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OF ACIP FIELD CF THE | NVENTI ON 100011The present invention rel ates

general | ric menbranes for separating acid fr e
partICU|§WP , It gglates to particularly adapted polyne??gﬁﬁgﬁ%?g%%% and
their use in separating and recovering acids, including sulfuric acid.
BACKGROUND OF THE | NVENTI ON 100021Nuner ous industrial processes use acids
in their processing that dilute or contam nate the acid with water. These
contam nated acids are conmmonly referred to as "spent acid". Industrial
chem cal and petrol eum processes are prinfe_exanples. Many of these
processes require purification or regeneration of the process acid to
renmove inpurities, and reconstitute the aC|d whi ch often require costly

processi ng. Hangl) | w
concerns. Accor gy —& separa
efficiently and effect ively reconstitute the acid and, where needed, renove
i mpuri ti esFIEID QF AAdEINVBNATOMNt ed acids, to restore the acid to or near
its original process speci fication. It would also be beneficial if that
process copjghife dpRl ANREnt irfchlib reltds pdrofally &Pﬁ&%’rﬁ&% msstaesfdrhe
spent acid h prese | nvention is directed to a polyneric nenbrane that
i's suitabl sefapating acidrfromgwateraiVlorg partcelaslya it mthteﬂ' tmppmicylmb{ adaptedbr ane
wi t hstands the acid environnment. and preferentially diffuses .wa}t [_over
the ret ent BOYMEIIGM aB?%E'éEéhed‘éHsggl FPAPUNE,2 Jf?ov\ﬁf‘f’ﬁ &Y CBﬁ‘éWi cal
petrol eum gne B ggfgchem cal processes. Though particularly described :
hereinafter in relation to use in a petrol eum processing stream the

pol ymeric %@K%@DW'T@?I’WEN@"]W' ed acid/water separations. 2

[0002] Numerous industrial processes use acids in their processing that dilute

or contaminate the acid with water. These contaminated acids are commonly
referred to as "spent acid". Industrial chemical and petroleum processes are
prime examples. Many of these processes require purification or regeneration of
the process acid to remove impurities, and reconstitute the acid which often
require costly processing. Handling spent acid also raises safety and
environmental concerns. Accordingly, there is ample need for a separation
process to efficiently and effectively reconstitute the acid and, where needed,
remove impurities from process contaminated acids, to restore the acid to or near
its original process specification. It would also be beneficial if that process
could be deployed "in situ” with the process that produced the spent acid. The
present invention is directed to a polymeric membrane that is suitable for use in
regenerating process acids. The polymeric membrane withstands the acid
environment and preferentially diffuses the water over the retentate acid. The
process can be used "in-situ" with common chemical petroleum and
petrochemical processes. Though particularly described hereinafter in relation to
use in a petroleum processing stream, the polymeric membrane has application

to varied acid/water separations.

[0003]  Acids are widely used in industrial chemical and petroleum refining

applications that require acid "regeneration," which generally means removal of



water fromthe spent acid to restore the acid to, or near to, its original
process specification or requirements. An exenplary acid use to illustrate

t he prese\g}bzbwﬁﬁgel jon is sulfuric acid, which is used ip [l%‘ggﬁ%agsﬁf uric

chem cal, petrochem cal and petroleun1ref|n|ng processes

acid is wdely used in industrial chem cal and petrol eumrefining
processes. Depending on the use, comrercial "fresh" acid is typically
supplied in strengths of 70-99.5 W% sulfuric acid with the remnai nder
typically being water. Many uses generate a waste or spent acid stream
contai ning a hi gher percentage of water.,This spent acid streamis
typically reprocessed to renove the water. Incineration and reconstitution
of the sulfuric acid is conventionally used to renove the water and other

cont am nant organi ¢, nat er,i al. 00 5 nven j onal ho s far aci d
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absorptlon of t fur trioxide in water.” Wiile this technology is wdely
used to prmdaneoxln ugtulfmmeagdh“dncldns(m m%mmsaapf chemical qmmqélemxcal

I ntensive. Thu I t sual nore econom cal for |ow volune users of

sul furic &% ?tBOIFPHh H}‘“%Bé%‘fes?’(ﬁfurl c acid by various neans such as
rail, truck, ship, or pipeline to a central regeneration facility rather
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can be a significant of the to costs for r.atJn spe aC|d.
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may be enployed in situ. -3- SUMVARY OF THE | NVENTI ON
conventionally used to remove the water and other contaminant organic material.

[0005] Conventional methods for spent acid regeneration involve generally
combustion of the spent acid to form sulfur dioxide, conversion of the sulfur
dioxide to sulfur trioxide, and absorption of the sulfur trioxide in water. While
this technology is widely used to produce high strength acid (>98 wt% H>SOy,),
it is capital intensive. Thus, it is usually more economical for low volume users
of sulfuric acid to transfer spent sulfuric acid by various means such as rail,
truck, ship, or pipeline to a central regeneration facility rather than construct
their own facilities for acid regeneration. Freight costs can be a significant part

of the total costs for regenerating spent acid.

[0006]  Sulfuric acid can also be regenerated from about 70 wt% H;SO4 to

about 85 wt% or about 96 wt% sulfuric acid by using evaporation with one or
two stages. The evaporation method is highly energy intensive as the acid/water
mixture must be heated to a high temperature to vaporize the water. It also
requires special materials such as glass lined vessels and tantalum heaters to
prevent corrosion. An improved, less expensive method for regenerating spent

sulfuric acid is needed, preferably a method that may be employed in situ.



