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FIELD OF THE INVENTION

[0002] The present invention relates to the field of fluid separation. More specifically,
15  the present invention relates to the separation of carbon dioxide and other acid gases from a

hydrocarbon fluid stream.
BACKGROUND

[0003] This section is intended to introduce various aspects of the prior art. This
discussion is believed to assist in providing a framework to facilitate a better understanding
20  of particular aspects of the present disclosure. Accordingly, it should be understood that this

section should be read in this light, and not necessarily as admissions of prior art.

[0004] The production of hydrocarbons from a reservoir oftentimes carries with it the
incidental production of non-hydrocarbon gases. Such gases include contaminants such as
carbon dioxide (CO;) and hydrogen sulfide (H,S). When CO, and H,S are produced as part
25 of a hydrocarbon gas stream (such as methane (C;) or ethane (C;)), 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
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
30  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.
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cryogeni Sepgraen. | PWSYF%?%@% nal cryogenic distillation towers may be bulky and/or create

weight distribution issues for offshore vessels and platforms. Moreover, for gas streams
having unusually high levels of CO, (such as greater than about 30 mol. percent), additional
processing may be needed to remove methane that becomes entrained in the bottoms liquid

25  stream, or to remove carbon dioxide that becomes entrained in the overhead gas stream.

[0010] Challenges also exist with respect to cryogenic distillation of sour gases. For
example at higher CO; concentrations, ¢.g., greater than about 5 mol. percent at total pressure
less than about 700 psig, CO, may freeze out as a solid the cryogenic distillation tower. The

formation of CO, as a solid disrupts the cryogenic distillation process.

30  [0011] Therefore, there is a need for improved cryogenic distillation systems, which

resolve one or more of the problems identified above.
SUMMARY

[0012] Provided are systems for removing acid gases from a raw gas stream, including

.
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BRIEF DESCRIPTION OF THE DRAWINGS

20  [0015] 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

embodiments and applications.

25  [0016] Figure 1 is a side view of an illustrative cryogenic distillation tower, in one
embodiment. A chilled raw gas stream is being injected into the intermediate controlled

freezing zone of the tower.

[0017] Figure 2 is a schematic diagram showing a gas processing facility for removing
acid gases from a gas stream in accordance with the present invention, in one embodiment.
30  The gas processing facility employs a series of co-current contactors for recapturing methane

from the bottom acid gas stream.

[0018] Figure 3 provides a schematic diagram showing a gas processing facility for

removing acid gases from a gas stream in accordance with the present invention, in an
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acid gases froma gas streamin accordance with the present invention, in
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co- currenwocortasisar s for recapturing nethane fromthe kportusaoiaoiztosas
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al ternate enbodi ment. The gas processing facility enploys a series of
co- cur r erfor futheaswestanifome mQEQWIEQE@ﬂmeHQSﬂ@ﬁmane fromthe overhead gas
stream DETAI LED DESCRI PTI ON OF CERTAI N EMBODI MENTS Definitions 5[0019] As
used herein, the tREFAILERRBEACBIRTION @QF CERTAINFHYBORINMENISund t hat

includesggﬁi rily, if not exclusively, the el enents hydrogen and carbon.
Hydr ocar Eﬁggﬁ%rally fall into two classes: aliphatic, or straight chain

hydr ocar and cyclic, .or closed_ring dr,ocar bons, including cyglic
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Hydrocarbon 15 fluids may include, for exanple, oil, natural gas, coal bed

met hdfe, Bt fichi |, pyrolysis oil, pyrolysis gas, a pyrolysis product of

coal, and ot her hydrocarbons that _are in a gaseous or liquid state..
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[ 0022] As used .herein,. the term"fluid"’.refers to gases, |liquid nd

conbi nat IBAS SAE Gaadtionngr i wabiga! Condijens (T32CaZD AT ey dhvfidiceonang
solids, anddceapiin@bdons &anlpldwildsamid 88! dodPbed methane, shale oil, pyrolysis oil,

pyrolysis gas, a pyrolysis product of coal, and other hydrocarbons that are in a gaseous or

liquid state.

[0021] 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.

[0022] 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 10023] 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.

[0100] As used herein, the term “heavy hydrocarbons” refers to hydrocarbons having
30  more than one carbon atom. Principal examples include ethane, propane and butane. Other

examples include pentane, aromatics, or diamondoids.

[0101] As used herein, the term “closed loop refrigeration system” means any
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25[ 0023] 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
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hydr ocar bons havi ng carbon nunbers greater than 4. [0100] As used herein,
the term "heavy hydrocarbons” refers to hydrocarbons having 30 nore than
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Case’ may 1B TEERREE cou 6 TEHGT B (RO R ROV TP yahsr et frifue S8hs S

di recti onfe Whdehhfy beconeRdt 86d hidhdevhite loMaR-ihi gthéha g tEX IR EiseckiBrd WitRinAN
eductor and a coal escer, or a static 10m xer plus deliquidi zer.
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formatio n- 15 associ a e conposition a e nat ur al
gas can Majuyfisd gasi during atday swéeténipg palcessat ur al gas stream cont ai ns net hane
(Cl) as a significant conmponent. The natural gas stream may al so contain
et hane ({2)04]hi gherusepdhercul, dre wehghttumgl drast eafereris a rmnld-mepoorningas eobtedig!
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2 wad er, Tl tr 9y O asl! CRIFAFL R ot ToB o BHhbERE L Eeeb BRI R Ao Qe
gas" 1seangscicd@ss)! Mhc SbBPONiINGS ahd) pYRL@t JITfual B 8ih RGlydiicniSiedrilyl OR.
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car bon ditBRiceleraturapyas sEeam Geads emthnants qu@oqlgmgC@éﬁ%nonﬁn& ullhe Brtuabg) |

car bonyl i . . 1 . f r
T au e ST e mad ERGN R e O R R Bl U SR gl R
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havi g i 0] H°". ok S0 e Seet eed 8% S SR kel BLEERA s Wl S 2
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.

[0106] 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.

[0107] “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  [0108] 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,
respectively, a lesser or greater degree of content of the selected gas component The

respective terms “lean” and “rich” do not necessarily indicate or require, respectively, either
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merely inplying, respectively, a |esser or greater degree of content of the
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primarily 1 n a gaseous phase, and contarn at |east 3 nol. percent carbon
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r enovi ng agri cghaqlafes rom.a raw.gas stream I n one enbodi nent, the system
first incllUdes a %perﬁyéira 'on vessel. The dehydration vessel may be a vessel

that use ()QizyCO' é@ &1&&% ﬁ@éincﬂﬂ%@grﬁfﬂs&) rfaE OO VR olc%gcc Qfaitepgccfu low the

hydr ocar bon 1 ui stream The dehydration vess el ves the Taw gas
stred andh'sepdzates the raw gas streaminto a dehydrated raw gas stream
and a stream conprised substantially of an aqueous fluid. [0026] The system
al so i nclgtemsaForcBemeyxinbatidGasdhe heat exchanger receives the
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vessel that uses glycol or other chemical to remove water or brine from a hydrocarbon fluid
15  stream. The dehydration vessel receives the raw gas stream, and separates the raw gas stream

into a dehydrated raw gas stream and a stream comprised substantially of an aqueous fluid.

[0026] The system also includes a heat exchanger. The heat exchanger receives the
dehydrated raw gas stream and cools it through heat exchange with a colder working fluid or
other mechanism. Cooling may include, for example, use of an expansion valve. The heat

20  exchanger releases a cooled sour gas stream.

[0027] The system also includes a cryogenic distillation tower. The cryogenic distillation
tower is preferably a CFZ™ tower, as discussed below. The cryogenic distillation tower
receives the cooled sour gas stream, and separates the cooled sour gas stream into (i) an
overhead gas stream comprised primarily of methane, and (ii) a bottom liquefied acid gas

25  stream comprised primarily of carbon dioxide.

[0028] The system further includes a final co-current contactor. The final co-current
contactor is configured to receive the bottom liquefied acid gas stream, or liquid from an
optional melt tray. Therefore, it may be referred to as a final lower co-current contactor. The
final co-current contactor also receives a partially-methane-enriched gas stream from a

30  previous co-current contactor.

[0029] The final co-current contactor provides for rapid mixing of the bottom liquefied

acid gas stream and the partially methane-enriched gas stream. From there, the final co-
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[ 0027] The system al so includes a cryogenic distillation tower. The
cryogenic distillation tower is preferably a CFZTM tower, as di scussed

bel ow. Thwoanipogsssuc distillation tower receives the coecedssaunies
stream and separates the cool ed sour gas streaminto (i) an overhead gas
stream conprised primarily of nethane, and (ii) a bottomliquefied acid gas

25stream conprised primarily @f .carhon dioxide. [0Q028] The system further
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of the b i i i . ng,.t ra.dall h - i.ched
R b R e
current dcbasappmg gaslieasmben didkideal Threfilstine-cementcheticgass st seaasmwithake ifintlo

the cryogenic distillation t r. Th inal co-current contactar al so
o ens oo dahe et cPimalr ¢ THEE e 16 Fi 0 B Gl titlos o ity Bt so

includes s iohh c6-Ruatt @RtacoPNtAE RS lowBecd-bir®dnt ©OnGLF 8RE recchRBaCt&d | S
configured to receive a strippi ng gas, for exanple froma reboiler. In one
(¢}

aspect, tretiadlyrstppricdgaaydgas diqoal bom aisosdndeco-Jureent jcostacton- darensnaspednthact or
is i i it he final .l . COr ant tactor. Th f t
G N A TS s TN

cont act ordioxihe first | ower co-current contactor al so receives a second
partially-stripped acid gas liquid froma second co-current contactor. In

one aspedDf3tlhe TOc fisecondirjear toraddtyr-mbridppéd rapiddngasy bff thaistripgamg passasl
about 98 |.. per.cent or noje .carbon di oxide 0031] The first co-current
cont act orthp f18% ﬁ@gpa%oarélﬁ &1 Bl ﬁaﬂ&gerﬁh@e_sffrﬁﬁ[ @pwﬁj@m@ SePUATIAr TR § A
stripped @eifld9asl dds Bl FHOMRE RRERTent BonthitbSEIsERIGHES £iEst FARKAF hfhane-
rel eases a final stripped acid gas liquid. The first co-current contactor

al so 1bel easiebedagasistream patheisaddnyl costuhraniesohBetori ched gas streamto the second

co-current contactor. [0032]Preferably, a substantial portion of the final
stripped (88324 gaBraf¢rgelyda pubstanfielqrosiipr ¢ftthe final stripped acid gas liquid is injected into

a subsurface formation through one or more acid gas injection wells. However, a portion of
the final stripped acid gas liquid may be diverted and re-used as the stripping gas via

introduction to the reboiler.

20 [0033] The system may have only the two co-current contactors for processing the
bottom liquefied acid gas stream. In this instance, the final co-current contactor is the second
co-current contactor, while the previous co-current contactor is the first co-current contactor.
Further, the first partially-methane-enriched gas stream released by the first co-current
contactor is the partially methane-enriched gas stream received by the final co-current

25  contactor. In addition, the first partially-stripped acid gas liquid received by the final co-
current contactor is the second partially-stripped acid gas liquid received by the first co-

current contactor.

[0034] Alternatively, the system may have three co-contactors for processing the bottom
liquefied acid gas stream. In this instance, the previous co-current contactor is a second co-
30  current contactor. The second co-current contactor is then configured to receive the first
partially methane-enriched gas stream from the first co-current contactor, and the first
partially-stripped acid gas liquid from the final co-current contactor. Further, the second co-

current contactor releases a second partially methane-enriched gas stream to the final co-
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a subsurface formation through one or nore acid gas injection wells.
However, a portion of the final stripped acid gas |iquid nmay be diverted
and re-uswoar/tbss4stri pping gas via introduction to thecraiseéiims2203

20[ 0033] The system may have only the two co-current contactors for
processing the bottomliquefied acid gas stream In this instance, the
final co-current cgntactor is the second co;current. .cantactor ile the
br v ous CHERGFPURROT GiFak coron e RETY T Bb G FPeHT Tt e Bt ikt
the firsteopakioral | y- met hane-enriched gas streamrel eased by the first
co-current contactor is the partially nmethane-enriched gas streamreceived
by the fi[ned5]co- alermatitel?tieositisaed aiay hiveatdrd ilem, thideecd-cidént contactors for
partially-stripped acid gas liquid received by the final co-current

cont act orPPEStiAg thekesioe b‘éatg?%lﬁtlr%ﬁﬁét ﬂ%?) pedl et UTHASONRYRT dNY SUEIRBFOT he
firSt sCO-GHIR RN, thORBR] 80-cul AR IhALILRARELY oo bRYEC ESHERLITRE diAKECd yf €
co-contactors tor processing the bottomliquefied acid gas stream Ftn this
i nst ance,dcliher psmciivestrpped acidegas lapindsasst ogiessivelg €dddclpo-acBi0gasuliqueds in
contactor. .The cond co-current contactor is then configured to receive
the fir stse’aﬁsrt‘i*gﬁﬁﬁa’ﬁ’ﬁttﬁ%éheeﬁ?sit‘ Eﬂ'éHﬁa‘EsCOEEaP‘Q&rFF? P I‘EBQGPFTF’%R OBy FBnt

cont act oripteAReHihtB ol ddnBdctR@r dd@tieY figdl M doPRRENAChAa&BS akd Gtthithelir@MIdINg: kinal
co-current contactor. Further, the second co-current contactor rel eases a
second paesncaliveymethahermerichedi gahsticgas as pragagssivolyt inethpilgreiiriahed gaygireams in
2012/1§15554PCT/ US2011/ 042203 current contactor, and a second

parti Ilf-elél?sri pped acid gas liquid to the first co-current contactor.

0035] Al t ti . i _
T e R e

cont act orhelanyhd frteingezingt €lteomeld trep mt@ittesrasqold ersesfornil gos @mipomnits, and
contactor,and the first co-current contactor are arranged to. deliver
respect | \}Be%gf‘rlwﬁﬁé © slufmy gy ffﬂi% s CQCURPRIGTORLE DS ﬁ?x“giﬁ-t&‘? éﬂ%?miﬂpeﬁf‘gias
l'iquids ifdjfefisgsamAt the same tine, the first co-current contactor, the
second co-current contactor, any intermedi ate co-contactors, and the final
CO- cusr erpozynt agnQiltcAfalve byt st feModiigl MRS gdsBEOBSPRAE p¥estream is provided
met hane- enriched gas streans as progressively nethane-enriched gas streans
i n 10ser ihe&ein (OnB] pgrimnihc o steresislusos pedpbydiakan vieyshdor eccaiving theatapogas

a col o sueRy ot inkpedhe BOS Whifuch 1867 AOARRE ol Bol Rbbant B of FEERES

final | owempeeed siiiseantialty ot aa tagigpud eltiid.e Taaddibien bt tsgstemi apasaf inethdas b chegias
stream 15[0037] An alternpative systemfor renoving acid gases froma raw
gas st r edFFhangst 9y roRitheras é‘?l}i{dr?’(‘?fi@wa%isﬁ?ar{lhaéld§9]§%%lﬁ8 f ﬁ%‘ﬁ%ﬁ&“&“ stream.

dehydrat i ess for receiving the raw .Sl.ream a separ ati,ng,the raw
gas” D e dMRIE S Theshyan SRS iRk b errsdNuRloS RN adh SSREr R atniish
subst ant it@%bﬂ/isoéreﬁe@a‘tﬁﬂlé_egpzm kdti &t shdh adehet dodinn tdMRuSKERBWAIANR drijgdadstes a
heat exchangfer or cooling the de‘%drat ed raw gas stream and releasing a

1

cool ed solittiligtien devetaracciyof dB3E)0THE seysEasnticrB andcrpifelss ahe egelgénper gas
distillatgs thiﬁféﬁg) anl '&%eﬁl%%cfgg&t?eagd %é@é@%%ﬁn&ﬁ?’e& Aéth@%el?‘;aﬁﬁ l%ﬁiagit%ﬁt £T™M

tower, such as col'um cusse e cryogenic ower
recei ves liqueficdalié dasoitemgrepiist@primadlybreepandicsdd he cool ed sour gas
streaminto (i) an overhead gas stream conprised primarily of nethane, and
(i1) 28 bdood¥h | i dbefsygdmatiirdegashates e st crvpelirsad cpntactar.i |'Bheofirse @plarent
di oxi de. 25 00395]f Th?~ system further i ncl&jdes a fi rft C -curren% c%nt a({:t or.
The fi r stOBBCIOL A ggptiguted to receive the overhead gas stream. Therefore, 1t may be referred to

as a first upper co-current contactor. The first co-current contactor also receives a second

partially-CO;-enriched reflux liquid from a second co-current contactor.

