctom salfite or magnesiwn sudfite
may precipitate when calctam bicarbonate or magnestam bicarbonate may be pixed, or
during nuxing, with sodiem seliite. In some cobodiments, at feast a portion caleinm sulfite

or plagnesium sulfite may precipitate after mixing with sodium sulfite and / or afier
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depressarization or reduction in the partial pressure of carbon dioxide, doe to, for example,
the Increase in pH which may result fom the depressurization of carbon dioxsde or the
reduction in CO: partial pressure, and / or afier concentrating or cooling at least a portion of
magnesian sudfite. In some ombodiments, the formed products may comprise caloim sudfite,
or magnesium sudfite, or any combination thereof and /7 or sodian bicarbonate or sodiem
carbonate. by sonwe embodiments, the formed resction products may conymwise an nquegus
solution. In some embodiments, the formed reaction products may comprise an agueous
solution and a solid, or a solid-liquid nrxture, wherein the aquecus solotion may comprise
agueous sodium mcarbonate of sodinm carbonate or aguecous magnestom selfie and f or
wherein the sohid may comprise calcium sulfite or magagsiom sulfite, In some embodiments,
at least & povtion of auy carbon droxide gas released during depressarization or pregsure
reduction may be transferred, or transforred intemally, or recirculated, or re~-compressed, or
reeyeled, or any combination thereof. For example, in some embodiments, at keast o portien
of carhon dioxide or carbon dioxide relensed during depressurization may be employed as a
portion of the carbon dioxide in the reaction of carbon dioxade, water, and ¢ or alkaline-canth
weak acid, such as caloium carhonate of magnesiing carbonate. B somie cmbodiments, power
or energy may be recovered from for example, at least @ portion of any depressurization of

the aqueous solution and / or at feast a portion of any depressurization of carban dioxide.

11539 In some ombodiments, § sohd-higuid separation may be conducted. For example,
in some embodiments, a sobid-liquid mixture comprising sodium bicarbonate and calciam
sulfite or magnestom salite may be separated into at least a portion of 2 solid comprising
cateium sulfite or magnesinn sulfite and at least a portion of a solution comprsing agueous
sodium nearbonate or magnesium sulfite. For example, said solid-liquid separation smploy,
for example, including, but not limited o, one or more or any combination of the following: a
filter, or a filter pross, or a decanter, or a scitler, or a coalescer, or a centrifuge, or a rotary
filter, or a floccalant, or a solid-liguid scparation process kaows i the art, or any
combination thereof. Sobid-liquid separations, such as solid-liquid separations of caltiom
sulfite or magnesiom salfiie and aqueous solations, may be further described or descnbed in
e detail elsewhere harein,

(13401 In some embodiments, magnesiwm sulfite may be stightly seluble in water, For
exmmple, In some embodiments, at least a portion of agqueves magnesiwm sulfite may be
present in the solution comprising agecous sodium bicarbonate formed form the reaction of

magnesim, bicarbonate with sodiwm sulfite. In some embodiments, for example, said
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agueous magnesiun sulfite may be deserthed ays residual magnestom salfite, or residaal
dissolved magnesiam suliite, or restdual agueous magnestum salfite. I some embodiments,
it miay be desivable to separate or recover af least a portion of aqueons magneshmm sulfue
fromea sohution comprising sodiven bicarbonate. In some embodiments, it may be desirable
separate at feast a portion of magnesim sulfite from af least a portion of sodium bicarbonate,
For example, in some embodiments, magnesiuny sulfite niay be recovered during a
concentrating provess, to, for exarmple, concentrate at least a porpron of sodiem hicarbonate,
or gt least a portdon of magnesium sulfite, or any combination thercof. For example, insome
embodiments, clectiodialysis or roverse osmosis may employed fo concentrate magnesiam
sulfite, or sochum bicarbonate, or any combination thereof at a warmer temperature, then the
soncentrate may be cooled, which may result i the formation of at feast a portion of
precipitated magnestom saifite. For exanple, magnesium sutfite may have temperature
dependent solubility. For exsunple, the sotubility of magnesham sulfite nway increase with
inereasing femperature. For example, the solubthity of magnesium sulfite roay decrease with
deorcasing tomperatwre. For oxample, in some embodiments, by concentrating a wam
solution connprising magnesium sulfife, then cooling the sclution, at least a portion of @ solid
comprising magnesium sulfiie may precipitate. In sone cinbodiments, for example, the
solubility of magnesium sulfite may be significantly less than the solubility of sodium
bicarbonate, which may enable or facilitate a separation process. I some embodiments, for
example, the solubility of magnesiwm sulfite may be significantly legs than the solubibity of
sodivm bicarbonate, which may enable the precipitation of at least a portion of magnesium

sulfite and at lsast & povtion of sodium bicarbonate remaining af 30 agqueons phase,

{1541} In some enmbodiments, sodinm icarbonate may be concentrated using
clectrodiabysis. In sovne embodiments, sodivm bicarbonate may be sepavated fromy, for
example, at least a portion of residual aquesus magnesium seifite, using, for cxample,
selective electrodialysis. Some extbodimients may comprise sinntancously concentrating
sodium bicarbonate and / or separating sodiwm bicarbonate front magnesium sulfite, or any
connbination thereof, using selective electrodialvsis. For example, monovalent selective
electrodialysis may besclective for sodivam (Na”™) and ¢ or bicarborate (HOO) relative to
magnesius: (Mp™t and sulfite (S0} because, for example, sadiunt sndfor bicarbonate oiay
be monovalent Tons, while magnesium and selfiic way be divalent tons. For example,
monovalent selective electrodialysis may be selective for sodiam (Na'™y and / or bicarbonate

{HCOY), which may enable the separation of aqueous sodrum icarbonate froan agquoous
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magnesiam salfite. For example, monovalent selective electrodialvsis may be selective for
sodivm (Ng') and ¢ or bigarbonate (HUOR), which may result in a concentrate comprising
sodium bicarbonate and a diluste comprising magnesiuwm sulfite. In some erbodiments, for
sxample, at feast a portion of magnestum sulfite may be further concentrated in or may be
separated from a diluate comprising magnesium sulfife. For example. in some embodiments,
at least a portion of magnesium sultite may be separmied from the diluate s a solid. For
example, in some embodiments, magnestum sulfite may be separated by concentration and /
or temperature change precipitation or precipitation. For example, in some embodiment,
magnestam selfiic may be separated from water of preapitated or auy combunation thereof

by, for example, ong oy more or any combination of the following steps:

(1) Concentrating 8 wamm solution conyprising magesium sulfite using, for
example, electrodialysis or reverse osmoads, to fwm a concenirate or retentate
comprising 8 magnesiam sulfite at g greaer concentration.

{2y Cooling the formed concentrate or refentate to precipitate or ervstallize at leasta
portion of a solid comprising magnesium sulfite

{3)  Separating at least a portion of said solid comprising magnesiom sulfitc from at
teast a portion of the romaining agqueous solution

4y Mixing said separatod romaining agueocus solution with new or additional
agqueous tagnesivnt sulfite and { or warming the satd mixed solution and / or

transferring said warmed solution to (1}

15421 In some embedinents, a concentrate or retentate coniprising aqueons sogdium
bicarhonate may be further concontrated, or punified, or decomposed and / o, in some
enbodients, for example gt feast a portion of sodiam bicarbonate or sodium carbonate may

be separated as a solid, or prevpitated, or decowmposed, or any combinatton thereaf

[1543]  Insome ombodiments, for example, a solid comprising magnesiam selfie may be
ealeined or decomposed to form, for example, # sobid comprising magnesivm oxide and g gas
comprising sulfir diexide. Said sulfur dioxide formed may comprise the sulfin dioxnide o the
reaction of alkall carboxylate, such as sodiwm acetate, with sudfur dinxide 1o Bwin, for
example, atkali salffic and { or carboxylic aeid, such as sodium sulfiie or potassium sulfite
and acetic acid. {n some embodiments, said magnesnam oxide formed may be reacted with
water to form ot least a portion of magnesium hydroxide. In some embodiments, magaesiom

oxide or magaesivm hydroxide reay be reacted with carbon diovide 1o form, for example,
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magnesiam carbonate. Said formed magneshan carbonate may comprise the magnesiam
carbonate in the reaction of carbon dionide, water, and { or magnesiam carbonate to form, for
example, agueouns magnesium carbonate of agueous magnesiwm bicarbonate. In some
smbodiments, said carbon dioxide may conyrise carbon dioxide from one or more of any
combination of internal sources or steps, In some entbodments, said carbon dioxide may
conyise carbon dioxide from an ermnissions source, or flue gas cvbon diosade, or CO» in air,

ar Qir, or ocea, o a body of water, or any combination thereof.

{1544 n some embodiments, emploving magnesiont may be desirable, nsome
embodiments, for example, the reaction of magnesium carbonate with carbon dioxide and
waler to form magassiam bicarbonate may have fastor roaction kinctits and 7 o greater total
solubiiity of magnestam twcarbonate compared to, for example, the reaction of calemm
varhomate with carbon dioxide and water to form zaleiure bicarbonate. In some embodimenty,
for example, decomposition of magnesium sulfite into magnesium oxide and sulfie dioxide
way occur at # lower temperature, o reqeire less energy (such as 8 lower enthalpy of reaction
or enthalpy of decomposition), or form a lower concentration of selfite during the
decomposition, or produce a higher partial presswre sulfur dioxide gas stream, or possess
faster decomposition kinetics, or produce more réxctive niagnesiunm oxide, or produce a fower
voncentratton of sutfate dunng the decomposition reaction, or any combination thereot,
compargd to, for example, the decomposition of magnesiom sulfite into magnesiun oxide

and sulfur dioxide.

J1545] In some emboediments, a solution comptising sediwm bicarbonate ov sodium
carbonate, which may have beon separated from a solid conprising caloium sulfite, may be at
a relatively dilute concentration. For example, in some embodiments, the concentration of
sodium bicarbonate or sodium carbonate in swid relatvely dilute concentration solution may
be ess than, or greatey than, ot equal to, including b not limited to, one or mote or any
consnnation of the following: g/l w2 g/l or 3 g/l or d /L, v S gL, v 6 gl o 7 &L,
or 8 ¢/l or ¥ oL or 10 @/l or 15 @l or 20 2/L, or 30gL., or 40g/L., or S0w/L, or 601, ov
Tl or S0 gL, or 90 g, or {060 g/l In some cmbodiments, it may be desirable o
concentrate the sedution comprising sodium bicarbonate or sodium carbonate. Fov' example,
n some embodiments, it may be desirable to concentrate sodivm carbonate or sodien
bicarbonate in said relatively dilote concentration solution vsing, for example, mcluding, bat
net lmited to, one ov more or any combination of the following: clectrodialysis, or

electrodialysis reverse, or reverse osmosts, of high-prossure roverse osmosis, of any
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combination thereof, For example, in some embodiments, the separated or removed water
from concentrating may be transferred or enydoyed internally. For example, i some
cmbodiments, sepantied or removed water may comprise at least a portion of water emploved
in the reaction or dissolation of water, carbon dioside, and 7 or caleium carbonate. For
sxample. i some embodiments. it may be desirable to concentrate at least a partion of
sodiwm carbonate or sodiunm bicarbonate froni a relutively dilute concentration to the desived
concenirate concentrabion using, for example, electrodialysis and { or electrodinlysis reversal.
For example, i some embodiments, 1t may be desirable to concentrate at feast a portion of
sodium carbonate or sodium bicarbonate from a refatively difute concentration fo the desived
comecntrate of retentate concendration using, for example, reverse osmosis and £ or high
pressute reverse osmosis. For example, v some embodiments, it may be desirable to
concentrate at least a portion of sodium carbonate or sodiym bicarbonate from a relatively
shihuie concentration to the desired concentrate or refentate concentration in, for example,
stages, wherein, for example, one or more stages comprise electrodialysis, or one or more
SLAPOS COMPLIRE TEVerse oWNOSE, OF Onge O more stages comprise high pressure reverse
osmasts, of any combination thereof. For oxamiple, in sonwe enbodiments, concenfrating in
stages may he desirable, due to, for example, including, but not Hinited to, one or more or any
combination of the following: reduce energy consumption, or may enable improved removal
of at least a portion of contaminanis or impuritics or residual non-sodivm bicarbonate or non-
sodium carbornate salts, or cnable tomperature changes which may facilitate separation or
enable solability of sodiam bicarbonate or sodium carbonate at lngher concentrations, or any
combination thereof. For example, in soine embodunents, sodivn bicarbonate in a solution
comprising sodinm bicarbonate may be concentrated from ~3g / Lto ~30 oL using
clectrogialysis, then from ~30 gL to, Tor example, ~50 g/l or ~60 g/Loor ~70 g/L using

reverse osmosis, then from ~580 @8, or 60 /L. or ~70 oL 1o, for example, ~80 gL, or 100

gL, or ~120 /L. osing high pressure reverse osmosis. For example, in some embodiments,

the sohetion may be heated or the temperatare of the solution may be incrcased, for example,

before congentrating sodium bicarhonate above about 60 gL, or about 70 oL, or abowt 80

or any combination theveof, for example, to cnsure solubility of sodiwm bicarbonate in

the selation during concentrating,

[1846]  For example, in sovoe ewmbodiments, 3 the relatively dilute solution comprising
sodiamy bicarbonate may be concentrated from ~3¢'L sodiem bicarbonate concentration to

~ 106 @l sodiurn bicarbonate concentration, then
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{1} Forexample, in some embodiments, the water separated using elecirodialysis
from ~Sg / L to ~30 g/L may he about 166,67 m¥ water per metrie ton of sodiam
bicarbomate, which may consanie. for example, about 1.5 kWh of electticity per
m’ of waiter separated or about 0,083 MWh per ton of sodium bicarhonate. In
some embodiments, depending on the temperatwre of the solution, if may be
desirable to inorease the tomperature of the solution before the next
concentrating step or stage to, for exarnple, ensure sodiam bicarbonate remains
dissolved or at an aqueous phase doring concentrating. For example, sodiun
bicarbonate may have a solubility in water of aboat 69 gL at 0°C, or 815 gL at
WP, o 96 g/ ot 2000, or 11T o/l at 30°C, or 127 oL at 40°C, or 143 o/l at
MR,

{2)  For example, n some enbodiments, the water separated using reverse 0smosis
from ~30g / L to ~70 ¢/l may be about 19 m” water per metric ton of sodhum
hicarbonate, which may consume, for example, about 3.5 kWh of electricity per
nrt of water separated or about 1.067 MWh per ton of sodium hicarbonate. In
some embodiments, depeading on the temperature of the solation, it may be
desirable to increase the tomporature of the solution before the next
concemiraiing step or stage to, for example, ensure sodium bicarbonate remains
dissobeed or at an aqueous phase during concentrating. For example, sodium
hicarbonate may have a solubility in water of about 69 g/L st 0°C, or 815 g/l
10°C, or 96 /L at 2000, or 111 oLt 30°C, or 127 /L at S0°C, ov 145 gl &t
S°C,

{3} For example, in some cmbodinents, the water separated using high pressure
reverse osmuosis from ~70g { L to ~100 ¢/L niay be about 4,29 m? water per
metrie fon of sodium bicarbonate, which may consume, for exanple, abow 7
kWh of electricity per v’ of water separated or shout 8.03 MWh per ton of
sodiem bicarbonate.

{4} For example, 1 some embodiments, the fotal eleetricity consumied to
concentrate sodivo bicarbonate in a solution comprising sodium bicarbonmie
from a concentration of ~3g 7 L to a concentratinn of ~100 gl mav be abow

{18 MWh per ton of sodium bicarhonate.

[1547] 1o some embodiments, sodiom bicarbonate or sodin carbonate b & solution

comprising seduan bicarbonate or sodium carbonate ay be at least partially concentrated
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asing fonward osmosis, For example, tn some embodiments, forward osmosts may be
comdacted with a draw solation comprising scawater, For example, in some embodiments,
forward osarosis may be conducted with a draw solution comprising desalination concentrate
ar retentate or brine. In some embodiments, forward csmosis may be vonductod with a draw
solution comprising waste brine. For example, in some embodiments, forward osmosis may
be condusted with a draw solution comprising a regenenable or switchalle or removible salt
or pobymer or other solute or any combination thereof. For example, in some embodiments,
forward osmosis may be conducted with g draw sohstion comprising a solution avalable or
produced by one of more embodiments and f or tay a sofetion which may benefit from oy
may reguire ditution. For exanmiple, in somg embodinents, the draw solution may conynise
sodiar salfiie or a solation comprising sodiwy selfite and 8 sofotion comprising sodium
hicarbonate may comprise the feed solution. Bomay be important 1o note that sodiwm
hicarbonate may be significantly less soluble in water than sodhum sulfite, depending on the

solution temperatwre,

[1548] In sopwe cmbodiments, sodiwn bicarbonate or sodiam carbonate mav be aeparated
or recovered by utihizing the change in solubility of sodium bicarbonate or sodium carbonate
with temperature. For example, sodium bicarbonste may have a solubility in water of about
6% 'L at 000, or 815 g/l at W08, or 96 oL ae 20°C, o L1E @/l at 3090, or 1237 oL at 40°C,
or 145 gL at S°C. For example, sediom carbenate may have a sohubility n water of about
F0 L at °C, or 164 oL at 15°C, or 341 /L at 27.8°C, or 486 9 oL at 34.8°C. For example,
some embodiments may comprise heating or nercasing the temperature or warming of a
solution comprising sodiam bicarbomate or sodiam carbonate, then concentrating the solution
comprising warns sodium bicarbonate or sivhiem carbonate, then eooliing the resuliing
concentrate or retentate comprising sodivm bicarbonate or sodivm carbonste to form a solid
ar precipitate comprising sodiam bicarbonate or sodhan carbonate, then separating the sohid
conyrising sodium bicarbonate or sodbwn carbonate from the remaining agueous sohution
comprising sodiwn bicarbouate or sodhium carhionate. In some enbodiments, the process may
conmprise a foop or cvele. For example, in some embodinments, said remaining aqueous
solution comprising sedivim bicarbonate or sodiam carbonate may be transfereed to the step
comprising hesting or increasing the temperatare or warming of a solution comprising
sodiom biearbonate ov sodion carbonate. For example, in some embodiments, additional or
new sodivm bicarbonate or sodivn carbonate sohstion yay be added to the solution

remaining atter solid-liguid separation and ¢ or before or after heating or increasing the
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temperatare of the soletion {depanding on the temperatare of the additional or new sodium

bicarbenate or sedivm cabonate solation), which may enable the recovery or separation of

solid sodium bicarbonate or sodiam carbonate to be, for example, continuous. For example,

i some embodiments, separated or removed water, which may be sepavated or removed

during concenirating, nry be transforred or enploved or utihized internally. For example, in

somie embodiments, separnted or removed water gy comprise af least o portion of water

employed in the reaction or dissohtion of water, carbon diexide, and { or caloium carbomate.

For example, in some embodiments, one or more or any combination of the following steps

may be emploved fo reeover solid sodies bicarbonate from a sohtion comprising sodhn

bicarhonate:

H

&)

Heating or increasing the temperature o warnung of 8 soletion comprising
socdium bicarbonate or sodium carbonate. For exanple, n some embodiments,
said solution may have & concentration of sodium bicarbonate of, for example,
8 o', In some embodiments, the solution in the present step may comprise a
solution comprising sodiun bicarbouate or sodivm carbonate rematning from a
solid-liquid separation, such as the romaining aqueouns solution in step 4. In
soine embodiments, additional or new solution comprising sodium bicarbonate
o sodium carbonate may be nuxed with saidd solution comprising sodium
hicarbonate or sodium carbonate reragining from a solid-liguid separation. In
some embodiments, said additional or new solution comprising sodium
bicarbopate or sodiv carbonate may be at a lower concentration than said
solution comprising sodian carbonats or sodiem carbonate rematning fom a
solid-Hauut separation. In some embodiments, for example, satd mixed solution
may have g concentration of 70 i sodium bicarbonate. In some embodiments,
for example, depending on the terperature of the additional or new solution
sonprisiing sodivm bicarbonate or sodivm carbonate, the tenmperatare of said
mixed solution may be raised. For example, 1 some embodiments, the
temperature of the solation may be ratsed from, for sxample, about §°C, or
10°C, or 200, or 30°C, or any combination thereot to, for example, greater than,
or less thiny, or equal to, one or mare or any conbination of the following: 20°C,
or IC, ar 40°C, or SIPC, or 607C, or TU(L

Concentrating the sohution comprising warm sodhun bicarbonate or sodium

carhonate, using, for example, roverse osimosis, o high prossure reverse
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osmosis, of electrodiatysis, or forward osmosis, or membrane based process, o
MV, or MED, or MSF, or MDD, or distiflation, or other conventrating systemeor
method, or other water separation system or method, or any corhination
thereof. For example, i some cobodiments, the solution may be concentrated
from, for example, a concentration of 70 gL of soediven bicarbonats to, Tor
example, 1 concentration of 130 /L of sodium bicarbonate. In some
embodiments, for exaople, the resolting retentate or concentrate from
concentrating may, for example, comprise & concentration of 120 ¢/L of sodium
bivarbonate. For example, in some cotbodinents, separated of removed water,
which may be separated oo removed during concentrating, may be ransferred or
arploved or wtilized intenmally.

{3 Cooling the retentate ov concentrate solution to precipitate or erystalize or form
at least a portion of a solid comprising sodium bicarbonate or sodium carhonate,
For example, i some embodiments, a retentate or concentrate schution
comprising sodium carbonate folfowdng cooling may comprise & sohid-hquid
wuxfire, which may conyprise a solid conprising sodium hicarbonate or sodham
carbonate and / or 3 remaining agueous solution comprising sodium hicarbonate
or sadiun carbonate. In some embodbments, 8 retentate or concentrate may be
gooled o g tempueratars greater than, or kess than, or cqual to, 0u¢ OF MOKS OF any
combingtion of the folfowing: 0°C, or W°C, o 20°C, or 30°C, ov any
combination thereof.

{43 Separating & solid comprising sodiom bicarhonate or sodiam carbonate from a
sohution comprising remaining sodiam bicarbonate or sadiwn carbenate. For
example, In scine smbodiments, said separation may be conductod using one or
maore or any combinaton of systems or methods for separating at least a portion
of & solid from at least 2 portion of a liquid. fn some embodiments, the
remaining solution, which may comprise 2 solution comprising remaining
sodium bicarbonate or sedium carbouate, may be comprise a concentration
comprising 80 g/ L of sodium bicarbonate, In some ambodiments, the
remaming solution, which may comprise a sohdinn coinprising rematning

sodiom bicarbonate ov sodium carbonate, may be transforred to step L
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[1549] For exampie, in some embodinments, 3 one or two of more stage crystatlization
anit may be emploved to separate or erystallize sodiom carbonate, or sedium bicachomats, or

any combination thereof)

[155¢]  in some ebodimuonts, 3 solution comprising sodium bicarbonate or sodium
carbomate may be concenraied using forward osmosts, o electrodialysis, or roverse osmosis,
or high prossure reverse osmonis, of werabrane based process, or aby combination thercof]
then the retentate or concentrate formed may be treated with distillation, or MVT, or MED,
or MSF, or MD, or desorption colums, or any combination thereof, to form, for example, at
tgast a portion of water and {or at least a portion of solid sodium bicarbonate, or solid sodium
varbonate, or gaseous carbon dioxide, or a solation comprising nearly satwsrated or saturated
or supersatirated sodium Bicarbomate, or g solution comprising nearly saturated or saturated

s supersatiated sodivm carbonate, or any combination thereof!

851 In some embodiments, for example, at least a portion of coneentvating may be
conducted at 3 higher tempershure, to, for example, enable a higher concontration of sodium
bicarbonate or sodiunt carbonate due to the incréase insolubility of sodiuny bicarbonte or

sodion carbonate with increasing tomperature.

118821  in somie cmbodiments, sodiwn bicarbonate or sodium carbonate may comprise 8
product or output. T some erbodiments, sodium bicarbonate may be converted into a solid
or sohution comprising sodhemn carbonate and 7 ov & gas comprising carbon dioxide, and J or
satgd sodiunt carbonate rway comprise a product or ouiput, In sonw embodiments, ifa gas
comprising COx is penerated or produced, suck as from the decomposition of sodium
bicarbomate to sodiun carbonate, it may be desirable for smd generated or produced COz 1o
be reeyeled, or reused, or smployed internally, or employed in one or more embodiinents
described heredn, or any combination thereef, In some smbodiments, f a gas comprising COx
is generated or produced, such as from the decomposition of sodiom bicarbonate to sodium
carbonate, it may be desirable for said gencrated or produced CO: to be emploved inan

oxternal application or conaprise a produst,

[1533]  In some emboduments, i€ oy be desivable to decomipose or caleine a solid
compristng sodiom bicarbonate mto a solid conprising sodium carbonate and / or a gas
comprisiag carbon dioxide, In some entbodiments, for example, i some cmbodinents, it
may be desivable to dissolved said solid coraprising sodhum carbotate to form a salution

comprising agueons sodinm carbonate and ¢ or reacting said solution comprising agucous
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sodim carbonate with 4 solid, or a solid-liguid mixtare, or a suspension, of any combination
thereot comprising calohan hydroxide to form, for example, o least a portion of a solution
coroprising aqueous sodium hydroxide and at foast a portion of 3 solid comprising caleium
carbonate. In some embodiments, 1fa gas comprising C0: s generated or produced, such as
from the decomposition of sodium bicarbonate to sodiun carbonate, it may be desirable for
suid generated or produced CO: o be recyeled, of reused, or emploved nternally, or
employed fn one or more embodiments described herein, or any corbination thereof. In some
embodiments, 1f a gag comprising CO: is genersted or produced, such as from the
decomposition of sodium hicarbonate to sodium carbonate, it may be desrable for sad

senerated or produced CO: tx be employed in an extemal application or comprise a product.

[15584]  In some embodiments, it may be desirable to decompose or desorb 02 from at
{east a portion of a solution comprising sedium bicarbonate to form as least a portion of a
solution comprising sodivan carbonate wad / or captured carbon dioxide. For example, in
some embodiments, a solution comprising aqueous sodium bicarbonate may be decomposed
or desorbied of thermally decomposed into a selution comprising aqueows sodium carbonate
and a gas comprising carbon dioxide. In some embodiments, 1t may be desirable for said
carbon dioxide 1o he reeyeled, or reused, or etoployed internally or enmploved within the
process or one or more embodiments deseribed herein. In some cmbodinrents, it may be
desivable for said solation comprising aqueocns sodium bicarbonate o contprise a
concentrated solution, o, for example, reduce or nrinimize encrgy consumption assoviated
with thermal desorption. For example, i some embodiments, said solution comprising
atucous sodium hcarbonate mayv comprise a concentrate or retentate comprising sodiam
bisarbonate produced from the concentrating of an aqueous solution comprising sodium
bicarbonate from the separation of a solid comprising caleion sulfife from an aqueous
solution comprising sodinn bicarbonate. For example, in vonwe embodiments, said solution
comprising ageenus sodium bivarbonate may vomprise a concentrate or retentate comprising
sodium bicarbonaie produced from the concentrating of the dilute aquoous solution
commprising sodinm carbonate using, for example, forward osmosis, or elecirodialysis, or
reverse osmasis, For example, in some embodiments, said solution comprising aqueoas
sodiun bicarbonate may comprise a concendrate or retentate front & concentiating or
separation or water vemoval process comprising, inchiding, but not lemted to, electrodialysis,

or electrodialysis reversal, or reverse osmosis, or bigh pressure reverse oamosis, or forwaed
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osists, oF separation or concentraging progesses described horeln, or separation of

concentrating processes described in the agt, or any combination thereofl

[1535) In some embodiments, 3 solution vomprising sodiam bicarbonate may be
wansfonned infy a solution comprising sodimm carbonate using, for cxample, a desorption
colimn or a desorption process. In some embodunents, the decomposition of sodium
bicarbonate or the desorpion of carbon dioxide from sodiam bicarbonate may be condacted
asing relatively fow tenperanee heat. For example, n some embodiments, the decomposition
of sodium bicarbonate or the desorption of carbon dioxide may be conducted at a emperatare
tess than or equal to, fior example, ong or more or any combination of the following: 200°C,
or P00, or I8G°C, or 170°C, or I0°C, or 13°C, or 180°C, or 130°C, or 120°C, or 11O°C, or
HHRC, or 90°C, or 8O°C, or TOPC. For example, 1 some embodiments, heat provided for the
deconposition of sodium bicarbonate or desorption of carbon dioxide may comaprise, for
example, including, b not Hmited to, one or more or any combination of the following:
waste heat, or heat pump heat, or hest recovered from elsewhere 1o the process, or
combuation heat, or other heat sources desceribed herein, or other heat sourees in the art. In
some embodiments, i may be desirable to conduet sodium bicarbonate decomposition or
thermal desorption at a higher pressure, or pressure greater than atreospheric pressure, 1o
enable, for example, higher pattiad presswe of CO: relative to partial pressurs of water, or to
mintmiee encrgy consampdion rolated to water boling. o some embodiments, heat recovery
may be emploved. In some embodiments, a coumter~current beat exchange may be conducted
betereen the solistion comprising sodign bicarbonate entering desorber sad solation
comprising sediwn carbonate oxiting the desorber, to. for example, recover ot least a portion

of sensibie heat,

{15856] In some cmbodiments, 3 solid comprising calcium sel{ie may be separated froma
solution conpeising sodium bicarbonate. hir some embodiments, a solid compristng calcium
sulfite, which may conyprise at feast a portion of the solid comprising ¢alcium sulfite
separated from a solution comprising sodiun bicarbonate, may be deconposed, or thermally
decomposed, or caloined, or any combmation thereof 1o formy, for example, a solid
comprising calciunt oxide and a gas compnising sulfur dioxide. In some enbodiments, it may
he desirable fo dehedrate ot least a portion of caloiwm sulfite, or employ heat to dehydrate at
feast a portion of caloium sulfite, before thermal decomposition of at least g portion of
caletum sulfite 1o at least a portion of calciom pxide and sulfar dioxdde. For example, tn sonwe

embodiments, dehydrating calciun sulfite befare thermally decomposing calcium sulfite into
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calchwm oxide may enable the use of lnwer cost or lower tomperature heat rolative (o the heat
reguined for the thermal decomposition of caleiam selfite info calchun oxide and ¥ or way
cnable a short residence time in the kiln or caleiner, which may improve the reactivity or
other properties of the formed solid comprising calciun oxide. The decomposition or

caleination of calcion selfite may be described iy firther detail elsewhere herein,

[15377 Do somwe eimbodiments, the gas comprising selfur diexide produced from the
decomposition of caloian salfite may be enploved internally or in one or more or any
combination of embodiments described herein. For example, gas conprising saliur dioxide
from the decomposition of @ splid comprising calcium silfite may be tansferred to a reaction
with an aqueous soludion comprising an alkali acid, such as aqueous sodium acetate. For
example, gas conyprising sulfur dioxide from the decontposition of a solid comprising

caletinn sultite may comprise af least » portion of the sulfur divxdde in a reaction of sodium

acetate and sulfir dioxide, to form, for example, sodium sulfite and / of acetic acid.

(1558  Jnsome embodiments, a solid comprising calchan oxide, which may be formed
fromr the decomposition or caleining of calonsn sulfite, may be reacted with carbon dioxide
o form, forexample, a solid comprising caleran carbonate, In some smbodiments, a solid
comprising caloium oxdde, which may be formed from the deconposition or calcining of
caleiurn sulfite, may be reacted with water to form a solid comprising caleiunt hydroxide,
which may comprise & solid, or solid-Hquid mixture, or a suspension, or milk-of-lime, or an
agueows sofution, or any combination thereof, In some ambodiments, for oxample, at leasta
portion of calcium hydroxide may he reacted with at feast a portion of carbon dioxide o
forn, for cxample, at least a portion of caleiwm earbonate, In sonwe cobodiments, carbon
dioxide may comprise carbon dioxide from an intemal sowrce, such as one or more or any
vombination af process steps, or fTom one or pore oF any coinbination emboediments
described hercin. T some embaodinents, carbon dioxide may comprise carhen dioxide from
an CHHSSIONS SCHINCS, OF A point source, of dilute source, or flue gas, or from aw, or from a
body of water, or in a body of water, or any combination thereof. In some embodiments, the
reaction of at least a portion of calcium oxide or caloium hydrosde with at least a portion of
carbon disnade miay coanprise a carbon dioxide conversion, or removal siep. In some
embodiments, a sold comprising calcium carbonate may be atihized indernally. For example,
a solid comprising calciom carbonate frony, for example, the reaction of caletom oxide and /
o calonm hydroxide with carbon dioxide, may comprise at least a portion of the calclum

carbonate in the reaction of water, carbon dioxide, and / or caleium carbanate. In some
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cmbodiments, calehan carbopate may comprise o vaheable product, such as precipitated

caleium carbongte or @ seguestration product.

[1559) In some eimbodiments, # may be desirable for sodium bicarbonate or sedian
carhonate to be converted or transformed mio sodium hydroxide. For example, i stine
gmbodinments, a solid or sohgton or any combination thereof comprising sodivot carhomate
may be reacted with a solid, or sohd-liquid mixture, or solation, ov any combination thereof
comprising calciom hydroxide to formy, for example, a solid comprising calciom carbonate

and a solution conynisitg sodivm hydroxide.

(1366} In some embodinents, a solid comprising sodiwm carbonate may be dissobved in
waler to form a solution comprising agqueous sodim carbonate. In some embodimentds, i may
be destrable 1o, for example, employv forward osmosis or osmotically assisted reverse osmiosts
10 concentrate at least a portion of an solution comprising squeous sodium hydroxide, wiile,
for example, diluting at least a portion of & solution comprising sodiem carbonate. In some
cmbodiments, for example, sodien carbonate or 4 solution comprising sodivem carbonate may
comprise, for exanye, a deaw solution and ¢ or sodium hydroxide or a sohution comprising
sodion hydroxide, yaay comprise, for exanple, o feed solution. In some cnabodiments, for
sxample, sodium carbonate or & solution comprising sodinm carhonate may comprise a draw
solution and / or sociom hydroxide or a selution comprising sochunt hydroxide, may
conyrise a feed solution, for exaraple, whereis water moves from a solution comprising
soditom hydroxade to a solution compristug sodium carbonate by, for example, ponmeating a
senti-permeabic membrane. {In sone eotbodiments, it may be desirable for sodium carbonate
0 be dissolved tnto a warny solution of to conywise a warm solution or to comprise & solution
with g temperstare gregter than 10°C, or 20°C, or 30°C, or any combination thereof, to, for
example, ghable o higher sodium carbonate conceniration, or highey osmotic pressure, or any

combimation thereof due to, for exmmple, the solubility curve of sodium carbonate,

[15617 Do somwe ombodiments, calciam oxide or caleiwm hydrogide, winch nwy comprise
the calcium oxide or calcium hydroxide produced front the decomposition of caloiam sulfite,
may conprise the calciun oxide or caleiun hydroxide cmploved in the reaction of calctam
hydroxide and sodium carhonate to form calctum carbonate and sodium hydroxide. In some
smbodiments, calctom oxide may be added to a solution conmprising sodium carbonate, and /
or may react to form, for example, sodium hydronide and calcian salfite. In some

smbodinents, enlcium oxide may be reacted with water 1o form caloiun hydroxide, which
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may comprise, for example, incloding, but not lmited to, one or more or any combination of
the fellowng: sohid caleian hydroxide, or powdered calehun hvdroxide, or a solid-liquid
mixure or suspension of caleiuny hydroxide in water, or nitk-of-lime. In some emwbodinients,
caleim hydroxide may be added to a solution comprising sodiam carbonate, and £ or may

react to form, for examyple, sodian hvdroxide and calennm sulfite.

[1562] In some embodiments, an alkali carbonate may be reacted with an atkaline-carth
hrydvoxide to forn an adkal bydroxide and an alkaline-earth carbonate, In some embodiments,
sodien carbonate ntay be reacted with caloium bydroxide to form sodiun hydroxide and
cateium carbonate. In some embodiments, 1t may be desirable for the reaction to be
vonducted with sodium carbonate reagent comprising a solution comprising 8 sodium
carhonate concentration of less than or equal 0 one or more or any combination of the
following: 08N, or 1M, or LM, or 28, or 23M, o 3M, o 3.8M, or 4M, or 4.5M, or SM.

In some embodiments it may be desirable to conduct 8 reaction of sodhan carbonate and
calctum hydroxide at a teraperatire fess than or equal to, one or more or any combination of
the following: O°C, or 16°C, or 2000, or 30°C, or 4000, or S0°C, 60T, or 70°C, ar B0, or
BO°C, or OO, or 1IOPC, or 120°C, or 130°C. In some embodiments, it may be desirable for
the total reaction residence time 16 be greater than, for exmmple, one of Tore orany
combination of the following: 1 sevond, or 18 seconds, or 30 seconds, or 1 minute, or §
mimstes, or W wanwtes, or 15 mdntes, or 20 mimdes, or 25 mumases, or 30 munutes, or 43

minutes, or | bour.

[1363] In some embodiments, a reaction of sodium carbonate and caletum hydroxide o
produce at foast a portion of sodium hydroxide and at loast & portion of calohen carbonate
may be conducted in a manner similar, or employing similar equipoent or processes, to
systems and methods of veacting sodium selfile with caleiom hydroxide, which niay inclade,

but are net fimited to, systens and methods deseribed herein.

[15644 in some emtbodiments, the reaction of a caloium oxide or caleiun hydroxide and
sodium carbonate © produce at least 2 portion of sodium hvdroxide amd at least a portion of
caleiunt carbmate conducted in a similar imanngy ty, for example, the causticization of

sodium carbonate i the art.

11568) In some cmbodiments, 3 sohd-liguid mixture compuising a solid conprising
valetun carbonate and a fpund comprising aqueous sadium hvdroxide may be formed m a

reaction of calcium hydroxide or calcium oxide and sodium carbonate. In some embodiments,
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at least 3 portion of the solid comprising calchom carbonate may be separated from at least a
portion of the sclution comprising sodiem hydrexide In some cmbodiments, said separation
may employ one or move soliddiquid separation systems and / or methods described berein,
o deseribed b the art, of any combination thercof. In some embodiments, systens and
methods for separating calciam carbonate and sodivun hydroxide may be sinular to or
averlapping with systems and methods for separating caleium sulfite and sodiwm bydroxide,
which may be desertbed fnmore detal elsewhere herebn. For example, In some embodiments,
systemms and methods for separating calcium carbonate and sodivm hydroside may be similar
to or overlapping with systems and methods for separating calcium sulfite and sodiam
hydroxide, which may be described i more detail elsewhere hergin, although, in some
enthodinents, i may be destrable 1o sobstitute the ferm or word or anton “sulfite” with
‘carbonate”

[1566] in sopre oavhodiments, it may be desirable to concentrate and / or purify sodiom
hydroxide. In some embodbments, concentrating or purifving sodium hydroxide or solutions
comprising sodium hyvdroxide may be dexcribed w detat! elsewhere herein. For example, i
some embodinients, concentrating or pusifying sodium hydroxide or solutions comprising
sodium hydroxide may be deseribed m detail elsewhere hevein, although, b some
combredinents, 1t may be desivablc to sebstttute the torm or word or anion “sulfite” with

‘carbonate”,

[1567] I some ombodiments, some apphcations or entbodiments may nol require oF

some embodiments, applications mvolving, for example, CO» remorval, or CO: capiure, of
addition of sodium hydroxide to a body of water to remove or sequester O3, or any
comhination thereof may not requtire or desive concentrating or marifying of a solution

comprising sodium hydroade.

{1568} in some emtbodiments, the selid separated from the reaction of sodiwm carbonate
and calohnn hydroxide, which may comprise calctum carbonate, may be emploved internally
ot utitized internally, For example, n some embodinients, af loast a portion of the solid
comprising caleim carbonate produced, such as in the veaction of calcium hydroxide and
sodigm carbonate, may comprise st keast a portion of the calcium carbonate smployed in the
reaction of water, carbon dioxide, and £ or caleiam carhonate to produce, for example,

aqueous calcium carbonate or aqueous calcium bicarbouate.
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[1569] For exampie, in some embodiments, calcium carbonate, or the produced calcium
carbonate, or a sofid comprising caleivin carbonate may comprise a praduct, or may comprise
a €Oy convarsion or CQ0 sequestration product, of may comprise precipitated caletum

carbonate, or may be seld, or mayv be cmployed in another use, or any combination thereof,

[1570]  Example Desceiption of an Example Potential Coufiguration or Optimization

or Application of Some Embodiments
{1571 Example Summary of Some KEmbodisments

[1572 Some smbodiments may be configured or optinnzed for different apphications, or
business models, or coconomics. For example, some embodiments of Example 55 mav be
optisized for maximizing profitability in the absence of CO: cmissions sbatement subsidies.
For example, some embodiments of Example 35 may be optimized for providing a Ci

conversion aption to Chh enussions sowrces of polit-source enussions without access to U0y

pipeline infrastructure or £0s sequestration site. For example, some embodiments of
Example 33 may be optinuzed for providing a €O conversion alternative 1o COn
sequestration or C0: subswrface mjoction. For example, some embodiments of Example 35
may be optimized for praximizing CO: emissions reduction, or CO: removal, or CO: removal
fronm the atniosphere or occans. For example, somie cmbodiments of Example 3% may be
optimized for maximizing economic value and emissions tmpact in economies with €O
abatement subsidies, sach as 45Q in the United States, or carbon taxes in Canada, or the

craissions rading systemt in the Brwropean Umon,

15731 Example Embodiment of Example 55 Optimized for Maximam CO: Impact
and 45Q
11574) Overview: Based on process chemistry, the present ensbodiment configeration

may convert andéor sequester 2 moles of CO: for every 2 moles of sodium bicarbonaic

produced.
{1375]  Iapuis: 2 moles OOz 1 mole Sodiun Solfate, 2 moles Caletun Carbonate

[1576]  Cratpats: 2 nwoles Sodnom Bicarbonate, | muole Caletom Carbonate, | mole

Caletum Sulfate, | mole Captured CO: to Sequestration or Utilization,

11577} Nofe: Example 62 mayv b configurcd sindlarly and ¢ or may require less encrgy

conswmphion and { or kywer tomperature heat,

[1578]  Description:
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+  Insome coobodiments, steps 1 -4, 5~ 67, and "7 - 8 may comprise three separais

PIOCESS

¢s. In some cmbodiments, steps T -4 and 7~ 8 may comprise

integrated process and steps S ~ 6" may comprise a separate process or may be

copducted in a separate location. For example:

s

g

Steps 1 - 47 may comyprise a process for producing sodivan sulfite and
caleium sulfate frony sodiien sulfate, calciany carbonate, and sulfur dioxide.
n the United States, steps “1 - 47 may qoalify as a point-source envssions
source foo the parpose of 43Q. Captured CO: produced by Steps 147, or
mors spectfically step 1, which may be high pressure, pr high purity, or low
marginal cost, or any combination thereof, may be sequestered or
permanently stored {e.g. subsurface sequestration or carbon dioxide storage)
or uiilized {o.g. enhanced ol recovery or other wiilization application). If
qualifving for pormanent storage, e project comprising Steps ‘1 — 47 may
receive $83 per ton CO:. I qualifving for utilization, the project comprising

Steps "1 - 47 may receive $60 per ton COn.