100071 The present invention, relates generally to an inproved polyneric
menbrane and its use in regenerating spent acid. One enbodi nent of the

pr esent \P&%ﬂ@#ﬁ&ﬂ,elates to particularly adapted pol ynprrRRIRHANGS, t hat
are capabl e w thstanding an acid environnent and their use in a method
for recovering an acid such as sulfuric acid froma feed m xture conprising
predom nantly acid and water. The nethod conpri ses processing the

acid/ water m xture using a polynmeric nmenbrane to forma first retentate
containing a substantially greater concentration of acid than the feed-
mxture and a first perneate containing_g substantially greater
concentration of water than the feed m xture. |In another enbodinent, the
met hod conprises processing the first pernmeate using a second polyneric
menbr ane tﬁgﬁﬁ§£éﬁQﬁﬁﬁfﬁggiﬁﬁgﬂiiiggﬁgnta'n'ng a substantially greater
concentr at ernmeate and a second perneate
contalnlng a substanti al | reat.er c ncentrati of water the first
perneate, EW¥W7eco PFF(je%;'n VEpteR, eg general! P'BP@HHQHEO"?\ PX'HE‘?C

erbod! Ment ;lAAE 3t 1&th's%sih'}9§91{er5ﬁﬁ'% Spei acflar SIncAfbodind&RYTdnE et ent at e
to renove other than water contfam nan .g. organic contaninants.
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of reverse osnosi menbrane separation,, conbi ned w apor ation
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i nvention. 100111Figure 5 is_.a graph of feed vfs perneate for
per vapor at ImKtuse }ygmgtq palymeric membrane to form a first retentate contammg a

substantially greater concentration of acid than the feed mixture and a first

permeate containing a substantially greater concentration of water than the feed
mixture. In another embodiment, the method comprises processing the first
permeate using a second polymeric membrane to form a second retentate
containing a substantially greater concentration of acid than the first permeate
and a second permeate containing a substantially greater concentration of water
than the first permeate, and recovering the first and second retentate. A further
embodiment includes processing of the feed, first and/or second retentate to

remove other than water contaminants, e.g. organic contaminants.

[0008] Yet another aspect of the present invention relates to a combination of
reverse osmosis (“R0O”) membrane separation, combined with pervaporation

membrane separation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0609] Figures 1 to 3 are simplified schematics of different embodiments of

the present invention.

[0010] Figure 4 is a graph of feed vs. permeate for reverse osmosis and/or

nanofiltration separation embodiments of the present invention.

[0011] Figure 5 is a graph of feed vs. permeate for a pervaporation separation

embodiment of the present invention.



enbodi nrent of the present invention. - 4 - DETAILED DESCRI PTI ON OF THE

| NVENTI ON MEMBRANES AND MEMBRANE/ SUPPORT [ 0012] The present invention

rel ates gepsh@ do¥s 40 Pol yneric menbranes for separatingpéqhgzéﬁﬁ 599
acid-water mxtures. Mre particularly, it relates to particularly adapted
pol ymeric nmenbranes and their use in separating and recovering acids,
including sulfuric acid from acid-water streans. These streans conprise
acid and water, and may have any conbi nati on of hydrocarbons and/ or ot her
organi ¢ or inorganic contam nants. The nenbranes of the present invention
conpri se polynmeric nenbranes. Mre partigularly, the nenbrane is a
crosslinked pol yvinyl al cohol nenbrane characterized by its crosslink
density. Crosslink density as used herein, is defined as percent of

avai |l abl e ¢ cAGIad : Q Jriﬁ' ng agent, e.g., 5%
crossl i nki fg—Heafs the S50 } i ar cohol groups have been
reacted w <! o, gal =1 pki The nenbrane crosslink
density ranges .u..@giﬁ)l. 5% L%JU&S% In a preferred enbodi nent

the crosslink density ranges fromabout 2.5%to about 20.0% and npst
pr ef er abl y[002Jes Thopresbotinventonrelagsqganetallyto polyimerigorembrangs for

understood, the.crosslink densit as, taug her ej.n roguc menbr ane
that nay b%e%%tb?féﬁcé rm%a&"ﬁ?f\égg}‘ﬁ“’éﬁ%i Mﬂ{ﬁmc‘fl@ﬁyc IrFG'%eésﬂt_(?ount ered in
petrol eum g QLESFYAdALd PoffheAE nteihbrades JHUtHéir s@¢h deparkidihgtahan for
exanpl e. The degrée of crosslinking is also believed to influence the

sel ecti vi t yecandrinf acidsh incuding sdfuric adid e acidmwates, streamsi dl héssrstraams s

hani cal d st | stability. The PVA nenb f bl
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oxoani on nodi fied PVAs. er suitabl e crosslinking agents include 1,4
di i socyanatmientianeoniprisedpolyomyrnacodranese, Moré padiGulady athetmembegwnis a 1, 5
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sufficient to react wth the hydroxyl groups 'of the PVA nenbrane to form
sul fat e gr gomeps réacted vagls hicnassdinkongy agent; eugr, 619 dressdimksngameahy thatyabowu| f at e