[0040] The first co-current contactor provides for rapid mixing of the overhead gas
30  stream and the second partially-CO,-enriched reflux liquid. From there, the first co-current
contactor releases a first partially-sweetened methane gas stream to the second co-current
contactor. The first co-current contactor also releases a final CO,-enriched reflux liquid back

to the cryogenic distillation tower.



contactor is configured to receive the overhead gas stream Therefore, it
may be referred to as a first upper co-current contactor. The first

Cco- curr enwocoresisar al so recei ves a second partial | y- OBRTArseo1a¢loex2os ef | ux
liquid froma second co-current contactor. [0040] The first co-current
contactor provides for rapid m xing of the overhead gas 30 stream and the

second p i1ally-02-enriched reflux Liquid. Fromthere, e first

co ourr oabAR + YIRe S SEL AR anEiBey S, e e EobBE R oo THE il Sosagrent
stream t ohfa8tos 8¢ @B ERE W F@RIveCH PhdiallPhwedibBedk bdsSt i€ On& WPt th& phtiany-or
al so releases a final CO2-enriched reflux liquid back to the cryogenic

di sti | | atsweatenesdhess. is ngthampO The fDIGSBAPCTOUSAON I/ 10 40263 {o O 1firFhiepnsy seem
al so | “C'c‘ﬁgr%ﬁt ndcRE! 1RO rtﬁ?hn %%Pc%?}eﬁ{ confd ?orfn‘la%e SR 80 pﬁﬁ%@& or
Ial'l'y-sweetened gas.” 1'n one aspect, t

is configured to receive a par

parti al | yo-Gineat esnestt@asTHesfim uppiteo-clifenf ¢on@dctarad wukctdinds £afuadiqard. i Bhd n
series with the first upper co- current contactor. Therefore, the final
co- cur r edeflwolgud ioprefpsblymctieperred to as a final upper 5co-current

cont act or e final. upper co-current contactor also.receives_a reflux

[ aurd. - TReHler | SRE kit CEerah i RanEr Ry 564D TR FAEK 18R on

cont act orth P Nl Fesal fyfwdeRREA niBtReh 89a Of FohetheRS thdXidal BaLcehré @ohtaBof tdldses

partial | y- sweetened net hane gas. Fromthere, the final co-current contactor
gﬂﬁh@

rel eases afifsi pytialharG@atirche nrquachdthe afkter-1bdt goicdrrent aohtacipax iThe dinklast
co-cyprent contactor. The final lﬁﬁggcq{kggé %ﬂgtgctorualso I{eleasestg1e

i nal sweBF el M HANE Pakr P eh M WEHAALERAS S ha i Thar™ Sheditshle

et hane gagil SkERTEdGRARINCLAS s@d@ntorRHidEP bbou? ©D &I pdEcniBF RofEhbBRR.

[ 0043] Preferably, a substantial portion of the final sweetened nethane gas

stream i J0043]i vePederbboly, hi ybehadct i ponti@ndf siad EnalHovewaicd racthard ponstedant ke
final sweetened nmethane gas stream may be divert and used to generate the
reflux | id%i}mr.eg foy; Wﬁqﬁ*ﬁ% and splem HANF VP BHPY of ﬂ@ R SEGClERRY BRanc gas

cont act orggef AmAY REESSHAGNHRSPYSINEAR HaFRKIRAM, | N this instance, the
final co-current” is the second co-current contactor, while the next-to-I ast

co- cunr erpo£ANt ath®rsyktmt hRyfhdvst oflQ- e rtvento-s@nén Cdodtactdry! foh @Focetdigy fd st
partial | y- sweet ened net hane gas streamrel eased by the first co-current
cont act oroveghepdh gangseato - Ingkis 1dgnce athe yinghwasewrad isnte hegead gasusentcmtactor,

recei ved byt final, co-c r i1 e
par t1 a1 |y O RE R ERa Fafoth L Lo fRPIEHEY sl Ol oo EUN S B
cont act orpattsallyhgvekionsd nedfaht ghd ytrdd@Pretvasddchietherfakd doxcdricaticehti@breia siadndxy- t he

final co-current contactor. ,
to-last partially sweetened methane gas stream received by the final co-current contactor. In
20  addition, the second partially-CO,-enriched reflux liquid received by the first co-current
contactor is the first partially-CO,-enriched reflux liquid released by the final co-current

contactor.

[0045] Alternatively, the system may have three co-contactors for processing the
overhead gas stream. In this instance, the next-to-last co-current contactor is a second co-
25  current contactor. The second co-current contactor is then configured to receive the first
partially-sweetened methane gas stream from the first co-current contactor, and the first
partially-CO,-enriched reflux liquid from the final co-current contactor. Further, the second
co-current contactor releases a second partially-sweetened methane gas stream to the final co-
current contactor, and a final partially- CO,-enriched reflux liquid to the first co-current

30 contactor.

[0046] Alternatively, the system may have more than three co-current contactors for
processing the overhead gas stream. The final co-current contactor, any intermediate co-

contactors, the second co-current contactor and the first co-current contactor are arranged to
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[ 0045] Alternatively, the system may have three co-contactors for processing
the overhead gas stream In this instance, the next-to-last co-current
cont act orwo0r/Eessend co- 25 current contactor. The secend/useeicour2ent
contactor is then configured to receive the first partially-sweetened
met hane gas streamfromthe first co-current contactor, and the first

partially: QQ2-enri ched r.efl ligujd fromthe final ca-curtent contactor.
o thor | HETs B & BrR Ao s b 1P i B ST om0k Y

partiall Mic?x%eﬁle;é’&fésﬁ%@ﬁi&esaﬁﬁ_stiﬁl%! #RNTisP cbt@rbh@dnt£forC Wid Stbn€ RBLAGLAN |
and a final partially- CO2-enriched reflux liquid to the first co-current

30cont actwntacfonouy] injeraediaici apetoptactdin anddhe fnplpgo-prvaat rortactohans arrneed to
co-curt e”c{en%&“{h%c{eg &l 2 rswl.%étt%ﬁeedfggé‘%%réé‘r&s A rﬁ%@ﬂ%\%ﬁls svsvtt—:%[g&@ %a-lléhgtrgalnﬁaln
co-current contac , ahy inter [ ate co- contdctors, € seton
co- cunr enkriepnt actor and the first co-current contactor are arranged to WO
2012/ 015554PCT/ US2011/ 042203 del i ver respective partially-0Q2-enriched
reflux |i[@MY aslptiege sgsenel the CGgenici diltdthtioe ftbwrr hlisqiasisniuppsedisaHatioht
the sane tine, the first co-current con‘thgcéor, t he second .co-curr

TEAGE

nt
cont act or?oM&ny! e HPRFHEISHHTONCZONE 3h £BRYS (A8 TGS GO o the

cont act orfr@LRgaloh@NI8E upPerdfibtilM@bn tbEe 1RAREIGAJY BrSHREARAYs IBSanS td BRMR@AS
progressively sweetened gas streans in 5series. [0047]1n these systens, the
cryogeni oipgesed-¢ureemnt oontaacdingrdeniceo has an upper distillation zone. The upper
distillation zone is above the freezing zone, and receives vapor fromthe
freedlng (9848, THeORfRIEPOgicEtOd Mg %A SYHHB 1§ peided fesrevingeacyl gaspeliomgas
streamt f] = CUr. t] i or
ot o enbad st Lok HPBREIE1RYLEE R RPN GRRRRY! Of s ds BRCA hhcRBELCT,
gas st reanmdivmtheehypioay scitl was seetan ahd concutraterit ugogtaasttigpisg gadneucheds ¢asbon

pl aced in, series to receive the bottomacid gas stream and concentrate it
using a <Y pi ﬁae gasT sidhPRSCLEY 15BRS B BRFiYe] STNGTRAEAGRS e GG SHEERN it

series tqlshfgcaefe‘ﬂﬁxtliﬁﬁidos\ﬁ%ﬁ heagdagas. $f freatmt iﬁ&gnc%"‘ﬁl%ts%ﬁbﬂiﬁg g'ési RQirBctb@bhdx
liquid such as nethane. In the first instance, the strippiRg gas Is

di r edted ibtmcthe1&yogrnee dhselleigogelning Girsfuithérapiooessog udm thodatfenringiarce, the

processing. In the latter instanc t ) tened gas,is optionall
Pl oot s edsrgberva PhcToY bR e G PSR AE BT 8P B d gt eas
on-site. dgryiRkgeni ¢ Separation [0049] Typically, cryogenic gas separation
generates a cool ed overhead gas stream at 20 noderate pressures (e.g.,
350- 500 poryedenipSepacusidne | nch gauge (psig)). In addition, liquefied acid
gas is generated as a "bottons" product. Since liquefied acid gas has a
rel ativell§04gh depisiliy,cringtnmsgast sopataban geaeratse abewdéd ovahéad gasesirdam an
AG Il to,assist in the inj i on process. Thi.s nmeans that . .the ener.
FequiDed BEIGRER | Gier PRESH T BAS FRR RauahaRelbreanes SR | Bughiif,
the ener giq&l%ﬁgd“aéi@dgésoiscge?ﬂ@fa@&ﬁ ad QWRIBASURodkt.d JASEHqhFicdDi @S Qay Yak a
pressure. Fewer stages of conpressors and punps are required. o
[ 0050] Charladivgle dugndansity hylroséatisderd can be peygi%lymssd in pR At tosapgist in
gases. . .| reseft. at._co ratjons greater . a > | .
per cent W;[EQ %ng;?%é‘oh %F(;e)csegsu ?feln? %gg&sttﬁgtﬁtﬁéa Btge&r%y pequge(? 90 Ig’\urnlg El%rflqugﬁég ac?d EPS 1nto
the formation is lower than the energy required to compress low-pressure acid gases to

25  reservoir pressure. Fewer stages of compressors and pumps are required.

[0050] Challenges exist with respect to cryogenic distillation of sour gases. When 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.
30  To circumvent this problem, the assignee has previously designed various “Controlled Freeze
Zone™” (CFZ™) processes. The CFZ™ process takes advantage of the propensity of carbon
dioxide to form solid particles by allowing frozen CO; particles to form within an open

portion of the distillation tower, and then capturing the particles on a melt tray. As a result, a
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700 psig in the gas to be processed, it will freeze out as a solid in a
standard cryogenic distillation unit. The formation of CO2 as a solid

di srupt s wbeorwoisgyeni ¢ di stillation process. 30 To circeowamseoiihos=x0pr obl em
t he assi gnee has previously designed various "Controll ed Freeze ZoneTM
(CFZTM processes. The CFZTM process takes advantage of the propensity of
carbon dioxide to formsolid rticles by all.owng frozen CO2 particles, to
For mwi ¢ Hioindre b Tsamrishe SRy Any o Samar el G oamel SRt Rish st g
the partighRstopdfahd®iwer,twide a ASldAiquRBODL/H,S str¥¥eh is generated at the bottom of the
2012/ 015554PCT/ US2011/ 042203 cl ean nmet hane stream (along with any nitrogen
or heliurfPpefesent in the raw gas) is generated at the top of the tower,
while a cold liquid CO2/H2S streamis generated at the bottom of the tower.
[ 0051] CerlP9H aspeEtia agpecinel BeAihd Dy Joess 28AISWsRGRT By Fp ARSI
descrisbedign pg b4 £7L 377" 4p 53503 44573U0%- tpat 03237498:5 BP.o NFat -
No. 5,506§,J'§70; R4 PR RSJ.T‘SB, 123‘{03359; 330%: P Pagfro. o8 B?g’sg; 007, whi ch
are each HE¥I3E; iand ar.pofat Wd. 953,808 vencte atercach dereire micbrpetated pP B32jeAse in
general ly, described in the above U S. patents, the distillation tower, or
col umn, UBFESTYFYer yogeni ¢ gas processing includes a | ower distillation
zone and j.nt er,medi at 0.cpntralled freezing.zone,. Preferably, an upper
it 11 ad BB ona g B Ol adhe B b S S RE R Pl o S o
parti cl esusby for emodimig gas Pasdebsing diclides £ Wwbimdikidlatiog z@nt enpemaintdrthetdange
bel ow t he freezing point of carbon dioxide, but above the bojli 5%

t enpdPat fostreledEeqrtigezone. Praferapyeasuprer diitlation emerinplsg inclysded ¢ dhe colupay
freezing i a a r . r a i

et hane SR iensy SRALTNAR SO piBERE TR HIRIARE £RERAN 61 WInkoRAR ke 2y
to form fteapentufs ahngt) bplamt itled éseczih®OEBhtAsf tdacbogadiokeled bait rabame nhy dwiling t he
colum, frozen CO2 _particles break out of the dehydrated, r feed stream
and gr avi'PRPFBRES O RIS T JHPHEE s Bﬁ?gablﬁ’_r zqmogeﬁgea}% 280Gy ¢
tray. ThejRraddg PAEHPGheR hhdPRiYure AGAS AN HhAdrdCadd Gled light! Kb BELPRIA
then flows fromthe nelt tray down to the lower distillation zone at the
bot t din ofgaséseo vaparme, Withe cdusimgrCQOtodps iffokert (sold)zmniecléss nai nt ai ned at a
tenperature and pressure at which substantially no carbon dioxide solids

are formd@05Hut A& sogapderditcaaraotssiupshoeqlumpfregse Edpreeticlessbrsgt ewof #d d
streamis d 0, F. ' - f
LT SRR 670,40 PP BRGSSIHRA IR Vons 0 i Lo
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
20  distillation 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

stream is created at 30° to 40° F.

[0054] 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

25  distillation tower for further processing.

[0055] 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
and entrained sour gases moves upward through the column, the vapor stream encounters the
liquid spray. The cold liquid spray aids in breaking out solid CO; particles while permitting

30  methane gas to evaporate and flow upward in the column.