& Note: In sonw embodiments, the sodium salfite prodaced by steps *1 - 4" may be

transferred to a project comprising steps *3 -~ 6.7 by, for example, rail, or freight, or

ship, or barge, or track, or any combination thereof. In sore cmbodinments, the

sutfur dioxide employed in steps *1 ~ 47 may be transferred front a projest

comprising sfep "8 or steps 8 - & wherein said transfer of sulfur dioxide may be
it g it ; 3

conducied by means of, for example, a pipe.

o~

(e

Steps °5 - & may conymise a process for conveiting carbon dioxide into
sodium bicarborate. Steps 5 ~ 6" may conmprise 3 process for converting

carbon diexide, sodium sulfite, and calcium carbomate and into sodinn

bicarbonate and calcium sulfite. Steps 5 - 67 may be co-tocated with a 0
souree or COz point source. For example, steps “5 ~ 6 may be co-located
with, Including, bat not Hreiled to, one or more or any combination of the
following: a blue hydrogen project, or an amsmonia plant, or an ethanot plant,
or a comunt plant, or a steed plant, or a direct adr captare CQO2 capure facility,
or a divect goean (O capture factlity, or an oxy-combustion facility, or &
CO: captare factlity, or & COzpipeling, or any combination thereofl In some
embodinents, & project comprising Steps *3 — 6" may enable a COy

entissions sores Br Tk caphire soures to stop releasting COx dnfe the
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atmosphers, mchading if a site does not have acegss to €Oz pipaline
indrastructure or £0r sequestration infrastruchwve. (O Depending on the
end-use of the sodium bicarbonste produced, the project comprising Steps *3
- 6" may gualify to receive an additional 560 per ton €Oz converted wmite
sudivm bicarbonate for COy atilization or to vecorve gn additional 3835 per
ton O converted ot sodium bicarbosate for penmmanent Oy storage under
450} i the USA. Addionally, the project may sell sedium bicarbonate us a

valuable product.

Note: In some embodiments; sodivm sulfite may be transforred from a project

comprising steps 1 - 4" toa project comprising steps '3 - 67, In some emwbodiments,

caloium sulfite from steps 5 - 67 may be transforred to a project comprising steps

b
;

- &, by, for example, rail, or freight, or ship, or barge, o track, or any combination

thereof.

Steps 7~ 8" may comprise a process for permanent remsoval of CO:z from
the air, or may comprise @ process for COx diveet alr capture, or a process for
converting T o calctum carbonate, ov & process for producing ultra-low
carbon enissions calcium oxide, ov any combination thereof. In some
smbodiments, Steps "7 ~ 87 may receive calctam salfite from steps “3 67,

o
7 -

although a project comyprising Steps 7~ 8§ may be 1 a separate location

~

from steps "5 -~ &, In some cmbodiments, Steps 7 - 8 may transter 8O:
produced by step *77 to step 3. In some embodiments, Step 8 may
comprise directly or indivectly reacting CO: from the air with calctom oxide
produged from the calcination of calehum sulfite. In sore ombodiments, 3
project comyprising Steps 7 ~ 8" may qualify to receive an additional $180
per ton T0: converted into calohun carbonate by qualifiving for divect aiv
gapture permanent removal under 45 in the USA if the caleium carbonate
buried of stored or withzed i a manner which permanently sequesters the

02

calctom carbonate by qualifying for divect air capture utilization under 453G

or may qualtfy to reccive an additional S130 perton CO: converted nto

i the USA if the calchun carbonate s utilized or sold

Example Embodiment of Example 35 Opiimized for Net Negative Emissions

in a Real Market Economy {(Maximize Evonomic Value without Subsidies)
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[1580]

Overview: Based oun progess chemistry, the present embodiment configaration

may convert andfor sequester 1 wrole of CO2 for every 2 mokes of sodivm bicarbunate

produced.

1581}
[1582]

[1583

*

{nputs: T mole CO: 1 mole Sodivn Sulfate, 1 mole Calcium Carbonate
Qutputs: 2 moles Sodiwm Bicarhonate, 1 mole Caleium Sulfate
Description:

fry sorne embodiments, Meps “1 - & may comprise an integrated process. In some
smbodiments, Steps "1 - X7 may comprise an integrated projeet and £ of may be co-
Incated on & project site.
I some embodiments, at feast 8 porfion of the CQO: generated by Stgp * 1 may
comprise at feast a portion of the CO2 I step * 8. For example, COz fromstep 1
may be gansforved by pipe to step “5°.

o Noeter In some embodiments, step "1 may qualify as an erhisgions source in

L

45(Y and step '§ may comprise 3 CCh conversion o wiilization systom or
method, which may enable a project compnsing step “1 and S or step "5 to
reeive 360 per ton CO» or 885 per ton CO: depending on the end use of the
sochum bicarbonate.

I strme embodiments, the SOx produced by step ™77 may conywise at least a portion

3%

of the SOz i step "3

i soime cimbodiments, the €Oz step R may cmnprise CO: froam a point souree,

or flue gas, or an external (O spurce. In some einbodiments, the COy in step R

may conmprise C0: fomthe air or in the air, which weay be reacted with calcium

oxide or calchan hydroxide o produck caleiiom carbonate,

¢ Depending on the CQz source in step "8 and the end use of the sodiam

bicarbonate, step *8 may enable the project 1o receive an additional $60, or
S8, or 8130, or $180 per fon €O

>

In some embodiruents, the ealcium carbonate produced 1w stop "8 may comprise at
least a postion of the calern carbonate employed m step 57

Alternattvely, calonom carbonate from step "8 nay comprise an output comprising
procipitated or higher purity calcium carbonate. Tn some smbodinients, saud
precipitated or gher purity calehum carbonate may comprise a valuable product. In

some cmbodiments, ) for example, the calciam carbonate from step N may
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comprise an outpat, an additional calcium carbonate input may be regeired, howsver

the overall net CO: balance of the process chemistry may romain the same.

[1584] Example Embodiment of Example §5 Optimized for Net Neutral Emigsions in
2 Real Market Economy, Zero Emissions Calcium Oxide or Cement Production and

Sadium Bicarbonate Production (Maxindze Economic Value without Subsidies)

(1585 Overview: Based on progess chemistry, the present eatbodimoent configuration
may comprise a potentially zero emissions (COy neutral} method of producing caleium

hydroxide, and nmay not require a CO» byproduct requiring sequestration,
11386} Inputs: 1 mole Sodigm Salfate, 2 moles Calotum Carbonate

IS8T QOutputs: | mole Caloiom Oxide, 2 moles Sodivm Bicarbonate, 1 mole Caloiom

[1588} Description:

« by sonye embodiments, Steps T 77 may comprise an integrated process. In some
embodiments, Steps ' ~ 77 may conprise an inteprated project and / or oy be co-
located on a project sife.

»  Insomse ensbodiments, at feast @ portion of the CQOn generated by Step "1 may
comprise at least a portion of the CO2 1o step "3, For example, €Oy front step *1
may be wansfared by pipe fo siep "5,

o Note: In soine embodinments, step "1 may qualify a5 an emissions source
4503 and step "} may comprise a CO: conversion or witlization svstent or
method, which may enable a project comprising step *1 and / or step "5 o
vecsdve 3060 per ton CO:2 or 383 por ton €O depending on the end use of the
sodivm bicarbonate.

*  Insome embodiments, the SO: produced by step 77 may comprise at Jeast a portion
of the SOt step °3,

+  Insome cmbodiments, the caloium oxide produced in step "7 may comprisc a
valuable product. In some ebodiments, the calorunt oxide prioduced i step ™77 may

comprise & coment ov other valvable material,

[1589]  Exawple Mass & Euergy Flows of an Examiple Embadiment for Producing
Sodivm Hydroxide, or Calcinm Sulfate, or Captured Carbon Dioxide, or any

Combination Thereof
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{159 Example Inpuis and Quiputs Table of an Example Embodinent:

Example loputs and Ouiputs Summary Table

Iapats Qutputs
s CalOs{s) o NaOH(s or ag)
o NaaSOuls or ag) s CaSOux)
e Water {optional) s CO: teaptiwred, ¢ or forse)

*  FEleotnicity {e.g. pumping and
transferring, MVC distillation or
crystathization)

*  Heat{c.g. natural gas, or hydrogen,

or clectrieity)

{1591} Example Chemistry of an Example Embodiment:
{1882 (5 CalOs{s orag) -+ 2 CHXCOOHag) =2 CalCHCOOR(ag) + COAn)
[1593]  {2) Ca{CHCOONag) + NaoSh(s or aq) = 2 NaCH:C00ag) + CaSOuds)

[1594] {3) T NaCHO00) + SO(g or ag) + HaObor ag)y 9 NaeSQu{ag) + 2
CHxCOOH(ag)

[ES95F (4 NaeSQusfag) + 2 CHCOOHag) = 2 CR:COOH(g) + NaaSQals)

[1596] {5} NaaSOs{s)y + Water = NazSOx{ag)

115977 (6 CaO(s) + HaOt or g or ag) + Water < CalOH (s or ag or suspension)
FISOB] (7)) NaSQuiagl + CafOH:{s or ay or suspension) =¥ INalH{aq) + Cal0x(s)

[1309] {8} CaSOx(s) ¥ Calds) + 50y

[L606] {1y CallOx(s or ag) + 2 CHCOOHaq) = CalCHCOOaq) + HaD{ag) + COX)
[1601] {2) CafCHOONH ag) + NaeSlhts or ag) 2 2 NaUH:COGag) + CalS04ds)

[1602] (3} 2 NaCH:COO(aq) + S0z or ag) + H:O(L or aq) P Na:SOx(ag) +2
CH:COOH{aq)

[1603]  (4) Na:SOstag) + 2 CH:COOH (ag) = 2 CH:COOHag) + NasSOa(s)

11604 (5) Na:SOss) + Water =% NaaSOx{ag)
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1605} {6a) Ca{s) + HaOd or g ov ag) - Ca{OHL(s} (Note: Produces heat, may be

cmploved to dehydrate caloian sulfite before caleining) (equipment: fine slaker}

[1606] {6b) Ca(OH)(a} + Water = CalOHh{s or ag or suspension)

{1507} {7 NaaSOslag) + CafOH (s o ag of suspension) =¥ INaOHag) + CaSOxs)
[16G8]  (8) CaSih(s) @ CaQs)+ SOy}

[1609] (9 Na:SOs(aq - dilute) =¥ NiuaSOstag — convenirated) + Water

{1610]  Example Summary Enthalpy of Resctions (Molar Basis) of an Example
Embodiment;

f1e1y] {1} Spontancous reaction at room temperatute, goes to complation, exotharmic
duog to dissolution of calcium

[1612} {2} Spontaneous reaction at room temperatare, goes to completion

J1613] {3} -45.04 klmol, reaction occurs in an absorber

[loi4] {4 Separation, which may comprise high efficieney distilation and ¢ or
crystallization

[1615] {3} 13,24 klmal, dissolution is spontancous in water

11616} {6} -55.23 k¥maol if Ca{OH): at solid state, or -81.96 klfmol if CalOH: wt
aquenus state. The reaction Ts sportancous and may be conducted in a manner known as
“hime-slacking”

PeY?T (73 -2.833 Iimol, reaction is an oquilibrien reaction, conceatration and
temperatare should be controlied to achieve near 100% conversion to sodiuny hydroxide from
sodiam suifite.

J1618]  (8) +226.3 klimol, it may be desivable for the reaction to be conducted at or above

TR
{1619  Exswple Summary of Equipment for each Step of an Example Embodiment:

[1628] (¥} Solid-Hauid mixer. It may be desirable for the solid-hiquid mier to be
configared with an at least partially closed headspace o onable the high purity and { or
pressurizavion of carbon dioxide generated by the reaction (enabling high purity, bigh

pressure, “captured” CQOx).

(1621} (2} Solid-liquid mixer < Liquid-Liguad Mixer =¥ Solid-Liguid Separator,
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+  Insoime cmbodiments, solid comprising sodium sudfate may be fivst puxed with the
solution comprising aguecus calcium acetate o form a solution comprising agucous
sodiam acetate and a solid comprising caleiuny sulfate, then, second, the sohid-liguid
mixture of comprising agueons sodium acetate and solid caleium salfate may b
separated into a separate solid conmprising calohon sulfate and a separate solution
comprising squeous sodium acctate. Solid-Hquid separation may comprise, for
example, inchuding, but not limited to, one or more or any combination of the
following: filter, or decantor, or coaloseer, or centrifuge, or rotary flter, or filter
press.

#  In some embodiments, solid comprising sedium sudfate may be first dissolved m a
solution comprising waler of agueous sontic acid to form a solution comprising
agueous sodram sulfate m g solid-liguid nuxer, then, second, the selution comprising
agueous sodium sulfate may be mixed with the solatron comprising agueous ealoiam
acetate to form & solation comprising aqueons sodiam acetate and a solid comprising
cateium sulfate, then, thied, the sohd-bigeid mixture of comprising aqueons sodiam
acetate and solid caloium sulfate ray be separated into a separate sodid comprising
calcium sulfate and a separate solution comprising agqueous sodium acetate. Solid-
hgaid separation may comprise, for example, mcluding, bt not Hmited to, ong or
mare o any combination of the following: filter, or decanter, or coalescer, or

centrifuge, or rotary filler, ov filter press.

f16224 {3} Absorption eolumn. For example, may comprise, including, but not heuted to,
one OF A of any cnbination of the fnllivwing: a gas-hguid contactor, ora bubble colinng,
or & membrane cotumn, or a packed colemm, or plate cohunn, or tray colunmy, or cobumy, or
mixer, o sparger. In some embodiments, 1t may be desirgble to misimize the concentration of
diatonye oxygen in the sulfir dloxide or gas comprising sulfur dioxide to, for example,

minimize the potential oxadation of sodium sulfite 1o sodivm sulfate.

[1623] {4) Distillation Process and /o Crvstallization Process. Fov example, may
comprise, including, but not limited 1o, vac or more or any combination of the following:
mechanical vapor compression distiflation, or mechanical vapor recompression distillation, or
mechanical vapor compression crystatlizer, or mechanical vapor recompression crystathizer,
ar erystatzer, or frevze dosalination, oy reverse osmosis, or ligh prossure roverse osmosis, or

multi-stage flash distillation, or nwln-effect distitlation, o frward osmosis,
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[1624] {5 Solid-hguid mixer

f1o25] {6 Linw slacker. For exanple, may comprise 3 sohid-biquid mixer designed for
creating a solid-Hauid nixtre evnulsion of caleion hydroxide and water from calcium oxwde
and water. For cxample, the equipment may be configured to enable heat recovery from the
reaction of caleimn oxide and waier, which may be employed, for example, within the
process, for example, in drying or other application. In some embodinents, the equipment
nay be configured to further dilute the concentration of caleium hydrovide i the solid-Hguid
suspenston or shary or ‘milk-of-lime’, which may tnvolve, for example, sdding additional
water. Nofe: In some embodiments, steps ‘(6) and (7} may be combined, wherein, for
example, calchum oxide solid or calciom hyvdronide solid may be added to a sohstion
somprisiiny sodiuny sulfite to form at teast a portion of calonm sulfite and ot least a portion of

socdium hydroxide,

[1626] {7y Sohid-Liguid Mixer and Solid-Liquid Sepavator. In some smbuodinments, the
sehid-liguid nuxer may be similar to sohid-hgud mixers or other equipment employed g
causticization process Or 2 causticizer. In songe cmbediments, the cquiprment may be
temperatre controlled and the rate of nuxing, or the flow rates of reactints and produocts, oy
the temperature of the reaction, or the conpentration of reagents, or the residence time, or any
combination thereof may be carcfully monitored and ¢ or controlled. Some embodiments may
further comprise a solid-dquid separator, which may be configured to separate a leasta
portion of solid comprising calohon sulfite from at least a portion of agueous solution
comprising sodiunt hvdroxide. Some emabodiments ray finther comprise 2 concenrator to
furthor concentrate solutiom gomprising sodium hydrmade, which may include, but is not
tmited 10, one or more or any combination of the following: mechanical vapor compression
distilation, ov mechanical vapor recompression distiflation, or mechanical vapor comprassion
crystallizer, or mechanioal vapor recomprossion cevstaflizer, or erystaliizer, o frecze
desalination, or roverse osmosis, or high pressure roverse osotosis, or midti-stage flash
distittation, ot multi-offect distiation, or forward osmosis. For example, in some
cmbodiments, at keast a portion of the sodium hydroxide solution may be concentrated by
forward osmosis, wherein the agueous solution comprising sodium sulfite from, for example,
step *3,7 may be emploved as the draw solution, and the agueous solution comprising sodium
hvdroxide from, for example, step *7,” may be coploved as the feed solution. In some

embodiments, it may be desirable for the equipment o minimize exposure o atmospheric air
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or diatomic oxyyen or dissolved oxXygen to, for example, provent or minimize the potential

oxidation of sulfite o sulfate.

(1627} {8) Calemer or fummace or kiln or equipment for thermal decomposition of valcium
sulfite to caletum oxide and subfur dipxide. Some cmbodunenss may comprise a pre~drving
process ot pre-heating proeess o, fro exantple, dry caleiunt sulfite, or delyydrate calehon
sulfite hedrate, or recovery heat, or any conshination thereof before or during caleination or
decomposition. In some embodiments, it may be destrable for the decomposition of caloyum
stfite to be powered by, for example, tocloding but not Hoted to, one or more or any
cumbination of the fllowing: heat from the combustion of fuel, or clectrical heating, or
direct heating, or indirvet heating, tv stoved heat, or Hight, or radistive heating, or nuclear
heating, or any combination thereof! Tn stme embodimants, i may be desirable to minipuze
o reduce the concentration or prosence of diatomic oxygen to, for exmuople, prevent or
nunimize the substantial potential sodation of salfite to sulfate, or minimize or reduce the

concentration of sulfate i the product comprising calchen oxide.

f1628] Exmnplde Mass Flow per | Meivic Tou of Sodivm Hydroxide of an Exanple
Embadintent

Example Inputs snd Outputs Mass Flow Sammary withoot Solvent Water per 1

Metric Tan of Sodiwm Hydraxide Produced

Inputs Outpuls
Chengical Name Mass (kg) Chemical Name Mass (hg)
CalOs {25118 NaOH 1000
NazS0s 177363 Cabq 1,701 88
H:0 22521 L0 {Capured) 55047

Example Inputs and Qutpats Mass Flow Summary with Solvent Water (with

Concentrating to ~S6wi% NaOH Solution} per 1 Metric Tou of Sodinm Hydroxide

Produced
Enputs Oratpuls
Chemical Name Mass (ke Chemical Name Mass tkg)
Cal(s 125118 MaOH 1,000
WS04 177563 £alS0s 1.701.88
H:O 2354 CQ: (Captured) J50.17
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, . A Water (Solvent in -
Water 1,052.63 A 145263
Agueous Na(GH}

Example tnpats and Outpats Mass Flow Sununary with Soivent Water {dilute

solution asswming 1M Reactants in Step 7) per 1 Metric Ton of Sodiwm Hydroxide

Produced
Inputs Ouipats
 Chemical Name | Mass (ke)  Chemical Name  Mass (kg)
Cal 0 i3sTiE NaOH a0
N8Oy V37543 Cald, 1507 88
H0 3353 TCO: (Captared) 5017
Water psossg eter(Solventin 12,393 38
C Aguoons NaOH)

[1629]  Example Step 1 Mass Flow with Selvent Water per 1 Meutric Ton of Sedium

Hydroxide of an Example Embodiment

Example Step 1 Beactants Mass with Solvent Water per 1 Meiric Ton of NaQH

Reactant Mass (hg) Example Source
CalOs 1258118 Process Input
CHCCOOH 150141 Step 4
 Water (Solvent) | t‘* 307.01 Step 4

Example Step 1 Products Mass with Solvent Water per 1 Metric Ton of NaOH

Product Mass (kg) Next Process Step
CafCHY 00, LRF725 Step 2
T 55017 Process Output
H:O 521 Siep 2 or Step 3
Water {Solvent) 636701 Step 2

(1638} Example Step 1 Mass Flow with Solvent Water Assumptions and Notes of an

Examiple Embodiment
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5

+  Example stop 1 mass flow may assame 100% purity. In practice, the reactants and /
or produsts may have impuritics and £ or be of a purity fess than 100,

»  EBxample step | mass flow may assiene alkaline carth ~ weak acid reactant
comprises calchun carbonate. In some embodiments, the altkaling varth - seak acid
teactant may cornprise other alkaline carth — weak scids, such as, including, but not
limited to, one or more or any combimation of the following: magnesium salts, or
calcium - magneshum salts, or dolomiite, or sthicates, or aluminates, or ferrites, or
stfica, o other weak acid mineral, or other wesk acid intermediate, or other weak
acid snion with a weaker acid strength than acetic acid, or other weak acid anion
with a weaker acid strength than a carboxylic acid, or high magnestim hmestone, or
high dnpurity Imestone. In seane embodintents, 1if an alkaline earth - weak anid
mput comiprises a woak acid aniom other than carbonate, in some embodiments, less
mass of COq product may be produced.

»  Example step | mass flow assumes COq product comprises high pressure and f oy
high purity carbon dioxide, which may comprise captured COz.

»  Example step | mass flow may determine the acetic acid concentration based on the
solubility of the product calelum acetate. Example step 1 mass flow muay assieme i
mau be desired for the procuct calehwn acetate to be at an agueous stafe,

s In some embodiments, H may be desirable to remove at least a portion of water from
the product soletion comprising calciun acetate i step 1 or the prodact selution
comprising sodinm acctate in step 2. For example, it may be desirable to remove at
teast o portion of water from the product solution comprising caleium acetate in step
1 or the prodact solubion comprising sodiam acelate in step 2 due to the acetic acd
heing at a reacted or anio state or reacted, which may enable the disiillation of or
vaporization of & portion of water without or with substantially lower amount of co~
vaporization or vaportzation of acetic actd. For exanple, it may be desirable to
remove at keast a portion of water from the product solation compristag calciam
acetate i step 1 or the product sohution comprising sodium acetate in step 2 due to,
for example, the condensation or acownulation or addition or absorption of water
potenitally present in the gas stream comprising SQug) during step 3 and f orthe
putential need to remove said excess water to tiaintam the concentration of recyeled

or recireulated acetic ackd in the process,
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+  The mass flow i step 1 may assue the sobvent water comprises an agueous aoctic
amd solution recovered during step 4 by, for example, a form of distillation. In spme
embodiments, acetic acid may have a similar boiling point to water and may distll;
or boil, or evaporate with water as a vapor or Bquid solution or mixture. In some
conbadiments, step 4 may nvolve separating water andfor acetic acid by systemis and

methods i addition to, or instead of, distilation.

{1631] Example Step 2 Mass Flow with Solvent Water of an Example Embodiment

Example Step 2 Reactants Mass with Solvent Water per 1 Metric Ton of NaOH

Reactant Mass (ke) Example Source

Step |

Proces

Water (Solvent) 6,307 .01 Step |

Example Step 2 Products Magss with Sobvent Water per 1 Metric Tou of NaOH

Product Mags {kg) Next Process Step
NaCHCQ0 205101 Step 3
Cady P7018R Process Output
Water {Solvent) 6,307 Step 3

[1632} Example Step 2 Mass Flow with Selvent Water Assumptions and Notes of an

Example Enibodiment

»  Example step 2 nass flow may assume HI0% purity. In practice, the reactants and ¢
or products may have impurities and £ or be of a puniy loss than 100%,

+  Example step 2 mass flow may assume the atkali sulfate reactant covoprises sodium
sulfiate. in practice, atkali sulfate reactant or input may conyise, for example, other
alkalt selfates, such as potassiam salfate or Hibham sulfate, and / or other atkali-like
sulfates, such as anunomum sulfate.

*  Example step 2 mass flow may assume Cab0q is Insoluble in water, In practice,
CaS04 may exhibit some solubility in water (for example: 0.26 g/ {0mEy and / or
a portion of CaS0s may remain dissolved in the agasous sohution i steps 3 and /or
4, Tn some embodiments, for example, at least a portion of romaining or residual

dissobved CaSOs may be recovered or separated or removed betore or duning step 4.
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+«  Example step 2 mass flow may assonie sodnun salfate may be added as a reactant as

a solid to the reactant comprising an aqueous selution of calohwn acetate. For

example, in some ahodiments, sadivm sulfate may be added as 2 solid to the

solution conprising calein acetate and ¢ or the reactants mav be miixed until the

reaction reaches a desived point, or residence time, or completion, or any

combination thereof. In some eobodiments, it nmuay be desirable for the sadium

sulfate to be dissolved or comprise an aqueous solution comprising sodivm sulfate,

for exampie, before or diring the reaction with calohwm scetate or a sohation

comprising agusous caletum acetate. For example, in some smbadinients, sadivm

sulfiate may be dissolved in an squeous sohition comprising acetic acid from, fir

example, step 4. For example, in some embodiments, sodium sulfate may be

dissobved water from soparating or distilling a pormion of water from agueous

calchum acetate product from step {, or from agueous sodium acetate product from

step 2, or any combination thoreof, which may be conducted, for example, befove, or

dering, or stnrultancous, or any combination thereof'to the reaction of sodium sulfate

with calchwm acetate,

116334 Example Step 3 Mass Flow with Soelvent Water of an Examiple Embodisnent

Example Siep 3 Regetants Mass with Solvent Water per § Metric Ton of NaOH

Reactant Mass {keg} Examaple Source
NalCH:C00 205161 Step 2
S0 ROG.89 Step 8
H:Q 22321 Step 1 or Step 2

Water (Solvent)

£.337.34

Step 2

Example Step 3 Producis Mass with Solvent Water per 1 Metric Ton of NaOH

Product Mass (hgd Next Process Step
Na:S0s 1.573.66 Step 4
CH:COOR 1,501 41 Step 4
Water { Sobvest) §.307.01 Step 4

[1634] Example Step 3 Mass Flow with Selvent Water Assumptions and Netes of an

Example Embodiment
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5

+  Example stup 3 nass flow may assunme 100% purity. In praciice, the reactants and /
or produsts may have impuritics and £ or be of a purity fess than 1008,

+  In some embodiments, some NaxS50: may oxidize into MNaxSCy, for exarnple, if
digtomic oxygen or dissolved oxyuen s prosent. It may be desivable fo minhmize the
potential presence of digtomic oxveen or disselved oxygen to, for example, prevent
ov mininize the formation of subfite from sulfite or sulfar dioxide.

s In some embodiments, some SCr may comprise mabkeup SOz, which may vomprise &
process input, or may be farmed from process inputs comprising sulfur or hydrogen
sulfide and { or diatomic oxygen, or any combination therenf

s BExapwle step 3 mass flov may sesume sodios sudfite produet may remain dissolved
in solution or remai at an aguenus state. I some crabodiments, it may he desirable
for sodium sulfite to remain at an aqueous state, to, for exanple, nunimize or
provent solids handling or procipitation in an absorption colusu. In some
embadinients, 1t may be desirable for at least 3 portion: of the sodium sidfite o
precipitate or form a solid state, which may be separated by solid-liquid separation,
because, for example, precipitatimg & portion of sodium sulfite m step 3 may reducs
the potential energy consumption and o separation capacity required in step 3.

s Example step 3 mass flow may asswme seetic acid losses due to evaporation may be
avoided. In some embodiments, acetic acid losses may be substantially avoided dae
to column design. For example, an absorption column may be designed with
solutions comprising the lowest or near lowest free acetic acid concentration
entering near the top, such as, for exanmple, a solupion comprising sodium acetate
and { or fean in sudfar diowids or sodyum sulfite, which may prevent or mininuzs
acetic acid losses due to aeetic seid evaporation or acetic aeid slip.” However, in
some embodiments, in practice, some acetie acid Iosses or acete acid ship may
oconr. I some embodiments, @ portion of acetic acid vapor or acetie slip, i any,
oray be recovered by a basic salt or basie salt solution, sach as a solid, or solation, or
any combination thereof which may comprise, for example, including, bat not
limited to, one or more or any combimation of the following: sedivm hydroxide, or
cateium oxide, or caloom hydroxide, or sodium salfide, or caleinm sulfide, or
sodium carbonate, or soduun carbonate, or calcium carbomate, or caloium silivate,
ar atkaline earth - woak acid, ov alkali ~ weak acid, or anmeanoaniuny salt, of agueous

AMMONiE, OF an amim; or a weak i'}?i.st.’,, OF & Srong bage.
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+  Example stop 3 nass flow may sssume sodiem sulfite may remain at its chamicsl
state. In some embodiment, some diatomic axygen or dissolved oxyvien, if present,
may react with a portion of sodium sulfite and ¢ or form a portion of sodiam sulfale.
Iy some embodiments, # may be desirable (o minimize or reddes the potential
presence of distomic oxvgen ordissobved oxygen in step 3,

. Example step 3 mass flow may assunie water vapor may not be absorbed from the
gas or flnd comprising sulfur dioxide, In some smbodiments, for example, water
vapor may be presewt i the gas congeising subfur dioxide and / or a portion of the
water present i the gas comprising sulfur dioxide may be absorbed during step 3. In
some smbodinents, for example, excess water or additional water absorbed dwrmg
step 3 may be récovered of removed from the systom or process by separating ov
removing or distilling or cvaperating or any crnbination thereod 3 portion of water
from a sohution comprising sodiwm acelate, or a solution comprising calciom acetate,
ov any combination thereof before, or during, or after, or any combination thereof

step §ov step 2

{1635]  Exasmple Step 4 Muags Flow with Selvent Water of an Example Embuodiment

Example Step 4 Reactants Mass with Solvent Water per 1 Metriv Ton of NaOH

Reactant Muass (ko) Example Source
NaeS0: 1,875.66 Step 3
CHCOOH 1,501.41 Step 3
Water (Solvent) é,307 01 Step 3

Example Step 4 Products Mags with Solvent Water per 1 Metric Toun of NaOH

Product Masz (kg) Next Process Step
N80 137566 Step §
CHCOOH 1,501 41 Step i
Water (Sobvent) & 307 .41 Step 1

[1636)

Example Step 4 Mags Flow with Solvent Water Assumptions snd Notes of an

Example Embodiment

= Example step 4 mass flow may assame 100% purity, In practice, the reactants and /

o products may have purities and S or be of & purity Tess than 100%.
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[1637)

Example step 4 mass flow may show fully separating acetic acid or aquezouns acetic
avid fron sodivan sulfite. Some embodiments may operate with nearly complete or
complete separation of acetic acid or aqueous acetic acid from sodiwm sulfite. Some
embuodinments may operate with only partial separation of scetiv acid or agueous
acetie actd from sodivm sulfite, or without fully separsting acctic acid or aqueoss
acetie acid from sodhwm sulfite, or without step 4, or any combination thereof

I some embodiments, step 4 may further comprise removing oF separatng or
precipitating residual dissolved calclum sulfste or magnesion sulfate.

Example step 4 mass fow may assume acetic actd and water separate together from
sodigm sulifte, In some embodiments, acetic acid has a sinilar boiling pomt or
vapor pressure as water, and may form an secotrope o azeotrape-ike mixiure with
water, which may enable the separation from sodium sulfite as an agucous acetic
acid sohation. In some embodiments, other weak acids may be coaployed 1nstcad of
or in addition to acetic acid, and / or, in some cmbodiments, some of said other weak
acids may have a different boiling pomnt than water, and ¢ or may enable the
distitlation or separation of water &t least partially separately from the weak acid and
£ or evystallization of sodivm sulfite. For example, in some embodiments, ¢iivic acid
may have a botling point different from water and £ or may cnable the distiflation o
separation of water af Teast partially soparately from the weak acid and for
crvstallization of sodiwm sulfite.

In some embodiments, residual sodium acetate may be present,

Example step 4 mass HSow miay assume 5o water was added or removed in preceding
steps. In some embodiments, for example, in practice, water may be added or
remrved, i spme cases incidentally, during preceding steps. For example, in spme
embodiments, some water may be absorbed fromua gas or fhud or other stream
comprising sulfur dioxide in step 3, which may comprise an example of water added

i a preceding stop.

Example Step 5 Mass Flow with Solvent Water of an Exasuple Embedient

Example Step 5 Beactants Mass with Solveat Witer per § Metric Toun of NaQOH

Reactant Mass (kg) Example Sonvce

NazSOs 1,575.66 Step 4
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Water (Solvert) 6,142,891 Pragess hnput, and For from
NaOH eoncentrating during

-

or atter Sep 7

Example Step 5 Products Mass with Solvent Water per 1 Metric Ton of NaOH

Product Mass (k) Next Process Step
NSO LA75.66 Step 7
Water (Solvent) 6,142 91 Step 7

[1638]  Example Step 5 Mass Flow with Selvent Water Assumptions and Notes of an

Example Embodiment

»  Example step 3 puass flow may assume a 100% purity. In practice, the reactants and
£ or products may have impuritics and 7 or be of a punity less than 100%.

»  BExample step 3 mass flow may assume sodion sulfite may be dissobved i water
before step 7. I some embodiments, for example, step 5 mayv be skipped. Tn some
embodiments, for example, sodivm sulfite may be mixed or reacted with calehun
fvdroxide or cafoium oxide as a solid, or in the prosence of water, or in the presence
of water with calotum hydroxide or calchsn oxide, or any combination thereof in,
for example, step 7.

*+  Inosonwe cbodiments, dissolved oxypen of distonme oxyen may be present and / or

nay oxidize a portion of sodium sulfite to sodium sulfye. Bomav he desirsble to
nunimize coneentration or presence of dissolved oxygen or diatonyie oxygen to, for
exampde, prevest or mintmize of reduce the potential oxidation of sodiien sulfite to
sodiwn subfate.

+  BExample step 5 mass flow may assume 28 concentration of sodiwm sulfite, and ¢
or ~ 1M concentration of sodiom selfie when nuxed with ealoium hydroxide
suspension iy step 7, and £ or w fonn an agqueous safution of ~2M sodtumn hydrenade
in stepr 7. In some cnsbodiments, it practice, the desived concentration of sodiam
sulfite may vary. For example, the destred concentration of sodiwm sulfite may be
{ess than or greater than or equal to one of more or any combination of the
following: G.O3M, or 0.1M, or 8.2M, or T3M, or 0.40M, or 0.5M, or (.6M, or .70,
or 0.8M, or 0.9M, or 1.OM, or 1.1M, or 1.2M, or 1.3M, or 1.4M, or 1.5M, or 1.6M,
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or 176, or LEM, or LOM, or 2.0M., or 2.25M, or 2.5M, or 2.75M, or 3M, or 3.5M,

or 4M, or 4.5M, or SM.

»  Insome embodiments, sodinm sulfite o an aquecus solution comprising may be

employed as # draw solution iy forward osmuosis or osmutieally assisted reverse

Snosis to, for example, concertrate sodivm hydroxide while ditating sodiam

sulfite. For example, In some erobodiments, water may be added to sodium sulfite

by emploving sodian sulfite as @ draw solution.

J1639]  Example Step 6 Mass Flow without Solvent Water of an Example

Enbodiment

Examyple Step & Reactants Mass with Solvent Water per 1 Metric Ton of NaQH

Reactant Mass tkg) Example Senrce
ald F0L02 Step R
HD 22321 Process Input
Water {Solvent) 825047 Process Inpat, and / or from

NalOH concentrating durmg

or after Step 7

Example Step 6 Products Mass with Solvent Water per 1 Metric Ton of NaOH

Product Mlass (kg) Next Process Step
Ca{OH): 92623 Stop 7
Water {Solvent} 625047 Step 7

[16:48] Exanmple Step 6 Mass Flow with Solvent Waler Assamptions and Notes of an

Example Embodiment

¢ Bxample step 6 mass flow may assume 100% purity, I practice, the veactants and /

or products may have mpurities and Jor be of a purity less than 1%,

«  Example step 6 mass flow may assure calciom oxide may be réacted with water to

form caleinm hydroxide and 7 or caloiwm hydroxide, such as asolid oras a

suspended catcium hydroxide solution or mulle of hme, or any combination thereof,

may conyise mt put to step 7. I stune embodiments, calclum oxide may be

directly reacted with aqueous sodium sultie. In some emsbodiments, calehum oxide
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and sodivm sulfite may be mixed or reacted in the presence of water. I some
cbodiments, for example, step 6 may be skipped.
*  Insome ermbodiments, calchum oxide may comprise or further comprise calcium

sulfate, or calonun sulfite, or calohum sulfide,

[1641]  Exawple Step 7 Mass Flow with Solvent Water of an Example Embediment

Example Step 7 Reactants Mass with Solvent Water per 1 Metric Ton of NaOH

Reactant Mass (kg Example Source
Na:S0s 1587566 Step 4 or Sep S
Water {Solvent) 614291 Step 3
CalOH» 926.23 Step 6 or Step B
Water (Sodvent) 635047 Step 6

Example Step 7 Preducts Mass with Solvent Water per 1 Metric Ton of NaOH

Product Mass (k) Next Process Step
Cadin 1,502.23 Step &
NadH 1,000 Process Quiput
Water {Solvent} 12,393,534 Progess Quiput, and f or
Step Sand for Sep 6

[1642]  Example Step 7 Mass Flow with Selvent Water Assumptions aud Notes of an

Example Embodiment

s Example step 7 mass flow may assume 100% purity. In practice, the reactants and /
or products may have impuritios and 7 or be of a purity less than 100%,

»  BExample step 7 mass flow may asswne the reactants arg present af stotchiometric
ratios in the reactor. In some embodiments, n practive, the reaction bobween
Ca(OH}: and Na:S0: may conyprise an equilibriven reaction and / or it may be
desirable for one reactant 1o be in stoichiometric excess to facilitate the reaction, For
example, n some embodiments, caleium hydroxide may be present in the reactants
in stoichiometric excess of sodiem sulfite, For example, in some cmbodiments,
sodium sulfite may be present Bt the reactants tn storchiomietric oxeess of culcivm
hydvoxide. For oxamnple, in sowme embodiments, calohamn hydroxide say be present

in the solid product comprising caleiuny sulfite separated and 7 or transforred 6 step
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R, For example, i some embodiments, sodnan sudfite or sodian sulfate may be
present in the sodivm hydeoxide product. For example, in some cmbodiments,
calchurn sulfate may be present in the sodium hvdroxide product.

*  Inzonw embodimenis, a solid comprising caloium oxide of calcium hydroxide may
be reacted with agueous sodiam sulfite. o some embodimenis, a solid comprising
sodiwm sulfite may be reacted with an agueoas suspension or agueous solution or
any combination thereof comprising caleium oxide or caloium hydroxide.

«  Depending on end use of sodiwm hydroxide, may underge further comeontrating o
purification. For example, i some enbodiments, st least a portion of potential

sum hydroxide, or caloiom salfate, or sodivam sudfite, or sodium sulfate,

restdual ¢
or any combittation thereof may be romoved or separated. For example, in some
embodiments, an aqueous solutim comprising sodbwm bydimade may be Ruther
concentrated to form concentrated sodium hvdroxide, or sodivn hydroxide of a
desitred concentration, or solid sodhum hydroxide, or any combination thereof. In
some eimbodiments, concenfrating sodinm hvdroxide may enable or facilitate the
separation or precipitation of at least a portion of other salts or impurities, which
may be less soluble, such as caleium hydroxide, or calcium sulfate, or sodium
sulfite, or sahiom suliate, For example, 1 stnne embadiments, an 1on exchange, o
o extraction, or sy contbingtion thercof may be employed.

¢  For example, in some embodiments, 1f the sodiws hydroxide product may be
emploved for ocran carbon dioxwde removal, o may be desivable to nuniroze
purification ot concentrating of soditn hvdroxide sohution. For exaniple, in some
embodiments, if the sodium hydroxide product may be emploved for occan carbon
droxide ramoval, solids comprising calenmn sulfite and ¢ or calohon hydroxide may
be filtered or otherwise separated from an aqueous solition compnising sodium
hydroxide and / or the aguecus solutism sovprising sodivm hydroxide may be added
to the occean, or sea, or other body of water.

+  For cxample, m some embodimoents, ¥ may be desirable to purify and { ot
concentrate sodiunt hvdroxide to destred concentration or specitications if, for
example, the sadivm hydroxide comprises o product.

«  For cxample, iy some cmbodiments, sodium hvdroxide may be concentrated using
one of more or a comnbination of water separaton moethods, such as, including, but

not limited to, one or more or any combisations of the following: mechanical vapor
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[1643]

compression distitiation, or mechanical vapor recompression distiliation, or malti-
wffect distillation, or maltistage flash distillation, or distillation, or cryodesalination,
or ervatatlization, or crystallizer, or mensbrane distiflation, or any combination
thereof. For example, n some ambodiments, energy consumption associated with at
least a portion of the concenirating of the sodium hydroxide may be conducted by
emploving forward csmosis or osmotically assisted reverse asmpsis, which may
comprise, for example, employing sodiom sulfite or a selution comprising sodiuny
sulfite in or from step § as the deaw solution being diluted and sodiwm fydroxide or
a solution compristng sodiom hydiexide as the feed solenon bemg concentrated,
Employing a membrane based process, such as fovward osmaosts, or osmotically
assisted roverse QSMOSIS, OF TEVETSS 03TH0s1S, oF hgh Drossure roverse 0smoss, of
dise reverse osmosis, or mentheane distiflation, or any combingtion thereof, may
bengfit from the use of g strong base compatible semi-pemmesble membrme,

In some embodiments, at least a portion of calehun hydrowide nuay be separated
from at least a portion of calciam sulitte product, For example, n some
embodiments, at feast a portion of calehim hydroxide may be separated wiilizing
caleium hydvoxide’s greater sohubility in water than calcium sulfite. For example, in
some embodiments, at least a portion of calciam hydroxide may be separated
utiltzing the potentially greater propensity for calcium hydroxide to form
suspensions i water than caleturn sulfite. For example, it some embodiments, at
least a portion of caleinm hydroxide may be separated by fomung a solid-Hguid
suspension of calehan hydroxide, or caletunt sulfite, or any combinstion thereof. For
cxample, in seane embodiments, at least a portion of caloium hydroxide may be
separated by using the difference i density between caleium hydroxade and caleium
sulfite. For example, in some embodimonts, at feast a portion of caleiun hydroxade
may be separated by using a centnfuge, or decander, or hugh density liquid, or any
combination thereof, In somie embodiments, recovered or recyveled caloium
hydroxide may be reoyeled in step 7, ov caleined in 8 calciam hydroxide caleiner 1o
calcium oxide and 7 or caloium oxide vansferred to step 8, or any combination

therent,

Example Step 8 Mass Flow of an Example Embodiment

N
3
N

Example Step 7 Reactanis Mass per 1 Metvic Ton of NaOH
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Reactant Mass (ke) Example Souwrce
Cals 130224 Step 7

Example Step 7 Products Mass per{ Metric Ton of NaQH

Product Mass (kg) Next Process Step
Caly TOLO2 Step 6 or Step 7
50 S00.89 Step 3

[1644]

Exanple Step § Mass Flow Assamptions and Notes of an Example

Embodiment

L

Example step 8 mass flow may asswne [00% purity. In practice, the reactants and ¢
or products vy have impurities and 7 or be of v purity less than 100%,

I some embodiments, the product comprising calctum sulfite may comprise a
portion of calchim fyedroxide. i some embodiments, o pre-caloingr ov fnitial
caleiner may calcme or decompose the calciom hydroxide to, tor example, calcium
oxide and water vapor. For example, i sore cmbodiments, a pre-caleiner or inigial
caleiner may caleine or decompose the calcium hydroxide to, for example, caleium
oxide and water vapor, followed by calcining or decomposing the calciam selfite to
cadoium oxsde and sulfier dioxide at & higher temperatere. For example, in some
embadiments, cafcining or decomposing calehum hydroxide to calchum oxide may
reguirg, for exaniple, » lower temperature and 7 or fess enerpy than, for exaniple, the
decomposition of calcium selfite to caloium oxide and salfir dioxide.

