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Cr oss- RefwoentudsImoRel at ed Application [0001] This appl i eariusaoioloaiins t he
benefit of U S. Provisional Patent Application 5 61/257,277 filed 2
Novenber 2009 entitled CRYOGEN C SYSTEM FOR REMOVI NG ACI D GASES FROM A
HYDROCARBON GAS STREAM W TH REMOVAL OF HYDROGEN SULFI DE, the entirety of
whi ch i s i ncor p@RYOGENIC SYSTEM & OR IRE VMO \BNG NOIDNG ASHYOPROM A section is
intended to_introduce various aspects of the art, which may be 10

associ at edHNRROSARBORN GASHIREAMRWITH REMQY ALQF %YQ&%@EN@UIFEIQE

di scussion is believed to assist in providing a framework to facilitate a

better U'??ﬁ{&TR%MjeH&’P&RQPJtEdQ flatfsPrect s of the present disclosure.
Accordi ng y,s it should be undeﬂ’t o% that this section should be read in

this |igH000Hnd hbis applwetien idlgimasthedbiraditools WbF. ghrpusionslt PatenielApplisation
[ 0003]
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Di scussi on of Technol o [ 0004]. The production of hydrocarbons froma

[ eservoi rHEPB&ﬁEWIcP%ﬁ the opfitahy pk whigh ipigcorper valefqsensg listeitbon of
non- hydr ocar bon gases. Such gases include contam nants such as hydrogen
sul fide ( gr@lﬂﬂi carbon di oxide (CO2). When H25 and CO2 are produced as
part of a hydrocarbon gas stream (such as nethane or ethane), the gas

Pircam QORI AR S8 PPl PR R AR

downst0 eaydotited writhhekerpplasesaibodinthtss af ehe ResRualdisofosaci d Thas dscadsemt &S a
"sweet ened”. hydrocarbon gas. stream The sweetened stream may be used as an
envi r onmestigYqdylogsispinayPeidinget frgmenerk welstligiix athsttar wishitanging of particular

gas- Lo- | LGis of ARl bickity R SHECLEABEARS. BLREAN BRG] bedhit Aot

i quefie atura as separation process creates an
i ssue as shoultllbe relidsipakiallighf, atdeotsepasailgds 3dmoeiohaof préortast. | N sonme cases,
the concentrated acid gas (consisting primarily of H25 and

Field

15 [0003] The present invention relates to the field of fluid separation. More specifically,
the present invention relates to the separation of both hydrogen sulfide and other acid gases

from a hydrocarbon fluid stream.

Discussion of Technology

[0004] The production of hydrocarbons from a reservoir oftentimes carries with it the
20 incidental production of non-hydrocarbon gases. Such gases include contaminants such as
hydrogen sulfide (H,S) and carbon dioxide (CO;). When H,S and CO; are produced as part
of a hydrocarbon gas stream (such as methane or ecthane), the gas stream is sometimes

referred to as “sour gas.”

[0005] Sour gas is usually treated to remove CO,, H,S, and other contaminants before it
25 is sent downstream for further processing or sale. Removal of acid gases creates a
“sweetened” hydrocarbon gas stream. The sweetened stream may be used as an
environmentally-acceptable fuel or as feedstock to a chemicals or gas-to-liquids facility. The

sweetened gas stream may be chilled to form liquefied natural gas, or LNG.

[0006] The gas separation process creates an issue as to the disposal of the separated

30 contaminants. In some cases, the concentrated acid gas (consisting primarily of H,S and
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-1- WD 2011/ 053400PCT/ US2010/ 044137 CQ2) is sent to a sulfur recovery unit
("SRU'). The SRU converts the H2S into benign elenental sulfur. However, in
sone ar eaWO(28udis3@s t he Caspi an Sea region), additional pelrarsemai413ul f ur
production is undesirable because there is a limted market. Consequently,
mllions of tons of sulfur have been stored in |arge, above-ground bl ocks
in sonme areas of the 5 world, nost notably Canada and Kazakhstan. [0007]
Wi | e theCOylikuent & stsalfedraeovdranghit SRICAr biit SR UX¢decas siac Has eatovbdnipnt he
acid gas is oftentines vented to the atnpsphere. Ho the practice of
U

WeVer,
venting CPMealsBiBEi nEeWEYfle ) SUBF ercaerdudy 8pdiaCagRianiShp fegiPRy addpional
€M SS1 ONSe1derflal RUAGE I%dﬁé’tﬁdnelg.uﬁﬁés‘i‘rggl%%e'c@ds%%%e s Qiiﬁﬁeﬁ)r?axﬁ@. @&%B%hﬂ%er

unwant ed sour gases are re-injected into a subterranean fornmation
pr essur e milibrsedtastofseliuf loive potrestoiedlin lage mborsegrodhd Blonkdt inwehg, ar¢ds@f dar bon

dioxide is ed to cregte artificial reservoir pressure for enhanced oil
recovety %ﬁg‘ﬁﬂqsbﬂ%t?bly%%%@df% 'aF]i‘Stt%Pt'e AG, it is desirable to have a gas
processing facili tg?ntt hat effectively separates out the acid gas conponents

from t he [RY%HocaYbbnihgaelay.is Mevgdvrland. dhe eabegrdigride associatedafrsthe prigheas &
producti %teﬁgﬁl%é‘%ntfé&’ % %elnhtﬂﬁ)sglﬁ?‘@t ¢ov V3L t@%?%ﬁ&é% %ntZ%"/eé% Imaidéor

H25, it can be particularly ch enging to I gn, construct, "and operate a
facility unkedirabbn @ooproposabtol ivinsexarga€®, caissians isantrecdss omlddhei d@siinjection
hydr ocar bgns..,, Ma natural gas reservoirs contajn relatively | ow .

per cent adoaCY: H%i %%@hfsgwé@ PHARIEO 9 g ees?aﬁgpé)sugmaﬂ?a@hfomtwn

per cend agfcOpreldithd P& RicstBict M6t PSkhiYal Q8P AL, dARindEvel P Uhe &hH0n HSHIIRN

sul fide, carbonyl sulfide, carbon disulfide and various” mercaptans. In

t hese i nasahtegsate ptdgarhirescyas esspredoesyiangedmalrebeycheopdratoinal | y enpl oyed.

[ 0009] Cryogeni c gas processing is a distillation process sonetinmes used for
gas separ[@od8in. ToyeghbnicAglsit sepasirablicao hgenergat psocassapofaedity ther hffadivghs

stream at noderate pressures (e.g. 50- 55 ounds per square inch gauge
(psi g)). SCRATAGHPH Bty 2 &%f?’é@%&fsﬁ%}éﬁ? gygr_@ﬁ@ ot §a°%s O'*iow‘b"(?f’t Bhsizhty
product . §ifcgrhiQuahi ad p?&du?ti&?%tlr'&ﬁi% BorftShAk gfr@%ﬁ m&g lfalbe@ms%yo_r A CO;

hydrostatic head can be beneficially used in an to assist int
i nj ectd omngoodeSsit cThibs paemnkirly vhnllengmeptoategignr eqpsirmadandoppuatp atthality that

liquefied acid gas into the formation.is ]ower than the ener required to
conpr ese D pHEREHe el gaaBeaRad Ay HRirsHd S S omadtiny: el B
CONPr eSS aeseradith RIAMRS réhydle W hedenth QA1 Hliad daribae $lcad fan epp/s troMbtdiple)
respect to cryogenic distillation of sour gases. Wien 30 CO2 is present at

concent r #niddnigh gewantegest tagridiigaes. Brinppallypearbandiogtde; butaplsephadwgee spldils,
t han about .7 QL in.the. to be pr [ '%-fr e a
sol i n aeheh BT bl SRR S BlPBRRGRR b Mo inafiroSpbetBed .
sol i d2@i syrogssing hery Gebogeiviallydinggloyddat i on process.
[0009] Cryogenic gas processing is a distillation process sometimes used for gas
separation. Cryogenic gas separation generates a cooled overhead gas stream at moderate
pressures (e.g., 350-550 pounds per square inch gauge (psig)). In addition, liquefied acid gas
is generated as a “bottoms” product. Since liquefied acid gas has a relatively high density,
25 hydrostatic head can be beneficially used in an AGI well to assist in the injection process.
This means that the energy required to pump the liquefied acid gas into the formation is lower

than the energy required to compress low-pressure acid gases to reservoir pressure. Fewer

stages of compressors and pumps are required.

[0010] Challenges also exist with respect to cryogenic distillation of sour gases. When
30 CO; is present at concentrations greater than about 5 mol. percent at total pressure less than
about 700 psig in the gas to be processed, it will freeze out as a solid in a standard cryogenic

distillation unit. The formation of CO, as a solid disrupts the cryogenic distillation process.
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WO 2011/ 053400PCT/ US2010/ 044137 To circunvent this problem the assignee
has previously designed various "Control |l ed Freeze ZoneTM (CFZTM

pr ocesseswOTRhe/0SE00M process takes advant age of the propemaistyroni4iaar bon
dioxide to formsolid particles by allowing frozen CO2 particles to form
wi thin an open portion of the distillation tower, and then capturing the
particles on a nelt tray. As a result, a 5 clean nethane stream (along with
any nitr ogecirainvel thisproblesetic dssighdichal avevaas)y dsigged entdisd Cantrbhel Frepzcof
the tower, while a cold |liquid COP/H2S streamis generated at the bottom of
the t owerZongf™ p(CFLIYY Broceisghekhe GEA Hpyaesss fabes pdvegtage piithe PronsasithAEeaT MY
distillatyj; f 18 Wbt L BaLinef f eezifigh: sthih NGy hane
generate 1%9%??“@%%%\/“‘3?1]@@ avfgﬁg;{; i ea@%mge\l;%rggl égze ce{{r%%s oP O%e‘{;nn 1|ht. %én

[ 0011] Cerptoation afSthe dissllatiornt thevefCladd Miopraap@siag dindpasdecoat edtltacayl phentesalt,a
descriped.in U. S. Pat. . 4,533,372, U S. Pat. No. 4,923, ,493; U S.  Pat.

No. 5, ga?}%‘%{letﬁf@. i aigpe “@1@2@, isopen gt ol prosgpt gty BisA Fpgpperatcd
[0012] As @%{bet@@ldfxfh@@?fé]f,imfé 4 Boli NRuRPOVSHA StreRRIERIRratdd & tHE bidrh AF RN

tower, or colum, used for cryogenic gas processing includes a |ower

di sti | | attbwer. zdhpressugesanghanttieannabeinh? @) ne.c btk Badtiedatiandaftstiigtionnen be done
Pref erably.,, an .upper-.dgi stil.l ation zo i s..al so inc]lyded., The .cql um

oper at os THEf SPRTCH: Ferapd B ERdEe o Red et 5ot SwB V¥ he 1 um
havi ng a seesmescatant 6f congeitbel ow the freezing point of carbon dioxide, but
above the boiling tenperature of nethane at that pressure. Mre preferably,

the coptrgbigd f CeRALNIPLANSS ihe @RAHALBERTand ALQURAIRLHFn G PEERAHELI hat
permts met hane and other |ight hydrocarbon 20 gases to vapori ze, ile

causi ng GO3. Pat. Mar. M, F330¥EN [ §oPitdNopdr323cd985 U.$.0R3Nas 51018, 2gas Ufe dtiit. sNpeam
noves up | u 0 ticles break out of the feed stream and
gravitat |%£@f‘§g a@gégafi\g)m%é%@znt roll ed freezing zone onto a nelt tray.
There, t rticles liquefy. A carbon dioxide-rich |liquid streamthen
flows fr OMEfle. mavecesaly &%ﬂb@dnttﬁ%awﬁé%dmm, Ithgt ﬁilét??_&lai’(?ﬁéo‘éﬁr’ BHE B0t om
of the CqliMor IRBetRNRhs P ﬁ%%c@tﬂie@% TRNE distillBbABh8GHdal Atermediate

ki
tenperature and pressure at V\/nilc substantially no carbon dioxide solids
are f by neontrplled déesy aond. Retferably, bouprsr distillation zmwe iaslye otcJudedbdtht cotuani d

gas streamis created at.. o 40 F. [0014]|l.n one enbodi nent,. so or all
0t he febstlescks skt RUICS dropaihets di itiding i Boton ot B kol Fwdhe Gin of
the freezbnperaRNE raddte bBRG i ERcARE P18 of IRIHRO RO Wut Ubotd18hdDoiling
distillation tower for further processing. [0015] The controll ed freezing

zone i ncltemperaare of andthagaiad thyrragssurphi More pecferablahs- canfrolleh digezing aper is
stream known, a8 ¢ § §lhi&aturdind BRsY AR War iGN indd I LAY REAT R G3S&ES

20  gases to vaporize, while causing CO, to form frozen (solid) particles.

[0013] As the gas feed stream moves up the column, frozen CO; particles break out of the
feed stream and gravitationally descend from the controlled freezing zone onto a melt tray.
There, the particles liquefy. A carbon dioxide-rich liquid stream then flows from the melt
tray down to the lower distillation zone at the bottom of the column. The lower distillation
25 zone is maintained at a temperature and pressure at which substantially no carbon dioxide
solids are formed, but dissolved methane boils out. In one aspect, a bottom acid gas stream is

created at 30° to 40° F.

[0014] In one embodiment, some or all of the frozen CO; particles may be collected on a
tray at the bottom of the freezing zone. The particles are then transported out of the

30 distillation tower for further processing.

[0015] The controlled freezing zone includes a cold liquid spray. This is a methane-
enriched liquid stream known as “reflux.” As the vapor stream of light hydrocarbon gases
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-3- WD 2011/ 053400PCT/ US2010/ 044137 and entrai ned sour gases noves upward
t hrough the colum, the vapor stream encounters the liquid spray. The cold
i qui d spweyorims4oon breaking out solid CO2 particl es wrCraSpewmi4187 ng

met hane gas to evaporate and flow upward in the colum. [0016]In the upper
distillation zone, the nethane (or overhead gas) is captured and piped 5

away for sale or nade avail able for fuel. In one aspect, the overhead
met hane sindeatthinsd k@lreassdnates apadtd thicdghkhe ddiemaydieRepst gasmreayoliters the
partially. liquefied by additional cooling, and the |j quid returned to.the

col umm adiquibsnier.| (e cpkleliquid awray pidp |1%erqa%mg muééql@oc‘asp%rﬁéleé yihgfe psraitingnt o
the spray,sagld t&@zﬁﬁﬁu&%ﬂ% ngbﬂﬁ%&é&ﬂmiRne usual ly after flow ng

t hrough trays o pac tification section of the columm. 10
[0017] Th han g e er %p ti

speci 11 calPlo 1 B RSRBH St Bubl Gl BREEhEC o PL AR EORETERD R pinse

pi pel i he & ﬁp%@llefdrCr&Edld)Elvaﬂhbleeﬁ)ﬁ fudlaninZorhspefte tiesierh@d methhnasir@nd ippm
H2S specification, if sufficient reflux is generated and/or if there are
enough stra@@@d@r a@%ali&l ifo nTherQwrfps‘aé lGRhERap e tpalésaﬂy |hﬁu@f|tpé1 hYpags*étthmah@qqlma{ i on

ZOne. Y\a%\cljietﬁe Lig G g el oL A o g%? Isetﬂh nllh%q en mﬁ&%’ud e he ngi (or

ot her r- containing conpounds &se Wi |
bott om styp@gzmntxf theagpegn sedm@ﬁldﬂ&h@ndntm&ﬂog@zl@tﬁd‘nbdesua[w&:fﬁ} Iﬂysebﬁlqg&ﬂough
sulfide is a poi spnous gas .th is heavier than air. It is corrosive to

wel | andt&uﬁpéﬁ@kg&Uﬁﬁﬁ%ﬁﬁnﬁV%@ﬁSﬁ?dmdjéﬁ3§ﬂWPPde contacts metal pipes and
val ves in the presence of water, iron sulfide corrosion can occur.

Ther et®r 40017 | sTHesicthapt @rqd@wctemdheuwrMﬂI@Q@nZWI heiemapidspeeifieations for
sul f ur ous (&S ngo evﬁnt ) 215 one1xtaheler AN 988, St rgnamebteg ar eehhé terset aﬁh N &Ilds
distill ath'®h M s 8 PSns 2" Yeweet & Mhas P eam o Phe T e fit 6° he
col um. Then Q:@aolgpaeéﬁ; edwhyl dshed @pmﬂ%nsped@ﬁmleﬁslﬂ saffidiets reflibsts b@ltédy
free of H2S, and can be used for enhanced oil recovery, for examp

[ 0019] Thend/or 4f thesere chyhzstagps PE MPREIOR dinse PRgkEn LIS e Harst éﬁ&llatlon

mer capt ang,f r ?—f@v@ev%ls if #Y 1H5181|awg%§s ﬁﬁeﬁ&aéﬂn?ﬁﬂsoh;‘?dr% ﬁﬁﬁ&@ Sotﬁéryﬁ%P' ¢

distillation thé renov of so gases. ere ernatlv I'S a need
for alfr yogeniicg gaapseapay, ahidse il yad emiand Baddbpaoyisogamrod @eﬁ)se glidxtidd and
extract rogen %ﬂlfide fromthe acid gas bottom stream downstream from a
CFZ tomery’§@%Wﬁﬁ 80 [0020] A system for renoving acid gases froma sour
gas streamis provided. In one enbodi nent, the systemincludes an acid gas
renoval 3818m Hivdrogen qul§ds i eprivaiious gay Bt ighpavicidhanaig ffdyeprasive to well

distill ata!nansutrﬂ\é\@ qﬁllﬂﬂ{enfse%flé{ ?@dlloﬁgn $0Mde SRRt RN 'p”ﬁe% Ay 93’1@55}]%%69613

presence of water, iron sulfide corrosion can occur. Therefore, it is desirable to remove
20  hydrogen sulfide and other sulfurous components from the raw gas stream before it enters the
cold distillation column. This allows a “sweeter” gas stream to be fed into the column. The
CO; generated by the cryogenic process is thus substantially free of H,S, and can be used for

enhanced oil recovery, for example.

[0019] There is a need for a system to reduce the content of H,S and mercaptans from a
25 raw natural gas stream before it undergoes cryogenic distillation for the removal of sour
gases. There alternatively is a need for a cryogenic gas separation system and accompanying
processes that extract hydrogen sulfide from the acid gas bottom stream downstream from a

CFZ tower.

SUMMARY

30 [0020] A system for removing acid gases from a sour gas stream is provided. In one
embodiment, the system includes an acid gas removal system. The acid gas removal system
utilizes a cryogenic distillation tower that separates the sour gas stream into an overhead gas

4-



WO 2011/ 053400PCT/ US2010/ 044137 stream conprised primarily of methane, and
a liquefied bottomacid gas stream conprised primarily of carbon dioxide.
The syst ewpabsi@ss4v0l udes a sul f urous conponents renoval Psy4atSeomo/034187

sul furous conponents renoval systemis placed upstreamof the acid gas
removal system The sul furous conponents renoval systemreceives a raw gas
streamand 5 generally separates the raw gas streaminto a fluid stream
havi ng hyticagaongséd gamanty af sethangamdsd tigadticd| K] ddie Qo UtregRSombrieaim
preferably, conprises between about 4 ppm and 100 ppm.sul furous conponents.
Such conpbiestly ofespring AVYidsgehhe sy Tiemerlse diohiiey 2 swlfurpepecomBprpeptsy feB19yal
nmer capt a 0 e o) IC-ac I e

el des o FEt r11aGrat L ay oo e R AR (P Mot AT e KELCE
entry i ntrombhd systsmi | Tlat sudfurdronwempoReet ecrablal systhie recogrogentasy gad gragasand

removal] systemis a "CEZ" systemwherein the distillation to has a | ower
G Sti 11 andBiadbe e Gh h e S &AL gier o il gen GHEe-FRE o Sour

i ntermedigtercpntrol led freezing zone, or "spray section,” receives a cold
liquid spray conprised primarily 15 of nethane. The cold spray is a liquid

reflux g g% tedrhg opya as%%?e%ﬁﬁ%fér&’tﬁ&%@ﬁ@%&sr 6aM0h aB&(}? ﬂqgh{ Lﬂdaﬁb@?gm

tower. Re eration equl pnent pro ownst ream cryogen

di sti | | atsutforouswempboente o Glucihh gomipenane ntagalst hpdrbgeresidfide arrtamg] sefide,namly a
portion of the overhead nmethane streamto the cryogenic distillation tower
as the cof?HOr §GIGP¥BY| ux. [0023]1t is understood that other acid gas
renoval systens besides cryogenic distillation 20 systens may be enpl oyed.
For ek%nﬂi‘@%ﬂt he PEgrablyathic cayaspnic asidsgas pemayal sestamyngiudesaa refegopdinn syyishem
which is - rej L,.0g i - i d I
Systom iy STRRORE, e ELETRLRL R BHEDTAI\AY oD o CpBRmD TR
conponentesysgeniovalid gys teams ahaystdne isb i I0FZEdystEmeskerein the | diddlagys t@eng Hakait

enpl oy physicgl solvents to separate sulfur-containing conponents frqm 25 a
sour gas TEhbedhilifiee &OMfayN4| o HRICHHE cRfBlIog Breduegoncand enBEdEH

so- cal | edo3GaNENI& g RESE WPy ’EG&RN NCLUI& Aci@1igRld Phy ErrisdPHtifnarily
process. [0025]1n one aspect, t%e sul furous conponents rénoval system
conpr isevfancthaws t Theneld epray 1sad siquidenflub geherathé fram dreastrheddospdpenstream

adsor bent d ,adsorbs, at | east sone hydrogen sul fjde while passi ng net hane
e er e AR N KB achiR S TLRAE R Sotids G PSP AR et o
may, TOF EXARBLE towdr) fR& bR &I&ab‘@e@héaﬁorﬁbﬁaﬁ@@dréatr@ aﬁ@-tr@t[lhﬁlll% agiorﬁéﬂ bf the
conprise at | east one nol ecular sieve. The solid adsorbent bed nay

i nci dent alvieshead gsttigng str¢aas tx the ervegorie distillywmiover asbqooldmuigszier/ 044137
[ 0026] The at | east one solid adsorbent bed nmay be an adsorptive kinetic
separ at i d823ed. It is understood that other acid gas removal systems besides cryogenic distillation

20 systems may be employed. For example, the acid gas removal system may be a physical
solvent system which is also prone to rejecting H,S along with CO,. The acid gas removal

system may employ bulk fractionation.

[0024] Various types of sulfurous components removal systems may be utilized. These
include systems that employ physical solvents to separate sulfur-containing components from
25 a sour gas stream. These may also include redox processes, and the use of so-called

scavengers. These may also include a so-called “CrystaSulf” process.

[0025] In one aspect, the sulfurous components removal system comprises at least one
solid adsorbent bed. The at least one solid adsorbent bed adsorbs at least some hydrogen
sulfide while passing methane gas and carbon dioxide as the sour gas stream. The solid
30 adsorbent bed may, for example, (1) be fabricated from a zeolite material, or (ii) comprise at
least one molecular sieve. The solid adsorbent bed may incidentally adsorb at least some

water.



Alternatively, the at |east one solid adsorbent bed may conprise at | east
three solid adsorbent beds wherein (i) a first of the at |least three solid
adsor bentwbedsl/i53400n servi ce for adsorbing sul furous corpONSREIN4{1B7) a
second of the at |east three solid adsorbent beds undergoes 5 regeneration,
and (iii) athird of the at |least three solid adsorbent beds is held in
reserve to replace the first of the at |east three solid adsorbent beds.

The reger[e02d]i onThayt lbest pac olaf adsottRer bal masybagn adioastplikometiorsosastsonspatt  of
a pressure-sw ng adsorption process, or a _conbinatjon thereof. [0027]1n

anot her eniRsBRthEht the %ée@hm%ﬁo@dsadé%h%&éﬁmayw@mw atslyg%téb%ﬁ% do%ﬂssor enlo
chem cal 3al V\%@Pelf ﬁg'& @3t 8 HEaF ¢l ﬁ\’ﬁlr@ef@onﬁ adk&b%ﬁ&' t?edk ”§ hfa&?\?ce e 3Gy ous

conponents renoval system preferably utilizes a pluralit co- current
cont act i nglfdews cesmpoh&0L8(iPihercohy pésthofat ﬂedsf tthrecu solmab rxﬁmbemt shede nnderigoes

syste be utili in.jeu of or addi physi cal sol vent

L hertbeatrabivend 00y &t Shira Jost vl Sl HdhosnbsPE HR Ty erar & he
Use Of atrepig@sSthe AG T2hd & RES ‘ﬂ{r@@gﬁh(p&gorbgﬁt 5dag. use r@%en@tratlbl??rﬁlgl WRart of a
absorptive 15 kinetic separations bed. [0029] A separate system for renoving

aci d gas ébermairﬁwalgs @d$0rgt@m1 Prewam pyt adfse proswirgredingeadsanptiam prodess, sgstaem
hydr ogen sul.fi %I} her sul fur-containing conpounds are substantially
renoved c?8\r/9r]i)él? 183 F¥Ym an acid gas renmoval system The systemis designed

to proces acid str The aC| as streamis obtained fro a raw
gas st rea{ﬁﬁ’fﬂi ti &a‘T |a30t§@r E%‘ﬁ‘b‘? P§phghp st iiBONS 698815’9“99%6?1‘?1%?3 Y86 mpﬁ‘i‘H’ oys a

sul f uyEUSLERTRPNIERES: slBO0R0) | R1cené amrdi MEnhis hien&Y SheRicnehydespsttndci d
gas renmoval system The acid gas renoval systemreceives the raw gas stream

and separramesaltshgemanefgablysutiizass phrditanf ov-eunted dorfastingt desees.conpri sed
primarily of methane, and a liquid bottomacid gas stream conpri sed
primaril ),{0028]car @d{brdjrpmxioﬁmlﬁirtywkr@gqmnsmh ténaevahkystenad may beutlizdenticu of dhe
bottom 25 as s ream The system.al so includes g@ ul f ur ous cor‘rPonents

r enoval PE OIS Ch BRENEY PEFBYRISE, s PRI PStepIssegynclude a

downstr qu&gj sjsf&‘ﬁl "t‘l‘r‘é et [e%ﬁ%ﬁ%'soﬁa’ 28&Menf B&, DY ltﬁe‘ﬁs@‘éﬁ’ aP RHRQNE %?or%t%@’va'
system recel vés the bottom acid gas stream and general |y separates t

bot t ohd adiitktgaspatti@arpeilnt o a car bon di oxi de stream and a separate stream
having primarily sul fur-containing conpounds. 30 [0031] Preferably, the acid
gas renoa02%yst dAmcpsrate systgmgentoinatiglacihgasce fronad saly ghesticam is also provided

herein. In this system, hydrogen sulfide and other sulfur-containing compounds are
substantially removed downstream from an acid gas removal system. The system is designed
to process an acid gas stream. The acid gas stream is obtained from a raw gas stream initially

20  comprising between about 4 ppm and 100 ppm sulfurous components.

[0030] In one embodiment, the system includes an acid gas removal system. The acid
gas removal system receives the raw gas stream and separates the raw gas stream into an
overhead gas stream comprised primarily of methane, and a liquid bottom acid gas stream
comprised primarily of carbon dioxide. Hydrogen sulfide will also be present in the bottom
25 acid gas stream. The system also includes a sulfurous components removal system. The
sulfurous components removal system is placed downstream of the acid gas removal system.
The sulfurous components removal system receives the bottom acid gas stream and generally
separates the bottom acid gas stream into a carbon dioxide stream and a separate stream

having primarily sulfur-containing compounds.

30 [0031] Preferably, the acid gas removal system is a cryogenic acid gas removal system.
The cryogenic acid gas removal system includes a distillation tower for receiving the raw gas

stream, and a refrigeration system for chilling the raw gas stream before entry into the
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The cryogenic acid gas renmoval systemincludes a distillation tower for
receiving the raw gas stream and a refrigeration systemfor chilling the
raw gas swoeamvdsefoore entry into the WO 2011/ 053400PCT/ BEZABR¢ 10440137
distillation tower. Preferably, the cryogenic acid gas renoval systemis a
"CFZ" systemwherein the distillation tower has a lower distillation zone
and an internediate controlled freezing zone. The internmedi ate controll ed
freezi ng danktio®towspr a;efaelcl‘gzi die, Cryogded ueld @saomdvili Guicth &ps AT FZONgkicsed
primarily of methane. The cold spray is_ a liquid reflux generated 5 from an

over head Whsspin dboudistilaaen &ﬁwqrrh@%ﬁ quqmda%tﬂlaﬂom B0 angap rlmﬁ@ﬁ%él%t@ r?oatﬁahleﬂne nt
I's provi C&?é%z:%g%ﬁé r R0 R ;B?at&é&ﬁ?&ﬁ@& ‘Fregilﬁg% bbb @él})ﬁégpé’&ﬁoé]@"r d:% h’&gldt he

over head nethane stream and returning a portion o over ane
st ream t diquink sppny @gepriscddpsmiatilyadfi mwethiaoee FThascotd® fprax ,is wHiquind reflux genqmiteﬂli

[0032] Varfj ous t es f sul furous conponent.s renpval s %ft.ems .may be .
Lti 1] Zod. TR s ﬁslﬁgmdowtnﬁtée% of laf‘o§§tlﬁ6%bws ReRGRHOT Foyipment is
conpri ses,radidbe ﬁ%nﬁf&%ms&} ind &Mﬁﬁeﬁgtllpﬁi@n tdWer fr doBBRE 11RNEvSRalitnethane

adsor bent bed adsorbs at |east” sonme sul fur-containing conponents fromthe
bott om awtrdargaasldsﬁru@ang amorigerbef thetavatiepd pesthrms straarhde thi @Xfpgl@lgé§tlllatm

sol i d adsor bent Y .fcir e arrpl e, use adsorptive kinetic separations
(AKS). THEVES T§ ‘&Xﬁg?q]ﬁ@i aI |y adsorb at |east some carbon dioxide. In

this inst@@gﬁ tg]e AKS sulf s 15 congonents renoval system pr e({/e abl
al so incll LTS % “é‘?sa”&}PQ PR TORPAY SYHEMS FHE ﬁr“é‘@iz? non
separ @b 0rasﬁ@o@%@Eﬁﬁrhhﬂﬂn‘i’po‘h@ﬁtﬂerﬁ&@d’l @(jﬁérﬁ%m%ﬁg&% e BoRNGIRHALRIER bed.
sul fide from gaseous CO2, Tor exanple 0033] The solid adsorbent bed may

al t er nat i Vel ap ldast ene sotid ﬁdwbmrg bed @dsdrhsat idagt soemcsmlﬁAt-tstbntaihmgHmlpandlw énove

it by for on. sulf 4 nanoth as.pect, sulf
componentBe Peish APidSe slsfifa aff s SRO A nERLCT T ETRRER et aThE s iR ent e
extracti vRddingy, Fdraéla@iplHr e sd ok ONifictad s&@@a&{onngésal Ve ARSOVEd Ynay
columms. The first columm receives the bottom acid gas stream and separates

t he bot t drsidentelligadsosh rad aleast romcacdrpers tdignidg. d 1ot thisamstiospr thsedKdr butaroysy of
b i | t
Car D00y Bt P SO0 o LA AT ARPULTR, ly SRLYES

[ 0035] So Tﬂwgra{’l@ew}ﬁfhlﬁ(ﬁrsepﬂaw@ il1ghidt havpheseoirbbi \combotsnss sahhyakodt dutfide
understood, certain illustrations, charts and/or flow charts are appended
hereto. IO gayqupe ﬁa(f?éﬁxanﬁﬂ%vever that the drawings illustrate only

sel ected enbodi ments of the inventions and are therefore not to be

consi der d80331mi t Thesalid atserhent rasrmeneltarnasimtyi bhen wey ek to discaslyterct avjthal | y
ef fective 30, & TP MG o, R AR QI RNS-

20 [0034] In another aspect, the sulfurous components removal system comprises an

extractive distillation process. The extractive distillation process employs at least two solvent
recovery columns. The first column receives the bottom acid gas stream and separates the
bottom acid gas stream into a first fluid stream comprised primarily of carbon dioxide, and a

second fluid stream comprised primarily of solvent and sulfur-containing compounds.

25 Brief Description of the Drawings

[0035] So that the manner in which the present inventions can be better understood,
certain illustrations, charts and/or flow charts are appended hereto. It is to be noted, however,
that the drawings illustrate only selected embodiments of the inventions and are therefore not
to be considered limiting of scope, for the inventions may admit to other equally effective

30 embodiments and applications.



WO 2011/ 053400PCT/ US2010/ 044137 [0036] Figure 1 is a side view of an
illustrative CFZ distillation tower, in one enbodinent. A chilled raw gas
stream i swbebngss4pected into the internedi ate control | @dTfuse@niomg3zone of
the tower. [0037]Figure 2Ais a plan view of a nelt tray, in one

enbodi ment. The nelt tray resides 5 within the tower below the controlled
freezing zone. [0038]Figure 2B is a cross-sectional view of the nelt tray

of Fi gur §083¢] t akracr s Isidee vt 218. aff 0039Q1dHvg UCEZ 2distiBationC (®8S; SeCénconal
vi ew of the mslt tray of Figure 2A, taken across line 2C 2C.

10
[ 0040] Fi giiRbodanend. an @ﬁllle&lr ALY secam swbyne drieFiEhiing the dyisrmediataeonarsd

di stillatd.on;. %Qg e Of kg stillation tower, in one enbodi nent.
[0041] Fi gure |s a perspective view of a jet tray as nay be used in

ei ther t k[ﬁ?é wer F1 W7 tiAllsag pBuq V? Cgfg tlrrjfl,lé/h%n 011%§%F%§H§§“ SLIlhI | ité?ay r%gﬁé I On

of the d 11l ati ower I'n one e gure

vi ew of Mﬁllﬂf[hdtb@eﬂlﬂﬁﬂwm@fscdnﬂollb@ﬁje@ztlng fany¢. of Figure 4A. [0043]Fi gure 5 |s
a side view of the internmediate controlled freezing zone of the

di stil | atjogss|t owelguef 2B i PEBssLsectiBndl Richy ¥f @WmdWeayl dfi FiSitrE 21Al ¥keRREBsPRS | es
have been added to the internmedi ate controlled freeze zone. [0044] Figure 6

is a schel®EBc di agram show ng a gas processing facility for renoving 20
acid gases froma gas streamin accordance with the present invention, in
one enbodDdINt. Tieerg2s iyr cosssichgndl acw off the embl toaysofdigot 2Adntakpn ogessline
upstream %g Qn acid gas renoval system [0045]Figure 7A provides a detailed
schemat i Ftdt gram of the sol vent system of

10 [0040] Figure 3 is an enlarged side view of stripping trays in the lower distillation zone of

the distillation tower, in one embodiment.

[0041] Figure 4A is a perspective view of a jet tray as may be used in either the lower
distillation section or in the upper distillation section of the distillation tower, in one

embodiment.
15  [0042] Figure 4B is a side view of one of the openings in the jet tray of Figure 4A.

[0043] Figure 5 is a side view of the intermediate controlled freezing zone of the
distillation tower of Figure 1. In this view, two illustrative open baffles have been added to

the intermediate controlled freeze zone.

[0044] Figure 6 is a schematic diagram showing a gas processing facility for removing
20 acid gases from a gas stream in accordance with the present invention, in one embodiment.
The gas processing facility employs a solvent process upstream of an acid gas removal

System.

[0045] Figure 7A provides a detailed schematic diagram of the solvent system of
Figure 6, in one embodiment. Here, the solvent system is a physical solvent system that

25 operates to contact a dehydrated gas stream in order to remove hydrogen sulfide.

[0046] Figure 7B provides a detailed schematic diagram of the solvent system of
Figure 6, in an alternate embodiment. Here, the solvent system is a chemical solvent system

that operates to contact a dehydrated gas stream in order to remove hydrogen sulfide.

[0047] Figure 8 is a schematic diagram showing a gas processing facility for removing

30 acid gases from a gas stream in accordance with the present invention, in one embodiment.

-8-



Figure 6, in one enbodinent. Here, the solvent systemis a physical solvent
systemthat 25 operates to contact a dehydrated gas streamin order to
renove hywoegarmsswbfi de. [ 0046] Figure 7B provi des a det aciras2&oloemati c

di agram of the solvent systemof Figure 6, in an alternate enbodi nent.
Here, the solvent systemis a chem cal solvent systemthat operates to
contact a dehydrated gas streamin order to renove hydrogen sulfide.

[ 0047] Fi durtkis @riafgane,t8eddeq sdifaigriamnsdidiffign a ggastr@n® apstdamgoff acddid gas f or
removing 30 acid gases froma gas streamin accordance with the present

i nvent i orfMPrAlEHECRTRTARE At @ TNOX PHACEFD53400PCT/ US2010/ 044137 In this
arrangenent, hydrogen sulfide is renoved froma gas stream upstream of an
aci d gas [PM8val Frapss Bris Byscheragis dpgram SWosngp @ee Hsocessom BicHity dprercoqvinga
schemat | Cacgd S‘a%? o ha(l) W% 3985, ropa%ggesxl)vr{ﬁ tl{l aéllrelsénttXn\t Aioh einm\ﬂsne%lbodﬁﬁénCE.
gases froma~gas streamin accordance 't % preseﬁi nvention, 1 n one
enbodi 3rerh.this atiangdmeht,aryidesiganeifide ibydiogafranhfdadetrésn upimdedoff dnompidggas
stream upstream of an acid 9as renoval system by neans of a scavenger.

[ 0049] Fi damevaleysiemdyaneas o apeayeasiishowi ng a gas processing facility for
renmoving acid gases froma gas streamin accordance with the present

i nvent i orl004H onglg@rﬁaé@ianmh@mamcn diagram ghewmgerant progowingg@ailisy ifer waaving
e T BeP T O TE Y oA G IR Bl e

acl
means of a Process. ure I'S a SC I ag

showi ng dngRiS apaRe@sGit, Yy dtaehlsulfidelio feni®ra \irohg aa@k Ctrgas epsticamdfaangasd giy eam
in accordance with the present invention, in one enbodinent. In this

ar r anfmeRovHpastegdy naeans ofe GresteBWoRIeersfr om a gas stream upstream of an
acid gas renoval system by neans of a thernmal sw ng adsorption system 15

[ 0051] Fi dO9%0]12 Figuee bt iredreghictnativ dipcaam shovingg gasgaeccpsiog &sslitn dorf maiavingy

for remvino Al dgascs. (1M A 8. BELERML . ACCon danea N 1 Lhe.Dresent
i nventi o Aoone cenbsdt ent M i PHE anangeReﬁ?, ﬁVEquen sﬁﬁ??é@ e

removed fIhQhis ar@agenSdnt S8/ArdHRA tsu HRIN 19 fenddVed Gldin gass K@EMY apstiyft @Manicideans
of a pressure swi ng adsorption system [0052]Figure 13 is a schematic

di agr am SROMVHGYHCHIY Peape €5 8 thegmaboyipg adsosptionysteesent 20 i nvention, in
anot her enbodinent. In this arrangement, hydrogen sulfide is renoved froma
gas st edM0¥st r Eigwrod2 & sdicthatje liagearn vhowisg gt gampsgcersing Sacdity dor wawoinst i ve

bed t hat atét' | i ze?ﬁoadsorﬁqt ireve kig\cetligic see{;,a% %ei on, r{t01(1353 iFi gur e 164 io%iinal‘ent
schemat | ¢ BGF AR EhO Y AT Hs P SRBSS hé AR BT P e T RS Sl -
i nvent i onn thid aaREdMemt eydasicABatfidelif rdridved FrdnR A GaFBMEam Oydragest smuddid ga i s
renoved froma 25 gas stream downstream of an acid gas renoval system by

nmeans of I8RO SHHPNIDYENeBY of i ATCSHHIP PV HERdsRIBBPHEYSLki net i ¢ separ ati on.

[0052] Figure 13 is a schematic diagram showing a gas processing facility of the present
20 invention, in another embodiment. In this arrangement, hydrogen sulfide is removed from a
gas stream upstream of an acid gas removal system by means of an adsorptive bed that

utilizes adsorptive kinetic separation.

[0053] Figure 14 is a schematic diagram showing a gas processing facility of the present
invention, in another embodiment. In this arrangement, hydrogen sulfide is removed from a
25 gas stream downstream of an acid gas removal system by means of an adsorptive bed that

utilizes adsorptive kinetic separation.

[0054] Figure 15A is a schematic diagram of a gas processing facility of the present
invention, in another embodiment. In this arrangement, hydrogen sulfide is removed from a
gas stream downstream of an acid gas removal system by means of an extractive distillation

30 process.



[ 0054] Figure 15A is a schematic diagram of a gas processing facility of the
pr esent i nvention, in another enbodinent. In this arrangenent, hydrogen
sul fi de iworemsa®ofrom a gas stream downstream of an a®Cu/Usaslone1oVal
system by neans of an extractive distillation 30 process. WO

2011/ 053400PCT/ US2010/ 044137 [0055]Figure 15B is a detailed schematic

di agram of a gas processing facility for the extractive distillation
process qhofF3|gur BighbAl5BéS ai deedllcBashempid dagain GEat@k prévthdck MRilits for the
Definitions 5 [0056] As used herein, the term "hydrocarbon” refers to an
organi ¢ <oHpelRdlittHRton Aracawred FaguredpM y, if not exclusively, the el enents
hydr ogen and car bon. Hydrocarbons generally fall into two cl asses:

aIiphatiqyngﬂafbgﬁﬁgﬁ%nqhqﬁgﬁhxQﬁgﬁﬁﬁggﬂg, and cyclic, or closed ring
hydr ocar bons, 1 ncluding cyclic terpenes. Exanples of hydrocarbon-cont ai ni ng

nateriaqu&ﬂﬁPHgf any formof natural gas, oil, coal, and bitunmen that can
be used as a fuel or upgraded 10 into a fuel. [0057] As used herein, the
t erm "Hiydoosar boAsf hsgt dssteinetler srino"leydiydrimndrdofens a6 am ®toaniescafipound that

hydr ocarhbons .t hat are gases or |iquids. For exanple, hydrocarbaon fluids may
i ncl ude amﬂ%%%m%lm nof %Céﬁsé‘ée%bftﬂﬁf&‘r‘%@é% bustezethapd gasEEdgraPPRI ds

at format .eﬁ&aﬁ%@gi kPR cl@lsed ra@igﬁétﬁj, 872 stFﬂglﬁichhiﬂ'lﬁrdeca&tonﬁ Lol epLiicop flokdons
(15 C and 1 atm pressure). Hydrocarbon 15 fluids may I nclude, for exanple,
oi | , nat umg hyglascartmms) inbledingetyblanterpeshal Bxamples @iyirydrgmitoneadontaipyg olayesiags
gas, a pyraqglysis produyct of coal., and ofher hydrocarbons, tha rein
Gaseous ShE R RER G Sunfe saarorhsSHlomil O hind BhonSeRna or £ s pEpidtafic,
any oby eGhiot@tl receives fluids to be contacted, and passes those fluids
to other objects, such as through gravitational flow One 20 non-limting

exanpl e i[§0§‘7]|t r a)&[sglgéd ﬁéréiinpﬁ)lierf&npuﬁg{dg&faﬂﬁ)inrﬂtﬁm%%sw hydratitbnRAGKKARCd S

anot her exanpl e. 59] As used herein, the term"fluird" refers to gases,

| i qui ds, drydomathonsthanse giscgas diguand Hor guample, hgdraedrboradlutds megnhichatiaons

of gases h%lglcrjocgu%loin%% ’migtrlllgesco%idpo%glirbglqg th%]‘: alrlei g%lsjeisdosr I%Tlgdssa Ifoircrinsa‘[ion conditions, at
processing conditions or at ambient conditions (15° C and 1 atm pressure). Hydrocarbon

15  fluids may include, for example, oil, natural gas, coal bed methane, shale oil, pyrolysis oil,
pyrolysis gas, a pyrolysis product of coal, and other hydrocarbons that are in a gaseous or

liquid state.