[0056] In the upper distillation zone (sometimes referred to as a rectification zone), the
methane is captured overhead and piped away for sale or made available for fuel. In one

aspect, the overhead methane stream is released at about -130° F. The overhead gas may be
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tray at the bottom of the freezing zone. The particles are then transported
out of the 25distillation tower for further processing. [0055] The

cont rol | estof20e26m53%g zone i ncludes a cold |iquid spray. Phairassee 142783 hane-
enriched liquid stream known as "reflux." As the vapor stream of |ight

hydr ocar bon gases and entrai ned sour gases noves upward through the col um,

the vapor_ stream epcounter.s the |iquid, spr The cold liguid spray ai.ds in
br eaki ng TSR ErELRY pifonal Snotliy v BPRVE 1elG S upitiehs S0y oS
evapor at ecfid ThOWquRWelk isinfebed @9 khénadld FREp Gltd fhd fpLayuRR8En BF el dohRbll@N
zone (sonetines referred to as a rectification zone), the nethane is

capt ur ed feseemgaanc. andally afisd flawang therughdtags or paskithg A viad teafieatipp sedtigalof then
one aspecctoiuntnl;le overhead nmethane streamis rel eased at about -130 F. The
over head gas rmay be WD 2012/ 015554PCT/ US2011/042203 partially liquefied by

addi tisonad, LARIT d,gqu,- t@ part of the liquid returned to the colum as the
refl ux. %Pee ﬁ%qul?gore lux is injected as the cold spray into the spray

section qboshe cepurelll @esdhtseLzdndtadORRw U84 dkoyedt iakillhliMoNgr 100 QU&in
trays or packing of the rectification section of the colum. 5 Specific

Enbodi merfosng¢aios 7\ith ghe ecpargirans ehicarban sébeidatirama eaw ofatyale ggrogfeesing  The
distillation towsr,. 100 used iqa connection wth the separation of. garban
i oxi de 17 Omh YRy IEFEA SETBER Rt B e LR £ o BBRer 100
may be i nttaZcdvhinge bl yust efemeed to herein as a "colum," a "CFZ colum," or
just a "tower." 10[ 0058] The cryogenic distillation tower 100 of Figure 1

receilfes [8058]ni t Tat cfylogedic shistdlatiod Gowerhd0fdfuidust t eeovivkd ansntehfinidsectam
primarily of praduction ses. Typically, the fluid streamrepresent

G ed gast(Se FBS Sur i JERY RmartBie SamiaiqlononeeRe dSad Ly L RUD: dHoBHy:
and cont akRgmabaelcnBOaliQl @RQubadTonTRINAAEad 5OMMENEHon dMRelfHAndt §iRAM) 10
may contain a | ower percentage of nethane, such as about 30%to 65% or

even as |a castaiBuboa 6fG9do ABuO05%) Metbanvet Hewmeyenethe Bleidostesgmntd mhy nonteintan
tr ace angURES BT DM IED S5 athad 8 e SoRh oY e RPaedls™
Thesd ST ndfsel' acThe Hicthant RESR: Hesthofoft Ry AAET HEBGTSREGNE: EREpARARS
stream 1Guoimys bthaat. &n pdditieqrtedtu cinicuntspsfelsdiunearaf niagopero xiayeiceprysca@6 O the
ng:J? ?ZI p?}{rgﬁsegy %{pﬁl@%{?ﬁ%ﬁl th(epfﬁiic)i 'stréarr]n iﬁ) rvrv‘:fll ia{;g tir?c 1? eséerttaﬂlecoﬁ)lga%'lsilslgr{tse. %Leste r1]1(;"clude

acid gases such as CO; and H,S.

[0060] The initial fluid stream 10 may be at a post-production pressure of approximately
20 600 pounds per square inch (psi). In some instances, the pressure of the initial fluid stream

10 may be up to about 750 psi or even 1,000 psi.
[0061] The fluid stream 10 is typically chilled before entering the distillation tower 100.

A heat exchanger 150, such as a shell-and-tube exchanger, is provided for the initial fluid
stream 10. A refrigeration unit (not shown) provides cooling fluid (such as liquid propane) to
25  the heat exchanger 150 to bring the temperature of the initial fluid stream 10 down to about -
30° to -40° F. The chilled fluid stream may then be moved through an expansion device 152.

The expansion device 152 may be, for example, a Joule-Thompson (“J-T”) valve.

[0062] The expansion device 152 serves as an expander to obtain additional cooling of
the fluid stream 10. Preferably, partial liquefaction of the fluid stream 10 is achieved through
30  expansion. A Joule-Thompson (or “J-T”) valve is preferred for gas feed streams that are
prone to forming solids. The expansion device 152 is preferably mounted close to the

cryogenic distillation tower 100 to minimize heat loss in the feed piping and to minimize the
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10 may be up to about 750 psi or even 1,000 psi. [0061] The fluid stream 10
is typically chilled before entering the distillation tower 100. A heat
exchangerw02012/a885h as a shel | -and-tube exchanger, is pProviused1foer203 he
initial fluid stream 10. A refrigeration unit (not shown) provides cooling
fluid (such as liquid propane) to 25 the heat exchanger 150 to bring the

t enper at ur e of #h@initi%{1 fhh'id stream 10 down to abgut -~30 to -40 F. The
chilled fIERY &t PRgH Sl 't HOHIDA" FBRFtPTHFBUBRIER EXFRASI O JEVCEE 537 The
expansi onjrggpedaRloloihelfatchiag pbRis. exanpl e, a Joul e- Thonpson ("J-T") val ve.

[ 0062] The expansi on device % 2 serves as an expander to obtain additional
cool i ng dboé3je flAyi«h atteraatinclth aPr-af eslabl the paahdal ddvigueSnehdyobe of tirbe-
fluid stream 10 is achi eved through 30 expansi on. A Joul e- Thonpson (or
"J-T") vearpendes Ay Wika-pEgn %rpr@‘alﬁesr %@%Fe”s?‘?%]élﬂfsanaﬁé?ateéraesoﬁf‘&féf% tvskiferg
sol i ds. i ' 2 : : :

cr yoggni E?g?eg%%igﬁ%ta?%ﬁﬁ%%g%? “%g‘o T';h(% %ﬁﬁ%ﬁh%eﬁé? aggofén%t?ﬁ%ér% (la%{:}&bl% pllnng
and t o nithismhamet,hbe op@a®0 b2yyOrhbbmdRGhE US2Q1 IhOrR 20 uictmammte fayfthe HisgHatiom

ith solids in e SO onponent ch or benzene) are dro
bl ow ¢ haITeet o ST Ch g fE O Dot oy MeafT s Mg e o g 4 B

expander g@xl ce 152 may be a turbo- expander. A turbo-expander provides
greater cooling and creates a source of shaft work for 5 processes |ike a
refrigergooes] unidcithEhérshad, texkdaasgdandd Q50 and dictexphinder Hefitd P8Y @iniver thni t .
In this manner, .the operator may m nimze the overall energy requirenents
for tiRe drwt g it ithen iptielc Buigl st 18y inte e chilled Jlwd srisay lgrayplﬁ’ ralplyn éice
frozen p i | : =TV e 644 n, e roq e
neat - oxcnanpgr e g? HEChIRE HAE ke 2 KCarob ORI Piok HEC TR oipter S
t he i nitiayodehici distditatiearnodr 100 & @cedted bea pidssinrd ftabeand AP psiPaef dreadhijed t he
F. In_one

t t f th hilled fluid 2 i . d -40. -7 :
aspect . e gﬁr%i%?%ét&fpgﬂxrm%{ﬂrfaﬁ&{ Bwat ¢ %’e%?a}@%ﬁr e ﬂi?(f)i_%ugﬁfé%aéfh%lsof
about  55Q, Rsiypst@fhiyNEEdD bhés%deggﬂo}dfgg s8tnk 8aPdrlghak S nfdly iRRRIOK/ Ega&ﬁ%a){nel'dﬁﬁto': :

At these conditions, the chill uid stream 12 is’in a substantially

| i quild phbsehilled flnougteasiole Maptolikelh amesotdy farmetion hix arisoe fiont thai mresgnéaoio
15t he chi¢)¢ed fluid stream 12. Mst likely, no solids formation has arisen
fromthe presence of C2. [0065] The CFZTM cryogenic distillation tower 100

ane. or DN oprHE 82K Rt RRLURRG phRrTh Bdhvied IS Shhis e,
or "spr ?.yTI&@@hfd)m'lo\ﬂz&BdisﬁlMioamomppeﬂ’ “gdrippihg |sadtion Wenan ivermedat idohtaliddon
section freezing zone, or “spray section” 108, and an upper distillation zone, or “rectification section”
20  110. In the tower arrangement 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 may alternatively be introduced near the top of the lower distillation zone 106.

[0066] It is noted in the arrangement of Figure 1 that the lower distillation zone 106, the
intermediate spray section 108, the upper distillation zone 110, and the related components
25  are housed within a single vessel 100. However, for offshore applications in which height of
the tower 100 and motion may need to be considered, or for remote locations in which
transportation limitations are an issue, the tower 110 may optionally be split into two separate
pressure vessels (not shown). For example, the lower distillation zone 106 and the controlled
freezing zone 108 may be located in one vessel, while the upper distillation zone 108 is in

30  another vessel. External piping would then be used to interconnect the two vessels.

[0067] In either embodiment, the temperature of the lower distillation zone 106 is higher
than the feed temperature of the chilled fluid stream 12. The temperature of the lower

distillation zone 106 is designed to be well above the boiling point of the methane in the
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20 110. 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.wblawevasis4t he chilled fluid stream 12 nay al t ePoatise@hypsizes

i ntroduced near the top of the lower distillation zone 106. [0066]1t is
noted in the arrangenent of Figure 1 that the lower distillation zone 106,

the int i ion 108, th distillatjon. 110 d
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need to be considered, or for renote |ocations in h transportation
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whi | e 5t hebetipgear polies hidtaat i &l pare GOS8 | Burther, 30anbé heentv €iss etherebExtee hoatier

pi ping woul d then be used to interconnect the two vessels. [0067]1n either
embodi mertydracabopg pises iy the TRkt e SUCh fpthanesen nrepaneh shis Hil incyese theh

t han t he tLLE f i ide:str . e
of the I deap b B S TREs FUReom disiph AT fonk 6r (RTRRIN °
poi nt of ttihpcmeirdsamichin tha dreogod HQIRMHiIOA 5bbetROW/ US2011/ 042203 chilled fluid

stream 12 at the operating pressure of the colum 100. In this nmanner,
met hane i[80¢¥lef etrethd divwey dstrllapipedzone A6t ifee Kéhvangr athyy dthst digbohplase fluidui d

acid.gas co nent.s course hose ,of ordinary.skill in rt, will
e S i REPSTRErH t FRURE Rl RE o efbrre i ionepMAp O < RL g i o
meani ng tthad, rhdiRankia@idiothewivhpor-phaid fluidl beekBul Aldaistrphatd bR ISR 16p&f The
bet ween pure nethane and pure CO2. Further, in the event that there are
heavi er HYWFod8Pbohbispsepaeationis aqgamplishedr pripaiilyhthaguedy Hen density pdidiseaneyl
this wll_lLpcr Il e r ] - f

becons dSrDRenaRS &ut i Rl Jhesch TSV e Vpdilorl BN B o Ry (RN
cryogeni dn@isil icbmabdnents tvirhiar thd AstillhOOG&Wen 100e Aodacribkdbélbwathesninchile a106,

the CO2 and any qther |iquid-phase flujds 10 gravitatiopal|y fall towards
the Hott 6ﬁ$‘bfray H0c# phyahiycotat @mag%wfancqéwdfe@ﬁs t)’ﬁ'itnsg’ﬁéie%léﬁ%a I%’r?él\,aaan

nmet hane rysph i rdS t t he
oD of LR e R o A Ptiquol RERSER the
densi ty diistilatiemzomal 106ed imelntatchemgaa odimabthanqui d phases. However, the

separation process is optionally aided by internal conponents within the
distill at[ﬂ@gp]t owBeferms agasn WdsignrebdhdhehiBed fluidsteam dé impyebeantrgdyesyl inte (they
130, a pl i vant ageausl v .conf.i qur S st er. Vi .

and an gpct%li%]!rll%ﬁymgé 21?6 r?ggvfglg%ﬁy@lg@@adrog%&g (ladr%a'(ég%é\lgg‘?elg’%%g%g;%%ﬁsllﬁ%% se

be added tbinttddRict Maefteddéttsai 128intOthe 2010l AGTde@inkaohd 1 0Rhiveah®dmalt tal 130.
nmet hane. [0069] Referring again to Figure 1, the chilled fluid stream 12 may

be i nt r odUteapintod dniggtioncs|thigehiiesbflwidafreand 2tinp detien iweuq Gerteddrignanly by ithsn
zone 106.Coﬁ1 to?i'ﬁﬂﬁtoﬂh%li%ﬁﬁai ?uig‘%‘?feﬁﬁlﬁeg rable 20 to introduce the feed

stream 12 into the controlle reezing zone 108 above the nelt tray 130.

The poi ntjo@fo)i nNj §AtrOMmOfentfRtatelidfl @d dhliwddnskr 8RAMLE ii$ _h%hd@rﬁiugﬁ' (GERUSS
dictated prinmarily by the conposition of the initial fluid stream 10.

[ 0070] Whegreateriban e/ &) anabrtbatablidhare mhi ¢dpgeted) iindy $t pecienablz to snjédt die dnlbadgh
(such.as greater than -70 .F uch that .sqlids are not expected, it be
b of &dani 00f 3hlm S8 Bsel? i, IO Bl Foul eI B R Phss i ome

di stil | attyend&eneol ol dfsaitgitord 120y PHaskintd BENbIMe dsy Pea dRVINGR 10akeMaPR
distributor) 124 in the colum 100. The use of a flashbox 124 serves to at

| east pardtileast partiakhy pepagate Hie toopssayapardpsisid mivguredinghg chillediflyid pecaanil?y ed

fluid T . . ]

Flutd g iboc e i P88 AknTRK BT B EHRHEbil A8heARG AR BRS
flashbox 124.

30 [0071] If solids are anticipated due to a low inlet temperature, the chilled fluid stream 12
may need to be partially separated in a vessel 173 prior to feeding the column 100 as
described above. In this case, the chilled feed stream 12 may be separated in a two phase

separator 173 to minimize the possibility of solids plugging the inlet line and internal
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30[0071]If solids are anticipated due to a lowinlet tenperature, the
chilled fluid stream 12 may need to be partially separated in a vessel 173
prior to weediamgsishe col uim 100 as descri bed above. |n trhirase@asas2ohe
chilled feed stream 12 nay be separated in a two phase separator 173 to

m nimze the possibility of solids plugging the inlet Iine and internal WO
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mel t trayodpf]- The t&ohﬂrﬂlﬁ%mt BeFighl! £ t‘ﬁ@%a?&aﬁotc@éds%%rlbf thio¥e risrs! éngg' d

formdown the nelt tray 130 and through the [ower 20distillation zone 1
t her d5bel amngyd ®f4hAselti trdy b¥) ehids oxs shedfreqre faxiel W8beTlmchitmneys pdlagctseact i on

108 is an internedj ate freeze,zone . .of .the.c enic distj!llation tower 100.
Wih the 4PPENARAIERT PHTTR: SaroRHOWATRREH S TORAT P 8BS HATRa A ahgrs
separ at edohfacV@s38 Shuidl ForR§pray hbQIeBNE R toNGrebRottoMRICAPStaRd 3AGthtr WO, IA®N Of
the liquid/solid slurry 13 is inevitably introduced into the tower 100

i mredi at eVl p&zg o chanhegpitate oF asnorsdohaciiont thg melg iy 131 The golid GPe then
i d i h . il £l | St.ri
251 oo AR PO AR P AN FATRAREHO G e el 30 AR MG ALIGRY OF
20  distillation zone 106 there below.

[0074] As will be discussed more fully below, the spray section 108 is an intermediate
freeze zone of the cryogenic distillation tower 100. With the alternate configuration in which
the chilled fluid stream 12 is separated in vessel 173 prior to entering the tower 100, a small
portion of the liquid/solid slurry 13 is inevitably introduced into the tower 100 immediately
25  above the melt tray 130. Thus, a liquid-solid mixture of acid gas and heavier hydrocarbon
components will flow from the distributor 121, with solids and liquids falling down onto the

melt tray 130.