In sone emibodiments, a portion of calcium sulfate may form during the
decomposition or cadeingtion of calcium sulfite.

In some cmbodiments, it may be desiable to conduct the calcination or
decomposition br ¢ fow diatonyc oxygen envivonnient. For example, it may be
desirable to employ a low diatontie oxygen concentration, or & diatoraic oxygen
comeentration loser than the concentation of oxygen In alr, to, for example, reduce
or mininize the potential oxidation of calcium sulfite o sultite to sulfate or sulfur
triocide.

In some enbodiments, it wray be desirable to conduct the decomposition oy

caleination of calenum sulfite at a temperature equal to or greater than T8O,
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[1645] Example Total Heat Input per Metric Ton of Sedium Hydroxide of an

Example Embodiment

Example Total Heat Input per Metric Ton of Sodinm Hydroxide
Total Heat Inpat per 1 Metne Ton of NaOH 2.69 MMiBay
{(MMBun
Total Heat fuput por | Metric Ton of NaOH {MWh) 6,79 MWh

[1646]  Nete: The "Examyple Heat Tnput per Metrie Ton of Sodium Hydrexide” may
assume caleination employs heat and water separations i the svstem or process may be
vonducied with clectricity, It nyay be tmportant to note that heat may be employed as an put
in wator separaticas if desied.

[1647] Example Electrivity Input pey Metrk Ton of Bodinm Hydroxide of an

Example Embodiment

Example Total Electricity Tnput per Metric Ton of Sodinm Hyvdroxide

Total Electricity hput without N

N o » , 6,156 MWh

Comeentrating NaOH Product {(MWh)

Totgl Electricity iput withowt

Comcentrating MNaOH Product, with

Seawater RO Desalination Electricity .20 MWh

Consumption to Produce Makeup Water

{MWh)

Total Eleetricity Input with Concentrating ) )
.40 MWh

NaOH Product o S0wi¥ NaOH

{1648} Note: The ‘Example Eleotricity Iaput per Metric Ton of Sodium Hydvoxide™ may
assume waker sgparationy 1n the sysiam or process may be conducted with mecharical vapor
compression (MVQ) distiliation, which may be powered by electricity. It may be important to
note that ather water separation techwologics may be employed instead of or in addition to
MYVC and { or may be powered by electricity, or heat, ov other energy form or encrgy sowree.
11649]  Example Caost of Inputs per Metric Ton of Sodivm Hydroxide Produved of an

Example Embodiment
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Example Cost of Inputs pey Metric Ton of Sedinm Hydroxide Produced (assuning

without Concentrating to St NaOH)

Input Pescription Input Cost {%)
"""" CaC0s (Metric Tonnes) 125 s
Na:SOs (Metrie Tonnes) 178 $71.03
HaQ Metric Tonnes) 023 §0.11
Water {assunung without
Congentrating to Shetd NaOH) 12.39 $6.20
{Matrie Tonnes)
Heut (assunung natural gas) _ o
- , 2.69 $8.19
(MM B
"""" Electricity (MWh) 0.20 w077
Taotal $118.3]

with Concentrating to 50wt NaOH)

Inpat Deseription Input Cast (3}
CaCOs (Metris Tonnesy 125 3507
NaxSOs (Metric Tonnes) 178 $71.03
HA0 {Metric Tomnes) 123 S
Waier {asswming with
Concentrating to 30et% NaldH} 1.8 $6.53
{Metric Tonnes)
Heat (gesununyg natural gas .
- , 169 R6.15
{MMBu)
Elcotricity (MWh .40 $19.78
Total $122.66

{1656} Example Valus of OGuiputs and Exgniple Marginal Net Profit per Metric Ton

of Sodium Hydroxide Produced of an Example Embodiment

Exgruple Valee of Ouipuis snd Example Marginal Net Profit per Metric Ton of

Sodinm Hydroxide Produced (NaQOH Sold as a Product)
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(450 Value) (Mewic

Tonnes)

Output Deseription Quipat Valus
MNalQH {(Metric Tonnes) { S&OG
Cali Ovetric Toanes) 1A $1832

Cly
(High Purity, Captured) 5.3 33,01

~ Total

[548.33

Marginal Nt Profit (%)

852567

it Profit Margin (%)

21%

Example Value of Ohatputs and Example Marginal Net Profit per Metric Tow of
Sadinm Hydroaxide Produced {(NaOH Added to the Ocean for €O; Removal}

Qutput Description Cutput Value
NaOH {Added to the Ocean
for C{x Removal f
{Metre Tonnes)
CaS{a (Menie Tonnes) 1,70 31532

Clh
(High Purity, Captured)
(450 Value) (Metrie

Tonsies)

=
P
RV

3501

Net Pennanent On
Removal from the Qecan or

Atmosphere {Metrie Tonnes)

1002

SeELT0

Total

S ERERE

R011.71

RO

116514 Example Net Permanent {0: Remioval if Fuel is Natural Gas {without C0;
Capture) and ERCOT Grid Electricity (NaOH may be added fo the ocean for T

Remuoval) of an Example Embodiment
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Example Nef Permanent CO: Removal i Fuel is Nataral Gas (without CO; Capture)
and ERCOT Grid Eleotricity {NaOH may be added {0 the ocean for U0 Removal)

Energy COh Emissions {Metric Tons) per Metric

Ton NaOH (Nat. Gas Heat)

(L A3EL337 Metrie Tons T

Ton NaOH {Eleetricity)

Encrgy COx Emissions (Metric Tons) per Metric

CO: Removal (Metric Tons) per Metric Ton
Nal3H by formation of NaHUOs when added to

the Odean

-3 332525 Mewic Tons CO;

Met COn Removal per Meirie Ton Sodiam
Hydroxade Added to the Ocean (Metrie Tons
CO:

-1 001733803 Metric Tons CO;

j1652)

Example Net Permanent CO; Removad if Foel is 100% Renewable CO;

Enissions-Fres (NaOH niay be added to the ocean for CO: Remeval) of an Example

Embodimeni

Esample Net Permanent €O Removal if Fuel is 100% Renewable CO: Emasstons-
Free (NaOH may be added fo the ocean for COh Removal)

Energy CO: Enussions {Metrie Tons) par Metric

Ton NaOH (Nat, Gas Heat)

O Meinie Tons COs

Energy CO: Emissions (Metric Tons} per Metre

Ton NaOH {Electricity)

£ Metrie Tons €O

COx Removal {Metric Tons) per Motrie Ton
MatdH by formation of NaH{Os when added to

the Ocean

-1 HHR32325 Metric Toas Cr

Net O Remuoval per Motric Ton Sodium
Hydroxide Added o the Ocean (Metrie Tong
{0

-1 100332325 Metric Tons CO:

11653

Example CO; Emissions Reduction Compared to Conventinnal Chioraltkali

Process if Fuel is Natural Gas (without CO; Cagnure) and ERCOT Grid Electricily

{NaOH may be sold a8 a product) of an Example Embodiment
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Example COp Emissions Reduction Compared io Conventional Chioralkali Process
(if Fuel is Naturad Ges (without CO; Capture) sad ERCOT Grid Electricity (NaOH

may be sold as a product})

Example Embodiment Process 00z
Em

Carbon Removal} (099 Metrie Tons OO

isstons por Metric Ton NaQOH {Withouwt

Conventional Chlop-Alkali Provess 02
Ermnissions per Metric Ton NaOH (Without
Carbon Remaval) .63 Metrie Tons Cn

Example Embodiment Emissions Reduction

Compared to Chlor-Alkali Process S5% Reduction in OO Emissions
1

[1654) EXAMPLE ADDITIONAL DESCRIPTION AND NOTES

LSS Nete: It mav be impovtant to aote thal in scane embodiments which may produce
alleali sulfate from atkali chloride, such as the embodinments shown in Figures 264 - 26D, the
reaction of ammoniam chioride with a caloium carbonate may comprise reacting ammonium,
chiovide with an alkaling carth weak acid. For example, i some embodiments, calchun
carbonate may be provided as an example alkaline carth weak acid. Other alkaline carth weak
acid salts or roaterials may be emploved instead of ar in addition to calenun carbonsate. For
example, i some embodiments, said reaction of avmmoniem chloride may comprise reacting
mnsnoniwm chioride with an alkaline weak acid, or alkaline carth silicate; or alkaline carth
ferrite, or waste cement, or waste concrete, or afkatine mineryl, or nune tatbings, o fly agh, or
alkakine waste products, or alkaline ore, or any combination thereof, In somie embodiments, a
weak acid devivative other than ot 11 addition to COz may be produced (which may resalt i
fess Clk production and £ or lower CO: cossions), sach as, for example, including, bat not
Linuted to, oue or more siltcon dioxide, or silicon oxides, or iran oxides, or aluminum oxides,
or panganese oxides. In some embodinents, avamonium chlovde may comprise a solid, or a
Qas, DF 3 vapor, o an agecous solution, or a solation, or 3 liqud, or any combination thereof,
In smne cmbodiments, anumonium chioride may be well suited for reaction with difficudt to
react atkaline matenials ov alkaline carth materials, such as waste conarete, or atkaline mineval
ores, or stntered alkaline earth materials, because,; when under certain conditions, such as

when heated, ammonium chlovide may form HCE or hydrochlonie acid, which may be
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strongly reactive with a wide range of alkaline materials, which may be advantageons as it
may redice CQr production and / or U0: sivissions in the process H o wider vange of alhaling
matertals, such as alkaline materials with less or no carbon dioxide deciviative anion, can be
soapdoyed. In some simbodiments, calciam carbonaie produced m, for example, the reaction
of ammoenian carbonaie and caloium sulfate, may emploved as or may comprise at least a
portion of the caletunt carbonate or CalWA) b the reaction of CaC0s with acid or carboxylic
acid or agetic acid, or m the reaction of Cal WA with acid or carboxyhic acid or acetie aeid.
In some embodiments, the ammonium carbonate ey comprise anunoninm bicarhonate, or &
solution comprising ammontam bicarbonate, or a solution comprising a molar rativ of COz to
AT OF ammonRem greater than (1.5 to 1, ov any cumbination thereod. In somge
cmbodiments, calctom carbonate produced i, for example, the reaction of ammontum
carhonate and calehon sulfate, may emploved a¢ or nay comprise at least a portion of the
galetum carbonate or Ca{WAY in the reaction of Calls with acid or carboxyvlic acid or acetic
acid, or i the reaction of Ca{ WA with acid or carboxylic acid or acetic acid. In some
embodiments, calotim carbonate produced 1, for example, the resction of anynopium
corbonate aind calcium sulfate, may coploved as ov may comoprise at least a portion of the
caterum carhonate or Ca{WA) in the reaction of Call0sy with acid or carboxylic actd or acctic
acid, or i the reaction of CalWAY with scid or carboxylic acid or aeetic acid, which may

caable carbon dioxide to be captured in the process, or may enable carbon dioxide to

sonywise an inenmediate, and / or may enable g reduction of or aveidmics of or ehinunation
of the need for & CO:z cutputor pure COz output or T byproduct i, for exaraple, one or

mare or any combination of embodiments.

{1656]  Note: Some embodiments may pertain (o producing metal oxides or metal
hydrogides which may possess overlapping or similar chemistry or similar properties fo
paleimm, or magnesiwm, or other athabine-carths, For example, iron, manganese, and / or zing
may possess similar properties to calohun or magnesien n cortan agueons solations or in
compounds with certain amons. For example, iron acetate and manganese acetate ars soluble
iy water, while ron sulfite and manganese sulfite are practically insoluble. For example, the
reaction of agueous tron acctate of squoons manganese acetate with sulfiw dionide or sodium
sulfite niay result in the formation of an fron sulfite precipitate or manganese sulfite
precipitate. For example, when thermally deconposed, ron wdfite, or manganese wudfite, or

zine sulfite may forn a metal oxide and selfur dioxide gas.
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[16587] Neote: SQafy) veacted with or absorbed in agueous calohum acetate, or agqueows
sodiant acotate, Of URLOAS apEnoHILM Acetale, O AGUEOUS potassiumn scetate, O agusous
maghesium acetate, or agueous alkall acetate, or aqueous alkaline-carth agefate, or any
combination thereol nray comprise SOx{g) with a volume percent concentration greater than
or egaal to one or more o any combination of the followmyg: 0.001%, or 0.0, cr LOS%, or
0.1%, or 0.2%, or 0.3%, or 0.4%, or 0.5%, or 0.6%, or 0.7%, or 0.8%, or 0.9%, or 1.0%, or
1.5%, or 2%, or 2.5%, or 3%, or 3.5%, or 4%, or 4.5%, or 5%, or 5.5%, or 6%, or 6.5%, or
7%, or 7.5%, or 8%, or 8.5%, or 9%, or 9.5%, or 10%, or 11%, or 12%, or 13%, or 14%, or
15%, or 16%, or 17%, or 18%, or 19%, or 20%, or 25%, or 30%, or 35%, or 40%, or 45%, or

S0%, or 35%, or H0%, or 65%, or TO%, ar 75%, or 80%,, or 83%, or 90%,, or 95%, or 908%,. or

7%, or 98%, or 99%, or 98, 3%, or 99.9%, It iy important 10 note acetate or scetic acid may

be provided as an example acid, or acid derivative, or acid anion, or an asion which s a
derivative of an acid, wherein said scid may possess an acid strength greater than carbonie
acid ormn acid of pqueous carbon dioxide or an acid of dissplved carbon dioxide, mad / or an
avid strength weaker thaw sulfigous soid or an aoid of aqueous sulfie dioride or an acid of

dissolved sulfur dioxide.

{1658 Note: SQx{g) reacted with or absorbed in aqueous calcium acetate, o aguoous
socdinm acCiate, oF AGUCDUS AMMONIEN JCCIAL, OF AGUSOUS POLASSTINT ACCIAE, OF AGUCOUS
magnesium acefate, or agueous altkali acetate, or aqueouns atkaline-garth acetate, or any
combinntion thereof miy conprise a gas puatwe comprising at least a portion of SO(g).
SO g) may conyprise, for oxample, flue gases or combustion gases comprising 8t least 8
portion of SCh(g). Said pas mixtere may comprise, for exampls, Hue sases or combustion
gases comnprising at least a portion of SQa(z). SO:{g) may comprise, for example, flue gases
ot combustion gases emploved to decompose a sulfite salt and form g gas mixture comprising
at least a portion of SChiy). SOx{g¥ may comprise, for example, flae gases or combustion
gases gnyploved to decompose a subfite salt and form a gas mixture comprising at least a
portion of SOg). SO:e) may comprise, for example, flus gases or combustion gases
emploved 1o decompose a sulfite salt and fornt @ gas mixbure comprising 50:(g) and CO:(g).
It some embodiments,  COxa} I8 present in 8 gas comprising SO:(g), the COg) may not
react with the scetate salt or the SO:(g) may react with the acetate salt, orany corsbination
thereot, due o, for example, the acid strenpth of SOx(aq) being greater than acetic acwd, or the
acid strength of acetic acid being greater than CO(aq), or the acid strength of SOxfag) being

greater than COx(ag). or any combinaion thereof. $0n{g) toay comyiise a recirculating
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carsier gas comprising SOxg). $O:(e) may comprise a recirculating carior gas comprising 8
relatively tnert gas, such as nitrogen, or alr, or argon, or fluerocarbon, or noble gas, or any
comnbination thereof and at least & portion of SOx{(g). SO:(g) may comprise o carrier gas of
siripping gas which may commprise a relatively inert gas, such as nitrogen, of air, or argon, or
floorocarbon, or noble gas, or any combination thoreof and at least a portion of STh{g). i
fmportant o note acetate or acetie acid may be provided as an example acid, or acid
dertvative, or acid anion, or an anton which is a dentvative of an acwd, whereiy said acid may
possess an actd strength greater than carbonde acid or an acid of aquecus carbon dioxide or an
acid of dissolved carbon dioxide, and / or an acid strength weaker than selfurous acid or an

acid of agugous sulfur dinxide or an acid of dissobved sulfur dioxide.

116591 Nete: Insome embodiments, SOug) from caleining CalSOs may be further

concentrated, or pressurized, or purified,

[1668]  Note: SOx{g) from calcining CaS0x may be absorbed into water or an aqueons

solution to form sulfurous acid or aqueous sulfuy dioxids.

j1661] Note: Weak acid or weak acid andon mayv comprise an aeid or acid amon with an
acid strength fower than the acld strength of fopanie adid, or scetic acid, or propionic acid, or
tyric acid, or eitvic acid, or lactic acid, or valeric acid, or caproic acid, or enmsthic and, or

caprylic acid, or pelargonic acid, or caprie acid, or carboxylie geid, or sulfurous acid.

f1662] Note: Weak acid or weak acid anion may comprise an acid or acid anion with @

higher pKa than acetic agid, or carboxylic acid, or sulfiwous acid.

[1663] Noter Acetie acid may be provided as an example adid with an acid strength
wreater than *Weak Acid’, and an acid strength lower than selfurous acid or agueous selfur
dioxide. In some embodiments, where acetic acid or acetate is described, other acids with an
acid steength gronter than “Weak Acid’, and an acid strength lower than sulfirous acid or

aqueous sutfur dionide may be employed.

[1664] Nete: 1t may be mportant to note that in some crabodiments which may produce
atkali sulfate from alkali chloride, such as the embodiments shown in Figures 26A - 2610, the
reaction of anwnonium chloride with a calehnm carbonate may comprise reacting anunonivm
chloride with an alkaline carth weak acid. For example, in some smbodiments, caleiom
carhonate yoay be provided as an example alkaline carth weak neid. Other alkaline carth weak
acid salts or materials may be emploved nstead of or in addition to calcum carbonate, For

example, ip some embodients, said reagtion of ammomum chlonde may comprise reacting

260



WO 2023/225089 PCT/US2023/022544

ammoniun chioride with an alkaling weak acid, or alkaline earth sihicate, or alkaline garth
forrite, or wasts coment, or waste conerete, or alkaline mineral, or mine taings, or fly ash, or
alkaline waste products, or alkaline ove, orany combination thereof In sonie embodiuments, s
weak acid dertvative other than or i addition 8 COr may be produced (which may resalt in
fess COh production and ¢ or Jower CO» cmissions), sach as, for example, including, but not
fintited to, one or more sificon dioxide, or sitivcon oxides, or iran oxides, or gluminum oxides,
or manganese oxides, In some embodiments, ammoniwrn chlonde may comprise a solid, ora
Las, OF & Vapor, of an ageeous solution, or a solation, or a tiquad, or amy combination theveof.
In sone embodinenss, anmnoniam chioride may be well suated for reaction with difficult w
react alkaline materials or alkaline earth materials, such as waste conerete, or atkaline mineral
ores, or sintered alkaline earth materdals, because, when wnder cortain conditions, such as
when heated, smmoniwm chloride may form HCE or hvdrochlorie acid, which may be
strongly reactive with a wide range of atkaline materials, which may be advantageous as it
may reduce CO: production and / or OO0 enussions i the process if a wader range of alkaline
waterials, such as alkaline materials with less or no carbon doxide denviative anion, can be
cmplirved, fisome ombodiments, caleium carbonate produced in, for example, the reaction
of anwnonium carbonate and caloiun sulfaie, may cmploved as or may comprise at feast a
portion of the calciwm carbonate or Cal{ WA) in the veaction of CaliQs with acid or carboxylic

geid or acetic actd, or in the reaction of Caf WAY with acid or carboxylic acid or acetic acid,

{1668]  Note: Acetic acid, which moay conprise an “acid,” may comprise including, but
are not limited to, onc or nxe or any combination of the following: carboxylic acid, or
formie acid, or acetic anid; or Glveolie acid, or (ivoxylic acid, or carboxylice acid, or et
acid, or Propionie acid, or Acryiie acid, or Propivlic acid, or Lactic aeid, or 3«
Hedroxypropionic acid; or Glyeerie acid, or Pyruvice acid, or 3-oxopropanole acid, or 2,3+
dioxopropanoic acid, or Malonie acid, or Tarironic acid, or 2 2-dibydeoxypropanedioie acid,
ar Mesoxalic acid, ov Glyeidie acid, or butvric actd, or isobatyric acid, or crotonic acid, or
isocrotonic acid, or vinvlacetic acid, or tetrolie acid, or F-hydroxybutyric aeid, or -
hydroxybutvric scid, or y-hydroxybutyric acid, or g-ketobgyric acid. or acetoacetic acid, of
succinic senuaidehyvde, o suceisc ackd, or methylmatonic acid, or finnaric acid, or gallic
acid, or maleic acid, or gluconic acid, or itaconic acid. or acetylenedicarboxylic acid, oy malic
acid, ov tartaric acid, or oxaloacetic acid, or dioxosiecinic acid, or pentanoic aoid, or valenie
acid, or isovaleric acid, or 2-methytbutinic actd, or pivalic acid, or B-hydroxyvalerie acid, or

y-hydroxyvaleric acid, or B-hydroxy B-methylbutyrie acid, or glutare acid, or e-ketoghutanic
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acid, or acetonpdicarbenylic acid, or 2-Ruroie acid, or tetrabydro-2-furoie acid, or Ascorbic
Acid, or caprose acid, or adipic acid, or aconitic acid, or sogiric acid, or isocitrie acid, or
sorbic aoid, or enanthie aoid, or pimelic acid, or benzoie acid, or salicylic acid, or caprylic
acid, or phthalic acid, or isophthalic avid, or terephthalic acid, or pelargonic acid, or frimesic
acid, or cinnamic acid, or caprie acid, or sebhacic acid, or hendecanaie ackd, or lawric acd, of
wmellitic acid, or tridecylic actd, or myristic acid, or pentadecylic neid, or pabmitic acid, or

nargaric acid, or stearic acid, or oleie acid, or linolete acid.

{1666} Nete: Acetic actd maay be provided as an example actd with an pKa lower than

*Weak Acid’, snd an pKa greater than sulfurous acid or aqueous sulfur dioxide.

{1667]  Note: Calciam may be provided as an example alkaline carth. Other alkalme
varths, which may include bervilivm (Be), or magnesiunt (Mg}, or calcian (Cy), or strontiuny
{Sr}, or hartwm (Baj, or radium (Ra), or any combination thereof, may be emploved instead or

in addition o calchum.

[1668]  Note: Amunoma or ammcnuun {for example: NH: or NHev) may be provided as
an exapple cation, or example water soluble salt forming cation, or an example afkali-dike
cation, or an example athali-like chemical, or any combination thereof. In some
cmbodiments, other water soluble salt forming cations or water soluble salt formiing cation
derivatives may include, but are not Hmited to, amines, or inines, or azines, or ionic hquids,
or aqueous COh captare shsorbents, or aqueons 50z capture absorbents, or hqeid COx capuare
absorbents, or fiqued SOk captiwe absorbents, o sy combination thereof, Sodiun (Na) may
be provided as an example atkall. Other atkalis or allali-like chemicals say be emploved in
addition to, or instead of, for cxample, sodiun. For example, other atkalis or atkali-like
chemicals may clhude, bt are not linied to, tthium (Li), or potassium (K), or ammonium
{NHs), o apwsoma {(NHy), or anwnomam derivative, o sifrogenows base, or rubithem (Rb),
or cagsien (Us). For example, potassium hydroxide may be produced from potassium sulfate,
fstead of or in addition to, for example, sodium hydroxide and sodium sulfate. For example,
potassiunt goctate, or potasshan sulfite may be crploved instead of or in addition &, for
example, sedhium acstite, or sodium sulfite. In some sinbodiments, it niay be desivable o
combine multiple different alkalis or alkali-like chemicals, For example, it some
embodiments, it may be desitable to combine ammonia and potassium, or aommonia and

sodium, or any combination thereof.

j1669] Nete: Some embodinments may enploy Oxalic Acid or Oxalate.
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[1674] Nete: Some embodinents may comprise systpms and methods for producing

cemient, ov clivker, or any combination thereofl

«  For example, i some embodiments, an athaline-carth solfite, such as culciam selfie
or magnesium sulfite, may be mixed or grinded with other components of cement
raw nuR, such as clay, shale, sand, tron ore, bauxite, fly ash, or slag, then the
resulting mixtore may be heated in i coment kiln to a calcining temperatiwe, then a
fusing tomperaturs to produce cement clinker.

s  For example, in some embodiments, an atkaline-carth sulfite, such as caleium sulfite
or magnesium sulfite, may be ealeined or thermally decomposed to produce an
alkaline-carth oxide, sueh as calchnn oxdde or magnestim oxide, then the atkaline-
carth oxide may be mixed with other components of coment raw niix, such as clay,
shale, sand, irom ore, bauxite, fly ash, or slag, then the mixiure may be beated or

sintered 10 produce coment chinker,

1671} Note: In some entbodiments, dewatering processes OF separation proCessss may
recover of separate residual salts or impurities. In some embodiments, dewatering processes
OF Separatiin processes may sepavgie O TemMove Inparitics of separate or farmove non-alkali
or non-alkalime-carth salts or chenncals. For example, the separation of sodiwn sulfite from
aeetic acid may separate or remove a portion of impurities, i present, which may comprise
chensicals other than sodium sulfite or aeetic acid. For example, the separation or recovery or
removal of magnestum sulfite neay resalt in the separation of impurities which may comprise
chemicals other than magnesium sulfite, For example, in some embodinents, residual
magnesium sutfite may be present i the sodiurs hydroxide, and { o, in some crabodiments,
at least a portion of the residual niagnesiam salfite may be removed or separated or
precipitated during, for exaniple, the voncentrating of sodium hydroxide, or ervstatization of

sodiwm hydroxide, or any combination thereof, if applicable.

{1672 Nete: Solids, or Hauids, or solations, or suspensions, or solid-liquid mixtures, or
any combination thereof may be transported by, for exaraple, inchuding, but not hinuted to,
ong of Move or any combination of the following: veliele, or truck, or train, orwiatercrafl, or
aiveradt, or pipeline, or conveyor belt, or barge, ot riser pipe, or air, or dispersion, or
bueyancy, or passive means, o active means, of rail, or human tomsport, ov anbual transport,

or transport, or spacecraft, or projectile, or rocket, or car.
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(1673} Mete: In some embodiments, sodium hydroxide solution may be concontrated to
specifications for sale or use or transport, which may include, but are not limited to, onc or
more oF any combinaton of the following: concentrating to greater than 33 weight porcent
sodigm hydronide, or concentrating to greater than or equal to 30 weight percent sodiam
vdroxide, or concontrating to greater than or cqual to 78 weight percent sedium hvdroxide,

oy ervstallizing sodinnt hydvoxide, or removing tmpurities.

11674 Note: In some embodiments, it may be desivable for the acid to be stronger than
carborue acid and weaker than sulfirous soid. In some embodiments, # may be desirable for
the acid to result in the formation of & water soluble alkaling-carth salt. In sone
cmbodiments, it may be destrable for the reaction of the acid with an alkaling-earth carbonate
to prodece 8 water solable alkahine-carth salt. In come embodiments, 1t sy be desirable for
the reaction of the acid with an alkaline-carth carbonate to produce carbon dioxide gas. Tn
some enrbodiments, the ackd may conywise a carboxylic acid, such as formic acid, or acetie
acid, or propanoic acid. In some embodiments, 1t may be desirable for the acid 1o be non~
volatile, or to possess & vapor pressure fower than o cqual to water af roomm femperatue, o

any combination thercof.

[1675]  Nete: In some embodiments, COx{g) reacted with atkadine carth onide, or alkaline
canth hydroxide, or alkali hydroxide, or any combination dercof may comprise ar. For
example, in some embodiments, air sourced directly from ouiside may comprise a
cancentraton of €Oy of about 400 ~ 700 PPM. For example, air may comprise 3 dibute
comeenttation of CCu(y). For example, air may comprise & CO: concentration lower than
10vol¥, o a €O concentration tower than Tvol%, or a OOn partial prossure Towey than 0,1
Bar, or a COx partial pressure lower than 0041 Bar, or 8 CO: partial pressure lower than 0,001

Bar, or any combination thereof,

[1676]  Note: Insome embodiments, water may be removed, or a salt soletion may be
concentrated, or water may be evaporated, or a solvent may be evaporated, or a salt may be
orystalized or precipitated or soliditied, ar 3 salt may be separated, o an acid may be
separated, or an acid may be evaporated, or an acid may be ramoved, o water niay be
removed, or water iy be separated, or any combination thereof, which may employ
squipment, which may include, but are not Hmited to, one or more or any combination of the
following: Evaporator, or Multistage Flash OMSF), or Multi-Effect Distiflation (MED), or

Mrechanical Vapor Compression (MVC), or Blectrodintysis (EDVEDR), ar bipolar mémbrase
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clectrodialysis, or membrane capacitive detonization (MCDI, or electrodetonization (ED,
or Forweard Osmosis (FU3), or Membrang Distillation (MDY}, or Distillation, or Reverse
Camosis, or Osmotically Assisted Reverse Osmosis, or Falling Filmy Evaporator, or
Crystallizer, or Stcam Evaporator, or Electrie Evaporator, or Renewable Encrgy Powered
Evaporator, or Non-Rencwable Encrgy Powered Evaporator, or Heat Pump Heat Sowrce
Evaporator, or Waste Heat Evaporator, or Sclar Evaporator, or Evaporation Ponds, or
solventing-out precipitation. or solvent addition precipitation, or organic solvent addition
precipitation, or static orystallization, or falling flm orystallization, or suspension
crystallization, or frecze concentrating, or Fractional Melt Crystallization, or Mele
Crystalhization, or dvnandc melt orystallization. azeotropic rectification, or azgotropic
disttlation, or extractive distifation, or solable solvent addtion precipitation, of methaue
hyvdrate desalination, ov gas hydrate water removal, or gas hydrate desalination, or freeze
dosalination, or cryodesalination, or clectrodialysis roversal, or hydrogen production, or
microbial desalivation, or methane hydrate ervstabizagon, or hydrate formation and

decomposition desalination, ov hydrare fornation and bberation desalination.

[1677]  Nete: Sodim hydroxade may be provided as an example alkali hydroxide. Other
alkal hydroxides may be produced instead of or in additton to sodhom hydroxide, which may
inclade, but are not linited to, one or more or any connbination of the fllvwing: bthium

hvdroxide, or potasstum hydroxide, or nibidium hydrosade, or cacsium hydroxide.

116781  Note: In some embodiments, sodium hydroxide produced may be further purified
to, for example, hnprove the grade of sodimn hydrokide and ¢ or broaden the suitable

applications,

{1679} Note: In some smbodiments, #may be desurable to separate at least a portion of
sodiaot sulfite from at least a portion of acctic acid or other setd. Tn stvme embodiments, #
nray be desirable to employ ¢lectrodialysis or electrodialysis reversal Ror said separation, In
sone embodiments, it may be desirable to eoploy reverse osmosis or nanofiltration for said
separation. In some embodivnends, roverse osmosis o nagotiltration way be emploved,
wheretn the hydration radius of the sodium sulfite may be sufficiently lirge o be at feast
partially rejected by a membrane, while the molecular weight or hydration radiug of the acid
may be safficiently small to permeate a membrang at least partially. In some embodiments, i
may be destrable for the molecular weight or bydvation radios of the acid & be sasalier than

the molecular weigly or hydration sadius of sodiom sulfite, which may potentially include,
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bat ave not Hmited to, one or more or any combination of the following: formic acid, or acctic

agid.

[1680] Note: In some embodiments, an alkaline carth sulfite, such as calonan sudfite or
magnestim sulfite or calcium-magnesivm sulfite, imay be thermally decomposed or thermally
convarted infn calohen oxide or magnesium oxide, or calcium-magnestum oxide, or clinker,
or any combination thereof in, for example, a calemer, or kiln, or any combination thereof. In
some embodiments, thernal decomposition or thermal conversion may be conducted wsing
the comtbustion of a fuel and / or employing the resulting hot combustion gases. b sonwe
embodiments, sulfur dioxide, which may be produced frorm the decomposition of sulfite, may
b separated by, for example, including, absorption in water, or reaction with a salt, or
reaction with an acetate salt, or reaction with a salt comprising an amton which 1s a derivative
oof e acid with an acid strength or pRa weaker than the acid sirength or pKa of sulfur dioxide
or aqueous sidfor diovide or sulfirons acid or any combination thereof, or crvogenic
separation, or condensation, or any combination thereof. T some embodiments, thermal
decomposition or thetmal conversion may be conducted wsing conductive beal ransfer, in
some embodiments, sulfur dioxide may be recovered as o liquid or solid by cooling or
cryongenic separation or Hiquefaction. In some embodiments, sulfur dioxide may be recovered
as a Liquid o solid by cooling or cryvogenic separation or liguefaction, with heat recovery o
heat exchange fo mininnize energy consumption, In some embodiments, thermal
decomposition or therawl conversion may be conducted by heating the walls of a kiln. In
some eavbodiments, thermal decomposition o thenmal conversion may be condacted using
convective hest ranster. In some embodiments, thenmal decomposition or thermal conversion
gy be conducted using radiznt heat transfer. I some embodiments, thermal decomposition
ot thermal conversion may be conduocted i g sulfur dioxide atmosphere or an atmosphere
comprising salfur dioxide, wherein the decomposition of sulfite salt may resalt in the
formation of subfur dioxide and ¢ or echerein selfr dioxide removed may comprise high
concentration or purity salfor dioxide. In some embodiments, thermal decomposttion or
thermal conversion may be conducted using indirect heating, In some cmbodiments, the
process may be configured o sapply heat from more than one or 2 combination of heat
sources. For example, it some enbodiments, the provess may be configured to enable an
operator 1o switch and / ar mix heat or fie] or encrgy soarces as desired, doe to, for example,
welading, but not Hmited o, one or more or any combination of the following: process

goonomuies, avatability of encrgy sourees, of cost of encrgy sourees, ot aperational state of
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cquipment, or maintenance schedude, or fime of day, or avalability of personnel, or
throughput of system, or state of operations. Heat or foed or energy sowrees may ichade, but
are not tmited o, heat or fuel or energy sources deseribed herein, or known in the ad, or any

combination thereof

j1681] Nate: In sone embodiments, thermal decomposition o thermal conversion may
be condacted using a reciroulating carrier gas. In sone embodiments, « recircalabing careier
Qus may comprise a gas other than sulfiv dioxide. For example, # may be desivable for the
rectrealating cavrier gas to vonywise aie. For example, it may be desirable for the reciroulating
carrigr sas to-comprisg o relative Inort gas, such as nitrogen, or argon, or a noble gas. In some
venbodiments, a reciroulating carrter gas comprsing at least a portion of a gas other than
sulfar dioxide may be desirable due to, for example, lower thermal decomposition
temperatire requirements, or the ability of the process to recover dilite concentrations of
sulfir dioxide due to the relatively high sohdility of sulfir dioxide n water in the later
recovery of sulfur dicwde, or the ability of the provess 0 recover dilute concentrations of
sulfir dioxide due fo reaction with 3 salt or agueous salt solution which miay react with sulfir
dioxide, or any combination thereof. In some erobodinments, a recirculated carrier gas may be
heated using a wide range of heat sources, which may include, but are not limited o, one or
more or any combmation of the followiny: eluctricity, or renwwable sourced clectricity, or
nuclear heat, or solar heat, or nuclear sourced clestricity, or hydropower, or heat purap heat,
or thermal storage, or geotherma heat, or steany, or lava, or phase change material, or
combustible fuel, or cowbustion, or nataral gas, or oil, or coal, or petcoke, or renewable
natural gas, or combustion of alcohol, or combustion of a hydrocarbon, or combuastion of
methanol, or combustion of smmonia, or combustion of hvdroxide, or combustion of a
nitrogenous chemical, or combustion of sulfur, or conabustion of hydrogen sulfide, or sulfide
vonthustion, or sul{ide oxidation, or selfvreactive combustion, or rosistive heating, oy
radative heating, or waste heat, or steam, or heat transfor fhad, or reaction of calehun oxide
with water, or reaction of magnesiun oxide with water, or energy source deseribed herein, or
energy sogree described i the art, b some coabodiments, the process may be configored to
heat the recireulating carvier gas using thermal storage. For example, a recirculating carricr
gas may be heated by passing through or heating exchanging with a thermal storage material,
which may inchide, but 1 not imited to, one or move or any combination of the following:
rocks, or sand, or solid wmaterial, or gravel, or porpus material, or coment, or concrete, o

bricks, or earth, or stone, or metal, or ceramic material, or composite, or phase change
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material, or molten metal, or mxolten salt, or salt, or alloy, or melti-component maserial, or

angdtiphase material, or any combination thorent.

1682} Nete: In some embodiments, the atkali salfate mav be produced by, for example,
first rescting atkal chioride with selfuric acid o produce alkel sulfaie and / or hydrochioric
acid. In some embodiments, the hydrochioric acid may be separated from the alkali sulfate
For example, potassiim chioride, such as potassiom chloride from potash, may be reacted
with sulfuric acid to produce potasstarm solfate and / or hydrochlorie seid. The hydrochlorie
acid may be separated from the potassium sulfate, The potassient sulfate may be an input in
ong o mywe systems and 7 or methods for producing alkali hydroxide or alkali carbonate
deseribed herein,

[1683  Note: In sinne embodiments, concentrated soditnm hyydroxide solution nwy be
gontacted with or reacted with carbon dioxide or a gas comprising cavbon diexide, which may
result in the formation of WaaCOs(s) precipitate. In some embodiments, the NaxCQufs}
precipitate may be separated from the remaining soloetion using, for example, a sohd-liguid
separation. In some embodirocns, the NaxCOu(s) precipitate may be separsted using a
decanter, In some entbodiments, the Na:UOu(s} precipitate may be removed while NaQH
may be added to make wp for sodiunt removed due to the removal of Nee(UOs(3). In some
embodinments, the NapCOx(s) precipitate may be separated froms the remaining solution snd

MNaOH may be added to the remaiming solation.

[1o84] Nete: It some emboditnents, calehwm hydroxide suspension, sach as mulk of lime,

may comprise the Ca{OH (s or agh.

11685} Note: In some smbodinents, magnesium hydvoxids saspension, sach as milk of

magness, may comprise the Me{OHhis or ag).

[1686] Mete: In some embodiments, calohan hydroxide suspension may be contacted
with carbon dioxide or & gas comprising cavhon dioxide, Yhich may rexalt i the formation of
caleiam garbonate or calclum carbonate solid. I some embodiments, caleiwmn carbonate may
precipitate from the suspension and / or may settfe and ¢ or nay be separated fromy remainming

cateiunt hydroxide suspension, i any.
[1687]  Npte: Tn some cmbodiments, magnestumn hydroxide suspension may be contacted
with carbon dioxide or a gas comprising cwrbon dioxide, which may result in the formation of

magnesium carbonate or magnesium carbonate solid. In some embodiments, magnesium
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carbowate may precipitate from the suspension and £ or may settle and ¢ or mav be sepavated

from romaining magnesium hydroxide suspension, if any.

[1688] Note: In some embadiments, i may be desirable for the alkaline earth — acid salt
resulting from the reaction of alkaline carth - weak acid matenal with an seid to have a
sotubthity 1o water greater than or equal to one or more or any conbination of the following:
1g/100mL, or 3g/100mL, or Sg/ 100mL, or 7g/100mL, or 10g/100mL, or 15g/100mL, or
20g/100mL, or 25g/100mL, or 30g/100mL.

[1689]  Nete: In some embodiments, the reaction of an alkaline-carth carbonate with an
acid, which may result in the formation of carben dioxide gas, may be conducted in a bateh
configaration. For example. a batch configuration may cnable production of groater partial
pressure of carbon dinxide, which may cnable easier CO: transport or lower eneryy
consumption Oz compression, or Hiquefaction, or formation of supereritical CO:, or any

combination thereod, if desived.
(16849  For example:

«  Calowm carbonate may be added to a reactor vessel

+ I desired, at least a portion of air or other gas may be reméved from the reactor
vessel by, for examnple, using a vacinsn pump.

* A solution comprising acelie acid mav be added fo the reactor vessel, which may
result 1n the formation of dissolved calctum acetate solution and carbon dioxide gas.
The reactor vessel may pressurize with carbon dioxide to a high partial pressars or
high total prossure, A high partial presswre of carbon dloxide may comprise a partial
pressure of greater than or equal o one or more or any combanation of the following
0.5 Bar, or 1.0 Bar, or 1.5 Bar, or 2.0 Bar, or 2.5 Bay, or 3.4 Bar, or 4 Bar, or 3 Bag,
or & Bar, or 7 Bar, or 8 Bar, or 9 Bar, wr 10 Bar.

«  The carbon dioxdde may be removed froo the reactor vessel, and may undergo
gompression, or nndergo Hquefaction, or undergo conversion & o solid, or undergo
conversiom to g supereritics] fhad, or transported, or used in one of raore or any
corabination of applications, or mjected underground, or comverted into a chenuoal
ov fiel, or sequestered, or any combination thereof,

»  Dissolved calcium avctate solution may be converted into valoium oxide, or calchun

hydraxide, or calciun carbonate, or acetic acid, or any combination thareot,
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f1691 Notg: In some embodiments, the reaction of an alkali carbonate or alkali
bicarbenate with an acid, which may result in the formation of carbon disade gas, may be
conducted in a bateh confunuation, For exanmple, o bateh confiration may enable
mrodaction of greater partial pressere of carbon dioxide, which may enable easier C(x
transport or lower energy consumption COz compression, or hquetaction, or formation of

supereritien] CO;x, or any conobination thereof, if desived.
116924 For example:

»  Sodiam carboate may be added to a reactor vessel

»  If desired, at least a portion of air or other gas-may he romoved froam the reactor
vessel by, for example, using a vacuum pump.

e A solution vomprising scetic acld may be added to the reactor vessel, which may
result in the formation of dissoived sodiunt acetate sodution and carbort dioxide gas.
The reactor vessel may pressurize with carbon dioxide to a high partial pressuve or
high total pressure. A high partial pressure of carbon dioxide nuay comprise a partinl
prossure of greater than or equal 1o one or more or any combsination of the following:
0.8 Bar, or 1.0 Bar, or 1.3 Bay, or 2.0 Bar, or 2.5 Bar, or 3.0 Bar, or 4 Bar, or 5 Bar,
or & Bar, or 7 Bar, or 8 Bar, o0 9 Bay, or 10 Bar,

«  The carbon dioxide mav be removed from the reactor vessel, and may endergo
compression, of underge bquefaction, of undergo conversion to o sobid, or undergo
comversion to a supercritical fuid, or tranasported, or wsed in owe or more or any
combination of applications, or mjected underground, or converted into a chenncal
or fuel, or sequesterad, or any combvnation thereof,

«  Dissolved sodhnm acetate solution may be converted into sodium hydroxide, or

sodien carbonate, or acstio acd, or any combination thereof,

[1693]  Note: In some embodiments, the reactions of an alkaline-varth carbonate with an
acid 1o produce carbon dioxide or captured ciwbon dioxide mwy be conducted in a different
invation than the location of regenerating the alkaling sarth ~ acid salt into the atkaline carth
carbonate and the ackd. For example, the alkaline-carth carbonate may be reacted with an acid
to produce carbon dioxide or captured carbon dioxide in an applivation requiring carbon
dioxide, such as, for example, incloding, but not timited to, one or move or any combination
of the following! & srecnhouse, or a farm, or ar algae farm, or a eyanobacterta farm, ora

photosynthiesis aultivation facility, or a U0 enhanced ail recovery application, or a batthng
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facility, or a crbonation application, or & wastewater irgatment facility, or s five retarding
systom, or a medical application, or a modical facility, or a laboratory facility. The remaining
alkaline carth — acid salt solution may be transported to a facility, which may be in a difforem
location, 10 convert of regenerate the alkaline garth - acid salt wxte the atkaline carth
carbonate and the acid, The regenerated alkaline carth carbonate and the acid may he
wansported to the application requiring cwrbon dioxide. Some ambodinients piay comprise an
alternative to transporting Hauid COq, or compressed COy, or supereritieal T02, or
combusting fossil fuels, or any combination thereof as a € source for applications
reguiring a supply of C0:.