[0058] The term “mass transfer device” refers to any object that receives fluids to be
contacted, and passes those fluids to other objects, such as through gravitational flow. One
20 non-limiting example is a tray for stripping out certain components. A grid packing is

another example.

[0059] As used herein, the term "fluid" refers to gases, liquids, and combinations of gases
and liquids, as well as to combinations of gases and solids, and combinations of liquids and

solids.

25 [0060] As used herein, the term "condensable hydrocarbons” means those hydrocarbons
that condense at about 15° C and one atmosphere absolute pressure. Condensable
hydrocarbons may include, for example, a mixture of hydrocarbons having carbon numbers

greater than 4.

[0061] As used herein, the term heavy hydrocarbons” refers to hydrocarbons having more
30 than one carbon atom. Principal examples include ethane, propane and butane. Other

examples include pentane, aromatics, or diamondoids.
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25 [0060] As used herein, the term "condensabl e hydrocarbons” neans those
hydr ocar bons that condense at about 15 C and one at nbsphere absol ute

pr essur e.wGanders#abl e hydrocarbons may i nclude, for exampraS2@onu«sure of
hydr ocar bons havi ng carbon nunbers greater than 4. [0061] As used herein,

t he term heavy hydrocarbons” refers to hydrocarbons having nore 30 than one
carbon atom Principal exanples include ethane, propane and butane. Q her
exanpl es [D06d|ude ARentcnecraid,offad itei®n  ‘@losdd ardpdeifiigeratidD system” means any
2011/ 053400PCT/ US2010/ 044137 [ 0062] As used herein, the term"closed | pop
ref ri ger dEfTRSTAKE SBHPM EIHAN 4R Xtertel WoBkiag flakl gk peproRARs @ dhy e st

wor ki ng f uhflaRURN ot B AREHEaP mahihel GRER S H8Ys 4F AnfR! @My LBpGNIddy aN
over head nethane stream This Iis 1n contrast to an “open loop re Plger tion
syst ent whfrigeratioa spaemi’ ovheofin thperttoresthiha dvomtihdmetheahe s@ean itsaf fs ussd usdd as
the 5 rkiﬂgguhﬂid. [ 0063] As used herein, the term"co-current contacting
devi c o¥orkfig iy ent contactor” means a vessel that receives (i) a stream
of gas and éii) a separate stream of solvent in such a manner that the gas
st ream arl80eHe" ) upedhthersin. dherfE BN tCAUISAECUYRAAES [ASYISE] 8 f ¢GRIt icAntactor

ener al | . . bl o . i
ol s THaT e bk RECErR) ¥airginfof BE TS GRA ORI ERor Wi Wlhdch0
del i qui dirmamer IXDEGHG ghiotreab sadthagolyast' stmeanso@agamet srmthdr swhntt flowing in

significantly absorbed by a sol.yent during a gas syeetenin I OCesSS. 065]
As used REPEFHY t@%%ﬂ%@efiﬁ%{mﬁa% OGN Hgssontacriag ¥ige-a NArTEB AN na-‘éé&
obt ai ned JnrQmdr Qr{dléjé‘oa@ésker‘,"@ﬁistﬁ@é&%&'r?hﬁ%gﬁﬁhiz@rﬁ froma subterranean
gas-bearing formation (non- 15 associated gas). The conposition and

pressur 60[9664]at uf\l@h-aﬂ?ﬂébl?l%%ag’agﬁ'egﬁ% Qaf kANE L%t s ff%gﬁtﬁahq%%eﬂrﬁl a%?ﬁient

stream cont al ns net han a I'ghi ficant component”. e nat'ural gas
st r eam nmeduriaka@as ewtaeningploaes. (C2), hi gher nol ecul ar wei ght hydrocar bons,
and one or nore acid gases. The natural gas may al so contain mnor anmounts

of cont anMooes]t s ASuehd arel@t B tertl tiR@aN gaghepsferafsla Ghulbeodiponed Ozak (defhedAs
used herein, an "acid gas" neans any gas that dissolves in water producing

an aci di dreplauerién oilNgt! (aspaaiaied essrsiTeam ¢f suREqringals eas-heseing dermparendganr
¥ T . o
i sul 15 g g @ o8 leNahoBRsh 48 bisxive o BT U ARPHBLRAAE. K iGpEar Pon

[0067] Thetdrelrgas streamlicontsmbk westlidhe (€@ assigdificaht icomponsit.alh¢e adthisal khggticdm

hase t hat
P may also contain ethane (C;), higher molecular weight hydrocarbons, and one or more acid
gases. The natural gas may also contain minor amounts of contaminants such as water,

nitrogen, wax, and crude oil.

20 [0066] As used herein, an "acid gas" means any gas that dissolves in water producing an
acidic solution. Nonlimiting examples of acid gases include hydrogen sulfide (H,S), and
carbon dioxide (CO;). Sulfurous compounds include carbon disulfide (CS,), carbonyl sulfide

(COS), mercaptans, or mixtures thereof.

[0067] The term “liquid solvent” means a fluid in substantially liquid phase that
25 preferentially absorbs acid gases, thereby removing or “scrubbing” at least a portion of the
acid gas components from a gas stream. The gas stream may be a hydrocarbon gas stream or

other gas stream, such as a gas stream having nitrogen.

[0068] “Sweetened gas stream” refers to a fluid stream in a substantially gaseous phase

that has had at least a portion of acid gas components removed.

30 [0069] As used herein, the terms "lean" and "rich," with respect to the absorbent liquid

removal of a selected gas component from a gas stream, are relative, merely implying,
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25 preferentially absorbs acid gases, thereby renoving or "scrubbing” at

| east a portion of the acid gas conponents froma gas stream The gas
st r eam nmawolke11205e4pdr ocar bon gas stream or ot her gas str eamussuoi44as7 a gas
stream having nitrogen. [0068] "Sweetened gas streant refers to a fluid
streamin a substantially gaseous phase that has had at |east a portion of
aci d gas conponents renoved. WO 2011/ 053400PCT/ US2010/ 044137 respectively,

a | esser rogpegtiedy.ei lesgr ee gpdat@oddgest odfcohtest seltRE eldctghzas awvppoanit The
respective ternms "lean" and "rich" do not necessarrly indicate or re ur re
respect i VEIRFCUS CHBY “leat anth Tibs SPBh N OqaH Y INACH QPRICAYIre S vpiCet 5T -1oF

sel ect ed tﬂﬁsﬁpy&ompﬁﬁﬁf&: is t?%rll%r&rvofdt of ﬁle'ééfe% ﬁb a%ecﬂfs &WF‘P'I‘MT R Gt f

t he sel ected gas conporien act, it 1s be 5 evi dent
her ei naf tiecapablaaf abdmebmg noat bethe seiected gab&nnmw |Iin(fhl¢td1t}l)§‘plﬂfﬁ¢l&d, asrwil Bad r st

cont ac ser ctor.s retajns,si i ficant or
subst a%t .eardlrggrral&a ﬁ*@br&latswal 5%. @S i}grnéér ucgd 1) SHF CaHATPHBY
i qU' d W's'eheéo@f M@Qﬁ%r@%’ntﬁ&oﬁ%ﬁﬁﬁ%@nﬁid&ht SUbBtamnidl %suﬁﬁﬁ%s@hﬂt&@ ’ca(%)&&t may
retain a mnor concentration of the gas conponent being renoved \71

The t er mConawrsglys ast'iceimabscebant sliquad avitly de aoebstedf touibd epablanefnerséintialk he
fluids 10.are .pri in a aseous ase,...and which not under gone
teps t o POBUE™ I bisk Ve B e ROREREHRT Sl s Coslroarﬁi*rmgérrarve%
conponent The term "sour S str r 0 a h rocar ba | ui d
stream \M@P'é‘h tﬁ]‘% i TaY %Sétfﬁ?rm P yO .aﬁ*ygloga ng‘i)ﬁ%%aé“ A Bt ‘519
lleast 1@ npt p Pr%{a%%ﬂtm %agik@&sdb%bd%@w&r haPhét ﬁﬁlﬁe?géhepﬂéﬁ hdrRgRR Skbdd de.
15 [0072] As use erein, the term "subsurface" refefs to geologic strata

occurri ngildved@\hyﬂmgeealrlﬁﬂe,@remera@él.c Mewonénss.i on of Speci fic Enbodi nents
[0073]Figure 1 presents a schematic view of a cryogenic distillation tower
100 as neY071]be Thsedm Troapgasestichmi rivietsito tateydpycasent fluid viecun omsrei thedheds
enbodi ment. The cr enic 20 disti]lati.on tower 100 may be_ i nterchangeably
ref erred 46 PHEKE Yn}/nag easoopy pbrjenrel BOLEIRIA dEbr) TEhRSTOONt SarDR ifpids. it oI
colum, " Q&4 fom hOUR en 51[19954] The cryogenic distillation tower 100 of
Figure 1 receives an ini fluid stream 10. The fluid stream10 is

conprise mar iyl A "TNRER : i ]%?aw
repr eisée;nﬁs@?]drr eg){lsg({sheg%@g%%t# ror%ggﬁl\?%fs? head % ée%%ﬂg}l %%%aﬁ%ﬁécgﬁv% eg%fs
(not showajth's2brfased cont ai ns about 65%to about 95% met hane. However, the
fluid stream 10 may contain a | ower percentage of nethane, such as about

30% to 65% ar evei) as ., ﬁ/ ab 20%to 40% [0075] The net hane may be present
al ong wi tifeseriptign of Spegific Egtbodimentsyy 4r ocar bon gases

[0073] Figure 1 presents a schematic view of a cryogenic distillation tower 100 as may
be used in connection with the present inventions, in one embodiment. The cryogenic
20 distillation tower 100 may be interchangeably referred to herein as a “cryogenic distillation

tower,” a “column,” a “CFZ column,” or just a “tower.”

[0074] The cryogenic distillation tower 100 of Figure 1 receives an initial fluid stream
10. The fluid stream 10 is comprised primarily of production gases. Typically, the fluid
stream represents a dried gas stream from a wellhead or collection of wellheads (not shown),
25 and contains about 65% to about 95% methane. However, the fluid stream 10 may contain a

lower percentage of methane, such as about 30% to 65%, or even as low as 20% to 40%.

[0075] The methane may be present along with trace elements of other hydrocarbon gases
such as ethane. In addition, trace amounts of helium and nitrogen may be present. In the
present application, the fluid stream 10 will also include certain contaminants. These include

30 acid gases such as CO, and H;S.
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such as ethane. In addition, trace anounts of helium and nitrogen may be

present. In the present application, the fluid stream 10 wll also include
certai n cworanosawns. These include 30 aci d gases such 2sTTS201a0a41B2S. WO
2011/ 053400PCT/ US2010/ 044137 [0076] The initial fluid stream 10 may be at a
post - production pressure of approximately 600 pounds per square inch (psi).
In sone instances, the pressure of the initial fluid stream 10 may be up to

about 75Q0p%6] or Tay éiitidl, A0 spp&im 1) Ok McThe fdstpbdsétionapressQrd &f dpppoxdahtely
chilled before entering the distillatiaon tower 100. 5 A _heat. exchanger 150,
such as £9HOuNdLPY-audE B PsRgdp soms ipttyiresdhe pisssura el the njtigd flpjd ftggam

stream 10 Ay ?gﬁﬁ Q)ee{]‘tf%ht% 1&5%% \(e'ﬂth(ﬁﬂ%Ym) provi des cooling fluid (such as
e 150

| i quid proparie) to t eat’ exchangeér to bring the tenperature of the

initial f i st 1 wn, {0 .a -3 40 FE. .Th hill g | ui
L o 0ot T88 Ml RaRNd 8 SRR atfled BofoftCofiaint)Bs Ailafeh Lok Ao

devi ce5 152 hamtyce@andcorSexanhl8,a shellaunlderBh oxghanger( istprévided dbvehe idfdial fluid

[ 0078] The expansi on device 152 serves _as an expander to obtain, additi onal
cool i ng ofrepid O (A redriggrpteepmynip(nopshomay REmides sapkingiluidi(gisdrag dapigrepanchio
fluid str I i Qv : = car s T I L r red
for gas ftggglt és't'% r belzarlrlg&!tqjh% t%gjrr}aléptﬁgﬁéﬁ%ﬁg fcﬁjﬁgﬁaqggfli %ga- S#ﬁ%ﬁéygdgb@l tgna ggt\r/i ce
152 is pr-86etcabloy Froliht eblilletl dhed siocdnh enayr oy &aincovetd ghioupltah Grpiovwer ddO&: t o

o1 Uogi g 183, iR SOHRaLEY o 458 8 Giolte CRFBRIErt LS ERmBSnGeb o Az ene)

are dropped_below their freezin oints. [0079] As an alternative to. a J-T
val vel0t HA0Blpandbe cupapsion desepld) $Eves 2 dRparpardeh ip qbtain additionsd cadlgnefer
provi des hn ; e f.or, pr sses
i ke the tgée?? .E‘Sget%“e;‘?? g‘r)\ %ﬁ?@gﬁgﬁfp?%ﬁ‘z&aﬁ%{e& qiﬁ%leﬁgg{l tStéxc gr?glgrac%g &?sgpart
of the 2QouktThoggrsah i(@n Julii)tvaldenis phifsrrethfonepns fdckdestopas dtad arenmygndrtanformzsy t he

overal|l energy_requirenments.for_the distjllation process. However, .fhe
t ur bo- exﬁa_ﬁégr Th&@%}@wﬁ i 15202 éﬁeflﬁ@ﬁakﬁ prEeedelarelty e ﬁ*lsvﬁiﬂw.
[ 0080] I n (i ENEF0 {NSEARER: hetah%spﬁ?-%e%?(h?ﬂﬁ?gr ankPR ANEmiRGhEXRARART Ipﬂ%hf{%eui q

152 convert the rawgas in the initia 'uid stream 10 into a chi

st r eahd 12witlPeelidsr mbtase sohe @Bnposaper(sudir & 60;tdrebenhérie) ede fifappdd delomathel2 i s
around -40 to -70 F. In one aspect, the cryogenic distillation tower 100 is
oper at ed B?48PP8S ure of about 550 psi, and the chilled fluid stream 12 is
at appr oxi g{é]el y -62 F, At .these conditions, the chill edéfé uid Bt ream 12 is

in a subsP¥mlli al 1y 1 glisaatirrais 2 Sl Keftighthson@atdss ofcviisad™? may Phev frap y
be entr a'e@(ﬁgndeﬂt A fuh%- ah&&él)rgéfiﬁésdgéﬁtﬁﬁ%ﬂh%%-anﬁ/b;?éatés' K&uwYoe FXhERW AR for
formation has arisen fromthe presence of 30 CO2. [0081] The CFZ cryogenic
di stil | atriroresseovidee thO G iigeration getimentianct mbeee. pFhavheay esdenponkd0 is part of the
20 refrigeration unit. In this manner, the operator may minimize the overall energy requirements
for the distillation process. However, the turbo-expander may not handle frozen particles as

well as the J-T valve.

[0080] In either instance, the heat exchanger 150 and the expander device 152 convert the
raw gas in the initial fluid stream 10 into a chilled fluid stream 12. Preferably, the
25 temperature of the chilled fluid stream 12 is around -40° to -70° F. In one aspect, the
cryogenic distillation tower 100 is operated at a pressure of about 550 psi, and the chilled
fluid stream 12 is at approximately -62° F. At these conditions, the chilled fluid stream 12 is
in a substantially liquid phase, although some vapor phase may inevitably be entrained into
the chilled fluid stream 12. Most likely, no solids formation has arisen from the presence of

30 COa,.

[0081] The CFZ cryogenic distillation tower 100 is divided into three primary sections.

These are a lower distillation zone, or “stripping section” 106, an intermediate controlled
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These are a lower distillation zone, or "stripping section” 106, an
internediate controlled -13- WD 2011/ 053400PCT/ US2010/ 044137 freezing
zone, or weppays3®aeti on” 108, and an upper distill ati onPEDAS2010/044137
"rectification section” 110. In the tower arrangenent of Figure 1, the
chilled fluid stream 12 is introduced into the distillation tower 100 in
the controlled freezing zone 108. However, the chilled fluid stream 12 nmay
al t er nat ifulzinglrené, vt r'gauge edtioear08, hed ko ppmd dishidlatioveimne dorStrédtifidbticmnscz oo’
106. 5 [0082]1t is noted in the_arrangenment of Figure 1 that the | ower

di sti | | athl8n T dhfetoris arrpngement @frﬁ'éarea?ethg shidgd dlurd stesgmy Bgis ipfredugpd dpto the
distillatyj; - : : t W TR

Singl e velanEEES St dndithd QbR EhECI AR A, TS S PRI Pl far,

t he t ower12198y ardnatbelyosre iovodicdé nadr tha®prdyhaleedr distibeaioncost d@6.ed, or for
remote | ocations in which transportation limtations are an issue, the
tower 31100082 opitiionadel yn B SRnp¢méntod Figureiothsepanala qistBRsioh @oieBiE ks
(not shown). For exanple, the lower distillation zone 106 and the

cont r ol | dBterpediate mgrayowsetion 80§ rdle apar ghsgtllation gorm k14, egd dhe relpipd eompenaipper
distillat : S o] r I LRiLRg; | e
used to 1 BoRSERIAHs (el L RURI0E) HURBEE, A A b PR BHLA hEREo

t enper at uhetwfertlidd ahdweastiodi cohsidtratiomap necd1t0dei conkidgleey orlfor tdmaote idvatibesed
tenperature of the chilled fluid stream 12, The t erature o he | ower
di sti | | at'P oG HansPeEalien HEMAHARSHTE Gndesugethe tangr L1 ﬁ@ymﬂﬂppﬂl;v E%?Pﬁt 181 t he

met hapg i otdaparfdi JrbQrelVelicth @bl SRMM2 FBE ckdBpIOPRE AW AU R]IBASHEENO10d Hf
colum 100. In thi's manner, nmethane i's preferentially stripped fromthe

heavi er Hhedrcouatenllsdrfreamgl 4onail@8auviyd bedecatednipamemtessel, Ovhido theseppet HogBatefn
ordinary skill i.n.the art w |l derstand th the liquid.within e

G St 1 2RBh 198 T o syl o AT e i et P S Pt R wigoi o
at sone iwteigredi ate tenperature between pure methane and pure CQ2.
Further, in the event that there are heavier hydrocarbons present in the

m xture ([ﬁﬂ'@j] as I@@iﬁﬁ?%m‘BBdiB{e%EEfH@%emﬁeMt&ve lhe IoR%F QRERaddIEdAR 10k RYhigher
tenperature of the mxture. These factors becone design considerations for

t he oper ahaimthat Evpecmpenatse wif tthé chilled ftuig otremincl Hi Skhicl feepeature eigthe 10@¢r 25

[0084]In l.ower disfi.ll,ation zgne 6, th .and any .ot her :

oo o prtidTatibhEhad uPh iy p&heBH PG wal oot g ine bRl b B feitpae in the
cryogeni %hﬂieﬂtﬂdidi atré M 12 Ak oia@ﬁtiné\&)résklﬁe SAMR doluren 108t HANS @Rchepti&hane
vapor - phase fluids break out and rise upwards towards the top of the tower

100. Thi gs peperentialbrstiigpegdclearnihe bereeer gyyidraseibion apd diguighadih gadeqispangnts. Of

different] b and. | i gui r : '

1 e oS, 1885300 4L RAASE NG AP SfRE AL

di sti 20 atto@sr 160M8ra thd@urc ASicsldsg tHabead hplidwill t'beiBeatisomk Uaermedi®t terhperytui30,

a plurality of advantageousl -confi(gur ed mass transfer devices 126, and an
between pure methane and pure CO,. Further, in the event that there are heavier
hydrocarbons present in the mixture (such as ethane or propane), this will increase the boiling
temperature of the mixture. These factors become design considerations for the operating

temperatures within the cryogenic distillation tower 100.

25 [0084] In the lower distillation zone 106, the CO, and any other liquid-phase fluids
gravitationally fall towards the bottom of the cryogenic distillation tower 100. At the same
time, methane and other vapor-phase fluids break out and rise upwards towards the top of the
tower 100. This separation is accomplished primarily through the density differential
between the gas and liquid phases. However, the separation process is optionally aided by

30 internal components within the distillation tower 100. As described below, these include a

melt tray 130, a plurality of advantageously-configured mass transfer devices 126, and an
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WD 2011/ 053400PCT/ US2010/ 044137 optional heater line 25. A side reboiler
(see at 173) may |ikew se be added to the Iower distillation zone 106 to
facilitatworemnsadooof met hane. [0085] Ref erring agai n toPErgise@obg418he
chilled fluid stream 12 may be introduced into the colum 100 near the top
of the lower distillation zone 106. Alternatively, it may be desirable 5 to
i ntroduce the feed stream 12 into the controlled freezing zone 108 above
the nelt dptiayalUidQter Tine 3501 At siaé rd':bmjﬂeﬁ(éeemt af73} haydikcwigdbd bdded Bt thedowd2 i s
a design jssue dictated primarily t he corrp03| tion of the initial fluid
stream 10115t{ Bogsranselle tPﬁ@ﬂt"‘éWﬁ@mﬂY%}roéntﬁt e chilled fluid stream 12 is

hi gh enoug %such as greater than -70 F) such that solids are not expected,
it may bdUP¥Mf er Rofearingpagan) wofigureel.dhg ¢hiberl Hwidtstrgarg lgtmeed:m ipgodjiced &ntp yha nt o

e T e S

servess t qo aitrdddds theffasd st&lahlylﬁﬁﬂﬁtfhatcenﬁr(h&dtﬁf&zmlg&ﬁﬁe Yﬂs)%ovleitmfuindlt fiaxt180€e in
the chilled f|UId stream 12. The flashbox 124 may be slotted such_that the
t wo- phas el T nging g rﬁlﬂrsﬁ@@sofé@f‘a?mg%d ﬂlalfifsrre%m.lﬁ ig ﬁée%lhéshltf‘o@éﬁf@ﬂ pripsarilpbg 9
solids ar pi nlet tenperature, the chilled fluid
stream 1ZC%Egj%llrtllg{egﬁh%q%ﬁ%%l&l'?lsgﬁrgwsepar ated in a vessel 173 pri or to
feeding t ol u 00 a des rib ab ViE this c he Chl | ed feed
stream 15“@%@ bewsheera%é edh pera 1retowothehcaéle ds%ulgrSt or ﬁés P f Nt I z(%ucth

possi bi | igryat@‘fth&DJ«?IOdiF) @lhdhggatrsghadwaema{ @ipel:tledlat aad bb ptcEable t@ﬂﬂmmleermﬁllwf
the column 100. Gas vapor |eaves the phase separator 173 through a vessel
20 inf®t flyihstream I\R/n@reéﬂwn@ntthé r1§W€mélse%4tWOPeol%hthmh givq-phase flashbox

di stri but,

l'i qui d/ so%d sl ur(rog-b%é’)g At JHR & g?gglgﬂ m” fehoi)ﬂgfsée{% gé’ggﬁé‘t&? Owli%jsg&e“%

l'i qui d/ saitllehsspamalyy s@achtes ot ®oh- phaBe vaﬂm lumhdJmﬁxtﬁ&Omtthe ehiled tfhed s@agon 12.

di stri but r 24 and to t 30. The liqujd/solid slurry 13 can be
fed to t Sh‘?ﬁi‘ﬁ 130?4 $1G fyl%ﬁheatvmm%%iﬁgld PINgES AE3IPH taffqsap the

ar rangenmssnhd<hpds. i S, W|th or without the two phase separator 173, the
chilled fluid stream 12 (or 11) enters the colum 100. The liquid corrponent
| eavesp: t H1ash

126wt nilSORHE° AR R RYTLE 6 Y6k DR BERLAS (B Rt BRI o
a series miy wetd $o b2&aatiadlyd sopaconi its a1@3scl THBspriar ® Gedmpi thededimne 100! dsy

bel ow i n conpgection wi th . Figur hes rlppl trays 126, 30

conbi nat iGACHACHHPPHE Kt PaSFeﬁﬁeqh&Iq@r%e et 12 gty eﬁetaff'«}t?%m BrAWY dhase1 06,
cause Wts@@é’r@to} Qﬁr%ahllﬂﬁhzé)fthes gbéﬁﬂll%‘z ofl @@hc{seﬁfvdggﬂnggthﬁﬂf& IR £l $ntbAgl
met hane and any entrai ned carbon di oxirde nol ecul hat have boiled off.

2011/ 053406R0H¢usSa0 e/ @4uid 100.0088viber eaypsrthd phash escpapratoc ¢ &3 shropshaa otessel

it o e ipRELDR T oRRer e ern B vt 00 Tarpudlt Y sl BBERr b FiliBo Mbor
uni for m dSeRupWathrddphaiEo1 g 100 €828 @888y THE dd@dh@fgeﬂ‘ﬂfolm %H%%ase

contact cold liquid fromspray headers 120 to "freeze out" the CO2. Stated
anot her \ggpara 73i | The hquld/so id slurry is directed into the column 100 through the vapor

r—r_‘.‘J

distributor 124 and to the melt tray 130. The liquid/solid slurry 13 can be fed to the column
100 by gravity or by a pump 175.

25 [0088] In either arrangement, that is, with or without the two phase separator 173, the
chilled fluid stream 12 (or 11) enters the column 100. The liquid component leaves the
flashbox 124 and travels down a collection of stripping trays 126 within the lower distillation
zone 106. The stripping trays 126 include a series of weirs 128 and downcomers 129. These
are described more fully below in connection with Figure 3. The stripping trays 126, in

30 combination with the warmer temperature in the lower distillation zone 106, cause methane
to break out of solution. The resulting vapor carries the methane and any entrained carbon

dioxide molecules that have boiled off.
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5 freeze and then precipitate or "snow' back onto the nelt tray 130. The
solid CO2 then nelts and gravitationally flows in liquid formdown the nelt
tray 130 woadotinsswgh t he | ower distillation zone 106 thece/usedioxms41p0D090] As
wi |l be discussed nore fully below, the spray section 108 is an

internedi ate freeze zone of the cryogenic distillation tower 100. Wth the
alternate configuration in which 10 the chilled fluid stream 12 is

separ at eq0089]vessat vigad frthor ploocsistupitang thrbegt oives oi@ﬁm@ypasu cﬂ‘fthé 1t
separated liquid/solid slurry 13 is introduced into the tower

i medi at dray 12&9&%@%@@&%1@@@@@9 intgcdhe frpers, zoge 1P uiThe sbimmgyd Xt W@S 8fvanes d
gas and £ 1,
 th- ol e bGr [ AGR, ARRR IRENES ke A 1080 T Gl LRy sBhpete
melt tr awo]ldBﬁqmlsl foon spgyrhedddro 120 & i fradze anidil the (E@g:eStaﬁaedl argpthed vadCszI wﬂﬂ

mat er i ily and H25, mthe internmediate contralled freezing
Tone. 198 1t %aﬁ}hﬁntpr%ﬁl,pl%@oorsérwsfbﬁ% QP M melt mﬂ?@ The s £9- ferapeity s

and diregfgt %’l@{?ﬂtﬂféﬂ@l\l@rﬂéﬂshﬁplﬂ@hdtfﬁﬁﬂ&w il Seit! th%t 199 a8@NBrol@R the wvau' d
formfor further purification. The nelt tray 130 codll ects and warns
solid-1li q1j$tdlattplxtzmee1(16rtb¢nefohk§mcont rolled freezing zone 108 in a 20 pool of
liquid. The nelt tray 130 is designed to rel ease vapor flow back to the
controll e[dOQﬂ]eeziAlsgNiﬂdmedi:m&sed mopr fiNliydeladetoapayheationt 1@ &f @r intarmegiate t he
solid and to facilitate |i. u1d/s|ur to the | ower

st 111 atTsde 6 oiiBs P st fBtonone 1is Sih Chea BRSO Bien YR
melt ig awhe’léﬁluecﬁ ﬁﬁ%%fhﬁqrzqsg anftéH/ind\ee?,seq‘ 198 AoV oCMt@fng ttﬁ@tdlw‘?e,'rtlob reﬁ%(

in one enbodi ment. Figure 25 2B provides a cross- sectlona view of the melt
tray 130,the ammted: hqmé/sbhdnélumBl?ofs pirgduced 2mo the quve 18 istnoedsataly above the
Cross-secti e |t tr 130,. .t aken, acr os i ne mel t
Cr oy 130 e Pap ¥ YR s iR rhoBie AERed o FEL BSVRT ButigPirn gampotient

col I ecti wgillyflow GRS Bstributdrel 218 klitht Jodids 438 liqhfs UaliBis g loRasentd e mEhardase
134 may be a substantially planar body. However, in t%e preferred

embodi mer30shown i n Figures 2A, 2B and 2C, the 30 base 134 enploys a
substantially non-planar profile. The non-planar configuration provides an
i ncr ebsed08W]f acEharmelt ftoay d3htiactonfigutedqte gsavatadomdlyi teeivanidqund) and sdiad

melt tray 130 fromt nt roll freezi ne 10 S serves

"ot oneo muagels ST GRS it T TR IR SRR SR ol ane
passi ng Upelf QM Ijl!esér%@efo Aagrh i the alguRn as®R6lid Fatéiald R CHebiThekDQokvawhite

| i qui ds and thawi ng solids. In one asilect the base 134 is corrugated. In

anot her dbysueh the leechdisEllatan joncJObsr davidabory fei fuutber pificatipn.s The predt trat
the tray I%%Séogl I %n& r\‘)&p%s ‘[111.l %:olgiulr 1(? ﬁ?lxtu% frgrn t@g roﬁttr(?l?e% %rpe% O%ob]%rIOS in a
& A ve £ e feat 5

non- pI anar geome erna O | nCrease

transt@r poeaf ﬁﬁulﬁherh&lhlbltttfagylm&@ deb@ﬂ&ﬂioﬁweaﬁelvapdrrfayw bagetoldd dostrolled
preferably inclined. The incline is denonstrated in the side view of Figure

2C. Al t hdirgringenc 488; @sPrevigeadepatargat Sgnsfemie mplt thanwolidel Qe sinddo dpgilitate
that any | T@élﬁﬁg éﬁeﬂhé%%l tol Hle UdGer! &119(?81210@0){"[18&1 &s@lﬁloﬂf Jon@T1061t tHBchrubdr®Y

130 and |n stiilation zone there
100 below the melt tray 130.

[0092] Figure 2A provides a plan view of the melt tray 130, in one embodiment. Figure
25 2B provides a cross-sectional view of the melt tray 130, taken across line B-B of Figure 2A.
Figure 2C shows a cross-sectional view of the melt tray 130, taken across line C-C. The

melt tray 130 will be described with reference to these three drawings collectively.

[0093] First, the melt tray 130 includes a base 134. The base 134 may be a substantially
planar body. However, in the preferred embodiment shown in Figures 2A, 2B and 2C, the
30 base 134 employs a substantially non-planar profile. The non-planar configuration provides
an increased surface area for contacting liquids and solids landing on the melt tray 130 from

the controlled freezing zone 108. This serves to increase heat transfer from the vapors
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10 [0095]In the view of Figure 2C, a sunp or channel 138 is seen central to
the nelt tray 130. The nelt tray base 134 slopes inwardly towards the
channel 186 20u/daiobver the solid-liquid m xture. The bageTAB4ommy41BE sl oped
in any manner to facilitate gravitational |iquid drawoff. [0096] As
described in U S. Pat. No. 4,533,372, the nelt tray was referred to as a 15
"chimmey tray." This was due to the presence of a single venting chimmey.

The chi mmaysing oy ifidedthanowgedistiltitivh zoig N06AbI thb culaper F0®)thdrbyeds pvdthdwing
t hrough the chimey tray. However, the presence of a single chimey neant
that all ghdes Iﬁmnengspﬁﬁtwéh«a bagey é%rt; Hs tcra@"u%fﬁ?%ely osier haaeqt thegpassslIhisough

{he ol NG aRARINGinidhe PHOSKARANG: ub ek LR ks Wi 130rghrE R 65,24

2B and 2 Ity o s 131 is use t|p e 20
chi meys uhﬁ&:smodwhaiastheﬂmnmplenhrmpmetrchssnay hltdrnaivelyThé¢ ssaiotot incisatcethe theat
better_heat/ pass tr@@ g&ﬂe internedi ate controlled freezing zone 108.
[ 0097] The 4RICHAEY OF f any profile For instance, the chi meys

131 may be round rectangular ot her shape that. allows vapor to pass
through tIAtel t The spltitey baﬁﬁé%rﬁ Pﬁ?é)?%blm}ldlﬁﬁ‘} dhe éndhae paderaRpsiagd dx thend

upwar ds | g&regv&\%f reQlc. eﬁlltﬁ 7h8d s&l‘?&keshﬁﬁd]t%etneﬁréar ﬁle‘%ﬂaﬁlees%rv%s 'Et?C%%M Ll al

pressure tr| ute t vapor evenly as It ses I nto

cont r ol | abatf err@zemtm@tezi(mhdi% theTheuid misney srdid bfoe ther @bk eyl I)BOI amﬁahmtl tlen
peaks of hﬁ corru at ed 134 to provide additional heat transfer area.

[ 0098] Thelitt B‘B%é Bﬂeiﬁ@“bhinneys 131 are preferably covered with hats
or caps is mnimzes the chance that solids dropping fromthe
contr &9 | d@ﬂ?ﬁleezimaﬂez%% of Fégwye 2are By oF $hannelg8dmeernt geatrakeiorthe melt t1ayp.

I n Fi gur 131.
w0 2011/ 0a¥soRsh edy 1670 39 AT s BT YR EE Ry A LfAG P b GG (R SR
desi gned lwguidmithiel eTiealpse 134 endyulsdbilepaiipsangahamer ao facdiate redevitagidnad nguidn

t he base1%34 rising fromunderneath the nelt tray 130. The bubbl e caps

further e surface area in the nelt tray 130 to provi de additional

heat transfer to the CO2-rich |IﬁUId Wth this design, a suitable liquid
draw of f,[089h adsadeseiade s bES i Bl INee 5> %, the frealt Hapevr BT t@ @5 @

D3O PTG sl (BEURE o 1 B SRE PR DL Y NFRBEL O shinncy.
Wi th an provided an opening through which vapors may move upward through the chimney tray.
However, the presence of a single chimney meant that all gases moving upward through the
chimney tray had to egress through the single opening. On the other hand, in the melt tray
130 of Figures 2A, 2B and 2C, a plurality of chimneys 131 is provided. The use of multiple
20 chimneys 131 provides improved vapor distribution. This contributes to better heat/mass

transfer in the intermediate controlled freezing zone 108.

[0097] The chimneys 131 may be of any profile. For instance, the chimneys 131 may be
round, rectangular, or any other shape that allows vapor to pass through the melt tray 130.
The chimneys 131 may also be narrow and extend upwards into the controlled freezing zone
25 108. This enables a beneficial pressure drop to distribute the vapor evenly as it rises into the
CFZ controlled freezing zone 108. The chimneys 131 are preferably located on peaks of the

corrugated base 134 to provide additional heat transfer area.

[0098] The top openings of the chimneys 131 are preferably covered with hats or caps
132. This minimizes the chance that solids dropping from the controlled freezing zone 108

30 can avoid falling onto the melt tray 130. In Figures 2A, 2B and 2C, caps 132 are seen above
cach of the chimneys 131.
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external liquid transfer system The transfer system serves to ensure that
all liquidis substantially free of solids and that sufficient heat

transf er waxoti@ssopr ovi ded. The transfer system first i mcrasesionsdsaw of f
nozzl e 136. I n one enbodi nent, the draw off nozzle 136 10 resides within

t he drawof f sunp, or channel 138 (shown in Figure 2C). Fluids collected in
the channel 138 are delivered to a transfer |ine 135. Flow through the
transfer [0099 13Fhemiltheyddotnial diadbddesinednlithubbielcdps. 1B btlccdpedefine
controller "LC' (seen in Fig. 1;. Fluids are returned to the | ower

di sti | | at5o8K: Bidentaoensyinghe %éset 3hdsipg fophundegmeath theymelt trag 138 | Thgdpubble t oo
i gh, 1t N&GORIRE ifdae sdiffecOREDE: thbmdiNad P¥Pho biovidCuddRitnal A GARLEOL

val ve 13 oses. If the 15 operator chooses not to enploy the transfer
syst em i rth¢ B©,rahdiqudi. sWiithlthisidesiga,oneiithbie, liquitkdratvhet, ool pohn inateasedliddlines

cl osed_and fluid re directed immediately.to the nmass iransf vi ces, or
"stri ppi r‘?&g[er shetd ogroRidedip TR 1o Yigaged Gring ﬁ?%gﬁﬁﬁ@%ﬁ%g OYver f | ow
downconer 139. [0101] Whet her or, not an external transfer systemis used,
solid cod0i®lvar Reterione eerin 2o Kgnre 1 By melh teperal Wompsralioy b desiged withcan

liquid. T | & 1 L ea r t
i St 1] at e fahd $endEh syieAESHEE (il Ak R UERP LRt MR P BN
mel t trayub8ontally]fust ofadotide aid éhanshifificienalicdd amesfiB hasblyecugroddsd. nEhn srasifeh as
heater |line 25. The heat e%
r

avai | abl SYFFBnbitst Hi4dsin? 5%:*4@93%5% ﬁlgfefl% Efe“:}?f’ ljnfq%%%r%%-%ffﬁ@%lﬂ 1365

25 [ 01921 T08cSRnih i & dlakyAbir duing, St @A QTIBS T ERML REFiBREL 2¢ . auk3QoHAGES in
liquid level control and gravitationally introduced to the | ower

di sti | | atthophanoplel3806¢ dakvared eda trangherulinel 135y Idpwshroughithegtranséey ding 185 amay
provided . in the. lpwer distillatjian zone 106 ow,the nmelt ft.r 0., The
Bt ot ppi ngrereealEISEHT b et EdtapbBa A d B P s i iy, i
one abovectufiedabhes lowea@istidhtidhLonzt 106PRA B thdnaies 1ihe G35BYf ®Bligaralkly iHeo
positioned at a very slight incline, with a 30 weir such that a |iquid

| evel is hgl.nbaponde! selve A87 ppens: iftheicas! igies lomathoentio) velve ddariones. dadte

tray, ;ove j I . by i d ner .
{01031 FnarehitfisiBhbs pBEOMITY I Uerh R & bR RS T AeaEER
st ri ppi ngohfralysalle 63TRYcIbed and dgdchre dirg&od irankiattdy toziho thddss trahdtl dsvides,
forma back-and-forth, cascading WO 2011/ 053400PCT/ US2010/ 044137 1iquid
flow Hovv@&HIPPIng frayspridpiciayy thenmeltitiy Y0 fop siriping wpsaniostiew dopaseeer t o
Create a @?scadi ng liquid flow that is divided by separate stripping trays
substantially along the sane horizontal plane. This is shown in the
arrangendfl0df FWjutler 3y nahen extehel ftiagsfedsystamwis ssedpalid @O, lieastmahaoe tlsxo

donncaharucls b 15 S50 S R ERE Paych gud Sisamne iy 090 s e B0 Ry 126
ar r angenBibersi fork M6 BXRPHisHBMon EAN 08! $UpBISIdtP LIk BYiSonkAS b GAREY &S

b
and collects fluids fromabove. Each stripping tray 126Sr preferably has a
wei r 128 thhatelisteaywBY) argjust abane tlo eolilitay tabe 13b by eetivwnmodnsasusimas hegderolineof

fluid on 52 cﬁl&lfeattep fin Eg htri)l?zlers] %etrrrnaai esne%'g%lGailre-all-Qf a\palilfalt)f% omng‘%oggm]f/ebzoife? 1(;10 jtonCh’

facilitate thawing of the solids.