[0075] The melt tray 130 is configured to gravitationally receive liquid and solid
materials, primarily CO, and H,S, from the intermediate controlled freezing zone 108. The
30 melt tray 130 serves to warm the liquid and solid materials and direct them downward
through the lower distillation zone 106 in liquid form for further purification. The melt tray
130 collects and warms the solid-liquid mixture from the controlled freezing zone 108 in a

pool of liquid. The melt tray 130 is designed to release vapor flow back to the controlled
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[0075] The nelt tray 130 is configured to gravitationally receive liquid and
solid materials, primarily CO2 and H25, fromthe internediate controlled
freezi ng wore12lid8s54The 30 nelt tray 130 serves to war m Prhe/usequioas22ahd sol i d
materials and direct them downward through the lower distillation zone 106
inliquid formfor further purification The melt tray 130 collects and
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provide adequate heat transfer to melt the solid CO2, and to facilitate
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herein in its entirety. [0077] Referring again to Figure 1, the nelt tray

130 rray £lsmeb?é3 dlecswm@ebswsmhloaml exwveeinte mely iy lﬁﬂatakelelacrgymheﬁrrc -Ghelhe
st em serves tocensure that. all. liquid is substantially

ext er
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channel 138 are delivered to tran fer ine 13 Flow thro e tr nsfer
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106 via the transfer I|ne 13 If the l'iquid level is too high, the control

val vd5137re$)fb®nsv1thuf tlueheirawéﬂ sump,t oo dhanycl 2138t f@owmntnr dﬂlgwalzfe dtf3thecP@ides.
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di rect ed throueH iRt @Ankfdr %ink N85 MRSSbd Ed®iIed bHQ\oRRS] vl 131 sddoPicRel dond¥Hcr 126
bel ow the nel't tray 130 for stripping via an overflow downconer 139.

[ 0078] Whetlfer (seen wokigah). eRlvtsriad ratyrapd feethedgweredistiliatign @gne 406 vig thoprapsfer
war med Orll ﬁf ?ef %1}1& gé(rlei]'i?é B@%S%lc%vg Er%fiv%lge %?%el{sl SPE Ileﬁf% % to-or hc?wmsl t

tray 130 I's eate pors trom rdi |on zone

106. 28uppheb@itciivalvedB7 ke lefltlwthekatorb@loaMeﬂt toerhploy M frarfsfor gy sk i@khg uSt
above the melt tray base 134 by various nmeans such as heater |ine 25. The

hegt elr | ilpwen élsU{latllqnz gancy hdG. hen élilf‘efv‘?vmél yebvedy3hvnicloasd @nd riyids atsodiqsied
Ir qu::.l): delr S ?ilpe dﬁ&elg?(? h# Ir%%sﬁtst agmésgcte?ay ?ggﬁmﬁlc}gassl ?%?%g%g%%ﬁ]econy rlb? or

stripping via an overflow downcomer 139.

[0078] Whether or not an external transfer system is used, solid CO, is warmed on the
25  melt tray 130 and converted to a CO,-rich liquid. The melt tray 130 is heated from below by
vapors from the lower distillation zone 106. Supplemental heat may optionally be added to
the melt tray 130 or just above the melt tray base 134 by various means such as heater line
25. The heater line 25 utilizes thermal energy already available from a bottom reboiler 160 to

facilitate thawing of the solids.

30 [0079] 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 is 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.
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and gravitationally introduced to the |lower distillation zone 106. As
noted, a plurality of stripping trays 126 is provided in the |ower

di still atwororonsssi06 bel ow the nelt tray 130. The stri pprng2amnayxoi26 are
preferably in a substantially parallel relation, one above the other. WO
2012/ 015554PCT/ US2011/ 042203 Each of the stripping trays 126 may optionally

be positi.oned .at very sli i ncline ith a.weir such that .a liqui

Pever i o 1R et Sub et b 126 prranioRansbe pp fap e Ny Mg s T8
tray, ovaieif ARhWRitra, licuid 1/BIER nidi@Wnd@vh N8, tNGidd @xdvitatienal Yl fRovRaldAYREQNET .
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0. 04 nol . cen fid - Ul L
ot i ppyng Tiye 185 PRSeEee BRcBaRt fhthe [GBRNGoNNE il el ST &PSiquid
transf er rewscdesnuaetithroughhte loveerdidillation Fadd 116, Zhirecxt@ of disallatdnt épeonds
desi gn choi ce based pn t conpositiqn of . the r gas stream 10. However,
only a T & PEpBmboe! %%Xﬁﬁgﬁilﬁ o dips atwéle?&nsﬁ\ﬁvﬁyi? g5 ynpeppitt PR g lpwer
remove mefifiaREoh Yok 166 1the thedlne\eBhieRf ot AUquieityivd dhfeh havsfihgdpaeid,
gas, for exanple. [0082] Various individual stripping tray 126

conf ilgur avhibng thhaodtidraciriping gayrétchacbabr eakoutmayale ieloanpd GPédnol Thercent.

stripping.tray, 126 i npl epr.esent nel. wth sieve hol es or bubble
caps” HosHraengi s HaTRy el EROAE Eonedud SREpingtn 16 1 s e pEt en
unwant ed ghReIENIMENEQ TahdsdSransRr dadit&duscl 84 thd Rwer dieYlatiéh 2ol raeed a

below the nelt tray. 25 In lieu of trays, random or structured packi ng may

al so be dnglwpédesig eipieasbased amthesmmppsitige of Gregayush seean df. Heviwvermonly a
illustratiyve ] [a: 3] atl.on. ' VS be
L ocated- R Rt shefbnidinp A28 K8 SRaTBULARE %o Rim R Beltihe i MY
zone 2010 lefel bhevd cavieds id 2. liqlbRed £y gagyeyt dempler anged with nmultiple passes
such as the pattern of stripping trays 126. However, any tray or packing
30ar r angdi®82] mayabeuutindivizea shippingatiayi 126 esnfipeativreakiout faoifitatethethenggas.
Fluid Ca%%ga %ﬁt may be employed. The stripping tray 126 may simply represent a panel with sieve

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.

25  In lieu of trays, random or structured packing may also be employed. Figures 4A and 4B of

the 2010 publication show an illustrative jet tray 426.

[0083] In operation, one or more jet trays may be located in the lower distillation zone
106 and/or the upper distillation zone 110 of the tower 100. The trays may be arranged with
multiple passes such as the pattern of stripping trays 126. However, any tray or packing
30  arrangement may be utilized that facilitates the breakout of methane gas. Fluid cascades

down upon each jet tray.

[0084] As the down-flowing liquid hits the stripping trays 126, separation of materials

occurs. Methane gas breaks out of solution and moves upward in vapor form. The CO,,
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down upon each jet tray. [0084] As the down-flowng liquid hits the
stripping trays 126, separation of materials occurs. Mthane gas breaks out
of sol utiwo 2ardissswes upward in vapor form The CO2, WBCT/US2011/042203

2012/ 015554PCT/ US2011/ 042203 however, is generally cold enough and in high
enough concentration that it nostly remains inits liquid formand travels
down to the bottom of the |ower dritrllatron zone
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melt tray_ 130, the tenperature nmay drop tqo 30 about -20 F t F. However,
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nelt the s as_ It donmes In contact with

[ 0088] Refthe mettgrdyatﬂﬂ thoougbk ladidagng 60 (ndt Ishows) @xihe méletraebdi.| Fhe banaspar
C2-rich [i 2012/0 553 CE{USZO g04£§93 stream 24. The fluids in
t he quuift’ilfe %ﬂ?ﬁ%ﬁ theghafeyragsicp deg through an expander val ve
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bottom stream 26 nay be punped domnhole 5 through one or nore AG wells
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30 a out -20° F to 0° F. However, this remains quite warm compared to the melting solid on the
melt tray 130, which may be around -50° F to -70° F. The vapor still has enough enthalpy to

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

[0088] Referring back to reboiler 160, fluids exit the reboiler 160 as a CO;-rich liquid
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[ 0089] Referring again to the lower distillation zone 106 of the tower 100,
gas noves up 10 through the ower distillation zone 106, through the

chi mmeys WB®2oiznisise nelt tray 130, and into the control lped/dSe@enia?g3 zone
108. The controlled freezing zone 108 defi nes an open chanber having a
plurality of spray nozzles 122. As the vapor noves upward through the
controlled freezi one. 108,. the te rature.of the vapqr, becones nmuch
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reflux” ]H?fri Lh@io8 35t oat iRPh RS SHest éx*aﬁaﬂgeg T Y LLALAAM 9@S ERuidthé i l'y
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for LNG transportation. [0093] A portion of the overhead nethane stream 14
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reflux 18 tﬁﬁg i§ seqﬁﬁated in the separation chanmber 10 172 and returned
111a 1816-0

to the té%%r W&rpuwp 19 may be used to nove the liquid reflux 18 back

into the r 1QQ. I J rat | ] i
above thébto r %gémfg&g?gg%ééﬁgxgyggg?ﬁgggé%;Q&B%ﬁgéﬁ?gggﬁ%ﬁgkﬁﬁﬁm%gﬁsghe
| i quid rdédvexhd rtemdediatanaintddcd trezica rdwnl 08i amdi cteer ttiatppes dap Batidor zome t1A 6.

upper distillation zone 110. However, nost. of the liquid reflux 18 is
met hane, S]EleV%PQFq FOYBBSIP WMEY e UPWREh alene rdeother gt %géeﬁ_t bioer ut ot it
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initial fluid stream 10).
move out of the top of the cryogenic distillation tower 100, becoming an overhead methane

stream 14.

[0091] 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
30  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
refrigerated methane stream 14 is then moved to a reflux condenser or separation chamber

172.
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[0094] I n one cooling arrangenent, the overhead nethane stream 14 is taken

t hrough an open-loop refrigeration system In this arrangenent, the

over head wetheyassstiream 14 i s taken through a cross-exciramgseotiodsrhi || 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
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be used to recover even nore liquid as well as sone shaft work. U S. Pat.
No. 6, 053roeilymathangdiromy ihe @sigirfa ravegps ptadainth §0.a Nbipgdn @enpdivenmagatsoa eam
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r ef er enceold 06ARIcRa4IUY, NilGrg: agihi tnyt Grabdsgof @thhne.t MEhib inguiltjueféd wortloB o8 the
returned into the upper distillation_zone 110. The liquid reflux 18 is then
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devices 1 are rectificatio rays that provide a cascading series of
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[ 0096] As fluids fromthe liquid reflux stream 18 nove downward t hrough the

rectifi caondensed.ajfisingtionddiheilopid raflexhk8nbat Bpepiraed iodhe sfpatdtion ghpaber

distil. atj-gn zone 110. The nget e.gases,rejoin the over head ,met ha eam
1"t do oty 3B, hE TolE (BRCATREGE 18 %) B b 4B a6 1t B35
stream léacklaieVie towdiel 00enBitdinBGvdly,qut depthasm eanttre 172 QU intbuhfl dbsvd Bhe
falls onto a collector tray 140. As oes so, the liquid reflux stream 18

unavoi daBPyeid 00 togirexide s exavdiyefced %méalfﬁgbﬂgéﬂw 1By dhe digridontlandd maliemhede
26,9205 MR RO Bl COMANE, PO ) B0 ER0M001E0DA R0 TS i
140. [ 009ituihesfual 186t @ethtiid )ty diddllyppEhesradbie, cafhi medgen Gbpsdsaimt inathé ynipikianar
140" dFso tad~Gren [ dreronantyoesn pHGRa i | oFoek e bR GOHER A hasce.
com ng UFtOMéﬂm t Pneogeoggorli%!gla?r%néern?eei\l ,i thd o%grﬂgadl r%%fha@e stream 14 is taken through an
open-loop refrigeration system. 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 overhead

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

[0095] Returning again to Figure 1, the liquid reflux 18 is returned into the upper
distillation zone 110. The liquid reflux 18 is then gravitationally carried through one or more
mass transfer devices 116 in the upper distillation zone 110. In one embodiment, the mass
transfer devices 116 are rectification trays that provide a cascading series of weirs 118 and

30  downcomers 119, similar to trays 126 described above.

[0096] As fluids from the liquid reflux stream 18 move downward through the
rectification trays 116, additional methane vaporizes out of the upper distillation zone 110.

The methane gases rejoin the overhead methane stream 14 to become part of the gas product
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chi mmey and cap arrangenent such as that presented by conponents 131 and
132 in Figures 10 2B and 2C of the 2010 publication may be used. [0098] It
i s noted weneizhais4in the upper distillation zone 110, aoy/us281psrsent has
a preference towards being dissolved in the liquid versus being in the gas
at the processing tenperature. In this respect, the H2S has a conparatively

low relative vaolatility., By contacti t he I ni vapgr. Wi th nor
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is to provide surge capacity for a pump 176. Upon exiting the reflux drum 174, a spray

30 stream 21 is created. Spray stream 21 is pressurized in a pump 176 for a second

reintroduction into the cryogenic distillation tower 100. In this instance, the spray stream 21

is pumped into the intermediate controlled freezing zone 108 and emitted through nozzles

122.

-21 -



20 up the tower 100 as possible. If vapor bypasses the spray stream 21
emanating fromthe nozzles 122, higher levels of CO2 could reach the upper
di still atwororonsssil0 of the tower 100. To inprove the eCiuscenoy2208
gas/liquid contact in the controlled freezing zone 108, a plurality of
nozzl es 122 having a designed configuration may be enpl oyed. Thus, rather
with the refl ux
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even r enmplimbtyi df naktlogE2hieaving a designed configuration may be employed. Thus, rather than
employing a single spray source at one or more levels with the reflux fluid stream 21, several
25  spray headers 120 optionally designed with multiple spray nozzles 122 may be used. Thus,
the configuration of the spray nozzles 122 has an impact on the heat and mass transfer taking
place within the controlled freezing zone 108. Also, the nozzles themselves can be designed
to generate optimal droplet sizes and areal distribution of those droplets.
[00103] The assignee herein has previously proposed various nozzle arrangements in co-
30 pending U.S. Pat. Publ. No. 2010/0018248, referenced above. Figures 6A and 6B are
referred to for teachings of nozzle configurations. The nozzles seek to ensure 360° coverage
within the controlled freezing zone 108 and provide good vapor-liquid contact and heat/mass

transfer. This, in turn, more effectively chills any gaseous carbon dioxide moving upward
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[0113]Figure 2 is a schematic di agram show ng a gas processing facility 200
for renmoving acid gases froma gas streamin accordance with the present

i nvent i orwoi2n120nsssenbodi ment. The gas processing faciligTaBeis4ipbaced at
or near a hydrocarbon devel opment 25 area 201. The hydrocarbon devel opnent
area 201 may represent any |ocation where gaseous hydrocarbons are

produced. , The, devel opnent. a 201 be onshore, near shore, or offshore.
The devel%ﬁ?ﬁﬁ%&ea %g%ﬁtfl lﬁﬂ&%%%oo"beé;{m‘i ng fromoriginal reservoir pressure

or my b r goi I YR els [ : ods
ol ai med HQYF" OPhe e BRHRC KRR e GEH LML RE g HPR TLC TR B SRLM
devel opnebi csatihgrgualed thatusal pgagdthei vy sidBtanyialtyo d@e behacid igasdsudiDhg methixane,
contam nated wi th carbon dioxide. [0114]1n either respect, a pléralit¥ of
prooduct i dROdsEs 4o shepunpst disGilpfion ZanReneureeaIseiticaiirns| fop rpstinGaddyenp1Forrhe

rodugt i r . : . i - d,l
el eoped Falfle erhgnai! BICnELHP0IR EODSHIGRCRCN T I00 B0 BTIraPhE B, o
2, thr ee wala204 ppO1B5SgfRCiFicasR( il sudh2203refino dugdnetitedveldl s 1R h2reaare cabugzhn.