11694} Note: bnsome smbodiments, it may be desirable to prevent or mininuze the
formation of calohum sulfate fom caloiom sulfite, or sodinm sulfate from sodium sulfie, or
the oxidation of calcium sulite to caloium sulfate, or oxidation of sadium sulfite to sodium

sulfate, or any combination thereod

+  For example, calolum sulfite or sodivm sulfite may react with dissolved o

form calchum sulfate or sodiuom solate. In the presence of water, it may be desirable
to mpmnire the concentration of oxygen or the presence of oxygen (o prevent or
mininze the oxidation of ealcium selfite or sodivm sulfite fo caloium sulfate or
sodam sulfite. In some embodiments, a portion of oxyeen may be removed by
oxvgen rersovil methods, which may mchade, but 1s not ited to, one or more or
any comnnation of the following: catalvtic oxidaton, or catalytic oxveen ramoval,
OF (XY ECN SCAVTREOr, OF inert gas, or contact with low oxyvegen concentration gas, or
HHrogen purging, of auy combination thereof. Tn some ambodiments, oxygen
vemoval or dissolved oxvgen removal may be conducied before contact with caleinn
sulfite or sodian seifi.

»  For example, calckom salftte may react with gaseous oxygen. In sonte embodiments,
1t may be desivable to nunimize the concontration, or presence, o contact fime, or
any combination thereof of calcium sulfite with gascous sexygen o diatomic oxygen.
For example, it may be desivable to deconmpose caloium sulfue in the presence of an
oxveen depleted gas, or an inert gas, OF 8 ROR~OXYECH Eas, of any comhination
thereof. For example, it may be desivable to decompose calelun sulfite i the
presence of o gas with a distomic oxvgen coneentration lower than 21 volume

percent. For example, in stune embodiments, it may be desirable to pre-heat calciam
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sudfite in the prosence of an oxygen depleted gas, or an inert gas, or a non~oxygen

gas, or any cmmbination thereofl

1695 Note: In some smbadiments, i may be desirable to decompose alkaling garth
sutfie under conditions to facilitate formation of alkaline carth oxide and sulfur dioxide.
Under some conditions, caletum sulfite may deconypose or chemieally convert into calchun
sulfate, or calcrum salfide, or any combination thereof. B may be desirable to carefuily
contrpl the temperatare to facilitate the formation of caloim oxide and sulfir dioxide from
caleturm sulfite, For exanyle, in some embodiments, it may be desirable to decompose
cateiuny sulfite at a temperature lower than 6040 degrees Celsius, or lower than 680 degress
Celsius, or any combination theretdl For example, v some amboduments, 1t may be desirable
to decomposs calcium sulfitc at & tomperature Inwer than 680 degrees Colsius i the presence
sof carbon dioxide gas, For exampie, in sime ambeadinients, it may be desirable to deconpose
catcium sulfite at a temperature lower than 680 degrees Celstus in the presence of an inert
gas. For example, in some envhodiments, it may be desirable to decompose caleium sulfite at
a femperatare groater than 780 degrees Celstas. For example, v some embadiments, itmay
be desirable to decompose calerum sulfite at a temperature greater than 780 deprecs Celsius
w the presence of carbon disade gas. For exiwaple, in some ombodiments, it may be
gesirablye to decorpose calciurn sulfite at a tomperature greater than 78U degrees Celsius in
the presence of an inert gas, For example, in stine cmbodinaents, it may be desirable to
decompose caleturn sulfile n a low pressure environment, or an environment with a pressure
ower than atmwsphieric pressurg, or a vacuony, of any combination therenf. For example, in
some envbodiments, # may be desirable to decompose caleiwam sulfite in a high pressure
cnviromment, of an erviromnent with 3 prossure gregter than atmosphoric pressure, or any
combination thereof. For example, it sone entbodiments, it may be desirable to decompose
cateium sulfite in an savironment with a pressure shout the sanwe as atmospheric pressure, of

atimospheric prossure +- 3%, or any combination thergof

1696} I a portion of calctom sulfate, or calchan sulfide, or any combnination thereof are
produced, ¥ may be desirable to cmploy systems and £ or methods for reeovering or
separating caloiwm sulfate or caleium sultide. For oxample, a materisl comprising calciam
oxide, or cateiam sulfate, or calcium sulfide, or any combination thereof mav be separated by
contacting with acetie acid, which may result i calctam oxide reacting with the scetic acid to
mrodace dissolved calotunm acctate, the calciun sulfide reacting with the acefie acid (o

produce dissolved calehun acctate andior foedrogen sulfide (wlhich may be dissolved or
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gascons), and the caleium sulfste romaiing mostly at a sodid phase wareacted. The caloham
sulfate may be separated by a solid-lguid separation, ehile the calelum acetate may be
converted into calcium sulfite, or caleinm oxide, or calcium hydroxide, or agetic acid, or any
combination thereof using, for cxample, one oy more or any combination of systems or

methods deseribed harein,

11697} n some embodiments, caletum sulfite or magnesiom sulfite may be decomposed
i the presence of a gas, such as a combastion gag, or @ carrier gag, or kiln gag, or any
combination thereof. In some embodiments, the combustion gas, or a carrier gas, or kiln gas,
or any cmbination thereof may comprise earbon divxide. For example, the combustion gas,
or a carvier gas, or kiln gas, or any combination thercof may comprise greater than or egual ©
1%, or 2%, or 355, or 4%, or 3%, or 10%, or 13% or 20%, or 25%, or 30%, or 35%, or 40%,
g 43%, or 0%, or 353%, or 60%, or 63%, or T, or T3%, or B, or §5%, or 9%, or 9%,
or 99%,_ or any combination thereof by vohume carbon dioxide. by somw eovbodiments, it may
be desirable for carbon dioxide to be present because, under some conditions in some
embodiments, the presence of carbon dioxide may provent, or inhibit the formation of
calerum sulfate, or caloium sulfide, or clemental sulfur, or any combination thereof duning the
decomposition of calchom sulfite. In some ainbodiments, calchum sulfite may react with
varbon dioxide to form calciwm carbonate and subfur dissade, or calciam sulfie may
decompose indo calmum oxids and sudfor diade, or calcium carbonate may decompose o
calehom oxide and carbon dioxide, or any combination thereof. In some embodiments, it may
be desirable o heat calchum sulfite in the presence of a gas comprising a high partiad pressure
of carbon dioxide, which may result in an cqutlibrium wherein calonan sulfite may
decontpose nto sulfur dioxide at o lower temperature than the decompnsition temperature of
caloium carbonate, which may vesult fn the formation of caleiom carbonate and sulfir dioxide
before or simeltancous to the decomposition of caleiun carbonate into calcium oxide. A high
partial pressure of carbon dioxide may comprise a partial pressure of carbon dioxide gas
greater than or equal to, meluding, but not Timited to, one or more or any combination of the
followiny: 0.01 Bar, or 003 Bar, or .1 Bar, or 0.2 Bar, or 0.3 Bar, or 0.4 Bar, or 0.5 Bar, or
0.6 Bar, or 6.7 Bar, or 0.8 Bar, or .9 Bar, or 1.0 Bar, or 1.5 Bar, or 2 Bar, or 2.5 Bar, or 3.0
Bar, or 3.5 Bar, or 4.0 Bar, or 4.5 Bar, or 5.0 Bar. In sonte enthodbments, caleium salfite may
be heated 1 the presence of a high gartial pressare of carhon dioxide i 3 first reactor, of &
first portion of a reactor, or any combingtion thergof, forming calchum carbonate and sulfur

tioxide gas, then the formed calcium carbonate may be decomposed into calers oxide and
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carbon dioaide in o scoond reaetor, or a second portion of & reactor, or any combination
thereot at a higher emperatuse, or 3t g lower GOk partial presswre, or any combination

thereof,

11698]  in some embodimunts, alkaline cavth losses may oceur, dug to, for example,
inclading but vot Hited to, lnsses due to the formation of alkaline-garth sulfate. Tn stine
embodiments, makeap alkaline carth may be added 1o replenish alkaling carth i the process.
For exampte, alkaline earth may be added as, fir example, including, but not Hinuted to, one
or mowe or auy combination of the following: alkaline-carth weal acid, or calcium oxide, or
caleiun hydroxide, or calehum carbonate, or caleiwm sulfite, or calctum sulfite, or calcium ~
sarboxyhic acid anton, or magnesiwm oxide, or magaesium hydroxide, or magnesium
carhonate, of magnesiom sulfite, or ngmesiom sulfite, or magnesiom - carboxylic aoid

ankom, of any combination thereod

[1699]  Note: For example, caleium oxide or caleium hydroxide may be recovered or
reoycted or atilized from a material comprising calcium oxide or calcium hyvdvonide and a
bigh voncentration of calcium sulfate o a high concentration of calciun sulfate
contamination by, for example, enaploving said material as an bt to the reaction of alkaline
sarth - weak acid naterial with an acid. For example, & matenial comprising calehum oxide or
calcium hydroxide and a hogh concentration of caleiwrn sulfate or a high concentration of
caleiwm sulfire contamination may be reacted with acetic acid. Calorum oxade, or ealeium
hydraxide, or calarem carbonate, or caleium sulfide, or any combination thereof mav react
with the acetic ackd, forming of an aguecus sefution coniprising calciem acctate. The calctum
sulfite may not react with the acetic acid, which may result w the caloiwm sulfte mostly
remaining of a solid phase. The remaining calcim sulfate solid roay be separated from the
catoium acetate solation by a solid-Bauid separation. The calehan acetate may be emploved
in one or more o any combination of processes deseribed herein, including, bt not Himited,
producing one of duwe of any cornbination of the follewing: calcwm made, or calcium
hydroxide, or calcium carbonate, or calchum sulfide, or sodium hydroxide, or sodium
carbonate, or sadium bicarbonate, or sodivm sulfide. The presently deseribed embodimaont
may be applicable @ other alkalime-carths mstead of, o in addition to, calewum, which may
nclude, but are not imited to, one ov more or sny combination of the following: magnesium,
or magresium sulfate, or magnesium oxide, or magnesivm hydroxide, or magnesium

varbonate, or magnestum sulfide.
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{1768 Nete: In some embodiments, atkali sulfile may be formed. In some embodiments,
an atkal bisudfite, or an alkall metabisudfite, or any combination thereof may forn in addition
to, or instead of, an alkali sulfite. In some embodiments, an alkali bisulfite, or an atkah
metabisulfite, or any combination thereof may form in addition to, or wmstead of, an alkal

sudfite, for example, wherein an atkali salfite is deseribed.

1701 Note: In some ambodiments, organic solations, or organic solvents, of non-water
solvents, or non-aquecas solations, or any combination thereof may be emploved mstead of,
or in addition to, or in & mixtare with, or any combination thergof, water or agueous

soluitons.

¢ Note: Soine embodiments may employ Cascade Reactors, or Cascading Batch
Mixing Reactors, or Back-Mix Reactars, or a cascade of well-stirred, jacketed,
hateh-nux vesctors, or any combination thereof. In some embodiments, calehum
oxide or calcium hydroxide may be reacted with sodium sulfite to form, for
example, at keast a portion of caloium sulfite and sodivm hydroxide. In some
embodiments, calciam oxide or calciam hyvdroxide may be reacted with sodium
sulfite to form, for example, at least a portion of calcium sulfite and sodiaen
hydroxide emiploying, of usimg, or within, for exampls, Cascade Reactors, or
Caseading Bateh Mixing Reactors, or Back-Mix Reactors, or g cascade of well~
stivred, jacketed, baich-mix reactors, or any combination thereof,

*  Note: In some embodunenta, the reaction of sodium subfite with caleium hydroxide
may be condueted at a range of temperatures. In some embodiments, the reaction of
sodium sulfite with caleium hydroxide may be conducted in aveactor between 3 -
70 degrees Celsrus, In some embodiments, the reaction of sodium subfite with
caleiunt hydroxide may be conducted I a regctor between § - 30 degrees Celsius, in
some embodiments, the reaction of sodiwm sulfite with calohum hydroxide may be
conducted 1 a reactor between 2~ X degrees Celstis. In some embodiments, the
reaction of sodiam selfite with ealciom hydroside may be conductad 1 a reactor
hetween (¢~ 100 degrees Celstus.

«  Note: In some embodiments, caloim oxide or caleium hydroxide may be veacted
with sodium sulfite to forny, for example, atleast a portion of caleium sulfite and
sodium hydroside. To soros smbodiments, to, i oxample, facifitate the conversion
of sodiwm sutfite to sodian hydroxide, it may be desirable to react caleium

hydroxide with sodium sabfife at a molar ratio wherein calciom hydroaide is at a
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stoichiometric excess 1o sodiwn sutfite. For example, in a stoichiometrically
balanced reaction of calcium hydroxide and sodiun sulfite with 1% conpletion, 1
mole of calehim fvdroxide may react with 1 mole of sodivm sulfite to produce |
mrde of caletuny sulfite and 2 woles of sodivm hydroxide. For example, to facilitate
higher conversion rates of sodimm sulfite o sodimm hydroxtde, it may be desirable to
employ 1 steichiometric excess of calelum hydroxide in the reaction of caleium
hiydroxide with sodium sulfite. For example, 1o some ambodiments, it may be
desirable to employ & molw ratio of calohum hydroxide to sodivm sulfite greater than
or egual o} i the reaction. For example, 1t may be deswirable to employ a ratio of
greater than or equal to ong of prwre orany combination of the following: .9 mole
of ealctom hydroxide 1 1 mole of sodivm sulfite, or 1.0 mole of ealctum hydroxide
1 mole of sodiem salfite, or 1.1 mole of caleium hydroxide © 1 mole of sodien
sulfite, or 1.2 male of caloium hvdvoxide : 1 mole of sodivn sutfite, or 1.3 miole of
calorum hydvoxide © T mole of sodium sulfite, or 1.4 mole of catorum hydroxide » 1
mole of sodvans selfite, or 1.5 mole of caloben hydroxade © 1 mole of sodinm sulfite,
or L6 mole of calctum hydroxide ¢ 1 mole of sodium sulfite, or 1.7 mole of caleium
hvdroxide © | mole of sodiwm selfite, or 1.8 mole of calchm hydroxide @ { mole of
sodium sulfite, or 1.9 mole of caletum hydroxide © 1 mole of sedivm sulfite, or 2
moie of caletum hydroxide 1 1 mole of sodiam salfite,

*  Note: fn some cmbodbments, a portien of caloium hydroxide may be present in the
calehumn sulfite reaction product, or a portion of aqueous caleium vdroxide may be
present in the sodtum hydroxide reaction product, or a portion of sodium suelfite may
be present in the sodium hydroxide reaction product, or a portion of sodium sulfite
may be prosent w the calchum sulfite reaction product, or a portion of sodiany
hvdroxide may be present in the caletam sulfifc reaction prodact.

»  Note: In some ambhodinents, a portion of calchum hydroxide may be present in the
cateiun sulfite renction product. In some entbodirents, #t may be desirable for
caleivm bydroxide in a solid or solid-liquid mixtre comprising caleiun sulfite to
romain i the solid comprising calonom sulfite ontering a caleiner or thermyad
decomposttion step. In some embodiments, it niay be desirable for at least & portion
of cateian hydroxide in a solid or solid-hiquid mixtere comprising caletom solfite to
he separated and fremoved before or while the solid comprising caloium sulfite

enters a calciner or thernial decomposition step. In some smbodinents, a selid
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comprising calohon sulfite, which may farther comprise calcium hydroxide, may be
sepavated from an agqueous solution comprising sodium hydroxide asing, for
example, a solid-Hiquid separation systom or method, such as, for example,
mohading, but not Hopted to, ong or mwore or any combination of the following: Glier,
or rofating filter, or docanter, or contrifoge, or coalescer, or method for destabdizing
suspensions, or Hloeculation, or aggregation. or vilwation, Flotation process, or
Density gradiont contrifugation, ov agitation, or ceninifugation, or changing
temperature, or changing surface tension, or other methods desertbed hereln, or
solid-liqad separation methods known in the art. In some embodiments, if at least a
portion of calohim hydroxide is soparated from at least a portion of calcium solfite, it
may be desirable for the separated calohun hydroxide to be travsforred or emploved
as g reactant or & portion of the caloium hydroxide reactant in, for example, the
reaction of caloium hydroxide with sodium sulfite. In some embodiments, if at least
a portion of caleium hydroxide is separated from at least a portion of calctum sulfite,
it may be desirable for the separated calehum hvdroxade 1o be thermadly decomposed
or calcined mte calehwn oxide and ¢ or the calctm oxide {and / or calgium
hvdroxide which may be formed by reacting the forned caloium oxide with water)
may be emploved as @ reactant o a portion of the caleium hydroxide reactant iw, for
example, the reaction of caleien hydroxide with sodinm selfite, {n some
cmbodiments, it may be desirable for & solid comprising calcium sultite and calcium
hvdroxide to be caleined or decomposed to form caleiun oxide. Insome
embodiments, it may be desirable to separate at least 3 portion of caletum hydroxide
from at least 3 portion of calohmm suifite. Example systoms and methods for
separgting caleiwm sulfite from calcium hydwncide may be deseribed heveli
o In some embodinients, a portion of caleium hydroxide may be separated
fromy a portion of caleium sulfite. In some embodiments, & suspension may
be formed from a solid comprising calcium hydroxide and caleium sulfite
and { or caleium hydroxide and ealtium sulfite vony oxist a5 a suspension,
For example, insome embodiments, calcium hydroxide and / or calciam
salfite in suspension may interact differently (o temprrature, or agitation, or
centifogation, or vibration, or altrasound, or lght, or feyperature
differences, or heating, or cooling, or mixing, ov other physical interaction or

stimauly, or any combination thereof, In some smbodiments, a portion of
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calohum hydroxide and ¢ or caloium sulfite may be separated by triggering or
facilitating the coagulation or scttling at least a portion of calcium hydroxide
refative to caleiuny sulfite, or calcium sulfite relative to calciom hydroxide by
using one or more physieal interactions of stamult,

in some ombodiments, & portion of calehim hydroxide may be separated

(9

from w portion of caleium sulfite. In sonwe embodiments, & suspension roay
be formed from a solid comprising calehum hydroxide and caleium sulfite
and / or ealcium hydroxide and caloinm sulfite may exist a8 a suspension.
For example, i some embodiments, a suspension destabihzer or flocculant
or clarifying agent or coagulant or nther additive chemical, may be added to
a suspension comprising calchom hydroxide and caleium sulfite. In some
embodinents, either calciont hydroxide or calohm sulfite nway coagulate or
settle, for exiwnple, at difforen tirses or at different addivve chemieal
concentrations, In some embodiments, settled or de~suspended solids
comprising caleium sulfite may be sepacated or removed, followed by, for
example, the separation of settled or de-suspended solids comprising calehum
hydroxide. In some cmbodiments, afier at least a pertion of calchan
hyvdroxide and / or calcium sulfite may be separated or removed from
sufution, 8 portion of the additive chemical may be recovered. For example,
m some embodinents, a portion of the additive chemical may be recovered
by reverse osmosis, or nanoftbration, or ultra~filtranon, or any combination
thersof. For example, in some embodiments, a portion of the additive
chenucal may be recovered by roverse osmosts, or nansiiitration, or ultras
filiration, or other semi-permeable membrane hased process, or other
membrane baged progess, or any combination thereof. In some embodinents,
it niay be destrable to employ an additive chemical with a molecular weight
ot hvdration vadivs greater than the molecelar weight or hvdration sadias of
caleium hydroxide. For example, in some embodiments, a portion of the
additive chemical may be recovered by réverse osmosts, or nanofiltration, or
uliva-filtration, or other semi-permeable membrane based process, or other
membrane based process, or any combination thereof, for example, wherein
the membrane based procoss niay forot a concentrate o refentate comprising

additive chenucal and a pormieate comprising water of an agueoss caloam
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hydroxide solation, In some embodiments, said porswate may be mixed with
a sohd comprising calcium hydroxide and calciam salfite to form a
suspension and / of said concentrate or retentate may be adided to said
susspension to selectively destabilize the suspension to sepavate, for example,
at least a portion of caleien hydroxide from at loast a portion of caleium
suifite.

o Inosome ombodiments, at least a portion of calcium sulfite may be separated
from at loast a portion of caleium bydroxide by filtration. For example, in
some embodiments, the particle size of calcium hydvexide may be different
from the particle size of calcham sulfite. In some embodimants, a saspension
comprising cafovum hydroxide and cadcian salfite may be separated by
filtration, wherein « filter may be sufficiently large to allow one solid
chemicn! through at a greater rate or percentage than the other solid
chemical,

Other exanple systems and methods for separating calcium subfite From

&

caleinm hydroxide may be descnibed, for exanple, elsewhere herom,

+  Note: In some embodinments, a portion of aqueous caleium hydrokxide may be
present in the sodium hydroxide reaction prodect. In some embodiments, it may be
desirable fir residual dissolved ealciam hydroxide, i any, o remaim in the product
comprising sodium hydroade. Tn some crmbodiments, it may be desirable for at least
a portion of residual disselved calchum hydroxide, if any, to be separated or removed
from in the product comprising sodim hydroxide. tn some embodiments, at least a
portion of residual disselved caleium hvdroxide, i any, may precipitate or
crystallize or separate from a solation comprising sodinm hydroside if, for example,
the solution comprising sodivan hydroxide undergoes at feast a portion of
concentrating or water removal. For example, in some embodiments, at least a
portion of sy dissolved caloium bydrosade in a solution comprising sodium
hydroxide may precipitate during water removal doe to, for example, the
significantly lower solubility of caleium hydroxide in water than sodiwn bydrogide
and { or the decrease in solubility of calchim hydroxide with an increase in
temperature. For example, in some embodiments, at least a portion of any dissolved
cafeium hydroxide in a solution comprising sodiom hydroxide may be removed or

separated by adding or absorbing carbon dioxide or sulfur dioxide, which may result
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in the precipitation of valciom carbonate or caleien sulfite dog to, for example, the
lower solubility of calcium carbonate and £ or caloium selfite in water than calchan
hydroxide and 7 or propensity for calerun hydroxide to form calohum carbonate or
caletum sulfite in the presence of carbon divxide or sulfie dioxide relative to sodium
hydroxide in the presence of sodivm hydroaide. I carbon dioxide or sulf dioxide
are added, it may be desivable for the amount of added to be at a stoickiomenic ratio
to the concentration of caleium hydvoxide, to, for example, rinimize or prevent any
substantial potential undesired contantination or formation, or additional
contamination or formation, of sodium carbonate or sodium salfite or sedivm sulfte
in the product comprising sodisn hydroxide.

= Note: In some embodiments,a portion of sodium sulfite way be present in the
sodiam hydronide reaction product. In sonwe embodiments, i may be destrable for
residual dissotved sodivm sulfite, if any, to roniain in the product coraprising sodium
hedroxide. In some eobodiments, it nay be desitable for at least a portion of
rosidual dissolved sodivm sultite, i any, o be scparated or romoved from i the
product comprising sodium hydroxide. In some embodiments, at least a portion of
restdual dissolved sodium subfite, iany, may precipltate or erystathze or separate
from a sohation comprising soditen hydroxade 1f] for example, the solation
comypising sodium hydroside undergoes at least a portion of concenirating or water
remval. For example, o sonie embodiments, at least a portion of any dissolved
sodiwm sulfite in a solution comprising sodivm hydroxide way precipitate during
water removal due to, for example, the stgmficantly Iower solability of sodium
sulfite in water than sodinmt hydroxide. For exanple, in some embodiments, at least
a portion of any dissolved sodium sulfite in 8 solution comprising sodium hydroxide
ynay be separated or removed by adding oxygen or distomie oxygen or otherwise
oxidizing the residual dissodved sodium sulfite to form sodihum suifate. For oxample,
i sore ernbodiments, at feast a portion of sadium sulfate, if any, may precipitate if,
for example, the solution 1s cooled or at 8 cool temperansre, due to, for example, the
significant decrense 1o solubility of sodivm sulfate with decreasing temperature,
espeeiatty in decreasing temperature between 33 degrees Celsiug to 0 degrees
Celstus, and / or the significantly fower solubibity of sodbum sulfate iy water than

sodiom hydroxnide.
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+  Note: In some ambodimenss, a portion of sochum sulfite may he present in the
caletun sulfite reaction product. For example, in some cmbodiments, it may be
desirable to separate at least o portion of residunl sodium sulfite, if any, in calchum
sulfite reaction product. For example, m some embodiments, at least a portion of
residual sedian sulfite, if any, may be renved or separated from calonan sulfite
reaction product by washing the caletwm sulfite reaction product, due to, for
example, the significantly greater solubility in water of sodium sulfite relative to
calctum soifite, In some embodiments, it may be desirable for any washing solution
to have a low concentration or minimized concentration of dissolved oxygen oy, for
example, prevent the oxidation of suifite to sulfate. In some embodiments, it may be
desirable for any deving of caleium suifite o be conducted with miningal or
mimmized or reduced presence to diatonic oxygen or dissolved oxygen, i, for
example, provent the oxidation of sulfite w subfate,

+  Note: I some embodiments, a portion of sodium hydvoxide may be present in the
cateium sutfite reaction prodect. For example, in some ombodiments, it may be
desirable to separate at Jeast a portion of vesidual sodivm hyvdroxide, i any, n
calcium suifite reaction product. For example, in some embodiments, at least a
portion of residual sodivm hydionide, o any, may be removed or separated fivrn
cateinm sulfite reaction product by washing the caloium sulfite reaction product, due
to, Tor example, the sigoificantly greater solubility in water of sodium hydroide
relative to caletum suliite, In some embodinents, 1t may be desiralde for any
washing solution 10 have a kow concenivation or mindmized concentration of
dissplved pxvgen to, for example, prevent the axidation of sulite to sulfae. In some
embodiments, it may be desirable for any drying of caleium sulfite to be conducted
with mummal of mhinteed of reduced prescace to diatonte oxygen ot dissolved
oxypon, to, for example, provent the axidation of sulfite 1o sulfate.

«  Note: In some embodimends, calotum hvdroxide eroploved in the reaction with
sodim sulfite may comprise a solid, vr a solid-Hguid suspension, or an agueous
sotution, o gny contbination theveofl In sonic cnbedivosnds, sodiwm sulfite
enploved in the reaction with caleium hvdroxide may comprise an aquecus solution.
In some embodiments, sodiam sulfite cmploved i the reaction with caleium

hvdroxide may comprise an aguenus sohution, or a solid, or & solid-liquad

suspension, or any combination thereod,
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+  Note: In some ambodiments, calcium oxide or caloiun hydhoxide may be reacted
with sodium selfite to form, for example, at feast a portion of calcium sulfite and
sodim hvdroxide. In some embodipents, in the reaction of calcium hydroxide with
sodium salfite, the concentration of sodium sulfite may have a significant inflaence
o the reaction rate and / or conversion rate ot fficincy. For example, the sctivity
coctficient of sodiwm sulfite, or sulfite, may have a relationship with the
concenration of sodivm sulfite or sulfite in an agueons solution, For example, in
some embodiments, the reaction rate or reaction officioncy may increase with
mnareasing concentration of sodiwm sulfite to a concentration or concentration range
and Sor the reaction rate or reaction efficieney may decrease with increasing
concentration of sodium sulfite above a concentration or concentration range. For
example, in some embodiments, the reaction rate may decrease with morcasing
concentration of sadium sulfite. For example, in some ambediments, the cquilibriom
vonstant may decroase with increasing concentration from a concentration of 0.5
mordes sodivin sulfite per 30 mwoles of water to @ concentration of 1 mole sodium
sulfite per 30 moles of water. In some embodiments, the reaction of sodium sulfite
with calcinm hvdroxide may comprise an squilibrium reaction. In some
cmbodiments, it may be desirable 1o employ stoichiometric excess of calctam
hydroxide refative o sodium sulfite in the reaction of caloum byvdroxide with
sodium saltite 1o, for example, facilitste the rescnon, o to Incrsase or facifitage
comversion or conversion efficiency of sodivm sulfite to sodien hydroxide, or any
combination thereot. In some embodinients, it may be desivable to employ a sodium
sulfite conceniration loss than or equal 1o 1 mole of sodiwn sulfite por kilogranm of
water, In some embodinents, 1 may be desirable to evoploy a sodium sulfite
concantration i the reaction of calcian hydroxide with sodiun sulfite of less than
or equal to, ong or niore or any combination of the followmmg: 023M, or 0.5M, or
QU73M, or IM, or LM, or 2M, or 2.5M, or 30

«  Note: In some embodiments, calonam oxide or calehum hydronide may be reacted
with sodivm sulfite to form, for example, at least & portion of calcivm sudfite and
sodium hydroxide. In some embodiments, hvdroxide ton getivity may increase with
inereasing concentration and / of sulfite lon sctivity may deorease with increasing

concentration.
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#  Note: In some bench-soale experinents, the following conditions may be beneficial
for the reaction of sodiwn sultite snd calcium hydroxide:
o Feed Ratio {Sodium Sulfite - Calctum Hydroxide): 859
* (Lo stoichiometrically more Caloium Hydroxide relative to Sodium
Sulfite}
o Reaction Temperature: 14°C
o Reaction Time: 31 nunetes
o Conversion Efficiency of Sodiuny Suliite to Sodiven Hydroxide: 85%

«  Note: i sone enibodiments, the regcsion time for the reaction of sodium sulfite
with caletm hydroxide may vary. In some smbodiments, the reaction thme may
occur m stages. In soune cmmbodiments, the reaction time or reaction Hime t©
completion or residence thime may be greater than, or equal to, or less than, or any
combination thereof one or mote or any combination of the following: 1 nunute, or §
mimstes, or Himinutes, or 15 minotes, or 20 minutes, or 25 mibnutes, or 30 nunotes,
or 35 nunutes, or 40 nunotes, or 43 minutes, or 50 minutes, or 535 minates, or 60
mnates, o 1.1 howrs, or 1.2 hours, or 1.3 hours, or 1.4 hours, or 1.5 hours, or 1.6
hours, or 1.7 hours, or 1.8 howrs, or 1.9 hours, or 2 hours, or 2.5 hours, or 3 hours, or
4 houty, or 8 hours, or 6 hours, or 7 hourg, or # hours, or 2 hours, or 10 hours.

«  Note: In some embodiments, calctum oxide or caleium hydraxide may be reacted
with sodium selfite to form, for exmmple, at least o portion of calotam solfite and
sodium hydroxide, In some experiments, in the reaction of calcium hydroxide with
sodium sulfite, the conversion efficiency of sodhwmn sulfite to sodium hydroxide
ncreased with a sodium sulfite ; calcium hydroxide feed ratio from 0.03 to .588. In
some experiments, the highest regeneration efficiency was achieved at 2 sodian
sulfite | calcium hydroxide 8388 feed vatin, In some expertments, conversion
effivioey of sodiwm sulfite to sodin hydroxide decrzased with a sodium sulfite
caletwrn hydroxide feed ratio above 0.588, A possible explanation is the activity
cocffictent of calcium hydroxide may remain relatively unchanged wath
concentration i the saspensicar because of ealcium hydvoxide™s low solubily,
however the getivity coefficient of the sodium sulfite or sulfite may decrease with
increasing concentration ahove a cortain concentration or concentration range.

= Note: In some smbodiments, calciuny oxide or calerunt hydroxide may be veacted

with sodium sudfite 1o form, for example, af least a portion of calehum sulfite and

283



WO 2023/225089 PCT/US2023/022544

sodiom hydroxide. In some embodiments, Tower roaction romperares may be
destred. A possible explanation may be that the activity coefficiont of sulfiis may
deerease with increasing temperature, thus lower temperatures may bave a higher
activity coctficient, which may be more favorable. In some embodiments, hydroxide
activity coctficiont may romain constant with emperature. Thus, for example, the
equitibrivra ratio {and { or thus the renction efficiency) may decrease with Incrensing
teynperature. A possible explanation may be the The Gibbs Free Energy of the
reaction of sodiom selfie and calctom hyvdroxide may be exothermie. The reaction
of sodivm sulfite and calcium bydroxide may have an enthalpy of reaction or heat of
reaction of <2535 kdamol. For example, at higher tomperatires ov if tomperahines are
inereased, the reaction way become less favorable because, for example, the
enthalpy change of reaction may become more posttive. In some embodiments, it
may be desirable for the reactor or renction fo be temperature contratled and / or
cooled to, for example, raintain an optimal reaction tenyperature.

»  Note: In some cmbodients, calctant oxide or caleium hydeoxide may be reacted
with sodhum sulfite 1o form, for esansple, at least & portion of calchum wulfite and
sodivm hydroxide. In some experiments, the reaction efficiency of sodium sulfite o
sodiam hydroxide in the reaction of sodiom sulfite with calcium hydronide mncreased
with reaction time from § minutes © 31,45 minutes. Duting an cxperiment, after
31.45 minutes, the reaction efficiency did not appreciably further increase.

*»  Nofe: in some embodiments, calohon oxide or caletum hydroxide may be reacted
with sedium sulfite to form, for examypde, at least a portion of calcium sudfife and
sodtm hydroxide. In st experiments, the reaction efficiency of sadiunt sulfite to
sodium hydroxide in the reaction of sodinm sulfite with calcium hydroxide may
have been gppreciably impacted by the presonce of significant calebau suifite i the
tme or caleiwn hydroxide feed, For example, in some exporiments, significant
presence of calenwn sulfite in the calelum hydroxide foed may have reduced reaction
efficiency by 33.60%. In some embodiments, it may be desirable to separate reaction
products or solid reaction products comprising caloium hydrosade and 7 or calonan
sulfite, In some embodiments, it may be desirable to separate solid reaction products
comprising caleiom sulfite. In some embodiments, 1t may be desitable to separation
solid regetion prodects ov solids present from a solution compuising sodiws

hydroxide. In some crobodiments, it may be desirable to separate & sedid covoprisiog
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caleium suifite and 7 o calohon hydroxide from a solution comprising sodiam
hvdroxide. I some embodiments, it may be destrable to separate calonen hvdroxade
from caleium souliite. In some embodiments, it pay be desirable to convert calcium
sulfite and /7 o calehan hydroxide into caletam oxide.

o For example, in some embodiments, at feast a portion of calcium salfite may
be separated or further separated from caleium hydroxide. In some
embodiments, at least a portion of the separated calorom hedvoxide may be
transferred and { ot mixed with calciom bydroxide (Hme) feed, or may
comprise a portion of calcrem hydroxide feed, or any combination thercof
for, for example, the reaction of sodium sulfite with calehum hydroxide. In
somme embodiments, at Jeast g povtion of separate calcton salfie may e
thermally decomposed or caleined into at least a portion of calciam oxide
and sattur dioxide,

o For example, in some entbodirments, at feast a portion of calcium sdfite nay
be sepavated or further separated from calctom hydroxide. For example, in
some entbodliments, at feast a portion of calcium sulfite may be separated or
firther separated from caloium hydroxide using one or muwre or any
combination of systems and / or methods. For example, in some
cmbodiments, calcium hyvdroxide may bave & greater affinity {o forming a
suspenston than caleiunt sulfite, In some embodiments, 2 potiion of calcium
hydroxide may be separated from a portion of calciun salfite by forming 8
suspension compriving ealcium hydroxide whale, for example, forming a
sctiled soltd comprising calchun sudfite. In some embodiments, & portion of
calonun hivdroxide may be separated front g portion of valohunm sulfite by
forming a suspension comprising caloium hydroxide, and / or adding or
removing focealants, or emulsifiers, or dispersants, or any combination
thereof. In some embodiments, 3 portion of calciam hydroxide niay be
separated from a portion of caletun sulfite by adding or removing, including,
but not mited 10, one or more or any combination of the following!
flocculants, o ewalsificrs, or dispersants, o any condvination thereof. Int
some entbodiments, & porbon of caleinm hydroxide may be separated from a
portion of caleiam salfite by contrifuging a shurry ov material comprising

&

calctany salfite and calctom hydéoxide and ¢ or separating settled solid, whach
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may comprise @ greater concontration of) for example, calciom suliite. For
example, i some embodiments, calchwmn hydroxide may have a difforem
density than caletum sulfite. For example, calciuny sulfite may have a greater
density than calcium bydroxide. In some embodiments, calcium selfitc may
be separated from calenam hydroxide by systems or methods for separating
utilizing density differences. For exmnple, in some embadiments, af Teast a
portion of calehun sulfite may be separated from at least o portion of caloiam
hydroxide by mnclading, but not Hmited to, one or more or any combination
of the following: centrifuging, or decanting, or gravitational sepavation, o
coalescing, or gravitational separation favilitated by a high density liquisd; or
density based separation facibitated by a lugh density liquid, or density based
separation facilitated by a high density Bguid with a density greater than the
density of calciem hydroxide and less than the density of caleiuny sulfite, or
any cornbination thereof. For example, calcium hydroxide may possess a
gredter solubility in water than caloiem selfite. In some cmbodiments, the
difference in ssdubility between calotnm hydroxide and £ o caleium
hydroxide may be utihzed, to, for example, separate at least a portion of
caletam sulfite from calehwm hydroxide. In some embodiments, the
difference m solubility between calctom hydroxide and / or calciam
hvdroxide may be utilized o separate at least a portion of caleiunt sulhte
from at feast a portion of calebun hydroxide. For example, in some
embodiments, 3 matenial corprising ealoium hydroxade and cadorom sulfite
may be nyixed with or washed with water, echich wmay result i the
digsolution of at least a portion of caleium hydroxide, while at least a portion
of the calchum sulfife remains a solid. In some embodiments, the solid
comprising calcium solfite may be tramsferred to, for example, a thermal
decompostiion process. In some embodiments, calehan hydroxide may be
separated from an aqueous sotution comprising calotum hydroxide by, for
exarnple, vtilizing the solubility properties of calcium hydroxide. For
example, caleium hvdroxide solubility may significantly decrease with
mcreasing temperature. In some embodinents, water eoploved in washing &
nuxture comprising caleiunt hydroxide and # or caleium sulfite to dissolve at

least a podion of ¢alciam hydronide may comprise cold water to promole,
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for example, dissolution of caleiiom hydroxide, and / or enable a higher

sohubility of calehan hyvdroxide. In some embodiments, cold water may
COMPIISe water at & teowperature Jower fhan the temperature of wanm water or
a warmy solution and £ or may comyprise water at a femyperature fess tha or
eguaal to SO°C, or $0°C, or 30°C, or 200C, or 150, or HPC, or 3°Cor 10 In
sane embodinients, a cold sohution comprising calohan hydroxide may be
treated to prodece sepavated caleium hydroxide solid using, for example,
including, but not mited to, one or more or any combination of the
following: heating precipitation, or heating precipitation by iereasing
sohution temperature to trigger the precipitaticny of at feast a portion of
calcium hydroxide, or filtvation, or reverse osnosts, or clectiodialysis, or
eoeentrating whilte solution 1% at 3 lower wemperatare, Or concentrating
remaining agueons solution afier precipitation, or concentrating remaining
aqueous sohution after heating precipitation at a lower temperature using
TEVErSE OMDOSES, OF concentrating vemaimng aqueons selution afier heating
precipitation at @ lower emperature using slectrodialysis, o concentrating
remaining aqueons solution after heating prociphiation a1 8 fower tempeture
then emploving the permente or diuate as cold water for disselving calehun
hyvdroxide and ¢ or then cnuploving the concentrate for farther precipitation or
separation of calclum hydroxide and / or mixing the concentrate with other
solution comprising caleium hydroxide undergoing calciom hydroxide
separation or precipiation, of any combination thercof [n some
gcmbadiments, at least a portion of the separation of caleium hydroside fom

caleium sulfitc may comprise cake washing or filter cake washing.

9]

For example, v some emwbodiments, a solid comprising caloivom sulfite and /
or caletum hydroxide mav be decomposed or thermally decomposed or
calcined. In some cmbodiments, said decomposing may comprise
dehydration or liberation of water. In sonie embodiments, said decomposing
may comprise forming sudfr dioxide. In some embodiments, said
decomposing may comprise forming calotont oxide or alkaline carth oxide.
In some embodiments, a solid comprising caloium salfite and calehm
hydroxide may andergo decomposing. In some cmbodiments, g mulii-stage

calciner may be employed. In some embodiments, a multi-stage caleiner may
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be employed, wherein an carlior stage §s heated to a lower temperatare fo, for
gxample, enable the decomposition of calcium hydroxide to caleium oxide,
which may sceur at a lower tepperature than the decomposition of ealcium
sudfite o calcban exide. In some conbodiments, a multisstage calciner may be
employved, wherein an carlior stage is heated fo a lower tomperature to, for
exwnple, enable the decomposition of caleium bydroxide to valelum oxide,
which may oceur at o temperature, for example, above about S0 degrees
Celsius, and / or wherein o later stage is heated to a higher temperature for
the decomposition of calcium sulfite to 3t least a portion of calciem oxade
and / or sulfur dioxide, which may occur at, for example, a temperature
above about 780 degrees Celsias, It nay be desirable for the gases
eomprising subfer dioxide produced by ov exiting from the later stage to be
separate from the carlior stage, to, for oxample, provent of roinimize the
potential reaction of sulfur dioxide with calctnm hydroxide or caleiom oxide
i the earlior stage. It may be destrable to configure the system or method
such that the gases comprising sulfur diexide produced by or exiting from
the later stage may be at least partially isolated from the carlier stage, to, for
example, prevent or niinimize the potential reaction of sulfr dioxide with
catciam hydroxide or caloim oxide tn, for example, the carlier stage. In
soe enbodiments, heat from the kiln or caleining gases may be recovered,
»  Note: In some embodiments, agueous or dissolved catoium hydroxide may be
present i the product soletion comprising sodium hyvdroxide. In some ewbodiments,
i may be desirable to separate at feast a portion of said calcium hydroxide from at
least a portion of said sodhwm hydroxide. In some embodiments, at feast 8 porfion of
catoyum hydroxide may be separated by, for example. including but not limited o,
one of more of any combnaticnr of the following: heating precipitation, o
precipitation by heating the solution which may reduce the solubility of dissolved
calctum hyvdroxide, or filtration, or centrifigation, or coneentrating, or vapor
distilation, or during the process of concentrating sodium hydroxide solution, or by
addition of 3 reactant which may induce the precipitation of calcium dug to the
formation of a lower solubility chemical, or by reacting or contacting with solfiw
dioxide to precipiate a portion of calcium sulfite, or by reacting or contacting with

carbon dioxide fo precipitate 3 porton of calohan carbonate, or by reacting o
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contacting with sodiem carbonate, or by reacting or contacting with citrie acid, o
any combination thereof. In some ambodiments, 1 may be desivable to allow
residual dissolved calcium hydroxide to remain in the agucous sohution comprising
sodim hydroxide. For example, in some embodiments, a sohution comprising
sodium hydroxide may be emploved in CO: removad, sach as, for example, w some
embodiments, sdding n solution comprising sodium bydroxide to the ocean or a
body of water, and S or g solution comprising sodien hydroxade further comprising a
portion of dissolved calchum bydroxide may be beneficial.