25 [0102] The CO,—rich liquid is drawn off from the melt tray 130 under liquid level control
and gravitationally introduced to the lower distillation zone 106. As noted, a plurality of
stripping trays 126 are provided in the lower distillation zone 106 below the melt tray 130.
The stripping trays 126 are preferably in a substantially parallel relation, one above the other.
Each of the stripping trays 126 may optionally be positioned at a very slight incline, with a

30  weir such that a liquid level is maintained on the tray. Fluids gravitationally flow along each
tray, over the weir, and then flow down onto the next tray via a downcomer.
[0103] The stripping trays 126 may be in a variety of arrangements. The stripping trays

126 may be arranged in generally horizontal relation to form a back-and-forth, cascading
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10 t hough any height may be enployed. A waterfall effect is created by the
weirs 128 as fluid falls fromone tray 126 on to a next lower tray 126. In
one aspecwg 2001/G5840bi ne i s provided to the stripping trapsTABRS)10owt131 he
waterfall effect is created through a higher weir 128 configuration. The
fluid is contacted with upcom ng vapor rich in lighter hydrocarbons that
strip out the nethane fromthe cross flowing liquid in this "contact area"

of the triapsd 1136. Howthe, weisrlﬁeﬂ:%d skdt e tsaippyrpaiagal 26/ bs @aakngdietoderame aner s
129 to hel p prevent vapor from bypassing through the downconers 129 and to

further feaeqadingdi®id HeWdp#dk diidss b3h§ﬁ‘dPF"€5‘éf‘a¥tBBPﬂn§ dug substpngishlyrplong dhcwmeage
of methang, antta{:@ 191sbs% \S&Hﬁé ﬂe’lﬁfaﬁ &E'o&‘ﬁ%@% 13 Bhelhfe 1hﬂ§'vaJTR%ﬁﬁt
t 106. The extent

downwar d t roug omer |st| ation zone

di still atat olleasdeqnmedso 2batohqbideflowsberossf sdppmys tth26 dnd fdls [ndevetwo opposing
distil at'on zoneéé§6. In the upper part of the lower distillation zone
106, t HEMESCont ent of the liquid may be as high as 25 nol percent,

whi l e at (014 bot Fﬂgp ret3 IRRAG hraYe WSy 'E?ti‘@ﬂﬁ)pﬁ%mﬁlj'tlz%ﬁ%rr&?geﬁr%n! qw &
0. 04 nol percent he nmet hane content flashes out quickly along t

stri ppi ngntrodyernt2@&acloof dterﬂémppmg gayy hlﬁsfeemvdsemdc@él)ectﬁhledsnfmitbelbom Feahs

transfer devi.ce ower tillation z ne 106 ,s.a 25 matt of
boat on. croTuSE Reb RO neRallS bro b eir AR b ShieS Paf BT 0 SRg AR el
only a fewmaieys) ofdfuidtohi dabh g the ﬁﬂl‘?‘apﬁi%&rd}@eﬂ6bel"ﬁé/5hl¢cﬁip| Maytel . 26d ineh,
renove nethane to a desired | evel 1% or less in the l'iquefied acid gas,

for ekanpheugh awdsjshmayue smployed ual waenfalppifery it ¢f§9'tei 25 th%WﬁH@ d2&es ﬂngi
that facidjlahe JRY fh%”ﬁzs%fﬁ@ﬂ% tweﬁ?aye% Ol?(lecgle aIB rfn@i%é’% ptréﬂ\%%(%é?,

may sinply tepresen pane Si éve '3 es or e caps

to provi dee fstigpies theatl2or ansftee waerfhe effect & aMteHOtth%\hemthlgﬂl&WaWEEdIZS
bl ockage due to .soljids, so called "jet trays" nmay be | oyed bel ow t he
mel t trayonfigupfien, &he fluihis copigpigd ﬁYlﬁ‘r URSOPRE VRRSY q&adk |1lﬁbteﬁﬁ¥df3P%meb9ethat

enpl oyed. strYPoﬁPﬂé/IQéﬁé{%oip&iﬁ/ tH§%%9/f%%ﬁlﬂ§ﬁ8{u%Q njéﬁ' %Hﬁtgct“a%ee{” M inde8,R 1pkan

view of an illustrative jet tray 42 ne enbodi ment. Figure 4B provides
a cr o§s- sHot weinalll 28 sewe od dangmtcalﬂﬁbeaélme Hownvdrhas j189 to rhalp @26ent Asypeh broum,

it YRS Beieh e Ao Heonscan LI 50 RRHES el e Fearofogr Rifatariarog

coverlnggggwopenlng 425. Thus a jet 5 tray 426 has a plurality of smal
openi ngs 425. [0108]In operation, one or nore jet trays 426 may be | ocated
in the | dA&95]di sThe perctunge ofmethos: anidi£ diquidhleecapge meedasinglyl smalbas theiguitdi 0

¢ the patois Ronefi kg FRy Tl LRRURG. shic i SO GNPRRP GG R
packi p@ amapaenbet oMByysieeuh ltﬁd oe@r tiRdflatioaCidnk t186 €9n tmli@eepéw vt theflower
distillation zone 106, the methane content of the liquid may be as high as 25 mol percent,
while at the bottom stripping tray the methane content may be as low as 0.04 mol percent.
The methane content flashes out quickly along the stripping trays 126 (or other mass transfer
devices). The number of mass transfer devices used in the lower distillation zone 106 is a
25 matter of design choice based on the composition of the raw gas stream 10. However, only a
few levels of stripping trays 126 need be typically utilized to remove methane to a desired
level of 1% or less in the liquefied acid gas, for example.
[0106] Various individual stripping tray 126 configurations that facilitate methane
breakout may be employed. The stripping tray 126 may simply represent a panel with sieve
30 holes or bubble caps. However, to provide further heat transfer to the fluid and to prevent
unwanted blockage due to solids, so called “jet trays” may be employed below the melt tray.

In lieu of trays, random or structured packing may also be employed.
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10 net hane gas. Fluid cascades down upon each jet tray 426. The fluids then
fl ow al ong the body 424. The tabs 422 are optimally oriented to nove the
fluid quiwRl2griznssuoef fi ci ently across the tray 426. An adcoiusedogdounnToner
(not shown) may optionally be provided to nove the liquid to the subsequent
tray 426. The openings 425 also permt gas vapors released during the fluid
novenment process in the lower distillation zone 106 to travel 15 upwards

nmore effi [ol@nt | y Figure Aa prelided 4 plan 138y angh fllkeatple J&thmycl%nnﬂm ehdbdiment.
[0109] I n gne :gect the trays (such as trays 126 or 426) be fabricated
from f ouligee B prosiidssee Grasseicrtgnel viewaef ¢ ist tabed 22 fromghg Jﬁéffab Aé@eﬁtﬁ shown,

sol i ds- b%akﬁ}b?tragg% 'h%?%éb %{%Aﬁ% ”33%1%{3!1 %{ﬁbyh%i krfd! tlﬁr?fH% rd 91925' ng

eCIUI pmant to pre ent orr osi et a partl cl es,
salts, hyEilchtJﬁstab d2? adchstes fan mmﬂmed)ltabombmbercét%mm/ahngaﬂl Iofi&lmg)muﬂfl’im aI Jﬂt t he

case of 20 t |st | | at.i on tomer 100, fouling resistant

mat er i al & 4¥% é?gﬂqﬁﬁog PBVE“%%ﬂ? or 426 to limt sticking of COR

solids. For exanple, a. TeflonTm coating A; be applied to the surface. of

t he trays[ 188 o Ingoperatiom nop AR ALS aysyA26 Mk Psi leeatedigs thgrionsy dwéﬂaﬂon
ded t d

brovi ded Jfle 308U R/ AL bl RIABE SoRCY 18 LRRC IR EU0DY HR. iy S8hd thal AL

al ong the 1 nner anet er S respect,
t abs 422 amayghk voth entitgde tpasgpesduchi guihd pattong d:fhﬂnmahg toa‘ystl"ﬂ-:é o |RigurelB80,

t her eby eventin solids ccunul ation alo ol u 100. and
ensuri ng GOV A0 T gLPH f‘%%‘%genfétlﬁlf}’%% lgﬂg?e ft %t 'é°1 1%%? t§ rbé‘?r%@‘rte‘hfi s,

as the d%ﬁhiﬂe"ﬁﬁs”@lhﬂd"d&h&d@é Héwﬁ or? Teﬁdhoj%'t Rgy Ubay ?h@%ﬁndssﬁgﬁlrfﬁw ﬁlﬁngfthe
materi al s occurs. Methane gas breaks out ‘of sol ution and noves upward in 30

vapor f orbedy #d. COx td’@@v@@earr;‘ opsmgEpershtey todhdwetimu@mdamclﬂm ahd @lﬁﬁ@mbfgh

concentration . that i nost | ns in | [ i formand,trav d mn to
CheChott aierr iy dasr s eliontlt deicbBist oseshONn i ePRaiL bESRf
necessar ithyvdgev ditdedle isibd BeRl 95£926. TTlﬁ: oVddings 425 also permit gas vapors
2011/053400PCT/U%?glolo44137(%1qU|d is then nngggg%ut of tH% cr %genﬁ%

distill atrp@ﬁﬁeﬂodmngm@ ﬂwdamom@ntlprﬁ@esasnath@dwernélsﬂll@rm gence bl 20 travel

01121 thapy SxiL 408 el ohldhd ALl 9y mﬁdgh Oyt e BRHLOTE | ul d str eam 22

enters a ure e re ettle type

vessel rovi des reboi 0 5 to omo he Stri trays
A reboi | dBedpor I Ftspes tbsﬁ%ﬁ RS B k45 IR Pl HieTh SRR B
del i ver ededifth@ugbicAalb ebels, hiafdfiaRIhitOrBv@Y |s6!ﬁissdi@1lah§ Mg Rhg-R8Atant ﬁla'ftéi@lsn‘e' t
tray 130. The supplenental heat is controlled through a valve 165 and

t enper at Are udlbredrip spe pIRCessg euimeny é9 preventibabuibkdeprdsgapsive okl aartigles,

et oSy R e EXEARNGELA AR FROOBI AR SBe! ol N 0 bl Rbe

fluid stre nom ze espec
20 the cryogenic dlstlllatlon tower 100 fouling resistant materials may be used in the trays 126

or 426 to limit sticking of CO; solids. For example, a Teflon™ coating may be applied to the
surface of the trays 126 or 426.

[0110] Alternatively, a physical design may be provided to ensure that the CO; does not
start to build up in solid form along the inner diameter of the column 100. In this respect, the
25 jet tabs 422 may be oriented to push liquid along the wall of the column 100, thereby
preventing solids accumulation along the wall of the column 100 and ensuring good vapor-

liquid contact.

[0111] In any of the tray arrangements, as the down-flowing liquid hits the stripping trays
126, separation of materials occurs. Methane gas breaks out of solution and moves upward in
30  vapor form. The CO,, however, is generally cold enough and in high enough concentration
that it mostly remains in its liquid form and travels down to the bottom of the lower

distillation zone 106, although some CO, will necessarily be vaporized in the process. The
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10 entering the reboiler 160 remain at a relatively | ow tenperature, for
exanpl e, about 30 to 40 F. By heat integrating with the initial fluid

st ream 10wotha/sp@pat or may warm and partially boil thepcoalS2taobsons fluid
stream 22 fromthe distillation tower 100 while pre-cooling the production
fluid stream 10. For this case, the fluid providing supplenmental heat
through line 25 is a vapor phase return fromthe reboiler 160. 15 [0113]It
i s cont erpjuid Bdhthaiovudder oSthorraagictdiaiition kevdrEl00 ihrapyexitIthermys baenat e
wi t hout heater line 25. In these instances, the nelt tray 130 may be

desi gned THi¢ B 2ht ernal heating feature such as an el ectric heater.

However, it is preferred that a heat system be offered that enploys the

heat enerl8y12vai Unbnexiting the distilasion toivar d 084 F@ah‘?t@zﬂs finil olegem fZRLﬁIXH@S in
heater | 'rngmge? lgq<. fit ngureO g%h9§é%%ﬁgr 1§91 keRleAiO Evesid tﬁaQ%)fo 4 e%trgf)oﬂ[ed  ve
heat 20 energy hu a warmvap OP s¥ream i eat 6F 5is

shown peitoghdbdteat 6ﬂthb @trtﬂpelgnmedytq Wﬁ%oﬂ.&ﬁvdpbf th@h saet’ﬂ@taﬂ ng a@ditllonmbbﬂed
shown) on the nelt tray he warm vapor stream may alternati vel)f
tied to t'REOEPAYEE é?h\f@rweth&%h A hpgten [ing 29 Hep@yidsurie@entak haag o the iy

vapor st rggmyips shﬁlé@%gﬁ%\/ﬁﬁ ctonfgollp&itth At VaRg l%glaﬁg?engég'%&rboln{rgﬁerzﬂé

above the bottom at or elowthelast ripping tray
126. As thAleernabelyl, acheriapehanpas sash apavdredmbsyphon heﬁmhh@gary(nﬂaﬂ&omﬁsmawﬁl

nmet hane is tr| out. of the liquyid. This vapor coo]s _ off as i trav
up the tdwedt 55)&%@ lflmgﬂﬂlﬁﬂ ﬁ 0.4p (4EQROTRIZE RFTENe %the%af‘éﬁe%th e figlids
corrugat ee%é?ﬁ@tth& F&36i1i3960 Eéiﬁalﬁ %FH%I%%I? ISRWeI%&QtuE@ 8P exmp1&Oatout 90‘0t0':

However, this remains quite warm conpared to the nelting sol |d on the nelt
tray 130, 403H. ch}rrhyatbetegraolungLtlsmhdzlm@al frod ptregimel & atporopstatdr] mhﬁaswaemomgih

ent hal py to t he i t,4C .act

ray 150 PefistivefRbihe: Fiohgotams ¢ sB5uh 2 PaBome HigTRLSE ol Bod SHiE T rEam
24 that exbling iR Gﬁrﬁ@twtlbﬁrﬂul&@tréaﬂl 0 qFoe tHiOEdve MY fRI Bmeddbgé lgs%fmnédw%gﬂﬁ an
expander val ve 1 The expander val ve WD 2011/ 053400PCT/ US2010/ 044137 162
reduces ttheough&sedp s wapphéh%@f@twmﬁr@rth@reb@é@déﬂ effectively providing a
refrigeration effect. Thus, a chilled bottom stream 26 is provided. The
C2-rizh DI d BxiStdomg:mmaed ghai ureler 360¢ reaydiieny uhp ekt dapH3Demahopeghe one

AG ticall t i [ . :
o t et ool besterd TR Poch Tty bungtn e irey BBHRY S enel U8R imeme! 5
reser voi rheagnd &atur®fsudh a@ AR ANGREL Bbdter’ EFIBUBTH wlgg&%ma' bk 2 hdhe sEEEmcRul d
be a mscible injectant. As an alternative, t he be used as a
m sci bl e qffeé@tjtf@gémploryérth@hhaérf:clﬁlétgymaﬂalé@mébwbot[@lﬂﬁ}lﬂeﬁ@ﬂm ¥y dgaivarmo
the | th
L over i <1 b bt Sk 2508 B8 o b Rhal OBy hads FI35 RV Bt Rt D OV 35

and 120 i ndnergyherhuonrKiginedl, farveasi Rpoz @uﬂ@niﬁBheaTd&reme QStis @ﬁdvﬁdbém@eﬁecﬁgd @one
108 defines an open chanber having a plurality of spray nozzles 122. As the

vapor moves H@Hwé?ryaliﬂﬁhwgh a hatipg ﬁ@lnl g1atshowpley thsgndbiey 188, Theavarm vapor
t enper at yge, af &yhﬁte%lr?a ly%%qggqé I{@‘lfa'ﬁsféﬁ lifleg3s The vapor is contacted by

| i qui d net hane com ng e spray nozzles 122. This liquid

met hane I Ch ‘éP'@ ‘uon %Pos% htethgl% rl?%%gm)rvslt% 19?13rqg|1uc tn[g Bg ?J}ll&l eldn

by an ext ern gération uni nc ES a exchang er

one arr artgﬁmnthroﬁghehﬂd Zmlado‘m%ﬂhh doeo@Xidusd feveinrsipitay belnzihedast 2&p@tnga¢ray
tenperature of approximtely -120 Fto -130 F. However, as the liquid .
met hade ehporiat B8, rebeiloghraion Papeatumryasin thiosgls \pael (i3 % resified @pgthpradifci ng

the te”p\el\sg‘;i’ﬂd%g%u?fofftﬂ%ehdﬂﬁ&"aﬁ% Vichdls BAPRT it (h0As Vi gpcﬁé't % ﬂﬂgﬁgyé‘k&o

flows up ue to Its reduced density (relative t and
t he pressuaper greadl fotn wict 271 reatiheh2ébrdigated| rhalt troy 18Gvehae térﬁpbratﬁlfblmzy Asort toe
met hane va 88tr-30 to Oi Hr &—{g%vrevglp tﬁl? ?en(lzarl so etrélvgargll csotnllplalre to t e ;[ng 1n[g 50108 ontt hey
melt tray 130, which may be around -50° F to -70° F. The vapor still has enough enthalpy to

30 melt the solids CO; as it comes in contact with the melt tray 130.

[0115] Referring back to reboiler 160, fluids in a bottom stream 24 that exit the reboiler

160 in liquid form may optionally pass through an expander valve 162. The expander valve
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| eave the internmedi ate controlled freezing zone 108 and enter the upper
distillation zone 110. The vapors continue to nove upward al ong with ot her
| i ght gaswe 2brigisewoout fromthe original chilled fluid gCrasa1d441Fhe
conbi ned hydrocarbon vapors nove out of the top of 25 the cryogenic
distillation tower 100, becom ng an overhead net hane stream 14. [0118] The
hydr ocarbon gas in overhead nethane stream 14 is noved into the external
refri ger ate2oldundk tthel gRssukd o iR Bapec liquidngodet,r éfgetiatly Prowiding almkdrigtsstonan
et hyl ene refrigerant .or other refr%gerant capabl e of chilling.the overhead

met hane s¥ffcgnia. di6hiHcd botasy Hrcam 3G ismsovided Fic Gfy-gick gaydexitmedhe redaser
partially,églff 1%pﬁtﬁ§@(oﬁ(gcﬁ§rﬁn§€%tgpaﬁ%h?ﬁr%g? H}o}%@@d{%elﬂé@ee@%&&ﬁéﬁ&ﬁ? 3t £50 in

net hane strea 'S condense separation chanber
172. WO Eigide D5 3400RCETYitusS28k0He44{L3Y CI00 18] Ghpuspghmad b parteiarbmvertd il s
used tpo separate gas 16 fromliqujd, referred tg, sonetipes as,'liquid.
reflux® I8 He a@ﬁ%ﬂf a sl foevary ghocr h_@a%gg? C@aide_é? P 1y
net hane, iflfe@ﬂ&hﬁ hgs o hgdrAadve! B 85 mal heaRrdLE: a MiddiNgeBo@RLe @b MHILARY Al SO
be present. The nethane gas 16 is, of course, the "product” ultimately

sought tocpwegaptured and 5 sold commercially, along with any traces of
et hane. This non-liquefied portion of the overhead nethane stream 14 is
al so avai[Dhtdle f Befcitued again & the loWw&1A@]1Atiporzbno @b thheowsrerlife gak metdsape

stream 14 exiting the refrigerati nit 170 s condensed. This paqrtion is
t he nquitarorug@ |tlasgflor@r fiﬁal[laﬁl%l %%lﬁaﬁ’ tﬁﬁmf%%l ﬁ&@}% 33!%%&%&&@5 f?é, Ay
retur fed ih@ thiCohf¥Bid H00:indOMTPOSO TRRYcORBOMGE thebAndToNSe 108 dbfitisi h bl UX

18 10 back into the tower 100. Alternatively, the separation chanber 172 is
mount ed athembett heyingweturdd® dfsppmyovizdkes d2gr a\d thy viapedmofest ipwvdri dlriodgh dfd ux

18. The i qui flux 18 wilLl . includ bon .di oxi de th d f
e e e e Lt b T Rt
nmet hane, it yphtaetbd Wy ARMH® nciAnE (“0MFIhX) Hollifg Efdnd tHe ?ﬁ%sﬁ@ézlésnlmhel“lﬁiﬁiilffqhﬁﬂ

|

fluid stream 10) and traces of hydrogen sulfide ~also present in the
initial fmethenesis magmceeler theg thoumyrdly-waeing yepern javding bergetheliad byt Hecxigaphead

met haP@ Sr‘éfr?g%lfgtl%ﬁ u'nﬁ tltiaqiﬁ%?u&eg ra%%gpexacﬂanger 170. In one arrangement, the liquid methane
exits from spray nozzles 122 at a temperature of approximately -120° F to -130° F. However,
as the liquid methane evaporates, it absorbs heat from its surroundings, thereby reducing the
temperature of the upwardly-moving vapor. The vaporized methane also flows upward due
to its reduced density (relative to liquid methane) and the pressure gradient within the

20 distillation tower 100.

[0117] As the methane vapors move further up the cryogenic distillation tower 100, they
leave the intermediate controlled freezing zone 108 and enter the upper distillation zone 110.
The vapors continue to move upward along with other light gases broken out from the
original chilled fluid stream 12. The combined hydrocarbon vapors move out of the top of

25 the cryogenic distillation tower 100, becoming an overhead methane stream 14.

[0118] The hydrocarbon gas in overhead methane stream 14 is moved into the external
refrigeration unit 170. In one aspect, the refrigeration unit 170 uses an ethylene refrigerant or
other refrigerant capable of chilling the overhead methane stream 14 down to about -135° to
-145° F. This serves to at least partially liquefy the overhead methane stream 14. The
30 refrigerated methane stream 14 is then moved to a reflux condenser or separation chamber

172.
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open-loop refrigeration system such as the refrigeration system shown in
and described in connection with Figure 6. In this arrangenent, the

over head woethawms3®or eam 14 i s taken through a cross-exciramgseomosabi| | a
return portion of the overhead nmethane streamused as the liquid reflux 18.
Thereafter, the overhead nethane stream 14 is pressurized to about 20 1, 000
psi to 1,400 psi, and then cool ed using anbient air and possibly an

ext er nal [ptpyganeThelkepag@icanéhambee 1P2 és aswd westpand giyi 16 6dnpHguid] rdamd ®
then directed through an expander for further cooling. A turbo expander nmay
be used t9McEESYS didui b |1&qu.leeagaSmk§ |r61§§se§t§nﬁleslh%ht@r PtrRearbpns gagssy |

No. 6, 05 rQIQaZﬂf %étﬂa{n&fr‘églr @e %3% 2P a "%Qéaﬁt‘?éa'n{' 90 al\Mllb én gﬁhnﬂé@@ggfn g?sosc;er eam

Cont ai ni ng at Least e Freez onent descri of an
25 over hgackenet Nanecthancegas)16as oficsursedlne ‘gﬂoduoe’dulluﬁramlyn sought tosbeerapiured yndoy

reference. [0122]I1t s uynderstood here t t he pr.esent ions a not

Tt ohC Bold Ranabitiahy At At S ERESopbeaht IR dRe i SShpesion o fi

al so undecrvéﬂfa%in{ehﬁhe&@&n@w{s%@sooivaﬁm&m@fuaeotnvg%n refrigeration unit 170

and the initial refrigeration unit 150 may be varied. In sonme instances, it

may be dﬂﬁii(ﬁb' eA3180r§ﬁn‘§ gl% FRFhchE L HBRE ]ELAR 1H’Bx§t1n§5nﬁe ?éfrl i@ kit 170 is

t enper at but e nore aggressive wth co e over head
nmet hane sionéaned4 This fdreon &f thedipad redluxur ﬂhaﬂ.ﬁO&epiﬁg’&dl’m theh eep;araﬁme rthamber

[ ti t | dt h
2011/ 059a080eH SOl sy ASSR e R0 RpsCEiHauE oy s i ed W g
refl ux 18akR ifittiHE r&%ierl M0 AREmupagy. kSl AR 7310 moliiRd! bt the

reflux 18 is then gravitationally carrle t hrough one or nore mass transfer
devi ces 1owei HQ foeprapder guidvatyi fbd:daof i ligorerclan 18| dho higuidoux A8 mtill indhederass

e g 8 AT G b bt AT B SO SR A PP
above. [Qigdd Akl 18 thsmbthene, ttﬁﬂcéllfg%% drethbieX vt @ae:dB (IMpY&estomnnaisitial

through the rectification tra addi t i onal met hane vaporizes out of
t he upperflud str¢am 2Q) avd t@éﬁ@fmmgﬁh sulfide Kidnlso geasent in dhoonitial AuidpitspmdAd
net hane stream 14 to becone part of the gas product

15 [0121] In one cooling arrangement, the overhead methane stream 14 is taken through an

open-loop refrigeration system, such as the refrigeration system shown in and described in
connection with Figure 6. In this arrangement, the overhead methane stream 14 is taken
through a cross-exchanger to chill a return portion of the overhead methane stream used as
the liquid reflux 18. Thereafter, the overhead methane stream 14 is pressurized to about
20 1,000 psi to 1,400 psi, and then cooled using ambient air and possibly an external propane
refrigerant. The pressurized and chilled gas stream is then directed through an expander for
further cooling. A turbo expander may be used to recover even more liquid as well as some
shaft work. U.S. Pat. No. 6,053,007 entitled “Process For Separating a Multi-Component
Gas Stream Containing at Least One Freezable Component,” describes the cooling of an

25 overhead methane stream, and is incorporated herein in its entirety by reference.

[0122] It is understood here that the present inventions are not limited by the cooling
method for the overhead methane stream 14. It is also understood that the degree of cooling
between refrigeration unit 170 and the initial refrigeration unit 150 may be varied. In some
instances, it may be desirable to operate the refrigeration unit 150 at a higher temperature, but
30 then be more aggressive with cooling the overhead methane stream 14 in the refrigeration

unit 170. Again, the present inventions are not limited to these types of design choices.
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stream 16. However, the remaining liquid phase of the liquid reflux 18
falls onto a collector 10 tray 140. As it does so, the liquid reflux stream
18 unavoiwakzby/oss4ob pi ck up a snmall percentage of hydroearhsaoandiisesi dua
acid gases noving upward fromthe controlled freezing zone 108. The liquid
m xture of nethane and carbon dioxide is collected at a collector tray 140.
[ 0125] The col l ector tray 140 preferably defines a substantially planar body
for coll g012319 18chungitg dgainHoMEY@AIre BSthwi liduidretflud 18Yyis 1i3Aun&blidte ah©ruppemy
140 al so has one, and preferably a plurality of chimeys for venting gases
comi ng upliftlgheR penccbid: r e liig fedlus i18gs then eravagtionslly spifiedyhigngh eag o more
arrange hat 1 r 3 ] i 2B
and 20 mBareh S U L8 B o BRTBRAER: D1k PREe ity 1R
shown i n ttdnefee dbargel ovareweaffidatigu trey Sthat pswidese dascadih  seridsedfoweirs2DL8 and
[0126])t js noted re that int upper  distillation zone 110, any H2S
prese Hggwﬁoﬁ?@ﬂggeﬂH@aEEWﬁwﬂégggﬁﬁggﬁi% Fved in the liquid versus being
in the gas at the processing tenperature. In this respect, the H2S has a

conpar at i [9834] | ofysr Epidsi {remy dheadiauic yeflsy stspmad®i mgve neovmrad nthiepeha sy
Wi th nor &.Lifuiigs n%??lfé,y ﬁgﬁﬁhﬁl ﬁgﬁitahé L48dr 285 bOVET thd QBpar &i‘ét??atfr??eﬁoﬁg.ﬁlﬂ.
concentration down to w'thin the deslre parts-per-m Pion pp Imt,
such as darhtim@bamar gaswerejan dhepprerisiad ondthanatstromm 140 fhkeeorse paov eSthichyao pghlutthe

mass transfer devices 116 in the upper distillatio on , the H2S
cont act s SFﬁ%lmI.%qd-ﬁwwmg%e%@ngilqﬁm phase ¢ &hegquut %Eéaﬁjﬂ Qi agRfector

becongs arRaf40.0 A Redddsud InStiERAMARx fiFam 198Mm8voililty H4H PRI &S Lnnhdiaui d
form downward through the lTower distillation zone 106 and ultimately exits

t he cryogenicotage sifi hydaodagbon engkresidr! awidgases ohovihg upvqueéfiian theicdngeléed
bottons stream 22. For, t hose, cases 3 ere little tq.no H2S | resent
Pt he t EERE A, 105y Ot IBRT BREER A0 rIRGE skt kel Bafhl RS
process, Jdolledtyedrdw140 H2S will be present in the overhead gas. WO

2011/ 053400PCT/ US2010/ 044137 [0127] I n the cryogenic distillation tower 100,

the |iquijgygfpt urgd céﬁecﬁﬁ’|t11a?9t4@ﬁ)référ%ﬁly](f’e@in-b§a SERWR AW plRfarttdy YBR&lecting
distillation zone 110 as a liquid stréam 20. The liqguid stream?20 is

conpr i sediqurdsnaldowgvenf anwithanat triy 13hecadispiot tray t1H8 dldoghrsconst ahprcfGably a

i d.of ,.ab .93 ) ) t th 3% 0.5% H2S d %, N2,
SO a8 SR il Sy TPEE G rp GE oSt T ingdhfe Tog L%
only sl i giiirhieVBId@H dnhagerhdie shitoal Mlat BEdcatedsdyr @MPokBats THE ahd 432 ¢h Bigupam 20

is directed into a reflux drum 174. The purpose of the reflux drum174 is

to provi i’ and e meayhecisey. £oimueypldh and eapsugdrioesalicrioy teynd49 ard shewarinithel 74,
a spray seth agggg\;ig 'O?Eﬁ‘%'{%%egfsc%%géf%lﬂ%r&?&-z1 is pressurized in a punp 176
n ron 1rnto e

for a seco felntro cryogenic distillation tower 100. In
this [nst , the. spr stream 21 10 is ed into e i nmedi at.e
contr 51 d8T e s BhRE 0 e At b st R -t L C 3y D5 Pood s e
portion gfefch@cs %@M@%Eﬁ%rﬂi?s@alveﬂ%tth& Hlyaid! YerdulodiBt AN, gaéaRhd PR cRNME
evaporates upon exiting the nozzles 122. Fromthere, the nethane rises

t hr ough tthi@perehre.ol Inethis respeétndghez &he aoga comperagively hlowe i¢latiesy solailityhe By
col | ect Orco%{a%%fnglﬂloe’re%glctiliﬁgh\rie%%g revﬂ!:hhr%ore liquid, the cryogenic distillation tower 100 drives
the H,S concentration down to within the desired parts-per-million (ppm) limit, such as a 10

25 or even a 4 ppm specification. As fluid moves through the mass transfer devices 116 in the

upper distillation zone 110, the H,S contacts the liquid methane and is pulled out of the vapor

phase and becomes a part of the liquid stream 20. From there, the H,S moves in liquid form

downward through the lower distillation zone 106 and ultimately exits the cryogenic

distillation tower 100 as part of the liquefied acid gas bottoms stream 22. . For those cases

30  where little to no H,S is present in the feed stream, or if H,S is selectively removed by an

upstream process, virtually no H,S will be present in the overhead gas.
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15 mass transfer devices 116 in the upper distillation zone 110. The

met hane | eaves the distillation tower 100 as the overhead nethane stream 14
and ul ti me0eby/dsemones part of the comercial product | RCHAS26M00eHART 16.
[0129] The spray stream 21 fromthe nozzles 122 al so causes carbon di oxi de
to desubline fromthe gas phase. In this respect, C® initially dissolved
inthe liquid nethane 20 nay nonentarily enter the gas phase and nove

upwar d wi[o2the Ifﬁthb&ﬂ@gehb%ﬁtﬂl’atlolb&ﬁ)@dtsl(ﬁﬂpﬂletlfqald:@pwré(eaﬂlﬁﬂlattbf &ayvilmim
the controlled freezing zone aseous  carbon_di oxi de quic

nucl eat esIrawy ohef @ﬁévpa%%lsvlllﬁt@na@%ﬂ.l ap Rt piacapedP nd he dlqu%ﬁwam Fhiss
phenomenqp %c? r‘?r!h &f%l&ﬁan%eiHBhé %@He&to el qrgg{ A%feﬁmwli §gﬁ{ BEs & B tQJ3

re-enters t hase unti | ts't t tra |s car
di oxi de mmiop&’éerﬂmmﬂh@hgﬁ%ﬂ%, Dlﬁézym&(hndérﬁ% 25, relthis pomt,ahd hquid stqwmim Insase.

From there,  the ric cascades down the ma ra sf r devic or
trays 2@t ahm&thé%g E%()st -l Lfﬁ{S. i5 913 ﬁ@h%ew@%ﬂ*@nﬁ? ﬁqv cfﬁ e e (B

t he _Ch! g cTe li(ﬁl\ﬂﬂ &?e%ﬁ@(i fadetR dastodeRank Qﬁﬂn Qb@Vq”he ﬁhrpbﬁ@&f Meirdux @x{lbh 174
remai ni ng methane fromthe spray stream 21 of the nozzles 122 should

qui ckl y bs éalproude surgo cepgsdy . foThaneny Apor nenvexitignthedsTlin drive Hﬁyagﬁ@mye

distill atlon t nd.re-enter e. upper di t||| ation n

[0750] 1+ 16maed] e ened ShE cHiFiredTr s BRSEEHT dc iy T8crof eF™gas
that is HEMMﬂﬂwuﬁnhﬂﬁth@@@bgéﬁ@d@ﬁﬂmﬂﬁﬁbbkﬁlodth@Rﬂhm&MQa C%gnbhﬁeﬁWG%/
stream 21 emanating fromthe nozzles 122, higher |evels of coul d reach
t he querlS auayed e the intemecdiato coptrqlled ﬁr@m}g xane 108 and emitted through nozzles
2011/ 05340QPCT/ US2010/ 044137 100. To inprove the efficiency of gas/liquid
contact in the controlled freezing zone 108 a plurality of nozzles 122

havi ng a gned confi ura i.on oyed. . Thu rather th

ol oui 9B Ba8 Moot B RE B aner, 2 et B BBl i o' PaRrshed ui g
stream 2lyvaS@uRs alpoﬁpéﬁﬁn@ea@lefo@zlé%mpt iFedial thifredahé Gh@Rand FibesMtHrbidh €he
spray nozzles 122 may be used. Thus, 5 the conflguratlon of the spra

nozzl es 1entrpleld Gerzingrene 188, thraughelq chimacyreisghe ¢<§¥$§¥0éﬁfavél40,ﬁgldﬁh@@€¥mq hin
t he C%]t rrﬁé etgansfe?e&ekf% Zﬁ%emlﬁl% P@{& Odlst IB?IOH ﬁL elslﬂt hefﬁx?r | %t% neC MV%E ﬂhose

desi gned rate op i mal es an areal ution o

dropl ets. dlitﬂrha&ﬂl Tdveerelsmlagml&eoxlf&h@unném&em&wnousdxm wtimpesebecoaics pus ofitzz| e
arrangenments in co- pending WO Pat. Publ. No. 2008/ 091316 having an
|nternatﬁ8ﬁ5¥aP@/Wﬁéuﬁa$émﬁﬁfm@@éhber 20, 10 2007. That application and

Fi gures 6A and 6B are incorporated herein by reference for teachings of the
nozzl e cdﬂwﬂur atlhorsprayTiican 224 depm etk m@Zéﬁslﬂﬂe abeocasoe cagenwilioida tohe

cont T SRS AR08 MR- SRS HORPISLIH A GEDhaeRte

heat/nass t¥ans gaseou

car bopo dirgxy chemBtatingertgvhe dad phastighil thbec efward enihcthe niettiaht aHio%vérQb&faus]d)O
15 [0132] The use of mnultiple headers 120 and a correspondi ng overlappln
nozzl e 124 thg MMWW%WHE@&M sprallsd dresging Pns S8y 1gaesetpckibag wldﬁel |

N NS TRSREPucRAMR! B o6 EOUFLARR AiGvP Yol (sl | B8 LN TBSSnGRR  This

particles from noving |st| Iatl t ower and re-entering
t he upperphdhaherddnab refmezcbﬂaels ﬂﬂi@lblﬁﬁhlﬁSE pathis whye somo Q) rehemnrereamirxtheiligiid

met hane and re- nter ver t han am114, only to be re cled
agai n. 20"FE1%H et b el QgﬁaE e a|ds G D trssGramdbs et e e ion
Wit h 4 9uh&tslinioSthP 'haﬁl‘dtp’iﬁéee 18 MERIHLI (\G,-AciE RFIBCaialcIRIWIAME n%s@%ﬁstferm

that is substantially free of acid gases. The product 16 is preferably
li quef i edleaivds semaysd@hnin thedopet dintelldtion zoat £06, F&mglwﬁuh@ulé@@afsorp theoehglled

f bl t t f 1t nt, wh
U1 o erft™ ran P B2 G erapen-oRl: ot etiaarin ik shtins s B8 srd ™™ ©
removed Zachhirpugh thohboNs 817 elddBl€ Juickly break out into vapor. These vapors move

upwards in the cryogenic distillation tower 100 and re-enter the upper distillation zone 110.

30 [0130] It is desirable to have chilled liquid contacting as much of the gas that is moving
up the tower 100 as possible. If vapor bypasses the spray stream 21 emanating from the

nozzles 122, higher levels of CO, could reach the upper distillation zone 110 of the tower
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[0134] I n sone cases, small quantities of H2S are present with relatively

| arge amounts of CO2 in the rawinitial fluid stream 10. In this case, it
may be dewoOratls3400 sel ectively renove the H2S ahead of pPChasSeopogant c
distillation tower in order that a "clean" liquid CO2 stream may be
produced at the bottons stream 22. In this way, the CO2 may be directly
injected into 30 a reservoir for enhanced oil recovery ("EOR') operations.

Ther ef or 61,00syBd anproan thondtibiedsy af gagiiqid se@ttadign ehdcdmdrollee fReking zand 008,i:0Nn
of the sul furous, conponents . that are produced WO
2011/ 05340¢ptty Ugeaaley bahayma fevigned cpmiigyraiionmay be snployad 1 6hwerdthes thaw d

gas renoy pl&ﬁh%% esi?ﬂgge?s%ré so%r(ferax 0aeDt fofll RL&IL bath! RO rdrRWETLiE &rr?il,ts?%ﬁ

100. [0135]'A nu HZ2S-sel ect1ve processes are proposed herein for the
removal obrayuichders U20 optiporiyndcesighed mith rgalsipkt speaymozBtets H 22 quegobisusedd Thus,

non- aqueous processes .are 5 descri Preferably, the processes renopve any
Sul T hyir Yo %}Ffﬁ&fm@g of Jhs iy W&Ieéggﬁ g, {rieAct P By RCAR LG GROT Lking
conmpounds,| fIRWL 8 thSenkBUAY Yikbeding Rblle WBOURIs0 KROWD-AS tHBHGAREAAR be@bfBndgnown
as thiols (R-SH), where Ris a hydrocarbon group. [0136] A first method for

r enovi ng tsgkhiarato wptimehronkshsigesppdtareshdistiibutinn a€ thesgdroplety enoval syst em
enpl oys the use of solvents. Certain solvents have an affinity for hydrogen
10 sul fi de13rd cdhe bssigee thetain heppreatoaslyidBopasodnvardisaimezlcTdreang ev@n tiis coray

cchomat | OB AgNam Rekouihg s 2008 O3 Dl ariato)lgnit i pENBv R 20 ¢
gases|( r omoa 9Pt SlphB&Ron! dhdOPguRIINIIABHB althBicOferfEPRESH BY rERfdnke tryr 600

enpl oys a sol vent process upstream of an acid gas renoval system The acid
gas r enowadchirfgs of gheemzizls dontiperatiens. gehreenaakzley s¢pk ©%0suralip) ecaveegs ofithemthe

process is jndicated by t Bl ock 605. The acid s renoval. system 65

Phe ues bl B e Yoo s i b D08 er08 SoBginE st R AR dioBL B Sekemiter.
gener al | yrigd, ih Rgn COBES @Fdcackll CBBR @ny @ARoLO¥WRbor BxRfe Midahg 8pvardHRMRYE the
Bl ock 100 may al so represent any cryogenic distillation tower such as a

bul k fracryessaic dstilkiaetowqrd®88] In Figure 6, a production gas streamis
shown at 612. The gas stream 612 20 origi nates from hydrocarbon production
activiiid813tat Thkesplodoruliinlcahqadsmr128i andleveirepproedingaeealapping "fazeled22610.
It is understood tha e fiel enr esent a”é’u'ﬁﬁﬁti on wh

hat t d 610.rra£/{) ere
gaseous W%%?IB é?{scog}p etB PO RGsIIMIZes back-mixing as w 1S réspect, complete

coverage prevents the fine, low-mass CO, particles from moving back up the distillation
tower 100 and re-entering the upper distillation zone 110. These particles would then remix

with methane and re-enter the overhead methane stream 14, only to be recycled again.

20 [0133] The above acid gas removal system described in connection with Figure 1 is
profitable for producing a commercial methane product 16 that is substantially free of acid
gases. The product 16 is preferably liquefied and sent down a pipeline for sale. The
liquefied gas product preferably meets a pipeline CO, specification of 1 to 4 mol. percent,
where sufficient reflux is generated. Carbon dioxide and hydrogen sulfide are removed

25  through bottoms stream 22.