However, it is.understqod that the hydrocarbon.devel opnent area 201 may
et ude isy® REFBUHh O B SatY B8 RO diLTH o THEQI8h t he pr odust i on
wel |l s 2121 s.,preferably nerged at a .subsurface.flowline..214.. . The flaow | i ne
214 cont APNEUE PAGF Aeve FRASEY ThoPyatR uaRReed M shpReust dun Rl |

has not yrbfitdbdeogerriuainyg o codaheRn nidhdnerpRyduchdbahatdl salsst4htighs dee ofheid aw
gas streamin flowline 214 contains primarily hydrocarbon fluids in a

vaporlOphaasscs. Tife modchdivyptcrara gas prg sont donsr pRieling far spley Thieess prdugide

et hane a > e
or bt and eI AENSE IRRKY (O ShAGALRBADS T45Y piE) AR e e RhoRNRAY

al so i nclgederatedace therpand Emof canbdr digeide ahé hiydiogansulbtdere shbstaeiallygasesed The
raw gas shrea \gn'PII furthgr i nclude at | east sone brine or other aqueous
fluid. Fit lzﬂugg],a HeMSHGHY48 streamwi || incl ude carbon di oxi de and,

P owe 1 OS] TGS Pa®fRER somd e i b PR R B Bl B0 bGHEn 1

dehydsat i Qg sitessel. 220 cBRYNPR00 $OFigaKaIabes indlugh Y Gehoi ke NFOl halisuysaesmat.
that uses a glycol -based chem cal. A glé%/col -based process such as the so-

15 cal | ed'BREY@I 160 dsavidpteichpitedoeppe frethedotierrolaidic strinpingnisavsg Higeisboitady be
enpl oyed. - S .gas: fil |4 ] X Lt h
monoet yiSher SCERRERRshf BALI9FLERN B8 hd Sorght, THY RENIES: S

f or mat i orHowdier,NEG dajtable ts peayeate atvraneitidnk @hian ar beexagpigpte usiapdhd bedoiler

i quids collected for separation int ncentrated MEG  and

possi bl y ¥8nandbsy ylehy b iepritied %ﬁ@@i%ﬂb%ﬁ@g@% 2anGr 1980 F urther, 1t

chi l1®r s desirable to reduce the size and weight of the column 100 by substantially reducing the size

of the lower distillation zone 106, or even removing it altogether.

[0113] Figure 2 is a schematic diagram showing a gas processing facility 200 for
removing acid gases from a gas stream in accordance with the present invention, in one
embodiment. The gas processing facility 200 is placed at or near a hydrocarbon development
25 area 201. The hydrocarbon development arca 201 may represent any location where gaseous
hydrocarbons are produced. The development arca 201 may be onshore, near shore, or
offshore. The development area 201 may be operating from original reservoir pressure or
may be undergoing enhanced recovery 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

30  hydrocarbons, including methane, contaminated with carbon dioxide.

[0114] In either respect, a plurality of production wells 212 is shown at the hydrocarbon
development area 201. The production wells 212 extend through a subsurface region 205,

and into a selected formation 210. In the illustrative development area 201 of Figure 2, three
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20and the inlet gas conposition. Alternatively, the dehydration vessel 220
may use a nole sieve. [0118]As a result of passing the raw gas from
flowlinewddihszsugh t he dehydrati on vessel 220, an aqRevas26itifnerns 222 i s
generated. The aqueous stream 222 nay be sent to a water treatnent facility
(not shown). Alter natively, the aqueous stream 222 may be re- 25 inj ected

into the su rface f tion, 210. ternatively h enpv ueous
LT cam SaBOREOh SN EI e 2 ateo B o N T et & efbloni o aE e RSB a
into the deO@l@bm\é@tta@éaShﬂdm@y 1n"chﬁie@ﬁafn§h@dr@ p@cﬂMbﬁ&ﬂW@lmi as treated water.
[0119] Al so, as a result of passing the raw gas streamthrough the

dehydr at i[0n13]essetoddeon thr@ighshapiadattion waeliy2irai gokfgaslysmegadnal? dubisarface
produced._In connection with the present 30 systens and mnet hods, the
dehydr at diPvghige Zldeahho fgvrling 21k SORAMB ST B2 decagmg, T ega}@aﬁgﬂamswmrﬁw

anounis %e BGER h§s“ﬁcft ?und%?ﬁtﬁ%ﬁy%ieﬁﬁ?ﬁ{pée ferdBRY% v@a!t%%r%@?it 58 Of

sul furous onents such as carbony car bon di sul
di oxi de, @mnm d;tmam inuowrbine apu anatains\DirAQd1g/ mﬁﬁﬁmusemm/ \@vpﬁﬂ ph‘saspo ma:] The

dehydrat ed gas ,stream 224 is ssed, t hr oug ar eat exchanger
550 Toe el pbh SRs Bl AT EaBl L BeY An iRl Shig i ren SHE RedD
exchangery @f&aﬁi&hk bchtdd @rade veidt Gﬂpﬁﬁﬁlesclr"tﬁ?a!ﬁbzagﬂ SOMBronfutid hiy8rHe&ihahdir € of
about -30 F to -40 F. The heat exchanger 230 may be, for exanple, an air

cool er or[oarelet hYheray gis frcapamney 6eb ind@tcatat ankufl 2t nfircpeal ediusoaid Gas:
streamis released fromthe heat exchanger 230. This is shown at |ine 232.
The d8ol daeré &SreSgaEhesltaWea% stecappwilb Ay Rdwdenatt I§ass gre ANInexq01BeTorIugRNs ce

234. The fﬁﬁ@aﬁﬁfaﬁ ff wgaggsﬁgw llt?t?clu&eoéar%ad'{&lﬁe ‘E)?’sgﬂﬁ T(b[ﬂ %a(ﬁes] ™)

val ve. The expansi’on erves as an expander ‘to o tal

cooling qpiif)e dehy Qév@lt§§1 s&é‘@m%ﬁa’b@@%?o%%h the FoRRlinc 204, %d%@%tr&ﬁéeé‘iﬂt@aam
236 i s thus generated final cool ed sour gas 10 stream 236 may be at a

t enper at ulcbydhtieibogssel £20F tlhe- dchydratjon1 2Xp¢lt 226 mndé)ﬁstf@todxuhahe tahglycol

cool i ng a ment for th rocessing f 200 i el

T st acle DB B 0 L A B PRSETE K By b o s FEBF o o
1, mag b%aﬂ@&@RIZ@Spﬂ@E@SQ»Vlierélﬁ\b%ﬁidn@ﬂ§ udddead®btripp gt eegénbmayhﬁ dRFIBRId. Ofn
generating a cool ed sour gas stream 236. However, it preferred that at

| east parsomsicapisqihefrawgasirost lowdingAld rpysbermsicd eeith ngaoqt%ylgz@ﬁcgim i(YHE),

in order to prevent water drop-out and hydrate formation. The MEG may be sprayed on a
chiller, for example, and the liquids collected for separation into water, more concentrated
MEG, and possibly some heavy hydrocarbons, depending on the temperature of the chiller
20  and the inlet gas composition. Alternatively, the dehydration vessel 220 may use a mole

sieve.

[0118] As a result of passing the raw gas from flow-line 214 through the dehydration
vessel 220, an aqueous stream 222 is generated. The aqueous stream 222 may be sent to a
water treatment facility (not shown). Alternatively, the aqueous stream 222 may be re-
25  injected into the subsurface formation 210. Alternatively still, the removed aqueous stream
222 may be treated to meet environmental standards and then released into the local

watershed or the offshore environment as treated water.

[0119] Also, as a result of passing the raw gas stream through the dehydration vessel 220,
a substantially dehydrated gas stream 224 is produced. In connection with the present
30  systems and methods, the dehydrated gas stream 224 includes carbon dioxide and, perhaps,
small amounts of hydrogen sulfide. The gas stream 224 may also contain other sulfurous
components such as carbonyl sulfide, carbon disulfide, sulfur dioxide, and wvarious

mercaptans.
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[0123]1t is desirable to renove the carbon di oxide (and any sul furous
conponents) fromthe cool ed sour gas stream 236. In accordance wth the gas
processi ngof2arddisisy 200, a cryogenic distillation tower PRESR&l 181203 ded.
The tower 240 may be a trayed tower, a packed tower, or other type of
tower, so long as it operates to "freeze" carbon di oxi de and ot her 20

acidic c ent 0 t hane ga a sol i.ds. 0124 The  dehydr at ed
and cool N Alar 388 Yepsuf a8 Erl el AR Bharpd eRbhel Rt Pl By SSehraed
chilled sagr Tgléfhe@tfexbheﬂ%egﬁﬁ) /1 Rchidt RecfrRdRitior Ait Arha RO tex SR gE2 DI IRS | 9.
The distillation tower 240 has a freezing zone 242. This may be in

accor dandbe delrlratpe ghnsteqare d?atdewe é@nart@mp@r@turfr ebabaiy -30nE to o# 0™ B prldg heat
section” 9%1 {234 I%Er Ee %ar ex Q%?‘f‘é hal r BfeP 4R "Ygﬁe grgp mﬁr%‘%ﬁ]@%%a‘t’o €s an

upper di st |on 7o e I i dccof

di stilsl at bm]zong co%:i)eéi JofFLid diat 19'?61@&%%& [T th%zhgatog Eér%'éf 830 Tfn]% %gﬁaom

dlstlllatlon t oner operates to separate nethane an sone et
car bon dumhndé31aﬁﬂeamhatyamgdsg&snnbmmdamﬂbSMﬁmﬁhﬁmghmhanmngammmsweéBéased

t hrough the upper. distillation 244 as an overhead gas..stream 24

whi Lot hel eaPHBAVEN it 14 36116 uo Bt e P otgRU BB o Bk RAVE  The
di still atdx@nsiNedvidOP LserdestRtadn0Rpasdd t98Btas! e edidin [&lﬁ@héfﬁ}%rm@g&ead
gas stream 246 is preferably taken through further coollng In

arr angerrémeamfﬂm @uﬁealz:ooteldéoowgasrs@a@rng"éé isthue ganezaigdi d hdlﬁmelcctoabbdmmg@h a
heat .exchanger. The heat exch s arefrigeration unit

f or §usi %Sgi“'zc’f By e e R B b 376 E%%SA?P%% US2011/ 042203 net hane
gas. spe t. or
other 1 eni L ant is ahdEB6EhaCHG ARRET o ilclB AN n ThiME B oo A

t o about 2—01)35 m@elyinﬁtﬁtlvd\nmhep&ndMg sradngemecnie) siwhawne omy stalvwaninbBigused, i n
series mﬁth exchanger 250 to achi ev rature necessary for

| i quef actTohbe P?F%eaflﬁ‘e?reé?}’é vendoRy g d1of Eanwgthyrféﬁ %@&gr? £Rarrading dagoled
produced @y %asrk%regéésa[ YRV NGt 939 BHAF BRaBAMNGast B&tial fiductRBoRloSthd Gt beles a
separ at or he separat or

15 strearn 236 is accomplished.

[0123] It is desirable to remove the carbon dioxide (and any sulfurous components) from
the cooled sour gas stream 236. In accordance with the gas processing facility 200, a
cryogenic distillation tower 240 is provided. The tower 240 may be a trayed tower, a packed
tower, or other type of tower, so long as it operates to “freeze” carbon dioxide and other

20  acidic components out of methane gas vapor as solids.

[0124] The dehydrated and cooled sour gas stream 236 enters the distillation tower 240.
The chilled sour gas of line 236 enters the tower 200 at about 500 to 600 psig. The
distillation tower 240 has a freezing zone 242. This may be in accordance with the
intermediate controlled freezing zone, or “spray section” 108, of Figure 1. The distillation
25  tower 200 also includes an upper distillation zone 244. This may be in accordance with the

upper distillation zone, or “rectification section” 110 of Figure 1.

[0125] The distillation tower 100 operates to separate methane (and some ethane) from
carbon dioxide (and other acid gas components). The methane gas is released through the
upper distillation zone 244 as an overhead gas stream 246, while the carbon dioxide is

30  released through the bottom of the distillation tower 100 as a bottom acid gas stream 248.

[0126] The overhead gas stream 246 is preferably taken through further cooling. In the
arrangement of Figure 2, the overhead gas stream 246 is directed through a heat exchanger

250. The heat exchanger 250 includes a refrigeration unit for causing liquefaction of the
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rel eases cold natural gas fromoverhead |line 262. The natural gas in |ine
262 is the commercial product that is delivered downstream for sale.

Opt i onal Iwp 2a12p06354on of the natural gas product nay bepcautsariea4rss f uel
gas for an on-sight or near-sight gas processing 10facility. [0128] The
separator 260 al so captures liquefied natural gas fromline 252, and
directs it

ack to the distillatjon tower 2 as "ref] ux." areflux line is
Coen ar nsiha wsostn o abes tRohSl s WREeD Bos sucthiiincdibdupth ohd
i nj ecti ngefrperanefdapavlé raametilling B64ovciic@dt Methdhs tstrbdat 248 ddvai@rabd0-135ntdt he

arrangement of Figure 2, the reflux is iniected into the top of 15 the
freezi ng -26hel.( dmcrnarder valgei(rotmhgwpbmay alspibgaised In saies methl thx heat ckihiragos4
may be inj=acted in istillatio on 44 as |. rovi.ded in- t;he. tower
100 of F:Egsﬁ rte a%l.ne‘[]%%égﬁﬁﬁg{u?ee %Cﬁ%a r g%zqqiugfeagté%h fnsélg}e?eeg%/ﬁet’da gﬂ?%efi Elea e
freezisng ge(ENG4 2trasn & produtell aglined252. spray. Spray headers (such as spray
headers 120 of Figure 1) may be used. As discussed above, the cold liquid
spray hel[$2%]o phleciges travesamy fapligr 200melso ngclodasbocptirawr 60w Tl seROttdre

distillation to 200., [0130] Car bon di.oxi a ot her, aci d gase )
or eci pi ¢ dEEREOVIA ARG EOP SV BOTb o2 02he 1PF clastinl 25t 1342262
tray (notcosfewthl FRyHubE tHa$ 88 dbByvGaPBHAstBAhl ¢ s ctblg]tﬁﬁlfau&,h@rﬁo%n of tche

bottom of the freezing zone 242. The tenperature in the distillation tower
240 at t hatuelt gasmreduct mayfheerapiungyl zsofuel @as2formay obesighi ouncarsight gay probo@ing
HOWE‘VI r, ficr}.gyccor dance 25 with the present systens, no |ower distillation
zone ?sucﬁ g "l oner distillation zone 106 of Figure 1) is required. The

oper at or ﬁ'f‘z’sfho?ﬁ@ sép%rJ%@Vfaﬁalyer%pﬁﬁ@?hguéff%%{atﬂ&lf%g et Hﬁ{ %52 %‘ﬁp.d@’é&s s
is not necessary tor capturing nethane gas entrai wi t e’solid or
| i qui d adiadk gagsedisti[l@ljole 2001 @4 Gafuxcdnmpondhixsliexist sceheat 20der A2fbssase a

bottom aci d gas stream 248.. The 30 bottom acid gas stream 284 represents a
Col d sl arigSTiaPUBP b THY BEotedi Rs bt Boiuei B 8.1 FXEWillngoz_@oﬁfoaiﬂ}?
about 5% i@n1.aBl 1005 Uh fthE QsnLRTROBERighre b th‘é"rEhu;@is[sigjlegfzé]B}iﬁ‘ﬂor{h@l&ﬁ}‘&f 1%

to 5% net hane and et hane, which ideally is recaptured. n order to
r ecapgtur ehbfeoogrdoon (sfmsesatf @8t éguret t)onHbivguef itedrefluk dndas 264 ewam bewO

2012/ 015554PCT/. US2011/ 042203 248, .t he gas, pr.ogessin acil.it 00 enpl oys a
cer  es ofMEEST NG RAATRE £7 o2 Hot R VRIgR if Eogon ot 00 i, 5™ TS
devi ces sed t : he t i fi ' r - Wih a
strippin hg% . [8&%5,; iﬁeﬁg%l-lé%r%éééﬁs @{;éﬁteggy ?On%l% ée\afc%{élgs&%%f% Eé%%m&é%qu
CD(.4), Gbrayma§prbe haaderofsueh as spray headers 120 of Figure 1) may be used. As discussed
above, the cold liquid spray helps to precipitate any upward-moving carbon dioxide within

20  the distillation tower 200.