»  Note: In some cmbodiments, at least & portion of prapnesium hydroxide may reacted
with sodim sulfite to form, for example, at feast a portion of sodium hydroxide and
magnesin sultfite. o some embodiments, i nagnesium hvdroxide s employed, the
resulting magnesiam salfite may be more soluble than the magnesium hydroxide. In
some embodiroents, the resulting product from the reaction of sodiwm sudfite(ag) and
magnesiom hydroxtdels or aq) may comprise an aqueous solution comprising
magnesianm sulfite and sodium hydroxide. The magnestam sulfite may be separated
from the sodium hydroxide in a orystallization or concentrating, or precipitation, or
any connhination thereof siep due to the significantly lower sohubility of magnesium
sulfite inwater than sodiam hydroxide's solubility in water, In some embodiments,
magnesiim may be desirable, for example, because the decomposition of
miagnestum sulfite to magnesium oxide and sutfur dioxide may be conducied ata
lower temperature and [ or require Tess energy than the decomposition of calchan
sulfite 1o calonam oxide and selfin dioxide. In sonwe entbodiments, fagnesian may
be desirable, for sxample, beeause the decomposition of magnesium hydroxide to
magnesium oxide and water may be conducted at g lower temperature and / or
regquire less energy than the deeomposition of calctam hydroxide to calctom oxide
and water,

s Nple: In some ambodiments, for oxample, at least a portion of the concenwating of
the sodiam hydroxide may be condacted with, for example, foraard osmosts, or
osmotically assisted reverse osmosis, or membrane distiliation, of vapor prossure
difference, or any combingtion thereof. For example, in some embodiments, sodium
sulfite may need o be dilpted from a solid phase 10 an agueous solution of ag
optintzed concentration for the reaction of calotum hydroxide with sodium sulfite,

which may enable the sothun salfitc to be enploved as a draw solution o, for
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cxample, concentrate sodiom hydronide while dilsting the sodivn sulfite. For
example, i some embodiments, sodian sulfite may comprise o draw solation and /
or sodium hydroxide nray comprise foed solution, and 7 or a1 Teast a portion of water
may transter or permeate Fom the solistion conywising sodium hydroxide to the
solution comprise sodiwn sulfite, In some cmbodiments, emploving forward
osmosis, or ssmoticdly assisted reverse osmosis, or rerbrane distillation, or vapor
pressure difference, or any combination thereof may be desirable 1o, for example,
reduce energy consumption assovtated with concentrating sodiwm hydroxide, i, for
exaraple, concenfrafing sodium hydroxide may be destred,

»  Note: In some embodinents, it may be desirable to minimize or prevent the
presence of distomic oxygen, or dissolved oxygen, or frec oxvgen, or any
combination thercof. In some embodiments, 1t may be desirable to minimize or
prevent the presence of distonue oxygen, or dissolved oxygen, or free oxygen, or
sy conbination thereof, to, for example, provent or ninimize myy undesired
oxidation of sulfite W salfate. For example, in some cmbodiments, i may be
desirable to minimize or provent the presence of diatomic oxygen, or disselvid
oxypen, or freg oxygen, orany combination thereof in the formation of sodium
sulfite, or 11 the reaction of sodiwm sulfite and calehun hydroxade. For example, in
some embodiments, including, but not honted to, one or more or any vomtunation of
the following may be desivable: reaction vessels or storage vessels or other
equipment to employ inert gas atmospheres or headspace, such as nitrogen gas
atmospheres or headspace, or to mivimize the volume of atmospheres, or to omploy
systems or methods to remove dissolved oxygen from water, o to minimize or
prevent leaks, or to minimize or prevent exposure to ambient air, or enplov sobid
and ¢ or ligquid handiing cquipment with minimad beadspace and 7 or headspace
compIsing inett gas, or any combination thereof

s Note: In some embodinents, during the reaction of caleium hedroxide and sodiwm
satfite, a reaction product comprising caleivm sudfite may have g smaller crystal or
particle diameter.

»  Note: In some embodinents, 1t may be desirable fo prevent or nunimize the
presence of diatomic oxygen or dissolved oxygen, For example, in some

cobuodiments, nereasing the concontration of sudfate, which may ccear if sodiun
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sulfite s oxidized to sodiom sulfate, may reduce the reaction rate or inhibit the
reaction of calein hedroxide and sodivm seliite.

+  Note: In some embodiments, caleium selfite crystals produced from the reaction of
waleium hydroxide and sodiony selfite mav be potoas and £ of may retain water, In
some embodiments, calenam sulfite orvstals may be relatively fragile and / or may
break under pressure. Tn some embodiments, caleiun sudiite crystal may be
thixotropic and may tend to become fhuid with vibration or stress. In sonme
cinbodiments, it may be desirable to add & removable floccalant to facilitate
coagulation and 7 or setthing of residual calcium hydroxide and / or product calcium
sulfite: In some embodiments, caleium sulfite and / or residual caleiion hydrowide
may be ramoved by filtration,

*  Note: In some smbodments, powdered o solid calonen oxide or calehnn hydroxide
may be added directly to a soletion comprising sodion selfite. For example, in some
enbodivaents, powdered or solid caleium oxide or calehwn bydroxide may be
sransfiorred indo a mixer or reactor vessel comprising sodium sulfite or agueous
sodiwm sulfite using, for example, a serew feeder. For example, i some
embodiments, powdered or solid caleium oxide or calcion hydroxide may be
transferred into the first stage reactor, fuw exarople, using a screw feeder, wherein the
powdered or solid calcium oxide or ealeium hydroxide may be reacted with an
agueous solution comprising sodium sulfite,

»  Note: In some ombodiments, oxidation suppressants, such as sodiany thiosulfate,
may be enploved to reduce; or mininuze, or prevent oxidation, for examnpie, of
sulfite or sulfur dioxide.

s Note: In some smbodiments, the wacdon rate of 3 reaction between sodinm
carbonute snd calehum hydroxide may be sceelerated or promoted by a dituter
solution because the reaction is wmore exothermic at dilute congentrations; For
example, in some embodiments, at 23 degrees Celsius, in & ditute solabion, the
reaction of sodivin carbonate and calcium hydroxide may he slightly exothermic,
with an enthalpy of reaction of about -53.4 ki'mol, assuwning that calctum hydroxade
ts crystalline. In concentrated solution, the resction of sodium carbonate and calchum
hydroxide nwy be slightly endothenmic, with a 20wt% solution having an cuthalpy

of reaction of 4 3,08 klmal.
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+  Note: In some ambodiments, the reacton of calohun hvdroxide and sodium
carbonate may be conducted at any temperature. o some embodiments, i may be
desirable for the reaction of calcinm hydroxide and sodiwm carbonate to be
conducted in g tomperatire range of B0 -~ i degrees Colsius to, for example,
increase the rate of reaction, or decrgase the viscosity of the solution Gwhich may
increase the vate of settling of calctum carbonate product), or to prevent the
formation of insoluble double salty that may remove some sodiam carbonate from
the solution, or any combination thereofl

s Note: In some embodiments, at above 40 degrees Celsius, anhydrous sadiuny sulfite
may comprise the solid phase of sodiam sulfite, In some entbodiments, sodian
sulfitc solid dehydrates af a tomperature of about 33 degrees Celsius. In sone
cmbodiraents, the selubility of sodivot sulfite way steeply erease with mercasmg
tevoperature o aboot 13.3 g/ 0e H:O ot § degrees Celsius to 387100 HaO at
33 degrees Colsius. In some embodinents, the solubibity of sodium sulfite may
decrease with increasing tomperature from about 38 Kl H20 at 33 degress
Celsius to about 3178/ 100 HaO a1 66 degrees Celsius to about 26.3¢/100¢ HO at
100 degrees Celsius,

«  Note: In some embodiments, it may be destrable to separate at least a portion of
sodivgn sudfate, W any, from sodivm sulfite. In some embodiments, some sodinm
sulfite may oxidize to sodium sudfate. Tn some embodiments, it may be desirable to
scparate at least o portion of sodhmn sulfate, if any, from the sodiun sulfite befre
transferring the sodium sulfite to the reaction with eafoiam hydronade:

s Note: In some enbodhnents, a subfur dioxide capturs system may be emploved 1o
recover residual sulfie dioxide, for example, rostdual saltr dioxide gas. In some
embodiments, 1 solution comprising sodiwm acetate ov calehom acetate or
magnesium acetate may he employved 1 2 subfur dioxide serubbing systen or
method.

*  Note: In some cmbodiments, crystallization of a salt from, for example, an aqueous
sodution may be conducted using, for example, including but not Hmited to, one or
more or any combination of the following: cooling, or svaporation, addition of a

second solvent to roduce the solubulity of the solute {technigue known as antisolvent

ar drown-out), or solvent lavering, ot sublimation, or changing the cation or anon,
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+  Note: In some cmbodimenss, sulfur dioxide may be substiiged with mitrogen
diesade.

»  Noter In some embodiments, sudfite may be substitated with niinite.

¢ Note: In some embodiments, sulfite may be substituied with nitrate.

*  Note: In some embodiments, one or more embodiments siay employ nitrogen
axides, o nirogen dioxide, or matrite, or nitrate, or sy contbinafion thereof instead
of, or in addition to, for exanple, sulfiy oxides, or selfur dioxide, or sulfite, or any

combination thereof. For example,

[1782]  Note: Sources of glkali selfare may include, but are not limited to, one or more or
any combination of the following: mineral, or maning, or byproduct of a chensieal prochction
process, ov Hthium production, o Hituunt refining, ov potasstwm production, or potassium
refining ascorbic acid production, ov fertiizer production, or rayon production, or
neutralization of excess caustiv soda, or neatralization of excess sodium carbonate, or
neutralization of exvess sodivn bicwbonate, or potash production, or reaction of alkali
chioride with sulfuric acid, or exidation of alkali sulfite, or flue gas desulfwrization, or
desalfirization process, of hattery reclamation, or cellalose proeessing, or processes
volving resorcingd, or production of silica pigments, of production of sodium diclromate,
or chromate production, or chrome production, or production of chromiwen chemdeals, or
production of borie acid, or production of boron, or production of borates, or Ethiam
carbonxte praduction, or pignment manufhcturing, or battery recveling, ov alunuinum
prodaction, or ore purification, o ore refining, or recyeling, or Hituum recyeling, or concrete
reeveling, ov acid neutralization, or carboxylic acid production, or citrie acid production, or a
process for producing atkalt salfate from alkaline zarth sudfate and 7 or alkali chiotide, ora
process for producing atkalt sulfate from alialing carth sulfate and ¢ or alkali chloride
described hevein, or amwnonium sulfate waste, or avamonia removal, or ammonig recovery, or
fertitizer ronoff, or runoff, of acean, or body of water, or brane, or saline aguifer, or produced

water, or selfur rocovery, of other sources of atkali sulfate,

{1783]  Noter Appheations of alkalf hydroxide production process, or alkali carhonate
preduction process, or alkali bicarbonate production mrocess may inglude, but are not linuted
10, one oF prore of any combination of the following: lthiun production, or lithium
extraction, or regeneration of sodium hydroxide frovn sodium sulfate for reevele within a
process, or regeneration of sodiam carbonate from sodivm sulfate for reovele within a

progess, or paper production, or alwninen tefinitg, or aleminum extraction, or ahwuimpn
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production, or metal refining, or metal production, or soap manufacturing, or rayon
manufacturing, explosives mamdactaring, dyesteffs manufachuing, petroleran products
production, or aramonia production, o urea production, or fertlizer production, or pH
regulation, or wastewater treatment, or carbon dioxide ramoval, or removing carben dioxide
from the atmosphere, ov sequestering carbon dioxide or dissolved carbon dioxide in the
goean, of nereasing alkalinity of the ccean, or moreasing seapwater pH, or counteracting
ocean acidiffeation, or preventing lecal coral bleaching, ov secelerating or facilitating
sheltfish production or vields, or food making, or crude oif treatmont, or degreasing metals, or
drifling mud additive, or pH regelation, o organic synthesis, of polymer production, of
polvmger catalvsis, or acid gas removal, or acid gas serubbing, or increase atkalimity w
bentonite mud systenws, o bleach production, or nuning, or of¢ processing, or lithium
extraction, o atkali metal extraction, or lithiwm brine processing, or evaporation pond
processing, or pH enhancement, or capture of carbon dioxide, or production of sodium
carbonate, or production of Hihiwm hydroxide, or production of lidvum carbonate, or
production of magnesium, or production of borown, or ascorbic scid production, or potash
production, or potassiwm hydroxide production, or fertibizer production, or potassiunm
fertihzer production, or drain cleaner, or food production, or toothpaste, or cosmictic products,
or antifreeze production, or petrochenucal production, or salt production, or additive
prodaction, o acid noutralization, or confaminant netralization, o pulp and paper
production, or steel production, or aluminuem praduction, of ructal refining, or lithium
production, or cherical synthesis, or organic material dissolution, or cellalose dissolution, or

ravon production, or textile production, or fiber production.

[1704]  Note: Some embodiments may comprise recycling sodium carbonate within g
Hithium production process. For example, some lithtwm production processes produce Hthium
sulfate. For example, the prodaction of hithium from the miineral Spodumene may involve
sulfuric acid leaching, which may resalt in the production of Tithivm sudfate. In some
embodinents, Hihiom sulfate may be reacted with sodivm carbonate 1o produce lithium
carbonate and sodiom salfate, B some embodiments, the sodiam seliate may be converied
into sodram hvdroxade and 7 or sodiem carbonate using, for example, systoms and methods

described herem.

[17685]  Note: Somwe embodiments may fnvolve recvebing sodivm hydroxide within @
{ithiuny production process, For exanple, some Hihdam production processes produce fithium

sulfate. For example, the production of lithiwn from the mineral Spodumens may involve
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sulfimic acid keaching, which may result i the production of lithiom sulfate, In some
embodiments, Bithiem salfate may be reavted with sodhan hydroxide to produce lithium
bydroxide and soding sulfate. In some combodiments, at least a portion of sodium sulfate may
be separated by cooling precipitation of sodium suliate in a solation comprising Hthiam
nedroxide. by some embodimenis, the sodium suliate may be converted into sodium
hvdroxide and / or sodnun sarbonate using, for exmople, systems and siethods deseribed

herein,

[1786]  Note: Some ambodinwnts may conywise processes for producing Hdvum
hydroxide or lithium carbonate from lithium sulfate. Lithium may comprise an example alkali
or atkals wmetal. For example, in some embodiments a solution comprismy Hithivm suliate may
be mixed wath a solution comprising caloham acetate, which may result in the formanon of o
solution comprising Hithium acctate and a solid cmvprisivg calaun sulfate. In some
embodiments, the agueous sofetion comprising Hthium acetate may be separated from the
sohid comprising calehum sulfate. In some embodiments, the Bithium acetate may be reacted
with sulfar dioxide & produce hithuum sulfite and acetic acid. In some embadiments, the
Hthiwm sulfite may be separated from the acetic acid. For example, htuum sulfite may be
scparated from the acetie acid using, inclading, but not limited 1o, one or more or any
combination of the following: scparation systems and mcthods desortbed horein, or separation
systems and methods deseribed in the art, or previpitation, or solubility, or evaporation, or
cooling precipitation, or melting, or erystallization, or reverse clectrodialysis, or
electrodialysis, or reverse osmosis, or nanofiltration, or a membrane based process, or any
combination thereof. In some embodiments, acetic acid maay be reeveled or recirculated or
transterred o a reaction betwesn g material conyrismyg an atkaline carth weak acid. such s
caleium carbonate or caleium sibicate, and seetic acid to produce an alkaling canth acctate,
such as calohan acotate. Insome cmbodiments, the lithiam sulfite may be reacted with
saleivmn oxide, or calohum hydroxide, or magnesium oxide, or magnestum hydroxide, or other
atkaline carth hydroxide, or other atkaline carth oxide, or any combination thereof o form an
alkaling carth sulfite and / or lithium bydroxide. In some embodiments, the atkaline carth
sulfite may be thermally decomposed inte an alkaline carth oxide and sulfur dioxide, and f or
the atkaline carth oxide may be reacted with water to form an atkaline santh hydroxide. In
some embodiments, the Bthium hydroxide may be sold, or undergo further processing, or
erystabized, or comcentrated, or any combimation thereof. In some embodiments, the hduum

hydroxide may be reacted with carbon dioxide to form lithiam carbonate, In somg
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cmbodiments, the lithium hydroxide may sndergo further reactions, or processing, or
purification, or conversion, or any combination thereofl 1 is important to note that acetic acid
may be provided as an example acid, and / or other acids instead of, or in addition o, acetic
acid, may be emploved. For example, acetic acid may be provided as an example acid with an
acid strength greater than, for example, carbonic acid, or silicon acids, or silicate acids, or
aqueous hydrogen sulfide, or metal oxide anions, or metal oxide derivatives with acid like
behavior, or other "weak acids” deservhed hevetn, or any combination thereofand / or an acid

strength weaker than sulfirous acid or agueous subfur dioxide,

[1787] Note: Some embodiments may portain to a process for producing high purity
alkabine eanth oxade, or alkaling carth hydroxide, or precipitated alkalive earth carbonate, or
any combination thereof from an nput matenial comprising relatively low punty atkaline
garth or alkaline carth — weak acid. Low purity alkaling carth ov alkaline carth - weak acid
npray comprise o weight porcent concentration of alkaline earth — weak acid of less than or
equal to one or more or any combination of the following: 99wila, or 93w, or 30w, or
SOwi%., or TOw %, or H0witYs, or SUwi%, or 40wi%s, or 30w, or 2hwte, or Hhwt%, or
Swika, or 2 5w, or bwt¥h, Low purity atkaline carth or alkaline canth — weak acid may
coraprise a weight percent concentration of calehum carbonate, or magnesium carbonate, or
any combination thoreet of kess than or cgual 1o ouc or more of any combination of the
following: 99wide, o Yawtle, or Ywtle, or BOwilh, or Thw¥, or 60w, or Shwtls, or

S0wi%%, or 30w, or 20wt or Hwt™s, or SwiS, or 25w, or Twidh,

F1708] Nete: In some embodiments, it may be desirable to employ carboxylic acids
which have one of more or any combinatiom of the following propertics,: boiling point greatey
than 170 degrees Celsius, or do not have a boiling point, or do st have a vapor phase, or any
combination thereof. For example, carboxylie acids ennve acid and / or ascorbie acid may
mest ope or e of any combination of the aforementioned properties. In some
codinients, onc of mare o any combination of saud proportics may be desirable because,
i some embodiments, i may be desizable for the acid or carboxylie acid o remain at a row-
yapor phase during cvaporation of water and 7 or, in stnne cmbodiments, i may be desirable
o avedd agid or carboxyhic acid vapor phase from forming or being released info the

romainng gases during or after the absorption of sulfar dioxade.

11709} Note: CO: may be provided ax an exanple acid gas and { or carbonate may be

provided as an example andon. Other acid gases may be ahsorbed or desorhed or displaced
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instead of, or in addition to, COy which miay inchude, but are not Hasited to, one or more or
any combination of the following: hydrogen salfide, or sulfiw dioxnide, or sulfiw gases, or

mercaptans.

[1710]  Note: In sone ombodiments, sodium sulfaie may be made by reacting sodiwm
chioride with sulfuric acid to produce sodium sulfte and hydrogen chlmide or hydrochloric
acid. To some embodiments, potassiwm sulfate nray be made by reacting potasstum chioride

with sulfuric acid to produce potasstam solfite and bydrogen chloride or hvdrochlone acid.

[1781]  Note: Some embodiments may produce sodium sulfate and calcium chioride from
phosphegypsum and sodiven chloride. In some cobodiments, sodium sulfate and calcium
chioride may be dissolved or discarded in the ceean, which may caable the disposal of
phosphogypsum by converting practically msoluble o low solubtlity calehns sulfite into
highly soluble and potentially relatively ocean envircmoentally benign sodiwm sulfate and

caleiom chioride.

[17124 Neter Some embodiments may involve desarbing carbon dioxide by reacting a
salt comprising a carbonate, or bicarbonate, or carbon dioxide derbvative, or any combination

thercof,

[17313]  Note: Some embodiments may mvolve desorbing carbon dioxide by reacting a
salt comprising a carbonate, or bicarbonate, or carbon dloxide devtvative, or any combination
thereod with an acid o produce a salt comprising the acid or the amon of the avid and / or
carbon dioxide gas, In some csbodimaents, the salt comprising the acid or the anion of the
acid may be converted into a hiydroxide salt and acid by, for example, including, but not
{nited to, one of more o any combination of the following: a process described herely, of
reaction with sulfur dioxide or sulfurous acid and regenceation of sulfir dioxide or sulfurons
actd, or bipolar membrane clectrodiatysis, or chloralkali process, or electrochemicad process,
or any combination thereof. In some embodiments, the hvdroxide salf produced may be
reacted with carbon dioxide, which may, include, but i not limited to, a gas comprising
cirbon dioxide, or a carbon dioxide source, or any combmation thereof, 1o, for example,
produce a salt comprising a carbonate, or bicarbonate, or carbon dioxide derivative, or any

vombination thereof.

[1714]  Nate: Some embodiments may comprise recovering or producing high punty
alkadine carth oxide, or alkaling carth hydroxide, or alkaline carth salt, or sy combnation

thereof from a raw material comprising a relatively low purity of atkaline eavth or alkaline
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carth salt. For example, some embodimonts may comprise recovering or praducing high
purity calctam oxide, orcaloiam hydroxide, or magnesiam oxide, or magnesham hydroxide,
or magnesium sall, or caleiuny salt, o any combination thereof from raw material comprising

a relatively low purity of alkaline cavth or alkaline carth salt

j17138) Noter Some embodiments for acid pas separation, such as COn capture, way be
integrated with the Merox process for extraction and £ or removal of mercaptans, For
example, sodivm hydroxide may be reacted with RSH, sach as & moercaptan or such a3

CH:SH, to form NaSR. For example;
e 2 RSH 4 2NaOH = 2 NaSR + 2 HO

[1788]  In the above reaction, RSH may be, for example, a mercaptan and R may signify,

for exwmple, an organic group such as a methyl ethyl, propyl or other group.

[1737]  For example, 8 gas comprising an acid gas or COn rencted with & caustic solution,
such as sodium hydroxide, may result in the formation of a sodivm — aeid gas anion salt. In
some embodiments, the remaining gas affer absorption, if appeable, may comprise
wiercaptans, which may be fiwthet reacted with sodhan hydroxide to produce NaSR. In same
cmbodisaents, a gas comprising an acid gas or €Oz reacted with a saustic solutton, such as

sodiam hvdroxide, and may form a portion of NaSR.

11718 in some embodiments, NaSR may be regencrated by a reaction with an acid which
is stronger than the geidity of the wercaptan acid, or stronger than an acid of hvdrogen
sulfide, o stronger than carbonie acid, or any combination thercof, and f ot may form RSH or
mercaptan and / or a sodien - actd soion salt

1719} In some embodiments, NaSR gy be regenerated by heating and / or oxidizing the
solution comprising NaSR, which mayv result i the formation of organic disutfides (RSSR)
which may comprise liquids that may be water-insoluble. Organic disubfides (R5SR) may be
sepataied snd docanted from the agueous solution,

(17280 4 NaSR+0:+ 210 — 2 RESR + 4 NaOH

[1721]  Note: Some ambodiments may comprise a process for producing sodiam sulfate
and calctam chioride from gyvpsun or phosphogyvpsum, or caleium sulfate, or any

combunation thereof and sodivm chioride,
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[1722]  Nete: Some embodiments may comprise 4 process for prodacing sodien
hydroxide and calcium chloride from gypsum, or phosphogypsam, or calcian salfate, or any

comsbination thereof and sodium clidoride.

17231 Nete: "WA may comprise 8 weak acid, which may nclude, but vot limited to,
one oF Imore oF auty combination of the following: silicie acid, or orthosilicic acid, vr silicon
acid derivatives, or siheon minerals, or silicon acids, or aluminates, or forrates, or & derivative

thereof or a combmnation thereof,

{17244 Nete: Calonum or magneshumeweak acid input mayv comprise, for example,
inctuding, but not Hmited 10, one or niore or a combination of the following: carbonates, ov
bicarbonates, or sihicates, or sihicate derivatives, or mingrals, or congrete, or cement, or waste
goncrete, or waste cement, or steel slag, or fiy ash, or ash, or Himestone, o rock,

[1725] Nede: A portion SO2 may desorb diging some concentrating processes

[1726] Note: CO2 may deswrb during some soncentration prowesses

723 Note; In some embadiments, higher partial pressure CO2, or lugher concentration
COL, or pute COX(g), or high partial pressure CO(g), or COA), or CO2U), miay be
employed 1o facilitate formation of bicarbonate salts, For example, in some enbodiments,

incheding, but not himsted to, ong or more or & combination of the following may be

ciploved:

o At least a porton of CG2 faput may be soureed from a reaction of caleiwm carbonate
with sulfurous acid

+ At least a portion of CO2 input may be sources from CO2 sowrces produced within
the process, or other CUR sowrees, or a combmation thergof,

» At least a portion of CO2 input miay be sourced from CO2 captured from a
coptbustion sowree, or a combustion sowrce emploved {0 produce heat, or emissions
sowree, or aky, or geological CO source, or pataral CO2 sowree, or a conthination

thergof,

{1728} Note: CQ: sources may include, but are not limited to, one or more or any

combination of the following: Alr, or combustion, or covssions gases, or refinery gases, or
Power Plant (Natural gas, coal, oil, petooke, biofucl, nuunicipal waste), Coment production,
chemical production, Waste Water Treatment, Landfill pas, Air, Metal productionrefining

{sach as Iron, Steel, Ahaninun, ete), Glass production, Ol refineries, LNG Hguification,
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HV AL, Transportation vebicles (ships, boats, cars, buses, trains, trucks, strplanes), Nahaal
(ias, Biogas, Alechod fermentation, Volcanic Activity, Decompuosing leavestbiomass, Septic
tand, Respivation, Manufacturing facilities, Fertilizer production, or Geothermal processes

whaere CO{g) 1s produced.

13729 Nate: Some emboduments may be designed fo operste as a low tomperature
process, where the schitions andéor solid reagents i thermal desorption or decotnposition
miay undergo ot operate thermal desorption or decomposition at less than, for example, 1507

., or less than 2000 €, or Tess than 250% €., or less than 306° O or less than 350° C.

[1738]  Note: Insome embodiments, at least a portion of heat may he supplied by 4 heat
pump, i 3 refriseration ciele, or s combination thereof, A beat pump may comprise,
including, but not fimitted to, 3 mechmcal, or absorption, v 3 combmation thereof process. A
heat pump may be powered by, including, but not hmited 1o, electricity, or heat, or photons,
or chemmical reaction, or radiation, or mechanical work, or pnewmatic process, or hydraalic
PLOCESS, OF SXPINSION, O COMPression, oF evaporation, or absorption, or vapor pressurs
differcnces, or asmotic pressure differences, or emperature difforcnces, or pressure

differences, or a combination thereof,

[1731]  Note: In spme embodinrents, heat greater than or eguat to 1507 () may be
supphed by heat pumps known in the st Heat pumps may reduce the total energy

consymption required to supply heat,

[1732)  Note: In some eoibodiments, at least a portion of CO2 may be supplied by a gas
stream comprisiog CO2 and at feast one other gas. For example, said gas stream may
comprise, inclading, but sot Hmited to, one or nore of 3 combimation of the followius: air,

flue gas, waste gases, sour £as, of ferrentation ases, puree gases, or a combination thersof.

(17334 Nete: In some embodiments, suliides andior hydrogen sulfide may comprise #
weak acid ov weak acid anion.

{1734} Nete: Sources of low cost sodium sulfate may possess o higher punity or require
less treatment than, for example, common sources of sodium chioride, such as sodium
chiorids brines. The use of religively high paeity sodiuoy sulfste wput may result i lowser
pre-treatment or purification costs, for exaraple, compared to some sodium chloride input

SQUICES,
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[1735] Mete: Dohydrating sodiam bicarbonate or sodian carbonate can be encegy
intensive and may be wanecessary in embodiments wheee the end application of sodiian
bicarbomate or sodiom carbonate can employ wet or hydrates sodiurs bicarbonate or sodinm
carbonaie. For exanyle, in embodiments produwing sodiam bicarbonate or sodivm carbonats
for apphications which are ov may be conducted ot an aqueous or wel state, i may be
desirable to allow the sodiur bicarbonate to remain at a hydrated state. In some
embodiments, appheations which gre oy voay be conducted at an aquienus or wet state may
inchude, but are not lhnited to, one or more or a combination of the following: water
freatnent, oF waley processing, or waste water treatment, ot pH balavcing, or alkalinization,
or sulfur diaide scrubbing, or aitrogen oxide scrubbing, or acid scrubbing, or addition to

oocan water or other water body 1o increase alkabinity o enable effective CO2 sequestration.

[1736]  Note: Separanons for recovering water, or comoentrating, or orvstalizing, ov
precipitating, or separiting, of a combination thereof may inchude, but are not fmuted to, one
or more of a combination of the following: mwechanical vapor compression (MVQ), or
mechanical vapor recompression, of multi-offect distiflatton (MED), or oudti-stage flash
distifation (MSF), or vapor compression (VO distitlation, or vacuurm vapor compression
(VVQO), or membrane distillation, or evaporation, or distHation, or forward osmaosis, ov
reverse osmosts, or nanofilivation, or hot nanofiltration, or hot roverse gsmosis, ot hot
concentrating followed by cooling precipitation, or hot concentrating fallowed by cooling
precipiiation and solid-hiquid separation, or heating precipitution, centrifupe, setting, or filter,
or votagy filter, or calcining, or desorption, or absorption, or coalescing, oy decanting, or
ageregation, or coagelation, or frothing, or density based methods, or surface tension based
mithinds, or franung separation, emulsitication, or de-eomilsificstion, or flocculation,
solventing out, o salting out, or cooling precipitation, or heating, or eryodesalination, or
frecze desalination, or zevo Hgeid discharge processes, or arvetallization processes, o
vleotrodialyais reversal (EDR3, or electrodialysis process.

J1737] Note: Some embodiments may employ an inert gas, such as nitrogen or argon, or
a gas other than diatomic oxyuen, such as COZ, or a combmation thercof m the headspace to
prevent or reduce o nuntimize, for exmnple, potential oxidation of or reaction of oxygen with
subfite, metabisutfite, bisulfite, sabur dioxide, selfuroes acid, or a combination thoreof.
11738] Note: Potassiun or other atkali ov alkali salts may be employed instead of orin

addition to sodivm. Alteratively, ov additionatly, ammonia, or ammonium, or amine, or a
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comnbination thereof may be emploved instead of or dn addition to sodiam. Altcrnatively, or
additionally, zinc nay be emploved fnstead of or i addition (o sedhen o any combination

thereof,

11739 Note; Magnosium o other atkaline carth of alkaline carth salts may be employed
instead of or i addition to calcium. Alteraatively, or additionally, zinc or other metal cation

may be emploved instead of or in addition to sodien. Zine can form sulfites, for example.

[1748 MNete: Concrete waste is produced i excess of 600 million tons ammally in the

[I8A alone, which is more than twive the amount of generated municipal solid waste.

[1741]} Note: In some embodiments, at loast a portion of salfir dioxide may be lost n one
Qv more or a combination of steps. Altermatively, or addiionally, sulfur dioxide may be exit
the process as g, for example, a residual, 10 one or more cutputs. Sulfur dioxide or “‘make-~up
sulfier dionide” may be added to the process, In some corbodiments, sulfie dioxide may be
stoved on site and added as desired or needed 1o the process. In some embodiments, clemental
sulfur, or hydrogen sulfide, or a salt comprising sulfur, or sulfide salt, or sulfite salt, ov sulfate
salt, or a combination thereof may be a source of sulfur dioxide or sutfurous acid or sulfite,
which may be formed by, for example, including, bat not linsited to, ove or more ov &
combination thereof, combnistion, or gcid-base reaction, or reaction with an acid, or
carbothermic redoction, or thermal or decomposition, or electrolysis, or electrodialysis, or

clectrochemical reaction.

1742 Note: At least o portion of residual caleiun sulfate yoay be removed. For exanple,
a portion of restdual dissolved calchun sulfate may precipitate and may be romoved by, for
sxample, including, but not limdted to, solid<liquid separation, or removal of calctum sulfate

scabing, ov 3 combination thercof.

1743 Nete: One or mose or & combination of steps i one or more cmbodiments may
roquire heating anddor cooling. Alternatively, or additionally, beat or heating or cooling ov a
combination therest may be recovered frm one or more or a combination of reaction steps.
ti some embodiments, heat or heating or cooling or a combination theresf may be recovered
and said recovered heat or heating or cooling or a combination thereof may be transferred or

cimpoved in one or more ather steps, or in the saome step, or in other applications.

[1744]  Note: Losses may ocour during the provess. Makeup streams of one or more or g

connbination of reagents may beadded.
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[1745]  Nete: Contaminants may exist of accemulate in the process. If desired, one or
more contaminants may be at least partially removed poriodically, or continuously, or as

desived, or a combination thereof.

[1746]  Nete: List of example Silicate Mincrals which may be conploved may include, but

arc not Himited to, silivate mincrals o minerals deseribed in the following reforouce:

[1747] Baval, D Carbon dioxide sequestration through silicate degradation and carbon

muncralisation; promises and wneertamtios. np) Mater Dograd 2, 112013

[1748]) Naote: Some ombodiments may employ waste conerste, or steed slag, or flv ash, or

olbvine, ot any cornbination thereot as an tupul,

11749} Note: If now-calciom of ponsmagnesivm metals dissolve or react with SQ2 or
carboxylic acid, said metals or mietal salts may be separated before or after separation of
alkaline varth ov alkaline. I said non-calcium of norvimagnestum metal salis ave stif
dissolved, said non~valehum of non-magnesium safis may be separated by precipitation, or

systems andfor methods for zero Hauid discharge, or & combination thereof

[1756]  Note: o sone cmbodiments, steam may be eniploved as @ stiipping of carnier gas.
Steam can be condensed afier decomposition of one or more reagents. If steam is emploved,
it must be contacted at a temperators groater than the decomposition temperature of calchmn
hydroxide. Contact calciam oxide with steam to form caloham hydroxide may enable the
reaction of calcium oxide and water to gengrate higher termparature andfor higher qualkity
heat, widch may be entploved within ope or more réaction steps of may be employed in g
different apphcation,

11751 Neote: Iy some emboediments, a kiln with eryogenic separation of 802 or COR2
from the flue gas or off gases may be employed. For example, in some embodiments, the

separated SO or CO2 may be enployed in one or more ot any combination of reaction steps.

78 Nete: Sodium hydroxide solution may be crystallized from solution and sold.
{1753} Note: Sodunn hyydroxide solution may be sold.

[1754]  Nate: Sodnim hvdroxide solution may be added to the occan to incrcase occean

alkalini

and permanently vemove £02 from the atinosphere (two moles of CO2 for gach

i of ortginal calciam oxide).
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[1755] Note Sodium hydroxide solution may be reacted with flac gas and other CO2

cnvissions, and then sold or engrloyed as sodivm carbonate or bicarbonate.

17386} Nete: Sodinm hydroxide sohution may be reacted with 02 1n the air. producing
Sodium carbonate. Sodium carbonate niay be sold as a valuable product, or added 1o the
soegn to moerease ocean alkalmity and permanently remaove more CO2 from the

atmosphere/ocean, or @ combination thereof

[17RTY Nete: Some embodinents may thermally decompose alkaling carth sulfite in an
clectrie kiln

[1738]  Note: Some eatbodiments may thermally decompose alkaline carth sulfitc ina
natural gas, o coal, or waste incinerator, or iefuel, or blomass, or electnicity, or oil, or
petooke, or fossil fucl, or charcoal, ov solar thermal, ov thermal, or any corbination thereof

powerad kiln.

17591 Nete: Thermally decompose caloium subfite using a bydrogen fuels systom, Also,
green bydrogen can be prodoced from solar energy and stored, eliminating the challenge of
solar intermitteney. Alernatively or additionally, hvdrogen may be blue hydrogen, or
hyvdrogen froam natural gas, where the carbon or CO2 s removed from the natural gas to
produce hydrogen before hydrogen is bamed. Allernatively, a process may enploy a
combination of blue hydrogen (during the night) and solar electricity (during the day}.
Alternmatively, some embodiments may employ one or more of any combination of hydrogen

types, or hydrogen derivatives, or any combinaiion thereof, for example, as a fuel.

[1768]  Neter Some enbodiments may recover heat fors hydrating ealcdiun oxide to

caleium hydroxide fo provide heat or steam or both for applications regudeing heat.

(1761 Note: In some embodiments, remaiming flue gas afier most or all SO2 is removed

or recovered ot reacted o separated may comprise af least 3 portion CO2.

[1762]  Note: Flue gas CO2 moay be concentrated with pressure swing absorption or
prossure swing adsorption or gas membrane o bath, then the flue gas with higher

soncentrations of CO2 may be emploved as a feedstook in some cmbadiments.
{1763] Note: Convert cadoiun silicate frony the Pidgeon provess

{17644 May cooploy calcium, ov magneshum, of atkaline carth, or a combination thereof.

Caleium or magnesium or atkaline earth may be substituted.
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[1765]  Nete: The weight prreent conventration of SO2 in some embodiments or process
steps nay be greater than ov ggual to one or more or a combunation of the following: H.001%,
or 0.1%o, or 1%5, or 2%, or 3%, or 4%, or 5%, or 6%, or 7%, or 8%, or %0, or 10%, or 11%0, or
12%, or 13%, or 14%, or 15%, or 16%, or 17%, or 18%, or 19%, or 20%, or 21%, or 22%, or
23%, or 24%, or 25%, or 26%, or 27%, or 28%, or 29%, or 30%, or 31%, or 32%, or 33%, or
34%, or 35%, or 36%, or 37%, or 38%, or 39%, or 40%, or 41%, or 42%, or 43%, or 44%, or
45%, or 46%, or 47%, or 48%, or 49%, or 50%, or 51%, or 52%, or 53%, or 54%, or 55%, or
56%, or 57%, or 58%. or 59%, or 60%, or 61%, or 62%, or 63%, or 64%, or 65%, or 66%, or
67%, or 68%, or 69%, or 70%, or 71%, or 72%, or 73%, or 74%, or 75%, or 76%, or 77%, or
78%, or 79%, or 80%, or 81%, or 82%, or 83%, or 84%, or 85%, or 86%, or 87%, or 88%. or
89%, or 90%, or 90.5%, or 91%, or 91.5%, or 92%, or 92.5%, or 93%, or 93.5%, or 94%, or
94 5%, or 95%, or 95.5%, or 96%, or 96.5%, or 97%, or 97.5%, or 98%, or 98.5%., or 99%

or DY 5%, or Y9.9%, or less than or equal to T00%.

[1766] Note: The volome % concenteation of Q2 in some embodiments or provess steps
may be fess than or eqoal to one or more of 3 combination of the following: 0.001%, or 0.1%,
or 1%, or 2%, or 3%, or 4%, or 8%, ar 6%, or 796, or 8%, or P, or 109, or 11%, or 12%, or
13%, or 14%, or 18%, or 16%, or 1 7%, or 18%, or 19%%, or 20%, or 219%, or 22%, or 23%, or
24%, or 28%, on 26%, or A7, wr 28%, or 29%, or 30%, or 31%, or 32%, or 33%, or 34%, or
33, or 36%, or 37%, or 38%, wr 39%, or 40%, or 41%, or 42%, or 43%, or 44%, or 45%, or
$6%%, or 47%%, or 48%, or 49%, or 30%, or 31%, or 52%, or 53%, or 54%, or 55%, or 56%, or
57%, or 58%, or 59%, or 60%, or 61%, or 62%, or 63%, or 64%, or 65%, or 66%, or 67%, or
68%, or 69%, or 70%, or 71%, or 72%, or 73%, or 74%, or 75%, or 76%, or 77%, or 78%, or
79%, or 80%, or 81%, or 82%, or 83%, or 84%, or 85%, or 86%, or 87%, or 88%, or 89%, or
90%, or 90.5%, or 91%, or 91.5%, or 92%, or 92.5%, or 93%, or 93.5%, or 94%, or 94.5%
ot 95%, or B3.5%, or 96%, or 96.53%, or 7%, or 97.5%, or 98%, or 98.5%, or 99%, or
99.5%%, or 99,9%, or less than o cqual to 0%
[1767] Note: "WA” may comprise a weak acid, which may inclade, but not Himited o,
ong of Mo of any coumbination of the fullewing: silicic acid, or arthosilicie acid, or silicon
acid devtvatives, or silicon nunerals, or sificon acids, or aluminates, or forvates, ora

comhination thercof
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1768} Mete: Some ambodiments may involve reacting calcivm silivate or @ material
comprising sthicon divectly with suffor dioxide, or liguid sulfie dioside, or sulfin dioxide in

an nor-aqueous solution, or any combination thereof.

{1769 Nete: In stne cmbodiments, contanyngnis of impuntics may dissolve.
Contiminants or impurities may include, but are not Timited o, ohe or move & a combination
of the following: ron, or aluminemy, or alkah metals, or transition metals, or other non~
bisulfite soluble salts, or bon-alkadine ecarth bisulfite salts, or a combination thereof. In some
embodiments, dissolved contanminants may be prosent after solid-liquid separation, andior
afer caleium sulfite progipitation, In some cmbadinients, at least a portin of contaminants
may be separated periodically or continuously, Contaminants may be separated by, including,
but not inuted to, one ér more or any combination of the following: precipitation, or
mcnibrane based process, or cooling, or beating, or erystaftization, or eryadesalingtion, or
glectrodiadysiy, or clectrodialysis réverse, or selective electrodialyvsis, or a separation process

described hevein, or a separation process in the art.
117764 Note: “‘Calennn” may also refor o magnesium andfor other alkaline carth merals.

11771} Note: In some embodiments, sulfor dioxide may be sourced from the roasting of
sulfide ares, which generally may produce sulfur dicxide. In some embodiments, sulfur
dioxide may be sourced from the combustion of sulfie, or hydrogen sulfide, or fuels, or any

combination thereof.

[1772)  Nete: In some embodiments, it may be desimable for the partial pressure of
COR2(g) reactant to be greater than or equal to one or more or any combination of the
following: 0.01 Bar, o 1103 bar, or 0.1 Bar, or 0.2 Bar, ov 0.3 Bar, or 0.4 Bar, or 0.3 Bar, or
{1.6 Bar, or .7 Bar, or 0.8 Bar, or 8.9 Bar, ov 1.0 Bar, For example, #t may be desirable for the
concentration of COX{g) reactant w be greater than of equal to one or niore Of any
combination of the following: %, of 3%, or 10%, or 209%, or 30%, or 40%, or 30%,, or 60%,
or 70%, or 8%, or 90%, or 83%. 1o some embodiments, it may be dexirable for the partial
pressure of CO2{g) reactant to fholitate or enable the formation of bicarbonate 1o be greater
than or equal to one or more or any combination of the following: 0.01 Bar, or 0.05 bar, or
1.1 Bar, or (0.2 Bar, or 0.3 Bar, or 0.4 Bar, or 0.5 Bar, or 0.6 Bar or 0.7 Bav, or 6.8 Bar, or 1.9
Bar, or 1.0 Bar. For example, 1t miay be dusitable for the conveniration of CO2(g) reactant to

facilitate or enable the formation of bicarboviate to be greater thawn ar cqual 1o one of more o
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any combination of the following: 1%, or 3%, or 10%, or 20%, or 30%, or 40%, or 50%, or

0%, or T%, or 80%, or 9%, or 95%.