[0134] In some cases, small quantities of H,S are present with relatively large amounts of
CO; in the raw initial fluid stream 10. In this case, it may be desirable to selectively remove
the H,S ahead of the cryogenic distillation tower in order that a "clean" liquid CO, stream
may be produced at the bottoms stream 22. In this way, the CO, may be directly injected into
30 a reservoir for enhanced oil recovery (“EOR”) operations. Therefore, systems and methods

are proposed herein for removing a portion of the sulfurous components that are produced
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[0139] The field 610 may be onshore, near shore or offshore. The field 610
may be operating fromoriginal reservoir pressure or nmay be undergoing
enhanced wecouarsg4085 procedures. The systens and net hodeCeltszoma4418T ei n are
not limted to the type of field that is under devel opnent so long as it is
produci ng hydrocarbons contam nated wi th hydrogen sul fide and carbon

di oxi de. The hydrocarbons will conprise primarily nethane, but may al so

i ncl ude AvittothtQnitial fluidetesantl 0edchiaBacidngs eérheval kay plaby dr ocgobpeatis dBultitics
propane or even trace anpunts of butane and aromatic hydrocarbons. 30

[ 0140] Theoysissush pe w5190 s "raw, " neaning that it has not undergone an
acid gas renoval processes. The raw gas stream 612 may be passed through a
pi pel i ne,[01#] exanpraberf po:Biseleetivd grogeves gra heopgsssl gﬁ@tﬂe i thg eaevli efy

600. Upon rival at pr.oc NG .27~ )

2011/ 0boAuBBEH Canbar s 4455 LB FRAYTaHH enls end nonneeny pigenss e

di rect®d deberibegh Prefledtirdlr @t ipddechdcd GemsvS uan salshyairgl sealovdadygohaid bydrvgssel .
A dehydration vessel js shown schematically at 620 a result of passing

. As
the raw ga¥idst (fbdm rbotgapeighr cReraeHibdraitoA WEbxe! 628H) groumydesta as
stream 674, @t%?ﬁ%ﬁk&&m @?ﬁﬂ%@%ﬁﬁ@?\wh&g?{ﬁ%‘ﬁ AR atoh 825812 my be m xed

w t h nonoet ene gl ycol rder to préevent wat'er "drop-out and
hydrate f tion. ~The G be spra on a chill.er or_e |l e,, and
the 1 quiliLo) . A58 o BB 2R BRE SR S en wnslibim e AP oS ana
possi bl y remeealhgsen diyslopcame heasf sslegrndCogaioRolvbets hevtdped affini® fof hfdiegen
chiller and the inlet gas conposition. [0141] The aqueous stream 622 nmay be
sent & ulftdeemdicanhe et tor sepprata KS Apmeppthaig elhe solpenthmay basghe rhysisaim

622 may Wefslop] gh Qi@ subsurface formation. A subsurface formation
IS indic§§§§ ngQF%%§ é%g% &Iternatively still, the renoved agueous stream

622 may eated to et environnental standards and then r.el.eas i-nt o
the I osall0laflor s FERIE S n g irefe Fisline S GNET 2 Mosk it FEIEOS600A0H

of passi ngmbhiggpeRdLsts RomMIags Stre@aMn®he chfodlgntt Mac dedydeakingrfadifityvems el
620, a substantially dehydrated nethane gas stream 624 is_produced. The
dehydr at €S & 6QlEdh modeshHpsticam: off # aideas KN sy nikheqgihgashemoyah and
ot her{én . t i ] t he
Genyat bt oy 'sBaS Eicekch GAGARG oy POl Koo o Y B B PRI 05 0y
hydr ogen Bt ddidlgas i@ vghsyssini ©80nid2ddcsryscpanatian vestheatr Bouk 100 0o Bodo @b ient s

such as carbonyl sulfide, carbo isul fide, sulfur digxide, 20 and various
mer capt ari%‘.hCTtB’le%ﬁ]n‘mL‘ydg HjaFart legafgeeé? Fanghionss 100 Ogﬁlg'brﬁah ylopayerelock

t hrough aiﬂlﬁrrﬁalﬁj ANRbYesERfhY gﬁfogEﬁiQ RQis#NhfiorPBRrer JE o6 &ftfuliORE@oh AibruBivkr, 625
chills the dehlydrated gas Stream 624 down to a tenperature of about 20 F to

50 F. Th ri : A nj . r. l.e, @3N ai o) n
ethylenqugﬁg p?ggihgﬂgegr% 8%%%%@?%§§%F8%§dfﬁ%gﬁg‘ﬁé??ragré*%g%bgﬁﬁ¢§%?he
sul f u2®usoripdmsnienh hytiroeaboh eretiityicn attedtigahatstike placd Bda raeplo@vdntlopmont

sul fide corrosign, In accqordance with the gas processing facility 600, a
sol vent Y& & %6%1 i 6 0n 65 yaderstond had ik FisldeditOgmay denesei 8oY losatien &vherre

Q§H§9gﬁﬁmg?§ysten1605 contacts the gas stream 624 with
rog

sol vent SLRAMS8 3 card.
a solveng%to re nghy n sulfide through a process of absorption. This

takes pl a[ﬁ%ﬁt r ?hé‘tﬂ-el/da ki’ﬂ ln?a\el b& g}?ﬁl‘b%, Yle&s sl?cﬁlg or offshore. The field 610 may be

operating from original reservoir pressure or may be undergoing enhanced recovery
25 procedures. The systems and methods claimed herein are not limited to the type of field that
is under development so long as it is producing hydrocarbons contaminated with hydrogen
sulfide and carbon dioxide. The hydrocarbons will comprise primarily methane, but may also
include 2 to 10 mol. percent ethane and other heavy hydrocarbons such as propane or even

trace amounts of butane and aromatic hydrocarbons.

30 [0140] The gas stream 612 is “raw,” meaning that it has not undergone an acid gas
removal processes. The raw gas stream 612 may be passed through a pipeline, for example,

from the field 610 to the gas processing facility 600. Upon arrival at the gas processing
27-



30 relatively high pressures wherein the solubility of the acid gas
conponents is greater than that of nethane. WO 2011/ 053400PCT/ US2010/ 044137
[ 0145] As woted/os84se@ sol vent system 605 nmay be either a phydiseal/osaBvent
system or a chem cal solvent system Figure 7A provides a schematic diagram
of a physical solvent system 705A, in one enbodi nent. The physical sol vent
system 705A operates to contact the dehydrated gas stream 624 in order to

renove suhéilityoe®0, abergadsidasn 692 [kik4bd Bitadtpd egondh 8 ulchadihgordbyostsaduch akwent s
i ncl ude N-net hyl)ﬁgyrol | i done, propyl ene carbonate, nethy anoacet ate, and

|
refri ger eep! FEhYEHEN. VoA é¥ drlbetitieraitpictisohoynpriamatisplly o fh; Ar ¢ result
sul't ol aney,r AN 26 DENAAIN ERTRdRn ! (Fc?gﬁr;apl% CORcI5df ?mg?uégi §ilaArgr S

an organos ur- conmpound containing-a su uncti ona oup.
sul f onyl igpengpated b ulef aasesathemet@akb btycaootzohay de mivedow ity emnatthypiene glyeol

sul fur-ox doubl e bond is highly 10 lar, allow ng. far _high solubility
' vatbr(VEC) eorderie Pioveat Verpdgta aal Bdtare Rndiiogy e ep ity s smigyed
hydrocar bpnsg. cHiNes efob” QRAIHId, e lhOW@Hsf BbIRRRdt RorbSeptohblo I RatBOt RoMat er
and hydrocarbons, resulting in its w despread use as a solvent for

puri fyi ngohgaitetdrMEL, aidkpensibdy s¢rod Agdva hydesicerboesl dehgrslingadn Helteraperajuge of
Selexol T %ﬁhexothl%ita trade nane for a gas 15 treating product of Union
Car bi de, &° SUBSS Y a ?/1 T EOW TR Lal Conpany. Sel exol TTM solvent is a

m xture of dinmethyl ethers of et hyl ene glycols. An exanpl e of one such
conponentlﬂi‘gﬁdi it YO LT R ﬁ?* éﬁ@% S%bﬁoga SIRE TP Y- a P SgBhEay up
any he@vynbydiQaRrfeas b the boitigbcdd Yh@ $1LERML0 Bkl  AS s§RMBace
water. Where the initial flui'd stream 10 is fairly dry to begin with, the

use of SdbaralonliMindesatas dtilavkt6d0t Hdtenmeinelyotillothh eemoGeddmpyalsatican.62R tmadys

noted here that, |f the Sel exol TM so|lvent is chilled.and,then, pre-saturated
Wt i 0o B oot rvian Sunt iRl Spind. el dhkuSt i Rant SR HaferiR h

[ 0148] Refspbiwhngs tkqutdd watee 7A, a dehydrated gas stream 624 can be seen
entering an inlet separator 660. It is understood that it is desirable to

keep the |gap) st r ) 624+ &LRBNPARiRIhe BroRLEYEas @I B892 ﬂ{ro%lﬂﬂﬁ-b A BRIV
during the acid gas renoval process. Therefore, the inlet separ-ator 660

is uskd twessel bR@ra sabstahiiajlyi dehiydpatedi metbanesgrststroam-Bdge draduidd. i Ree ddhyiddéedand
mud. Sone particle filtratjion may also take place...Brine is preferably
nocked Gt ST G AHEBY SOEL I rerg AL bR pisle Felis “nf A aRSTt e it
separ at orcoREtidRYwItE RY GraRdit § 09868 s andaRAydrhRd4SLitrdhd$24 ugddy as
drilling fluids and condensed drocarbons drop out of the bottom 30 of the

inl et sepaeladesrcapan dinxide qud dm untest Bydregen sulfideedhatgagsncamglémayased
e SPRPE PR BB Rl Sl bESLTR s RELbN N rusBg Rt o

may be reinjec ormation Vol res

for di@pasdlvaribychhocasthen | i qui ds are generally WO
2011/ 053400PCT/ US2010/ 044137 sent to a condensate treating facility. Gas

exits frquudde t ophoOfdechiiBatedl @ SRRAT 3LPris CffiondlE [pBARE AkhERSH SA RAhingrySeen
at 664. [0150] The cl ean%tg gasétsst ream 664 is p]pti oyr:]gigl y directed Iiﬁnt 0 arys
gas- t o- gasfrexeigngait 6685 The refrigeration unit 625 chills the dehydrated gas stream 624 down

to a temperature of about 20° F to 50° F. The refrigeration unit 625 may be, for example, an

air cooler or an ethylene or a propane refrigerator.

25 [0144] It is desirable to remove the sulfurous components from the dehydrated gas stream
624 to prevent iron sulfide corrosion. In accordance with the gas processing facility 600, a
solvent system 605 is provided. The dehydrated gas stream 624 enters the solvent system
605. The solvent system 605 contacts the gas stream 624 with a solvent to remove hydrogen
sulfide through a process of absorption. This takes place at relatively low temperatures and

30 relatively high pressures wherein the solubility of the acid gas components is greater than that

of methane.
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The gas-to-gas exchanger 665 pre-cools the gas in the cleaned gas stream
664. The cleaned 5 gas is then directed into an absorber 670. The absorber
670 i s prwbepnblsy40a counter-current contacting tower thaCTrisSe@owes3an
absorbent. In the arrangenent of Figure 7A, the cleaned gas stream 664
enters at the bottomof the tower 670. At the sane tine, the physical

sol vent 696 enters at the top of the tower 670. The tower 670 may be a
trayed t qoe45] a paaked, tivedlycdrsyaties0s pae bef cithome rphydiCall @Ivah} kystérd or a
under stood that any nunber of non-tower devices desjigned for gas-liquid
contact rf§Migat é?lﬁa@tu st p&ighIR| 1A PRovideses schemptic (fidaree ot aphwial >§éer§ntand
co-curr e%g%&”i thx{'gné’@ﬁ{b&ﬁﬁlentThﬁe‘iﬂ%s‘&%rsb%h{ ﬁ@’éerﬁ ?t‘!@f @grgtegfto ESrid Ehel A

is nerely ustrative purposes not e e use o

CcO- cur r entchgdmted phostecahn624 herdase kénpricdutforuacomponones sel (s) is preferred
as such can reduce the overall footprint and wei ght of the physical 15

sol verd gps463m 7824mnpled b5 2hifdnee pli)ﬁs@d’abeﬂlkfemyndl&le N(-lﬁetﬁgﬂapjﬁbﬂl,doﬁe Sabypeaic
that m xes with the cleaned gas stream 664 to "knock out" H2S and,

i nci dent &Rffpnaige r%etb:cbzcyanﬁ@:eg@é%owe A% ﬂﬁﬁrﬁteép@@thﬁn%lm I%/ nyeferd e%m@ke) oh

di scusse ; e t
a1 gn gaa koL e ufathe rlink ASnERAPFlrhbPr ERERFIR MIHT STRREERT
the top ai drgmdsokﬂmr cdﬁﬁpoﬁiﬁ@ cofifamihg gRhtilfgasd feiatieanh gé@p.c dht aulfenyigtdans aand
carbon dio The ht gas stream 678 go t hough a refrigeration
process et @ &loBkfoHy Pl b FHELF)Be e su{far Ppvesn idoble dwer 15 Biblan
schengg i %lla{r)/ali’éw@%@ 189 1Bl SUkeb- Al %Eﬁ%hgqrﬁé th HulRABBE dns! proRAEK tO
Figure 6, the as stream’678 exits the physi cal sol vent System 705A
and pass edfinity fnnglryda)celfbpm eTh&e @rOp‘EhteescﬂhlnoWI eilfoB@6 te bt Iniscilheén bethl wahit anglas

stream 678 .do erature. of abput -30 F -4 i]ller, 626
my b, TREGR e s TEL iy s GrrrERh i et r W b P RPN TSR gh
gas streahix@f&. i s next preferably noved through an expansi on devi ce 628.
The expansi on device 628 may be, for exanple, a Joul e-Thonpson ("J-T")
val ve. Thegigqpangl ﬁﬂ%féiif‘e\d' B8/ sREB sGEN &S S%?ex%ﬁM eXRARIEY il @ PRE Hathel it £s
cooling of the Ii as stream 30 678. The expansi on device 628 furt
reducés tttf@tlngrm@dlm lsprf dJwbHn t(Pvebﬂdﬁghtsugaélas;t Déd}nv@mleduvai Campdnyr §ﬁlavmll e
about -70 f.er y t rti I|q ef act i f the.g
troam 6781vebC iy LQispEoREATAARH 0 sbran uBfine Ricds &R PRl ahaeb s>
line 611. conep@neﬁmszaﬁqaatwwﬁgﬁgggaogl?éM%%XI)ma@m Rﬁﬁcﬁrpﬁdknﬂpaﬂ@' ek
Wi

Figure 7A, the contacting towe pi ck up sul furous
hydrocarbons in the 1n1t1a1 fluid stream 10 as well as some water. Where the initial fluid

stream 10 is fairly dry to begin with, the use of Selexol may eliminate the need for other
20 dechydration. It is noted here that if the Selexol” solvent is chilled and then pre-saturated

with CO,, the Selexol  solvent will be selective towards H,S.

[0148] Referring to Figure 7A, a dehydrated gas stream 624 can be seen entering an inlet
separator 660. It is understood that it is desirable to keep the gas stream 624 clean so as to
prevent foaming of liquid solvent during the acid gas removal process. Therefore, the inlet
25 separator 660 is used to filter out liquid impurities such oil-based drilling fluids and mud.
Some particle filtration may also take place. Brine is preferably knocked out using the
upstream dehydration vessel 620. However, the inlet separator 660 may remove any

condensed hydrocarbons.

[0149] Liquids such as drilling fluids and condensed hydrocarbons drop out of the bottom
30 of the inlet separator 660. A liquid impurities stream is seen at 662. Water-based impurities
are typically sent to a water treatment facility (not shown), or may be reinjected into the

formation 630 to sustain reservoir pressure or for disposal. Hydrocarbon liquids are generally

9.



conponents. These are released fromthe bottomof the tower 670 as a "rich"
solvent. A rich solvent stream 672 is seen exiting the tower 670. The rich
sol vent swpeam®I@omay i ncl ude some car bon di oxi de as wekr/Us201p01467 1 n t he
arrangenment of Figure 7A, the rich solvent stream 672 is carried through a
power recovery turbine 674. This allows electrical energy to be generated
for the physical solvent system 705A. Fromthere, the rich solvent stream
672 is caehi @t tddetglc acsfiy fRsiliof. Gaaskitsgpar it ass o68R. inled séfator 660. A
illustrative arrangenent of Figure 7A, three separators are shown at 682,
684 and eGiBNCHER YEARIaPSISt 88D 684, 686 operate at progressively | ower 10
tenperatures and pressures in accordance with the physical solvent process.
[ 0157] Thd015Hst ?ggalreaqurga@&zearm§64)pempéqllw el agasdp-gas praigaear #6f
500 psi d t [ re of =90 F. .The fir S rator 682 e | | ght
gases ent 1o QSR RO bos dforbog ! UR TS AeRRE et sy SEATEE Rl o
681, cPnaksetheniditict intorinhaRerbane7(d amrhe absbirieoti 670, is Priferably havimtdricaeent
anounts of H2S. The Iig{ht gases 681 may be directed to the 15 crgogeni c

di sti | | atSoBRCHBEMWCr BB (TReVES HAWIPSPIRCH: gl tBe ppngerpas of Figwre Tnyhegleaned
conbi ned g LhdfGed LARE B3 RELARET BLTowdPrel | ANhe ARCENESH ARG TENBhLa:
travel t oug?‘n a conpressor 590 o boo3t pressure en route t € cryogenic
di stil | at@9erentcosverthd ) dshstomeanV®1The Gorp 626 siag ibe AEKaynd tovine, npmksd arwer) |
the distillation t(%vver 100 is operated at a | ower pressure than the first
flash st ONY AL ALV he first separator 682, of the solvent process 705A.

20 In that case, a pressure drop will be required for overhead stream 678
in orHer [OR3K t hE styndamtoodsthatapny Bymberagf BeN-EBYRH| deaiges TRTiangsh B3 9sdiagidop
may be i =T th \ i [ sti:Ll.atiaon r O
Cour se, tharet k. Ructidi R ¥F 8RR PERRLIABETh R Shik AR b Bl
val ve. [ GbhBLtlidedttiyes. alhe byudtaganresutomed®70nd Eigyren?Aavy niyyely doailhsastife om

t he cl eaned gas stream 664 _have been captured w tp the rich '$O| vent
stream 6 PR pr {%)grr@é%it M5 PF EHBPASOTVBHTCNS CPRARPTSSIOF A gaeliId GRMasie
separ at ory83%s) R8MnefBRA- asTNIRA LR RIERSEHE RleMalll Fdokprith 288 WeidhCoBROJEMcal

| ines 683, 685 and 687. Thus, the physical solvent is generally regenerated
by pr&ssuwobenegsehi YA .causi ng any di ssol ved net hane and carbon di oxide to
flash fromthe solvent. 30 [0159]Line 687 is a "sem -l ean” solvent stream
because q0nR2]of The abbdrasnbebn foenryaple, bublvichetimomiesst with riearicatad bhass
not been fully regenperated, portion of this | vent stream 687 is_carried
hr ough SUBBBAOAES pRRS K69 By il%@e@a%lagaom?ﬁg)zt H&C aBHBY My SPBQAEFﬁ_{m
2011/ 0534084/ WSZO QL QA4 HovE7 N ES r&uf @Mihid &ﬁﬁa&@gx&wes@mﬁnhé N ersgadi At e

| evel in the contacting tower. The remai ning portion, shown at 693, is

di r ect ed light gassstreegetV@riagemgatvd sk 1igliZas piddad0 pThcaoemet of te top phthehewer
secong, 684 and third 686 of e three ar at,or it. i.s nated. that each of
* hesettoiioar thecigh e’ Bt 618 CobstS iR Pudidion inilie 4 el B Tifen.

These 678 gocs through a refrigeration process before being directed to the cryogenic distillation

tower, shown schematically at Block 100 in Figure 6.

[0153] Referring momentarily back to Figure 6, the light gas stream 678 exits the
physical solvent system 705A and passes through a chiller 626. The chiller 626 chills the
25 light gas stream 678 down to a temperature of about -30° F to -40° F. The chiller 626 may

be, for example, an ethylene or a propane refrigerator.

[0154] The light gas stream 678 is next preferably moved through an expansion device
628. The expansion device 628 may be, for example, a Joule-Thompson (“J-T”’) valve. The
expansion device 628 serves as an expander to obtain further cooling of the light gas stream
30 678. The expansion device 628 further reduces the temperature of the light gas stream 678
down to, for example, about -70° F to -80° F. Preferably, at least partial liquefaction of the

gas stream 678 is also accomplished. A cooled sour gas stream is produced at line 611.
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5 light gases will primarily include carbon dioxide wth small anmounts of
net hane. These |ight gases are shown in two separate |lines at 689. The

| i ght gaswe 268%358m9 be conpressed and conbi ned with |inecCeab2@nd441Ben be
directed into the cryogenic distillation tower 100. Alternatively, the

| ight gases fromlines 689 may be delivered directly to a bottomliquefied
acid gas stream shown at 642 in Figure 6. 10 [0161] One advantage of using a
physi cal [90%3]ent Rémlmg)sgmﬁa@nﬂr@ﬁrermmacdn&ctlﬁ@&ow&%m{memcki@ genesa | y
hygroscopic. This may elim nate the need for a gas hydr at] on vessel 620,

parti cul ZOMPORFIES- eTh%é argyicisesgd fromithe betiosnpf the t@\ﬁ@faﬁm@é&y righyhsalyeiti A

dry. To ts'alx%n%{ijeaﬁi 673 & s%ér?feﬁ'ﬁﬂg k& ToRRL ehhe THE 'n%ﬁtsﬁfteﬁpéﬁ’eﬁﬁlt 6'{12t ﬁ%ﬁ ind¥de
non- aqueous he sol vent nay be us to turt e rate the
raw natursahlegmﬂaonldmomdin&wake water may come out in a vapor 15 stream 655
fromthe regenerator 652. [0162] A di sadvantage of this process is that sone
| i ght $iydooser bonsthanerafednanit of Fi@ll‘@qﬂ(ﬂﬁ@ﬁﬁﬁﬂ)“’@t m@npbyz iscalriabihy&igh & 0
sonme extent. The use of nulti El e separators 682 686 does rempve, npst

of the NEOREAESTVER WHinG peh dbisallorvssilscdigal smergy Bgtbet%?mre@mfw Hst physicalof
1. 20 [QLR3LREIRNT 0%l 2934 tltlé?f ftﬁg R SERERALLAS ¢BSi g%hrrgﬁ%h oﬁx@ff a s@ﬂéseé)f 652

acts as a stripper. rogen sulfide conponents are driven off “so that they
exit the ﬂasgeqmraibﬂsm@()vﬁsﬂellllmﬁtw@ammghmmmfmgmreéhmtﬁﬁB sqmraosancdniwnat ed

H2S stream _The conc H2S in va e 655 i s shown exi t he
physi cal &ot8entdsy ‘f eéﬁ67oaﬂ‘e PEPaFAOy) g@i S%&{ﬁ OPFIRE E5PPHCENG ibfgg\éer 25
[0164]q heceﬁﬁé}ﬁﬁl'i’ésra%'ﬂ sERres h{‘ac\ééﬁl‘aﬁcé&z{ﬂ? é)ﬁi??lcélsso%ﬁtf fbélly sent to an
acid gas injection (A@) facility. A second physical solvent process nay

optional |4 9f useq b ??it%%@i}éﬂ%ﬁ 682 rﬂa ?at@géé om0y r%gsu}’ea89§00 ﬁSI and a

separator 1s shown at e sep tor a reflux vesse

recover s tempeetuseo 9tk rTl&rﬁtssmbmemr 68Rirtleasad hghm gagesgm&ained gothevrhisebdnt The
condensed wat er andj; soI t may be returg(fd to the re eratl ng ssel 652

30 t hr ougiBt ¥Tm Bt epyeS phoven vk 68T eometis BERR aale ﬁﬁ? BEPYent

to acid Qﬁ@xﬁ@ltﬁﬁ%@nha(v%ht%@@ SERERS Hgé | yrhaty QA%S @49 My bi QHE@ce@ to and
di scussed bel ovv) through line 691. WO 2011/ 0534 PCT/ US2010/ 044137

[ 0165] Theryegsorc dstilgion 668cwl 00 (nat slwovwmol Fuge\rc aAbo A hdsogdsde mayHe oenrtod

di id X .wat i i th 58 t h th
vor hasa i BRLRLET SYORsa¥ e e STREREBLY BPGIO8E dlikertean
to the AQ@9of &CbbbdtYprEdlic eh By fbo'%ﬂeOB@blgé/m@QilﬁﬁI&hoﬁ QoReSUD) Uls §RGARY @Y.

unit (SRU) (not shown). 5 [0166] The regenerating vessel 652 depicted in
Fi gure 7/Aorapression mey eotsbq inpesiseaay gashe dlissiblpromieverul §liveseresdpgnedewer r om

sol vent. da-ws%urreecﬂgr{;%reeﬁrétr}%]sﬁgﬁgg lth?6[5 tﬁéﬁﬁrs???pa?a%r%&hﬂf‘% Hfﬁpt(}%ag css 705A.,

strippin ases content.

hi gh- @(DZ laohhtesdsef wqire@aﬁ: drep prf BE mgmfeorfot lecihtid pptady 6g&sm6c5ae1afhat 1thenay
help "pre-saturate" the solvent with CO2, thereby |eading to |less

pi ckup f r¥RimhESERRGAEY Madestamhingds ehhis Aszr%eur§tdtrwpmaﬁd>ega%uqe§ @@eth*@Mg
fed into nthF ﬂ?eeg% Eﬁ&'cﬂ&ﬂ}’aﬁaﬁ%w@? fohhr @f%uh§en%e6§tjream e g@ﬁ flﬂ% g @as

651" may or ‘e le a portion of the Iight’ gas stream 6 romthe
IO\Aest-prleisedlrcedﬂb‘asdtreenag“ehe I-Hatalves, separator 686. This allows for a
potential recovery of sonme of the hydr ocarbons. [0167] Regenerated sol vent

i's direct[@tisg]r ondcary bt hpdro@én bilfide ageney abinghy@ssasboriSZomlthe thaned gas
regener ated solvent exits as 653. The regenerated solvent 653 is carrl ed

t hrougth B0 haygnksensaptueyst Mithathe WChaSOé‘é‘@b Raced O2er Aptiagregavely gicher

utilized [ ry

sol vent g@%emlj'ger eaf %%@Qasgﬁefpc{rrg;%g% a]%ag%#) %/’eﬁ?‘ g@'g i g H%Sree egab%l?/élgoo [ ed

t hrough atheat aexdbhastgent 6@bs 63,s68DHhyd MBVJ nghws, rted phgecatsobrntine pencfally

gg:,llt ;g? O%re]geflr@% eec{lbyr f)artesegresr%lch\{cgunotn gaguesslnlgsangl rgilSSOlVg(? che!cheage gr?(f carlbonI;[ c(i)loxfgie to flash
from the solvent.

30 [0159] Line 687 is a “semi-lcan” solvent strcam because some of the CO, has been
removed, but the solvent stream 687 has not been fully regenerated. A portion of this solvent

stream 687 is carried through a booster pump 692 and reintroduced into the contacting tower
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20 [0168] A portion of the regenerated solvent is taken fromthe bottom of
the regenerating vessel 652 and sent to a reboiler 697. The reboil er warns
t he sol vewD.20Tins340ar red sol vent is returned to the regemeratseog/oyassel 697
through line 651" as a partially vaporized stream [0169]Figure 7A
denonstrates an enbodi nent of a physical solvent system 705A. However, as
noted, the solvent system 605 nay alternatively be a chem cal sol vent
system XyoThe chartantolsal \seat 1ﬁyﬁﬁ@1ﬁma\wﬂemm€ coheviigatowssl VigBtSmaining
particularly H2S-sel ective am nes. npl es of such sel ective am nes

i ncl ude RO SeRv8t TS 1Sé1f’ﬁeﬁf§dQ%EA?ge&ﬁ@“P&éfeqSF]e@?@or b(r) fanily of anines.
Flexsorb(r) is a trade nanme for a chem cal sorbent used in the renoval of
sul f ur oud04ees fr emngctipsuvitlyths sepond 84, and tinrde&@methihe )hrgwemétﬂtor@rlt wtiedgd

anine is r 624 .cl. eaned
stream Géﬁo[ups %gglfcnseo epa}a&% E%é@é%ﬁsg lleg%% ?é,tl on ncl)?/\lllenrs %%?%‘gn r@g%eased
sol vend s lighk gaseR wall ptigatibainclugacirbom divixide veith smgasmoeaiponeethand. NThd3e light

hydr ocar bon gas stream The reaction process is sonetines referred to as
"gas sweeddseh He showm s twpsemgaate ey 1 Usp bl gpa0p168P gy fhe cRewissgd and

react | onsoii @R Y (PTG SHEEHh! Mot PINSI Rl hassgiBobYBker 100,

parti cul ar as pressures below a out

[0171] Fl exisondivaty, mt&shgrt@aparsefhﬁn rtmds 6&Qma§zeble dobibvered tdsreéthy tos® bettdm Vighgfied
removi ng H25 from -conti streans. Fl exsorb(r) am nes take
advant ageiCtif S RECHR S ‘t‘?’%%‘t@zflﬁ g te 5 of H25 absorption conmpared to CO2
absorg%l on. The fast absorptl on rate hel ps to %revent the formation of

car baht d816Hhe Rpardyarageefising gyoheyel ogl VPWO ARPlFRAh Blsd dcTpP e ds s thes
general |yl ﬁ\é&ee%ﬁﬁg lﬁé’g{%sg fc. Olﬂlﬂ% 81;81%% ¢ thH 'ﬁg&{ @ o %ant gidlib Gessel

recovery, or rgroun osal requires signifi orrpre55| on.
[ 0172] Thev20epartiewladh§ vdhywthgﬁntlsltﬂhﬁd d‘eeams |10|gs drend) echstaneialyridne Tayhibend, it

acconpl i shed by 10 co n e de rated and chilled fluyid stream 624
Wi th the ISRENSTELR t%%ﬁ@%ﬁ@ﬁ@%@%gﬁ BARSAFO | ﬂtthtwax e yf¥end ayabh 624

into an "aR$QS RBfher dINRIrALIIRY RS nétﬁra@g%(sesﬁtet!hlst Oat, \%tkloi’fﬁy%ﬁlefcfu@nﬂ tah}%p&as
stream 624 to be contacted by the FleXxsorbTM or other liquid amne. AS the

two flui dtneamnedSPditosn thetregeactafortd3d. anmi ne absorbs H25 fromthe sour gas to
produce a sweetened gas stream The sweetened gas streamcontains primarily
met hane gotio2jar bandidadvdnage d€thid b'r&eé'ssi\sﬂhﬁt"sogﬁsligﬁt bywrooatbond aid €O, opilldse t he

absor ber 01 I n gne aspect, the absorber ount er-current
cont act i r‘FQ[ a[déwg]'ad i} etprlitlygtcal solvent to some extent. Tﬁe use &r rnultlpf ¢ separators %2, 6%4,

686 docs remove most of the methane from the rich solvent stream 672, but typically not all

of it.

20 [0163] Referring again to the regenerating vessel 652, the vessel 652 acts as a stripper.
Hydrogen sulfide components are driven off so that they exit the regenerating vessel 652
through vapor stream 655 as a concentrated H,S stream. The concentrated H,S in vapor
stream 655 is shown exiting the physical solvent system 705A. It is also shown at line 655 in

Figure 6.

25 [0164] The concentrated H,S in vapor stream 655 is preferably sent to an acid gas
injection (AGI) facility. A second physical solvent process may optionally be used
beforehand to remove any CO; and water vapor. A separator is shown at 658. The separator
658 is a reflux vessel that recovers condensed water and solvent while allowing gas to go
overhead. The condensed water and solvent may be returned to the regenerating vessel 652

30 through bottom line 659. At the same time, the overhead gas may be sent to acid gas
injection (shown schematically at Block 649 of Figure 6, and discussed below) through line

691.
230



arrangenment, the raw gas stream 624 is injected into the bottom of the
contacting tower, while the chem cal solvent, or "lean solvent stream" is
i nj ect ed woteittasasonop of the contacting tower. Once i nsiPae/USh@o0/044137
counter-flow ng contacting tower, gas fromthe gas stream 624 noves 20
upward t hrough the absorber. Typically, one or nore trays or other
internals (not shown) are provided within the absorber to create nmultiple
fl ow pat H916%)r t fae napd:rsalealgaﬁssamﬂl dlso ﬁfcﬁﬁlb&afh@h&ﬁéﬁ)adé aThacadobdioddnaridne
gas and |iquid phases. sane tinpe, the liquid fron1the | ean sol vent
st r eam nOESVHSWHRLF dwarf‘efltaié? é%&ar%tﬁ’é 638, dwaugh Bis rerheadyneiq9l; plongpuidh ther |

The traysyaifhd Biel ??éf%lgﬂlﬁfntt QfviabHh th\%%ﬁi"%%ﬂ u} 68, 3P #ﬁég%%tﬁﬁa{l seAfl S

process i's” demonst r 5 connection re 1o aten
appl i cat iton selfti fet@atry RenBRID) @bt showch).Gases From a Gas Stream " That
application was filed provisionally on Cctober 14, 2008, and is assigned

U . S. Srijaledfo. &hé ion&dng Fgelr6521depinted MEFigard mpﬂa}dmﬂgaeppgtﬁplﬁﬁg gad tot he
Specification are incorporated herein by reference. [0 am
sol uti on SPERE HHIrWs ORPOBE rimbioly e c%ﬁﬁé@ne&ﬁmlgew@seé &ﬁ% &é{l |bﬁ9fe@0"1th

tower. ThiS GRIHRF bﬁﬁﬁ%%lﬂgﬁhéeguhﬁ ah ‘f‘ef'&"a%gl s SRe R A ?Eﬁgllgh'%:—ﬁ @%‘??'i' ah

am ne solution is ta rou enerati o process
consi der dhghCQ, Icenitehefureb gene lp&tf“emd RO ROGHHiIDZ 480 6T émmmie(q;lllﬂra%aturate”
conponent n Figure 7A, apov in co nec h the

o ome B fe o3k COR S Rediph i ERN COnabrERMgThe hared fis srrb bR
oper afj NG Aipifd @0 RS SO LTDanEQURhEhrify o] 659%1%@9%%%5 upgd as

an absorber for "H2S scrubbihg tends to very large and heavy. This
creates rsampllaglg%rﬁdf frfayy gl foy ckamplffagiootien of the aght @agtraanp 1689 Croni i lowest-
appllcatlons an alter 0

Py ocar BN BEa Sh Ao hiss AT | TR 4GRS Tt BOERUA e ol B Bt OF
herein. Thahydby@biRs the use of smaller, co-current contacting devices.
These devices can inprove the select|V|ty of the am ne by reduci ng contact

tinme, t hL{ﬁlb’ﬁdUCR@@eﬁeﬁﬁe& 0GR if AlreGER flbth BR RRRA BPthe r@@éh%?atﬁl@elsﬁi 652.

absorber devices can also reduce the size of the overall “footprint of the
procebs iﬁl%ﬁgene[r&md@pﬁegmmw& 48¥onBter @tgemerandwblvnstt 633 iy earmigih ghiiowghta of

hem | t df | t 605
ot i qur o6 ATy c BRI A5k B rB St opd S EReTRLOPERY S35
co-fl ow ngegeRtiAChd g cheninpeggédetateddRvent 653 .- Th&@ﬁﬂfbrlﬂle réddMerattldedRcHeyIICES

are used to contact the selecglve amne with the gas stream 15 [0177] The
co- cur r eri¢ pPraferablycteelgst thquighiaz ket cuehapgemétde pessthladeving 4 refiigarteon wHer &in a

sour gas ﬁlkﬁ%ﬁh ?'Qg%tngra ed%lcﬂv%né @6\/? rﬁen%’cg% Oedq%gft kh% tﬁ’gI Ocomapto& %% contactors.

I n one enbodi ne vent nove toget her

generally ng the dlna s.of the re e Y€ cont.ac

o out ciofidlos, eomrict Bt @eas%e%ﬁi? SVt kA gL DPIGRE T8 BEriralE A
a resul t,ye6R1 687 s¥enf 100 cBOIrFOY OThe t@R et VarkR tﬁé’@él{l&ft. triavagfed solvent is
counter-current flow contactors that utilize packed or trayed towers.

[ 0178] As rejurtedrp therieg@mratmgdiebspio Bt bepughdingtob X s 8 Partiedl vBporzed ntreaier i ng
an inlet
[0169] Figure 7A demonstrates an embodiment of a physical solvent system 705A.

However, as noted, the solvent system 605 may alternatively be a chemical solvent system.
25 The chemical solvent system would use chemical solvents, particularly H,S-selective amines.
Examples of such selective amines include methyl diethanol amine (MDEA) and the
Flexsorb® family of amines. Flexsorb® is a trade name for a chemical sorbent used in the
removal of sulfurous gases from a sour gas mixture. A Flexsorb® sorbent or other amine is
contacted with the hydrocarbon gas stream 624 or a cleaned gas stream 664 upstream of a

30 cryogenic distillation tower.

[0170] Amine-based solvents rely on a chemical reaction with acid gas components in the

hydrocarbon gas stream. The reaction process is sometimes referred to as “gas sweetening.”
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separator 660. The inlet separator 660 serves to filter out liquid
inpurities such oil-based drilling fluids and nud. Brine is preferably
knocked owO 20sl/03g40bhe upstream dehydrati on vessel 620, ®hows20m/0F1gure 6.
Some particle filtration may also take place in the inlet 25 separator 660.
It is understood that it is desirable to keep the gas stream 624 cl ean so
as to prevent foamng of |iquid solvent during the acid gas treatnent
process. Juoh79hdmiquli deacsivad &8 garedlysetbrbydifatiacbdna ahgsichlibhsddngofentsds
drop out of the bottomof the inlet separator 660. Aliquid inmpurities
stream i Satirrhtatdeps gafrﬁéesw%l?d%@h%ut 30Bwsiet 9 MP®- typical Iy sent to a
water treatnment facility (not shown), or may be reinjected 30 into the
format i od0634 W| F lexparhe agppest aye queferrd chemisal sslyensy éysi@ieétlmlyfremowmgﬂés@al

Hydr ocar o] eqnd Lr
T Doar 3ty SRt R A O El &G ARRA A VERRE b i ERT St Bl R

664. 55-&1\@3%;&@9&36&6&@«1 165201 QbsHgtion/ T&Jﬁa]aBb@fpﬁblemeﬂelp@wmga@t itlge
directed into a series of absorbers. Here, the absorbers are co-current
cont act i rfgrARipNCRIscarpymategpp The hydrogewcl Hide) genersied frapnamingtasedoprocesses eop,

C S
. thereéy rgﬁéz f ESuft. POTRd ok fihe \171?1 g&’&g@”&thfef %’Hlﬁlﬂ F&%ﬁtéﬁam

a progressively steetene stream
cont act orunﬁagrqanﬂ\dmj)esalazv}ﬁclf reqaﬂresssngeﬁmmedorgp&sﬁm eam 730(n) conpri sing
substantially met hane and carbon di oxi de. Gas stream 730(n) becones line

678 of Fijgury 6. Th@ils%ﬂddanopmragdn@ulﬁdehsl@@sseasdcneaai'nﬁﬁékn@nb@a@ompilsﬁeﬁtby
co-current absorber contactin i mxed with a

ool S GouBtny Be derydraGa e hilFag g sy Grabrd “ias Charmer! selveRty Hais may
S0l ut i on (3UghA5, FRINL 3 LRRAR PR MPERL o, LG SAER( 1) 28010

The |1 qui nt may conprise a i'nder ed amne, a tertrary am or
conbi nat |ad>m$zstgaeﬁenf thiel gax soedng 1624 it bamomamﬂ) be tid Fkaﬁrbﬂ@tMeamlqnel, amﬂnel e
MDEA i s

tertiary am ne, di e solvent stream 720
is a par t‘?%ﬁ!eytwloefg‘élaép%féﬁs dpterallafie prayy-a %6‘%\?4&&3 %‘PTB&H% SOUT8AS 4O EQBITE rdat or
750. 'vaes%@fen&{ chdGiread mI‘hE eActeAd ¥EN bt cbﬂﬁﬁi‘ﬂs tﬂ?ﬁnafri& ?ﬁetﬁﬁl@tﬁiﬁt @aﬁrbcﬁ:lDl

i's alded by a punp 724. The punp 724 noves the sem -| ean sol vent
dioxide. This “sweet” gas flows out of the top of the absorber.

[0173] In one aspect, the absorber is a large, counter-current contacting tower. In this
arrangement, the raw gas stream 624 is injected into the bottom of the contacting tower,
while the chemical solvent, or “lean solvent stream,” is injected into the top of the contacting
tower. Once inside the counter-flowing contacting tower, gas from the gas stream 624 moves
20 upward through the absorber. Typically, one or more trays or other internals (not shown) are
provided within the absorber to create multiple flow paths for the natural gas and to create
interfacial area between the gas and liquid phases. At the same time, the liquid from the lean
solvent stream moves downward and across the succession of trays in the absorber. The trays
aid interaction of the natural gas with the solvent stream. This process is demonstrated in
25 connection with Figure 1 of a patent application entitled “Removal of Acid Gases From a Gas
Stream.” That application was filed provisionally on October 14, 2008, and is assigned U.S.
Serial No. 61/105,343. Figure 1 and the corresponding portions of the Specification are

incorporated herein by reference.

[0174] A “rich” amine solution drops out of the bottom of the counter-current contacting
30 tower. This comprises the liquid amine along with absorbed H,S. The rich amine solution is

taken through a regeneration process that may look considerably like the regeneration
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15 into the first contactor CDl under suitable pressure. An exanple of a
suitable pressure is about 15 psia to 1,500 psig. [0182] Once inside the
first corwaechoaros@&dh, the gas stream 664 and the chem calPCFalSe@ni488T eam 720
nove along the longitudinal axis of the first contactor CD!I. As they
travel, the liquid amne (or other solvent) interacts with the H2S in the
gas stream 664, causing the H2S 20 to chemically attach to or be absorbed
by am ne galpeatitedescAbed i Figuie GA aB@\l’e\/(imt:oﬁQbmn wﬂhlﬁ@bﬁymaﬂ Qplscittystein a
bottom of_the first contactor CDI. At the sane tine

parti al | y/0Stettosgh ¢ twgalbthaémmeepalﬁ flagh ¥esse) ppersfing Hequ mp%nt actor CD1
and is released to a second contactor CD2. [0183] The second contactor CD2
al so reprl@t&lt s Eheeoemrrceﬁltent e@ﬁ@t@tfpwgr teod; asean absorbpt fos A&iS| sgrubhingicnds

co- cur e, SeRaLALLNg APULaey OByl S BE oV o B Uil 1P Re5RNgCoRt Gt Qs

CD2. Each it acPor's genera 65’4

respecs i yeofatibh adﬁp}dca&waet enecorgaglygt e am:r?l&@( dnbodidRiS3Yor HRS adshotalofromeach
of the second and third contactors CD2 generates a respectl ve
parti al | ydEsaEgn g8 Strpamy inskieniolori] s Wemvewwsposem%l amhatnnyRlvess

used as ttF? uSPOV GMtter, oS 191%5{ bttdof g%gﬁgs ek rd%@ltchngan \ éﬂ&éfé)trﬁé sty 30

740(3) W rlserlc am ne sol Gt1ons nthe| ustrative system 705B
t he second the)adenﬂe bﬁsredlrcﬁfg‘. targacs oinud, ithus ®BdG¢iIRY the clgase bt KO, hte h‘ei alsbriicdaded

gas-treat soI n 740 and t hr h a_.regeneration. ess
el ud ngl 155 Na e BRHE b gre e Gho P4uEE e o1 I oeaRaUeNPEb0s BF Dies
[0184]¢t 4oz not ed that as the gas 664 noves through the

progressi vel y- sweet ened gas streans 730(1), 730(2), . . . 730(n-1) in a

downst r egﬁlf’d]r eCHidie 7B 3R Ratel ad NRusEYFICIMYBditnoMETEN &lehﬂcﬂ?&%@ %steﬁs

thi s happens, the pressure 1 n the progressw y-richer amne (or ot
l'iquid scl0éBnis)mat beases 64 thersplveitdronest 605 of Figuré4 (e chedlidal solivantt dystem

upstream i ection needs 5.to _generally jncrease to h the sure.
It is th EPRIPYRA SPHOS O £ W@%C?mé%ﬂ e e o%ﬁ?'bﬂ)oﬂﬁﬁﬁ
(not 5hOWespgevﬁée%%?équgtt(‘/‘@&ﬂa&%kefgct&@%nﬁﬁ%lﬁpﬂl@r s Q%arn cb2, . . . This

W ll serve to boost liquid pressure in the system [0185] I'n the system

7058, 14 hgopi] eanﬁ‘h%%g!c?l%rengﬁ'&(f %lmc%gﬁﬁl}%eg t%»f ol &, r%oé Y]%Eorﬂl Wi %&Qﬁt are

first noved throu ash drum ["ash rum operates at

pressur e sofir X@s ahﬂwm 200 4 dighsd ssziegt mdve tdgatiler dwitinin 7¢h2 tcymacmbl y Ihlaene

i nt ernal rts that createasett eff ct. or a tortuous flo th for
the. sol veRtbOSHREHn{heA0UE FaY HiGAm pass daqulééeleentslaew ingether geiE hlovopica; o
flashed fipganidel %selsvemhe%gﬁeemgéé?ma&aeugboIdunenﬂﬂéw HREact s iR eRRs &S
captured in line 7 be reduced to an acid gas content of about 100 ppm
i f cont achedh highdr fhué NB.]IObIUaSIDIAISta nmﬁulf [ceshirrant ﬂmx/fcomm;tbrsrtencmﬂbe $roallasxizampl| e.

ae fudl " gRanehrey TRy Ra Rl tﬂ%\ Eaehoa BOFRGIE G20 mey be 11 ashed

fromthe [3?’|78\1ent Asstvrzl?l?rﬂg%}‘g 7tAh raoggnydratgf gas strearn 624 can be seen entering an inlet
separator 660. The inlet separator 660 serves to filter out liquid impurities such oil-based
drilling fluids and mud. Brine is preferably knocked out using the upstream dehydration
vessel 620, shown in Figure 6. Some particle filtration may also take place in the inlet

25 separator 660. It is understood that it is desirable to keep the gas stream 624 clean so as to

prevent foaming of liquid solvent during the acid gas treatment process.