[0130] Carbon dioxide and other acid gases precipitate downward towards the bottom of
the freezing zone 242. A melt tray (not shown) may be used to capture solids and direct them
out of the bottom of the freezing zone 242. The temperature in the distillation tower 240 at
the bottom of the freezing zone 242 may be about -50° F to -100° F. However, in accordance
25  with the present systems, no lower distillation zone (such as lower distillation zone 106 of
Figure 1) is required. The operator may choose to have a very small lower distillation zone,
but this is not necessary for capturing methane gas entrained with the solid or liquid acid

gasses.

[0131] The acid gas components exit the tower 240 as a bottom acid gas stream 248. The
30  bottom acid gas stream 284 represents a cold slurry that primarily contains carbon dioxide. It
may also contain about 5% H,S and other sulfurous components. It will also contain about

1% to 5% methane and ethane, which ideally is recaptured.

[0132] In order to recapture hydrocarbon gases from the bottom liquefied acid gas stream
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Svariety of short contact-tinme m xing devices. Exanples include static

m xers, centrifugal m xers, and dem sters. Sone m xi ng equi pnent breaks the
| i qui d apsiot2otdmessgh an eductor. The eductor delivers gasTiuscaugin2a3
venturi-like tube that in turn pulls liquid into the tube. Because of the
venturi effect, the liquid is dragged in and broken into smaller particles,
al | owi ng | arge surface ar contact with the_.gas. 10[0134] The

St 1§ oot g Baiers piise 5 5 TEyabe SRR ¥ e £ rHE R getaL YA EanEDsy
reservoi rcpf, .car lemy, di @D, deThdse sReReRbre2fRd td QohRedthedtefNligedficAhcHB¥aCes
CD1, CD2, CD(.4), CD., a C®2 line is provided at line 272 fromthe tank

270. Fl owtrgm@dB with dsfghpinaeas.i ne 272 is regul ated by a val ve 274. Once the
system 20Q is operational, the valve 274 is substantially_ closed.

d
Al ternat ilE3) t BB sprerppitignising deyirsvE BedCBy boi ¢ Pag» £ hofey &8 Y e
15stri 1 | -1 3 i . - LS | : ed
ot the ik HORC et RHERR Hovicds Stk RERAAO Smilin b, balREHE
t hr ough eaxhrscemt dahistegs. dBame eni€idg, eq@ip2yent breaks tHeD{qudd apa@Dthrough secdve®rf or
t he renmovagl of resj dual nethane fromt. liguid. . the strippin as ., noves
e ouen v Aelosatei: ol haud by SMegike W it tum IR qBRINg Bagn

beconmes BLALRSSH MR! YendBF asar tHOlifhie igicﬁ%ééeHth A 6rORET i Amaled phftRles,
operating tenperature will go down. In addition, as the stripping gas noves

t hr ough tallewegn kegd gfadesice eScadbict wihzhe gas. ., CD., the gas in the
contacti ng devi ces becones progressively enriched with nethane as it is
stripgfed [Bld4lof The sfrinpirg gay aercdcrably . substanigglivhaume; ¢agbore dipxider oA &k or
rel eases e i t - i &40 ( tont he
second con eg{édtncs)?f %M gLoléyqe{Tl?sstQ&ggtrml fg?%éi?tﬁgﬁéﬁénrl c%e &gaésﬁ%t@%%m' ”
280(1) meyDhe), (Dt a ©Cantpicds patvidddat1in2 @72 fron3lic Fanka2 . dhowtof 4TW) thwughehe

psi g. The.segqnd cont act or 2 eases a secon artial]y-nmet hane- i ched
gas st reﬁmez%(lé)r.eg#ﬁr@am%@ é‘f‘!- PaFe gikmpice: S Sueretesiofif Sopee Thhis
about 40Q,bQaftpPyRIbLd. AlRSXvER; HRSkri H% 86d Rrprilicd by H811885L50rBoR ©X the
partial | y- met hané-enri ched gas stream 280(n-1) to the ¥| nal “contactor 30

CD., 1and s&rifffieddiquefoatt ndtoors s@Bemr el eases a final net hane-enriched gas stream
280(n). The final enriched gas stream 280(n) may be at, for exanple, about

-70 F andOk¥g psimopqraionyCthes ftipdpcadeinivaihe fesdoptisdngydeviea € Pags 280(00INg s
- f . - . th
Comr oyt BRI GRy SR PR RaP0F (PP B T oL REl g the

2012/ 015504 RCTEMS2A LI FEARR0 thelhaae Moeahiuigad. nes Henerijfiencpanses thipoah the

t hrough t he ugper distillation section 244, and ultimately becones a, part
of the ovePREHE ascest CRantPas. - - d1BeRE Ry rthé §irpgHIENEASPICABED HEAEBFAHEN

gas sir eaRLHRy thk ARHAESLHWek gU@,fainﬁCihgéﬁerét‘ir{get%ﬁ?perature will go down. In addition,
as the stripping gas moves through the contacting devices CDy, CDs, . . ., CD.1), CD,, the

gas in the contacting devices becomes progressively enriched with methane as it is stripped

out of the liquefied acid gas.

[0136] The first contactor CD; releases a first partially-methane-enriched gas stream
25  280(1) to the second contactor CD,. The first partially-methane-enriched gas stream 280(1)
may be, for example, at about 20°F to 30° F, and about 400 to 500 psig. The second
contactor CD;, releases a second partially-methane-enriched gas stream 280(2). This may be
at, for example, about 10° F to 20° F, and about 400 to 450 psig. A next-to-last contactor
CDu.1 releases a next partially-methane-enriched gas stream 280(n-1) to the final contactor
30 CD,, and a final contactor CD, releases a final methane-enriched gas stream 280(n). The

final enriched gas stream 280(n) may be at, for example, about -70° F and 400 psig.

[0137] The final methane-enriched gas stream 280(n) is comprised of methane and CO.,.

The methane and CO, are reintroduced into the freezing zone 242 of the distillation tower.
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248 is carried into the final contactor CD. The liquefied acid gas stream
248 noves through 5 each contacting device CD, CDn_i, . . ., CD2, CDl1. As
t he | i queWDeadi2zasib4gas noves through the contacting devipceasgni/o€2n3 i ,

, CD2, CD1 in series, the CO2 gas content in the |liquid becones
progressively richer. Thus, the final contactor CD n releases a first

partial |l y=stri pped,aci UId 285 r evl ous,.co-C

Pont act o ety Feut e PESeCwRv st ot b bR ol sl 4, ang
partial yulﬁlhategp&@oﬁl@g@Ipeaeftuewmezﬁge(smr&mme second co- 10current
contactor CD2 rel eases a second partially-stripped acid gas liquid 285(2),

and the f[0138] CoRtfeting ag@ﬁ}ittorthé Bats@s adidfganstrcasi 24§ ﬂmboamndllcg&ﬁeti agstetam

285(1). [0139]1t is pr rred that the ond. part stripped acid gas
liquid 28487y C%@P@%@&l%@al Copactele€Bad T eﬁﬂ%ﬁe&r%é:@se cymPARmovey g

end, & renoh b&liadi @de@ By, ¢asl.,, .The 30D, e s 2Ol 1eW%Efl‘1‘é E“r‘no%%&ﬁﬂgugh

partlally strippe aC| gas liquid 2) to a tenperature o
15exanpl ghe &ﬁhtfctmg dé0Oicks CDIiu €Daids . |®Dbr(élak1nmgrles4tthm®0btgasecanmm rethtiligetd

cont act or 0140 nal r acid 285( resents a
ot on bERATICT ROREATIG S sahSar R By ottt i oot

sul f ur ous,cRPPRONGNE 285(1HMot the é)%\h&lsnéﬁ -clrPt @B8taSbl €N Mhd hRWoluk R8-cddrdnt The
final stripped acid gas |iqui may be delivered to one or more acid

gas i nj econwatondlPs1 EiGsesThancki pa’tlaléﬁt B‘flrlpp@ti a@dlgﬂls dBZlSlld 28Rnel)286( scpomhygot hen

he- Sibs e GRS R B Ml G R pRRLA PR, IR EENRT2heBt FRTHES. "

[0141] Si rbeﬁtauaﬁ:(J‘Dlrtelea@tshlfmaleﬁnp@ddctacg:agaslu szSQB)S( 1) represents a
substantially pure CO2 stream a portion of the final stripped acid gas

liquid 289(39] may 1berafem@1rttletdthamebomé-paﬂexdiyesmpﬁeé asidrdap piqngl 285¢2) relvatddeby
arrangene t of Figure 2, _a _diversio I.S.pr ded rich
liquid ir ih¢ ssrends ntpgonEPadg Witde Ef@ %1 5%*}0%?/ lsspchYléﬁ‘gd aereéog
l'iquid 2882, bahahehd Q&oﬁ@%@ﬂgllg%ﬁﬁﬂp@h|a¥1dséa{s'19:1?1%1295\(? tcggstethf)é}!l't'uf% 318%12)
enters the hedter 276 unction i1s a reboil ternatlvely, t he
CO2- rlisch dxkoppled 30TF ka 41)? I28Bhisands ebdakieg betdmethtuee ﬂtuth@ﬁ@?eont{lcmﬂ@])it is

noted that in each co-current contacting device, the flow of acid gas and
30 stripgPMPlgas The finak siripped aiehges fiquida3856k represers e waluvan thadils cempflmi

t t h ||
cop . TSRS Sppgtbipsf, B O R R hafRy L Wl AENCEY B

count er - aittesirih floonli@c2 i STheASnad stripped heid @as nquldQBS(lt)hmwteamlaaed)ltcsoﬁ@md to
be smal |l er than counter-current fl ow éont actors that utili zeéfacked or

trayed tdwEscid ggs pecsion vetls 2367 U onal) tupned2qd gasiiaid 280eDappethen be
cont 3t i NG P& drSd, R BosNly TR EARGL ARGt Mrvoir PleSsut O RE k®fsurface formation

210. To facilitate injection, a pump 290 is used.

[0141] Since the final stripped acid gas liquid 285(1) represents a substantially pure CO;
stream, a portion of the final stripped acid gas liquid 285(1) may be diverted and re-used as
the stripping gas. In the arrangement of Figure 2, a diversion line 288 is provided. The CO,-
25  rich liquid in line 288 is merged with the second partially-stripped acid gas liquid 285(2)
before the second partially-stripped acid gas liquid 285(2) enters the heater 276 (which in
function is a reboiler). Alternatively, the CO,-rich liquid in line 288 may be directed into line

278.

[0142] It is noted that in each co-current contacting device, the flow of acid gas and
30  stripping gas is parallel, that is, along a longitudinal axis of the respective contactors. This
allows the co-current contacting devices CDy, CDy, . . ., CDu.1), CDy to operate at much
higher fluid velocities than counter-current contactors. As a result, co-current flow contactors

tend to be smaller than counter-current flow contactors that utilize packed or trayed towers.
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utilizes an eductor followed by a centrifugal coal escer. The centri fugal
coal escer induces large centrifugal forces to re-integrate the liquid

sol vent iwoaosrabis4vol une. It is believed that the Pros@omiisteiantros or has
been used in pharmaceutical applications, but has not yet been 5 used in a
gas processing and separation facility. Alternatively, it is believed that

s an acdBH ol o Rb REIF G CBBLAR (Yo et TR TR HTRIDn bs BRHger

avai | abl it@ned hnedgdtat flotRatbyt @%elﬁhﬂﬁé?awd\i’b&@ﬂt et QentriSuda$ %Qalte&ef Hdeés an
H2S scavenger for the renoval of H2S. The Pro ScavTM contactor appears to

oper at e dargg centsifugel frirsesrto rointeateld theylignid selverydep smaH vobimgh ot evkwlicved that
embodi ment,, pCAFRARE cé’n%écst&] haseoce[e]ﬁ'%§% 1¥11 ﬂh%n%gé)eu%’{aﬁ%?gﬁéatu%é ;Bglth ye? %%t on

of the hardware I n arge con

al I owisng dsed ihhe gayQﬁé@@ilnglandmmtlo@ffadlh@ | oviesinadivalyl, lit &g Ib@he\&dn@aofthea
cryogenic distillation tower. d%0144 ]I n one aspect, a conbination of a
m xi ng deRFP3EVARacRarier peslablsdram Peefiire oF BetpcaelPrEy map agVe e an pecopHble

contactorgy, C%y&hs coh@Ft anmmﬂng Nirdridafibn %k%e' $ AL AvaltiBle Adinecand &1 2t the

cont act or may ut| Pi'ze statlc mxers a m XI hg devi ces,
contactoﬂhb&@mﬂ%hmmnwumnsomb@noaqntaand&§ mmwagdﬂﬁmeh@dmnbwﬂsﬁ‘Hﬂﬁ the

next -t o- Hg é tact or 9%% @) and CD. contactor . %ii? entrifuga]r]i]g
m xers. [0% ‘%‘] %OHB%E?F GURERL ORFFATE A§ug tasic @Biff f8 0‘?5 nt CBIEEEL i
devi ggs %tesgp%mbodlment compe védol t&@noﬁ%? i$ BRIy clioNRV:8he f@if d RNRELA of
greater nunber of co-current contacting 20devices may be enployed. In a
gener al gkaderdvaar iin stongariserr telhc dopt aonwctor sowenf agdirfehdroallovasgifoe thehe

ext Lo I gﬂ%%zt@ﬁ FERpihal i R Bkt W&%ﬁ@%ﬁ%ﬂkﬂﬂﬁsﬁ 1" Stri pped
d d; I i
v camtd" ] nolfOR, AReE: STRPLaBh ST ARl ff&?&(ﬁ@ﬁ%@mg

addi tion demc‘elmaxhpkoged;muhembntraomtsacrlﬁrs fos emﬁpllegwlee“dsttamntarcmﬂmeaﬂdmcdmit tom

I|quef|ed aci S stre . ei.ve a
partilal | fOH@@Waﬁi)zéw Ehes stpais rg%?@&ﬁﬁh%ﬁ%%ﬁweéu%thé@ @afetop not shown)

30cont aCtd%roth&eJ:cﬁﬁé&or% hﬁaJ lhhfke MBINGRE RN E NEH 035t SohRRB IO Neaid Xasieni ¢

distillation tower;
contactor may utlhze centrifugal mixers.