[1773} Nete: In same embodinments, magnesian sulfite may foom anagqueous solution
comprising dqueous magnesium sulfite. In some embodiments, magncsium sulfite may be
separated froan at least 3 portion of calehan sulflic, or calchn catbonate, or magueshnn
carbonate, or other practically insoluble materials, Caloam sulfite 1s practically msohsble in
water, with @ solubility of 0.043 grams per Her at 187 O, Magnesium wudfite is solable in
water, with a solubility of 5.2 grams per liter a8 25° €. The reaction of a material comprising
caleium and magnesium with aqueous sulfur dioxide may result in the formation of at least a
portion of 3 solid phase comprising calehnm and at least a portion of an aguvons phase

conpising magnesim sulfise,

117741 Note: Recovering magnesiun sulfiie from an agqueocus solution comprising
magnesiom soelfife may be conducted using one or more or a combination of methods from
separating a dissolved salt from an agueous sohution. Some properties of aquecus magnesium
sulfite may enable stmple, or Iow encrgy, or high throughput, or a combination fherenf

separation of solid magnesiont selfite from a solution comprising aqueons Magnesium sulfite.

For example, the solubility of magnesiom sulfite increases with temperature—according o

Solubilities of magnesium sulfife hydrates by Sohnel, et al, the solubility of magnesium
sulfite or magnesium sulfite bexahydrate 1s 11.04 grams per Hier at 43.0° €. or 14,19 grams
per ler gt 31.4% €, or 1930 grams per Hter at 6147 €., or 2887 grams per hiterat 71.53° ¢,
or 40,17 grams per biter at 79.0° €, o1 5373 grams per Heor at 8405 €, or 7121 grawms per
Hter at 88.0°C., or 9519 yrams por liter at 94.0° €. In some embodiments, some ligaid phase
or agueous phase reactions or regctions in the presence of a laguid or agueous phase may be
conducted of an clevated tomperature, such s, for example, greater than room temperature, or
wreater than ambient air temperature, o greater than 25° €, or greater than 353 €, or wreater
than 45% O, ov greater than §5° C, wr greater than 65° €, or greater than 757 €, or greater
than 83° C., or greater than 95° € or greater than 1007 € or less than the botling point of
the solution at the pressure of the reactar, or groater than 1037 () In some embodiments, by
conducting at an elevated temperature, the conceniration of magnesium sulfite in the agueous
magnesiwm sutfite may be greater, or the rate of reaction may be greater, or a combination

thervof,
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[1775] Nete: It may be desirable to concentrate the agueous magnesiom salfite before or
during the precipitation of aqueous magnesium sudfite. I may be desivable for at lsast a
portion of said solution to be concentrated. B moay be desirable for at least a portion of said
solution to be conventrated using distillation. I may be desirable for ot least a portion of sad
solution to be conventrated using 3 membrane based process at an clovated temperatare, It
may be desirable for at least a portion of siid solution to be concentrated using forvward
osmosis at an elevated teraperature. It may be desirable for gt least a portion of said solation
1o be concentrated using g reverse osmosis af an elevated temperature, It may be deswrable for
at least a portion of said solution to be heated befie or during concentrating, ¥ may be
desivable for at least & portion of said solotion to be heated befive or during concentrating, fo,
for example, eoable greater sotubility of aqueous ragnestan sulfie. It way be desivable for
said aguoous magnesivm sulfite to be treated to prevent scaling during coneentrating, oF o
romeve at lemst o portion of nen-magnesium sulfite bopurities, or 3 combination thereof. It
may be desivable for at least a portion of satd solution to be concentrated using a membrane-
based process. For example, said agqueous magnestarn sulfite solotion may comprise a feed
solution t A reverse psmosis process, wherein the reverse osntosis process separates said
agueous magnesiwm sulfite solution inio a permeate comprising watker and a concentrate
comprising a grester concentration of agqueous magnestum sulfite. Said permeate comprising
veater may be transferred to & countercurrent heat exchanger for heat recovery andior to a
sulfur dioxide absorption process and/or to anathey step within the process roquiting water or
water solvent. Itmay be desirable for the roverse osniosis process [0 COMCenirale magnesium
sulfite andfor other salts to a concentration lower than their solubility limits at the
temperatare of the solution to provent or nuinimize mentbwane scabing, it way be desirable &
the solution to be at an clevation temperatore during the reverse osmosis process due to the
greater solubility hnut of magnesion sulfite with higher temperature andfor to prevent
scaling or precipitation dwring reverse osmosis concentrating, Said concentrate comprising
aqueous magneshun sulfite may be cooled o precipitate at least a portion of magnesiom
sulfite solid, due to, for oxmmnple, the Tesser sohubility of magnesiun sulfiic in water with
decreasing tomperature, andfor said magneshon sulfite solid may be separated using a solid-
Hguid separation process. The remaining solution after sépavating magnesium sulfite solid
using a solid-Hiquidd separation process may conpuise residual dissolved magnesturn sulfite
anibor dissolved non~magnesium sulfife salts or chemicals, andfor may underpo furder

treatment. For example, said remaining solution after separating magnesium sulfite sobid
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asing a solid-liguid separate process may be heated andf/or transferved or mined with
additional new agueous magnesian sulfite sohuion andfor may compnise af portion the feed
solution to the reverse osmosis process. For example, said remalning solution after separating
magneshion sidfite solid using a solid-lipdd separate process may undergo further revarse
asmosis steps. For example, said remaining solution after separating magnesium sulfiie sohd
using a solid-liguid seprvate process may be heated and/or transferred to anotlier Hrembrang-
hased process. For example, said remaining solution after separating sagnesium salfite solid
using a sohd-lquid separate process may be distlled andfor erystalized, which may further
separate water from dissolved chemicals andfor separate magnestim sulfite from other salis
or chemicals, For example, said remaining sohtion after separating magnesiwm sulfite solid
using a solid-Hauid separate process roay be nuixed with solation transforted 1o a sulfiw
dioxide absorption process. For exaniple, said rematning solution after separating magnesiun
sulfite solid using o solid-liquid separate process may be further treated with, including, bt
not Himtted to, one or more or a combination of the followmng: Jon exchange, or resins, of
filters, or chenveal treatments, or chetical reactions, or menthrane based process, or
clectrodialysis, or selechive clectrodialysis, v distiflationy, or mudti-etfect distiflation, or
mechanical vapor reconywession distillation, or mechanical vapor compression distiflation, or
multistage flash distllation, or merobrane distillation, or cooling, or heating, or freezing, or
erydesalination, or solventing-out, or solvent induced precipitation, or salting-out, or ather
treatment. One or more soiutions conywising water may be transferred o 5 sulfin dioxide
absorption stop, or mixed with a solution wansferred o a sulfur droxide absorption step, or a

combination thereof.

(1776} Mete: In some enbodiments, the material comprising magnesiom and calerum or
alkaline carth yoay Further comprise impurities. Iy some embodiments, the material
comprising magnesiwn carbonate and caloiem carbonate may further comprise impurities,
For exanyple, the material comprising magnesiam carbonate and calcihum carbonate may
further comprise magnesium sulfate, or calcium sulfate, or sodiw salts, or potassium salts,
or iron salis, or manganese salts, or sihcon chemueals, or silicon salts, or ahunbmam salts, or
zine salts, or other salts. Additionally, the aqueous solution comprising magnesium subfite
may be exposed to distomie oxyegen or madvertently exposed to diatomie oxygen, which may
Yesult i a portion of the magnesion selfiie copverting o magnesivm sulfate. In some
embodbments, imparities in the solution comprising agueous magnesivm sulfite wmay

comyise dissolved salis o other chenmcals other than nagmesium sulfite. In some

309



WO 2023/225089 PCT/US2023/022544

cmbodiments, although certain chenicals may be classified as “unpurities’, some “anpurities’
may comprise valuable prodects. For example, impurities comprising calcium salfate and/or
magnesium sulfate may be separated and may comprise valoable products. I some
eatbodiments, at least a portion of impurities may be separated from an aqueous sohution
beforg, or dening, or after conventrating andAn scparating non-Impantios or process reactants
or products. For example, in some enibodirerns, wron sulfite, or manganese sulfite may be
practically insoluble in water. Calotum sulfite sohd may comyprise other chemicals than
calehum sulfite, which may mclade, but are not hinuted to, non-calcian: sulfite salts described

herein.

[1777) Neote: Calciom salffe or magnesium sutfite produced from a reaction inan
agueous solution or in water may comprise wel caleram sulfite of magnesnam sudfite. Wet
calolum sulfite may be physically wetted, as in wet calehnn sulfite may contain water o the
surface of the solid or embedded withuin the solid. Wet calehmm sulfite may comprise ydrated
calcium sulfite, which containg a chemically reacted hydeate or wherein water is reacted ov
part of the caloham sulfite solid. Dry calctum sulfite may comprise caloium sulfite solid
which has minsmal or no water on its surface or 1s not physically wetted. Dry caloium sulfite
may comprise caloium sulfite solid which is anhydrous. In some embodiments, dry ealoium
sulfite may comprize calcium sutfite selid pay counprise calcium salfite sobid which is
partially hydrated, which means 1t may comprise hvdrates of calcium sulfite, although is less
hydrated than the potential full hydrate capacity of the caleinn sulfite. Transforming wet
cakeium subfite to dry calctom solfite may reguive engrgy. Transfonming wet calciom selfie to
dry caletum sabfite may comprise “drying’. Some embodiments may involve emploving wet
caleunt sulfite as an mput 1o 8 ealcinmg process to produce caliam oxade. Employving wet
citleium sulfite as oy input 1o a calciving process to produce calfeium oxide may reguire more
snergy than smploying dry calonan sulfite. Addittonally, the amount andfor quality of energy
reguired to caleine wet calotam selfite may greater than i the wet calolam selfite is dried tnto
gy ealcium sulfite before caleining. One or more o a combination of systems and methods
may be emploved to dry or dehvdrate caletam salfite. For example, calciun sulfite may be
dried by heating the wet calohan sudfite w0 borate water as a liqued or a vapor or both and
separating said Uberated water. If beating is enyloved, it may be desirable for the
temperature of the heat employed 1o be less than the wmperature of caleining caloiom sulfite,
or for the energy conmaned 1o provide said heat 10 be less expensive or less carhon emission

infensive than the energy consumed (o caleine caloiam sulfite, or a combination thereot For
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example, said heat may be provided by, incloding, but not limited to, solar thermal, or heat
pump, or waste heat, or steam, o fow pressure steam, o stored heat, or process heat, or
geothermal beat, or nuclear beat, or co-gen heat, or any combination thereof. For example,
caletim sulfitc may be dried by a carcier gas ot stripping gas. For example, calcim sulfite
may be dricd by a recireulating carsier gas. For example. said recireulating carrier gas may
COBRAIRG & gus or gas mixfure with a diatoreic axygen concentration lower than | percent, or
2 peveent, or 3 percent, or 4 percent, or S percent, ot 6 percent, or 7 percent, or 8 percent, or 9
percent, or 10 percent, or T percent, ov 12 percent, or 13 percent, or 14 percent, or 13
percent, or 16 percent, or 17 percent, or 18 percent, or 19 percent, or 20 percent, or 21
percent, or 22 peroent, or any combination thercof by vohume, For example, caleium sulfite
may be dried by @ recironlating carvier gas, whevdin &t feast @ porfion of water vapor in the
recireututing carrier gas 8 removed by 4 regenerable lquid desiceant. For example, caloium
sulfite may be deied by a reciveulating carrier gas, wherein st least a portion of water vapor in
the recirculating carmer gas is removed by a regenerable hquid desiceant, which may include,
but is not Hmited to, o ghyeol Hauid destecant, or glyeol debvdration system, or a salt brine, ov
lithivan bromide, or caleuny chiloride, or & Hopuid-liguid phase transition lquid desiecant, or a
Hguid desiceant regenerated by heat, or a Higud desiceant regenerated by vaporization of
water, or a bquid desiocant regenerated by freexing desalination, or a Tiquid desiceant
regenerated by a lquid-hqoid phase trangition inte 3 water-rich phase and 3 water-lean phase,
or a combination thergof, For example, calciam saltite may be dricd by a rechroulating carvier
gas, wherein ot Jeast a portion of water vapor i the reciroudating carrier gas is vemoved by a
regenerable solid desicomt, which may inclade, bot is not Hated to, an adsorbent, or
gypsam, or sihicate, or silica gel, or calenun oxide-caloiuom hydrogide, or a combination
thereat. For example, calchan sulfite may be dried by a figuid desiceans, or ¢ solid desiceant,
ot a contbsination thereof. For example, calcion sulfite may be dried by a recireulating carrier
was, wherein at least a portion of water vapor in the recireulating carrier gas is removed by a
non-regencrated destecant, which may comprise a solid or a hiquid. For example, a non-
regenerated desicoant may comprise a material whnch reacts with water to form a product,
which may be removed from fhe process as a vahuable product, or is disposed. For example,
an example notregenerated solid desicoant may comprise calotom oxide reacted with wator
or water vapor to form calenuor bysroxide, For example, 1o some embodiments, caletum
oxide produced by the process may be reacted with water vapor in said carrier gas, romoving

at least a portion of said water vapor while fornung ealciem hydroxide. Said calcium
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hydroxide may comprise a valuable product, or may be firther reacted with water, or niay be
converted into ather derivatives of caleiumy hydroxide. In some embodiments, at least a
portion of best gencrated from forming caloiom hwilroxide, from, for example, caloium axide,
may be cmployed to power at least & portion of the encrgy required to dry the wet calehnn

sudfite solid

13778 Note: Magnesiom salfite solid produced in one or more steps of the process may
comprise wet nugnesian selfite, Wot magnesiom suifite may be physically wetted, as o wet
magnesian solifie may contain water oo the sarface of the solid or embedded within the
solid. Wet magnesivm salfite may comprise hydrated magnesium sulfiie solid, which
contains a chemically reacted hydrate or wherein water is reacted or part of the nagnesim
sulfite sobid, Dy magneshum sulfite may comprise magnesium sulfite solid which bag
nytnimal or no water o its surface o 18 not physicatly wetted. Dry magnesiont sulfite may
comprise magnesium sulfite sobid which s anbpedrous. by some embodiments, dry magnesiom
sulfite yoay comprise magnesium sulfite sobid andfor may comprise pagnesium sulfite solid
which is partially hydrated, which means i may comprise hydrates of magnesiun sulfite,
although s loss hydrated than the potential full hydrate capacity of the magnesium sulfite.
Transfornung wet niagnesiam sulfite into dry magnestum sulfite may vequire encrgy.
Transfining wel magaesiom selfite to dry magneston sulfite may comprise “drving’. Some
cmbodinents may nvelve coploving wet msgnesium sultite as an nput to i caleining
process to produce magnesiugt oxide. Emploving wet magnesiom sulfite as an inputto a
cateining process to produce magnesiim oxide may require more energy than emploving dey
magnesign suliite, Additionally, the amount andfor quality of engegy required to calcine wet
magnesitm sulfite may greater than i the wet magneshan sulfite 1s dried into dry ngnesiom
sulfite before caleining. One or more or a combination of systems and mcthods may he
eoydoyed to dry or debydrate magnesim sulfite. For example, magncsium salfitc may be
dried by heating the wet magoesion sulfite to liborate water as a Heauid or & vapor or both and
separating said lberated water. I heating ts emploved, it may be desivable for the
tempesatare of the heat emploved to be less than the temperature of caleining magnestam
sulfite, or for the energy consumed to provide said heat fo be less sxpensive or loss carbon
enission infensive than the energy consumed to calelne magnesiom sulfite, or a combination
thereot. For oxample, said héat may be provided by, including, but not mited to, solay
theroad, or heat pump, or waste heat, or steamy, or low pressure steam, or stoved heat, oy

process beat, o geothermal beat, o nuclear heat, or co-gen hest, of any cominnation thereof
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For example, magnesion subfite may be dried by g carrier gas or siripping gas. For exanple,
magnesian seliite may be dried by a recirealating carvigr gas. For example, said recivculating
CHITIOr §as MAY COMPIISe 2 gas oF gas mixture with a distonde exygen concentration less than
2 percent by vehune. For example, magaesiam sulfite may e dried by a reciroudating carrier

zas, wherein at least a portion of water vapor i the recireulating carrier gas s removed by a

regenerable Hquid desicemnt. For example, magnesium sulfite may be dried by a revirculating
carrier gas, wherein at least g portion of water vapor in the recircalating carrier gagis
removed by a regenerable Hquid desiceant, which may include, but is not Haited to, a ghyeol
higuid desiceant, or ghveol dehivdration syateny, or 3 salt brine, or hthium bromide, of calohan
chioride, or a hiquid-liquid phase transition liquid destecant, or a Tipuid desiccant regenerated
by heat, or a liquid desiecant regenerated by vaporization of water, ov a hquid desiceant
regenevated by freezing desalination, or a Hipdd destccant segenerated by 8 Baguid-Hepdd

phase wansition nto @ water-tich phase and a water-lean phase, or a combimation thereof. For

example, nagnesiont sulfite may be dried by a recireulating carrier gas, wherein ot feast a

povtion of satey vapor iy the recircnlating carrter gas is removed by a regencrable solid
desiccant, winch may include, but 15 not limited to, an adsorbent, or gypsam, or silicate, w
sitica gel, or valciwm oxide~-caleiwm fyydroxide, or an acid, or a comnbination thereof. For
example, magnesiun sulfite may be doed by a liquid desiceant, or a solid desiceant, or a
combination thereof. For example, magnesium sulfite may be dried by 4 recircalating carvier
uas, whercin at feast a portion of water vapor in the recrrculating carrier gas is removed by a
no-regenerated solid desiccant. For example, & now-regenerated solid destecant may
comprise a material which seacts with water to form a product, which may be removed fom
the process as a valuable product, or may be disposed, or both, For example, an exanmple non-
regencrated solid desicoant may comprise calerum axide reacted with water o water vapor to
form calcium bvdroxide. For example, i some enmbodiments, caletum oxide produced by the
process may be reacted with water vapor in said carrier gas, removing at least 3 portion of
said water vapor while forming calehum hydroxide. Said calohom hydroxide may comprise a
vatuable product, or may be further reacted with water, or may be converted into other
dertvatives of caleium hydroxide. In some embodinients, at least a portion of heat generated
from forming calcium bydroxide, from, for example, calciam oxide, may be coployed to

power af least a portion of the energy requived to dry the wet magnesium sulfite solid,

11779} Nate: In some embodiments, excess water may be removed. Similarly, water naay

be added 1o the systen i destred. Water romoval gy be conducted by for example,
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inchading, bt not Hmited to, one or more or & combination of the following: forward
osnsis, decanter, separatory Aumel, coalescer, centrifuge, filter, swiichable solvent, cyclong,

i reversal, nanofiltzation,

septi-permeable mombrane, or electrodialysis, or electrodialy
orgavic solvent nanefiliration, roverse osmosts, ulivafilivation, microfittration, hot
nanofilivation, hot wlrafilivation, distillation, membrane distillation, flash distillation, multi-

effect distiflation, mechanival vapor compression distilation, or hybrid systems.

[1784 Nete: Tn some emwbodiments, sodinm Bicarhonate may be decomposed to form
Sodigm Carbonate, Sodinm hydroxide, Sodium Sesguicarbonate, or a combination thereof, or

other sodium-carbon dioncide or sodium bicarhonate derivative chemicals.

1781} Note: Separation devices, or systems, or methods, of any combination thereof
may include, but are not fmited o, one or more or a combination of the followmy: decanter,
separgtory fannel, coglescer, centrifuge, filter, switchable solvent, evclone, semi-permeable
menpthrane, nanoftlivation, organic solvent nanofiltration, reverse osimosis, wlteafilivation,
mcrofiitration, hot nanofilivation, hot vlirafiltration, distillation, membrane distillation, Hash
distitlation, multi~cffect distillation, mechanical vapor compression distillation, or hybrid
svstems, or electrodialysis, or elecirodialysis roversal, or osmoticatly assisted reverse

osmosis, or forward osmosis

[1782]  Nete: The temperature of recovered heat or ambient heat source may be inereased
using a heat pump or 8 refrigeration eyele, i, for example, higher temperatare heat is requived
for one or puowe process sieps of one or more applications. For example, if recovered heat i3
in the form of steam, satd steam may be comprossed 1o a greater pressure, which may enable

said steam to condense at a Tugher teoperature and/or supply higher tomperature heat

[1783] Note: Heat sources may include, but are not limited to, one or more or a
combination of the following: flare gas heat, or combastion, or biofuel, or fossil fuel, or
slaking hme, or nitarad gas combustion, nuclear heat, Waste Heat, Ambient Temperature
Changes, or ambient heat, Diwnal Tesweratore Variation, Thermoeling liguid body,
thermachne solid body, thermocline gaseous body, Thermaochine of a water body, halochine,
heat punip, solar thermal, solar theringl pond, Light, electricity, steam, combustion,
compression, pressure morease, geothermal, sadiative heat, condensation, sxothermic
disselution, exotheric precipitation, exothermic fonmation of more Hguid phases,
exothernue formatint of koss liguid phases, exothernme phase change, ov other heat sources

described heredn, or other heat soarces knows i the arg,
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(1784} Meote: Systens and methods deseribed herein may be batch, semi-batch, or

continuous, or a eombination thereot,

(1788} Note: Other metals or metal ions or cations which may be present or may be
cmployed, may melude, but are not lmiied to, ong or more of a combination of the fullowing:
iron, lead, copper, cobalt, mickel, manganese, chromibuwm, sifver, scandivm, vanadium,
fitanium, aluminem, magnestam, calciem, sodhem, potassiwm, Yitrhen, Zirconium, Nichium,
Muolyhdeman Technetium, Rutheniim, Rhodiem, Palladiwn, Silver, Cadmiian, Hafoium,
Taotahun, Tuogsion, Ricohan, Osovuem, Inidiam, Platinum, Gold, Mercury, Rutherfordium,
Dubniwm, Seaborgium, Bobrium, Hassium, Mettnertum, Ununnitium, Uninenion, or

Linmbian,

{1786} Neite: Reactions or svestoms and methods, steps, ora combination thoereot hoevein
may comprise a batch, semi-batch, semi-continpous, continuous stirred reactor {CSTR),

continuoas, or a combination thereot

1787 Neter Depending on the operating conditions, phases of mputs, coneentrations, or
a combination thereof, heating or cooling or separating or any combination thercof may be
required it one oF aore or 8 eombimation of the steps or parts of dne or more or 3

combination of embodiments.

[1788] Neote: Some embodinments may enploy eguipment coppising materials
compatible with one or more or a combination of the following: SO, CO2, or H20, o
sutfur, or sulfir derivatives or one or more of the fucls (f any) emploved in heating andfor
their combustion products. It may be desitable for said materials to be compatible at

temperatire ranges of oporation.

{1789) Nate: Iy somoe embodiments, it may be desirable for some reagents to be
transferred. or stored, or meacting in a nearly diatomic oxvgen-free or kow oxygen
enviromment,

{1796} Nete: The present invention may be enployed to regenerate CaO from CaC03 or
similar carbonate or bicarbonate molecules in 8 CO2 capture process. For example, the

present wveniion may be cnployed i a deviee to capture COQ froms the aix,

(179 Netg: The SO2 may be substituted with nitric acid (HNO3Y GaiNO32{which
may be a resulting byproduct} can be thermally decomposed ¢ similar manner to {ab03 1o
form CaO and NOx or O2 or NO2 or NO or a coynbination thereoef. NOx, NOZ, or NO may
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be converted back into nitvic acid through resction with water in, for example, the NOx+02
and NOx+H20 reaction steps of the Ostwald process, regenerating the nitrie acid ta the
present embodiment. Advantageousty, CatNQ3)2 may not oxidize in the presence of O,
which may enable the process to opersie in an environment with the prosence of substantial
02, if desired.

[1792 Note: In some embodiments, a carvier g may comprise 3 reactive gas or a gas
which may be rescted beneficiatly if desired. For example, steam may be emiploved as a

carrter gas, Advantageously, steany may condense following calcination and the heat

Y

genersed may be recoverable and the heat generated may exeeced mitial heat input o
gsenerate steam dug to, for example, an exothermic reaction of H20 with Ca0 to produge

catoium hydroxide and / or highey teraperatire steam or raise the tenperatore of water,

11793 Note: Excess water may be removed frony system. Simibarly, water may be gdded

o the svatom i desived.

[1794]  Nete: Reagents or produsts or other chernicals it one or more ernbodineats may
be passed or eveled or reoyeled or reoircutated through a step miore than once. Said “passed or
cycled or reeveled or recivealated” may be conducted before, for example, procecding 16 &
next step. Said passed or cyeled or recyeled or reetrculated” may be condueted 1o, fr
example, including, but not imited to, one or more or any combination of the following:
equibibrium reaction, sbhsorption solutions, or solutions undergomng precipitation, or
distitfation soluttons, or solution wdergong reatient, of concentrating with a membeane

based process, or any combination theveof.

[1795] Nate: One or mwre or a comhination of the embodinmenty described horeln may be
empfoyed as 3 net carbon divavide snission negative methad for permaneatly or semi-
permanently sequestering carbomn dioxide, For example, alkaline oxide or atkaline hydroxide
may reacted with OOz from a wide range of sources. For exaraple, the sodnim brearbonate, or
sodivem sesquicarbonate, or sedivm carbonaig or sodim hydroxide or a combination thereof
produced by one or more embodiments may be dissobved 1 the ocean. Adding net carbon
dioxide cmdssion negative sodium bicarbonate, or sodium sesquicarbonate, or sodium
varbonate or a combination thereof o the vcean may have meltiple benefits, which may
include, but are not Hmited to, one or move or a combination of the following: pormancat or
seini-pormanent sequestration of carbon dioxide m the soean; ncrcasing the pH of ocean

water; increasing the concentration of carbomate lons in the ocean; buffering ocean
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acidification, restoring coral reafs; restoring marine Hife; local reprvenation of marine hife;

incal repuvenation of coral; rejuvenation of coral,

1796} Note: Cooling andfor heating may be conducted af additional or different

termperatures and/or af additional or different locstions than described hergm.

{17971 Note: Some embodiments nay be constructed hy retrofitiing pre-existing
PIOCOSSES,

1798} Nete: One or more or a opabination of embodiments of the present rvention may
require solid handling or solid transfer or solid storage. Sohd transfor may wchade; but 1s not
limited to, convevor belts, screw conveyoers, bucket elevators, belt conveyors, pacwmatic
conveyors, of a combination thereof. Selid storage or transport or a combination thereof may
inchude, but is not limited to, bin, or silo, hopper cars, bulk sacks, or othier solids shipping

containers, or a combination thereofl

1799} Note: Tomperatures in one of morg parts of one oF more cmbodiments may
inclade, but ave not Hinuted to, wreater than, equal to, or less than one or more or a
combination of the following i degrees Colbsius: —50, —43, =30, 20, 10,4, 3, 19, 15, 20,
25, 30 35, 40, 45, 50,55, 60, 63, 70, 73 80, 85, 90, 95,100, 110,120, 130, 140, {30, 160,
176, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 380, 200, 300, 310, 320, 330, 340,
350, 368, 370, 380, 3940, 400, 4140, 420,430, 444 450, 468, 470, 48, 490, 300, 510, 320,
530, 540, 550, 560, §70, 580, 390, 600, 610, 620, 630, 644, 650, 660, 670, 68O, 690, 700,
THO, T2, 730, 740, T30, 7o, 770, TRO, TH, 800, 810, 820, 830, 840, 850, 860, 870, 880,
E00, GO0, B10, 920, 930, 940, 930, B60, 870, 980, 990, 1000, 1010, 1020, 1030, 1040, 1050,
1060, 1070, 1080, 1090, 1100, 1150, 1200, 1250, 1300, 1350, 1400, 1450, 1500, 1600, 1700,
1800, 1900, 2000, 2250, 2500, 2750, 3000

f18aa8 Nete: Sodmm may be provided as an example alkali, Other alkali metal salis or
cations may be employed instead of or in addition to sodiam. For example, potassium ov
tithium or rubidium or cesuum & a combination thereof may be emploved. For example,
atkabi-like catons or salts, soch as ammonia or ammoniam, may be employed.

[1861} Note: Annnonia may be provided as an example weak base or alkali-ike cation
durivative. Other weak bases or weak base gases may be emploved instead of or In addition
to anwnonia. For example, said other weak bases may include, but are not limited to, one or

wrwe of 3 combination of the following: amines, anunoma derivatives, anines, azings, {02
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caphure absorbont cations, COQ captare absorbents, or a conabination thoreod, or other weak

bases, or other weak gases.

[1802} Note: CO2 sources may inchude, but are not limited to, one or more or a
combimation of the followmng: Power Plant (Natural gas, coal, oil, petcoke, biotuel, munieipal
waste), Cement production, chemical production, Waste Water Treatment, Landiill gas, Adr,
Metal production/refining {such as Iron, Steel, Alaminum, ete.), Glass production, (il
refineries, LNG Hguification, HVAC, Transportation vehicles (ships, boats, cars, bases,
frains, trucks, atrplanes), Nateral Gas, Biogas, Alcohol fermentation, Voleanic Activity,
Decomposing leaves/bimass, Septis tank, Respiration, Manufacturing facilities, Fertilizer

production, of Geothermal processes where CO2(g) reloases from a wall or wells,

[1863 Nuie: In stne cmbodiments or progcess steps, input €02 veol % concentration may

be grester than or equal to one or more or a combination of the following volame percont

9 ERIEA

concentrations: 0%, or 0.001%, or 0.1%, or 0.5%, or 196, or 1.5%, or 2%, or 2.5%, or 3%, or

3.53%, or 4%, or 4.5%, 3%, or 5.5%, or 6%, ov &.8%, ar T4, or 7.5%, or 8%, or 8.53% or 9%,
or 9.5%, or 10%, or 10.5%, or 11%, or 11.5%., or 12%, or 12.5%, or 13%, or 13.5%, or 14%,
or 14.5%, or 15%, or 20%, or 30%, or 40%, or 50%, or 60%, or 70%, or 80%, or 90%, or

100%.

[1804]  Note: In some embodiments, a gas stream comprising CO2 may be concentrated
1o & grester concentration of CO2 or @ greater partiad pressuwe of CO2 before being absorbed
or regeted in onc or mwre of @ combinaton of embodiments of the present mveation, Swd
concentrating may be conducted asing inchuding, but not Timyted to, one or more ar g
cambination of the following: gas membrane, or absorption‘desorption CO2 capwre, or
adsorptionddesorption CO2 caphure, or recirerlated CO2, or desovption CGZ, or €2 from
one of more ar @ combnnation of higher comeentration CO2 sources, or condensation of nore-
CO2 gas, or cooling, or heating, or deposition, or deposition/sublimination, or cryogenic
separation, or compression, or pressurization, electrochemical process, or ton exchange, or

clectrodiatyss, or fuel coll, or a combinatiom thersef,

[1805]  Note:r A gas stream sonprising SO may be concentrated 1o a greater
concentration of SO2 or a greater pavtial pressure of SO2 befors being absorbed or reacted in
e of more or 3 combination of ermbodiments of the prosent tnvention. Said concontrating
may be conducted wsing mcluding, but not fsuited to, one or mwne ot a contbination of the

following: gas membrane, or membrane based process, or absorption'desorption SO captare,
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or adsorption/desorption SO caphre, or recircalated SOZ, or desorption $O2, or 8O from
ong o mere of a combination of higher concentration SO sawces, or condensation of non-
502 gas, or cooling, ov heating, ov deposition; or deposition/sublinunation, or cryogenic
separation, or compression, or pressarization, clecirochemical process, or ton exchangs, or

slectrodialysis, or fuel cell, or a combination thwreot.

[1846] Nete: Absorption of 3 gas 1ato a solution containing ammonia andfor shsorption
of ammoms into @ solution may resalt i the formation of g residual or remabming gas stream
comprising testdual amunonia, Satd residual or remmatning gas stream way comprise, for
cxample, renabining unabsorbed gases or inert gases. One or move or o combination of
embodiments herein may employ an ammonig recovery or annmomig abatement cyele or
systen. Alternately or additionally, anonia may be removed to ultra-low concentrations
{£.g. single or doubly digit PPM concentrations) using hydrochioris acid or sulfurie acid,
andior ammonia or hydrochloric acid may be recovered from the resulting cnmonium
chtoride or anymoniem sulfite, which may eoploy, for example, one or more or a

combination of emboediments horgin,

{1807} Nete: Amuponia [osses may ocour within one or more or & combination of
ensbodiments deseribed herein, Makeup anumonia may be provided, for example, as needed

or s destred.

J1808] Note: 502 losses may occur within one or more or a combination of embodiments

deseribed horgm, Makewgp SO may be provided, for example, 55 noeded or a5 destred.

{1809  Note: Losses may occur within one or more or a combination of embodiments

described hugein, Makeup reagents may be provided, for exanple, as needed or as desired.

j1814§ Note: Iy somoe cmbodiments, avumonia may form at glevated temperatures. In
soms embodiments, I oxygen is prosent, sopie apunoria may undergo combustion. Anmmonia
combustion producis, even at residual or low concentrations, may be present in one or more
eases of Hauids or solids or @ combination thereof in one or more or a connbination of
sritbodiments. Said anwnonia combugtion prodects may comprise, including, bot not Hmited
to, mitrogen oxides, or nitrogen, or witric acid, or a denvative thereof, or & combination
thereof. Systeus and miethods fiw detecting, freating, removing, coonomically using,

recnvering, or a combination thercof said anwonia commbustion products may he enployed.
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[1B11 Notg: In some ambodiments, ammonia, or methanel, or fornie acid, or g-facls, or
CO-derived fuel, or hydrogen dertvative, or any combination thercof may comprise a fuel ov

may be employed to power ape or more steps in one of more embodiments, if desired,

11812  Note: Filling, or reacting, or cmptying, & a combination thereof may be

conducted simultancously if deswed.

(1813 Nete: Example atkalis may imchade, bt aee not Himited o, one or more or any
combination of the folloveing: Hibum (L8, or sodiwm {Na), or potassiamn {K), or rubidiam

{Rbj, or gesiim {(5)

{1814} Note: Example atkaline earths may include, but are not bhonted to, one or more or
any contbination of the following: bervllivm (Be), or magnesium (Mg}, or caleinm (Ca), or

strontiven (Sr), or barvant {Ba), or radrem (Ra).

[1815] Note: Calohm may comprise an exanyde alkaline carth, Other afkaline carths
may be cmploved i addiion to or mstead of caforum where caloium is described berein, For
example, in some embodiments, calchun may comprise mixiures of calcivm and magneshum,

or calonam may instead compriss magnesiam.

[1816] Note: Sodin may comprise an example alkall, Other alkalis may be employed in
addition o or instead of sodivm whore sodivm iy desceribed horein, For example, in somge
cibodiments, Sodiuns may comprise mixtures of sodium and potassiom, or sodiam and

fithium, or potasshm, or lithium, or any combination therest

[1817) Nuote: An alkaline carth cation-weak acid anton salt may inchude, but is not mited
to, atkatine carth cation salts with one or more or any combination of the following antons:
carbonate, or bicarbonate, or sulfite, or sulfide, or silicate, or ferrate, or aluminate, or ferrite,
or a sthicate, or silicon dertvative, or a carboxylic acid salt, or a forrate salt, or an ahuaninate
salt, ov a zincate salf, ov an iron derivative salt, or a manganese derivative salt, or a zine
derivative salt, or an aluminum derivative salt, or rapsition metal oxide ando, or mstsl oxide

anion, or an anton of an acid weaker than sulfurous acid.

[1818] Nate: Heat prodwed from the reaction of caleium oxide with water to form
caleivm hydroxide may be utilized, For example, sard heat may be enmiploved within
separation steps, or distilation steps, or drying steps, or caleining steps, or decomposition
steps, or gas liberating steps, or any combination thereof within the invention. For example,

said heat miay be utilized in an external applicati,
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(18194 Mete: Heat produced from the combastion or conversion of hyvdrogen sulfide, or
the production of sulfisic acid, or production of salfur dioxide, or prodaction or sulfigous
acid, or exothernye reactions comprising sulfur chenucals, or any combination thereof may
be wittized. For example, said heat may be smployed within separation steps, or distillation
steps, of drying stepa. or calcining steps, or decomposition steps, or gas liberating steps, or
any combination thereof within the Invention. For example, said beat may be utilized in an

external application.

[18244 Nete: Insome embodiments, sodium sulfate may be produced by the reaction of
sodiwm chlorids with sulfuric ascid or sulfur dioxide o oxygen or any combination thereof,

winch may prodiwe hydrochloric acid and sodivm salfate,
[1821) 3 NaChHHSO4—2 HORNa2804
[1822] 4 NaCH2 502+02+2 H2G-»4 HCIH2 Na2804

18231 Nete: In sone cobodiments, sodiun sulfate may be produced hy nuning of

sodiam sulfate deposits ov extraction of sodium sulfhte from natural resowrees.

11824} Nete: In some cmbodiments, sodum hvdroxide, or sodium carbongte, of sodium
sesquicarbonate, or sodium bicarbonate, or any combination thereof may be added to an
ocuan or sea to, for example, inclading, but not limited 1o, one or nwre Or any combination of
the following: increase the pH, or increase the Jocal pH, or provide a high quality mechanizm
to permanently absorb carbon dioxide from the air, or to ncrease the local pH to improve
health of marine ecosystems and corals, or inprove biomass production, ot improve
productivity of a fishery, or faeititate foansm, or grow a local ecomomy, or (o ingwove the
health of the ceean, or the prevent or combat algac blooms or evancbaeteria Hooms, or any

combination thereof,

[1825]  Note: Sodium sulfate may be a byprodust in the production of) including, but not
Hinited to, Hthium carbonate, or chulating agents, or resorcinal, or ascowbic acid, or silica
plamenis, of nwic acid, or phenol, or avy combination thercof

[1826]  Note: The present invention may comypnise a provess for reeyeling sodivm
hydroxide or sodium or sodivm carbonate in the production of, for example, lithnum, or

Behwem carbonate, or Hthium hydroxide, or any combination thereof,

(1827} Note: In sonte embodiments, sodiwn sulfate tay comprise, for example,

Mirabilite or Thenardise
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[1B28] Mete: Some embodiments may be co-located with & process where sodiian sulfate

ix produced as a product, or bvproduct, or waste product,

[1829} Note: Sodim sudfate 1s known 10 be a very significant waste product of the
Hithium production industry. {n sone Hthium production applicanons, sodivm hydeoxide is
reacted with Hithium sulfite produced from a roasting process to recover Hihium, which may
result in the production of & sodivm sulfate product. Somwe embodiments of the present
fvention nuay enable recveling of sodio selfate nto sodivm hydvoxide or sodium

carbonaic.

{1830  Note: In some embodiments, sodium hydroxide may facilitate hydrogen

prodaction.

[1831]  Note: MeCa{CO32(s) moay comprise a solid comprising o muxture of calerum and
magnesium salts, MeCalCO212(s) muy comprise, for example, inclading, but not Hmited 1o,
Hmestone or dolomite. Alternatively, or additionally, MeCa{CO3)2(s) may comprise a
portion of magnesium silicate or magnesiunt shuminate or magaesiumn fervate. Alternatively,
or additionally, MeCafCO312(s} nay comprise a portion of calehm silicate or calcium

ahuninate or caloium Forrate.

118323 Note: In some embodiments, 3 solvent other than or in addition to water may be
emploved. For example, an organic solvent or inorganic solvent may be present in solation,
For example, a glveol, or an aleohol, or a sugar slcohol may be prosent. For example, an
orgamie sobvent or a solvent other than water. For example, anwoonia or urca may be presest

w1 solation.

11833 Nute; Concomtration of agueows magnesium sulfite in 3 solution commpriving
aquecus magnesiun salfite may be greater than or egual to one or more or a cambination of
the following: 0023 /L, or 003 L, or 0.1 @/, or 0.2 /L, or 803 ¢, 04 oL, or 0.5 g, or

0L o7 oL, or 08 gL oo 00, or gl orflgl orl2glor L3gl o ld

L or 1.9 il or 2 oil

FooriSell,wilegl,or b7 gl or 18y

{1834]  Note: For example, in some embodiments, "¢/l may comprise grams of sohute
per liter of solution. For example, 1 oL of magnesiom salfate may conymise a sohution with 1
gram of dissolved magnesium sulfite per iter of total solution.

[1B35]  Nofe: In some embodiments, temperatare of at feast a portion of concentrating

with reverse osmosis, or forward osmosis, or electrodialysis, or electrodialysis reversal, o
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selective electrodialysis, or nsmotically assisted reverse oxmosis, or any combination theseof
may be greater than or equal to one or morg or & combination of the following: 0° O or 3°
C,or 10°C.or 15°C,,or20°C.,or 257 C,, or 30° C., 0r 35° C,, or 40™ C., or 45 C., or 50°
C.,or55°C.,or60°C.or65°C.,or70°C.,or 75° C., or 80° C., or 85° C,, or 90° C., or 95°
C,or100°C.,or105°C,,or 110°C., or 115° C.

[1836] Note: In some embodiments, temperature of caleining at least a portion of caleium
sulfite, or magnesium sulfite, or any combination thereof may be greater than or equal o one
or more or g combination of the followdng: 406% C., or 450C% C., or 500° C., or 550° C., or
600° CLor 630° CLor TOOC T or 7307 € or 775° C., or 800° C., or 825° C, or 850° C., or

§75° C. or 900° €.