[0179] Liquids such as condensed hydrocarbons and drilling fluids drop out of the bottom
of the inlet separator 660. A liquid impurities stream is seen at 662. The water-borne
impurities are typically sent to a water treatment facility (not shown), or may be reinjected
30 into the formation 630 with line 622 to sustain reservoir pressure or for disposal.
Hydrocarbon liquids typically go to a condensate treater. Gas exits from the top of the inlet

separator 660. A cleaned sour gas stream is seen at 664.
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The resulting rich solvent stream 746 is directed into a regenerator 750.
[0187] Before nmoving into the regenerator 750, the rich solvent stream 746

i s preferablzgivsssd t hrough a heat exchanger (not shownpCTiseomwskas? vel y
cool (close to anbient 20 tenperature) solvent stream 746 nay be heated via
thermal contact with a warm | ean solvent stream 760 exiting the bottom of
the regenerator 750. This, in turn, serves to beneficially cool the |ean

sol vent q018HM 760c befsdesodeisve ditedted futd &8dtics @lf bsdibaeooHere, Hehbs@abéts ken
to a final contactor CDn. [0188] The regenerator 750 defines a stripper

portion mzc%@ﬁbrcpetaﬁgl& AayecsofCe HeP225 -i ntePialls €HBt  Sheutpniser LRl
reboi | er - J;ﬁgf. I?ng)ﬁerehﬁwpsrg lofiesh bOH. eﬁg@ tﬁ %%&%Q%@?@é&ﬁn lieaL -

The regenerator uces the r generate sol ve stream 760
that is rthayby esdea‘sﬁrg 4 progecsbineltyhmvekioned g&S)Sﬂ‘G&lm. 0oA fii. coﬁtactoppmh pmdeeaad

gas fr eneyat or, 750 ai ning. concentrated H25 exits

regen BT pegUReeh A MG ¢ 790D oreiiinero) Sigpfislty e jitRe SHpeshptogdioxide.
|npurltlq;m%h%ggmgﬁagbb&nﬂgMﬁg(W@Qg werdenser 772. The condenser 772
serves to cool the inpurities stream 770. The cooled inpurities stream 770

i's moved ppgQugh

| Taui d (AR uBob s afy 1% BB e o Bt AT AL Rty SRR e
the i npurdetnoes CEXIr e@heréd,7fas ibmiacd dvithas liguirdesoivent @20 s Tlfeemlmneaﬂﬁ@rdsfhmbly
Fi'gar e 6.coPUIBGT SSHEIS GG BemareppEaaa ARSI R ‘S e dBAS7 74,
Fi gure 6.° BN & 774,
Thi s {@SUufdcS|idlid oSt Hilalsh! @ripHiss tal RN ﬁrnn{'éh% teRRANABRInd bf¥bAbRaleAM
775 is preferably carried through a 5 punp 7 fo boost pressure where it

is then ﬁhmn@ﬁoﬂ&asublnt@nKhempbgememmubmﬁ75ﬁm68®mﬁedﬂDEHeuwesadumﬂekﬁqU|d
will exit the re rat 750 at.the bott as par.t.of the | ean.solvent,

St 1 eam 768G Rar B dbiao e RRGTOHRREH I § Bhthete b RE oF 5By et
stream 76Q1veat p@ha&@eb}t hecdcasmdR750at MbvaR@RR bftthe tdeehiIWREtBRRMt B2 ik fIRAMS
730(n-1), 730(n). This water may be added at the intake or suction of the

reflux puirpt congictor P bisgrdertey 4 pemp 524 r Shenemai’ad musiey émseme(beamomentamow
pressyge.; @Ch g fﬁ%tnc%n¥ef$totrr€ D AHLAS ?ttaﬁl%aﬂ}‘esfsﬁf%L e %E&EBL%%? 3@%%&&&& YNt

760 1S carrie ressure oostlng 1 PR er red
to as a h@amtsﬁﬁm%mM1$ﬁupﬁ r 762. Frontthere the | ean sol vent 760 passes
t hrough a cooler 764. Cooling the solvent via cooler 764 ensures that the

| ean sol ;ﬂl‘& 176004t¢ inspRSBE Biracbata8ds €D 1etHcesdsi suhn-664ad GhY EHeptlcd188Rent
solvent 760 is used as the solvent 15 streantfor the | ast separating

cont act orsttemn. 720 move along the longitudinal axis of the first contactor CD1. As they travel, the

liquid amine (or other solvent) interacts with the H,S in the gas stream 664, causing the H,S

20 to chemically attach to or be absorbed by amine molecules. A first “rich” solvent solution

740(1) drops out of a bottom of the first contactor CD1. At the same time, a first partially-

sweetened gas stream 730(1) moves out of the first contactor CD1 and is released to a second

contactor CD?2.

[0183] The second contactor CD2 also represents a co-current, separating device.
25 Optionally, a third co-current separating device CD3 is provided after the second contactor
CD2. Each of the second and third contactors CD2, CD3 generates a respective partially-
sweetened gas stream 730(2), 730(3). In addition, each of the second and third contactors
CD2, CD3 generates a respective partially-loaded gas-treating solution 740(2), 740(3).
Where an amine is used as the solvent, the partially-loaded gas-treating solutions 740(2),
30 740(3) will comprise rich amine solutions. In the illustrative system 705B, the second loaded
gas-treating solution 740(2) merges with the first loaded gas-treating solution 740(1) and

goes through a regeneration process, including going through regenerator 750.
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[ 0192] A solvent tank 722 is optionally provided proxi mate the contacting
devices CDI, CD2, . . ., CD(n-1), CDn. The |ean solvent 760 may pass

t hrough twe 2solosawd t ank 722. More preferably, the sol veotr/usank/o0¥a27i s
off-line and provides a reservoir for solvent as it may be needed for the
gas facility 705B. 20 [0193]Referring again to the plurality of co-current
contacting devices CDI, CD2, . . . CD(n-1), CDn, each contacting device
recei ves [a18s slirgaivtddieiat ahchaidas 664 modeo clabbgn tigagrogredsityigrsagemnalipid de.
Each contacting_ device CDI, CD2, ... . CD(n-1), CDn operates to .
sequent i afeymp d3YIe BRRH25. BHUNY ipa detdstreany diggtioas piretuje swleseren Wik
stream T - t 608 i | I e =1)., y
be any ofg%ger\%g}l ?g{r%/g%f sho?s'?ﬁ%1 %E&%oﬁ%?gfggtﬁﬁercrﬂgt% ﬁagrges%lg}?’gl ecgg( %é)ﬁrg?@ﬂem
i ncl ude diqid solmintestscaan 406! 74G(ngd) . . d8(2), 78R imthe iupgireqgu dipeion noedsak s
t he Ii?qui d ah)arlﬁ%t hr ouéqh an ﬁdHCt or. The e]guc or delivers %as Olf'l%tg a
vent urd - 1'P IRENTTAINE MCFREPC [mpteh S gas TSPy 1 1S By e s s syem (D8 hEedituse
of the veptbie &fdiE6dostd BRindps GHbOsHDNMnY BRtp1dRd VR edcR RNE: BERKABsI DY,
smal| droplets, allowng a l'arge surface area of contact with the gas. 30
[ 0194] OneCPRef. erFragiwdbsrrectoi begstdepiic prepsire mgh®sé®onTM cont act or. Thi's
contactor utilizes an eductor followed by a centrifugal coal escer. The

cent ri fudal85oal &sthersystachU0SB, ltlar geeans () LTI X angesct ach'esdindng golatiens he
l'iquid sa

2011/ 05345%%2%}%%%2@8581%@% %%ﬁ%ﬁ@t fﬁ%rﬂa%f g@&vfﬁ ORSEXFHH Y oRfySEe of

pr ef ef@bl pogmuiemeto Rid OthddadiPdruph THIHHIdAD ha idtiBalnrAWREtrédle &%@ﬂﬂﬁ{gnson
to the large contactor towers. [0195] Thé first contactor CDl receives the

raw gas stffcebor 6adrtuctheflgyapatht fosdhe 6@4cntssticpmalddthicrein. hdeRiduslt gasonseadt oy
CD1 for the, renov of hydro sulfide. Afir partially- et ened gas
Stream 70t TGOS HETRE Tt 1P Sykirh oMok uing 7. SHESLERES
730(1) i spafel bapured ih QinehPa4S BRONE FANERCIOEN QORI gdshedifentt dFeatfoluf 300 pRetiened
gas stream 730(1) is further treated for the renpval of hydrogen sulfide so

that a seostidtedigrhea small gmeypof diselyagine fsam daen’2Bdegxample. Tl sewrentrafion

i - . ' )
Pat el LS AT HE LA By U B SR A T RESGE RO ™ S
an even - Sweet ene tream,7 4)-  and a next-to-last, contact
T odueos WLg615 "R SREH oBE S° GRYRE RN Vet ke PRl mER e e
referred tiR r@@l@n@'ﬁ&bﬁﬁ%ﬁ@méﬁﬁw{%@ﬂ%&e&ﬁﬁo stéRaRatdrg566] A final sweetened
gas stream 730(n) is released by the final contactor CDn. The nunber of

contacti nggRvi Cﬁéf&@hlo'vﬁ%ﬁihtot #RreRnlRor 17801 € richBlveRCRtART M6 SPRcfBibly
dictated 15 primarily by the level” of H2S renoval needed to neet 'the
desi red sghevedathdoughnat Ineat sxshange7 @88 sfowr)guilbe 7relativelyf covdl (chae gbempbicgas

P R RN UL TR T
Sweet enedygas 0" 8@ g #R(tdktohSof ’fh‘é RRrASr YaneThig8id i hays b@neﬂc@é‘lgﬂ I'n

one aspect, a conbination of a m xi n% devi ce and a correspondi ng coal esci ng
cool the lean solvent stream 760 before delivery to a lean solvent cooler 764, and then to a

final contactor CDn.

[0188] The regenerator 750 defines a stripper portion 752 comprising trays or other
25 internals (not shown) above a reboiler 756. A heat source is provided to reboiler 756 to
generate heat. The regenerator 750 produces the regenerated or "lean" solvent stream 760
that is recycled for reuse in the final contactor CDn. Stripped overhead gas from the
regenerator 750 containing concentrated H,S exits the regenerator 750 as an impurities

stream 770.

30 [0189] The H,S-rich impurities stream 770 is moved into a condenser 772. The
condenser 772 serves to cool the impurities stream 770. The cooled impurities stream 770 is

moved through a reflux accumulator 774 that separates any remaining liquid (mostly
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20 device is enployed in each contactor. Thus, for exanple, the first CD1l
and second CD2 contactors may utilize static mxers as their m xing

devi ces, wheotihisseoCD3 and ot her CD4 contactors may uti PCTASedwosass, and
the CDn-1 and CDn contactors may utilize centrifugal m xers. Each contactor
has an associ ated coal escing device. In any enbodi nent, the gas streans
664, 730(1), 730(2), . . . 730(n-1) and the co-currently flowing liquid

sol vent sdonéaned datck) Hovntthy dughitich streanT2ct of sciflghs sttddd 776 is then@¥utédthbihe
same direction. This_allows_a short eriod for the treatnent reactions
to take poRWEISCRIRAHY HedenThs a%lﬁ@ﬁ% St&‘@nngv ifithq segeas hias 687 of Eigure 6hi s can
be advantageous for selective H25 renoval (relative to CO2), as certain

am nes r d8890]mor Somailigkidymay bR deprmed Heam e teflgorccyroalagy 774 addist ieaistia a
h t t
Cece Vi S SR, 10 68 S SEINA 955 P STy syt e

f ir st Torjuagi P18 ﬁmooﬁﬁﬁt%ss\aﬁwﬁetﬁ&f isltadaﬂ wﬁtﬁglaaﬁr @tceﬂle&egetlefa&orslsoemn?&@f
Thereafter, subsequent contactors CDn recei ve | oaded
sol vent <BF aeSidHS 11ﬂé1de‘é(§b8X11t rﬂaﬁrrfﬁtgﬁ@erwé Jé@oﬂt ﬁ@e \'Ae}tom as part of the lean solvent

2011/ 0534 6S2Q1LY

cont act or Q%Eﬁ gcel ves&gt;é%? ?Ig%ﬁstﬁ%ggﬁc}yoglagg%gg?%t& tﬁ?ﬁ%ﬁ L‘%{@?Pr e 7e6aﬂste0d
from t he Hahincd thEO]IOSEB.Gf wateC%porttbehet b ¢ dered ntaa GtreamCIB)(nelg £730¢8). aThis water
partially-1 oad%‘giﬁa ent soI ution 74%&%_' rel eas fromthe fourth contactor
CD4; and DR é%lf‘ YRRt UEPURcei%ves a partial | y-1 oaded

sol vent sol ution 740( n) fromthe 5 final contactor CDn. Stated another way,
the | 1Quil8124| vehhe fespor yegsnpigtced sohens debisct @dﬁ‘fvd&@wrecmw@f%g Vsibs lignid

partiall ys’cﬂe%‘ﬂ%&’r 'tﬁ{% Pégreﬁé’rlaféh' eﬂt"?%%%] cérﬁh&ﬁﬁréfﬁ% %ﬁﬁgﬁgﬁp%ﬁt or

CD3; the Ti1qui ecel ve Into t ses the
parti al | yRungadée?l is edfvrest tos ad atlennsoﬂaﬁ(téb)oosteﬁ eézecFrcbmahertehélef louit SblvemnTédct or

CD4; and the |iquid solve edl to a.nex | ast cont act or n-1
conpr i seapié HFArEh aceq)er Btadepoimeder s S 9?@366%%@5(%8 Pato 1638 Pl
cont act oryeglNil diesH aéléi‘%a%retffe@ﬂwe)fy | %@%ﬁﬂ&@'l&ﬁﬂ&oﬁ&ﬁ U0 Q08 & thRtshRAKCed

into the contactors CDI', In a processing direction
opposlieSttlhamfolftht&@tmp@glﬁlagsomtyr§Metened gas streans 730(1), 730(2),
730(3), . . . 730(n-1). [0199] The | ast separating contactor CDn al so

recei ves [8193]qui & sxdvenetink 72Rds bptipriatly poovddd dvgrokiniase tlieecomagam@dastleﬁ GDbl yent
stream 76 Regenerated sol vent stream 760 is highl [ 0200] The

cheni cal @Bf’wenv @9@1 DnGide s e lpﬁlba?algewq mﬁh@éﬁd%ﬁ%%ﬁ e sp VP%Fs&a%ﬂ.Z%e
Qther ar ngpg gﬁf@l’al;a%l}f Pe DI AnBYSS KRk MAL aﬁdrﬁlo%’d%s @r&leHro?t] fot yolgéntcé?lt%yr ent
contacting devices ‘as absorbers may be used. An exanple of such an

addi t i ondle reydadefior ile gde Sasxlithd45Bn t he cont ext of O removal in U.S. Serial
No. 61/105, 343, referenced above. Figure 2B and 20 the correspondi ng

porti s [0193]he Bpéeiifg egtin o thar guialicoo Her-airesht hemte'ctmgb(yevuafs e(rlenc(éDa,s wel | .
[ 0201] | nyéj@f i)ys em 705B of Figure 7B, . both solvent sol |on§®J and
740(2) urfdBfy r?é?lhe%%fstlngéiﬁﬁcarwlvreéaéﬁ%?t&f{agathébw £s g §pdie %n &t of

the I egengliauRfH RaREl, oRh DAL YeRbe €15 /D! ACCEDRIS! CRRSARIUIE to
t hrough boost'er jpunp 782. Fromt her the sol’'vent’ 780 i s cooled i'n heat
exchangerseq@&htinlly becorehs dl.$end (s Iprceziam: 7 Dbogriseveloswestdned @@s stream. The co-

current contacting devices CD1, CD2, . . . CD(n-1), CDn may be any of a variety of short

25 contact-time mixing devices. Examples include static mixers and centrifugal mixers. Some

mixing equipment breaks the liquid apart through an eductor. The eductor delivers gas

through a venturi-like tube that in turn pulls liquid solvent into the tube. Because of the

venturi effect, the liquid solvent is dragged in and broken into small droplets, allowing a large

surface area of contact with the gas.

30 [0194] One preferred contacting device is the ProsCon™ contactor. This contactor
utilizes an eductor followed by a centrifugal coalescer. The centrifugal coalescer induces

large centrifugal forces to re-integrate the liquid solvent in a small volume. In whatever
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25 is further pressurized through booster punp 724 before being introduced
into the first co-current contactor CDl1 as sol vent stream 720.

[ 0202] RefwoOnronIgpsaai n to Figure 6, the |ight gas streampP6T8S¢wioe4137s al so
line 678 in Figure 7A and line 730(n) in Figure 7B) exits the sol vent
system 605, passes through a dehydrator, and passes through a chiller 626.
The chiller 626 chills the light gas stream 678 30 down to a tenperature of
about - 3&ntbodémemtOcdmpathecssélitbdidmblo@zGs prferbly chiplowxdantdvweing dor £tdiyibtsieodr a
pr opane refrlgerator WD 2011/ 053400PCT/ US2010/ 044137 [0203]The i ght gas
st ream 67B¢ hardase:in Gpepaiisan|ty thavked CORPEIQE VRS- expansi on devi ce 628. The
expansi on device 628 may be, for exanple, a Joul e-Thonpson ("J-T") val ve.
The exparddi¥i deiFh@éirﬁzen@etpv@la@cme@hpawd@aststye@bﬁéﬂnTﬂlgrg@hétwea@eéﬂrﬁg of
the |ight tream 678, The pan o d

tenper ot JFERDy P MG dloC BIARTAS BraSy §F B8 ert Ik RS E Bty
to -805 F.swRerhed @b& )Strea’ih 130eBt ispikt iraleaded UEﬁ@(ﬂrStOphrﬁilll}i hkee@aﬁsdsgarseamaﬁlm
is also acconplishe The cool ed sour gas streamis indicated at line 611.

[ 0204] The/38kb) lpectfhg%r@é tgdhe speandneongeeioreqPdr sThaje theyldige syvectenest 83| Hicreh
tower 100:30(fj&;s Cfﬁ%f?fget%a?e(fjf&tthé 'rélhéx%’i‘ otf fog%ﬁ LenANY LM nfdk@tully

oper at es to i st met hane from aci d a process that

i nt ent i orsalektenéd gaszs&s:aﬁOZO@na; rebdassd. ]’Hnepemqmgsamrmndecmuchltm |a01mrd601ttamar

may be, f exa t he ZTNIto r 100 of _Fjgure_.l. The chil sour
01 e €003 GHEBRe t Mot Wb et botTBRSY % HoThsiogtac Oéé%@? piodices”
expl al(ﬁ‘e%tﬂlrhnc&léﬁ%érb%%e%ﬁéh Edsgéﬂfeﬁmlnoml 4n@ @%1%§t-t%tlﬁstrc%ﬁﬁ¥f%g b6 RIREL 18 a
distillation tower 100 as a |Tquefied aci'd gas bottons strean1642 In this

i nst ance,moetgessvagicded gas stream CD(n-l) Each of these may be referred to as a “subsequent”

F

sweetened gas stream.

[0196] A final sweetened gas stream 730(n) is released by the final contactor CDn. The
number of contacting devices (at least two) prior to the final contactor CDn is dictated
15 primarily by the level of H,S removal needed to meet the desired standard. In the system
705B of Figure 7, the final sweetened gas stream 730(n) still contains carbon dioxide.
Therefore, the sweetened gas stream 730(n) must be taken through the CFZ tower 100 of

Figure 6. Sweetened gas stream 730(n) is the same as line 678 from Figure 6.

[0197] In one aspect, a combination of a mixing device and a corresponding coalescing
20 device is employed in each contactor. Thus, for example, the first CD1 and second CD2
contactors may utilize static mixers as their mixing devices, the third CD3 and other CD4
contactors may utilize eductors, and the CDn-1 and CDn contactors may utilize centrifugal
mixers. Each contactor has an associated coalescing device. In any embodiment, the gas
streams 664, 730(1), 730(2), . . . 730(n-1) and the co-currently flowing liquid solvent streams
25 flow through the contactors CD1, CD2, . . . CDn in the same direction. This allows a short
time period for the treatment reactions to take place, perhaps even as short as 100
milliseconds or less. This can be advantageous for selective H,S removal (relative to CO,),

as certain amines react more quickly with H,S than with CO,.

[0198] In addition to receiving a gas stream, each co-current contactor CD1, CD2, . . .
30 CD(n-1), CDn also receives a liquid solvent stream. In the system 705B, the first contactor
CD1 receives a partially-regenerated solvent stream 720. Thereafter, subsequent contactors

CD2, CD3, CD(n-1), CDn receive loaded solvent solutions released from the succeeding
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gas bottons stream 642 conprises primarily carbon dioxide. The acid gas
bottons stream 15 642 contains very little hydrogen sulfide or other

sul f ur ouswoanpasawds as such are captured by the sul f ur ®@as/useonponant s
removal system (which is the solvent system 605) and delivered as the
concentrated H2S stream 655 for further processing. The H2S may be
converted into elenental sulfur using a sulfur recovery unit (not shown).

The sul f uespeeday eotadion.t TR, b sccond aahtaethr DASrcpsiosepstiallPddehablvest
nore efficient sulfur recovery for e quantities of 20 sulfur. [0206] At

I
| east parluen 8@ etearr %?meta?qﬂe‘@%_ga%@nm3h thsutp decomiastir| €P3 gacsvosriom
there, f'éjéhﬁjalﬁ,%érﬁéd”éd’l%nﬁr%m%ﬁ 74.%&1)91%!era§éat ﬁgmbﬁx%kfo'uﬂfwocoh %totrqgﬁfl; s a
. e g fluid'conp e y O on di

gas stream 64 remai nin rised primari car oxI de
i s rel eagedt-tohlastughtLLR? CDOelH4EcivEihe pBakaliyRohdadesobdft sslution [7d@m) drohoithn

The car bo ioxide in ling 646 is preferably passed through 25 a pressure
boost é_ efnﬂ@?afﬁataf‘i%n‘spﬂj oSt Pmtagravvéﬁp% Tigid” vl st et oh i ght oREO:
mor e _aci Gogastor WISE bR LM patedilySloaded N HALQHHDY 7R FFKIGEY from the third
[0207] Met hane is released fromthé distillation tower 100 as an over head

net hane sontaater 1GR3; Thiee ligwidr sodeant meedieadeinge rtharthitd Zonfabtor (B3 exoatpiriges the

per cont adi U REoYa GH vetfahe PSRRI Ry Bl Bt ¢ by,

nmay be SQiqdlid B3 19e1 @B dcadad il th%)‘&_—t@slaﬂ%bﬁfa@ﬂor T&@(n- HosRMLTses the @@ﬁﬂrydl@a@&i
with certain nethods herein, it is desirable that the overhead nethane

st real 12lvigntsolyordi 9@ fravs a0 HrdTrsEIa0CDa4 18hus the paitialy-deadsdisatyentivor e
speci fi Caslol&fi’on% ng& &Yﬁhpge%diﬁ%gf%@cgrﬁ?ﬁgﬂ 1éphs diggsed t@bg%gt%r BrbcRil) .

| oop refrigeration sys € over head net han

passed t htizdgbn appeisins thaexihapgicstivdly swethed passreams TANR73002, B3O(¥Es. Lo
pre-cool the liquid reflux stream 18 that is reintroduced 5 into the
cryogeM<§3§p§ﬂ}llation tower 100 after expansion through an expander device
19. The over head nmet hane stream 112 is next sent through a conpressor 114

to incred8t9lts phedavtrseparpiompopmaster GINe aspaseiveszadiqwed pelmentst Thaqumy i s
cool ed; Thij I i t - 112
Chrough A Za T EedRRRed Yo PaCk e BBRT DR (il ARITH NN <
produced. TG e hang RPN S A SnPIRP LR Rigure! MY LRG0 § DORSHALE
Other arrangements for such a system that employs a plurality of co-current contacting
devices as absorbers may be used. An example of such an additional system is described in

the context of CO, removal in U.S. Serial No. 61/105,343, referenced above. Figure 2B and

20 the corresponding portions of the Specification are incorporated herein by reference as well.

[0201] In the system 705B of Figure 7B, both solvent solutions 740(1) and 740(2)
undergo regeneration. Partially-regenerated solvent 780 comes out of the regenerating vessel
750. The solvent 780 is placed under pressure through booster pump 782. From there, the
solvent 780 is cooled in heat exchanger 784 to become solvent stream 720. The solvent 780
25 is further pressurized through booster pump 724 before being introduced into the first co-

current contactor CD1 as solvent stream 720.

[0202] Referring again to Figure 6, the light gas stream 678 (which is also line 678 in
Figure 7A and line 730(n) in Figure 7B) exits the solvent system 605, passes through a
dehydrator, and passes through a chiller 626. The chiller 626 chills the light gas stream 678
30 down to a temperature of about -30° F to -40° F. The chiller 626 may be, for example, an

ethylene or a propane refrigerator.
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[ 0210] A part of the cooled and pressurized nmethane stream 116 | eaving the
cooler 115 is split into the reflux stream 18. The reflux stream 18 is
further cwol2ed/iseaobhe heat exchanger 113, then expandedPChrusagh/ og4187
expander device 19 to ultimately generate the cold spray stream 21 of
Figure 1. The cold spray stream 21 enters the distillation tower 100 where
it is 15 used as a cold liquid spray. The liquid spray, or reflux, reduces
t he tenpgo203)re The tight ganiticall 678 fsreee pREratinandedamdugh ahWBpaisidn dgavie 1)
and helps to freeze out CO2 and other_ acid as.gﬁrticles fr

. . om t he
dehydr at €¥8gddiesxpansianedwyiceH2§duey bhdar ¢, aplopler Thampgon (“hEapbreec i ed
that Fig : [ ik it ' ' e
ol ar | on 5 Y P R e e R i A PR VDO TR g BB
pr ocessi ny8syHBtcemmpandion dewed 638 furthieti ceeluoasntiic achdpdratareadft thoigbhgast gresmcé78as

heaters, ¢hillers, condensers, |iquid_ S S C ressors, hlowers,
ot her 1 yB&: @%ﬁéﬁlap corbahalbrt i 2 %%f%%ﬁﬁwﬁ%m@%@w%}wm? théhes,
control | E‘%a@ strénP 898 Waldd RESHFINHE ThEBRAEALI Bas st%ef%ﬁﬁk indi@Rdy dtlpweeasuring

devi ces. 10212] Additional nethods for renoving sul furous conponents froma

raw gasoﬁbwﬂm aﬁrﬁ% eRirRg ‘Qé{ﬁrdg%% i &he611 ,p%‘?o%\é%dﬁhgocﬂ%@ﬁgbﬁ to\0defoo0t Nehe

banner dox rocesses.- The term

reduct i orcrgogedat digtillatioacdwanl00Reabé hoyn toowdr dizdtt ioparacts 36 ishd snethard fta acid
reactions in ich atonms have their oxidati nunber or, oxi dati.on. sfate
changed. H%% %Q‘ké’uﬁpé’s%ﬁ‘?feﬁs égﬁ%nﬁiﬂ%@%@, flr%eﬁ%ﬁgé ipZ"QtF?*?'?et @1‘6 SYEHE TS g’é‘ﬂ@i‘%‘i“ed

I ron [@achRedbeot! fhr WkdplERe (FZrang el fIRst Blousd!l f the cRPell 96d3athér line
oxi di zed netal 1s an aqueous chel ated netal cafalyst solution. In

oper at i orf11tchtergths tawverddthat abauaisho gdbMWypkiogen sul fide is contacted with the
chel ated netal catalyst to effect absorption. Subsequent oxidation of the
hydr ogen [8205]i de Ak ocxelameinirakomecfior vathd Fighize 1,\M0id gases are removed from the
2011/ 0534Q0PCT/ US2010/ 044137 c urrent reduction of the netal to | ower
oxi dat i orflH BN (K, 0& éé&ehquﬂ%néﬁéaidagaﬁshoﬁew&t%ﬁ 442 i _Srlg%j@wsrfilﬁ@al or
reuse by GOmboR6H, Rtcirh 64 (dapRis QXMARIIQRHRINUIBGIATA HoRK LN Ko FEBhA
back to & higher oxidation state. [0214]Figure 8 is a schematic diagram
show hy #4dasnprmoess litily HydoadentsylfBio®@r foghrer Sulfenpy corgpacht agasds acreoptuacd aw

gas stream I n this arrangenent, hydrogen sul.fjide is renmpve ro .raw gas
0T cam ot b M EP SR ag o R YRR wSoobinSaRE O ATl
process. afhBe tQARHtrRAEPEES Strbsin %SQ&UM@ﬁg@ce Ni T HiRad@RYShdrtc@nnkf
the raw gas stream need not take place before HZS renpval Steps begin.
elemental sulfur using a sulfur recovery unit (not shown). The sulfur recovery unit may be a
so-called Claus process. This enables more efficient sulfur recovery for large quantities of

20  sulfur.

[0206] At least part of the bottoms stream 642 is sent through a reboiler 643. From there,
fluid containing methane is redirected back into the tower 100 as a gas stream 644. The
remaining fluid comprised primarily of carbon dioxide is released through CO; line 646. The
CO; in line 646 is in liquid form. The carbon dioxide in line 646 is preferably passed through
25 a pressure booster 648 and then injected into a subsurface formation through one or more

acid gas injection (AGI) wells as indicated by block 649.

[0207] Methane is released from the distillation tower 100 as an overhead methane
stream 112. The overhead methane stream 112 will preferably comprise no more than about
2 mol. percent carbon dioxide. At this percentage, the overhead methane stream 112 may be
30 used as fuel gas or may be sold into certain markets as natural gas. However, in accordance

with certain methods herein, it is desirable that the overhead methane stream 112 undergo
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[ 0215] Figure 8 shows the gas processing facility 800 receiving a production
gas stream 10 812. The production gas stream 812 originates from

hydr ocar bwo 2priadsumbi on activities that take place in a PETAISA0044137

devel opment area, or "field" 810. It is understood that the field 810 may
represent any |ocation where gaseous hydrocarbons are produced. The

hydr ocarbons will conprise nethane as well as hydrogen sul fide. The

hydr ocar fofberiprycedbin® Muet sisteifflananie aseriveld mabaagtieam Hi2ax paksed Irogdh2k6] | n
the gas processing facjlity 800, the gas stream 812 is fed into a sul furous
conmponent®ep ppaITiEs{AlioB W8S, The sul furous conponents removal system 850
uses a redox process. The sul furous conponents renoval system 850 first

conpri sed02@Ht acFust, drmventivad sxnthane serarg 402 de passed thaowdhahbioss eoohangestl 13.
receives w_hydr r e rom t he fiel , it h er 825,
ehem can ol OARIERIL SPEE 1 R E s Rlda Rl SBER LOLER FIERAGG

ot her 3ulihtertbelsryegemodstisticaubwef 100W&fidranpgronsthiodgal bZparlde2dafliden oroer to
produce the chem cal reaction, the chanber 820 al so receives a_ chel ated

oxi di zed arsthepd mehaag sissne 1 b Isqigstseahthesetiacommiessan 11440 dpaease #8 PISYRS: The
chelated ironis in the formof a netal chel ant solution. The netal chel ant
sol uti on [0309Yel i Wexledhd pressurired sieslibersteaB klRripgghletli Ndigary brsdqngngfance

i nside the_chamber .82 t he chel.at ed tal solutiaqn reacgts ,yth,hydrogen
Sulfide 1R PHE o Ga s Gy S R 1TE e Rl b Rt FEHOS Lkt an ol Bt

pl ace. Asprésstgsddlhethanccihehit 9@ i§ prbdaest. MEicahetihnd difetm Hl6AH groférbbly ¢lqesat al
sul fur, is discharged through a bottomline 822. At the sane tine, gases
escapt t HP BGRAIRIEPFEORBAACR] piedeB4. The basic reaction is S- + 2 Fe'' -> S +
2 Fe''. 30 {0219]The gases in line 824 conprise primarily nethane and
carbon dil8XIle. Mrpaceofdhoornled aid presraniecd methroyersanotl6olietang derpeolvedd S istay

I b ' ' h Ln li .
Cour gas PGB BETrBLSS0RCH LS5 o buoricl PRSSBH dolR B e bFDRERMel o

conponentid 3[ e Védpasdesit ®roushOhalesparndet ldedes 18no Qulidhesr g&rPate The cOIYi sgiraz;er
830 defines a chanmber 835 for oxidizing the reduced netal m xture. The.

oxi di zer sggon2dfiKigure heTheerle sprapstradm il epierethe Wissilighon foyer 898 whoreds ur e
of th ' Ry L i:S,,:60 I e

oxi di Zor Bah 51550 dickfl SbAE, P NGuBIRER iRy MBS e fmberh P 1Y

t hr ough |dongoBlUfredigs sancq shown anNBOBIAFigare N aedaegs it froeaesut (@O carrdcothat e
the air through the chamher,K 835 in the oxidjzer 830 hy air blower 838. Once
i nsi de tﬁ@l%%&ﬂ@w?%é@m%éie yoraisgepncirem A Srispoiied eBeYSl i xt ur e,
causing the reduced nmetal m xture to _be oxidized. The air is vented out of
t he oxi dil22HI1830!t Wibhgerpsatatadi that Bigare forqposontp axsigipkified gehgmaigudiagratn

oxi di zed ; | r ' - inds ulfur

' Col or Sarare g Gt 2ejodlf SREAPF TR iR sERBA BB Bk

oxi di 2¢r Bacssihg eysdm hiles@3R. include many additional components such as heaters, chillers,
condensers, liquid pumps, gas compressors, blowers, other types of separation and/or
fractionation equipment, valves, switches, controllers, along with pressure-, temperature-,

level-, and flow-measuring devices.

[0212] Additional methods for removing sulfurous components from a raw gas stream are
25 provided herein. One such method falls under the banner of “redox” processes. The term
“redox” stands for a reduction-oxidation reaction. Reduction-oxidation describes chemical
reactions in which atoms have their oxidation number or oxidation state changed. In the
present redox process, an oxidized metal such as chelated iron reacts directly with H,S to

form elemental sulfur.

30 [0213] The oxidized metal is an aqueous chelated metal catalyst solution. In operation,
the gas stream containing hydrogen sulfide is contacted with the chelated metal catalyst to

effect absorption. Subsequent oxidation of the hydrogen sulfide to elemental sulfur and
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[0223] The illustrative sul furous conponents renoval system 850 al so

i ncl udes a separator 840. The separator 840 of Figure 8 is shown as a
centri f ug®o 2biovess®p, ot her types 15 of separators may becemshaysdi13The
centrifuge 840 separates the aqueous chelant m xture with sulfur into two
conponents. One conponent is elenental sulfur. The elenental sulfur is
continuously renoved fromthe process as a solid product with high purity.
The cont aghtutgenpr@itesen oi5thphets tablowdrioxidagion satccak@palatel itk yalabwt @lessur es
(300 psig or less), due to plugging of equi prrent wi th colloidal sulfur. The
el ement als é&ﬂnf@geme%ébrsrﬁweew eentaGimedt mt hepetespicpntabid g gasstoOdiedici al

pr oduct . r is dropped out at l|ine 844. The sulfur
is prefera %Flzo%lﬂ-lr&g%t gif%&génsozll%ﬁérj handl ing unit (not shown). This | eaves
an aqueo t al tq soI nt;i al.l vy dey f eI | fur.
[ 0225] Thg62 eoug%‘rg at? et 3 emt%H %%ngl}om{l%e ga gocgssn% n@S%OOSlf
regenes atreﬁho%gcm ahed frbmna rmegacshak@hed Thrby aﬁaﬁgedieﬁgqtyaebgaacéulﬂid& & the
contactor 820 b%( line 842. A punp 844 may be provi ded to i ncrease pressure
in |ine g890o%sHiremrd (v Bes %Wémaliﬁmﬁ%%totﬁ 136 agid gaﬁ depgvRl arstemPN0dyseragof a | n
this way, a t| r nd
reused. YS%%F?A&Q gr E[Iﬁgééd(ng |1réné%tg Sogt ﬁéoﬁ’ﬂa?édﬁ@%gﬁ@%%g rgﬁydégt?olnn&gggka{wg%saSM
is taken sltmararﬁeddﬁhykmaawmmeﬂz&relﬁﬁﬁhl sBpchege. t he redox process uses an
aqueous-based material for separating H2S fromthe raw gas stream 812,
subsequer02rihy dFghure 8 shbwk lie @aprodessing €acBind 808 re@idhg @ pretfuction (e strearn
cryogenic _acid gas renoval. As a result of passing the sour gas from

VO 2019/ d33400raredssioneee sgan 8|12 (PELZgREest THGT Uy Hrochdop PRYANCHET BFIvidess F‘t

860, an a:Ql%beQEée ld 1%@&%%&?%&&0 S f1h§ @ﬂﬁeﬂ'ﬁsurﬁfelfs?@dn #&n g%losent

to a water treatment facility ternatively, e aqueous stream
re-injectmedy roptaeat aybkaitiacehéergmédwrhydsaatboas asupsidnéqiceThe hmbcarhoﬁ?,o
fromFigure 6. Alternatively stil] ther ve ueous stream 862

treat ed () ThRRDTiSC gAMb ELl S5shigipgingT dfﬁl@ﬂmd&cgab@@a M4t 35 wg&ul%m

wat er She%tﬁdﬁgtaS%QWQLMQ@nh{&ﬁ{eEd water. [0227] Also, as a result of passing
the sour gas fromline 824 through the dehydration vessel 860, a

subst ant | gkc dehy g2 %r%sdﬁl%%ss% ﬁf’&‘mtg%f)' theP é)sdé’[f’e%ﬁx 81255 ‘i‘&{%ﬁ{)aat glflﬁﬂ&%s

stream 8 mpri ses ane, 50 c ntain trace anoun
ni t r ogen,cohgloneits andodd) spither 830 e The gaemus Icompondiec rérevalist tei 8S0pues ent

systens and net hods, the _dehydrated gas stream 8 so i ncludes carhbqn
di oxi de. fF%’Z‘zI@P?‘F?é E@ﬁ;%iﬁgpléﬁag%@@mSégﬁwsﬂé&Y%W%éﬂ?ﬁ%} Cegwa?sa%qn&wgg@m

860 and pARS®Ritactor 820 defines a chamber 825 that receives raw hydrocarbon gases from the field
810. Once in the chamber 825, a chemical reaction takes place that separates hydrogen

20 sulfide and other sulfurous components out of the raw gas stream 812.

[0217] In order to produce the chemical reaction, the chamber 820 also receives a
chelated oxidized metal. An example of such an oxidized metal is chelated iron. The
chelated iron is in the form of a metal chelant solution. The metal chelant solution is

delivered into the chamber 825 through line 842.

25  [0218] Once inside the chamber 825, the chelated metal solution reacts with hydrogen
sulfide in the raw gas stream 812. A reduction-oxidation reaction takes place. As a result, a
chelated reduced metal mixture, along with elemental sulfur, is discharged through a bottom
line 822. At the same time, gases escape through overhead line 824. The basic reaction is

S +2Fe™ —» S +2Fe™.