menbrane ("PVS!), ar copo] ymer qf vinyl sulfate and vinyl alcohol,
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encountered in petroleum processing applications such as sulfuric acid alkylation
for example. The degree of crosslinking is also believed to influence the
selectivity and flux characteristics of the membrane, in addition to its mechanical
and structural stability. The PVA membrane is preferably crosslinked using 1,4
diisocyanatohexane before use in an acid environment. Preferably the
membranes are made of crosslinked PVA, PVS and other oxoanion modified
PV As. Other suitable crosslinking agents include 1,4 diisocyanatobutane, 1,8
diisocyanatooctane, 1,12 diisocyanatododecane, 1,5 diisocyanateo-2-methyl
pentane, and 4,4” diisocyanato-diphenylmethane. In a preferred embodiment,

the crosslinked PVA membrane described above is contacted with a sulfur-



reaction of polyvinyl alcohol with sulfuric acid, other inorganic oxoanion
nodi fi ed pol ynmer nenbranes nay be used. They include pol yvinyl phosphate
menbr anesygads, fsAn PYA nmenbranes. [0014]1n addition tOPEQﬁFE&H%&¥@§e’ one
can al so use arsenate, antinonate, or bisnuthate to form polyviny
arsenate, polyvinyl antinonate, and polyvinyl bisnuthate, respectively.

Cal cogeni ¢ oxi des, such as polyvinyl selenate and pol yvinyl telurate,
formed fromthe reaction of selenic and teluric acids with PVA nay al so be
used. [0015] Another suitable nenbrane is formed by reacting PVA with boric
acid. [0016]In alternative enbodinents,_gther polynerized al cohols and

t heir oxoani on nodi fied conpounds, referred herein as oxoani on nodified
pol ynmeri zed al cohols may be used in the practice of the present invention.
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nmodi fi ed polyierized al cohol copol ynmers, oxoani on nodified polynerized
al cohol t etheodbpnbecomaesia polyvinklsulfiie seerabrane(BBVS .0 eorolymer &€ yamxdi ng

T o0 PSR 3 iRPT LR (I TERRTS. THe TR EnlR PUSIPVA HEmBEAERS"
are suitable for membrane application in acid environments, such as sulfuric acid
membrane application where acid strength may range from about 70% to about
98 wt% acid. The term "acid environment"”, when used herein, means a liquid or
fluid substance containing about 70% to about 98 wt% acid. In addition to
poly(vinyl sulfate), other membrane materials can be poly(vinyl phosphate) and
or other vinyl groups which may have affinity to sulfuric acid or an affinity to

the particular acid comprising the acid environment.

[0013] In addition to the formation of polyvinylsulfate (PVS) from the
reaction of polyvinyl alcohol with sulfuric acid, other inorganic oxoanion
modified polymer membranes may be used. They include polyvinyl phosphate

membranes made from PVA membranes.

[0014] In addition to the phosphate, one can also use arsenate, antimonate, or
bismuthate to form poly\"inyl arsenate, polyvinyl antimonate, and polyvinyl
bismuthate, respectively. Calcogenic oxides, such as polyvinyl selenate and
polyvinyl telurate, formed from the reaction of selenic and teluric acids with

PV A may also be used.

[0015]  Another suitable membrane is formed by reacting PVA with boric

acid.

[0016] In alternative embodiments, bther polymerized alcohols and their
oxoanion modified compounds, referred herein as oxoanion modified
polymerized alcohols may be used in the practice of the present invention.
Examples of suitable polymerized alcohols include polypropyl alcohol,

polybutyl alcohol, and the like. These structures also may include polymerized



perfluorinated i ononmer nmenbranes characterized by the presence of active
ani oni c groups The term "perfluorinated”, as used herein, refers to the

r epl acer‘re\g;b {ﬂ%/ﬂr Logen atons in an organic conpound by, gerﬁ%o'?ﬁmffs%(cept

where the y of a functional group would be altere ereb such as
in the case of per-fluoro- | -propanol). As used herein the term
"perfluorinated i ononer nenbrane" refers to an ion-exchange nenbrane
prepared froma perfluorinated ion-exchange polynmer. [0018] This cl ass of

i on exchange polynmers is generally characterized by the presence of anionic
groups attached to the polymer chains which are associated with protons
and/or netal ions. The forner exhibit acidic character while the latter
exhibit salt-1ike character. The anionic groups forma continuous or nearly

conti nuous jm e within the mat ri x ctive anionic
groups are? @Qﬁﬁgg ‘?Sil?' E‘er§’lﬂqq¥5'ﬁ’§fl§g8é¥m°bﬁﬂgﬁh858?’3“%8@%}%\%&3&?% ration
of ~ani oni Ca&BHHPé%ﬁ&S}nﬁ%s Waﬁﬁﬁ?ﬂnddﬁ‘ﬁé@bb@rﬂ&ﬁi&ﬂﬂ%ﬂo%r@l&ﬁﬁﬂy aHal ent

wei ght) which is fined as the mass in grans of the dry polynmer in the

aci d for m thedikerwoThesenalao mahild dounshe goirespending imodigied polemEw. of pol y
(acrylic acid) is 64, which is the nol ecul ar weight of the nononer acrylic

acid. The @l C%Yf?ér%@ttharﬁ:‘é%hhtﬁQieefoN@sé%Qﬁé preé3eREveRAbh RBhftise
copol yrer actured by DuPont, typically ranges between 950 to 1, 800.