[0145] In the arrangement of Figure 2, four co-current contacting devices CDy, CD», . . .,
CD.1), CDy are shown. However, a fewer or greater number of co-current contacting

20  devices may be employed. In a general sense, a first co-current contactor is configured to:
- receive the stripping gas;

- receive a second partially-stripped acid gas liquid from a next-to-last (or

second) co-current contactor;
- release the final stripped acid gas liquid; and

25 - release a first partially-methane-enriched gas stream to the next-to-last (or

second) co-current contactor.
[0146] In addition, a final co-current contactor is configured to:
- receive the bottom liquefied acid gas stream;

- receive a partially-methane-enriched gas stream from a previous co-current

30 contactor;

- release the final methane-enriched gas stream to the cryogenic distillation

tower; and
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WO 2012/ 015554PCT/ US2011/ 042203 rel ease a first partially-stripped acid gas
liquid to the previous co-current contactor. [0147] The nunber of contacting
devi ces (WO 2e2a86550ne) prior to the final contactor CD. PCI/UStaiiatrd3
primarily by the | evel of nethane renoval needed to neet the desired
standard, such 5 as less than 1% nethane in the final stripped aci d gas
liquid 285(1) For e t he system 200 ve two,Cco-curren
contact or s o pr odEeerng IHe PSR ST REFD JgHe ey PEGh DaE RV Sorigeahnce,
the final co-currenfnteiractor CD. is the second co-current contactor,

whil e the previous co-current contactor is the first co-current cont act or

CD1. [0148])44]t er Mat hw@byt, oftdoatasyist éniQQateyst ba)erion e thedal tsitaiiér CDy is
contactords for processing 10 the bottom acid gas stream 248. In this
ig @uéyr&h?

i nst ance, J1¢tRSd prigA lgvR! of mrethan reme gl np efiﬁ% mest bR desirdcyigndart, such
cont act or f e
Che for ot R EnaPPR MR ) CORDAFAAN e AT RebAl Lo GARPIQWSTRHE
cont act or200Dhay banet twvecd-cursint pamtmtatsl for $tCtCB$S|lI@thaleﬁ0gl&Eld gapustotafr 248. t e
final co- ur.rent cont Furt he second co-current conlphﬁct or

rel eases "BISJBYHHE 8 ;?9 §HTFRY ﬁ%téa%{jpeﬁ% OGRS POECHAP L ABIHRY- PPHE e

CO- CUr r eMfreEOIN @L&RFentBdntacdlds theSMSORAcRANE E@ltdtorstp| pped acid gas |iquid
into the first co-current contactor CDl. [0149] Alternatively, the system

200 may Hay48|nor altehatvElhS e sget 200 @iy 1e08tiact 06-Suflr@it cphiracession grdcbsing
bottom acid gas stream 248. The final co-current contactor CD., any
i nt erlfedith¢ éomﬁl@&rﬁ ges oreem 248 dedlyn dn%@%umedﬁﬁwe%9%%@11@9?%% ds thte

first co- %%Jéie S@—P enf ‘BS'ﬁ 2GhO" TPl RhE. B uAHECén Sk e%rc n;ﬁ%{?reeﬁ&g Eecive

stri pped aci I qul s as progressively richer aci gas qul
series. Ahe fine p&ﬁrmlytmﬂhanetdﬁmched gis geeaaufromnthe dostt @etwwrenCBintadttreCHecanid

co-curren ont act |nte iate co-contactors, and e fi a
co-curr eﬁE‘ tP&‘EH b’ SéEPPeQraé ff’g‘g‘ggr%l @‘@ WgFOfH”éeIF@B@EW@ ‘Eu

met hane- qp& k&hogd QasirShi Q&R&t&lsre[éra%rﬁédoﬂ& Ivrisyg et anal-GeRh&d g%aﬁﬁeahﬂto
series. 25[0150] The use of nmultiple, co-current Contacting devices may al so

be udéd tthe fimelpa- umreemWntaanobﬁDrdlaod|ad®comhparesbjap‘6@péd oond agas riygogemite the
distillation tower with tfngoverhead gas stream Figure 3 provides a
schemat i ¢ LgrUHPE WYY 9 bas processing facility 300 for renovi ng acid

B tor fr3“%?%83?#Et%%“?‘ﬁ%%%“th@‘%%f*az%%%ﬁ%t e AR o TR Snacdh 26

al t er nat as” processi acl oys a series of

co- cur r enfro@8siagnhadiottom hoid fasr sthen MBet Ehe r@laﬂr&iohcamnf rcomatﬂoe @vgr higad
gas stream [O151]As with g a%ﬁ processi ng faci Iltg%ZOO t he gaf grocesa ng
facil ity BEIMedatg] corentagtoryy thyesgpond ﬁera%@ar%lﬁﬁ vePaptichtheatiesh cggtrete

hydr ogar % tad Y 19105&%%&% doj@éh%@f%%g {tﬁ%%gls@c% V\%Qé‘}iqllu% al RS ORRLE

gaseous hy rocarbons are ced eve
2012/ 0155%hPCi¢id320 1ig0 04 22 G8ries: eAt BB1sameytilne, thesirst en-cureant cohcter (J), the

of fshore. The syste cl ai me erein are ot limted to th of field
that is oREd esGur rfemw%q?lghganasm&epn? 5 SRR hy Ko s B o -curer

i ncl udi NGoRBRERRNED, CRAtARALAY & AHOS dicOXdsfutive methane-enriched gas streams as

progressively sweetened gas streams in series.

25  [0150] The use of multiple, co-current contacting devices may also be used to recapture
any carbon dioxide that escapes from a cryogenic distillation tower with the overhead gas
stream. Figure 3 provides a schematic diagram showing a gas processing facility 300 for
removing acid gases from a gas stream in accordance with the present invention, in an
alternate embodiment. The gas processing facility 300 employs a series of co-current

30  contactors for further sweetening methane from the overhead gas stream.

[0151] As with gas processing facility 200, the gas processing facility 300 is placed at or
near a hydrocarbon development area 301. The hydrocarbon development areca 301 may

again represent any location where gaseous hydrocarbons are produced. The development
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[0152] A plurality of production wells 312 are shown at the hydrocarbon
devel opnent 5 area 301. The production wells 312 extend through a
subsur f aceone/usss305, and into a selected formati on 31@CTIUS2¢41h@42203
illustrative devel opnent area 301 of Figure 3, three production wells 312
are once again shown. However, it is understood that the hydrocarbon

nor e Qroductio

d I t 301 i ncl : . -
{1537 Pr ctiticTaRey R atghe: A SPSaL et Eotsol e Sioms SRMEd hitdiye petlimied a
subsur f agg the tfpovr lfiene it 4s uhbe aé&m?nieae s8 Ufn€ ABtiRN preiutAY BAFo@IBREM
The raw gas streamin the flowline 314 contains primarily hydrocarbon

flui ds i nneludiaparctipimgseontanag kyipodwxbisns are primarily nethane, but nmay
al so incl ude et hane and e¥en ot her heaVX%hydrocarbons such as trace anmounts

of propar@I bufaplgralighal erdycupitls S1hya shaarbahtic pdiesabrReloalRpE4s!

stream my.akgp 'Th%'séi‘é&uctt{oﬁ% IR E e tlﬂ’oﬁ%}pges%b PRICE Y03iBR B8t B inksianer t
gases. The raw gas rean1MAIT further 1 nclude at feast sone brine or other
aqueous fselecdd fermatidry ,310he In athe gHsststtive atavaldpimennh ekead 80t axfbBiguate ok i theecand,

possi bly, other acid ses. [0155] The r as streamtravyel s through the
Prow 11 nerrSdurfion 31 392 3 nstcain b e TR 4t ROvROBR g 5 hygearbor
dehydr at i RRcBEMER! ard250 1Yy BRIUdR ntmG ISR PERIMisIweRlydr ation vessel 220

fromFigure 2. As a result” of passing the raw gas fromflowline 314

through t[besx0 defpddcadn GroneBIBE broddiondwelBOBIRN HretiabBmegdd hsa Qitarfagai n
generated, The aqueous stream 322 nmay be sent to a water treatnent facility
(not 18hovipw-ling 814 .ndhe fJewyline3dd caniaiasawigas shvanp 2 Thagpvheasserm;ia hediownt o
t he subs a At i 10. td ti r

ctream 3900t pEITL [Py b RERR ALE th 31ieror phAS, (IR NTERER B o
i nt o the pgrocally wattieanshiewt rogy; alsd iragyalel atlednleeandtckren oftics heavy enivedachone stichass

treated water. 25[0156] Al so,, as a result of ssing the raw gas stream
t hr ough ttr?@ea@ﬁ%t%&% PERalesytans o %lvegﬁsg?aémymcgrb@@ﬁydrat ed gas stream

324 is pr ed. .l n _connection with th resent systens, the dehydrated gas
stream SA8 Hicl bE SR AR A oRre e RS o Rl et e SO HBen
sul filde. iA&e g8&S. SIHeeRM Sadstida @il GurfiRntiadideoithiesst SBink Wil SorCRNBOARIBE S
such as carbonyl sulfide, carbon disulfide, sulfur dioxide, and various

ner capt arfiiid.3pmels Aty grsthiidaamel igdudesearkardiggdde prd, passslly. atherggishgages.
prelim nary_heat _exchanger 330. The heat exchanger will inc|lude. a
refriger s onihe rwe%aﬁég?aw@wahgtgwugédﬁ% Pring gﬁf&@ﬂya ruatff%de dtQt& eam
324 down {.Byv@atiSiPakatizne o &B?&Fatio@%ﬁeltﬂo‘rﬂ%’ be inlfi@oRBAle Rtk NRRMERE0330

may be, for”exanple, an air cooler or an ethylene or propane refrigerator.
WO 2012/ 02565232 ibwRiguté D4 2303 ch 0l &Rjassivg deadwsma frogafowtimeathdi through das ed

f h h 330. Thi i t line 332. T | ed
Lo P P i S el ftbes ipitedh s ThERBIeGR SRbn, 0°
devi ce 332y Besent & a @4aMPle8imet RUIE(TNRARDSAN Altddndiively dhd/£uedtiestream

expansi on device 334 serves as an expander to obtain further cooling of the
dehydr at e®2gasy bere-auentaBmto thef subanrfacgdoedatiaud10gad ltematealy 386, ths remoyed

generat eda‘qug_@u% sfttiegr%l 32%0181«13? ge 224ed 96 neet environmental standards and then released into

the local watershed or, if applicable, the offshore environment as treated water.

25  [0156] Also, as a result of passing the raw gas stream through the dehydration vessel 320,
a substantially dehydrated gas stream 324 is produced. In connection with the present
systems, the dehydrated gas stream 324 includes carbon dioxide and, perhaps, small amounts
of hydrogen sulfide. The gas stream 324 may also contain other sulfurous components such

as carbonyl sulfide, carbon disulfide, sulfur dioxide, and various mercaptans.

30 [0157] The dehydrated gas stream 324 is passed through a preliminary heat exchanger
330. The heat exchanger 330 will include a refrigeration unit. The heat exchanger 330 chills
the dehydrated gas stream 324 down to a temperature of about -30° F to -40° F. The heat

exchanger 330 may be, for example, an air cooler or an ethylene or propane refrigerator.
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stream 336 may be at a tenperature of about -40 F to -70 F. [0159]It is
under st ood that the cooling arrangenent shown for the gas processing
facility wOQoizoia®sael y illustrative. Qther cooling arramrgensntiz/o4R0Eh as
that shown in Figure 1, may be used. The facility 300 is not limted by the
manner of generating a cool ed sour gas stream 10336. However, it is

preferre t at, least partial li.quefacti.on of the spur stream 336 is
P econn! + IR | Sheerna soB v dreamuf KIGRE gl Bk ket BtfeePRR. SR ARG e
(and any a3 Uht BBDUThE OENENSIHr Shs §tFAM fsRPtisRAyaEk&OHFoudASn TkpARIBNIRFice 1334,
accordance with theégas processing facility 300, a cryogenic distillation

tower 340TlicscnensipeielgvicThiB4t mwgrbeador peymie & JonlaydwnisenuehT aviaekethe
tower, oroBLNGK, KURE. $ls LOVET. 500G 33 oblhirCREREF €511 ol ihEFES aiaL RN
ot he nte out of 1t hane gas vap SoTTd

di oxi de an r 'acidi ¢ cofrpone or-~ as

[ 0161pThetdehyddrate dnandokdGbetgSaticaig 33634 tR8 FeddbtcéNThE Sinhiheotidsdout L@t | on
tower 340. The chilled sour gas of |ine 336 enters the tower 340 at about
500 to 60UCHBIIGO Maydet atePARUECiabRT 482D thad & f r eezi ng zone 342. This

may be i ordance with the 20 internedi ate contraolled freezin n or
T e S AP AR08 Sndifod LS ol AT ePmen PR ot BF cahoRrafe RuN s
an upper 390st @y iRtraene Gadr cddMing am},i%aﬁeﬂt@ sAGE MangRwh ihFigme

distillation zone, or "rectification section" 110 of Figure 1. Finally, the
di sti | | atlicomed.oWee fag4 0y BAE isuthé simatcd bwehe miagndriof genwatingoneodedisouT gasstream be

7 25T RT3 %, A L L B OAL R 1, 80 95 400

met hane (a2Bshnplyied.et hane) from carbon di oxide (and other acid gas
conponents). The nethane gas is rel eased through the upper distillation
zone 344 [886(Hn olteishemat ggsn stesiedhic 34 Gemokie | the tdaebonadioeidediand i g kdfurous

rel eased through Bge | ower distillation zgne ?41 as, a boH%o i quefied acid
gas st redPMPREIPOTEE] P CAPIRI Ry st j0on i BiReFagsH™ aanwﬁ% arsRHe and
other acig.igassf, rar&%g(%hfcaaiaﬂfa@o{#@awwa 5 PRVigSt TR lodeBaflingly dd AtrhQmy

zone 341. A relt tray (not shown) may be used to capture solids and direct
t hemliSnt dowei, ras pauhkdd ttowyrs .or Tthe tpalolf dswehaontehg iangt operstek ital “Areezh’ ccarbon

G St 1T atd GHA R et T < OHRorRat Ok b SIS FEARO ST at  on zone 341 may
e shout gy, 55 B PR ) R A ST VR g
stream The chilled sour gas of line 336 enters the tower 340 at about 500 to 600 psig. The
distillation tower 340 has a freezing zone 342. This may be in accordance with the
20  intermediate controlled freezing zone, or “spray section” 108, of Figure 1. The distillation
tower 340 also includes an upper distillation zone 344. This may be in accordance with the
upper distillation zone, or “rectification section” 110 of Figure 1. Finally, the distillation

tower 340 includes a lower distillation zone 341. This may be in accordance with the lower

distillation zone, or “stripping section” 106 of Figure 1.

25  [0162] The distillation tower 340 operates to separate methane (and some ethane) from
carbon dioxide (and other acid gas components). The methane gas is released through the
upper distillation zone 344 as an overhead gas stream 346, while the carbon dioxide is

released through the lower distillation zone 341 as a bottom liquefied acid gas stream 348.