30 [0219] The gases in line 824 comprise primarily methane and carbon dioxide. Trace
amounts of ethane, nitrogen, or other components may also be present in line 824. Together,

the gases in line 824 represent a sour gas.
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through a chiller 626. The chiller 626 chills the dehydrated gas stream 864
down to a tenperature of about -30 Fto -40 F. The chiller 626 may be, for
exanpl e, w0 2etiFBone or a 15 propane refrigerator. A chiPCras2éiogiti3gas
stream 678 is thus generated. [0229] The |ight gas stream 678 is next
preferably noved through an expansi on device 628. The expansi on device 628
may be, for exanple, a Joul e-Thonmpson ("J-T") valve. The expansi on device

628 servg92zy anTexpaodetive osubfatdisncdidnkers eaaviangyatmt 8BS0 lal@hindials sdor eam
678. The expansjion device 628 further reduces the tenperature of the |ight

gas stredHe78 $9- ddwp eedizerof3ledelimaser chasphar 83p0for qxdizig the rpdused ragply
at |east rﬁ&"r&rb.a'rhé LA/ AR8H PRREs Eﬂ%erte@%%gt%ﬁe{tﬁqﬁ?xﬁ%% tﬂr%%%%ﬁz;f%%ﬁé‘@ﬂ-

The cool ed sour gas streamis I ndicate I ne 61 cool ed sour
gas in | ithengfl niistuch indoie@ad2 iintamtralled by valvaB82&®n tower. The distillation
tower may be CFZ tower 100 fromFigures 1 and 6, for exanple. The sour gas

from 13 nqogan] i sThhexidpeo83Esiesrdcbivosign Al iaditebdgasd iheiby akidxes 88Othrdith
acid gas rempval 25 system nay. be, in accordance with acid gas

[ y. for _exanpl e, .
removal dipsth gossyre v liier B346's paomeq Aheidefo rEaNC e aif SBughieclipmbipous
conmpone “ts%gfig %Erﬁd&i% 5oy 4if GRWek %3@.%9&18{}15{(1%%&&%11% B8RO GR Contalls The
scavenger ed. e use of scavengers 1S nown I n the gas processi ng
i ndust ry chslagedwagtabfixterpriusmgHRSraindedmeaaptians briemxadigas The @am vehinel

scavengers be.solids, th may. be in liquid form or they may be a
catalyst‘%BSE%F8ﬁ¥ﬁK§§§§6§Q%§X§@£§@ﬁ§§$s convert sul fhydryl- and ot her

sul fur-contai ning conpounds into harm ess conpounds. such as netal sulfides.
The cbhpd0RE]may Osidightiopdyedncss a8 gridizedaghated nagfalemixtyisnnBin ehdlafed gupyre
anner . %‘f&»"cf‘o%ga‘?ﬁssﬁuﬁ‘f%}’ﬁl &ﬁfofi(}]a? oA, Pild éHeia){eq’\Q%&mfe%ttBﬁf& ?mgf;éd (ﬂﬂ%@hea
raw gas streamis low such that conventional amne treating IS not

2011/ 053400Reer/83820b 00 UALEI2. economi cal |y feasible. An exanple is where the
H2S conposition is | ess than about 300 ppm [0233] An exanpl e of known

| i qui d- bgegzB|scavTeag@istiBiver siafire\8. cdmpBicaitsS paRo¥dl Csystem E368NMRIsE inSludBs a
aqueous formulation of 1,3,5 tri-(2-hydroxyethyl)-hexahydro-S-triazine. 5
Anot her esRBdpioeS4). Bhe separainr$48 of Figure Srigshownsasd eantrifuge Eewaygropther types

and 71 he Bariae BB e IR, S B B Py LR s ed S ke e O
a non-r egeitesdhlrénto two components. One component is elemental sulfur. The elemental sulfur
is continuously removed from the process as a solid product with high purity. The contacting
process is preferably limited to comparatively low pressures (300 psig or less), due to
plugging of equipment with colloidal sulfur. The elemental sulfur may be stored or, more

20 preferably, sold as a commercial product.

[0224] The elemental sulfur is dropped out at line 844. The sulfur is preferably directed

to a sulfur handling unit (not shown). This leaves an aqueous metal chelant solution

substantially devoid of elemental sulfur.

[0225] The aqueous metal catalyst solution in the removal system 850 is a regenerated
25 chelated iron. The chelated iron is redirected back into the contactor 820 by line 842. A

pump 844 may be provided to increase pressure in line 842 and carry the chelant mixture to

the contacting vessel 825. In this way, The chelated iron (or other oxidized metal) may be

reclaimed and reused.

[0226] Referring again to the gas line 824, sour gas in gas line 824 is taken to a
30 dchydration vessel 860. Because the redox process uses an aqueous-based material for

separating H,S from the raw gas stream 812, subsequent dehydration of the gas in line 824 is

required prior to cryogenic acid gas removal. As a result of passing the sour gas from gas
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scavenger bed is spent, it nust be replaced. Iron oxide generally requires
sonme noisture to be effective, while zinc oxide does not. Thus, if the sour
gas st reawphas/@B4eady been 10 dehydrated, the use of ZmrOTmsadid/olba3?

advant ageous in that additional dehydration would not necessarily be

requi red upstream of the CO2-renoval process. However, water may be
generated fromthe oxidation process. Thus, depending on the initial |evel
of H25, diHes&nueitbugie theddelydemionayesiae 3600 uh ragdeosOLainHg6r aggenaatkd.i dEhe
scavengi ng agents are nost commonly applied through one of 15 three

met hods. JAPPALS, StgaBat2nmar i €8t foh YoTen frepimantsirelibh g grmagesly's theesduseusus ed
in a spar t g : anpl.i L I
scavengiﬁg%%agﬁ?g&ﬁg§n%§ﬁ%g%ﬁf@%qgﬂﬂgngngg- é@ﬁf%ﬁgg%?ggyﬁ%ﬁﬁ@h?ggnl630
cont i nuousordikigot 6i nhlkarhatorelyostill, ithiraneed wgngiun gtrage 868 mayt be acated sehentay

be enmpl oyed. This is the nost co n application. [0236] Conventional
direct?i OEEPRBH DRy en deeeed T P e e SR PRE LB 55
applicatiypfner @ |1 quid H25-scavengi ng agent such as triazine is injected
into the gas stream H25 is absorbed into the scavengi ng sol ution. The H25
is reactd22d f ordsobypprodsdt ef pirsinl the sowugeseere diney82de the dahydratianaw

gas stream.a i scarded. JAn. alternative net for directsinjection of H25
deaveng: naethosPy B TbHE ey bEIkes o RBF 1 Pradis €Ll e e
through ausamlde4aReiprines Mothenic, Ahd My 85 tdain Thbé eblits oBRitAigeA] Hdlingh Lzl e
is used to cause 25 the liquid scavengi ng agent to be atom zed into very

snal | 1Qr ophastisert gases mdn wonpsstipe atithothe presedi yystoms sijdemetheds. dbpddadrtethgas he
potenti al I rall costs because of its | ow capital cost
relativef?%gﬁg%gﬁkggp ?%g??%ﬁ@?kfﬁﬁ 7]Figure 9 is a schematic di agram
showi ng g0@28] pr vhesikhidrafedcgdsi §tyeaBDB64 axxits therdelydgtiae ivdssgh866 dndopasscggas
streamin_accordance Wt esent jnvention, | ne ?0 enbodi nent. In

h th
this arrdRgusRit ,Cl}iHvdé%@er?t k@ﬁ@ﬁflﬁe@% Chi@ﬁﬁb%éehy%#géoga&w S48 &Y doyn ge 2
upstr eamt%gé}gtugibﬂa%ﬂ -foem\sahoéy.strﬁ@bﬁi?g% ?‘?’6. I;iﬁgy?\g% Bf cAnfRVENIR lene or a

[ 0238] Fi gur ows the gas processing 0 recelving a ‘production
gas st¥ egmo@ih2 reffigeraprodudiiilahligla gasttreaant 1R thasiggnarateés f r om hydr ocar bon

productiqﬂagﬁtiv'h%ﬁéhthat V[)Z,%%/053400PCT us201Q/ 441?7 take place.in a
reservoir el OE 5%%%@8?1 81Xt gEberably moved {ingh S8 FXPHION A4S el d
910 may r@Rr egRMxpAiord RS (28 WALHE 18RSI, BYRLRCAERNSH AFETHN RIHC efhe The

hydrocarbons will conprise netharie as well "as hydrogen sul fide.” The
hydr ocar sensnsmmydeiiceod 28nwshed @s en lvapandas tonglithinfartherrdoohnglpbticdeght 5ag 92897 | n

h i facil,it. h dugct i 2 is fedd
o sur'tur BUA° R SRehdE pelits A cytePE RS 8k MR b L B8 Bat EreTea S el
syst epp 95dwhs@s farexHAPlcS ERUMENYETF td\R0° ¢f. PlRe:radloVve-1686 pirtibellg REavien of gk

nmet hods may be enpl oyed. The illustrative sul furous conponents renoval

syst em 93@S g pReistahioragcomeplidgd ndhe Feiedisoab §estroapas ifdicated atiligaiod 1.
scavenger;,ydh ¢ i S.lnjection | -1.Ng, V. . 1

[ 0240] | r{o%\%{ger ?gé rcre&ri%\l(/ieSdsugl ?dﬁr%lugn%o%&goﬁseﬁﬁés@%fg%gt%e(ﬁé:tg@vhgofgéggﬁegrn%l%lz,
t he raw ghsilktioeasw&liday be difZeotved 100 fionaFpups! i ael 822r cAimploe Tareut pae, a
i quid scavenger such as triazipe is introduced into the pipeline 922

t hr ough sfa%élﬁséﬁ 11} Hisn gaecessphiough 2 Rgid %aSirﬁlin@&'«ﬂéastﬁwr ﬁwcaﬁ]g%& SHYRhg

N0zz| &5 923 tcANHay %lﬁ @ox’@xﬁﬁ%lé{"i& RecbRfnéEAWS Qéid%% F&%v%ﬂ%rs{seﬂ% Po ik GreE. Xer

925. Fromthere e contacted raw gas stream 912 ent e separating
vessel 150231). [ B24thkdhecasepar etmagngy sslfebud 20mderfidnte rom ¢ hrawbgas GR&Am s
Liqui ds % }otulgﬁ tlilen&s% otfrs]gavggéetrg ma scavenger bed. The use of scavengers is known in the gas
processing industry as a way of removing H,S and mercaptans from a gas stream. The

scavengers may be solids, they may be in liquid form, or they may be a catalyst solution.
30 [0232] Scavengers convert sulfhydryl- and other sulfur-containing compounds into
harmless compounds such as metal sulfides. The compound may be disposed of safely and in
an environmentally sound manner. Scavengers have particular utility when the H,S

composition in a raw gas stream is low such that conventional amine treating is not
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of the chanber 926, while gaseous conponents exit at the top of the chanber
926. The liquids exit through liquid |ine 927. The |iquids conprise spent
scavengerwoaberisaion A portion of the liquids fromline ®2T/ise@onesm@ved as
effluent waste. Waste line 942 directs the 20 effluent waste to a hol di ng
tank (not shown) or other waste holding area. The waste nay be transported
away by truck or by disposal line. The remaining portion of the |iquids

from | i necB@omitalyy Beasibidi Aect-ethpdadk whsitcotht e,Sseangsgiin 1silog Bdd aboit 300
contacting the raw gas stream 912 if the scavenger is not fully spent.
[ 0242] Theé’P&Ul f ur ous conponents renoval system 950 al so includes a scavenger

vessel 239994 Ths SERYAP AR P Hgurie00! vl | WioAheS C AN SAGNG RARN! -

The oper passes avengl ng agent e scavenger vesse
930 i nt 0 dxampkc dv emgequdous efodddlation needeldS thi-(Ruinguir@4Gtiyd)-luxabydied-friarine.

i ncreasin essure far the jnjection of the. liqui.d scavengi ng agent into
the pi pel AMENSS3ampls ol aligaidkberehcegasch s niftHe SUBHAR at | ng vessel 920, the

separ at i Ng23AsSSeExFEPIRY s30d sORLHESs rdMrsh ofldeNiFedt PE,R24r FIN® Mafill zinc
elimnator 924 helps to prevent liquid particles fromescaping out of the

top of t hxideearQX i Bglidesseingadoganctalyt dre npastegersrabderpdiest & noThpgenerable

h i | |.ed t i t. h i.st i m t 924 | Ki 1 h
e e atsBefinied ™ sEatol B rpltiSenaith S b AR ga et RS uPe e

in the seaRasfdting WAESeinc98Ride Mosé n¥WO 20kl 3584 ARCEAIISZOID /M 4k3ddy been

elimnators are known. One source of mist elimnators is Separation
Pr odutd s,dehydrateds thajuge af ZrPxseuld SepdratagsaupPiodaicadditiqngl dehydriipacramlé sotyi st

el i m nat ra g 1.SteQT e S
eave  haeCasang: b Ay g AP BIEF o O ne R e a” S FRARRUS SERETRAS e
gaseous qgeapatdnfdnl ey esthatioprproedss.| y Thed, hddpendingd earthennidiabXede. of THRSL
el enrents of ethane, nitrogen, heliumand aromatics may al so be present. The
gas in IﬁWE“@H@“ﬁE@WB@mﬂbméYP%HWPBE%S a sour gas. The sour gas in gas line

945 is t to I.auted Beta g
process 32%:555]61” gla gg%ﬁlg -S@tgsd g Cérén%? %ﬂgaﬂ%gﬁg ra[regélégar at ngﬁlﬁzaggﬁ%é P? ec{)‘%%t ﬁae ?faw
gas st¥edhmed methd?yﬁﬁﬁm iaobatolf alppldac:gas df nliquiic![hecefazeﬁgihg. ergeqq[s ihmm bprused in]Ea
cryogeni c_car bon di oxi de repoval,. result o ssin 1e sour gas from
o o e oo P w iy ooy f d Debiatp0or HHC AT A a8 <
gener at edyp 0L P8 YRRH DS IhRRABIO ThivaY a REnSRINs dfe@ WRRSn bF EghiERhvenging
facility. ternatively, the aqueous stream 962 may be re-injected into a

subsur f acgeftointarivesscl may he ampnybé ul hiadethe enasticdromos 3pplicatem.Fi gure 6.

Al ternati 15, still. the renmoved egus_stream 962 be treated to
reet ooyl Eithen SPal e bR AR Rl R ARl SEFRNE ol
(not smownik applidatieAt LlquAd HES-scd AL AL&R su@basaribgiftstinetteP aRs itggdsRecgAUr
gas fromline 945 through the dehydration vessel 960, a substantially
dehydr at é@zsg%b%qrb@amt@gw scavapegueldionTHheddpyid reactad tgderms bypadrdeahich

epeau TR NTE S e
626 may hbrecf-dijcceiapPHES scavenging involves the forcing of a liquid jet of the scavenging agent
through a small opening under high pressure. Typically, an atomizing nozzle is used to cause
25 the liquid scavenging agent to be atomized into very small droplets. For many applications, a
direct-injection approach has the potential for the lowest overall costs because of its low
capital cost relative to batch applications.
[0237] Figure 9 is a schematic diagram showing a gas processing facility 900 for
removing acid gases from a gas stream in accordance with the present invention, in one
30 embodiment. In this arrangement, hydrogen sulfide is removed from a raw gas stream 912
upstream of an acid gas removal system 950 by means of a scavenger.
[0238] Figure 9 shows the gas processing facility 900 receiving a production gas stream

912. The production gas stream 912 originates from hydrocarbon production activities that
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an ethylene or a propane refrigerator. A chilled light gas stream 678 is
thus generated. [0247] The |ight gas stream 678 next preferably noves

t hrough awmoerpassioon devi ce 628. The expansi on devi ce 6P8TM®Y00AI41BDr
exanpl e, a Joul e-Thonpson ("J-T") val ve. The expansi on device 628 serves as
an expander to obtain further cooling of the |ight gas stream 25 678. The
expansi on device 628 further reduces the tenperature of the light gas

st ream 6748kddplate inQy reb@oie dargbmmem eyl or AkIF 910. - BG IndcRtefdethatbhy fickt 9l0east
partial liquefaction of the gas stream 678 is al so acconplished. The cool ed
sour gas "B ERESSER #diosaingvhgre) gaseous ydrqegthens rHePdErwly Sbtihydmsarbany i ne

GFZ t over 100 Trom BrBarcEt el BupaiFiador I8 Shideedhlol] Rt e
i s then ptlomessedlltakcabghdaxideci d i:]as r emoval si/stem The acid gas renoval
syste , for exanple, in card e.wth acid gas re l. tem 650
of Fi 3%?35%?9?[ ozﬁb}f%gasamf%émg%aﬁy 306 b6 qodihen ¢ 5#%"?@&3@@%@ _
or ganosul §,H{irduQ ¥BRABBSSPAMRE! & sk DBy dTHE shifurstd c&h nissfeﬁlh‘&élusgﬁemo I'S
known as a CrystaSulf process. "'The WD 2011/ 053400PCT/ US2010/ 044137

Cr yst aSulusepaptle$ scavasgateVelyopfetic byovCrdeseraRdcisavanging rofthadssmiay be Tewdyed The

CrystaSulf, process uses a nodified |iquid-phasg . aus reactio rocess to
Cerove o HBSERe SRl ERPRGRR HhBEp SR S bR I B 0o PEaERR A pa
i's somet id¥ese, Wise 6k, BYiquliescBvdngtadvith agntandudinj@tibR aity aisesheging \RSscl 920.ecover
el emental sul fur from hydrogen sul fide-containing gas streans. Briefly, the

C auslGpr dOMY f oln prdsH i ramp Vel wHBFIUA| compRnets dompicsey gapstigpmitey the faw
o ont ( ' R \ = S
conbust o't STe 0T S el fiob5" T2, RESS e BLIRE L Bk Ut 'S

gener at e tghanend adtrautddiintatthappietie i@l edhyoukh8Q8vinge? lid0®4H, Noe cadAhy s 1S
present in the thermal section. The second section js a 10 catalytic

sect i on WREFER Arepghamplomigingmorzle 25 uieey mared with dhcatalir &% Wertedn 100 to
650 F oveg,R rﬁ&'& I epfaAl ﬁ{e%‘é, tind S4HEALaP R %55' ﬂ%)lrn éﬁ@e%xﬁé’r@@ﬁé &Baﬁaﬂng %?&9106
I , he t e severa

el emental sultur is an equilibriumreactio nce, ere ar
st agebSi W20he Cl aus process where separations are made in an effort to

enhance t verall conversion H2S to el enen ul fur. Fach stage

“hvol ves IHEA o the sSRmtg >eoubPen g m s Spaiar 1. i qoss it difom
" CrystaSyffthe BiRbS 0, vHHeYgdsCo®d RInRoRests Rittatahs o 8f TSOHMARE EEATHN
the process. CrystaSulf is a nonaqueous, physical solvent that dissolves

hydr ogen lgwidsi grat gndughulifud lticoR2He, Theoliquhdt cothpysecspent eeryengiir rieetetisl. i At o

el enental _sul f The st @as sol vent s met i nes | | ed iquor,, or a
scr ubbi ngrteL e FTEREYE PR A el PRTRHAEES Seifiedeg Pimse

f rom 20 gagflsdnt @aRICUS lalt®IdiRE tMRTASUBOUS) SEHMBDIVAGe hblURY arcd NEh@ Basie mHIBNY

| i quor can be an organic solvent for elenental sulfur such as a phenyl xylyl
et hane. cemepatadywaye trisk 6 beslisposd ipenl hpagmaaing gosiiancef the evidh&ogy g
consi sti ly- I i i '

phenyt xyl o ppich S AR bAMhEIORICIAL RREPas BrAbkiac B BERSy LA AL
phenyl naptichyiveaghrdnast fufhepont. aryl al kanes, di benzyl ether, diphenyl

ether, partially_hydrqogenated terphenyls, partially hydrogenated di phenyl
25 et hanelQ,54%Jar t iTQ? |89/1%|1f9a% 6@@%@@@ ARt hasERe >0 aig " q&fﬁﬁraegca{%%eéaﬁssey

g?lzg\%s-r %/ ?g@@' T schihgtf YEEaBH0 hot@ 1€ MquiiRaO¥Rim K@ Fhe pbid@N passtDiR
liquid scavenging agent from the scavenger vessel 930 into the scavenger line 944 as needed.
A pump 946 is provided for increasing pressure for the injection of the liquid scavenging

agent into the pipeline 922.
[0243] Referring again to the separating vessel 920, the separating vessel 920 may
30 include a mist eliminator 924. The mist eliminator 924 helps to prevent liquid particles from
escaping out of the top of the separating vessel 920 with the gaseous components. This
phenomenon is called entrainment. The mist eliminator 924 is akin to a mesh or a membrane

that creates a tortuous path for vapor as it travels upward in the separating vessel 920. Mist
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Claus reaction (2H2S + SO2 ---> 3S +2H20) to take place in the solvent
phase. Stated another way, sulfur dioxide is added to the solvent solution
t o obt ai rwbebtis34d85 renoval . [0253] The CrystaSul f precedas2019/0da3Tri bed
in US. Patent No. 6,416,729. The '729 30 patent is entitled "Process for
Renmovi ng Hydrogen Sulfide from Gas Streans Wiich Include or are

Suppl enmented with Sul fur Dioxide." The '729 patent is incorporated herein
by ref er efig€inatOrsidrS kedn.r Ohy sovkdd bf iyt @limérniad i 18dpagatiol IProédetsCInsS ba AlNih,
process are disclosed in U S. Patent No. 6,818,194, entitled "Process for
Renovi ng HFat-ogeipagiiion; Bedpstyninca dnansianarey aaisy shpartaus2omdsy dhy fave Stameans
VWi ch | nCAIJﬂ%%‘COQM‘ Are Supplenmented with Sul fur Dioxide, by Scrubbing with a
Nonaqueous Sorbent." The '194 patent is al so incorporated herein by

r ef er encq0244]025%he leagpone cdfposenss kahe that sapacitiag rvasact B20Mtingugh gasrhead gas

ot het | AR M 2O OGS FHn GEHORD: PEmAg ar DBRYCHI S ok BRoVES r om

a raw gas|ghémast &R, H%%éﬁ,afmigﬁl A AGthsti@atay AFPYApre3dit O §RYiPN¥n®RANS
of a CrystaSulf process. The CrystaSulf process is part of a sulfurous

conponentmsay empialcdsy 95 ewpuraHs. flbe souarmoy imgpstling 94y dy Bemtosuddhydeation vessel

[ 0255] Fi g%roe 10 shows the gas processing facility 1000 receiving a

producti gas stream 1012. The production gas stream 1012 originates from
hydr ocar jopysr 0dBetdued thkQcaddnb¥i froess hﬁ@tantaglﬁgolﬁltﬁ@&i fBtefial BF 8&P4@iting H,S
devel o(g)rrent area, or "field" 1010. The field 1010 is synonynmous wth the
fi el dsV g1frramhe YR stedn Idd debpdiationptitheas Boliee USes Hrayirge SeOF fogriyegsaic

field 10]@@0@8%\&9 E&ﬁ@xyatﬂo NS é"‘rc!lshlt P %g{sh@gthgfshg&ﬁgﬁa@&ﬁ&%ﬁ Yt @493{@{9‘%% the

sul fide. e hydrocarbons may al so i e as ‘car

di oxi de. dcOP&6lidbmvéshd 9B sarpieesSsuRgmi%Riis énerat@)0Thd dic@uisosiieaini 96 ngaSbe
stream 1012 is fed into the 15 sul furous conponents renoval system 1050,
The sul f BEBUE TWASHHEMMSIE Biqtifal AdlpstalinelyoBis aguerusishsamy 3P BaiPs 1eredds

descr | bed, AhpURuulbeOb RO S ARGV TONRSATANRIM FilhOR LORAANCGAS

t
stream 1012 1 n accordance wt ystaSul f process, € raw gas str
1012 i5 ditifledtcadmontd aqueoab sivcdne 62 Q2. beAtredttrb tosmet ¢nvimenmentglstendd@s arsl

introduced into the absorber 1020.through |ine 1084, The |iquefied sul fur
i oxi do- B atE erGvaenges et A ebBSHEE T | qui o See. 1

origi nal glzizml nt Alldeds iaedulBbPpAIRES 36hr JH8Pom IR 945”@11‘0’It%ﬁ2th§@aycﬁ§tion
liquid SO2 fromthe storage vessel 1080 to |ine 1084, as needed. punp

1076 is picosel P60, al suhgantiahly dabgdrafagr gasnsireaas Vb ipmegbiged slhcadehydratasly gas he

chanber - Tosa 4 it R G BE < F6ty oo Pl ATk RN B B e

wi th e dedcioveh B0 taiperat@dlofiaBog3GBCE td t4UNH.1 TRe MI84r 616 My ds, Petkdmdplent o
the bottom of the chanber 1025, whil e gaseous conponents exit at the top of
t he chants@retydom orpHwopang ugfiigeratass y ¢hallied lighd ganstesspeiftis thagigeneratedugh

liquid li 022. I ' [ d
wetor. all0ed i At PENaS P E o BIFEL A AR IR hobhh oRfhBlop BTG,
and/ or sulfeuexpdhsisn dievic3h2A80aP|bEhdol bxpmygls, arJeuldi Theaipson t(r-otighalké.neTi022

into a flask 1030. . The flask 1030 serves to flash out water and any
ent r ai neF RNV VRS 5o0SBES 15 GiesBIER o obhg fEGF?TLPPQE%Pthﬁﬁ?Bgt &81 tEedn
exitsy4 h§57f8|. afle éx%?ﬁﬁ&hd%&é 690 AlRARHORG e %m%&?tu%@thé'l{gﬁ%mgfe‘a&aﬁ%on
gases and traces wat er vapor exit an overhea I ne 1032.
2011/ 053400RAD, B2B10H R4 4UBT -TTA60] 08 FovRrchealdy) dtreast pBBal Bquedactivedf the
through aga(s: s 871 a}s%Sa%bonI?gl?s%tea.thé Qoeoled sour gas stream is indicated at line 611.
[0248] The cooled sour gas in line 611 is directed into a distillation tower. The
distillation tower may be CFZ tower 100 from Figures 1 and 6, for example. The cooled gas
30 stream is then processed through an acid gas removal system. The acid gas removal system
may be, for example, in accordance with acid gas removal system 650 of Figure 6.
[0249] Yet another means proposed herein for the removal of organosulfur compounds

having a sulthydryl (--SH) group is through what is known as a CrystaSulf process. The
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pressure of overhead |line 1032 hel ps break water out of the hydrocarbon
gases. The hydrocarbon gases are then directed into a separating vessel
1040. Theweeprrwsiong vessel 1040 is typically a gravitarconskowepasat or,
t hough a hydrocycl one or Vortistep separator may 5 al so be used. Water
drops out of the separating vessel 1040 at |ine 1044. The water in |line
1044 is preferably directed to a treatnent facility (not shown).

[ 0261] Hy dTigstas iid prerse svagrdevelepeibbe Cristonachhéncs ef aXatinNFexs S€he ToyPaSulf
through |ine 1042. The hy drocarbon ases in line 1042 are nerged with the
raw gas ﬁr?%w&maszhrf@ﬁm liamid-phase ﬂgawaafd@arnsewsgawémwé Ko g?mt%hew gas
absorber J02Q. 10 [0262] Referring again to the flask 1030, as noted, the
flask releases a sul fur-containing solution through bott om st ream 1036. The
sul f ur - cdfi2sl]ni ng $Claug iparessS v pebcesst thataiscoaictings|wop bYOBE. nafirel gas and

sul fur: con aini.ng solution is nerged wth a ortion a clear liquor from
l'i ne 1?)5&?6 ‘E‘ﬂ*é‘éﬂﬁs i ws‘fefrf‘éifn?'ﬁ% s&ﬁ% E’P’ES‘r |saﬁjd§§apm%gaspw§méa|
sol vent. BQ2R3kRr @%‘é Roddls fhiepo@@dihDG1chRAm 3038 bsmprilel 8R8 §fi rﬁa‘%ytsB@aons

sul fur-contai'ning solution is 15 noved through a centrifugal

Fromt herTéne ﬁiﬂﬁ‘eS@ublﬂ Uy a ¢leermal srichign sdierain part o tichHb$ @dcqmblatddﬁpé(imeand the
exchanger the s ur - cont ai pi solutjo ass ugh the h
exchangeroT0sSaTetel it b HERGITY LS danGpdeleoneBaRAE ubr & et Fadflc
to di ssollvmboaulzfmo FTh®joSdakdlywt 6 préitnh Mge gRbwAll séeué}ﬁcqrﬁe%e@uaeéaainurset ed
W th respect to the dissolved sul fur, which thus becones crystallized. 20

[ 0264] Orhecaahytid ssetiamuhereiplamentaleyliviis ErdugerhttdPmperguses betwemm 4t & @503 F

T0% 15 dreberantis SBERLLUGE) bR rhbefA0K 7 B R Rl iR LR

sul fur- ccaqhﬂibmuﬂgreaethmf, ihefce; CHERS atcicOecrabnbgst inwhé 015Ul frodese mesteade@arpﬁe@sent
in a settling zaone 1059 within the crystallizer 1055. The cr?/stals act to
seed t he %¢pEdsdp dpaftout g%mhapcesmemeaaa eRnversiaic et Beede slemeniadsuldir. ¢ hach

di ssol vecgta?é;lfé\%mﬁsﬂgmn E&% c@ol%%éﬂél'sfe gra§+ﬂ1rry [ 0265] The sul fur slurry

exits the i zer 1055 t irou sul fur slurry line 1056. The sul fur
slurry5in02%He 1066 tirm é[édystml@dretfersmot phiyeto al60css,The aflsol toer sol@sﬁﬂ) used in
separates. the SU|f¢1asz| u; into pure soli.d sulfur a .cl ear

Removal dfS PHRECSo| FESREPHLAS P Lopadicals mhggicylyso VeH’ethfbgléSOI‘l‘??ehY&r uﬁ%ﬁ%&?or
is rel easgd @sfua d{dxllder ab ‘%hétﬂhééu%h kde 408 RS cleffYfl AIRACKhE @r%ﬁ@su?@

crystallizer 1055. A punp IS preferablé provi ded for noving the clear
| i quor baokenhisoserhetinagsy salked| @ diguon 0852 sObRBE1iQEB400PTTE/ OS26:50!10A0S,

hydrogen sulfide is removed from a gas stream using the nonaqueous scrubbing liquor. The
20  scrubbing liquor can be an organic solvent for elemental sulfur such as a phenylxylyl ethane.
Generally, the nonaqueous solvent may be selected from the group consisting of alkyl-
substituted naphthalenes, diaryl alkanes including phenylxylyl ethanes such as phenyl-o-
xylylethane, phenyl tolyl ethanes, phenyl naphthyl ethanes, phenyl aryl alkanes, dibenzyl
cther, diphenyl ether, partially hydrogenated terphenyls, partially hydrogenated diphenyl
25  ethanes, partially hydrogenated naphthalenes, and mixtures thereof.
[0252] Typically, the CrystaSulf® solvent employs SO, as an oxidant. This allows the
Claus reaction (2H,S + SO, ---> 3S +2H,0) to take place in the solvent phase. Stated
another way, sulfur dioxide is added to the solvent solution to obtain better H,S removal.
[0253] The CrystaSulf process is described in U.S. Patent No. 6,416,729. The ‘729
30 patent is entitled “Process for Removing Hydrogen Sulfide from Gas Streams Which Include
or are Supplemented with Sulfur Dioxide.” The ‘729 patent is incorporated herein by
reference in its entirety. Additional embodiments for the CrystaSulf process are disclosed in

U.S. Patent No. 6,818,194, entitled “Process for Removing Hydrogen Sulfide From Gas
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[ 0266] The clear liquor rises to the top of the crystallizer. A portion of
the clear liquor is directed fromthe crystallizer 1055 through Iine 1058.
The cl earwDi2quars3don |ine 1058 is nerged with the sul fur Psolusé1o0446836 from
the flask to formcooling |oop 1038, as di scussed above. A separate portion
of the clear liquor is extracted fromthe top of the crystallizer 1055 5
through line 1072. The extracted liquor in line 1072 is heated through a
heat exclsrges WOich Inthelchganed Slpslu@enttd with gatdumDidkide) | ByuSchlibbiigdwith raom
line 1082. The heated |iquor 1074 is taken trough the booster punp 1076,
and then NWPW@GY'?%E-oqEI}?eI%EWﬂS glop mrcgporaied heseigydeferyse. [0267]1t is
understo at 1. aS : e I i QR t 10
sul furougﬂ%:% onie: gecggrsr%\?aagé%gﬁlg%q%%%% Sl%g)wrlr]gggl %dglﬁgésgﬁﬁ t?@g@’ Cllt:j?lde?@r

Cr yst aSulrtmpringesse sasesc froas at greseraies ¢ ianether Rnibodmiqnor atne thil). a%anBahany

No. 6,416,729 and U S. Patent_. No. 6,818,194 be used. .Regardl ess of the
procesd, HHTQSB il Ty semevelcinm fowly FE GiABr [ g eiTaHm o6 SR bR s,

[ 0268] Theyywer d5ea8) SRS LeNsHAAR KRR The PH SR Hob®RE Raps: andsarBaN

di oxi de. 15 Trace el ements of et hane, nitrogen, helium and aromatics nay
al so be mogwenents Bumdval systene Hinsloloe reneovineg/die hadrogexsulfide.ed and carri ed away

t hrough | 1062. The,oyerhead gas_ stream l10. be referred tg.as sour
gas.  The 0BT gabisuit gaoghredin S0 St S SREuralRonlon Hech ™o L adhifneron
vessel 10&@amHpyveyerrhebasausiont g st aSUl bripm@ee SHorh ShytREadsihe péSiuction
dehydration nay take place before the raw gas stream 1012 enters the

sul f ut®usrctpities b ke tpdace dingviaseregis devploposnt afea @9k’ KO hEwdligddd 049 team
1045 i idl . i i
1045 dowd T BLgHPthe Tk olhg A g Hbefibby " HOERe B fir pRSuIRF Bk PO

f or exanmhe fickinl (BOhYIerig dedcatbops GPAREMPESE ingehant along Avitthhydregbnl sutfide. gBise

stream 678 is thus generated. 25 [0270] The | ight gas stream 678 next is
pr ef er ablBydFRsEEEN: AIRB3ER 1B5iudsqsBarsias iCePOBIPXiqhe expansi on devi ce 628

may be, gﬁﬁsaxam{ fie s ﬁf&élsﬁing‘ﬁgagﬁ’gi gpdo%‘gﬁe-rﬁrbdﬂ&ﬂoﬁ%gg’ tr@afnﬁ‘%lﬂg\ﬁ?&ﬁn $he

described 1 n connection wt he ‘expansi evice 62 urther
reducés tsnbutoaspengbucres aémovee dystgint 1@ Jihe esabufn8 c@owoents rérmova xyspire,

SEIRCY SRS AR NG TR R R e
0, YA AL el yior a0 L5k AR 0yt e
Figures 1 0dAds @iredtest ingx ampb@_rbéﬂﬂéﬁ@og%tetbe song tin®2 liqyid SO, is introduced into the
2011/ 0534&1%(5')0':1)%;_1! lté%(%&r%{lgﬁ'ﬁ%g Y084. The liquefied sulfur dioxide is added as an oxidizing gas.
20 [0257] The liquid SO, is originally maintained in a storage vessel 1080. SO, line 1082
carries liquid SO, from the storage vessel 1080 to line 1084, as needed. A pump 1076 is
provided along line 1082 for increasing pressure so as to move the liquid SO, into the
absorber 1020.
[0258] The absorber 1020 defines a chamber 1025. In the absorber 1020, the raw gas
25 stream 1012 is contacted with the liquid solvent containing SO, from line 1084. Liquids
settle into the bottom of the chamber 1025, while gasecous components exit at the top of the
chamber 1025. The liquids, referred to as a sorbent, exit through liquid line 1022. The
sorbent generally comprise a solution of sulfur and water, along with trace elements of
methane plus residual hydrogen sulfide and/or sulfur dioxide.
30 [0259] The liquids are directed through line 1022 into a flask 1030. The flask 1030
serves to flash out water and any entrained hydrocarbon gases from solvent. The sulfur-

containing solution exits the flask through bottom stream 1036. At the same time,

hydrocarbon gases and traces of water vapor exit an overhead line 1032.
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gas in line 611 is then processed through an acid gas renoval system The
acid gas renoval system may be, for exanple, in accordance with acid gas
renoval swetem®Bd3®oof Figure 6 used to renpove carbon di exirds201002i27 Two
addi ti onal methods that may be used for the renoval of at |east nodest

| evel s 5 of hydrogen sul fide upstream of a cryogenic distillation tower

i nvol ve the use of an adsorbent bed. One nethod enpl oys thermal sw ng

adsor pti qo260thi | &h¢ Reehicheningt 1032 zig Scapi@ls o @ hs Wi dognpackser p0340n.BobBting the
adsor bent beds are nol ecul ar sieves. |In each e, the nol ecul ar sieves are

| ,
r egener atEepsurcool Sy flrt ling r 1052 ehedes aff‘ékowéh%ﬁg@é the rhydersothost g356s- ble can

al so be : ; } hal : i.CEeS
2o conbi ROden EREng Ao DRGARE R0 4 RRRhe e IO ity R e
mat er i al 1®9d0tiotypicatly deydradidnad nepaantdr, ahduaier hyaock8Mnoot ouliskp Spemer may
material on bottgm for H2S and rcaptan renovyal , Thus, r gas Sstreamis
ot i1 cAreaag. SURFLps AU 91059 SR gEe ere) ppag dniis 1P pHheeRe” i 5 o

showi ng & (4ass HeREASS UNEctEPR d trda¥mddQkififf (ndno&APVi Ng acid gases froma
gas stream in another enbodinent. In thi's arrangenent, hydrogen sulfide is

renmoved f ar r 4 i r V, St
650 by meastllor ' ENORASHE" BAR BR%ioHRSd RO Al Raning A8 HOBP R AR
pr ocessi nig4f adihkittyyirotadon geswmrialling 10H2 pet msrgbd wathctbe danges strdam H@L. From

processing facili 600 of Figure 6. In thi espect, a dehydrated gas
strean162ng§£8gV&ééygﬂpEﬁmfﬁ*QHQU ?ﬁ@ﬂﬂ%xéa%%onents renoval system From
t here sourAﬂas conp[ised‘prinarilgépf nmet hane and carbon dioxide is .

chi | I & dA¥Zel | Refeadng eeadh tadicdlaghd 0 @raswatteds Ja Berkasiyatdriotigivromaings .
However, 4 nshaaftoRin USkdid s@ea?r?|1?ff(ﬁtT&yﬁlﬁﬁ%%ﬁ%}lﬁlgﬁﬂui@nti?g@ge@%@5le&gli

t he sul furous conpodnents renoval system a SW ng orption system
1150 i s usedl03BheTHehsatfimbtorgaming satision it morged yd thenpdkfidib o Pa oheardégioa froheldst

partial s ration of hydrogen 25 sulfide fromthe dehydrated gas stream

624. [027@?%35? ﬁ@%quogmaa@ngai%fﬁthawpﬁeygéﬁ?wisby ©hentadsor bent bed

1110 to selectively adsorb hydrogen sul fide and ot her sulfurous congonents,
ney

while pad®26y a Preghitre gntheopBaglaonndst de ierrsiietsin sulHdconiinag SeluERR He.
The | jght LS i i 2. 1 ,
ot roard 1 118 BILER Dby RIAN Rl 108, T HORERER, B lioddfimg (Bfisbh WGARE,

Fi gure 1 iaa BIBBhratgashatgeeads4. oAstthe sslépasoatairang eblutied pessedipaxughetht rhean t he

met hane. WO 2011/8§$4OOPCT/Uﬁ§9+0/044137 [0277]1t is preferred th&%

pr e- cool i FE"BE DBV ddS (BOIALIAPY Hbe gavradiongmPeTTe ¥ty FesPert ioafise!YHt o

]E ggi flr %/Sg;ﬁﬁhﬁ ¢hs Skl rabhRmhih 9 WEtidP Becontts tsiferbdeltasidr with Y&pE&@so RROGRSHAY
sulfur, which thus becomes crystallized.

20  [0264] The chilled and crystallized sulfur-containing solution enters a crystallizer 1055.
Specifically, the sulfur-containing solution from line 1038 is directed into the bottom of the
crystallizer 1055. The chilled sulfur-containing solution comes into contact with sulfur
crystals present in a settling zone 1059 within the crystallizer 1055. The crystals act to seed

the supersaturated sulfur solution to effect precipitation of the dissolved sulfur. This creates a

25  sulfur slurry.

[0265] The sulfur slurry exits the crystallizer 1055 through sulfur slurry line 1056. The
sulfur slurry in line 1056 is delivered to a filter 1060. The filter 1060 separates the sulfur
slurry into pure solid sulfur and a clear liquor. Removal of the solid sulfur is represented by
line 1062. The clear liquor is released as a filtrate through line 1064 and recycled back to the

30 crystallizer 1055. A pump 1066 is preferably provided for moving the clear liquor back into
the crystallizer 1055.
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1100, the light gas stream 1112 is passed through a refrigeration unit 626,
and then through an expansi on devi ce 628. The expansi on device 628 may be,
for exanpwe,2ou/0kawbe- Thonpson 5 ("J-T") val ve. PreferablpgT/uskolosass? parti al
| i quefaction of the light gas stream 1112 is acconplished in connection
with the cooling. A cooled sour gas streamis generated which is directed
to the acid gas renoval system 650 through Iine 611. [0278] Referring again

to the tHezed! swheglealdls@roptrismostyeto@mﬂﬂés&ysﬁahﬁeﬁdﬁ@bh&mofbﬁ@lclkarﬂﬁlldoﬁ ig he
thermal sw n% adsor ption system 1150 is preferably a nolecul ar sieve

fabri cat édreedyognibegsystalizer i8o thapughdingel058 I 1steat ligperdn e h0sis angsecd
fabri cat ggiyf iR ﬁiu{ LSBHSe) 0TBN o RENE %19%0 &Bﬁggt ogofo@'gnésr éﬁ]sédgkéd et he

art of hy rocar on gas separation w nder st an he selection of the
adsor be ntA eparaic] portigpiot ahe clade pepndr onctthretelofrposikici op af the harystaiﬂuzani Otednt

oul {1 b, pagfin 1Bk B SirectR Saidani e g et gl o pl ey 074
pressuri zag ghagjuor Ih8ier #‘éd %ﬁﬁpmﬁl@tdl&&aie A0 denmhY epnd Rardeiydt abesl igas

stream 624 and adsorbs hydrogen sul fide and ot her sul furous conponents

al ong wi tthkea tewghathe b@mtﬁmtplmﬁp d87homddiheri rddirecTére indol she lsbambéye 026100 then

t he adso:%g) En g@ﬁ tem 1150 will be replaced with a regenerated bed once the
bed beco to htially saturated with H2S. The HZS will be released from

t he bed in espon e to heatin e d usin : heat ed .gas..