Addi t i onal pciéhmmmtcd)mmimmmsmkwumsadwmnbed byuhel pr¢sem§e vfaggveand T. C.
G ercke, "lon Trans and d ust rs.in Per f | e Menbranes, "
J. I\/bnbran%“‘gef‘éﬁ?éﬁ’sign[el@%] ‘?O’?,Q%te as7u (%%5'61]’5\ &’aﬁthlped nenbr ane
for use i nréy}&&ﬁ&ﬁe&thﬁregm ﬁtdnss {8 biddrd cbﬂlﬁoﬁﬁdtﬂﬁﬂﬁoﬂﬁe Rideph(r) .

which is a copol yner of" perfluoroethylene and perfluorovinylether, the
| atter cor’rpdmemthehaicnng' pﬁmcﬂbmtlcsmﬂ oo woruld he ladix:yttd thesehyd sgcb@psn ththe

structure of % nt ed follo “t he, case
sul f onat edc‘ﬁé“tNafIﬁR é Te- f’t d’]“r‘?\a heei EI'—%B rmatecI tonomer
membrane” refers to an 1on-exchange membrane prepared from a perfluorinated

ion-exchange polymer.

[0018] This class of ion exchange polymers is generally characterized by the
presence of anionic groups attached to the polymer chains which are associated
with protons and/or metal ions. The former exhibit acidic character while the
latter exhibit salt-like character. The anionic groups form a continuous or nearly
continuous microphase within the polymer matrix. Examples of active anionic

groups are carboxylate, sulfonate, and phosphonate.

[0019] The concentration of anionic groups can be expressed in units
designated as EW (equivalent weight) which is defined as the mass in grams of
the dry polymer in the acid form that would neutralize one equivalent of base.
The EW of poly (acrylic acid) is 64, which is the molecular weight of the
monomer acrylic acid. The EW of commercially available Nafion®, a
perfluorinated copolymer manufactured by DuPont, typically ranges between
950 to 1,800. Additional description of this membrane may be found in W. Y.
Hsu and T. C. Giercke, “Ion Transport and Clusters in Nafion® Perfluorinate
Membranes,” J. Membrane Science, 13 [1983], 307-326.



[ OCF2CF1SOCF2CF2S03H CF3 where m= 5 to 13.5; and n = 1,000; Equi val ent
Wei ght (EW Ranges 950-1, 800 Cation Exchange Capacity 1.05-0.55 neq/m

[0021] NakpSpf7hsygnoranes can be symmetric or asym‘retrh,%T/ﬁ()m)gggsgéc

Nation(r) menbranes are conprised of material which is processed so as to
produce two nenbrane sides having different properties such as, for
exanpl e, a | ayer of carboxylic acid-containing resin in association wth a
| ayer of sulfonic acid-containing resin. More preferred Nafl one nenbranes
are Nation(r) 1100 and Nation(r) 800 marketed by DuPont, Fl uoropol yners,

Wl m ngton, Delaware. [0022] In a prefermed enbodi nent, the nenbrane is
supported by a secondary nenbrane such as teflon or Gore-TexTm for exanple,
havi ng a nenbrane pore size selected to conplinent the pore characteristics

of the pri menpr ang. The nd [y.ne

sui tabl e S@f#ll at ngP(SFFeﬁCg 'PS?“%% ﬁoy%sgplgg ?ﬂg%sg?#/p g%a S§se{dt\éﬁg?%gﬁnof t he
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rate of the feed across the nenbrane surface should be sufficient to
prevent undinylethér thé lattey coagsorient hanngrpmmlanbwlﬁ@hlamrmbwllmdf | ow rate
of the feed depends on the -8 gartlcul ar geonet rty and configuration of the
menbr ane agkPuRsy IhepyipatuneoioiNa BH%lSrTF{BWcseR’/@gsaél olleyss, 1y se ofa on

terrperatur er t ratures | ower flow rates can be

tol erated.® g?rhag?égﬂfﬁjélélﬂg Bﬁﬂ ow rate for a nenbrane configuration
and set of operating conditions can be readily determ ned by a skilled
practitioner. —CF2CF2 JhCF2CF—

[ OCF2CFim OCF2CF2SO3H

CF3

where m=5to 13.5; and n=1,000;
Equivalent Weight (EW) Ranges 950-1,800
Cation Exchange Capacity 1.05-0.55 meq/m

[0021] Nafion® membranes can be symmetric or asymmetric. Asymmetric
Nafion® membranes are comprised of material which is processed so as to
produce two membrane sides having different properties such as, for example, a
layer of carboxylic acid-containing resin in association with a layer of sulfonic
acid-containing resin. More preferred Nafion® membranes are Nafion® 1100

and Nafion® 800 marketed by DuPont, Fluoropolymers, Wilmington, Delaware.

[0022] In a preferred embodiment, the membrane is supported by a secondary
membrane such as teflon or Gore-Tex™ for example, having a membrane pore
size selected to compliment the pore characteristics of the primary membrane.
The secondary membrane may also serve as a suitable substrate for the

formation, deposition or coating thereon of the primary membrane.