1837 Ngie: In sone cimbodiments, tomperatre of deving or delwydrating or

decomposing hydroxide or any combination thereo! may be less than or equal to ong or more
or a combination of the following: 800° € or T30° €., or 700° C, or 680° | or 600° C, or
FRO° O, or 3007 C, or430° CLor 400% 1 or 330° CLor 300° O, or 2307 €L or 200° O s

150° ¢, o 100° €

{1838]  Noter In some embodiments, the partial pressure of captered carbon dioxde
produced by oue or more o 3 combination of embodiments.may b greater than or equal to
one of more or @ combination of the following: 0.05 atm, or 0.1 atmy, or (.2 atw, or §.3 atm,
or 0.4 atm, or .5 atny, or 0.6 atm, o 0.7 abm, or 0.8 atm, or 0.8 atmy, or 1 atm, or 1.1 atm, or
1.2 atm, or 1.3 atm, or 1.4 atm, or 1.5 atm, or 1.6 atm, or 1.7 gim, or 1.8 atm, or 1.9 atn, or
2.0 atm, or 2.25 atm, or 2.5 atm, or 2.75 atm, or 3 atm, or 4 atmy,; or 5 gtm, or & atm, or 7 atm,
or 8 atm, or 9 atm, or 10 atm, or 12.5 atm, or 13 atm, av 7.3 ann, or 20 atm, or 23 atm, or 30

atm, or 35 atm , or 40 atm, or 45 atm, or 50 atm

11839 Nate: The concentration of carbon dioxide or st dioxide formed by one or
more of any combination of embodinents or process steps may comprise a volame pereant
concentration of carbon dioxide which may inchide, greater than, or equal to, one or more or
a combination of the following: 0.58%, or 1%, or 1.5%, or 2%, or 2.5%, or 3%, or 3.5%, or
A% or 4.5%, or 8%, or 5.5%, or 6%, or 6.3%, or 7%, or 7.5%, or 8%, or 8.5%, or 9%, or
9.5%, or 10%, or 10.5%, or 11%, or 11.5%, or 12%, or 12.5%, or 13%, or 13.5%, or 14%, or
14.5%, or 153%, or 15.5%, or 16%, or 16.5%, or 17%, or 17.5%, or 18%, or 18.5%, or 19%,
or 19.5%, or 20%, or 20.5%, or 21%, or 21.5%, or 22%, or 22.5%, or 23%, or 23.5%, or

24%, or 24.5%, or 25%, or 25.5%, or 26%, or 26.5%, or 27%, or 27.5%, or 28%, or 28.5%,
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or 29%, or 29.5%, or 30%, or 30.5%, or 31%, or 31.5%, or 32%, or 32.5%, or 33%, or
33.5%, or 34%, or 34.5%, or 35%, or 35.5%, or 36%, or 36.5%., or 37%, or 37.5%, or 38%,
or 38.5%, or 39%, or 39.5%, or 40%, or 40.5%, or 41%, or 41.5%, or 42%, or 42.5%, or
43%, or 43.5%, or 44%, or 44.5%, or 45%, or 45.5%, or 46%, or 46.5%, or 47%, or 47.5%,
or 48%, or 48.5%, or 49%, or 49.5%, or 50%., or 50.5%, or 51%, or 51.5%, or 52%, or
52.5%, or 53%, or 53.5%, or 54%, or 54.5%, or 55%, or 55.5%, or 56%, or 56.5%, or 57%,
or 57.5%, or 58%, or 58.5%, or 59%, or 59.5%, or 60%, or 60.5%, or 61%, or 61.5%, or
62%, or 62.5%, or 63%, or 63.5%, or 64%., or 64.5%, or 65%, or 65.5%, or 66%, or 66.5%,
or 67%, or 67.5%, or 68%, or 68.5%, or 69%, or 69.5%, or 70%, or 70.5%, or 71%, or
71.5%, or 72%, or 72.5%, or 73%, or 73.5%, or 74%. or 74.5%. or 75%, or 75.5%, or 76%,
or 76.5%, or 77%, or 77.5%, or 78%, or 78.5%, or 79%, or 79.5%, or 80%, or 80.5%, or
81%, or 81.5%, or 82%, or 82.5%, or 83%, or 83.5%, or 84%, or 84.5%, or 85%, or 85.5%,
or 86%, or 86.5%, or 87%, or 87.5%, or 88%, or 88.5%, or 89%, or 89.5%, or 90%, or
90.5%, or 91%, or 91.5%, or 92%, or 92.5%, or 93%, or 93.5%, or 94%, or 94.5%, or 95%,
or 95.5%, or 96%, or 96.5%, or 97%, or 97.5%, or 98%, or 98.5%, or 99%, or 99.5%, or

{00%

{1546 Note: “A portion”: I some embodiments, a portion may comprise at least a part of
a stresin or material, or all of a stream or material, A pertion may inchude, but i not lunited
1o, loss than, or greater than, or egual to, one of more or a combination of the following: 0%,
or 0.58%, or 1%, or 1.5%, or 2%, or 2.5%, or 3%, or 3.8%,, or 4%, or 4.5%, or 3%, or 5.5%;, or
6%, or 6.5%, or 7%, or 7.5%, or 8%, or 8.5%, or 9%, or 9.5%, or 10%, or 10.5%, or 11%, or
11.5%, or 12%, or 12.5%, or 13%, or 13.5%, or 14%, or 14.5%, or 15%, or 15.5%, or 16%,
or 16.5%, or 17%, or 17.5%, or 18%, or 18.5%, or 19%, or 19.5%, or 20%, or 20.5%, or
21%, or 21.5%, or 22%, or 22.5%, or 23%, or 23.5%, or 24%, or 24.5%, or 25%, or 25.5%,
or 26%, or 26.5%, or 27%, or 27.5%, or 28%, or 28.5%, or 29%, or 29.5%, or 30%, or
30.5%, or 31%, or 31.5%, or 32%, or 32.5%, or 33%, or 33.5%, or 34%. or 34.5%, or 35%,
or 35.5%, or 36%, or 36.5%, or 37%, or 37.5%, or 38%, or 38.5%, or 39%, or 39.5%, or
40%, or 40.5%, or 41%, or 41.5%, or 42%, or 42.5%, or 43%, or 43.5%, or 44%, or 44.5%,
or 45%, or 45.5%, or 46%, or 46.5%, or 47%, or 47.5%, or 48%, or 48.5%, or 49%, or
49.5%, or 50%, or 50.5%, or 51%, or 51.5%, or 52%, or 52.5%. or 53%, or 53.5%, or 54%,
or 54.5%, or 55%, or 55.5%, or 56%, or 56.5%, or 57%, or 57.5%, or 58%, or 58.5%, or
59%, or 59.5%, or 60%, or 60.5%, or 61%, or 61.5%, or 62%, or 62.5%, or 63%, or 63.5%,

or 64%, or 64.5%, or 65%, or 65.5%, or 66%, or 66.5%, or 67%, or 67.5%, or 68%, or
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68.5%, or 69%, or 69.5%, or 70%, or 70.5%, or 71%, or 71.5%, or 72%, or 72.5%, or 73%,
or 73.5%, or 74%, or 74.5%, or 75%. or 75.5%, or 76%, or 76.5%, or 77%, or 77.5%, or
78%, or 78.5%, or 79%, or 79.5%, or 80%, or 80.5%, or 81%, or 81.5%, or 82%, or 82.5%,
or 83%, or 83.5%, or 84%, or 84.5%, or 85%, or 85.5%, or 86%, or 86.5%, or 87%, or
87.5%, or 88%, or 88.5%, or 89%, or 89.5%, or 90%, or 90.5%, or 91%, or 91.5%, or 92%,
ar 92.5%0, or 93%, or 93.5%, or 8494, or 94.5%, or 93%, oy 85.8%, or BEY, or 96.5%, of

7%, or ¥7.5%, or U8%, or 98 5%, or 9896, or 99.5%,, or 100%

{1841} Nete: Calctiing may involve thermally decomposing calciom selfis andéor
magnesium sulfite into calvipm oxide andfor magnestum oxidi. Caleining may nvolve
thermally decomposing calohan carbosate andior sagnestem carbonate ito calchon oxide
andfor magneshom oxde. Calcining may snvolve thermally decomposing an atkaline carth

hydroxide mio an alkabine carth oxide.

[1B42]  Neote: In some embodiments, calohan sudfite and magnesiam salfite may be
caleined separately. For example, in some embodiments, calctam salfite may be caleimed in a
separate kil than magnesium sulfite. For example, in soang crobhodinents, caleium sulfife
way be caleined inthe same kils as magnestom solfiie, although in different focations within
the same kiln. For example, in some embodiments, caleions sulfite may be caleined in the

sarne kiln as magnestum sultite, althoagh at different times.

11843 Note: In some embodiments, calohon sulfite and magneshum sulfite may be
calcined m the same kiln, For example, a muaterial may comprise both calohnn sudite aud
magnesium sulfite, and said material conprising both caloium sulfite and magnestum sulfite
may be caleined. For example, a separate caloinm sulfite and magnesium sulfite may be

mixed and may be caleined 1n the same kiln as a mixtare.

j1844} Nete: Some embodiments may involve using an inpot material comprising a salt
of calciam and/or magnestum or other afkadine carth and a weak acid, wherers said weak acid
comprises 3 weak acid anton other than a carbon dioxide derivative, or other than a
cirbonate. For example, said weak acid anion other than a carbon dioxide derivative may
comprise, including, but pot lmited to, one or more or a combination of the following: 8
sulfide, ov sithicon derivative, or silicate, or alaminate, or ferrate, or fornits, or iron, or ing, of

aliminun, OF MANEaness, oF coppet, of a cowmbination thereof.

(18451  Note: In some embodiments, a mopterial comprising caloiwm and/or magnesium

may comprise calohan silicate or magnesiam siicate or both. o some enbodiments, a
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material comprising caloiam andfor magnestam may comprise, for example, inchuding, but
not limtted to, coment, or concrete, or waste conercte, or steel slag, or ron slag, orslag, or a

comsbiiation thercof.

11846] Note: In soine cinbodiments, the calchun oxide produced by some cabodinents
may be smployed as an tuput to the Solvay to make, for oxample. sodimn bicarbonate, or
sodium carhonate, or sodiom hydroxide and / or reduced COR emissions. For example, said
caleinm oxide may be emploved in the Solvay process fo remove chloride from ammonium
chloride. For exanwle, said calohan oxide may be employed 1o the Solvay process fo reacted

with sodium carbonate and ¢ or form sodhun hydroxide.

1847 Nuote: Some embodiments may omploy igh temperature stcam in the calcination
process. In some entbodiments, # may be desirable for the temperature of the steam fo be
greater than the decompaosition tenperature or decomposition temperature range of calcham
hydroxide. At least a portion of the steam may be condensed after forming a mixture with
sulfir dioxide. If stcam s emploved, i nwst be contacted at & temperature greater than the

decomposition famperatare of calciunt hydroxide.

{1848} Noter In some embodiments, 8 gos comprising subfor dioxide may be compressed
prior o or during gbsorption of sulfur dicxide w one or more or a combination of process

steps deserthed herebn,

[1B494 Mete: One or more or a combination of reagents, or process skeps, ora

combination thereof may be heated, or cooled, or a corabination thereof,

[1836] Note: Caderom siticate may compeise a material comprising sibieate. A nuaterial
comprising an mmpure Hmestone comprising 4t a portion 3 stlicate nraterial. For example, a
nraterial comprising sibicate may comprise clay, or sificon dioxide, or slumine-silicate, or
ferrite, or a combination thereot.

[1851} Nete: Calcimng of caloium selfite or magnesiun: sulfite mayv be conducted in the
presence of clay, or sificon dioxade, or shale, or sand, or ivon ore, or bauxiie, or Iy ash, and o
slag or other materials emploved to, for example, prodace or facilitate the production of

comernt, or cement clinker, or a combination thereof

[1832§ Nete: In some embodiments, itmay be desirable to operate the calcination of
calctum sulfite andfor cement manefacturing inputs in the presence of diatomic oxvgen. For

examyple, In some embodiments, dintontic oxygen present in a flue gas stream, of in hot gases
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entering or within g kiln, or a combination thereof may react or oxidize sulfur dioxide, or
calchwn sulfite, or derivatives thereof to fonm materials or chenicals which may be faoilitate
the manufacturing of coment or clinker or may enable advantageous propertics in the coment
ar chinker. For example, i soms embodunents, diatomic oxveen present in a flue gas strgamy,
or i hot gases ontering of within a kiln, or a combination thereof may react or oxidize sutfur
dionide, or calotum sulfite, or derivatives thereaf to form caleiunt sulfate andfor derivatives
thereol, which may be an advantageous ingredient or component of sore cement or chinker
compositions. For example, i some embodiments, datomic oxygen present in a flue gas
stream, o m het gases entering of witkun a kiln, or a combination thoreot may react or
oxidize sulfur dioxide, or ealcium sulfite, or dertvatives thereof to form compounds o
materialy comprising subfir with superior strength, or chonnical resistance, ot longevity, or
pressure, of conpressive strength, or water resistance, o temperature resitience, or other
resilionce, ov cost, or adhesive properties, or chemical compatibility, or & combination
thersof. For example, in some embodiments, distonuie oxvgen present v a fhue gas stream, ov
i1 hot gases entering or within a kiln, of a combination theveo! may redct with or oxadize
sulfir dioxide, or calorun sulfite, or denvatives thereof o forma compounds or materials with
superior strength, or chomieal resistance, or fongeyity, or presswie, or compressive strength,
or water resistance, or temperature resilience, or other resilience, or cost, or adhesive
properties, or chemical compatibility, or a combination thereof. For example, in some
embodiments, distomic oxygen present in a fluc gas stream, or in hot gases entering or within
a kit or g combination thereof may react with or oxidize sulfar dioxide, or calctany salfire,
or dertvatives thereof 1o produce heat, which may reduce energy requirenionts or mncrease the

crergy efficiency of calcining,

[1833} Nete: In some embodiments, the use of calelwn sulfite as an input material for the
production of coment may cnable coment with superior properties, which may inclade, bat
are not latited to, superior strength, or chienucal resistance, or kongevity, or pressure, or
compressive strength, or water resistance, or omperature resilionce, or ather resitience, or
enst, or adhesive properties, or chemical conmpatibility, or a combination thereof.

[1854] Nete: In sonte embodiments, calcium silicaie may conprise coment
manufacturing s, In some embodiments, coment manufactring inputs may comprise
cateium sihicate or calchun carbonate. In some embodiments, cement manufhctoring inputs

may comprise calcium sulfite, or calcium oxide, or a combination thereof,
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fIBSS] Nete: In some embodiments, weak acids and weak acid anions may inchade, but
are not limited to, one or more or a combination of the followmyg: sihicates, o carbonates, or
aluminates, or alununofersites, or alunyinum oxides, o zine oxides, or fron oxides, or A1206,
ar AlZFe2010.

11856} Note: In smne cinhodiments, at least a portion of the gases produced duwring or
from the caleimation of caleiim sulfite may comprise water or water vapor, For example, if
hydrogen, or natwal gas, or anwnonta, or & hydrocarbon, or other combustion, or steam, or g
commbination theseof is/are enployed to provide heat for calcination, water vapor nwy be

generated and { ov may be recovered and ¢ or may be reacted with an alkaling canth oxide.

11857} Nuate: In some embodiments, nitrogen gas may be added {o air before combastion

with said sur to veduee the concentration of oxvgen before satd air mayv be employed in the
combustion of fuel for caleining calctwm sulfite. For exanple, a nitrogen concentrating
process may be employed. For example, an oxygen concentrating or oxvygen removal process

may be emploved,

[1838] Neote: In some embodiments, at loast a portion of oxygen may be rowoved from
air before combustion with smd air to reduce the concontration of oxygen before said air may
be employed in the combustion of fugl for caleining caloim sulfite. For example, a nitrogen
concentrating process may be emploved. For example, an oxygen concentrating or oxygen
removal process may be erploved.

[1859]  Note: In some embodiments, & portion of gases after combustion and after sulfir
dioxide removal may be added to air 1o reduce the concentration of diatomic oxyvgen before

said air woay be smploved in the combustion of fuel for caleining caleiwn sulfite.

{1864 Naote: In some embodiments, sulfur dioxide or carbon dioxide or botly may be
adided o air 1o reduce the concentration of diatomic oxveen before swid air may be anploved

in the combuastion of fuel for caleining calcium sulfite.

[1861] Nete: It may be desirable to caléine the calctum sulfite under conditions where the
temperatire 18 sufficiently low to provent prodeced Cad crvstaliites from fusing. It may be
desirable to caleine calctam salfite under conditions and temperatures where the specific
surface of the caloiunt oxide remaing intact. It may be desirable to produce Cad with non-
tused crystals, or whers the specific swiface of the calchum oxide remains intact, or a
combination thereod for spplications, which may inclsde, but are not imited o, the sicel

nchusiry.
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1862} Note: It may be desirable to caleine the calcium sulfite wader conditions where the

femperatarg is sufficicntly high to facilitate the production of fased Call cryvstallites. It may

be desivable to calcine calchum sulfite under conditions and temperatures which reduce the

specifie surface of the caleiom oxide. It may be desirable to produce Call with fused crystals,

or where the specifie sarface of the calciam oxide s reduced, or a combination thereof for
applications, which meay include, but are not Himited to, the production of acrated conerete, or

sand hme bricks, or a combination thereof

{18634 Nete: Heat sowrces may include, but are not limited to, one ornxne ora
combination of the following: combustion of a fucl, bydrogen, apumonty, natural gas, heavy
fuel oil, pubveriend coal, lgquefied gas, off-gay from steckmaking process, wood dast, waste
ol romass, biotuel, electnedy, heat pramp, solar thermal, chemical reaction, sulfi,
sutfarous fuel, sulfiric ackd production, salt production, waste beat, waste gases, nugleat heat,

geotheroal, quickiime, hydration reaction, oxidation.

[1B64] Nete: Une or more of the present embodiments may produce strongly carbon

dioxide negative oF negative soussions calehwm oxide

{1865} Note: In some embaodiments, produced calctum éxide may be reacted with cavhon
shoxide originating from the @i or separated from the air. For example, caloham oxide may be
reacted with sodium carbonate or potassium carbonate or sodiwn cavbonate or polassium
carhonate solution to produce sodium ydroxide or potassiun hydroxide solation and
calciuny carbonate, which may be a pormanent scguestration byproduct. Said sodiian
hydroxide or potassium hydroxide solution may then be contacted with atr or CO2
originating from air to produce a solution comprising sodivm carbonate, Or potassium

carbonate, or a combination thereof.

[I866]  Note: A portion of the enlcium oxide produced may be converted to calehum
carbonate by reaction, with, for example, carbon dicde in the air, or carbon dioxade
originating from the air, or an aiy caphure process, of regenerating an alkali-carbonate to an
alkabi-oxide in an absorption toop, or regenerating an alkali~carbonate to an alkali-oxide map

absorption or separation process, or a combination thereof,

[1867] Nate: A portion of the coment produced may be empleved in the production of
non-hydraultic coment, o coment employing at feast a portion of CO2 apu, or a combination

thereof to merease the net CO2 removal or emissions reduction.
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{1868} Mete: In some embodiments, magoesiam and calcium may be prosent in the same
gt maderial, For example, slags, or waste conerete, of minerals may comprise at least a
portion of magnesiwm, For example, dolomite may comprise a portion of magnesium, In
some crmbodiments, at least a portion of magnesium sulfite and/or magnestom oxide andfor
magnesiim hydroxide may be produced separately from calchan sulfite andfor calecinm oxide
and/or caleimn bydroxide. For example, the separation of calcium and magnestum moay be
condacted by ncluding, but not hnuted to, the sipgnificant difference in solability in water
between magnesium sulfite and caloium sulfite andior the significant temiperature dependont

sohubility of magnesium sulfite:

[186%]  Note: The concentration of magnesian oxide, or calennm oxsde, or sodnan
nvdroxide, or sodium catbonate, or sodiam bicarbonate in an culpid comprising magnesnim
sxide, or ealcium oxide, on sodium bydroxide, or sodiun carbonate, sw sodium bicwrbonate
wray he greater than or equal to one or more of the following weight percent concentrations:
0.0001%, or 1.5%, or 1%, or 1.5%%, or 2%, or 2.5%, or 3%, or 3.5%, or 4%, or 4.5%, av %,
or 5.5%, or 6%, or 6.5%, or 7%, or 7.5%, or 8%, or 8.53%, or 9%, or 9.5%, or 10%, or 10.5%,
or 11%, or 11.5%, or 12%, or 12.5%, or 13%, or 13.5%, or 14%, or 14.5%, or 15%, or

15.5%., or 16%, or 16.5%, or 17%, or 17.5%, or 18%, or 18.5%, or 19%, or 19.5%, or 20%,
or 20.5%, or 21%, or 21.5%, or 22%, or 22.5%, or 23%, or 23.5%, or 24%, or 24.5%, or
25%, or 25.5%, or 26%, or 26.5%, or 27%, or 27.5%, or 28%, or 28.5%, or 29%, or 29.5%,
or 30%, or 30.5%, or 31%, or 31.5%, or 32%, or 32.5%, or 33%, or 33.5%, or 34%, or
34.5%, or 35%, or 35.5%, or 36%, or 36.5%, or 37%, or 37.5%, or 38%, or 38.5%, or 39%,
or 39.5%, or 40%, or 40.5%, or 41%, or 41.5%, or 42%, or 42.5%, or 43%, or 43.5%, or
44%, or 44.5%, or 45%, or 45.5%. or 46%, or 46.5%, or 47%, or 47.5%, or 48%, or 48.5%,
or 49%, or 49.5%, or 50%, or 50.5%, or 51%, or 51.5%, or 52%, or 52.5%, or 53%, or
53.5%, or 54%, or 54.5%, or 55%, or 55.5%, or 56%, or 56.5%, or 57%, or 57.5%, or 58%,
or 58.5%, or 59%, or 59.5%, or 60%, or 60.5%, or 61%, or 61.5%, or 62%, or 62.5%, or
63%, or 63.5%, or 64%, or 64.5%, or 65%, or 65.5%, or 66%, or 66.5%, or 67%, or 67.5%,
or 68%, or 68.5%, or 69%, or 69.5%, or 70%, or 70.5%, or 71%, or 71.5%, or 72%, or
72.5%, or 73%, or 73.5%, or 74%, or 74.5%, or 75%, or 75.5%, or 76%, or 76.5%, or 77%,
or 77.5%., or 78%, or 78.5%, or 79%, or 79.5%, or 80%, or 80.5%, or 81%, or 81.5%, or
82%, or 82.5%, or 83%, or 83.5%, or 84%, or 84.5%, or 85%, or 85.5%, or 86%, or 86.5%
or 87%, or 87.5%, or 88%, or 88.5%, or 89%, or 89.5%, or 90%, or 90.5%, or 91%, or
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91.5%, or 92%, or 92.5%, or 93%, or 93.5%, or 94%, or 94.5%, or 95%, or 95.5%, or 96%,

or 96.5%, or 97%, or 97.5%, or 98%, or 98.5%, or 99%, or 99.5%, or 99.999%

[1878] Note: The concentration of oxygan gas or distonnie oxygen in a head space or a
reactor miay be lowss than or equal to oue o more of the following volume perecent
concentrations: 000019, or 0.3%, or 1%, or 1.5%, or 2%, ov 2.5%, oo 3%, or 3.3%, or 4%, or
4.5%, or 5%, or 5.5%, or 6%, or 6.5%, or 7%, or 7.5%, or 8%, or 8.5%, or 9%, or 9.5%, or
10%, or 10.5%, or 11%, or 11.5%., or 12%, or 12.5%, or 13%, or 13.5%, or 14%, or 14.5%,
or 15%, or 15.5%, or 16%, or 16.5%, or 17%, or 17.5%, or 18%, or 18.5%, or 19%, or
19.5%, or 20%, or 20.5%, or 21%, or 21.5%, or 22%. or 22.5%, or 23%, or 23.5%, or 24%,

or 24.5%, or 25%, or 25.5%, or 26%, or 26.5%, or 27%, or 27.5%, or 28%, or 28.5%, or
29%, or 29.5%, or 30%, or 30.5%, or 31%, or 31.5%, or 32%, or 32.5%. or 33%, or 33.5%,
or 34%, or 34.5%, or 35%, or 35.5%, or 36%, or 36.5%, or 37%, or 37.5%, or 38%, or
38.5%, or 39%, or 39.5%, or 40%, or 40.5%, or 41%, or 41.5%, or 42%, or 42.5%, or 43%,
or 43.5%, or 44%, or 44.5%, or 45%, or 45.5%, or 46%, or 46.5%, or 47%., or 47.5%, or
48%, or 48.5%, or 49%, or 49.5%, or 50%, or 50.5%, or 51%, or 51.5%, or 52%, or 52.5%
or 53%, or 53.5%, or 54%, or 54.5%, or 55%, or 55.5%, or 56%, or 56.5%, or 57%, or
57.5%, or 58%, or 58.5%, or 59%, or 59.5%, or 60%, or 60.5%, or 61%, or 61.5%, or 62%,
or 62.5%, or 63%, or 63.5%, or 64%, or 64.5%, or 65%, or 65.5%, or 66%, or 66.5%, or
67%, or 67.5%, or 68%, or 68.5%, or 69%, or 69.5%, or 70%, or 70.5%., or 71%, or 71.5%,
or 72%, or 72.5%, or 73%, or 73.5%, or 74%, or 74.5%,, or 75%, or 75.5%, or 76%, or
76.5%, or 77%, or 77.5%, or 78%, or 78.5%, or 79%, or 79.5%, or 80%, or 80.5%, or 81%,
or 81.5%, or 82%, or 82.5%, or 83%, or 83.5%, or 84%, or 84.5%, or 85%, or 85.5%, or
86%, or 86.5%, or 87%, or 87.5%, or 88%, or 88.5%, or 89%, or 8§9.5%, or 90%, or 90.5%,
or 91%, or 91.5%, or 92%, or 92.5%, or 93%, or 93.53%, or 94%, or 94.5%, or 95%, or
95.5%, or 96%, or 96.5%, or 97%, or 97.5%, or 98%, or 98.5%, or 99%, or 99.5%, or
99.999%

[1871] Neote: Calooning kilns may inchade, but are not lhnited o, one ormore ora
combination of the following: Shaft kilns, or Counter-cuvent shaft kilns, or Regancrative

kilns, or Annular kulns, o Rotary kilns,

118721  Note: Insome embodiments, of least a portion of heat may be supplicd by a heat
pump, o a refrigeration oycle, or a combination thercof. A heat pupyp gy comprise,

including, but aot imited 1o, a mechamieal, or thermal, or ahsorption, or a combination
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thereof process. A heat pemp may be powered by, inclading, but not Himited to, clectricity, or
heat, or photons, or chemical reaction, or radiation, or mechanical work, or paeomatic
provess, or hydraulic process, or expansion, or compression, or evaporation, or absorption, or
vapor pressure differences, or osmatic mressure differences, or tomperature diffemencss, or

pressure differences, ora combination thereof,

11873 Note: Other acid gases way be emploved instead of ov in addition to sulfur
dioxide, which may include, but are not Himited to, nitrogen oxides, or murogen dioxide, or
nitrogen monexide; or dinttrogen tetroxide, or vairie acid, or carbon dioxide, or carbonic acid,
or frydrogen sutfurie, or salfinnie acid, or hydrosulfuric acid, or organo-selurous compounds,
or hydrochioric acid, or hydrobromic acid, or hydroiedic acid, or hydrogen evanide, or
sulfarie acid, or perchloric acid, or nitroes acid, or hydrotinonie acid, or mitrogen denvative

acids, or halogen derivative acids, or dervatives tharmof, or a combination thoreof,

(18744 Note: Organic acids, or carboxylic acids, or organdc acid antons, or a combination
thoreo! may inchade, but are not limited 1o, one of more o a combination of the following:
citric acid, or sconiiates, ar citrates, or Isocitrates, or atlotsocitrate, or oxadic acid, or acetic
acid, or carboxvlic acids, or faetie acid, or acontic acd, or formic acid, or uric acid, or malie
acid, or tartaric acid, methanoie acid, or hydroxymethanoic acid, or cthanoie acyd, or 2~
hvdroxyethanoic acid, or oxoethanoic acid, or ethanedioie actd, or propanoie seid, or
propenaie acid, or propynoic acid, or 2-hydroxypropansic actd, or 3-hydroxypropasoie acid,
or 2 3-divvdroxypropanoc acid, or 2-oxopropanoeic actd, or 3~oxopropaneic acyd, or 2.3~
dioopropanoie acid, or propanedioie acid, or 2-hydroxypropanedioic acid, or 2.2~
dihydroxypropancdioic acid, or axopropancedioie acid, or oxirane-2-carhonsylic aad, or
butanoic acid, ar 2-methylpropaneic acid, or {E)-but-2~enote acid, or {Z)-but-Z-enoic acid, or
Z-methyipropenocic scid, or but-3~enoic avid, or but-2-vaoie acid, or 2-hvdroxybutanemc acid,
or 3-hyvdroxybutaneic acid, or d-hydroybutanoic aad, or 2-oxobutanoic anid, or 3-
sixobutanoie acid, or 4-gxobutancic acid, or butancdisio actd, ov Z-mcthylpropanedioic acid,
or {Ey-butenediotc acid, or {(Z)-butenediote acid, or butvpediote acid, or hydroxvbutanedioic
acd, or 2, 3~dihydroxybutancdicie acid, or oxobutancdioic scid, or dinsobutancdioic aid, or
pentanoie acid, or 3-methyibutanoic agid, or 2-methylbutancic acid, or 2.2~
dimethvlpropaneic acid, or I-hvdroxypentanoie actd, or dbvdroxypentancic acid, or 3«
hvdroxy-3-methytbatanoic actd, or pentanedioie acid, or 2-oxopentanedioie acid, or 3-
exopontatedivie acid, or furan-2-carboxylic acid, or wirahydrofiwan-2-carboxylic acid, or

hexanete acid, or hexanedioie agid, or 2,3-dimethylbutanoic acid, or 3,3-dimethylbutanoic
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acid, or 2-hydroxypropane-1.2. 3 -tricarboxylic acid, or prop-t-ene-1,2 3-tricarboxyvlic acid, or
hydroxypropang-1,2, 3-tricarboxydic acid, or ZE 4E)-hexa-2 4-dignoic acid, or heptanoic
acid, or heptanediote acid, or evelohexanecarboxylic acid, or benzencearbonylic acid, or 2-
hvdroxybenzeic ackd, or $-carboxybenzoic acid, or 2,2-dimethyipentanoie acid, or 2.3+
dimethyvipentanoie acid, or 2 4-dimethylpentanoic acid, or 3, 3-dimethyipentanoke acid, or 2-
cthylpentanoic scid, or 3-ethylpentancic acid, or Z-methylhexanoie acid, oy I-methyvthexmnoie
geid, or 2.2 3-trmmethytbutanoie scid, or 2-ethyl-Zamethylbutanoic acud, ov 2-cthyl-3-, o
methylbutansic geid, or octanole acid, o benzene-1 2-dicarboxylic acid, or 2~
methylheptanoie acid, or 3-methyltheptanote acd, or 4-methyltheplanoic acid, or §-
methylheptanoie acid, or 6-methylheptanois acid, or 2 2-dimethyihexanoir acid, or 2.3+
dimethylhexandic acid, or 2 4-dimethythexanoie acid, or 2.5 -dimethyvlhexanoic acid, or 3.3+
dimethvlhexanoic acid, or 3 d-dimethyvthexanoic acid, or 3 S-dimethvlhexanoic aeid, or 4.4+
dimethvihexanoic acid, or 4, 5-dimethyibexaneic acid, or 3,5-dimethvihexanoie acid, or 2-
cthanchexanoic acid, or 3-cthanchexanaie acid, or d-cthanchexanoie acid, or 3-
sthanchexanote acid, or 2-octenoic acid, of J-ovtenoie acid, o d-octenoie acid, or S-oclonoic
acid, or G-netenoie aaid, o T-ootenoie acid, or nonanocie acid, or boneene- 1,3, S-tnicarboxvlic
acid, v (E}-3-phenylprop-2-enoic aid, or decanoie acid, or decanediow acid, or undecanaic
aeid, or dedecanvic acid, or benzene-1,2,.3.4.5 6-hexacarboxylic acid, or tridecanoie acid, or
tetradecanoie acid, or pentadecanoic acid, or hexadecanoie acid, or heptadecancic aoid, or
gotadecanoic acid, or (Y-ootadec-B-onoiv acid, or (92,128 -octadera-9, 1 2-dienoie acid, or
{92,127 157 -oetadecs-, 12, 18-trienoie acid, or (62,82 127)-octadeea-6,9 1 2-trionoie acid,
or {6292, 128 1 37 ovtadeca-6,9, 17 1 S<tetraenoic acid, or nonadecanoic acid, of cicosansic
acid, or (SZEZ 11 D -cicosa-3 8, T -trivnoie acid, or (84,8, 1 12 14)-cicosa-5,8,11 . 14-
teirgenoic acid, or (3ZBZZ 142,172 ~civosa-53,8,1 | 14-pentaenoic acid, o heneicpsanoic
acid, or docosanaie ackd; or (42,72 102,137,162 102} -docosa~4,7, HL 13,18, T S-hoxaenme
acid, or tricosanoic acid, or tetracosanoic acid, or pertacosanic acid, or hexacosanoic acid,
or anune acids, or ghutamate, or gldamie acid.

[1B75] Nete: Weak acids or orgamic acids may include, but are not limsted 1o, onc oy
aune of 8 combination of the following: carboxylie acids, or sulfonic acids, or aleohols, or
thiols, or enols, or phenols, or carbome acid

[1876]  Noter Calciam oxade produced may be reacted with water to produce caleium
hydroxide of a solation comprising aqueoes caleium hydroxide. The aqueoas caloium

hydroxide may be reacted sodium carbonate, such as an aquedus solution of sodiam
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carbowmate, {0 produce precipitate ealcium carbonate and agqueous sodium hydroxide. The
precipitated calciom carbonate may by separated from the ageeous sodivan hydroxide and
may comprise 8 valuable byproduct. The agueous sodium hydroxide may be reacted with a
zas comywising carbon dioxide to produce agueous sodivum carbonate. For example, aqueous
sodian hydroxide may be reacted with flue gas, or rave gas, or alr, or gases prodeced from
fuel connbusted topower the caldner, or remabting gases after absorption of sulfur disade,
or other pas comprising at least a portion CO2, or a combination thereof. Some embodiments
of the present invention may be emploved to prodoce CO2~eminsions neutral or negative
precipitated calcium carbonate. Some embodiments of the present inveation may myolve
producing CO2-enissions neutral or negative precipitated calcium carhonate using CQ2 from
the air ot captered from the atr using the presently deseribed process. Sone embodiments of
the present hwention may mvobve producing CO2-emissions neutral or negative precipitated
calcium carbonate using CO2 from enussions souvees, o air, o both using the presemtly

doesoribed process.

11877} Note: The weight percent coneentration of one or mere or a combination of
reggents may include, but is not linited to, ess than, or equal to, or greater than one ar more
or a combination of the following: 0%, or 0.5%, or e, or 1.5%, or 2%, or 2.5%, or 3%, or
3.5%, or 4%, or 4.5%, or 5%, or 5.5%, or 6%, or 6.5%, or 7%, or 7.5%, or 8%, or 8.5%, or
9%, or 9.5%, or 10%, or 10.5%, or 11%, or 11.5%, or 12%, or 12.5%, or 13%., or 13.5%
14%, or 14.5%, or 15%, or 15.5%, or 16%, or 16.5%, or 17%, or 17.5%, or 18%, or 18.5%,
or 19%, or 19.5%, or 20%, or 20.5%, or 21%, or 21.5%, or 22%, or 22.5%, or 23%, or
23.5%, or 24%, or 24.5%, or 25%, or 25.5%, or 26%, or 26.5%. or 27%, or 27.5%, or 28%,
or 28.5%, or 29%, or 29.5%, or 30%, or 30.5%, or 31%, or 31.5%, or 32%, or 32.5%, or

33%, or 33.5%, or 34%, or 34.5%, or 35%, or 35.5%, or 36%, or 36.5%, or 37%, or 37.5%
or 38%, or 38.5%, or 39%, or 39.5%, or 40%, or 40.5%, or 41%, or 41.5%, or 42%, or
42.5%, or 43%, or 43.5%, or 44%, or 44.5%, or 45%, or 45.5%, or 46%. or 46.5%, or 47%,
or 47.5%, or 48%, or 48.5%, or 49%, or 49.5%, or 50%, or 50.5%, or 51%, or 51.5%, or
52%, or 52.5%, or 53%, or 53.5%, or 54%, or 54.5%, or 55%, or 55.5%, or 56%, or 56.5%,
or 57%, or 57.5%, or 58%, or 58.5%, or 59%, or 59.5%, or 60%, or 60.5%, or 61%, or
61.5%, or 62%, or 62.5%, or 63%, or 63.5%, or 64%. or 64.5%, or 65%, or 65.5%, or 66%,
or 66.5%, or 67%, or 67.5%, or 68%, or 68.5%, or 69%, or 69.5%, or 70%, or 70.5%, or
71%, or 71.5%, or 72%, or 72.5%, or 73%, or 73.5%, or 74%, or 74.5%, or 75%, or 75.5%,
or 76%, or 76.5%, or 77%, or 77.5%, or 78%, or 78.5%, or 79%, or 79.5%, or 80%, or
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80.5%, or 81%, or 81.5%, or 82%, or 82.5%, or 83%, or 83.5%, or 84%, or 84.5%, or 85%,
or 85.5%, or 86%, or 86.5%, or 87%. or 87.5%, or 88%, or 88.5%, or 89%, or 89.5%, or
90%, or 90.5%, or 91%, or 91.5%, or 92%, or 92.5%, or 93%, or 93.5%, or 94%, or 94.5%,
or 95%, or 95.5%, or 96%, or 96.5%, or 97%, or 97.5%, or 98%, or 98.5%, or 99%, or

99.5%, or 100%

[1B78} Nete: Calohum silicate input or magnesium silicate Inpat may comprise a slag. For
example, global fron shag production i estimated to be 328 million to 384 million tong
armpally and steel stag is estimated to be between 190 million to 280 sullion tons snneally.
Other slags may include, but are not Hinited to, slags from magueshum production. Slags are
generally produced when calohum oxide or magnesium oxide are added to a metal production
process 1o remove wnpurities, or factlitale certain conditions or propertics, of a combimation
thersof. Some embodimants may covvart said slags into caleium sade or nagnesium axide
or other alkaline earth oxide. Some embodinents may enable a civealar cconomy in the iron-
marking, or stech-making, or other yetal production industries because caloram oxide andfor
magnestam oxide @ used as the tnpety which result tn the production of slag. I iron or steel
makers can reevele at least a portion of slag into calcium oxide or magnesium oxade, 1won or
stect makers may greatly reduce or climinate their need to purchase caloium oxide or
magreshon oxide, significantly reducing eporating costs. If at least a pertion of fron or stexd

-

stag is recveled into calcium oxide or magiesium oxide, ron andior steel produstion hifeyele

carbon dioxide emissions will be greatly reduced.

1879 Note: Caleiwm sulfite andfor magnesium sulfite may comnprise hydrates. For
examyple, magucsiurn sulfite nay form 3 hexahydeate, or a trihvdrate, or may be anbydrous,
For example, calcium sulfite may form g tetrabydrate, or a hemihydrate, or may be
anhvdrous. Hmay be desirable to deloedrate at least 3 portion of the hydrate of calchun
sulfite, or magnosium suliite, ot both hefore or during ealeining of w sulfite inte an oade and
sulfur dioxide. It may be deswable to dehvdrate at least a portion of the hydrate of caloium
sulfite, or magnesium sulfite, or both before calehung of a sulfite into an oxide and sulhw
dionide. For example, magnesium subfite hexahydrate may be heated to above 40° O where
magnestam salfite hexahydrate may decompose or dehydrate inte magnesiom sulfie
trilivdrate. For exanmple, calctom solftte tetrahvdrate may be heated to decompose o
dehydrate into calohan sulfite homihvdrate. For example, caleium andfor magnesium
hvdrates may be decompuosed or debydrated inte anhydrows forms, For example, calchon

sulfite fydrate andfor magnesivm sulfite hydraie miay be heated 1o decompase ov dehydrate
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fnte anhydroas forms. Dehydrating hydrates may require heat or other energy. I may be
desirable to supply said heat or other snergy for dehydrating bydsates from lower cost, or
tower quality heat sources, such as, including, but not Himited to, one ormore ora
combination of the following: waste heat, or heat from other process steps, or low quality
steam, of medivm guality steam, or high guality step. or combustion of one or e fucls, or

solar thermal, or slacking e, or hvdrating & oxide to & hydroxide, or other beat source.

11880 Note: At feast a portion of the weak acid prodect, or andissolved materials, ora

combination thereot are emploved as g concrete aggregate.

[1881]  Note: At least g portion of the weak scid product, or undissolved materials, ora

combinatin thercof may be dizposed of or may comprise a waste product,

[1882] Noter A material comprising caloium andfor magnesium may comprise 8 material
comprising an alkaline-carth, Alkaline-carths may nclude one oF more or a combination of
the following: bervilen (Be), ov magoeshun (Mg), or caleiam (Cal, or strontivm {80), or

bariuot {Bal, or radiam (Ra}

[1883] Note: In some embodiments, 8 matertal comprising caloiam andior magnesiugn of
an atkaline earth may forther comprise one or more or 8 combination of the following: iron
oxides, or iron, or manganese oxide, or manganese, may nchude, but are not hiniited o, one
or more or 3 combination of the followdng: won (31, or won (11, or tron (1), or fson (I}
oxide, or won (1LY oxide, or won {H1} oxide, or won sulfite, or iron sulfate, or won sulfide, or
iron, or ferrites, or ferrates, or calcium-iron salts, or magnesium won sals, or iron sibicate
salts, or iron silicon salts, or iron carbon salts, or mangancse salts, or manganese—3, or

2, o

manganese—2, or manganese—1, or manganese 4}, of manganese+ 1, oF manganes
manganese, Of manganese-+3, or manganese+4, or manganeset S, or imanganese+, oF
manganese™7, of manganese sidfite, or mnangancse oxide, or manganese carbonate, or
manganese-1ron, of calcium-manganese, or calcivm-manganese salts, or magnesion-
manganese, Of maghesiim-mangancss salts, or manganess silicon, or manganese carbon, of

Manganese

[1884]  Nete: The propertics of fron and manganese may be similar. Manganese may be
present in some materials which may comprise ivon, such as some skags, of concretes, or
mingrals. It some cimbodinents, ron and mangancse may by used interchangeably,

[IBBS]  Nete: Solutions comprising salis of metals lead, or copper, or gold, or sibver, or

zine, or alunumanm, or chromivum, or cobalt, or mangancse, or rare~carth metals, or ivon, or
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modybdenum | or cadmiim, or nickel, of sibver, or cobalt, or zing, or gold, or platimon, or
platinam group metals, or & combination thereof may undergo @ separations and/or refining
process. For example, one or more or 5 comnbination of said nctals may be separated or
moduced from solution or from a separated state or both by means of, for example, mchuding,
but not limited to, ong or more or a combination of the following: clectrolvtic refining, or
slectrowinning, or electroextraction, or electrodeposition, For example, a solution comprising
acuenus row bisulfite, or manganese biselfite, or fron salfate, or mangasese bisudfate, or ron
chioride, or magnesium chloride may undergo clectroextraction 1o produce manganese, fron,
or a combination thereof. In some embodiments, one or more or a combination of the
aforementioned metals miay be separated by reaction with hydrogen sulfide or sulfar to
prodace a sulfide or an nsoluble selfide, dwn said sulfide may be comverted bnte a fornt for

ee as in input to an electropxiraction PrOCEss.