Sui t abl e éi‘%é Horu CEMORKh n\%ﬁhﬁ‘o I'Y%S"g DERFEIHERIIRGE HhREME R iy she
heat eg n'sh[fﬁﬂﬁ@ cdthp &eﬁﬂée{enﬂﬁzﬁl QL efM1560 AV ainkRR eillus[tﬁ%%)] Blogds €XA@asulf
depicts a regeneratl on chanber for an adsorbent "bed. The regeneration

chanber Ita@ssescetly esthasddgscribrbingdcagperatedd2s. Patentiso. &n4 Hn (PEnandt U Of PFtlegtur e
11, the dr 2 i rec d fromt over head net n stream

over hoad Nt PRS2 Aok F50, ofBrABE B Fisal rSurtt ARTECHDBE HEGTLACE is'

i ncl ude tdeag@tcaTRIMtE BioBed 1029en and 25 helium The overhead net hane
stream 112 may be conpressed to raise the pressure of the gas in the

regener atjyogg|C hamhe overieR] §§ss k’t?eeanp@@@fi €6nth1%s DR R in el anEHRUBIERT dioxide.

regeneration prinarily takes place through increased tenperature, though it
i s geh®r althee elatransed difyankowdrogpn, dediumesnd ﬁl@ﬂ&lﬂ]:sr enytasd bé pessentpeSdbmousof

t he over head rreth e tream 1 be ui r r 30 te

e ener miCoBIoTS Mg B TSR A parcd FEYr BubB Ut RS R Surerd ey
stream 1ls'ﬂr3am_ﬁ*®ﬁ5dﬁ%}\rolf>é Hire &t (0eRModd 4s. | ”Fhedschﬁ%%@% 203 §tfb@n§m45d1s§>%f51%ﬁly bed
1110 and acts as a 2011/ 053400PCT/ US2010/ 044137 r%%gneratl on stream The

dry f1 ui dalsur tagm dehadration cisnyst i 1968, pHowarer peofuserahhdngstabiulf paresss doner ns
SOme Cm'aqgg(c?}lg,zgg}&drﬁiohhﬁgwkesﬁva&gbe’f&%etrﬁgrrgxgvl é)ag s?r%%eroﬁt enlte%?%llie gu%u?gus

adsor bent
20 components removal system 1050.

[0269] The overhead gas stream 1045 is passed through a chiller 626. The chiller 626
chills the gas stream 1045 down to a temperature of about -30° F to -40° F. The chiller 626
may be, for example, an ethylene or a propane refrigerator. A chilled light gas stream 678 is

thus generated.

25 [0270] The light gas stream 678 next is preferably moved through an expansion device
628. The expansion device 628 may be, for example, a Joule-Thompson (“J-T”’) valve or
other device as described in connection with Figure 6. The expansion device 628 further
reduces the temperature of the light gas stream 678 down to, for example, about -70° F to
-80° F. Preferably, at least partial liquefaction of the gas stream 678 is also accomplished.

30 The cooled gas stream is moved through line 611.

[0271] The cooled sour gas in line 611 is directed into a distillation tower. The

distillation tower may be CFZ tower 100 from Figures 1 and 6, for example. The cooled sour
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preferably enployed: a first bed is used for adsorption as shown at 1110; a
second bed 5 undergoes regeneration in the regeneration chanber 1140; and a
t hird bedwbasiilssmady been regenerated and is in reservecrars2us®44187 t he
adsorption system 1150 when the first bed 1110 becomes substantially
saturated. Thus, a mninumof three beds is used in parallel for a nore
efficient operation. These beds nmay be packed, for exanple, with silica

gel . [0283Asliseent isnthén processdd threughoaicaid pad @ehovZISygrR. STHesui p&s fealogalsed
fromthe 10 adsorption system 1110 through |ine 1114. The concentrated

hydr ogen SYBEM; @ay 591 tonpxample. ) agrordange ydthaacid ganeimavicbpyséam dahof Fgure 6
regener at | .00 Sth8INAbd4 acr i ses primarily CHA and H2S, but will nost

| i kely al so contain trace anmounts of carbon di oxi de and possi bly sone heavy
hydr ocar | none t h ney. at | ream 1114 i ol sing a
et gor a0PEH unt RORHIRRRTnah O HESRATbP LTS STt of v BT BRAPS UG P
r egenes atdgfapdslge £ aulfidd ugstkdm ofherygaitatigtliacon sdweaiwollcldhe iuSe dbh@nadsorbent
introduced into a separator 1120. The separator 1120 is preferably a .
gravity %Ba@kedflet?ﬁiﬁn@@pféﬁlﬁf@él $PHEL RATBPLIgN, vhils thegbarentiizcs Rressie s/NEL 14

fromthe Jj . ga i, gt I S . r.ogen
sui 11 de. “ShdPhoPOTRe uadienl bANssRARRRURFURLE, M ERRLYS B TROPANE ol UhR0e0s
t he separragarrald?0 (shown schematically 20 at line 1122). The |ight gases
rel eased fromthe separator 1120 in line 1122 are returned to the

dehydr at g0278s sMdeedlH 3tvePirctofien S8 o idBRydriveing but d¥@aNs tyhcd tar Mend
(primarily ethane) and dissol ved hydrogen sul fide are rel eased fromthe

bot t of of M¢TRPtELFARRbr Oftenigmess Mearh STTHEHaLS arigedyin 4 sipgle paokgd bedy with e

i mpl ement;ag L NN r to
enour ot Hayer 4 MO B ENE Rl G P o A PR B8 HBED IO hicll™

t hat t he sias matoddssl betdnadod HES add G@reiptanoralovyl. NMEyusnatrawngls wdeama is both
dehydrati on uni t 62&.. ter will be dropped out of the solid sorbent bed
1110 wi t HrieAend dgshidviasdon stream 1114 and will not pass to the sour gas
streamof |line 611. The water wi |l further be dropped out of the separator
1120 wit HOZTH hyHiogehl Bighamtyesqhgmptip diagnapyshogapgp g3 prrcepingdp@hitys l@ffor
sul f ufeu nau n l.j s Y. i fo a
our ot arEYRAGE IR FEa BARERRE h MGt KnidRllithgs T s AR ent
appl i cat ilgdrogepenifidgas rémoved fremr £ gengnatircain Gas upe@dtaet of 24 Qicivayashentownined
to drive a turbine (not shown). The tyrbine, in turn, may drive an open

| oop conﬁW@@@ﬁ%o- Snambogéff?@%Qﬂﬁéﬁééﬁﬂgﬁﬁﬁbﬁﬁﬁﬂwé?-(such as conpressor
176 of Figure 1). The regeneration gas heater 1140 may be further

i nt egr at d827Mt o THe sisi RIogRssingelisiliay 1PBceadsrably opgentay ieascerdaecst withoBtssuch
a turbin USieNG: : e- heat i PYAP N

1132) o PR e Rk 60D B FGRT8 in WIE I REIEHANBRIAR fSH TR b,
over hz@ad tocanprlfsenr cadpbnenly moused stea. p Feorh ebdre Ssduhgras egepesat pomagisofused
for the hydrogen sulfide.recovery process. [0287]1t is observed here that
the regerBst %neowdga%r{a%ﬁiﬂ%l I ﬁl@ﬂﬁ%gnf Kslivired i @aracibgat bapeYal SHsteRed Vol i d
bed 1110.:Hgh 1i98%1 MYHRRVEOTHRGHSF ulthb B B1veRl U&RIN @5 LIEAD VS HED AN
recover th% %eﬁhane ang aXy’ofher h?dr%cé%bons%gln tﬁ?s ggy, t he BTUevaIue
of the gabe sdfurbes sahpaged.rehOv{lG288InAs tinaynetswipgeslsarpeors wystgn ddSd rspascdn

may al so "lqiee tﬂgr%(ljal tsgvirggeggi)s\éleptlho%ds%(s)t%glnl 135L6| I];rlogledes at least partial separation of hydrogen

25 sulfide from the dehydrated gas stream 624.

[0276] The thermal swing adsorption system 1150 uses an adsorbent bed 1110 to
selectively adsorb hydrogen sulfide and other sulfurous components, while passing a light gas
stream comprised of methane and carbon dioxide. The light gas stream is shown being
released at line 1112. The light gas stream 1112 is delivered to a distillation tower, such as
30 tower 100 of Figure 1 as a sour gas stream for the separation of carbon dioxide from the

methane.
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and ot her sul furous conponents upstream of an acid gas renoval facility.
Pressure swi ng adsorption, or "PSA " refers generally to a process wherein
a cont amwearmives3adsor bed onto a solid sorbent bed. AftecTastanasiion, the
solid sorbent is regenerated by lowering its pressure. Reducing the
pressure causes the contam nant to be rel eased as a | ow pressure stream 15
[ 0289] Figure 12 provides a schematic diagram of a gas processing facility

1200 t hat[oxEHs pilteis pucferrsdvting paelsediplgl nplovidetine themighagasoftrdaydi Digebefore
sul fide. The gas processing facility 1200 g nerall Perates i n accordance
with gas G@Fra%@s@r%@ef%genww@t@n twauw eln ) ﬂthrﬁfr@ iY@ gperiocesgingdhgitibat ed

gas st r eafof2hein hid LRdnaNd 21000 IR IAYREPH BB e LA 435, FEMAURINSYA e

650 t hrough sour gasS |1 ne wever, usi ng a physical sol vent
20 contacmkﬂgmﬁygt@ﬂmﬁﬁRSaH@n@xpmmhmamnka698mgwﬂmmﬁneﬁ%ﬁpkpaﬂ@ﬂ@ﬂhom@dnngen
ressure adsor 1250 i.s . u

[fid . Th )
i 16 ST SRy s PR nE 0 SErGh! SRR oREEEo of tind il s st B2 s
hydrogen 3bbhpEicl PEBnR&idnaN 9 8% blifAM @88tcd 0490k Akcth Eshgetngl%tédhf@ﬁleﬁ i

sw ng adsorption system 1150, the pressure sw ng adsorption system 1250
uses an atiworcdénthchet! gd1omowl syites K5 dirgughdlserdl IH25 whil e rel easi ng
net hane 25 gas. The adsorbent bed 1210 is preferably a nol ecul ar sieve
fabri cat §d278lom Re&k‘ﬁimgagdi-h)mﬁ&rthemdmmmgjmmfmh dystdm BL5Oh tlaesadsotbedt bed

fabricate lic be enpl oy .Those of or n ski in the
art of hyﬂ éd%? 0 15%?3 r@gﬁ’l’élﬁn\ﬁfm maﬁgp gf‘é?@i’ anfe'e ﬁ’i‘l“ystl%’ fj%éfl“@éetdi on
of they adapf beattc. b%w‘é‘véﬂ of¥Ph&BIcYt B&R]NEH Na HOLrBATRES HohPRIIO odi heay BW
gas stream 624. 30 [0291]As seen in Figure 12, the adsorption systen11250

rel eases mmlmde Hase oh loocbgétryakil] ghthe @zatsofshydemarbm@s smmatiqngmll gadsrganrdeam

1212 is c ed ratlo ni.t an referabl
Lhrougn SuolE Seloian e e GEhgbIRLE L, Sty HPitBr fori ot B elhebRiRoot s wo
2011/ 053%@3@%5@3%@&%&3&7 14 |t1ﬁ§ tdskathb @@mﬁmﬁm i %@mc@ﬁllﬁé hedregdmesul fide, a
concentrated hydrogen sul fide streamis rel eased om t he adsorbent bed

1210 thr qygfo)l i Ny dgddtiod, D 2dsbibeAPBERT | AP will R&i IO BFe@J;urﬁ@@' chdnkBer! nrﬁehe

pressure sw ng adsorption system 1250 resides in a pressurized chanbe he
adsor bentadseticitdbe0 1d ¢ edcviyss thealchipdrgtdd gtaestre@awg atdraslapnb6 Rvdrapeh audsdr élusi H2 S

| ith a t d h ts of
carban oi0us AHEyS sPeBoRe Honf Do Frlt R aterHERE SRk g5kt ik SEBTRS ©
repl aced 1RAqq 16 ketRedsdkRdoh HREME S ERIIUbEEPhcv WithhydsagencSHd b tanskd

ot her sul furous conponents. The H2S (and heavy hydrocarbons, if any? will

be rel easwdomeopbshatiplbisatvratedspith St olheeldafe il prrelsased dram tharbed 1110 in
pressuri ng%pggg%igol%atm tl%eog'eccfs Qstlﬁga t«lgiﬂ%?%aggf %gsn Sit afbi gasgfg thL rd%%"%&r%%n 0% t hen

r el eased cases € pressur ssurlze

chanbzy dewrheh® ntaneBiredpt €55 begteivnittoge@Wws e faclnmp oﬂllerwls@ﬁvahllablehydr ogen
sul fide and other contam nants in the

[0280] Block 1140 depicts a regeneration chamber for an adsorbent bed. The
regeneration chamber 1140 receives a dry, heated gas 1132. In the arrangement of Figure 11,
the dry gas 1132 is received from the overhead methane stream 112. The overhead methane
stream 112 comprises primarily methane, but may also include trace amounts of nitrogen and
25 helium. The overhead methane stream 112 may be compressed to raise the pressure of the
gas in the regeneration chamber. A pressure booster is shown at 1130. However,
regeneration primarily takes place through increased temperature, though it is generally

enhanced by lower pressures.

[0281] Ten to fifteen percent of the overhead methane stream 112 may be required for
30 adequate regeneration. The regeneration chamber 1140 releases a heated, dry fluid stream

1142, The dry fluid stream 1142 is directed to the solid sorbent bed 1110 and acts as a

-54-



concentrated hydrogen sulfide stream 1214 to be rel eased fromthe adsorbent
bed 1210. In sone extrene cases however, the pressure sw ng adsorption

syst em 1280 2nayosh@oai ded by 15 the use of a vacuum champemr/useoiappiig7
sub-anbi ent pressure to the concentrated hydrogen sul fide stream 1214. This
is indicated at block 1220. In the presence of |ower pressure, sulfurous
conponents and heavy hydrocarbons will desorb fromthe solid matrix making
up the adsgmbeitionBadarh 2T dfyORid]sheafnXtiup és odmpededrprinfedy Wi hydime bkiais and
hydrogen sulfide will exit the 20 vacuum chanber 1220 through |ine 1222.
The m xt FO8tHRSISeME{t@r a separator 1230. The separator 1230 is preferably a

gravity seg892 rator that separates heavy hydrocarbons and water from hydrogen
sul fi de. Il'i glipd acdij@ﬁlerswsngarr@gernélra@a@e@vdeeoqrﬁ loget Hoee adserbpwheds are
schemati c efle}’ab

h b |
sont Thor et olbpRed27 Tt 0OV | EQUoMLBSRIPATR A b 1910724 TRY B

sul fide Inmdgaseottgchaiton & S ré@heased charabert a0t ol @thltdmedsmaalﬁta@y béeZBO
(shown schenati cal la%/ at line 1232), The H2S.in line 1232 is sent to
sul fur rdesRRerajed #d is (A GeseBisiaR Pson thajedearpiion wstsny L Exbuhen &@eﬁrﬁbb%ill&n as

part of azfe'c@m bkt‘&ftfr‘agy s‘aﬁrr%téﬁ’z?ﬁllsTQ%nR{n‘lﬁﬁfoﬁ ?&‘i reg’&?ﬁé\%%&?ir%%&’@el%ﬁs& elr250

may rely on a plura eds In para is use
adsorpt i cnfﬁcﬂ'ﬂlnc@etaﬂokn@hnsseet&danmgfovpaﬂ(ebeﬁbr cXarseonith Scbgd. (not shown)
under goes regeneration through pressure reduction. A third bed has al ready

been reggoesxt ed Agngteh Sini Riguesanya téicets@ed HIShgaadseumptik Qﬂleayeﬁt &6l 20
when the first bed 1210 becones substantially saturated. Thu m ni mum of

three (becﬁéismporbév&t@%d 116, thyeyghoting 5k oblimosonospiertest bydragen %ﬁ@ﬂ ﬂéqamr b4y
nmore effig b r

ot vat ed St pe? el Blol NESR IS ERAGHERIFERS 111 SRR Himdtlly Cuty
syst em 12&d HESybllnemzH rn@qm ﬂiﬁel@mﬂr}o&opraﬁssweemmmgpfaﬂﬁmnphomdb ancbpcesmblﬁ goniche
so-cal | eclﬁ g @1 ocesses, cycle times can be ﬁlf 43m&1l| a.5 few
seconds Qw 0gs- PS Pn?edﬁB?@* RfnireSSRERGHan perepr ¢ § Kuiycegled using a
advant ag&Qfgerdion luhitl 19 18YHHE &d‘i’tg&aﬁtlea{sﬁﬁ %ﬁﬂfé?ll&&f&tﬁﬁr&‘qhe Rt 38 iCEireahiot €
that pretreatment may be required for the inlet gas. Alternatively, a

sacri 13 cildll4l Gpheregehertivesiredm &l 14 iseh¢roptrofluccdantoacicparatyed 13y The sepsedort o
reserve mat er i. al 0297 ect, .a,conbi na on_of er mal

Pre ool Skl R e iS apk Gl SrB s TRC Bt i DAt BB ke

[ 0298] Anatdig rthéBiho gadls. O IS Eleh H @ QdsNodnefalll edFRMirRE BRI BPdBYEL keleidepatd eam

of an
carbon dioxide.

[0284] Light gases are released from the top of the separator 1120 (shown schematically
20 at line 1122). The light gases released from the separator 1120 in line 1122 are returned to
the dehydrated gas stream 624. At the same time, water, heavy hydrocarbons (primarily
ethane) and dissolved hydrogen sulfide are released from the bottom of the separator 1120
(shown schematically at line 1124). In some implementations, the recycle gas in line 1122

may need treatment for H,S to ensure that it is not recycled through the system.

25  [0285] It is noted that the gas processing facility 1100 optionally may not include a
dehydration unit 620. Water will be dropped out of the solid sorbent bed 1110 with the
regeneration stream 1114 and will not pass to the sour gas stream of line 611. The water will
further be dropped out of the separator 1120 with the hydrogen sulfide in line 1124.
Separation of water from sulfurous compounds may then be accomplished by using, for

30 example, a sour water stripper or other separator (not shown).

[0286] In one application, spent gas from the regeneration gas heater 1140 may be burned

to drive a turbine (not shown). The turbine, in turn, may drive an open loop compressor
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acid gas renoval systemis a process called adsorptive kinetic separations,
or AKS. AKS enploys a relatively new class of solid adsorbents that relies
upon t he wete1iais34hi ch certain species are adsorbed ont @C3tusacouad?
adsorbents relative to other species. This is in contrast 15 to traditional
equi libriumcontrolled sw ng adsorption processes wherein the selectivity
is primarily inparted by the equilibrium adsorption properties of the solid
adsor bent(sudhnast bempratsoerl 76 ageFigtinael )c oMpetdgehstatiad gay ptdtan] i4ombe i Rfththe

i ght product in the m cropores or free volume of the adsorbent is not
favored. PEEgRd Wiy the 3red g%SarqngPVébchersr Ryatakinenyese élertpfmrs fugh 8dedine and

sel ecti vi f f i p e
2dsor bent "B Ly TTRGCr Seasaricmopy dis Wu S ) i eHoT o RENdods T,
adsor be ntrectta/sr}apfbkesseslmﬂagr dedtifuand yHe d\@rheaaheompresmé 14 amydensod enprs-heits
used h rejn, the term" kgﬂ trc selectrvft is defined as the ratio of

Si ngI o D EFRERET AT §1 thi O i PICET BRI d TPGONCTYETaESY. for two di 1 f er ent

speC|es These single conponent diffusion coefficients are also known as

the Stef df2¥Hxweltl Bt PRRisEr hereiithat USP gReIsTato8T $ascraNRias thratl2Ari@atrbas beey
for a gy n r t

excarl o “EraBe nert e bt of {5 TR G 305, O T ISR rekBe e

W th resﬂég&aﬂdaemepdmen&th&evumdladyknﬁleerdadocarboMlDBhlsW@, gicrRjI'é valmepd tient

di ffusion coef |cr ents for a material can be determ ned by tests well known
in the ad@orpt Pvlvagedrials art. 30 [0300] The preferred way to rreasure t he
kinetic diffusion coefficient is with a frequency response techniq

descr ibed0B88IRey &s noted, pessurgswing adspspiagn 1Ay alsadr arcdvierrpaLe hﬁ%rogﬁrrwﬁdeon

514 - 56 Mo TSR o SRR 5 859 s sn v R PRyl Ofpu

cont r ol | edseppa,airi “BRA,’T tefdrs gareedlBr toadprbbat whicrvdt b costem@cint isi ddyorbed entp a

DA/ DB) of eI ect ed adsorbent for e first conpone onent

A with rS@EQée € bquhéﬁeéaﬂﬁat%nﬁw@hg Sprdeg s r%&ﬁ%r&rréﬂ%y léyvef?’}eg i S BHRSCE han
5, nore pEefendRhypieat @ahsésﬁﬁ@cc?xﬁamﬁaﬁgt t@%@@el@%reg a@ﬁﬁ&ﬁa?&k&e girember than

50. 5 [0301]1t"is preferred that the adsorbent be a zeolite material.

Non- I j4mt exa [ r

emovil dPHRIS S PRE LEbrof R SR i ARBE BRE! FloEeRRlal R0 The R |

i s pref erpredutchating heésobptiohlfor alid rmnofvalzebhydregenmuliﬁdez ethé p 'amoesmbm@rfaahty of
a process f the present invention faor heavy hydraocarbon remval be from
about 20 280 BER!Y 0BT6!CS R AFr IS WithogHS AR DB (Y ARG AT T2 grrsf i B Gider
to preventsll eXemsiua (RUIHE 014 KNGiRASAIPLRRA doATLA 190AlackPERcRNal

i nformation about the use of adsorptive kinetic separation
separ at i cystefn h@@rtkm@aglmrmugges dorpohlentidowevet). BsteRdtof g .a Paoysical solvent

2008/ 82884 th t f .which is.i t.e h
Fef or Shogonbtomreiga b5 SIS SR elife 1o sty PAh S HooNG e B 4 ng
facility pl@ﬁ@;@re%ﬁmﬁ@@dsoqﬁfo%%@%ni et Lk, THe ReQuRedwiapaspRiH sy sﬂeﬁl 13508

arrangenent, hydrogen sulfide is removed 15 froma gas stream upst r eam of
an aci d guevidemaivenst pyialsap@siioryf hydeassn stlfidn figasbe paw gas HedmePHo t hat
utilizes adsorptive kinetic separation. [0303] The gas processing facility
1300 oper[82%Y geAsrath theithcrmebovidgnderpiidrhsystee yEE), the pressure swing adsorption

system 1250 uses an adsorbent bed 1210 to selectively adsorb H,S while releasing methane

25 gas. The adsorbent bed 1210 is preferably a molecular sieve fabricated from zeolite.
However, other adsorbent beds such as a bed fabricated from silica gel may be employed.
Those of ordinary skill in the art of hydrocarbon gas separation will again understand that the

selection of the adsorbent bed will typically depend on the composition of the raw gas stream

624.

30 [0291] As seen in Figure 12, the adsorption system 1250 releases methane gas through a
light gas stream 1212. The light gas stream 1212 is carried through a refrigeration unit 626
and then, preferably, through a Joules-Thompson valve 628 before entry into the cryogenic
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processing facility 600 of Figure 6A. In this respect, a dehydrated gas
stream 624 is chilled in a prelimnary refrigeration unit 625 and then

del i ver edwbaoamsamod gas renoval system 650 20 t hrough &CIaise019Mg413Tr eam i n
line 611. However, instead of using a physical solvent contacting system
605 along with contacting tower 670 upstream of the acid gas renoval system
650 to renove hydrogen sul fide, an AKS solid adsorbent bed 1310 is used.

The adsordigilatibe towlad UQOprefthe emnht ahley a adsa@nbrated hetdogen selbide steam [OIQALddN
the current adsorptive kinetic separation application, the hydrogen sulfide

25 conporfé?méh%dﬁ?rbﬁlétqeétlgmgﬂo‘ﬁﬁhltnlf?elzddsor bent bed 1310. This neans that

H25 will be recovered at a | ower pressure. The adsorbent bed 1310 nay be
used in d8292nct {bAPGRteN phe sdsgrberviadgl Hds b Prei prassgre s‘amgdactsymﬂenmye@gur e

Swi ng adsl Btrles%] 'S 119 R9 rehﬁuﬁze ughgmg)glgg?l%e ({'sbgb%ap @tcf’l {291|0 I%gelVeS e dgnsPrd%t&?

1314 is reéreaged from the S0 oW pressure e Ratur al

gas | i3uistsamtadamdlaitdrbs aniSadlows: Wuﬁtangfreﬁlhml@bvﬁw abkd asp hpsemtdsodebdnsom
t he dehydrated gas stream 624, and may al sQ contain eav%qn@i)drocar bons and
trace anoliAtsa@PuRtsohsAbAN sliptide mﬂeaémw adspabrsbcTheadepr 437219 0g84eT0

separate CQ)%Q QY5iike Ffﬂegelﬁﬁ EH RO Barfa 0 @ﬁgfﬂ;ﬁm(ﬁ%gﬁupﬁﬁv%dhé{tﬂ&oﬁﬁ QWO\M]

an additi dlstl atron columm Is require I ng vesse
at 1320. cohmpoderss.i Iﬂhedgz&@mddieaﬁﬁhgdmgrbbm if ety)ewdinid egleaaed lfﬁwyredleobecbax: ked

col umm used as a cqnt.am nant cI drogen su and c

di oxi de dF¥OP @a@gEFI%PE?éﬂﬁeé‘%/ B e At  fhce &%%fahﬁrdg%ﬁne?@

mer gegy W Ra@abilg gaded Fi8s&f6 for acid gas inj ectl on into reservoir 1349
Sour heavy hydrocarbons and nost water nolecules exit the distilling vessel

1320 thr gl %AS Plﬂg ?Séa's&ﬁ reld%?él,g tg@ﬁrelgﬁﬁé/ Yo ﬁ% rQs%fi’l{) AR aFB¥r @cﬁxzﬁ fhjﬁrﬂﬁlefno rm

of natur ane and, possibly, propane. e natural
gas |i quiSSsa]reewhlﬂ aatmd af mgjolrBb otfenh[evhg}dr@gm sulfde apt usteer tortamalaats 0 the

[0306] It is note at the sor ve kinetic s ration ocs f system
1300 nay 0880?1’&3&?’ bl e Rk 41 1P kg TRy ggfa 364 19aEbeanbe iéﬁ th
hydrocar hgpg Jx"tr%ﬁ?e%%é&ﬁ?dw&%@ tﬁé bEaRe BW%@I}J‘H&Q6}'S’[@H1| PI59Cm&yY ‘B@%?de@fb

pressure. In this situation, the sour gas in line 611 has adequate pressure
t o belpr dbessedf byvatlmm @hgzmgemocaquilss sub-hmbiconhpicoswee td 0@, coacradgrhbhydrogen

S cor bemuE FtE | Ao S g SELRL 122, 1850 Pidlend S BN b tug

1312 ar e safiRuk %6ﬁﬁp81|ién|f§i£ﬂd NeaQ¥ h{R}’Bﬁo@%Sm@Wﬁil @B o @¥ised nlakrit faRingfgy red
that cooling be provided to the light gases in stream 1312 before entrance

i nto the the y&geenebai K101 | ation tower 100. In the illustrative gas
processing facility 1300, the light gases in stream 1312 are passed through
a refrigdf294jon Anntix®R6 ,of avadert Heavy Hiydueghrbans exgansiregendsafide v 8exiAthe
cool eﬁ‘O vacuum chamber 1220 through line 1222. The mixture will enter a separator 1230. The
separator 1230 is preferably a gravity separator that separates heavy hydrocarbons and water
from hydrogen sulfide. The liquid components are released from the bottom (shown
schematically at line 1234). Any heavy hydrocarbons in line 1234 may be sent for
commercial sale after treatment for dissolved H,S. Hydrogen sulfide in gascous form is
25 released from the top of the separator 1230 (shown schematically at line 1232). The H,S in
line 1232 is sent to a sulfur recovery unit (not shown) or injected into a subsurface formation

as part of acid gas injection.

[0295] The pressure swing adsorption system 1250 may rely on a plurality of beds in
parallel. A first bed 1210 is used for adsorption. This is known as a service bed. A second
30 bed (not shown) undergoes regeneration through pressure reduction. A third bed has already
been regenerated and is in reserve for use in the adsorption system 1250 when the first bed

1210 becomes substantially saturated. Thus, a minimum of three beds may be used in
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20 sour gas streamis generated in line 611 which is directed to the acid
gas renoval system 650. [0308] 1 n another general approach for the renoval
of heavy Woanoo#s4ons, t he heavy hydrocarbons are extraeCeastelom4ibe
bottonms stream 646 "downstreanm? fromthe distillation tower 100. In one
exanpl e, an adsorptive kinetic separation process is enployed downstream of
the cryogenic distillation tower. 25 [0309] Figure 14 presents a schematic
di agr am gfardlcpdsr prooes sffici:nt apetatiby. 18EM3e ebedh apay e arackels dopteky@pll Méth C
separation process. This gas processing facility 1400 is generally in
accor dancstivi#tehcarRnsgadnQlF@eBSEVAEY faci lity 1300 of Figure 13. However, in
this instance instead of using an AKS solid adsorbent bed 1310 upstream of
an aci d d82%¢lenoVh¢ propsire svemDadsamtingSysem; 1358 dedr brem rapié dydd poespye §yE
downst ream of .t he acid,gas renpyal system 100, |t n he._seen in
Figure 1ennaio i 1 0S SRARKE ond YBC IBLRR:, GER IRl SR04
are rejroved stcanast Reragidsdytlel FEA ORARSAEY) udQ@voatd Be patitdnily hdidtdgeshsaad @igas
stream - 60- WO 2011/ 053400PCT/ US2010/ 044137 642. This liquid stream 642 ma
opt i onal 19pite&oBwAst elfine éha aoreddiSedeowas Watsr tBatgpistreasmens min e remued for
amunt s gf,; [k 0e Ab@rh 0 96 eArPark: %ﬂﬁf‘??&t&?al Pﬂ{%rt%égpth@?)a 1R H44.
The remaining |17 quid conpr seé/prlnary y of acid gas I's released through
aci d gas dusedo fid&rvd B8 hdffveheatadald gases fromline 646 are delivered to the
AKS solid adsorbent bed 1410. 5 The acid gases remain cold and reside in a
| iquid phase7)as tiheye pgrSt, tahdopmighationeo ek kO indydeagetion ihd betesuad dwaipy
heavy hydrocarbons are renoved fromthe acid gases and rel eased through

li ne” 101 zegencrptinn mpaydic adoyqdgui ds stream 1412. At the same tine, acid
gases pass through the AKS solid adsorbent bed 1410 and are released as a
bott ons d82¥lgas Asptheamethwilspropesefl dBic) Api wmypaswshydioganesubloda wprsteami af afas
stream 1414, remain in a primarily |igui,d phase. The |liquefied aci.d g in
e 1a1aokt B R r0eRs T Ry SRR e B iR Ve pARES

| i quef i ectngflogh Qasaselyindw BRisd 61 olipydsbdehB]tRAteHes Whod the $aAtOSU Whathecertain
formati on through one or nore acid gas injection (Ad) wells as indicated
by bl ock $pag¢es 1§ adparbeq pafe sHaeturedydsaibepts galatiyhto other aeics.s Thisds & egiytgast

passed: t A r e | i .
et ar 3 aaHtidRaRERTRM G 0ORUR e ool Trbieelsh WRGEH ADichitfin i
hydr ogen ginhdrildémpaded bacle: aqulitvien atisaptidao propeoics @€ .thAsaids dddottant. vén the
process is thus undertaken to separate H2S_ andg. gut of the natural_gas
i qui ds dftEave decompeyfive aﬁ%qrm@%%tgﬁrn P%%eﬁ@%r&@u%%he ECEORAeP rilicce
C2 gases;alfe beheagedbddt amd g ofigstil ing vessel 1420 through an over head
line 1424. Line 1424 is preferably nerged with bottons acid gas stream 20

1414 for ol 9ag, N EGE LDk 1f-8S &L 0! . hy.dir.Q¢ ab? SmExkdq the

vessel 14[%Mtihrougﬁ1 aﬁlgé%%@mc i'ne e§4 ' gn%dsgf‘pzmg;%@\ﬁsesﬁ% S?t?‘?{l egj mf &

[ 03142(Fi guinearilpAyi shea dfilsemat ipeopdirtagr afimtlaf adsogleeht pimdces shagrahgmird idiffusidm00

of the pres&nt : : o .

coefficient in the micropores. The adsorbent has a "kinetic selectivity” for one or more gas
components. As used herein, the term "kinetic selectivity" is defined as the ratio of single
component diffusion coefficients, D (in m%/sec), for two different species. These single
component diffusion coefficients are also known as the Stefan-Maxwell transport diffusion

25 coefficients that are measured for a given adsorbent for a given pure gas component.
Therefore, for example, the kinetic selectivity for a particular adsorbent for component A
with respect to component B would be equal to Da/Dg. The single component diffusion
coefficients for a material can be determined by tests well known in the adsorptive materials

art.

30 [0300] The preferred way to measure the kinetic diffusion coefficient is with a frequency
response technique described by Reyes, et al. in "Frequency Modulation Methods for

Diffusion and Adsorption Measurements in Porous Solids", J. Phys. Chem. B. 101, pp. 614-
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invention, in another enbodinent. In this arrangenent, hydrogen sulfide is
renoved froma gas stream downstream of an acid gas renoval system 650 by
means of W0 2ext0sawbi ve 25 distillation process. The ext PaEitise@odiasi| | ation
process is represented by Box 1550. [0315] This illustrative gas processing
facility 1500 is generally in accordance with the gas processing facility
600 of Figure 6. In this respect, a dehydrated gas stream 624 is chilled

and then @el(ilS)@Tr)ednfad(lﬂ&’ncaﬂjr domﬁﬂletiaejmtaionsytsls @roferoéll thaar kigdc seotivgasid.j ne
611. However, inst usi ng | yent contacting system 605 along with

cont act i rigp /Ponek the ﬁﬁl@@tﬁéaﬁwﬁbeﬂééﬂtth%ﬁa% COMBRRENE EhvaPIRYRIE ) 8yt reém:ct to |
oyst om 625 V@M AR TPBRg RE BT Dot 8 s ARE AT CholsTipReL, SRS HHBN .

15A t hat 2hahd ednsoare pgesraplysgegertthant@h |1ine 611 and enters the acid gas
removal system 650. The chilled sour gas in line 611 has the sane

conposj t i[0B0HS t heis peityiédthadthcaids@BentUer £200li62rhatefie NORHlingaSy bxanipleeo611
conpri ses nethane along with hydrogen sulfide and carbon dioxi de. Ethane as
wel | as tzealies bpenespRropriats nere ﬁ%@%f?r the remgiah Al hedvynatdrecarhegy agh I,

ﬁ;esent 1%%.41‘761 m@h@d@éran@%%td n 1.J fs%ei@ dfth?ftsthe %‘?/%3 §téc§ Bﬁs gﬂ|t§gggtll%g 1nTa{H S

y be the same as from Fi gures ssed above,
the CFZ tombedird&d cffeappuroaésesaftthe pEBet 1gesmt1|ontfor hcavyvigrdheachometchaneal st fream

112 and a_bot CI d stre 642 tan the bhottons acid
gas ot eatpB 0ttt S0B: AreEEAchan oAtout 0 do w}a%ggwoslmﬁafew ppvent

[ 0318] Jhexbakte nﬁ)uﬁﬁé CAMKE 4£dsTR¥NOPIA RIRaY BGnRENlinfoRHAUAN aBolft e LT 064 3.
Fromthere, fluid containing nethane is redirected back into the tower 100
as a hydradwpbmkglasc s¢paggdion g4y theTWepantomph hydrofdrbom geoeqmpaedtsps iLhdr Rdty of

e iy :1fN"(ﬂ'38@’?@2%%'&9°f3ﬁ§5%§@d%%}w iR ot Mk Al Rapie. 04
155 0319 F 15

cchemat | JOMHgr ARSI Tha> §asHEHOClssThE hRBTHY £y Berore Pt phel (ke

di st ||t aRnphoEARs: ithRPP 4hoeamdie HROR SRI¥hOS, AR HRORRAR! R 1th8vcd

extractive distillation facility 1550. In the | ratlve arrangenent of
Fi gur & 19B)m talgaestreaxt natcime di gcudlgaatarmvabsﬁstcranSOlBﬂmeaIlM@naaldebrp&%b@ﬂr e

ZRSY”S'yeWié%g%éf@fﬁguoﬁﬁﬂei%ﬁ?@ceteﬁ%flgﬁ? [ati on col urm 1510115 & pr opane
recovery [8% ThQ gas processing facility 1300 operates generally in accordance with the gas
processing facility 600 of Figure 6A. In this respect, a dehydrated gas stream 624 is chilled
in a preliminary refrigeration unit 625 and then delivered to an acid gas removal system 650
20 through a sour gas stream in line 611. However, instead of using a physical solvent
contacting system 605 along with contacting tower 670 upstream of the acid gas removal
system 650 to remove hydrogen sulfide, an AKS solid adsorbent bed 1310 is used. The

adsorbent bed 1310 preferentially adsorbs hydrogen sulfide.

[0304] In the current adsorptive kinetic separation application, the hydrogen sulfide
25 components will be retained by the adsorbent bed 1310. This means that H,S will be
recovered at a lower pressure. The adsorbent bed 1310 may be used in conjunction with
pressure swing adsorption or rapid cycle pressure swing adsorption. Upon pressure
reduction, a natural gas liquids stream 1314 is released from the solid adsorbent bed at low
pressure. The natural gas liquids stream 1314 contains most of the sulfurous components
30 from the dehydrated gas stream 624, and may also contain heavy hydrocarbons and trace

amounts of carbon dioxide.
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propane recovery colum 1510 m xes a hydrocarbon solvent with the acid gas
stream 646 in a vessel. The tenperature in the first colum 1510 is

gener al | ywo200/a584080 F. I n the propane recovery col um PETQAIS2610l0¥031
absor bs hydrogen sul fide, causing the solvent to | eave the colum 1510 as a
sol vent bottons stream 1514. It will also contain sone carbon di oxide as 25
wel | as heavy hydrocarbons. At the sane tine, carbon dioxide and trace

anount s g0303]ght Thyeseaahbargeexilfidé hrel @@bamnaiolidd Grothihe bighvyalny dov@rtiudschn
stream 1554, The carbon djoxide in stream 1554 nay be conbjined with acid

gas i nj ecdisionl digilipggn CPl&m if jr%%ler.eénAu dptyligg §€ﬁ§§1u‘§ pheyen plok 328t iThs distiklong n

Fi gure 15A) b A SRt &

ex?ractlve Isgﬁfﬁkggghﬁ€%¥£ﬁ@e§g&% Ee secon %%f%éi?#@gm’|ssn%ﬁagﬂon

col um 1528tems Iﬁydﬁoﬁnrwtﬁﬂcadndmfhmrdloﬂh@aﬁeeerlpaxedttlumegh ovdrheadQR I3@dn\Lale
colum_ 15 neraII wh i gher. t han. the tenper.ature

o s o pRERSER ot v s itk 4Ainorasid, Sndbiat s e508 1398,

WO 2011/ %%Mgfﬁﬁﬁwwn%ﬂé%sﬁ%%@mol&taf&s heavie H,'fgﬁlnlgg%k&mﬂﬁﬁv&gme

colum 1520 as a second sol vent bottons stream 1524. At the sane tine,
carbon ditoxiondinexii22. {The hsexomdireaitoms MHA® nsha forovefiment @GSRiquidsectnt i8552.

The overh str m 1552 is.preferably.used for e n oi | recovery.
[0329] A (THRE 2001 DiyORs SBoEe s MR fiERy il REast ShaGRHRRERS cdninh S5E45 s
an 5 addidapteed REQMEry columm. The additive recovery colum 1530 uses

distillative principles to separate heavy hydrocarbon conponents, known as

"nat ur@l [98ge)! | AW igSioted thAThS lEHtve ﬁﬂ&lct LPRELGHS U[%]I%césﬁ' of @fstérﬁ' 1500 GRyum
1530 is generally 80 F to 350 F, which is higher than the erature in

t he secorndorcdienahcidl5Ro. reéﬁverln@ﬁlud@gelga@lﬁldﬁ qtud deaex hydopabew ﬁmm 11851361 gas

t hrough I|ne 1532 an e taken to a.treatin nit for the renoval ny
el i ng TRDE RrdSo! et HTES Crroda B WS ¢ Pl e don.ieihcut By i 11
ext r act orhak Ad¥qubelprés¥iufiRao bs ps@hell OF 2k 6£8id @sMYkAon t6wWér BWOAMH Sample of

[ 0323] Sol vent | eaves the additive recoverémcolunn 1530 as a botton1so|vent

stream 1534¢ss PRssyettavtd boprgesure sieptenthan 484 psigpr esent s a regener at ed
additive. A mgjority of the bottom solvent stream 1534 is reintroduced into
the fi¥st[03&TlurmTh& 20sdrbant thied 1S40 melcascy @ light cgaststrbdrmtl%h ;le@@tsss InEstee s

sol vent fr stream 1534. can o be. co as
Caui d stPORLSIIGR TEPUaT R Ehegae P EoeR g ratr ket At Aedime s

Fi gure 13fovie t¢ iddAghtd dga@%(sl de stréhnh 110€2 boRfe leﬁtrﬁl{c%fﬁfoaﬂieYCryogTéhliéﬂtiﬂﬁﬂatYMnt h
the CO2 in line 1552 and passed through a pressure booster 648 and then

i nj ect ed el sllmjb@itlfvétf@tlveogwwﬁsmmfa@dgh 130 the lighraasescingtrgars 13A7 eet i on

(AG) we rﬁﬁseg%hr%géﬁ n%fﬁggr%gor? Xm? FT%: Kanﬁzh?en thpo%éﬁhA%xﬁﬁlglo%edeélc% ¥os aAnckﬁn%J?edr of

met hods connecti O

aci d pas sbeﬂ@asakrem@@gaﬁrat@mernalaly,whtuthels raiﬁ’edstedjtcﬁﬂheaelﬁ da$ réhapanssdm 650.t he
condition of the raw natural gas, or the gas to be treated. For exanple, if

the H25 qoBe@Nt I &f bRhérSgdn@RS abpRAcRBUhe Geh¥tal 2o CiREAbY MSErdtRILBNS I tBY Beavy
approach may be best, 25 si nce dehydration is required anyway. Nblecular

si eves hawdrachgbons descexsiasistl ifono the katonisrigreamrd 6CdRWnsldaok e thadistillatiane a
“dirty” $HRL WB0.  1n one example, an adsorptive kinetic separation process is employed

downstream of the cryogenic distillation tower.