[0023]) In separating acid from acid waste streams the flow rate of the feed

across the membrane surface should be sufficient to prevent undue selectivity

loss by concentration polarization. The flow rate of the feed depends on the



[ 0024] High flux can be achieved by operating with the thinnest nenbrane
that will maintain its physical integrity under the operating conditions.
To hel p t\ge o@Mdsane nmaintain its physical integrity, ape@iReslogsseENDrane
may be used. For exanple, a thin selective polyneric |ayer (or menbrane)
may be supported on a non-sel ective, porous nenbrane, to produce a | am nate
structure. The sel ective nenbrane |ayer is preferably securely attached on
top of, or coating the surface of, the porous nmenbrane material which
constitutes a , physical support. The thin polyneric |ayer may range in

t hi ckness from sub-micron to 50 mcrons, gpreferably 0.5 mcrons to 10

m crons, nost preferably 0.5 mcrons to 4 mcrons. [0025] The nenbranes
used in the process of the present invention may be utilized in the form of
hol | ow fi i t RERSH ly be
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nanofiltration process are known to those skilled in the art and are
descri bed 3~ b%@ﬁ 7itld the HENRLR ol ogy
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et seq. 10013? Nﬁﬂfrﬂmhtdig 1ts(plErs§le éntbgrlay dhdert theaspetatige dodi€ipns.s Todrelpyed
and pressurized by punp, nmeans t o menpr ane unltﬂém .. In the reverse
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stabl e por@iEroRgeS) @I‘°f§ﬂ§hpr§§efﬁB1WQétm&%TPB%F‘bé?H?!Cé‘h‘es BALPEF TR e

fluoride, 6) preferentially excludes acid over water,
whereby re éﬁog%mfﬂﬁoégam d rich and perneate (18) is predom nantly

water. In the RO and nanofiltration enbodi nent, the spent or, dilute acid
feed, excl (928§ cothamembrages t‘%ﬂ wathe\presensafibe present H&YF“&!S’&JP*‘!S St %

acid (i. e i
about 60%\/\@1[?9&'%"15tgl (Et)%?le Vgr ?Qt?‘%éssg%ﬂﬁfshw%odt '5 wte oaciésg r?#e.
about 75% garivemjientBebe i:atmgi onniard @st d:c;ll tvhich gudiwided inte compartaiaumn bg gr aph
of feed water content versus perneate water content for onebelnbodi ment. As

not ed froncass gf apRembrane e Wa%%oﬂ? cempreimeth ¥dllfeaph have @eatspr ane

preferenti tfﬁﬂﬁ R}%l n about 25

wt % For fiZ(er-XranCI dﬁgﬁ?{%ﬁgkgﬁségt&er an a out e% al.)%lé(? pg?t(r%ggt es the
nerrbrane i cortirpromsiynet batehiwise dlt prefieratdpsn agomtinuots nvdrnler. ncr easi ng f eed
acid content.

MEMBRANE SEPARATION SYSTEMS FOR ACID REGENERATION

[0026] In one embodiment, the membrane separation process is a reverse
osmosis or nanofiltration process, whereby the dilute acid feed is pressurized.
The reverse osmosis process and nanofiltration process are known to those

skilled in the art and are described, for example, by Richard W. Baker in



[00281 In an alternate enbodi ment, the nenbrane systemfor acid
regenerati on operates in a pervaporation configuration, illustrated in

Fi gure 2. /,103314PCT/ US2007/ 005599 - 10 - [0029 '
enbodineﬁ??gﬁﬁég ééd to a nenbrane unit is maintai ned ukggﬁmggﬁ ???%ns of
pressure such that substantially all of the acid is in liquid phase. The
pernmeate is withdrawn under a vacuum which is generally maintained in the
range of 1 to 50 mm Hg, preferably in the range of 2 nmto 25 nm Hg., and
nost preferably 5 mmto 15 mm Hg. The perneated phase will be in a vapor
phase, and subsequently condensed by copling in a condenser (not shown).
This process is generally known in the art as pervaporation. [0030]In this
preferred enbodi nent, the separation mechanismis understood to be the

"sol ution-gdif | OR~ . ' FoIug Y S . ls%[,l‘lgs

whi ch have%f’%%%?gg‘o %{?ﬁ:@/}% ?fr)lAg hgg%%ﬁlshlegre écr)rlg(?g?ﬁ{gn’ gﬁlé{lﬁggg%rggﬁt rally
sorbed andlfdhedt phiges U9¢ étequgh the nenbrane to the perneate side.
Separation is based primarily on sorption and di ffusion. [0031] The vacuum

I
on 1 ERYE S ehind RECTBRRISA%HG0 i A6k 10 gslgsbathly 20 TTux

The sel ect y T Ncrease ‘as vatuum pressure on
the per ”Eaﬁreséuﬁlz[eﬂds)ﬁgunimnﬁ@ﬁs amttb enembrand wein(14)a Iavhe pegsrse 6RMNOBIS
passed across the nenbrane at _a rate sufficient to increase,th;éf)@r nmeat i on

rate. Sui tGRQ )smbpdignentsthenferddeprasswizedipetyyess about 18081 an §dss air,

| boi | i J : .
A ternat i Ve EraBCS 08 BROAIE1 306 B ndThOR MertbOS M0hiR0 1880 Gt The, i
per st ract i genforhN€ Qhiti(M4)\Bb@prisbe a polyraiic hembaind(16) il prbfecéntially

noncorrosive with respect to the nmenbrane, at a rate sufficient to_enhance
the per nea@¥cdwdesaddsisuche afunicatid fenaxample asdesgibsshlacrenabeygudn a he