[1886] Note: Separation of at least & portion of ron sulfite solid from at least a portion of
calcium sulfite solid, or separation of iron Fom calohum or magnesium, or & combination
thereot may be conducted by, ncluding, but not limited to, one or more or 3 combination of
the following: density based separation, or Hoatation and sinking separation using a dense
Hepad, or separation nsing a dense liquid, or separation using a lquid with a lower density
than ron sulfite and a groater density than calciven sulfite, or roagnetic scparation, or
magnetic sepatation of won from calcium, or exidation of iron, or waction of sohwtion
comprising dissobved tron with bydrogen sulfide to produce ivon sulfide sohid precipitate, or
reaction of solution comprising caleium with sulfirice acid o form calcium sulfate precipitate,
or frothing, or floatation, or solid separation, or centrifuge, or grinding, or pulvertzation, or
regenion of won selite and caleiunt sulfite sohids with sulfurie scid to foem dissolved or
agueocus iron sulfate and calcinm sulfate solid, or reaction of g mixture of caloium oxide and
iron oxide with water to form calciun hydroxide dissodecd or agueous and fron oxide solid,
or precipitation of ivon selfite before caleinm sulfite, or precipitation of calciam sudfite before
ron sulfite, or clectrodialysis, or clectrodialysis reversal, or jon exchange, or iron exchange
resin, oF wwon yeaction, or double-salt reaction, or precipitation reaction, ot temperatiwe driven
precipifation, or concentration driven precipitation

[1887]  Neter In some embodiments, “oxide™ or “hydroxade’” or a combination thereof may

he comsidered weak acids or “wenk actd anions” or a combination thereot,
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[1BR&] Note: Separations may mehude, but arg not limited to, one or morc ov a
commbination of the following: Separation by density, or Separation by magnetism, o
Scparation by frothing or surface tension, or Separation by residual solubility differences, or
Separation by oxtdation, or Separation by ton exchange, or Separation by reaction with an
atkali hydroxide solation, or Separation by veaction with hydrogen sulfide, or Separation by
reaction with agueous sulfuric acid, or Separstion by density using a Tugh density Hauid with
adensity loss than at Jeast ove salt and a density greater than one salt, or Separation by
densiby using a high density Bauid with a density less thaw fron sudfite and a density greater
than calciam selfite, or Separation by density using a ceptrifuge, or Separation by a magnetic
field osing # naixing and an externally applied magnetic field, or Separation by reaction with
andfor digsolution in water, or Grinding or pulverization, or Separation by froth flotition, or
Other sobid-sokid separation method, or Other method for separating iron from caleium, or

Other separation method

[1889} Note: In some ewbodiments, remaining solation affer separating magnesiam
sulfite solid ustng a solid-liguid separate progess may be Auather treated with, including, bat
not imited to, one or more or a combination of the following: low exchange, or resing, or
filters, or chemical treatments, or chemical reactions, or meinbrane based process, or
ghstitlation, or conling, or heating; or freceing, or arvodesalination, ov sobventing-out, or
solvent induced precipitation, or salting-out, or other freatment. One or e solutions
comprising water may be transferred to a sulfur dioxide absorption step, or mixed with a

solhution transferred 1o a sulfiy dioxide absorption step, or a combination therent.
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ADDITIONAL NOTES
L. Process fir prodecing sodiwn hydroxide wherein the process comprises:
reacting calehun bearing material with agueous acetic acid to produce aguecus

galoium acetats

L A provess for producing sodium hvdroxide wherein the process comprises:

reacting a calvnom -~ sthcate salt with aqueous acetic amd to produce agquesus
caleiunt acetate and silicon dioxide solid;

separating sad sthcon dioxide solid from water;

reacting aquecus calcium acetate with sodium sulfite o producy aqueous sodium
acetate and calehwn sulfiate solid precipitate;

separating said calosum sulfate solid from aqueous sodiam acetale;

reacting agqueous sodian acetate with sulfie dioxids 1o produce agusous sodiam
sulfite and acetic aad;

separating sodiam suifite from agqueous acetic acid;

rescting sodinm sulfite with caleiun hydrogide to produce sodim hydroxide.

i A process for producing sy sodiumt hydroxide wherein the process congprises:

reacting a calohon carbonate anton salt with agueows agetic acid o produce
agucous calctam soctate and carbon dioxide;

reacting aqueous calciun: soetate with sodium sulfate 1o produce agueous sodivm
acctate and calcium sulfate solid precipiiate;

separating said calenum sulfate solid from agueons sodiam acetate:

reacting aqiwons sodiam acctate with sulfir dioxide o produce sgquesys sodhsm
sulfite and acetic acid;

separating sodium sudfite from agueons acetic acid;

reacting sodiurn sulfite with calciun: bydroxide to produce sodium hydroxide,
Note: In some emboduments, Acetic actd may be nearly miscible or completely miscible in
water, while sodiwm sulfite may be partially miscible. In some embodiments, if water and
acetie actd may be romoved wsing distilation o gvaporation, sodivm selfitc may gventually

pregipitate or erystatiize from solution.
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Sonwe embodiments may comprise condensing water vapors into an acetic scid solution

following sodium sulfite sepasation { precipitation { orvstadlization

Caleiming caleram selfite to produce calerum oxide

Drying calcium solfite before caloining by employing calchum oxide as s desicoant {enlcinm

oxide reacts with water o water vapor to produce caletum hydroxide)

1, A proeess for prodecing caletum oxide or ealoium hydroxide of eement wherein the
PrOCess Comprises:

reaching & calcium carbonate with asolution comprising aqueous acetic acid and
agueous sodium selfite to prodece aquecus sodian acetate, caloiom sulfite solid, and carbon
dioxide gas;

separating suid caloiun sulfite sohid from aqueosus sodim acelate;

decomposing calcion sudfite solid to produce catorum oxide and sulfur dioxade;

reachny aguenus sodiu acefate with sulfur dioxwde to produce aqueous sodivm

sulfite and acetic acid,

1. A process for producing caloium oxide or calcium hedroxide or coment wherein the
ProCcess COmprises:

reacting & calchum carbonate with agueous acetic acid to produce aqueous calciom
avetate and carbon dioxide;

reacting aquenus caloium scetate with sodiam sulfite to produce aqueous sodium
acefate and caleium sulfite solid procipitate;

separating said caleiwm sulfite solid from agueous sodiam acetate;

reacting agqueoss sodiam acetate with sulfur dioxide to produce aguenus sodinm
sulfite and acetic acid;

separating aqueous sodhum sulfite from agueous acctic acid by roverse osmaosis or
nanofiltration;

Wherein aguecus acetic acid permeates the membrane and sodium sulfite i
rejocted by the membrane;

deconposing caloium sulfite solid to produce calctum oxide and sulfur dioxide,
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i, A process for prodacing caleiom oxide or calcihum hydroxide of coment wherein the
PIOCESS CORPRISeS;

reacting a calctum carbonste with aqueous seetie goid 1o produce aguious calcium
acstate and carbon dioxide;

reacting agueons ealcium acetate with sodiam sulfite to produce agucous sodium
acehabe and calohoo sulfite solid precipitate;

separating said caleium sulfite solid from agqueous sodhum acetate;

reacting aquesus sodiwn acetate with sulfie dioxide to prodoce aqueons sodiem
sulfite and acetic acid;

separating agueous sodim subfite from aqueous acetie acid by reverse psmosis or
manofiltration;

decomposing calciung selfite solid to produce caleium vxide and sulfur dioxide.

i A process for producing calchum oxide or calelum hydroxide or cement wherein the
PIOCOSS COMPrises:

reachng # calenum carbonate with aquenus soctic goid to produce agucous ealcium
acetate and carbon divmde;

regcting aqueons cafoiun goetate with sodium sulfite 1o produce agueous sodium
sectate and calcium sulfiie solid precipitate;

separating said calerum sulfite solid from agueous sodium acetate;

reacting aqueows sodivm acetate with subiir dioxide to produce aquecas sodiam
sulfite and acetic acid;

separating sodivm sulfite from agueous seetic acid;

decomposing caleivm sulfite solid to produce calcimm oxide and sulfur dioxide.

1. A process for produsing ap calciam oxide and acetic acid from calcium acetate
whesein the process comprises:

reacting aqueous calchum acotate with sudfur dioxide 1o produce agueous agetic
acid and caletum sulfite solid precipitate;

separating said salcn-—sudfite solid from water;

calvining said caloinn—sutfite sohid to produce calclam—oxide, comaent, or o

combination thereof,

341



WO 2023/225089 PCT/US2023/022544

i, A process for producing an calohom oxide wherein the process comprisgs:

reacting an caloham - stlicate amon salt with agueous acctic acid to produce
aqueons caleium acetate and silicon dioxide solid;

separating said sthicon dioxide solid from watsy;

reacting agueons caleium acetfate with sulfin dioxide to produce agqueous acetic
acid and caleium sulfite solid precipitate;

separating said calonm—sadfite solid from water;

calciming said calchum-—sulfite solid to produce calehon—oxide, coment, or a

combination thoreod.

1. A progess for producipg an cdderam oxade wherdin the process comprises;
reacting an calcium carbonate with agqueous acetic acid to produce agueous
caleium acetate and carbon diexide gas;
reacting aqueous caletum acetate with sudfur dioade to produce aqueous acetic
acid wnd calohun sulfite solid;

separating satd valetpn—sulfite solid from water;

combination thereof:

Wherem said carbon dioxide gas comprises captered carbon dioxide

Wherein calehum oxide produced is enploved to absorh water vapor from a cartier
gas emploved to remove water from calctarm sulfite hydrate or debyvdrate calctam sulfue

Wherein calerum oxide produced is employed to dey caletum sulfite hydrate

Wherein calctum oxide produced is emploved to dry caleiam sulfite

Wherein the heat from the reaction of calchum oxide with water is enyploved o dry
cateiun sulfite

Absorbing SO2 gas into & sohution comprising agueous caletom acetate to form a
calcium sulfits precipitate and agueous acetic acid

Wherein off gases produced during the decomposition of calcium sulfite are
gontacted with a sohstion comprising agueous calcium acetate to form n calolum sulfite
precipitate and agueoas acktic acid

Wherein said off-gases comprise nitrogen, oxyeen, carbon dioside, water vaper,

and sulfur shoxide
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Whergin said off-gases comprise nitrogen, oxygen, carbon dioxide, and salfin
dioxide

Wherein said off-gases comprise nitrogen, sxyvgon, and sultur dioxide

Wherein said off-gases comprising nitrogen and sulfin dioxide

{t may be desivable to employ a high concentration of acetic acid, although a
sutficiently low concerdration such that caleium acetate is capable of dissolving in the
solution.

In some embodbments, sulfur dioxide gas may be added or contacted with the
agueous calcian sectate-rich solution and /o the agucous calctam scctate may react with
sulfin dioxide {or aqueous suliur dioxide or sulfurous acid) to form caleium sulfite solid
precipitate and aguecus adetic avid,

rescting cadciont oxide with water to produce valcium hydroxide or milk of hae,
wheretn the heat generated moay be emploved 1o facilitate the deving of valciumn sulfie before
caleining

reacting caleim hydroxide or caletum oxide with carbon dioxade to produce
calciun carbonate

Wheren said caleium carbonaie counprises procipitated calenny carbonate or hugh
purity ealeium carhonate

Whercin said carbon dioxide comprises a gas comprising carbon dioxade, which
may include, but Is not limited to, alv, or enuissions gas, or

Formie acid instead of or in addition to agetic acid

Wherein said carbon dioxide comprises a gas comprising carbon dioxide, which
may inchade, but ts not linvted to, carbon dioxide from the reaction of caletum carbonate with
acetic acid

reacting in the presence of clay or other magerial to produce cement

reacting comprises contacting 3 gas stream comprising sulfie dioxide with a
solution comprising calcium acetate

gas strear coniprises sutfr dioxide from caloining ealeium sulfite

gas stroam comprises sutfur dioxide from caloining caleium sulfite, and the
concenivation of SO 15 less than  vol%

gas stream comprises sulfor dioxide from ealcining calotum sulfite, 802 is
separated and comprises a lugh concentration SO2 gas with o concentration of SO2 greater

than _volh
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gas strgany comprises subfuy dioxidy from calcinimg caloium sulfite, SO is
separated and comprises @ high coneentration 02 gas with a partial presswve of 502 greater
than _atm

sulfur dioxide s separated by eryogenic or cooling condensing from kiln gases or
from gases produced or geserated during the decomposition of calcium sulfiie

reacting comprises conticting or mixing Hauid solfur dioxide with a solution
comprising calctum acetate

reacting comprises contacting or mixing solid sulfie dioxide with a sohution
comprising calcrom sectate

continuous, Batch, Senyi-batch {deseribe implementation for cach process step)

sificate, or carbonate, or sulfide

carboxydic acid or organic acid, suoh as acetic, or benwoie, or formiic, or propansic,

ar vitrie, or lactis, or matic

EXAMPLE EMBODIMENTS

Additional Example Description Example Embodinents Sodinm Hydroxide Production
with Carboxylic Acid and Sulfur Diexide Intermediates

1. A process comprising:

reacting a material comprising caloham carbonate with 3 solation comprising

agqueous carthoxyvlic aoid to form o gas comprising catbon dioxide and 2 solution comprising
aqueous calciam carboxylate:

reacting the solution comprising aqueces calcium carboxylate with sodiem selfate
o Tormy a solation comprising agusous sodium carboxylate and a solid comprising calciam
sulfite;

regching the solution comprising aqueous sodivm carboxylate with salfur dioxide
to form sodnam sulfite and carboxylic acid;

separating said sodnon sulfite from said agueons carboxyhic acid; and

reacting smid sodivm sulfite with calehun hydroxide to form an agueouns solution
comprising sodium hydroxide sad a solid comprising caleium sulfie; and

deconposing said calenam sulfite to form caleivn oxide and sulfur dioxide.
2. The process of exaraple embodiment | further conprising reacting calcium oxide

with water to form caloium hydroxide.
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3. The process of example embodiment | wherein said carboxylic acid is selected from
formic acid, or acetic acid, or propancic ackd.

4. The process of exsmople cmbodiment | further comprising capturing at least a portion
of the carbon dioxids.

5. The process of example embodiment 4 wherens the caplured carbon dioxide
COBRRTNES 8 concentration greater than 70 percent or 1 partial pressure greater than 0.7 Bar.
8, The provess of example embodiment 1 wherein said carboxylic acid is selected from
formic acid, or acetic acid, or propanoic acid, and said carboxylate Is selected from formate,
or acetate, or propanoate.

7. The process of example embodiment | wherein said sodium sulfite and carboxylic
acid from said reacting He solution conprising agqueous sodivum carboxylate with sulfur
dioxide comprise a sefation comprising agueous sodiany selfite and aqueous carbonylic acid
at a Hquid state,

8. The process of example embodiment | wherein said reacting the solution comprising
aqueous sodiven carboxyiate with sulfie dioxide is conducted 1o an at feast 1wo stage
ahsorption cohwon;

Wherein a gas comprising sulfur digeude enters a fivst stage comprising reacting 8
solution comprising agueous sadiun carboxviate from the second stage with & gas
conyrising salfur dioxide to form g solution comprising agueoes sodiem selfiic and agueous
sarhoxvlic anid; and

Wherein remaining gases from the first stage coraprise carboxyhic acid vapors or
carboxylie scid vapor “ship’; and

Wherein said romaining gases from the fivst stage enter a second stage comprising
absorbing at least a portion of said carboxylic acid vapors or carboxylic acid vapor “slip’
front said renwaineng gises b a solution comprising aguecus sodium carboxylate fean in
carboxylic acid; and

Wherein the solution moves from the second stage to the first stage: and

Wherein the gas moves from the firgt stage to the second stage.

9, The process of example cmbodiment U wherein said sodivm sulfite and carboxylic
acid produced from said reacting the solution compristag agueous sodiam sarboxviate with
sultfur dioxide conprises a solid-liquid suxture comprising sodivm salfite solishand an
agueows soluton comprising agueous sodiun sulfite and agueous carboxylic acid at a Hguid

stale,
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16, The proogss of example embodiment 1 wherein said separating sodium sulfite from
carboxylic acid conyrises distitlation of agueous carboxylic acid and crystallization of
sodiam sulfile.

11, The process of exampls coabodiment 10 wherein the wherein the process for
distiilation and crvstallization commprises one or morg o any combination of the followmy:
mechanical vapor compression distillation, or mechinical vipor recompression distitlation, o
mechanical vapoy comprossion erystallizer, or walti-effect distilation, or membrane
distiltation, or maltistage flash distillaton.

12, The process of example embodimuent 10 wherein the vapor phase and condenaate
during distillation comprise carboxylic agid and water dug to the sinular boiling point of the
carboxyhe acid and water,

13, The process of example embodiment 1 wherein said separating sodbum sulfite from
carboxylic acid comprises separating sodium sulfite from aqueous carboxylic acid by
concentrating with reverse osmosis, or high pressure reverse osmosis, or electrodialysis, or
glectrodiatysis roversal, or forward osmosis, or osmotically assisted reverse osmosts and then
precipitating sodiunt sulfite by cocling precipitation.

14, The process of exmnple ombodiment 13 further comprising precipitating sodium
sulfite by coaling precipiiation.

15, Theprocess of example cmbodiment | wherem said calciom carbonate comprises an
alkaline carth — weak acid, or magnesm carbonate, or athaline carth carbomate, or a calzium
silicate, or a calciom aluminage, or catoram ferrite, or & calebun sulfide, or o magnesiam
sihicate, or @ magnesium alonunate, or magnesiey forvite, or 3 magnesium sulfide.

16, The process of example eimbodiment 1 wherein sulfler dioxide compriscs a gas
comprising sulfur dioxide from the decomposition of caloium sulfite,

17.  Theprocess of exavople entbodiment | wherein caleium hydrowide is provided in
stoichipmetric excess relative to sodipm salfite in the reaction of caleham hydroxide and
sodian seifite.

18.  The process of exanple embodiment | whercin the caleium sulfite further conprises
residaal catetum hydroxide

19, The process of example embodiment 1 further conmpristng Soncentrating sodim

hydroxide.
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20, The process of example embodiment 19 whercin at least g portion of said
coneenirating of sodium hydroxide comprises forevard osmosis or osmotically assisted
reverse osmosis; and

Wherein the deaw sobigion comprises sodium sulfite affer sepavation from at least a
portion of the carboxylie acid; and

Wherein the feed solution conprises sodhum hydroxide after separation of at feast
a portion of caletum solfite.
231, The process of example embodiment 1 wherein said sodium hydvoxide is added to &
body of water, such as g sea of ooean, to react with or sequester carbon dioxide, increase
ocean pH, and reduce ocean acidity,
21 process of cxample crobodiment Twheren sodinm hyvdioxide is reacted with carbon
dioxide to form sodiam carbomate or sodivm bicarbonate,
23, A provess eovbprising

reacting a roxterial comprising ngnesium carbonate with a solution comprising
aqueous carboxylic acid to form a gas comprising carbon dioxide and a solabion comprising
agueous magnestum carboxyvlaie;

reacting the sofution comprising aqueous magnesium carboxylate with sodinm
sulfite to fonm a solution comprising agqueous sediam carboxylate and a solid comprising
magnesimm sutfate;

reacting the solution comprising aqueous sodiwn carboxylate with sulfin dioxide
1o fovrm sodiem sulfite and carboxylic acid;

separating said sodiam solfie from said agueous carboxytic acud; and

reacting said sodivn selfite with caletum hvdroxide to formy an agueous solution
comprising sodinm hydroxide and s solid comprising calciwn sulfite; and

decomposing said caleiwn sulfite to form caleiiom oxide and sulfi dioxide.
23, A process comprising:

reacting a material comprising alkaline carth eveak acid with a solution comprising
aqueous acid 1o form a solid or gas or Hauid or solution comprising weak geid derivative and
a sohstion comprising aqueomss alkaline carth acid anion;

reacting the solution comprising aqueous atkaline carth actd atdon with atkali

sudfiste o form a solution comprising agquoous atkali acid anion and & solid comprising

atkaline carth sulfate;
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reacting the solotion comprising aqucons stkali acid saion with sulfur dioxide to
form alkalt sulfite and acid:

separating sald alkali sulfite from saul aqueous acid; and

veacting said alkali sulfite with atkaline carth hydvoxide to fornt an agucous
solution comprising atkali hvdroxide and a solid comprising alkaline carth sulfite; and

decomposiig siid atkaline varth sulfite fo forn sdkatine earth oxide and sulfur
dioxide
24, The process of example embodinent 23 wherein the alkahine earth comprises one oy
mote of any combination of the followmg: berylliom (Be}, or magnestum (Mg), of caloiam
{Ca), or strontium {Sr}, o barium (Ba), or radium {Ra).
25, The process of example embodiment 23 wherein said weak agid derivative comprises
a derivative of mr acid with an acid strengtly fower than or less acidic than formic acid.
26, The process of example embodinient 23 wheretn said wenk ncid comprises an acid
with an acid strength lower than or less acidic dan fornue acid.
27, The process of example embodiment 23 whevein said weak acid derivative comprises
carbon digmade, or hivdrogen sulfide, or sthicen: dioxide, or sihicon oxide, or won oxade, ot
manganese oxide, o alunvinum oxide, or any nuxiure thereof.
28, The process of example entbodiment 23 wherein said acid comprises an acid stronger
than the weak acid and weaker than agucous selfue dioxide or sulfurous acid,
29, The process of exanple embodiment 23 wheredn said acid comprises a carboxylie
acid,
30, The process of example embodiment 23 wheretn sard alkali comprises one or more or
any combination of the following: Hthtam (L), or sodiam {(Na), or potassiany (K}, or

rubidivm (Rb), or Cesium (Cs), or Francium (Fr), or ansmonia or anmmonsium (NHy or NHy),

Additional Example Deseription Example Embodiments Sodiam Hydroxide, or Sodiam
Bicarbonate, or Sedium Carbenate, or Calotnm Carbonate Production with Carboxylic
Acid, Sulfur Dioxide, and Cavbon Dioxide Intermedintes
L A process Comprising

reacting a material covoprising caletam carbonate with a sohatiom comprising
agueocns carbornyhie acid 1o form a gas comprismg carbon dioxide and a solution comprising

agqueocns caleium carboxylate;

348



WO 2023/225089 PCT/US2023/022544

reacting the solution comprising aqueons calcium carboxylate with sodium selfate
to form a solation comprising agueoas sodiam carboxylate and a solid comprising calciam
sulfate;

reacting the solution conypwising agucous sodhns carboxylate with salfin dioxide
to form sodnan sulfite and carboxyhie acid;

separating sud sodium sulfite front said aqueons carhoxylic acid;

reacting calcium carbonate with carbon dioxide and water to form a solation
comprising aqueous calewm bicarbonate,

reacting a solution comprising agueous calciunt bicarbonate with sodiunm sulfite fo

form a solution comprising aquenus sodium bivarbonate and a solid comprising caleium

sufite;
decomposing said calcham sulfite to form calchm oxide and sulfin dioxide;
decoraposing safd sodium bicarbonate 1o form sodiwn ciwbonate and carbon
dhoxide;

reacting sard catorum oxide with water to form calciant hyvdroxide; and

reacting said sodivm carbonate with said caleban bydroxide to form an agqueous
solution comprising sodium hvdroxide and & sobid comprising calcium carbonate.
2. A process comprising:

reacting a material comprising calohom carbonate with & solation comprising
agqueons carhoxyvlic aoid to form o gas comprising catbon dioxide and 2 solution comprising
aquenus calciam carboxylate:

reacting the solotion comprising aqueoes cadcium carboxyvlate with sodiam salfate

o Tormy a solation comprising agqusous sodium carboxylate and a solid comprising calciam

regching the solution comprising aqueous sodinm carboxylate with salfur dioxide
to forms sodnan sulfite and carboxyvlic acid:

separating said sodion sulfite from satd agueosns carboxylic aid;

reacting calchim carbonate with carbon dioxide and water 1o form a sohation
comprising aqueous calorum bicarbonate;

reacting a sohution comprising aquenus calcium Mearbonate with sodium sudfite to
form a solution conprising aquenus sodium bicarbonate and a solid comprising caletum
sulfite; and

decomposing said calehum salfite to-form caletmm oxtde and sulfie dioxide.
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3. The process of example embodiment 2 further comprising decomposing said sodiam
bicarbenate to form sodiam carbonate and carbon dioxide.
4. The process of exarople embodiment 3 wherein said carbon dioxide comprises a
chemival infermediate in the process,
5 The process of example gmbodiment 1 further comprising reacting calehan oxide
with water to forn calohun hydroxide.
&, The process of example embodiment 3 further comprising regcting said sodivm
carbonate with calcian hydroaide to Form an ageeous solution comprising sodium hydroxide
and a scohid comprising saloium carbonate.
7. The process of example embodiment § wherein the carbon dioxide reacted in the
reachion of calcium carbonate with carbon dioxide and water to form a solution compuising
agueons caleium bicarbonate comprises carbon dioxide from the reaction of cadoium
carbonate with carboxylic acid,
8. The process of example embodinent | wherein caletwn oxade is reacted with carbon
dioxide to form caleivm carbonate,
9, The process of example embodiment & wherein the reacted carhon dioxide comprises
difute COz, or a OO Hrom an omissions souree, of CO: from a point souree, o CQ: fron sir,
or CCh in adr, or air, o ocean, or body of water.
18 The process of example cobodiment 6 wherem said calciom carbonate comprises the
valchum carbonate in the reaction of calorum carbonate with carbon dioxide and water to form
& solution comprising aqueous caletum bicarbanate.
11, The process of example embodiment & whergin said calenon carbonate comprises the
calclum carbonate in the reaction of calotum carbonate with carbon dioxide and water to form
a solution comprising agueocus calcium bicarbonate.
12, The process of example embodiment | further comprising concentrating sodium
hvdrexide.
13, Theprocess of exampls enibodiment 12 wherein at least a portion of said
condentrating of sodium hydroxide comprises forward osmosis or osmotically assisted
reverse osmosis: and

Wherein the draw soletion comprises sodium carbonate; and

Wherein the feed solution comprises sadivo hydhoxigde after separation of at loast

a portion of caleinn carhonate,
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14, Tha process of examplie embodiment 2 further comprising captaring at least a portion
of the carbon dioxsde.

18, The process of example embodiment 14 wherein the captured carbon dioxide
comises & conventration greater than 70 percent or & partial prossure greater than 0.7 Bar,
16, Theprocess of example conbodiment 2 wherem said carboxylic acid s selected from
formie acid, or weetiv acid, or propanote acid, snd swid carboxylate Ix selected from formaie,
or acetate, oF propanoate.

17, The process of example embodiment 1 wherein said sodinm hydroxide is added to a
body of water, such as g sea of ooean, to react with or sequester carbon dioxide, increase
ocean pH, and reducce ocoan acisity,

18, The process of exarople embodiment 2 whetein said réacting the solation comprising
agueons sodiunt carboxyiate with sulfur diovde is conducted i an at least two stage
absorption colunm;

Wherein a gas comprising sulfur dioxide enters a first stage comprising reacting a
solution comprising agquesus sodhun carboxyliate from the second stage with a gas
comprising sulfir dioxide to form a solution comprising agueows sodiu subfite and aguenus
carboxyhic acid; and

Wherein renwaining guses from the first stage comprise carbaxylic acid vapors or

carboxylic acid vapor “slip™; and

Wherein said remaining gases from the fivst stage suter a sccond stage comprising
absorbing at feast a portion of sald carboxylic acid vapors or cavboxyhic acid vaper “slip’
from satd remaining gases in a splation comprising squeoas sodieny carboxyvlate loan in
carboxyvlic scid; and

Wherein the solution moves from the sevond stage to the first stage; and

Wherein the gas moves from the first stage to the second stage.

1%, Theprocess of example eobodiment 2 wherein said reacting caleiom carbonate with
varbon dioxide and water is conducted in seactor with an atmosphere comprising COy

20, The process of example embodiment 19 wherehs the partial pressure of €Oz n said
atmosphere conprising €Oz is greater thae ¥ Bar,

21 The process of example embodiment 2 wherein said reacting a solution comgrising
agueons caleium bicarbonate with sodiner sulfite 1z conducted m reactor with an atmosphere

coraprising COn.
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22, The procgss of example embodiment 21 wherein the partial pressure of CO2 in said
atmwsphere compristag €Oz s greater than 0.5 Bar,
23, The process of example embodiment 2 wherein the solution comprising agueous
sodian bicarbonate s depressurized; and

Wherein at least a portion of any carbon dioxide released dwing said
depressurization ig ransferred to the renction of exleinnt varbonate with carbon dionide and
water,
24, The process of example embodiment 1 wherein calciom hydronide is provided in
stolchiometrie exeeays relative to sodivn carbonate in the reaction of calciam hydroxide and
sodiwn carbonate.
28, The process of example embodiment 1 whetein the calcian carbonate from the
reaction of sodiant carbonate and calctom hyvdroxide farther comprises residuad caloiany
hrydroxide.
26, The process of example embodiment 25 further comprising separating at least a
portion of said resideal calerum hydroxide,
27, A process conprisiig:

reacting a material comprisiug calcium carbomate with a solution comprising
agqueous carboxyhic achd to form a gas conyprising carbon dioxide and & sohstion comprising
aqueoes caloham carboxylate;

reacting the solution conymising agueous calorum carboxyvlate with sednin sulfate
to formy a solation comprising squeous sodinm carboxylate and a solid comprising calctam
sulfate;

reacting the solution comprising aqueous sodiam carboxylate with sulfor dioxide
to form sodiun selfite and carboxylic seid;

separating said sodium sultite from said aqueous carboxylic aeid;

reacting magnesinn carbonate with carbon dioxide and water to form a solution
conyrising agueous magnesiam bicarbonats;

reacting a solution conyprising aqueous magnesiun Bearbonate with sodiur sulfite
10 form a solulion comptising agueous sodium bicarbonate and a solid comprising
magnesiam sulfite;

decomposing said nrgnesium salfite o form magnesion oxide and sulfur dioxide;

regeting said magnestum oxide with carbon diesade to frm magnesium catbonate;
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decomposing said sodiam bicarbonate o form sodium carbonate and carbon
dioxide;

regeting said calehum oxide with water to form calchum hydroxide;

reacting said sodiam carbonate with sad caletum hydroxide to forme an aqueous
solution comprising sodiom hydvoxide and a solid compnising calchom carbonate; and

decormposing caleiuny carbonate fivio caleium oxide and carbon dioxide.
28, A process comprising:

reacting a material comprising caletum carbonate with a sohution comprising
agueous carboxylic aeld to form a gas comprising carbon disxide aid a solation compriaing
agueous calcium carhoxylate;

reatting the solution comptising aqueous ealehum vavboxylae with sodhon sulfige
to forny a sobution conypirising agueows sodhan carboxylate and a solid conmprising calehwn
sulfate;

reacting the solution comprising aqueous sodiurn carboxylate with sulfir dioxide
1o fovrn sodtem sulfite and carboxylic acid;

separating said sodium sulfite from said aqueous carboxylic scid;

reaching magnesium carhonate with carbon diesade and water to form a solution
comprising aqueous magnesim bicarbonate;

reaching & solation comprising aqueons magnesian bicarbonate with sodnam suifite
to form a solution comprising aqueous sodium bicarbonate and a selid comprising
magnesian salfite;

decomposing sard magnesiian sulfite o form magnesiun oxide and sulfir dionide;
and

reacting said magnesium oxide with carbon dignide to form magnesium carbonate.

28, The process of exmople ensbodiment 28 wherein magoesium oxide is reacted with
water to form magnesiant hydroxide.

38, The process of sxample embodiment 28 wherein magneshon oxide is reacted with
water 1o form magnesium hydroxide and magnesium hydroxide is reacted with carbon
dioxide.

3, The process of example embodimant 28 wherein the sulfur dinade in the reaction of
agueons sodinm carboxylate with sulfur dioxasde compnises the solfin dioxide from the

deconyposition of magnesium sulfite.
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32, The process of example embodiment 27 wherein caleiwn carbonate is decomposed
tnto calcium oxide and carbon dioxide tn & manaer where the carbon dioxide is captwred,

33, The process of exmaple enmbodiment 27 wherein the carbon dioxide in the reaction of
magnesian oxide with carbon dioide comprises carbon divxide from the decomposition of
caleium carbonale,

34, The provess of exanple embodinient 27 sherein the carbon dioxide in the reaction of
nragnesiom oude with carbon diexide comprises cavbon dioxide from an enussions source,
or an internal source, or air

35, The process of example embodiment 28 whercin at least a portion of any residual
disselved magnesium sulfie is separatesd from said sodhun bicarhonate.

36, The process of exavaple ciabodinent 38 wherein at least a portion of any residual
dissolved magnesium sulfite is soprrated Fron sud sodiam bicarbonate by concentrating and
cooling precipitation.

37, The process of example embodiment 35 wherein at least a portion of any residual
dissolved magnesiom salfite is separated from said sodium bicarbonate by seleotive
clectrodialysis.

38, The process of exmnple cmbodiment 33 wherem said selective clectrodialysis
comprises monovalent selective electrodialysis (MSED} or divalewt selective electrodislysis
(DSED),

39, The process of cxanple eanbodiments 1, 2, 27, and 28 wherein an atkaline carth
istead of or iy addition to calehum or wagnesium may be employed, and ¥ ov wherein an
adhadi mstead of sodim may be emploved,

48,  The process of example embodiments 1, 2, 27, and 28 whergin the calcium or
magnesium may comprise sther afkaline earths instead of or in addition to calciun or
magnesium, and / or wherein the sodium may comprise another alkall instead of or

addition to sodian

Additional Example Deseription Example Embodunents Calchun Oxide or Magnesium
Qxide Production with Carboxylic Acid, Sulfar Dioxide, and Alkali Intermediates
1, A process comipeising:

regching a material comprising calenum carhonate with a solution comprising
agueous carboxyhie seid 1o form a gas comprising carbon dioxide and a solution conyprising

agueoas calehum carboxylate;
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reacting the solotion comprising aqueons calcium carboxylate with sodiom sulfic
to form a solation comprising agueoas sodiam carboxylate and a solid comprising calciam
sulfite;
reacting the solution conypwising agucous sodhns carboxylate with salfin dioxide
to form sodnan sulfite and carboxyhie acid;

separiting at least a portion of sald sodium sulfite from said agueous carboxrylic

acid.
2. The provess of claim § fether comprising reacting caloium oxide with water to form

calctum hyvdroxide.

3 The process of claim 1 Aurther comprising capturing at least a portion of the carbon
dioxide,
4, The process of claint 4 wherein the captered carbon dioxide comprises

concentraton greater than 70 percent or a partiz] prossure greater than 1.7 Bar,
5, The process of claim 1 wherein said carhoxylic acid is selected from formic acid, or
acetic aoid, or propapoic aotd, and sad carboxylate is selected from formate, or acetate, or
propanonte.
6, The process of clatms | wherein said sodwm sulfite and carboxylic acid from said
reacting the solution comprising agueous sodium carboxyiate with sulfur dioxide comprise a
solution comprising squeous sodivm sulfite and aqueons carbonvlie acid at a liqud state.
1. The provess of claim 1 wherein said reacting the solition comprising aqueous sodhim
carboxylate with sulfur dioxide is conducted i an at feast two stage absorption colan

Wherein a gas comprising subfor diexide enters a first stage comprising reacting a
solution comprising agueous sodium carboxylate from the scoond stage with 3 zas
comprising sulfur dimade 1o form a solution comprising agueous sodim sulfite and squeous
carboxyhie acid; and

Wherein remaining gases from the first stage comprise carboxylic soid vapors or

sarbonylic acid vapor “slip’: and

Wherein said remaining gases from the fivst stagie enter a second stage vomprising
absorbing at leasta porfion of said carboxylic acid vapors or carboxylic acid vapor “slip’
{from said remaining gases in 3 solution comprising aquevas sodium carboyyiate loan in
carboxyhic actd; and

Wherein the sohation moves from the second stage to the fivet stage; and

Wherein the gas moves from the firgt stage tothe seeond stage.
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8. The procgss of claim { wheredn said sodivm sulfite and carboxylic actd produced
from said reacting the solation comprising agacoas sodium carboxylate with salfur dioxide
comprises a solid-liquid mixture comprising sodium sulfite solid and an aqueous solution
comprising aquedus sodum sulfite and agueous carboxyhic acid at g Hauid state.
9% The process of claim § whersin said separating sodiam sulfite from carboxylic acid
conyrises distitlation of aqueous sarboxylic acid and wrystallization of sodium solfite.
16, The process of clabm ¥ wherein the wherein the process for distillation and
erystallization comprises one or more or any combination of the following: mechanical vapor
comprassion distillenion, of mechanical vapoy recompression distiflation, or mechanical vapor
conpression erystathizer, or nulti-effect distitlation, or membrane distitlation, or multistage
flash distiflation,
11, The process of clainm 9 wherein the vapor phase and condensate during distillation
comprise carboxyhe acid and water due to the similie boiling point of the carboxrvhic acid and
Witer.
12, The process of claim | wherein said separating sodian sulfite from cavboxyhic acid
comprises separating sodium sulfite from aquecus carboxylic acid by concentrating with
TCVerse osmasis, or high pressure reverse sismosis, or elecirodialysis, or clectrodialysis
reversal, or forward osmesis, or osmodically assisted reverse osmosts and then precipitating
sodium sulfie by cooling precipitation,
13, The provess of claim 12 furthet comprising procipitsting sodivm saltite by cooling
precipitagon.
14, The process of elaim 1 wherein said calciem corbonate comprises m atkatine earth —
weak goid, or magnestam carbonate, or alkaline carth carbonate, or a calonpn sibicate, or a
calciuny gluminate, or calciun: forrite, or 3 calohan sulfide, or 3 plagnesion silicate, or a
magnesium alununate, or magnestwm ferrite, or a magnesium sulfide.
15, Theprocess of claim | wherein sulfir dioxide comprises a gas comprising sulfuy
dioxide from the decomposition of calcium sulfiic.
16, The process of claim | wherein said separating at least a portion of sodium sulfite
fromm carboxylic acid comprises reverse osmosis; and

Wherein a selution cotnprising sodium sulfite and carboxylie acid s transterced
HHO A TEVErse osinosts systom as a foed solutton, fornuing a perocats conprising carboxylic

acid and 1 retentate comprising sodhun sulfite and carbovlic acid,
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17, The procgss of claim 16 whorein said pormeate comprisgs the carboxylic acid seacted
with caleium carbonaie.
18.  The process of claim 16 wherein said retentate comprises the sodiom salfite reacted
with agueous caleiam carboxylate.
19, Theprocess of elaim | whergin said separating at least a portion of sodian sulfite
fronn carboxylic seid comprises electrodialysis; and

Wherein g solution comprising sodium sulfite and carboxylic acid is transferred
fnto an electrodialysis aystens as a feed solution, forming a diluate comprising carboxyhic acid
and a concentate comprising sodivm selfife and earboxylic actd.
26, The process of claim 19 wherein said diuate comprises the carboxylie acid reacted
with calcium cavbonate.
21, The process of claim 16 wherein said concentrate comprises the sodiwm sulfite
reacted with agueous caleium carboxylae.
22, The process of elaim | wherein at least a portion of the remaiming gases after the
absorption of salfur dioxide comprise carboxvhie acid vapor,
22, The process of claim 1 whevein at least a portion of any carboxylic acid vapor is
recovered by reaction with sodium hydrovide, or sodium bicarbonate, or sodian carbonate,
or a caloium carbonate, or calerun exide, or calcium hydroxide, or magnesium carbonate, or
magnesim oxide, or magnestam hydroxide, or an alkaline carth - weak acid, o an atksh
wizak avid, forming a carboxylate salt.
23, Theprocess of cladm 22 wherein the formed carboxylate salt is trapsforred Into ong ov
maore steps of the process.
24, The process of claim 1 wherein said calciam sxade is reacted with 3 solution
comprising alkali earbonate to form an alkali hydroxide and calciwn carbonste.
258, The process of claims ¥ wherein said caleium oxide is reseted with g solwtion
comprising alkali selfite to form an atkall hedroxide and calciom salfite.
26.  Theprocess of clamm | wherein said calenam oxide is reacted with carbon dioxids to
form calelunt carbonate.
27, A procoss COMprISIng

reacting a niterial cotnprising allatine earth weak acid with a solution comprising
agueous carboxyhie neid {0 form a gas orsolid or Hquid comprising a weak acid derivative

and a solution comprising aqueous alkaline canh cwbonylate;
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reacting the sofation comprising agqueons stkaline carth carboxylate with an alkali
sulfite to form a solution comprising aqueoas atkall carboxyvlate and @ solid comprising
atkaline canth sulfite;

reacting the solution comprising agqueous alkali carboxylate with salfur dioxide to
form atkali sulfite and carboxydic acid;

separating at least a portion of said slkall sulfite from said aquesns carboxylic acid.
28, The provess of clalm 27 wherein the alkaline carth comprises one or more or any
combination of the following: beryiitum (Be), or magnesium (Mg), or caletom {(Ca), or
stronthan (S0, or bavigot (Ba), or radiam (Ra},
29, The process of claim 27 wherein said atkali comprises ong or more o any
combition of the foltowing: tithnan (L1}, or sodium (N3}, or potasstam (1), or ritbidium
{Rb}, or Cesiuni {Cs}, or Francium (Fr), or smmonia or ammoniem (NH: or NHa)
36, The process of elaim 27 wherein said weak acid derivative conprises carbon dioxide,
or hydrogen sulfide, ov silicon dioxide, or silicon oxide, or fron oxide, or manganese oxide, or

alonumam oxide, or any nuxiwe thereof.
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CLAIMS
iy A process comprising:

reacting & material comprising catciam carbonate with a solution comprising agueous
carboxyhic acid 1o form a gas comprising cavbon dioxide and a sohution conmyprising aquecus
cateium carboxyiate:

reacting the sohstion comprising agueous calctum carboorvlate with sodium ndfate to
firrn a solution comprising agqueous sodivm carboxviate mad a solid comprising ealoium
sulfate;

reacting the solution comprising agueoas sodiem carboxylate with subfer dioxide to
form sodiam selfite and an aguecus curboxylic acid;

separating said sodium sulfite from sad aqueons carboxylic acid;

reacting sodium sulfite to form a solid comprising calcium soifite; and

decomposing said calciom selitie to form calchum oxnide and sulfor dioxide.
2. The process of claim | wherein the reacting sodmum sulfie to form a solid comprising
caleiumn sulfite comprises:

reacting the sodien selfite with caleium hvdroxide to form an aqueouns solution
comprising sodinun hydroxide and a solid comprising calcium salfiie,
3, The process of elatm T wherein the reacting sodium sulfite to fonm 2 solid comprising

catoinm sulfite comprises!

first reacting calctam carbonate with carbon dioxide and water o form a solution
comprising agaenus caloban Mcarbonate; and then

reacting the solation comprising agueons caleium bicarbonate with sodium sulfite to
form a solution comprising aqeeous sodium bicarbonate and a solid comprising ealcium
sulfite.
4, The process of olaim 3 which further comprises:

decomposing said sodium bicarbonate to form sodium carbonate and carbon dioxide;

regeting said caletum oxide with water to form caletum hyvdroxide; and

reacting ssd sodiwn earbonate with smd oalciun hydroxide to form an agqueous
solution comprising sodiem hydroxide and a solid comprising caleiam carbonate.
5. The process of elaim 3 further comprising decomposing said sodiam bicarbonate to
forn sodium carbonate and carbon dioxide.
6, The process of claim 5 futher comprising reacting said sodhunt varbonate with
calcium hydroxide to form an aqueous sohution comprising sodivem hydroxide and a solid

comyprising calthon cabonaie,

359



WO 2023/225089 PCT/US2023/022544

7. The procgss of any ong of claims 1, 2, or 3 which further comprising reacting calcium
oxide with water to form calciam hydroxide.
& The process of any one of claims 1, 2, or 3 wherein said aqueous carboxylic acid 1s
selected fron formie scid, or acetic acid, or propanoic acid, or any mixtire thereotl
9, The process of any one of elaims 1, 2, or 3 wherein said reacting the solution
conyrising squesus sodium cavboxylate with solfur dioxide is conducted in an absorption
column comprising a first stage and a second swmpe.
10, The process of any one of clatms 1, 2, or 3 whercin at least a portion of the calcium
oxide is reacted with carbon diexide to forps ¢alehum sarbosate,
h A process conprising:

reacling 2 material comprising calchom carbonate with a solation comprising agueous
carboxyhic acid 1o form a gas comprising carbon dioxide and & solution comprising agueous
caleiwn carboxylate:

reacting the solation comprising agueous caleiom carbosylate with sodium sulfite to
form a solution comprising agueous sodivm carboxviate and a solid comprising catoium
sulfite;

decomposing said calchun suifife to form calcium oxide and sulfur dioxide;

reseting the solution comprising aquecus sodivan carboxylate with sulfur dioxide ta
form sodiwm sulfite and carboxylic acid;

separating ot least a portion of sakd sodinn sulfite from said agueous ewboxylic acid.
12, The processof clabm 11 firther comprising reacting caloium oxide with water to form
caletum hvdroxide.
{3, The process of clabm 11 or ¢laim 12 fanther comprising capluring at least a portion of
the carbon dioxide,
{4, The process of any one of claims 11, 12, or 13 whevein said carboxyvhie acid is
selected from formic acid, or acetic acid, or propanoic acid, and said carhoxylate is selected
from formate, or acctate, oF propanoats.
15, The process of any one of clatms 11, 12, or 13 wherein said reacting the solution
comprising squeous sodien carboxylate with suthur dioxide 15 conducted m an absorption

costonty comprising o first stage and 4 second sage.
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