25 [0309] Figure 14 presents a schematic diagram of a gas processing facility 1400
employing an adsorptive kinetic separation process. This gas processing facility 1400 is
generally in accordance with the gas processing facility 1300 of Figure 13. However, in this
instance instead of using an AKS solid adsorbent bed 1310 upstream of an acid gas removal
system 650, an AKS solid adsorbent bed 1410 is used downstream of the acid gas removal

30 system 100.

[0310] It can be seen in Figure 14 that acid gases, that is, hydrogen sulfide and carbon

dioxide, are removed from the distillation tower 100 as a bottom liquefied acid gas stream
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[ 0326] For cases of about 0.1%to 10% H25 in the inlet gas, a physical

sol vent |i ke Sel exol TM may be the best option. It would be ideal for the
sol vent twoleldisg400as it could be used to dry the inletpPgaaiScaodam7 | evel .
For CFZ processing, the gas may require further 30 dehydration by a

(smal l er) nol ecul ar sieve unit. The concentrated H25 streamfromthe

Sel exol unit may be processed in a sulfur recovery unit (SRU), or may be

conpr essead2anThohduiid etreiwvint 642 heryGhplicnally & sht easugion ddvidrob43 dxhstbogﬁd
-63- WO 2011/ 053400PCT/ USZOlO/ 044137@%0327 ]It is understood that
above- desOPIAHERE Hasa BRI P! MefBaRcitgedirectd Daghimig die turey i‘?ﬂaawgs SH@araﬁﬂfH ed

i liz6s o %m%‘iﬂ% R P R PRy Bl ook SRR AR PPUREFRR: S0

contr one' ower . atlon

col umms [Iﬁ?]k fr ac l gé/ﬁd ase%%ot h?}ge 6%% g?e %GCI{\%\P%E’[P l;[ﬁef Ak lkﬁ éolllld dlsgr%e boe(deﬁlﬁss

such as |onat on nma use I oOna ower

simlag tThetdoed Ghsds r@min cbﬁﬂaﬂdrmﬂdt:lugurlﬁluid phust ag dlesy s tﬁtaly@ e bed 1410.
internedi ate freezing zone. A bulk fractionation tower typically operates
at a hi gHérdrpseassilfids anday heenzhydsearbomyare gqmayed froa g eicrogpspsing refasesde by

avoi i ng (R,60hk 4515 AL TALKAD «FOURNAY sudilier Pver RERR URINANE S54 BRI T2 ey

contain signfficant amounts o any instance, utilizing a sep rate
process fth]foughl eha AKS/ ablidoddsbytenobed 1410 hndlerd sichSedes i rmktbms vile@hgdsh@rcam
dehydrate as stream 624 conprises greater than about 3 % C2 or heavier
hydr ocar blé‘ﬂg [0328]Wiile it will be apparent that the inventions herein
descrl bed are well calculated to achieve the benefits and advantages set
fort h1Qpd0312]i ¢ @icid gases inghe betforrsearid gststicpa 1dhd &Hpsinisa primaglysleapd phase: t o

odi 11 cat N ggkdALLAN 00 Ghange 144 NOUT pASAALT % TLAM AR 1L (SRITAEh

t hereof | nprovenents to e operation gas renoval® pr oce S using
a cont r ol Alegndtivebzi thg lmnﬁedaraeldpgms dedlincThé14 mp%em;ﬁeﬁ:dprr@yladeul&uﬂe& gn

f28r11; gg 3&8@%%@%%%%@%%&@17)&%&% as &n?evgtllog\fglG%) {Vgllé Qse 1nd{c(a)1‘gI ﬂ qock 649 In
this instance, the acid gas in line 646 is preferably passed through a pressure booster 648.

15 [0313] It is noted that the natural gas liquids stream 1412 contains heavy hydrocarbons as
well as hydrogen sulfide and trace amounts of carbon dioxide. A distillative process is thus
undertaken to separate H,S and CO; out of the natural gas liquids stream 1412. A distilling
vessel is shown at 1420. H,S and trace CO; gases are released from the distilling vessel 1420
through an overhead line 1424. Line 1424 is preferably merged with bottoms acid gas stream

20 1414 for acid gas injection into reservoir 649. Heavy hydrocarbons exit the vessel 1420

through a bottom line 1422 and are captured for sale.

[0314] Figure 15A is a schematic diagram of a gas processing facility 1500 of the present
invention, in another embodiment. In this arrangement, hydrogen sulfide is removed from a
gas stream downstream of an acid gas removal system 650 by means of an extractive

25 distillation process. The extractive distillation process is represented by Box 1550.

[0315] This illustrative gas processing facility 1500 is generally in accordance with the
gas processing facility 600 of Figure 6. In this respect, a dehydrated gas stream 624 is chilled
and then delivered to an acid gas removal system 650 through sour gas line 611. However,
instead of using a solvent contacting system 605 along with contacting towers upstream of
30 the acid gas removal system 650, an extractive distillation process is used downstream of the

acid gas removal system 650.
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What is claimed is: 1. A systemfor renoving acid gases froma sour gas
stream conprising: an acid gas renoval systemfor receiving the sour gas
stream wNonreiwss4ve acid gas 5 renoval systemutilizes &CErosegei437
distillation tower that separates the sour gas streaminto an overhead gas
stream conprised primarily of nethane, and a |iquefied bottom acid gas
stream conprised primarily of carbon di oxi de; and a sul furous
conponent[83r@ oV al casylst &ehUpHtig@amsef tHahehidled dogagasr gasmsathraigh tigid 6 Mhatdei n
t he sul furous conmponents renoval systemrecejves a raw gas stream and
gener al | 00 $iparidiees remavH awsigas 029 1 eldin shklest sousyas dgetnesed i hefe thet $a8em

and the Sy 08y Sk theehydrated 1owS ts%ghﬁf #4. ai %’Vg f# Nnd 381 TBMpIRS
stream cont ioﬁls§%eism§rr?ea%o%'tea-4 pp%%%an 10% ppm Sljjsloyu %{Js c%éntpaonec%t é) 15
3. The syshehamefalelgwith Bydroper filfidd el crlyomghoxide.aEihdngasweléaotrade cdgrsdmnsof

further conpri sgﬁ.a heat exchanger fﬁr chilling the sour gas stream before
entry 1 ntBUeEE Reljpgynd womates PERSORC PEWEY. 4. The system of claim 3,
wherein: 20the cryogenic distillation tower conprises a |ower_ distillation
zone and [37Int e?ﬁ%@%& gasdpdinedi | fgrst prtersi the colypm 1Pt Thisdeax b the w@cgas

liquid sprmy %&Q&%bﬁf‘o‘i‘n P{Sétu?@srf hya @F A@%ﬁi&ﬁ&%ﬁ ab%e, HRVEEZ LQE& wo%@ﬁ%@%ﬁ&&e”
separating the sour gas reaminto an overhead fethane stream anhd the
bot t om acbodr gasingt aeamgrhemidmethane streanefl t 2 ged athodoms gigidogasndtredmmévet r athnisof

the cryogenic distillatian tower f cool.i 25 the overhe met han tream
and ret urlﬂ%twgceathsiw?laﬁ RPN IR N st é@md[e&n?ﬂ\@dr@g%aﬁﬂﬁ%
distillation tower as the cold spray. 5. The system of claim2, wherein

the atf dflgé%?l_r embPabotgms siFam 420aik optiena{ly disatand threyah érflf:bcst?r 643. Tyem
conpr 1 sodnG N o ATRE LR 5 ¥ itk (b0 BRI o BT e 525 rne

syst em ofstrehmiodn 6 Thedam@ningtflued cdreypnised prisalriyeof hycloogenisaErlcraat loyibod idéixtiden ol
am ne ( MDEA .of solvents, or

conbi nat ol HsFepeia 3%3@%4{62 %5@%3%@1@?‘ ¢ ian it Bap and
sol vent syal-eMeWkirhdtARLQiIRIS &stdny 190, CO-

15 [0319] Figure 15B is a detailed schematic diagram of the gas processing facility 1550 for
the extractive distillation process. Line 646 can be seen carrying acid gases to the extractive
distillation facility 1550. In the illustrative arrangement of Figure 15B, three extractive
distillation columns 1510, 1520 and 1530 are shown. However, it is understood that more

than three columns may be employed.

20 [0320] The extractive distillation column 1510 is a propane recovery column. The
propane recovery column 1510 mixes a hydrocarbon solvent with the acid gas stream 646 in
a vessel. The temperature in the first column 1510 is generally -100° to 50° F. In the propane
recovery column 1510, solvent absorbs hydrogen sulfide, causing the solvent to leave the
column 1510 as a solvent bottoms stream 1514. It will also contain some carbon dioxide as
25 well as heavy hydrocarbons. At the same time, carbon dioxide and trace amounts of light
hydrocarbons exit the column 1510 through an overhead stream 1554. The carbon dioxide in
stream 1554 may be combined with acid gas injection line 1552 for injection into a

subsurface formation (649 in Figure 15A).

[0321] The solvent bottoms stream 1514 enters the second extractive distillation column
30 1520. The second extractive distillation column 1520 is a CO;, removal column. The
temperature in the CO; removal column 1520 is generally 0° to 250° F, which is higher than

the temperature in the propane recovery column 1510. In the CO, removal column 1520,
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current contactors. 9. The systemof claim8, wherein the co-current
contactors of the chem cal solvent system conprise: 10a first co-current
cont act orwoanfi/gs4oed to receive (i) the raw gas stream aoa/useéip/oatisecond
liquid solvent, the first co-current contactor also being configured to
release (iii) a first partially-sweetened gas stream conprised primarily of
nmet hane and (iv) a first partially-loaded gas-treating solution; a second

CO- cur r enpheanimchary ¢gtfdcgtbord ldaoe frcailvan (1620 bhe stdondtsolvent bottoms stream
partially-sweetened 15 gas stream and athird liquid solvent, and is

confi gur éd?to HMdhesyae (lmep yaramé dlaifl %ﬁStt%eaﬁqcyn%ml@fr@nb@ O sAnsq e
(1v) a segand 1835 tirgl B‘yer% , GRS 5336} {é@lgtu's&pfor Qlﬂglnced oil rec@vécdl nal

co-current contactor con |gured to recelv previ o

partiall g[8§¥!je glng olur%lel%qpl %ogvl I1)11 l‘:;1 ?ﬂ?r :f[‘hee ﬁnalqgolumgof%% i an®

COﬂfIgUF ease III smeete gas ream conpri se

primarjl yadafnve&édbaze@ co’chﬁtﬂn( Mhg aadihlva @écokfbtgf'ﬁohynﬂ 05s3ledseg Asstillafvd predtiplagto
sol ution; where the h drogen sulfide streamis co$ i sed at | east
in part OFPYRAE heavsshycbaeetrb% P%}nﬂ’%ﬂ‘éd L by artyralgeas diayidsonreRdobveet: sEdond

partial | %eﬂlg&gft?l‘ijT mettﬁl‘?&%bl%ﬂmsﬁ%tﬂs nerdiid shNE %QQWW&EH id hi h%ﬁé ﬁr?lt e”t

is conprise east In part o gener-at ed sol vent stre ere
t he hydr agepecratulrd mdehd"lascolnéeamlmmh)slﬁaﬁt i ‘Bhd watuexioyes diduidsmesat tlheeaslhnmhésa‘(] rst

partially a ating solution and secon artially:| ed
gas-treat! ngggilmﬁ? and gfs, g0 té?ﬁ“é‘&lunétcﬁ)’(/gﬁtre@%? agy r@ﬁﬁ%mgﬁgdsrm her
conpr @i NE,. 3Piis kﬂeﬂﬁﬂgjurﬁphl\éﬁ Bk arlfc@@dlﬁﬁ]ﬁh%&t&&&f inOuies atnthel i€ GSdV Ror .Sl @F St
the first partially-loaded gas- treating solution, and to produce the
r egener atregovalgior éxaopleent . WO 2011/ 053400PCT/ US2010/ 044137 11. The gas
processing facility of claim9, wherein: the liquid solvent and the
regener at[8823]i quBdlvend leevids thomditse @chvendeokechrandbiteas a betoni aolyc@nstroam or
conbi nat IlOSIgi. tTtl]lg rbeé‘gtjtfor'n solvent stream 1534 represents a regenerated additive. A majority of the
bottom solvent stream 1534 is reintroduced into the first column 1510 for the extractive
15 distillation process. Excess solvent from stream 1534 can optionally be combined with the

natural gas liquid stream 1532 for treatment via line 1536.

[0324] Referring again to Figure 15A, the carbon dioxide in line 1554 is preferably
combined with the CO; in line 1552 and passed through a pressure booster 648 and then
injected into a subsurface formation through one or more acid gas injection (AGI) wells as

20 indicated by block 649.

[0325] As can be seen, a number of methods may be used to remove sulfurous
components in connection with an acid gas removal process. Generally, the method chosen is
dependent on the condition of the raw natural gas, or the gas to be treated. For example, if
the H,S concentration is less than about 0.1%, a combined mole sieve approach may be best,
25 since dehydration is required anyway. Molecular sieves have the added benefit of removing

some CO,, which can facilitate a "dirty" startup.

[0326] For cases of about 0.1% to 10% H,S in the inlet gas, a physical solvent like
Selexol™ may be the best option. It would be ideal for the solvent to be dry, as it could be
used to dry the inlet gas to some level. For CFZ processing, the gas may require further
30 dchydration by a (smaller) molecular sieve unit. The concentrated H,S stream from the
Selexol unit may be processed in a sulfur recovery unit (SRU), or may be compressed and

combined with the CFZ bottom stream for downhole disposal.
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5 12. The system of claim@8, wherein the co-current contactors of the

chem cal sol vent system conpri se: a first co-current contactor, a
second cowounrigds4ocont actor and a final co-current cont acrarsoeaeh3of these
co-current contactors being configured (i) to receive the raw gas stream
and a liquid solvent, and (ii) to rel ease a sweetened gas stream and a
separate | oaded 10 gas-treating sol ution; the first co-current

cont act or[p3271e sacionmdestoodrthenthe cbovadésribéh ehetiods ffondle @oofulr sf£AY¥drogen
contactor bejng configured to deliver the respective sweetened gas streans
as progr s&tideengy Bguaep @RBCIOP ik 21h 2Gd (2R ESMQRY process, not fupea Pragsss

CO- CUTT ey GQIEACE OonddiEd TREALAO1GUE SOhel BRIBENiPlaidgio CollitiS tmay be
co-current 15 contactor being arranged to deliver the respective

gas-t r eatdanqgoyadl Ufurties alser piragieessdistélayion ipodvesseg) ascht aseatlk figetsmlatibn omy ben
series . . The method of claim12, rein: .the fjrs

cor cur ersedofdudt Eﬁctf%lea%we( 19 St font £ tgWar 100 GamEiRSd: Pi <§06§ 88bnd
l'iquid 2G),$0hN gtbmAnte 8EAaS &Ml 1A bllkardctibRdtionabl balybXamVepdeRe d: JRZher
streamand (iv) a first partially-loaded gas-treating solution; t he
second carewnreethian cohitac toverr E¥kisuek asi gbovhe’ M psig, pgrrabyadvopdiggeePenelddsgas
streamfromthe first coscurrent. coptactor an ii) a thirdJiquid solvent,
and rel et H6ShaERR AR SRIHACHRLrERLa bRl it iy R o
second par®j.alih ¥n}y eagede Jaslidineatdepara@OprotdsoTor BROreAVAINGS hydiatenCar Gl LNt
contactor receives é%) aﬂfreV|ous partially-sweetened gas streamand (ii) a
r egend} atdsgirableywhen Bldgbydrated gds stedapnddscomunrisys grepiendien shpdtienda Qjdsager eam
and (iv)lgdh&ﬁﬁ%ngightly-loaded gas-treating sol ution. 14. The system
of claim?2, erein the sul furous conponents renoval system conprises 30 a

physi cal ent .system.that utilizes a.physical solyvent. = WO

D011/ 053RS LS RoT B B ot B BT S Cher S ar Sl clgutated
physi cal t50icheRt BeMRhESSSalY BBfgeP¥EOdridabsve, At @l BNapsatiaRaathes the
met hyl cyanoacetate, refrigerated methanol, tetranethyl ene sulfone,

Sel exol TNpvastionbAtsi saeaPbhls toraedbeation. Y@iaee andshangcolithowidepating drese &in
the plysigal f?l%}e‘é?”tl@ﬁéﬁ‘éﬁlgsoﬁghef Gperation of 47 a&ﬁsggblt%ﬁweofvglg pldEe& Wil o he

raw gas Stream and se gas streamin r gas s eam
and the hydfrogahfresdidd gesdre Pasvidddh eTHyyghpeeesmeiitd prioflRlc it dasum 6 fiy tciiogl

hydrogen sul fide and a quuid phgsical sol vent; at least two
separ at ord Hagrdopinge ¥8wi 1pY levrds WyiBe BpdHCtddff | de stream so as to separate 10
hydr ogen sul fide from physical solvent; and a regenerator for

regenerating the physical solvent and returning at |east a part of the
physi cal solvent to the absorber.
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17. The systemof claim 2, wherein: 15the sul furous conponents renova
system conprises at | east one solid adsorbent bed for substantially

adsor bi ngveubfunsaws conponents, the sul furous conponent #Chaisegonedisased as
t he hydrogen sulfide streamwhen the at | east one solid adsorbent bed is
regenerated; and the at | east one solid adsorbent bed substantially
passes nethane and CO2 as the sour gas stream 20 18. The system of claim
17, wher efimivie solid adsorbent bed (i) is fabricated froma zeolite
naterlal or (ij) conprises at |east one nol ecul ar sieve. 19. The system
of clalnﬂYQM1ﬁﬁ@F@Whmthe sul furous comnponents renoval system further 25
conprises; a se f Wlof urous
component’s i n R P og s R s e R A0 SR R SR e e m 17
wherein the regewdd ghd mmaval gatdm dér mcqmvmgsthe eemv\g'asgtradapwﬂlbneunﬂmrawbg& 30
21. Thg ste of cl aim 20, mherelqﬁige at aﬁt one solid adsorbent bed
conprile CIpvy e@ggtpmttﬁlrhggs a&@l&rgﬁlélﬁtdl ‘gon stfqr' a‘y\éeparates the sour gas stream into

2011/ 0534R0RCH A0 U044 1 ishd gﬁhaﬁﬁy bR curk B! o iRfusRed5ARREq DRDS

being in service for adsorbing rogen sulfide; a second of the at |east
t hree adsmﬁbemvmmedshund@ﬂg@éSMbegémBKEtm@h and a third of the

at | east three 1ﬂforbent beds, i s heHd i resgrve tp rgghgce t he f rst of
the 5 at |east® PHIERUSIHUBIPERS HRGLa sysom $ireainse e P& Fﬁ“ﬁ’fa WRARY
the sul f uiissin GREOPAREBHS carBpENéals rémsbﬁr@yﬁt@ﬁlt REEIVEOIRIW LS stecavd Gkl Brrdepdlly
appl ying negative relative pressure to the first of the at |east three

adsor bBentscpEdss ths rayveap pireias Bid s Rydmger vdléde sigem and the sow ghestfdapst of t he
at |east three 10 adsorbent beds before the hydrogen sulfide streamenters
the separator. 23. The systemof claim 17, wherein the regeneration is
part of &.t herTiml systang chdmol, pihicedin fHeQ8®SQs stream contains between about 4 ppm and

100 ppm sulfurous components.

15 3. The system of claim 2, wherein the cryogenic acid gas removal system further
comprises a heat exchanger for chilling the sour gas stream before entry into the cryogenic

distillation tower.

4. The system of claim 3, wherein:

20 the cryogenic distillation tower comprises a lower distillation zone and an
intermediate controlled freezing zone that receives a cold liquid spray comprised primarily of
methane, the tower receiving and then separating the sour gas stream into an overhead
methane stream and the bottom acid gas stream; and

refrigeration equipment downstream of the cryogenic distillation tower for cooling
25 the overhead methane stream and returning a portion of the overhead methane stream to the

cryogenic distillation tower as the cold spray.

5. The system of claim 2, wherein the acid gas removal system is a bulk fractionation
System.

30
6. The system of claim 2, wherein the sulfurous components removal system comprises

a chemical solvent system.

-65-



15 24. The system of claim 23, wherein the at | east one solid adsorbent bed
conprises at |east three adsorbent beds, with: a first of the at |east

t hree adswohkemntoskwds bei ng in service for adsorbi ng hydrogars2euioiiide; a
second of the at |east three adsorbent beds undergoes regeneration; and 20a
third of the at | east three adsorbent beds is held in reserve to repl ace
the first of the at | east three adsorbent beds. 25.The system of claim 24,
wher ei n: t.he SIHHef sirsaus of @igiane, niﬁvﬁetfeﬁlﬁﬂiéa&heﬁﬁsdl Erﬂl\fetlf thapriegnméthgledicthanol
regeneration gas heater 25 for (i) receiving a enerating gas, (il
heating t3ane dyENeMhtdetrlefdiye aamige (fram p E@wb. %ﬁé@@ﬁ%um CaBbmMAHARS he
second aqg Q@nt bed by applying heat fromthe heated regenerated gas to

t he second adsorbent bed; t he regeneration gas heater rel eases a gas
streamto the first solid adsorbent bed for separation of the gas stream

isﬂf £ uﬁgef ngﬁwgﬁaf?%h{@dmiv g@@ﬂf@ﬂ] q gl ¢ 6‘%&?‘1 s%été%%%@%‘é‘ﬁ aﬁes%lﬂ? of co-

separ at i NGr@Ht coaf¥tdyet hane from the hydrogen sul fide stream

W02011/ 053400PCT/ US2010/ 044137 26. The system of claim 25, wherein the
sul f urous conponents renoval systen1further conprlses a cool er for
receivin t he dr ogen !fldg rean%and Chl| Hhe €p&{ﬁ$§ hf
fluid stream befoP8 P% oF {a4P st KRCTEUpTF 4% ‘F““eg 29 ThE™sYst& fm%al °
wher ei n: gystem cobfp@issul f urous conponents renoval system conprises at Ieast
one solid adsorbent bed for substantially adsorbing hydrogen sulfide, the
hydr ofén sul fi%j@f%éior@mieé'{ é@m@ﬂaoragortﬂg@mﬁfjlm wgeine SOl the dew 3o sHigpmiad (tnhél at

| east O“E‘Segogiéii 12 1@ 8fx£§€“threbﬁ{jst 'o3- cﬁﬁ%“ﬁm?éc‘?o‘i‘ ?o“ﬁ‘elﬁg%orgﬁ%dr&?% r808e S0

adsor bent anti al'ly passes net hane an car
first partially-sweetened gas stream comprised primarily of methane and (iv) a first partially-

loaded gas-treating solution;
a second co-current contactor configured to receive (i) the first partially-sweetened
15 gas stream and (ii) a third liquid solvent, and is configured to release (iii) a second partially-
sweetened gas stream and (iv) a second partially-loaded gas-treating solution; and
a final co-current contactor configured to receive (i) a previous partially-sweetened
gas stream, and (i) a regenerated liquid solvent, and configured to release (iii) a final
sweetened gas stream comprised primarily of methane, and (iv) a final lightly-loaded gas-
20 treating solution;
wherein:
the hydrogen sulfide stream is comprised at least in part of the first partially-
loaded gas-treating solution and the second partially-loaded gas-treating solution; and
the regenerated liquid solvent is comprised at least in part of a regenerated
25 solvent stream whereby the hydrogen sulfide has been substantially removed from at
least the first partially-loaded gas-treating solution and the second partially-loaded

gas-treating solution.
10. The chemical solvent system of claim 9, further comprising:

30 a liquid solvent regenerator configured to receive at least the first partially-loaded gas-

treating solution, and to produce the regenerated liquid solvent.
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10 as the sour gas stream 28.The systemof claim 27, wherein the at |east
one solid adsorbent bed is an adsorptive kinetic separations bed. 15 29. The
syst em ofwol2aimns2400wher ei n t he sul furous conponents renmpPCAIUSIYID0STB7
conprises a redox system 30. The system of claim 29, wherein the redox
system conprises: a contactor for receiving the raw gas stream and a

chel ated oxi di zed netal, the 20 chel ated oxidized netal mxing with the raw

gas streadrm. so He dad paausingfatidicuet dloinr @xitdatinon reaction and to rel ease (i)
a bottom aqueous sol ution conprising a chel ated reduced, netal and el enental
sul fur, and (ithy lignidospdyenéaad dhg regeperaierd ditvit slaentgompsish anindsigd cativo

di oxi de; tertiary arfifle !c@%ﬂaﬁ%ﬂ%‘éﬁe‘&?i ving the bottom aqueous sol ution al ong
with air, and providing a chanber tor an oxidation reaction, the oxidizer

rel easi ng an aqueous chel ated netal m xture 25 with el enmental sulfur;

a separatqr f receivi t he aqueous_ chel ated netal mxtyre w th. el enental
sulfur> o sclr SE1o, Of RETHqheR IO S HosTrat ST Tt SRS SR

sul fur infem doagener ated chel ated metal catal yst solution and el emental
sul fur; and aline for directing at |least a portion of the

regener at ed clelliatt exp-orateal contaetoysa ssaindt f@ourBOt bmokaciontandt hdinab epauttent,
31. The s s% e{é\ of IQ?[jtg\ 2, V\/nereitn t he su] f.ur ous conﬁgggnts rremgval system
conpri se<ORAEOL G UGSt EhiUB! 56151 0E320BPCTM USIEL 6 d4TSFHC 55 Taphgas
system ofstehiai ait 3Liquid 65106, AM¥N(iS CAVEaEEh sHElcROT SRRSO Asdphte MWAGIE! N
a liquid scavenging agent is mxed wwth the raw gas stream a separating

vessel0 f gasdispareataly{Pt he raw gas streaminto the sour gas streamand a 5
spent scavengey, ﬁi{t %8‘%\1“%&%%&%{2) tglgg%q?)ﬂg%g-cﬁ%ﬁmn?a%wraha 96 AN L QPR

sul fide and the ['iqurd scavengi ng
contactor being configured to deliver the respective sweetened gas streams as progressively

sweetened gas streams in series; and
the final co-current contactor, the second co-current contactor and the first co-current
15 contactor being arranged to deliver the respective gas-treating solutions as progressively

richer gas-treating solutions in series.

13. The method of claim 12, wherein:
the first co-current contactor receives (i) the initial gas stream and a (i1) second liquid
20 solvent, and releases (iii) a first partially-sweetened gas stream and (iv) a first partially-
loaded gas-treating solution;
the second co-current contactor receives (i) the first partially-sweetened gas stream
from the first co-current contactor and (ii) a third liquid solvent, and releases (iii) a second
partially-sweetened gas stream and (iv) a second partially-loaded gas-treating solution, and
25 the final co-current contactor receives (i) a previous partially-sweetened gas stream
and (ii) a regenerated liquid solvent, and releases (iii) a final sweetened gas stream and (iv) a

final lightly-loaded gas-treating solution.

14. The system of claim 2, wherein the sulfurous components removal system comprises

30 aphysical solvent system that utilizes a physical solvent.

-67-



33. The systemof claim2, wherein the overhead gas stream conprises not
only nethane, but also helium nitrogen, or conbinations thereof 10 34.
The syst ewpabiialsaiom 2, wherei n the sul furous conponent s PCEMS2@E/0$4131 em

conprises a systemfor inplenmenting a CrystaSulf process. 35. The
system of claim 34, wherein the sul furous conponents renoval system further
15 conpri ses an absorber for receiving (i) the sour gas stream and

(i) an ol di ZIteg sg@smasf aclaed ubli RctdiuBe, plhystcadXdoivehit Ngorgdssci Ximgthyl t h
the raw gas stream so as to cause a chem cal reaction such that the

absor ber Rr9llidence grapylonp gardgngte.gathyk ovaneacsits. rofiigerpisd aaathanol tefmmpdintlene
conpri Se%u%rhé’}’%tef%&olmy&if&%%ﬁ‘na?ﬂd% {hgf'eo?.nd the oxidi zing gas; 20a flask for
ent into (1

separating the liquid sor an overhead vapor stream conpri sed
primarily of hydrocarbon gases and any entrai ned water vapor, and (ii) a

sul fur_sol utiqp; separatin essel. for separating water fromthe
hydr ocar bén g §yétﬁﬁl Qfglla}lvelrar Wbe’jteﬁbt\{lﬁygysd??#%ﬁm&é{%t@@% >t the raw gas
stream a cryshaldshdef fdrQbediGREHN A% gzltkesuseuhlf d @ghﬂaﬁhgme Faklﬁ%ééréfr%ﬁﬁ' ihtozer

seeding the sulfur 25 solution"with sulfur crystals ina settlTing zone to
ef f ect prtbebpirtgas sloganoindiihs dytxogdn sulilestreannghe hydrogdn sutlade fticpny @ingassingg a

sul fur slurry fr a | r porti.on of the crystallizer, and (ii) directing
a |iquor hfyld{)(ilﬁegrsil%ﬁgﬁ8?8%@%11%63@'8?&58 YeBbystal l'i zer as the oxidizing gas,
with a portiomtQéast Ao kéfuabrsbBl PebcdisiCinethydasden tsalfideestRBSOJDS to @pblrate

a filter for separating the sulfur slurry into pure solid sulfur and a
cl ear 10 i dwdrogen lyelfide fioneplysicabgpdyenbeindlg directed back to the crystallizer.

WD 2011/ 05340 0a%%ér§§%§%% ?eg%ﬂéi:[llg%tin the é&sic %}é%% Er?me?&m&{gaéit %a%t a éh'lrt tolP &

conpri si ng: on apparatus receiving the raw gas stream
bef or e i tphpeaissieslvichr touhalisoebesul f ur ous conponents renoval system and
separating the raw gas streaminto a dehydrated raw gas stream and a stream
conprised substantially of an aqueous fluid; and 5wherein the raw gas

stream relgei Vel sk hS Slif W Qs gemponent s renoval systemis the
r

dehydrat e aw gas stream 37. A systemfor renoving acid gases froma sour
gas si¥eam cchpsulfirogs campaaentd rgasval apsvml comypsisemtfloast pee solid miyotheet salur

gas str eafjg} sutbrs]gmtslﬁglr ac%gﬁ)insg sru?f%%us components, the sulfurous components being released as
the hydrogen sulfide stream when the at least one solid adsorbent bed is regenerated; and
the at least one solid adsorbent bed substantially passes methane and CO; as the sour
gas stream.
20
18.  The system of claim 17, wherein the solid adsorbent bed (i) is fabricated from a

zeolite material, or (ii) comprises at least one molecular sieve.

19.  The system of claim 18, wherein the sulfurous components removal system further
25 comprises a separator for separating carbon dioxide from sulfurous components in the

hydrogen sulfide stream.

20.  The system of claim 17, wherein the regeneration is part of a pressure-swing
adsorption process.

30
21.  The system of claim 20, wherein the at least one solid adsorbent bed comprises at

least three adsorbent beds, with:
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10 conprising | ess than about 10% sul furous conponents, wherein the acid
gas renoval systemutilizes a cryogenic distillation tower that separates

t he sour waxsEKSa&AM i Nt o an over head gas stream conpri sedTsomoiud197 of

nmet hane, and a liquid bottom acid gas stream conprised prinmarily of carbon
di oxi de and sul furous conponents; and a sul furous conponents renoval system
downstream of the acid gas renoval system 15 wherein the sulfurous
conmponent s renpiiak ofYisd eimchgaicserlsdibentbigdds d¥ingCindscgeise $drr RRoAbaOhgRogmal | y
separates the bottomacid gas streaminto a carbon dioxide fluid stream and

a hydrogelfidst fi de stream 38. The systemof claim 37, wherein the
acid gas renoy, AR LULih el JARS R Q hangelndf or chilling
t he sour gas safgregglﬁ%e?%reéesnt rrglé:ﬁ%étgt;bl etﬁgedgius?él’}%?%t F%E?rﬁ'%t o&e’r .nd 39. The

system of cl aiath88,of whreatdeast three adspdgenbalsds beldlih atseor tb oepdacectberfirst o€ she

a |l ower di ?til atiqn zon nd an internediate controlled freezing zone that
recei vis % @8 Hroeid Eﬂrée EF%V conprised primarily of methane, the tower
receiving and then separating the 25 sour gas streaminto an overhead

met hane stream and a bottom|liquefied acid gas stream and

refri ger &2 on Eguypteenof dewntly adwreaf thehslbrquogemipondits trétho el isystemofivtherf or

cooling the overhead nethane,stream.and returnin ortion.of the over head
ot hana SOPBRNL b VR auehite BRabT rebfsnb s B bR i Citle o 1 55

40. The sygiteBemf bédsabid7in JBIHRN h&&t@iérwsﬁllﬂiﬁetﬁormtﬁ@qn@tnbﬁ tHeeAD WAkt Gyst em
conprises: WXR2011/053400PCT/ US2010/ 044137 at | east one solid

adsor bentadpagertdedsbefercdhe hudrpgeragdisdaitisgmppsrdiescRaittPl.de from t he bottom
acid gas stream the hydrogen sulfide being released as the hydrogen

sul fide stream when the at | east one solid adsorbent bed is regenerated,
and 23. Theespdterh eds tladmel Bolvhereadsiosr heguneheidn siybgdranifi al thyrmpassas:

aci d gases conprising carbon 5 dioxide as the carbon dioxide fluid stream
41. The s\SPYRTIM PEOCESmM 40, wherein the at |east one solid adsorbent bed
conprises at |east one adsorptive kinetic separations bed. 10 42. The system
of claim 37, wherein the sul furous conponents renoval system conprises an
extratiivd. di skhiel dyatenonf shpgt &% Indreirang that atl leas tone woliéatds@bentvieddiospirisbsati on
col umms. The, system of claim 42, wherein the extractive distillation

43, ‘
system Cdﬁiﬁ} fheegadsorbent beds, with:
a first of the at least three adsorbent beds being in service for adsorbing hydrogen

sulfide;
a second of the at least three adsorbent beds undergoes regeneration; and
20 a third of the at least three adsorbent beds is held in reserve to replace the first of the

at least three adsorbent beds.

25.  The system of claim 24, wherein:
the sulfurous components removal system further comprises a regeneration gas heater
25 for (i) receiving a regenerating gas, (ii) heating the regenerated gas, and (iii) desorbing
hydrogen sulfide from the second adsorbent bed by applying heat from the heated
regenerated gas to the second adsorbent bed;
the regeneration gas heater releases a gas stream to the first solid adsorbent bed for
separation of the gas stream into the hydrogen sulfide stream and the sour gas stream; and
30 the sulfurous components removal system further comprises a separator for separating

out any methane from the hydrogen sulfide stream.
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a first extractive distillation colum that serves as a propane recovery
columm, the 15 propane recovery colum m xing a solvent with the acid gas
st ream t owahsaris3@ei d gases, causi ng the sol vent to | eaPeTiuseo100kudn as a
sol vent bottons stream while separately rel easing the carbon dioxide
stream a second extractive distillation colum that serves as a CO2
renmoval columm, the CO2 renoval columm causing solvent and heavy

hydr ocar [3sns tThel gateen bhelaani2g, gaﬁrdireﬂwaﬂfuz&sc@inwmeﬁs r&n@@ﬂ@pﬁe@oﬁumﬁm
bottons stream whil e se arately r el easi ng
extract i VOTHIISES P 9OIH Ok deashving g hgém%% Salﬁdﬁrﬁt@am ﬁ%ém.ﬂ@tgov@r byctreg@rm

the addi td,yfye" @gﬁ&%“G&%anaﬂéﬁowﬁgg%5hklatlve principles to separate

heavy hydrocarbon conponents natural gas liquids," from sol vent
such t hat a botton1so|vent streamis rel eased as a regenerated additive,

whi |l e at as |iquid arately exit the colum 25 overhead. 44. The
syste clal 9?7mﬁﬁéﬁéiﬁmﬁﬁ hefi gas stream conprises |ess than about 1%

sul fur OUS compps @ﬁlﬁﬁous:g&rﬁﬁmw@ rENSTA @&ﬁgm(aoﬁ{pmsggatvl’&%'f 8h& sd1RLaRBHenRS
stream conpri ses between about 4 ppm and 100 ppm sul f urous conponents.
for substantially adsorbing hydrogen sulfide, the hydrogen sulfide being released as the
hydrogen sulfide stream when the at least one solid adsorbent bed is regenerated; and
the at least one solid adsorbent bed substantially passes methane and carbon dioxide

10  as the sour gas stream.

28.  The system of claim 27, wherein the at least one solid adsorbent bed is an adsorptive

kinetic separations bed.

15 29.  The system of claim 2, wherein the sulfurous components removal system comprises

a redox system.

30.  The system of claim 29, wherein the redox system comprises:
a contactor for receiving the raw gas stream and a chelated oxidized metal, the
20 chelated oxidized metal mixing with the raw gas stream so as to cause a reduction-oxidation
reaction and to release (i) a bottom aqueous solution comprising a chelated reduced metal and
elemental sulfur, and (i1) an overhead gas stream comprised of methane and carbon dioxide;

an oxidizer for receiving the bottom aqueous solution along with air, and providing a

chamber for an oxidation reaction, the oxidizer releasing an aqueous chelated metal mixture
25  with elemental sulfur;

a separator for receiving the aqueous chelated metal mixture with elemental sulfur,
and separating the aqueous chelated metal mixture with elemental sulfur into a regenerated
chelated metal catalyst solution and elemental sulfur; and

a line for directing at least a portion of the regenerated chelated metal catalyst solution

30 back into the contactor.

31.  The system of claim 2, wherein the sulfurous components removal system comprises

a scavenger system.
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32.  The system of claim 31, wherein the scavenger system comprises:

a line wherein a liquid scavenging agent is mixed with the raw gas stream;

a separating vessel for separating the raw gas stream into the sour gas stream and a
spent scavenger stream, the spent scavenger stream comprising hydrogen sulfide and the

liquid scavenging agent.

33.  The system of claim 2, wherein the overhead gas stream comprises not only methane,

but also helium, nitrogen, or combinations thereof.

34.  The system of claim 2, wherein the sulfurous components removal system comprises

a system for implementing a CrystaSulf process.

35.  The system of claim 34, wherein the sulfurous components removal system further
comprises:

an absorber for receiving (i) the sour gas stream and (i1) an oxidizing gas as a
scrubbing liquor, the oxidizing gas mixing with the raw gas stream so as to cause a chemical
reaction such that the absorber (i) releases the sour gas stream and (ii) releases a sorbent
comprised of water, hydrogen sulfide and the oxidizing gas;

a flask for separating the liquid sorbent into (i) an overhead vapor stream comprised
primarily of hydrocarbon gases and any entrained water vapor, and (ii) a sulfur solution;

a separating vessel for separating water from the hydrocarbon gases and delivering the
hydrocarbon gases back to the raw gas stream;

a crystallizer for receiving the sulfur solution, the crystallizer seeding the sulfur
solution with sulfur crystals in a settling zone to effect precipitation of dissolved sulfur, the
crystallizer (i) releasing a sulfur slurry from a lower portion of the crystallizer, and (ii)
directing a liquor from an upper portion of the crystallizer as the oxidizing gas, with a portion
of the liquor being directed back to the absorber; and

a filter for separating the sulfur slurry into pure solid sulfur and a clear liquor, the

clear liquor being directed back to the crystallizer.
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36.  The system of claim 2, further comprising:

a dehydration apparatus for receiving the raw gas stream before it passes through the
sulfurous components removal system, and separating the raw gas stream into a dehydrated
raw gas stream and a stream comprised substantially of an aqueous fluid; and

wherein the raw gas stream received by the sulfurous components removal system is

the dehydrated raw gas stream.

37. A system for removing acid gases from a sour gas stream, comprising;:

an acid gas removal system for receiving the sour gas stream, the sour gas stream
comprising less than about 10% sulfurous components, wherein the acid gas removal system
utilizes a cryogenic distillation tower that separates the sour gas stream into an overhead gas
stream comprised primarily of methane, and a liquid bottom acid gas stream comprised
primarily of carbon dioxide and sulfurous components; and

a sulfurous components removal system downstream of the acid gas removal system,
wherein the sulfurous components removal system receives the bottom acid gas stream and
generally separates the bottom acid gas stream into a carbon dioxide fluid stream and a

hydrogen sulfide stream.

38.  The system of claim 37, wherein the acid gas removal system further comprises a heat

exchanger for chilling the sour gas stream before entry into the distillation tower.

39.  The system of claim 38, wherein the cryogenic distillation tower comprises:

a lower distillation zone and an intermediate controlled freezing zone that receives a
cold liquid spray comprised primarily of methane, the tower receiving and then separating the
sour gas stream into an overhead methane stream and a bottom liquefied acid gas stream; and

refrigeration equipment downstream of the cryogenic distillation tower for cooling
the overhead methane stream and returning a portion of the overhead methane stream to the

cryogenic distillation tower as liquid reflux.

40.  The system of claim 37, wherein the sulfurous components removal system

comprises:
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at least one solid adsorbent bed for substantially adsorbing hydrogen sulfide from the
bottom acid gas stream, the hydrogen sulfide being released as the hydrogen sulfide stream
when the at least one solid adsorbent bed is regenerated; and

the at least one solid adsorbent bed substantially passes acid gases comprising carbon

dioxide as the carbon dioxide fluid stream.

41.  The system of claim 40, wherein the at least one solid adsorbent bed comprises at

least one adsorptive kinetic separations bed.

42.  The system of claim 37, wherein the sulfurous components removal system comprises

an extractive distillation system having at least two extractive distillation columns.

43.  The system of claim 42, wherein the extractive distillation system comprises:

a first extractive distillation column that serves as a propane recovery column, the
propane recovery column mixing a solvent with the acid gas stream to absorb acid gases,
causing the solvent to leave the column as a solvent bottoms stream while separately
releasing the carbon dioxide stream;

a second extractive distillation column that serves as a CO, removal column, the CO,
removal column causing solvent and heavy hydrocarbons to leave the acid gas removal
column as a second solvent bottoms stream while separately releasing the CO,; and

a third extractive distillation column that serves as an additive recovery column, the
additive recovery column using distillative principles to separate heavy hydrocarbon
components, known as “natural gas liquids,” from solvent such that a bottom solvent stream
is released as a regenerated additive, while natural gas liquids separately exit the column

overhead.

44.  The system of claim 37 wherein the sour gas stream comprises less than about 1%

sulfurous components.

45.  The system of claim 37 wherein the sour gas stream comprises between about 4 ppm

and 100 ppm sulfurous components.
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