robrane. SHELAR) EnSURhLRE CAARARIOIRS BohliElBn ALRANIL L ABAMEET or 11 N0

now to Fi a spen rea as a spen uric acid

st ream conpydrdphiicaiatsrizlRdchas desssriailitdd/pal3(€inyl akkohel), ibric popunpr (22) or
other nmeans to a nenbrane unit (24). The nenbrane unit conprises a
pol yneri c sushiasaNafipn®), fohexamples e¢lbelose arstapss pebemlioneoeigatlara piferrede to

ggirrg ét Il B| 2elgf>gzii%ernet?meem Or%ing? %) isrg%%g ed b(yzzg3 Lor?t?ég)gdsss%%p%g r%g}n rggg d
(16a) such as Teflon, for example. Membrane support (16a) may preferably
comprise of an acid stable porous material such as polytetrafluoroethylene,
polyvinylidene fluoride, etc. Membrane (16) preferentially excludes acid over
water, whereby retentate (20) is acid rich and permeate (18) is predominantly
water. In the RO and nanofiltration embodiment, the spent or dilute acid feed,
excluding contaminants, typicélly contains less than about 50 wt% acid (i.e.
about 50% water), preferably less than about 40 wt% acid (i.e. about 60%
water), and most preferébly less than about 25 wt% acid (i.e. about 75% water).
Referring momentarily to Figure 4, there is shown a graph of feed water content
versus permeate water content for one embodiment. As noted from the graph, in
the RO or nanofiltration embodiment, the membrane preferentially excludes acid
for feed content of acid less than about 25 wt%. For feed acid content greater

than about 25%, acid permeates the membrane in approximately linearly

increasing amounts with increasing feed acid content.

[0028] In an alternate embodiment, the membrane system for acid

regeneration operates in a pervaporation configuration, illustrated in Figure 2.



WO 2007/103314PCT/ US2007/ 005599 hydrophilic materials such as cross-Iinked
pol y(vi nyl al cohol), ionic polymer (Nafion(r)) and pol ytetrtafuoroethyl ene,

for examgg 04 sz €f erred enbodi nent, nenbrane (26) i y a
conti guous support menbrane (26a). In a preferred enbod?gﬁ{&?wr@ﬁ%?ine

support (26a) conprises of an acid stable porous material such as

pol ytetrafl uoroet hyl ene, polyvinylidene fluoride, etc. The sel ectively

per neabl e menbrane (26) separates the feed into two products, a first
perneate stream (28) and a first retentate stream (29). The first perneate
stream (28) has increased water concentrgjion and substantially reduced
acid content. The first retentate stream (29) has increased acid content.
Referring nonmentarily to Figure 5, there is shown a graph of Feed \Water

content ve Per te t f,
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Condenser means (27) functions to condense perneate vapor into |iquid which
conpri ses phdse; and shbyeguently sondenzd] by cooling i arendensgp motchongn. drhis he

I nvention, a feed that .sijulates twy variants of. spent acid stream was
run on a sPif§fFes w&ﬂ@ gﬁ%‘ﬁ&i‘ﬂéﬁ? agsasiqqrmggorrgilgﬁ. in Figure 2. Feed versus
pernmeate data for two different acid feeds is shown in_Table, 1. WD
2007/ 10331H30] usdacahisgostased embodimpem, the separation mechanism is understood

to be the “solution-diffusion” type. According to this mechanism feed

components which have higher solubility in the polymer material get

preferentially sorbed and then diffuse through the membrane to the permeate

side. Separation is based primarily on sorption and diffusion.

[0031] The vacuum on the permeate side of the membrane can affect both
selectivity and flux. The selectivity and the flux generally increase as the
vacuum pressure on the permeate increases. In yet another embodiment, a
sweep gas may be passed across the membrane at a rate sufficient to increase the
permeation rate. Suitable sweep gases include carbon dioxide, nitrogen,
hydrogen, air, or low boiling hydrocarbons such as methane, ethane or propane.
Alternatively, the permeate side of the membrane may be swept by a liquid
perstraction solvent in which the permeate is soluble and which is noncorrosive
with respect to the membrane, at a rate sufficient to enhance the permeation rate
of the permeable component or components through the membrane. Suitable

perstraction solvents include alcohols .

[0032] Referring now to Figure 2, a spent acid stream (20) such as a spent
sulfuric acid stream comprising acid, and predominantly water, is fed via a pump
(22) or other means to a membrane unit (24). The membrane unit comprises a
polymeric membrane (26) that is selectively permeable to water relative to acid.

In a preferred embodiment, membrane (26) comprises an acid feed compatible



DATA FOR THE EMBCDI MENT OF FIGURES 1 AND 2 Menbrane used is Nafion(r) 1035
(3.5 ml thick, 1035 EW - Feed is Acid:Water Solution Feed Conposition

Acid (W %888 Br08dig- 7157 Permeate Conposition for Fig = and 700
psi g Feed ér essure Acid (% 112.4512.5 Perneate Oorrpoglbl?fllcj)sﬁoof@?ssg? gure

2-70 F and 10 mmHg Perneate Pressure Acid (w%10.004I10.03l
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hydrophilic materials such as cross-linked poly(viny! alcohol), ionic polymer
(Nafion®) and polytetrtafuoroethylene, for example. In a preferred
embodiment, membrane (26) is supported by a contiguous support membrane
(26a). In a preferred embodiment, membrane support (26a) comprises of an acid
stable porous material such as polytetrafluoroethylene, polyvinylidene fluoride,
etc. The selectively permeable membrane (26) separates the feed into two
products; a first permeate stream (28) and a first retentate stream (29). The first
permeate stream (28) has increased water concentration and substantially
reduced acid content. The first retentate stream (29) has increased acid content.
Referring momentarily to Figure 5, there is shown a graph of Feed Water content
versus Permeate Water éontent for several exemplary vacuum levels (permeate
vacuum) for the embodiment illustrated in Figure 2. As reflected in this graph,
for the embodiment illustrated in Figure 2, the feed (20) water content ranges
from about 3 wt% to about 95 wt%, preferably about 5 wt% to about 80 wt%,
and most preferably 10 wt% to about 70 wt%. Vacuum means (25) maintains
sufficient vacuum in the permeate side of the membrane to achieve suitable
selectivity and flux of the permeate. In a preferred embodiment, the vacuum is
maintained in the range of one to about 50 mm. Condenser means (27) functions

to condense permeate vapor into liquid which comprises water rich permeate.

[0033]  To illustrate an application of the invention, a feed that simulates two
variants of a spent acid stream was run on a single membrane embodiment as
illustrated in Figure 2. Feed versus permeate data for two different acid feeds is

shown in Table 1.



100341 The RO enbodinent illustrated in Figure | may be conbined with the
sol ution diffusion/pervaporation enbodiment illustrated in Figure 2. The
conbi ned illustrated in Figure 3. 100351Refer e 3,

t he spentﬁé??@m()%%) is fed via punp neans (32) to first E)b'ilr%%r(g)rz}e:b%%t (34)
which is an RO or nanofiltration nenbrane system Though not illustrated, a
prelimnary filtration neans, such as an additional nenbrane, may be

i nt erposed before nenbrane unit (34) to renbve organic or inorganic

contam nants, such as hydrocarbons. Preferred filtration neans conprise the
acid tolerant nmenbrane systens taught i_nj£q-pending application

2005/ 0173345 publ i shed August 11, 2005. Menbrane (36) selectively excludes
acid as described in respect of Figure 4, for feed (30) acid concentrations
| ess than about 50 w % and pref erablyl. ed (30) acid concentrations of

| ess than about 20 Wt % For feed (SO)A@Lgioncentrati ons in excess of
about 20 WDATAFORIEHEEMBODIMBRTHOFERIGURER t aNDN?) dviemtirane hbedstsr at ed

in the graph ofafib@® 035 (315 nsil thick U108 § BV L dell iva{d: Whtek S®1i@sent at e

(39). Acid purify 1s further inproved by processing retentate to tl ond
menbr ane pRéed COMposi#i®h is a pervaporati on nmenbrane system as descri bed

in respectAofd Gvt6) e 2. The s&cwnd fenbr&se un{t (357 conpri ses K7menbrane
(33) is selectively perneable to water over the acid. Passing the first

et ent at ef P e CHRlpoR IR IR U0 B8 70D e FEAPPREGHT (33)

pr oduces eTTreEat a
The secontﬁ%ﬁdr‘ /E S eh

feed (30) second reten -'- Merbranes
(36) and Bgmmq Qerrmoeftqurxflgurﬁo%n 201°h end 1§ g?ﬁ aﬁeqPrpsmar: and
(33a), rekpent (Wthy. [0036] | 0-80dk efbodiO®hts of Figures 1] 2 and 3. the
menbranes are preferably operated at conditions of tenperature and pressure
suf fi ci ent [0034fui nfle RQ ambadirdenthillulstratedgoi Kigpread anay! gcontbexmybwa in

t he range abo 10C,t 0 abou ef er fro ut 0Cto
about 506, SclpfoRLroa/RshuEratios smpindiene MG G I BisePE 7 o byt ne
RO or nanofdhbirild SRR T iIAREratSd gppgﬁ-@g from about 100 to about 5000
psig, more preferably from 800 to 1200 psig on the feed side. The pressure

on the per S erst call eri e.. but it co

oper at ed a{Hiﬁfsghe EEE%?“SQ%‘"F@S" ‘f@d?ju% af%?rgﬁége%{bsuégg t he
menbrane i & fkk hhé&hBinel it ) WRichqs aHlK(DQﬁ%oﬁPﬁaﬂ?@r’i YRREbrAhE Q)steR{Tbr ane
is preferably operated in pervaporation node with the feed pressure

typi cal | y Ehougiphet iltustrated, aeprobminattyefiliatipnumedens, sach amandditperadoni nant | y
wat er product (35 erneate) wjl preferably cont reater than about 95
per cent by"\?&?%ﬂf’%wége Pe lﬁifd%’?%esisb?fﬁﬁ%"ma?ﬁay’f éég ﬁ‘? THPY L PTEMECE. The
hi gh puri tmoagarqc%aemﬁinaﬁ&ﬂsuéﬁ 88 AVERIATbINS. |P&'f&fr@d GratiePficans greater

t han about 70 percent by weight acid, |less than about 10 J)er cent by wei ght
wat er . comprise the acid tolerant membrane systems taught in co-pending apphcatlon

2005/0173345 published August 11, 2005. Membrane (36) selectively excludes

acid as described in respect of Figure 4, for feed (30) acid concentrations less
than about 50 wt% and preferably for feed (30) acid concentrations of less than
about 20 wt%. For feed (30) acid concentrations in excess of about 20 wt%,

acid permeates the membrane in increasing amounts illustrated in the graph of
Figure 4. This in turn results in water in the retentate (39). Acid purity is further
improved by processing retentate to the second membrane unit (31), which is a
pervaporation membrane system as described in respect of Figure 2. The second
membrane unit (31) comprises a membrane (33) is selectively permeable to
water over the acid. Passing the first retentate (39) through the second

membrane unit (31), the membrane (33) produces a second permeate (35) and a



[ 0037] The above preferred enbodi nents are provided for purposes of
illustrating the invention and should not be construed as limting the

scope of ‘&620 MNsHLi on as delineated by the follow ng clgirRBa007708é09 CLAI M5
. A net or recovering sulfuric acid froma feed m xture conprising

predon1nant|y sul furic acid and water, the nethod conpri sing:

processing said feed m xture using a polyneric menbrane to forma first
retentate containing a greater concentration of acid than said feed m xture
and a first perneate containing a greater concentration of water than said
feed m xture, said polyneric nenbrane se{;ctlvely excl udi ng pernmeance of
acid over the water in the feed m xture and further characterized as a
crosslinked ponV|nyI al cohol (PVA) nenbrane having a crossllnklng density
from about to abou I ng agent

sel ect ed fsr°GHP (rgseng}tp 5&8?'%&?? gg'fysgﬁ pe?ﬂ?é&ﬁdﬁwfltt?rprﬁ%l? f‘%)%’zw 1§§c‘§? nat e;
and (c) mgd c?iléﬂfbéék)toq}lg fe&d (30) The\Road Tetdneat sBe8MS(3TY ihigai d feed

m xture using pol yneric menbrane is perforned under reverse osnosis
condi t i onspuiityraziid. dMénibfaned (A6)xand €33)smay be prefgsblysupporisd by 100 psi to

i xt ur o COMERINENT 4P o2 900 BOmpErREREVEY  vei ght acid. o
[0036] In the embodiments of Figures 1, 2 and 3, the membranes are
preferably operated at conditions of temperature and pressure sufficient to
maintain the acid in the liquid phase, e.g., temperature in the range of about
-10°C to about 300°C, more preferably from about 0°C to about 50°C; and most
preferably from about 4°C to about 40°C. Preferably, the RO or nanofiltration
membrane is operated from about 100 to about 5000 psig, more preferably from
800 to 1200 psig on the feed side. The pressure on the permeate side is typically
atmospheric pressure, but it could be operated at higher pressure so long as the
pressure difference across the membrane is sufficient for permeation purposes.
The pervaporation membrane is preferably operated in pervaporation mode with
the feed pressure typically atmospheric and the permeate side under vacuum.
The predominantly water product (35) (permeate) will preferably contain greater
than about 95 percent by weight water, and less than about 10 percent sulfuric
acid. The high purity acid product (37) (retentate) will preferably contain
greater than about 70 percent by weight acid, less than about 10 percent by

weight water.

[0037] The above preferred embodiments are provided for purposes of
illustrating the invention and should not be construed as limiting the scope of the

invention as delineated by the following claims.



2. The nethod of claim1l wherein said feed mxture contains |ess than
25 percent by weight sul furic acid. 3. The method of clains 1
or 2 wherein the polyneric nenbrane has a polyneric | ayer nmade of a
pol ymer selected fromthe group consisting of PVA, PVA phosphate, PVA
arsenate, PVA selenate, PVA tellurate, PVA nitrate, and PVA borate.

4. The nmethod of claim 1l wherein the nepbrane crosslinking density

ranges from about 2.5%to about 20.0% - 15 - 5. The net hod of
claim4 wherein the nmenbrane crosslinking density ranges from about
5% to about 10% 6. The nmethod of claim 1l wherein the retentate

is furthercpxpggssed with a second nenbrane that is selectively
per meabl e TO water over acid, and collecting the perneance of the
second menbr ane.

1. A method for recovering sulfuric acid from a feed mixture comprising
predominantly sulfuric acid and water, the method comprising:
processing said feed mixture using a polymeric membrane to form a first retentate
containing a greater concentration of acid than said feed mixture and a first permeate
containing a greater concentration of water than said feed mixture, said polymeric
membrane selectively excluding permeance of acid over the water in the feed mixture and
further characterized as a crosslinked polyvinyl alcohol (PVA) membrane having a
crosslinking density from about 1.0% to about 25.0% and is crosslinked with a crosslinking
agent selected from:
(a) aliphatic diisocyanate;
(b) non-aliphatic diisocyanate; and
(c) mixtures of (a) and (b);
wherein the processing of said feed mixture using said polymeric membrane is
performed under reverse osmosis conditions wherein said feed mixture is at a pressure of
about 100 psi to about 5000 psi when contacting said polymeric membrane, and said feed

mixture contains less than about 50 percent by weight acid.

2. The method of claim 1 wherein said feed mixture contains less than 25 percent

by weight sulfuric acid.

3. The method of claims 1 or 2 wherein the polymeric membrane has a polymeric
layer made of a polymer selected from the group consisting of PVA, PVA phosphate, PVA
arsenate, PVA selenate, PVA tellurate, PVA nitrate, and PVA borate.

4,  The method of claim 1 wherein the membrane crosslinking density ranges from

about 2.5% to about 20.0%.
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5. The method of claim 4 wherein the membrane crosslinking density ranges from

about 5% to about 10%.

6.  The method of claim 1 wherein the retentate is further processed with a second
membrane that is selectively permeable to water over acid, and collecting the permeance of

the second membrane,