[0163] Within the distillation tower 340, carbon dioxide and other acid gases precipitate
30  downward towards the lower distillation zone 341. A melt tray (not shown) may be used to
capture solids and direct them into weirs and trays. This enables the melting of solid acidic
components, and the break-out of methane gas. The temperature in the distillation tower 340

at the bottom of the lower distillation zone 341 may be about 0° F to 20° F. The bottom acid
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[0164] The bottom acid gas stream 348 is preferably taken through a reboiler
350. The liquid acid gas streamentering the reboiler 350 is at a
rel ati velwol2ow/tiessper at ure, for exanple, about 30 to 40PET/URedaiokxn3 350 i s
in accordance with reboiler 160 of Figure 1. 5 The reboiler 350 allows
met hane gas entrained in the bottomacid gas stream 348 to flash fromthe
i quid aci ase The net ane vapor (. | W t h, yapori ze t hen
travel s (385 SgR S4bBActrRe Tt dnaer it P 2 1R 855 < over 340
Pr ef er abl he VEILS i to
the int ermm‘ﬁat e ?gétzt%\l%lds%% gr%ﬁ] %st e %?@%3?&’[ ﬁg&} gl %f;e'ﬁ%lér’{e SZTHnéa
deliver tlhgidetidage veqet emrlhgeths trebadjeir rBHO fsaMSa(tSlaﬁhelﬂlClaﬁl vmge&tamd for
cascadi ng traég é%G in Fiqure in the |.ower glstlllatlog zone

8

[ 0165] c;areéalﬁlp %éoarw ny- dtqb@tlert%%%lé IBEPEATEANCE HIghETRe EcTebi: Oftlﬂlgure L
reb O' T?l% eBBﬂéﬁS'ﬂl AMoI3 ﬁet.tht?éJ @rftf _1n-|tHé %8tt§ﬁ W"ﬁas‘a§tr-slah{‘§48?’t:b4ﬂas-ﬁhe
I y ou

I|qU| C conponents are opt irecte an expansi on
devi ce SEBon‘l ahe fliqnitdharid cgasr.lst n@jhe Tivitlsndeapeasdeng hetht ‘eippﬁzai () dient thevels

liquid st in line A chilled | d. strea 58 i us_ rel eased. 15
The. cop: rihEReh i e P estimyS B SR dORrIe piFstigh Whausn B o
AG  wel | 53521 Qefit®s ahé ane@aRAEoR4infl ?9 Yhgor3intd hﬁecﬁitérhﬁglalté GredinEPoreS 342.
injected into the subsurface formation 310 through injection wells 316 as

part of a‘hlt@nfttimbedhm'vapor 00 BE? ynqtyrdfél@srsthe [robBicAspantoetic stripping ays| (Sechi on
t | tf h t 346
BTt Nk n%¥f%f%dlﬁl§3§t% SR
prefer ab'c[gnfsjggf tﬁﬁmﬂoleQ i f%ﬁ{& t?acggdgtd&g?og@%erﬁé“e%%g'r%bl%er‘ 33

this per over fi stream used gas or may
be sold umﬁmmﬂgm$annpmmskems Jaisnatshoah agdiae 35waihe rliquidaddic aodaioaentyvatch

certain netho her ei n is desirable.th he over head s stream 346
under go fqttlpﬂagfy ﬁr%&e@s@r%@h Wa@a@ww@aﬁﬁor Tyrthes cqelire: abhis degroaes the

down t he arpUAtrObf G RARd dirith G 1B 3t5t]e AValRaad g sl 858NiS3tHis released.
25[0167] 1 n order to recapture carbon dioxide in the overhead gas stream

346, Ithe HesCr-ock digiidgsticami 358t maB3 00 pemptddewahde thiresghobna o= mbmwwir g wells.
Th d d
ot 1A A Ee o0 Bt T Lo e SRR A R RS

refl uxi n@fohhz‘}twnckllﬂihﬂ%% fij@hlod vl St 884 g@t bYarPéHhendBatdIABEovefy Slodéds- Up tank
or 30 reservoir of nethane is seen at 370. To feed the contacting devices

CD1, CD2,[0166] ., ASDloted) thdCHistillationHbwler aBoirslepsed \dindedritdad | danatrdatd 460 MTliche
tank 370. F|OM/Of CH4 through the |line 372 is regula%ed by a val ve 374,
Once t he Wydraheapssam 6&%%@%?(1 prigwrilapl metdnne | he oneingst gay Jipar) ed.

V\D 2%2/ %@1551%%?&1 CD%JWSQZLI?@%I‘E %Q@]aBBEtGQOmBPrée‘%E@m CARACHo ﬁlede\ﬂtcﬁ%

n may again any of a variety o
c_ont act tpen@n‘rmgx,l thg odeicaesas sExam¥46 snaynlod usetd as tfatligaes ot ey e anhﬂ mE)nten'taﬁugal
M X€rs. Irnnalr g Eragtnlatct)t?al gsagbﬂo%vnetvlera I11|1 XcJjorcliancg%vtltrl]lacne?tallnsmlet%togiso gel'{r(e:l%d it 19 tdgsu%b[ | nal
that the overhead gas stream 346 undergo further processing. More specifically, it is

desirable to drive down the amount of carbon dioxide in the overhead gas stream 346.

25  [0167] In order to recapture carbon dioxide in the overhead gas stream 346, the gas
processing facility 300 employs a series of co-flowing contacting devices CD;, CDy, . . .,
CD-1), CD,,. These devices are used to contact the overhead gas stream 346 with a refluxing
liquid.

[0168] The refluxing liquid is preferably substantially pure methane. A start-up tank or

30  reservoir of methane is seen at 370. To feed the contacting devices CDy, CDs, . . ., CDg@.1),
CD,, a CHy line is provided at line 372 from the tank 370. Flow of CH4 through the line 372
is regulated by a valve 374. Once the system 300 is operational, the valve 374 is

substantially closed.
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contacting device CD n as a liquid. The methane first noves through line
372, and is then 5 directed into a chilling unit 360. Preferably, the

chi | I'i ng woi2012388554s an et hyl ene cool er. The chilling urct/u3e@ilosizngs t he
tenperature of the product gas down to about -130 F to -145 F. The chilling
unit 360 releases a chilled nethane (CH4) liquid streamthrough [ine 362. A

punp 364 | referably provided.along |i to Lpere operat i

br essur . 0F8H70) & Co-butrt Gontceidagtrs U dhon o Sl bonPalivrs it 4w oo,
CD(n-i), of a wadiltyQX ort CHitactiting kRS ISficdheEkAAPERlin@HidAGiadE MikeRPATIENt S
fromthe gas. As the nethane-rich gas noves throu the contacting devices

CD1, CD2,centrifugal mpers. i )In a@Pratione salbstantighy ok tregtharenist péroguecdh st rie éinal
progressiyv .| eane us, . t:he ,final nt a r rel.ease fi,rst

ot o 1y BRd AR SR 9845 AR pERRERES v SrbB I 372 s R e
first sparditcalct WAI02r @illing hiad 360 g PrefeR8B/( fhe oMillihg ihit 13160 hamecthyhas Yodlenw Hed di C
conponent, such as less than 1% 15 CQ2 and | ess than 10 ppm H2S. [012; A
next - t o- | 4d{ing gpit 69 BringsTha 1gmpespiatesaidhe Pradiet ga dpwato about -130° F to -145° F.

artiall —enri ck L QL : ' SRR FighRn 0 : es a
g ecolnd p?rl%%@@ & I()l@ege]kr?| r %eg%g% %?g@u@% %%]%%f) to 9t gﬂf %tfraeg{n @éélat%écﬂthgelr %ﬁ’ and
a first qomippdidos pEiirablelpeasdsd doiXRredbd ohededse@pedtiB@pfeiyure. Thus, novi ng

closer to the distillation tower 300, the acidic conponents in the reflux
201 i qui dd0W7Q]1 i Rbiledslequid @2 Pes thiraegh cedhl conthdtingi dEvB85CDY, (dhissents a

sol ut,i,on at 4, compri sed, substantial ly of nethang a car bgn .di oxi,de

o7 o 1go CB3, . SO SRR R R RN Aleidle SO p AR AR o EaT, RTLR FicliERe, |
flow i naichlghs nbeesfthivalgh red koadtinguddicz8 (D), CB,,r et VOt ODLNée acid gas
distillation tower 300. Mrre specifically, the final reflux Ii%yid 385(1)
i s i nj ecte@atenhipthengas ispemped pegrgspizely dpanesz dhas.athg finpl eprtpgien ¢Datmleases fal

flux |iguid 2 ¢ ' i syre. A
oressuri 208 PR, 0 PAIAES ISR P cABss Ll €BrE ThoRLPhARAMS
[ 0173] TWCOhbmyshealiquild8Sd)heitistidiaut atvbe bivnaidic ebhpondnt, guéitasdBS(thin 1%

First, the percentage of acidic conponents in the reflux liquid is very
smal 112 Déﬁ%hﬁFHﬁ“ﬁﬁm%H%Pﬁﬁﬁﬁgntage of carbon dioxide in the original raw

gas stre 4, the degree of e-chilling 30 appljed to the.d dr at ed
Jour " one 101 Pllam 30eXfae, Goelie Elwmafied?  PBKH B2 nih i OB e
of co-curi@it 388t Bcta foAl® \CoRRStol IEH, r@lé’@e@_tah&"coﬁcﬁ%hﬂfaﬁ -CheeriRhBO Mquid

di oxi de conposition in the final reflux |iquid 385(1) MAY| |1 kely be 1ess

t han 5 noi85(Pep dbafirst gnatagies £ wnd asterst pepiactomePD: relezsee rtCOgnriched liquid
2012/ 01555%%F1§T/T'ﬂ§g,%01\!119é gl%?e‘?f to the distillation tower 300, the acidic components in the reflux

20 liquids will increase.

[0172] The final reflux liquid 385(1) represents a solution that is comprised substantially
of methane and carbon dioxide, plus some of the sulfurous components from the original raw
gas stream in flow-line 314. The final reflux liquid 385(1) is returned to the distillation tower
300. More specifically, the final reflux liquid 385(1) is injected into the upper distillation
25  zone 344. Preferably, the final reflux liquid 385(1) passes through a pump 382 to increase

line pressure. A pressurized reflux stream 383 enters the upper distillation zone 344.

[0173] Two things are noted here about the final reflux liquid 385(1). First, the
percentage of acidic components in the reflux liquid is very small. Depending on the
percentage of carbon dioxide in the original raw gas stream 314, the degree of pre-chilling
30  applied to the dehydrated sour gas stream 324, the pressure in the distillation tower 340, the
number of co-current contacting devices used, and other factors, the carbon dioxide
composition in the final reflux liquid 385(1) will likely be less than 5 mol. percent, and

possibly less than 2 mol. percent.
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[0174] Second, the final reflux liquid 385(1) becones a part of the cold
spray used in the freezing zone 342. The final reflux liquid 385(1) may be
i nj ect ed wonertdiyssunt o the freezing zone 342. However, iPaTiUSR0IANIENEEMEN
for the gas processing facility 300 shown in Figure 3, a portion of the
final reflux liquid 385(1) is captured fromstripping trays (such as weirs

5 and t 16 sh ' i th .
i ot | aibRrA S, SRR lnf e PR T GRS D RaPRET = Dt R 4014 St wisd in s
portion ereeamlg'z%ﬁé 343! e8P RifRk Nigued gss(mﬁﬁﬁlyevadn d diiely ifidited frédyehg384
delivers the nmethane and CO2 m xture to a ref rum 381. The refl ux drum

381 provizgas 34ur ébwagam thy atrgpgement der the zas Mescpingplag8y 3M shpsmsintiigure

o e a0 il Sy AL R0 R LS R G

liquid spfnayrdyelms sh@wprlﬁmlgxmeat)efeaamgummﬂdﬂﬁp\ufn@e ditibaiondiodxt 340 \h tHy n
the distillation tower 300. Line 388 is shown deljvering the nethane and
co2 | i quitlpst fistalationtzene Add-r Eae A8dghowna peren qfon eyiketrem FoRjaiaggi Rethenat he

over head g of 1 PANNAHA ik BONGLBRA. AL LEAD A0 58l Al WALS 3gile

first contactof e over hea gas stream noves thr oug eac
contacti riﬂledteﬂumelnﬁﬁ)BSI @2vides surge c@city Asr 4 hemp\BS7heHdt pasp 38Y eslitdrs dhegh
t he cont act ri.es, the. g

content (Tt & dev{?@?ﬁiqﬁbdl a&?ﬁb&m15%@%%%?%%%%?s?%wypdsﬁ@afiépmwﬁw a% he

f i 1 St]oCONhRGLR splakInd781c8 2R SHiRuldel SHhoP@r thé %b wrlm%bwgelﬁ§¥&ﬁf&1p9@@ shy eam
380(1) to the second co-current contactor CD2; the seCond co-current

cont act orup@R2d-meivers esrban shoadd widlnn i thk| distshation etoedr gif. stliead8Boisashoest -
20 to- Ias& CcO- cu ren cont e next-t%—g#ast co-current

cont act or &Tff(‘“?% F 815 QSS@&?)%"&W éﬁ%%@éﬁﬁ%ahé Tézf%@dle hane gas stream
380 1
mothane gL ;v o RBMouiRy A4tih REhrcriRhReH Uas FEuh SUE AE Ty Bl Bl SYERH SIER,

conpr i secagidasinanthealiksyy cohtaowt GDe ad omyhdag gaalcﬂteamsﬂmmopmdmtglga&h I n

Figure 3, it can be seen that a part of the final nethane 25 gas stream
380( Y i <ontaghng davicn Py (k. 361, Chren-df Der t%ﬂqﬁeq‘ﬁ’gﬁéd|%s IQyEs é%rfus%a‘teaken

through téaﬁtaehﬁ%hmeem CE ShY-. U‘CH(,BlgzéDq% dorfR! RNGs IcBndehER tﬁ@'caﬂtﬁ q%ced

to the final tactor nin’line ] The majority of the f
sweet enedlegass dtcramaen PBQFerpively swectsol dl lms dlecﬁmtrecromtaatorpCD@Iu@teases a first

Pr ef er abl one of the final sweete S strea 380 is dir d 30
Chrovan. el Sedlennd BretnsBR g M aBnl B rEaM Fopvain RaGHRERITS e
sweet ene(&e&ﬁﬁi SLEpam 3&id0r €D, Hak/as @@eédh@rﬁahbﬁl herktcRXS Q@sn&h%nﬁt%ch @&tt he
commer ci al product (LNG after pressure |et-down Preferably, the heat

exchéfige rtOé,@D Cib@urrelptmm@c@fr @hin-b) iarrrbthte mexf-ionlabt @m@éte@h eehtpatoEPe.151oleaaeh

380(n) da 145 r ct 392.. WO
20127 b1 58uEH BBt S hioRE PRl AR oHR A SR Shasiongd
360 and 38Ra%Qulfthabsyaiacanttidne g8asesany880iny. he | i quid gener ated going to a

collection vessel. The liquid could then be split between reflux and
COMMeEr Ci e{[)l’{:&]oduifhe fihhl sveatdned pad stwcamed3Rdnl) sEOMpnvyd hbsantaiyeof methane and

capi tal er}cla];}! lge ta en gs %%epsrosduct gas. In Figure 3, it can be seen that a part of the final methane
25  gas stream 380(n) is diverted into line 361. The diverted methane in line 361 is taken
through the chilling unit 360. Chilled liquid methane is then reintroduced to the final

contactor CD,, in line 362.

[0177] The majority of the final sweetened gas stream 380(n) may be sold as a
commercial product. Preferably, some of the final sweetened gas stream 380(n) is directed
30  through a heat exchanger 390 for re-cooling. A portion of the final sweetened gas stream
380(n) is released from the heat exchanger 390 as the commercial product (LNG, after
pressure let-down). Preferably, the heat exchanger 390 is capable of chilling the final
sweetened methane stream 380(n) down to about -135° to -145° F as the final product 392.

-35-



5[ 0178] The heat exchanger 390 preferably uses ethylene as a refrigerant. An
ethylene loop is seen at line 394. The ethylene is condensed agai nst
propane iwoaoriibiser 396. Preferably, a conpressor (not pemawsr)ilios22ps aced
along line 394 to nove ethylene through the chiller 396. The ethylene in

| ine 394 passes through chiller 396 for cooling, and then preferably anes

t hr ough Joul e-Tho on. va or f her, i e et hyl ene

101 1 ne 33 .0 aots REDIB Rty feat35e i ecrs $ph AR A3 ST g gaf h e wih
[0179] A phOMRORI s@RRAted &hg\/cb deeblRktibi nessaﬁlThEngaaineom& thKBA splitoFBLi B
chiller 396 and noved through a conpressor 393 his will cause an increase

i n pressueBuwapl ewnpeicil pradurt Thsaliraghigenbedimens nzyibe snmetsr dipHysfiicichte
pr opane |§ égken t hrough an aerial cooler 395 to bring the tenperature of
t he pr opePne own to about an anbient tenperature. A cool ed 15 propane

stream i §off easeﬁ %Qét%&ﬁadgef\@ﬁ% efefEB ﬁ’ eQI% el LB ??efﬁ%&%ﬂ@'eﬂ thraugh a

Joul e- Thonps n va a turbo- exp or der ring t
t enper at uoep af stdveapliopB39d. i th:leﬂerléi&hsdmden@daetgautst -pd@aﬁe 1h Od 8DlIEH 896.

illustrat] frigeration stemof re 3. w t he heat, exch er 390
s cons, darErRy T erosag! utp) ey el  Red ifkgd¢ Kamolh iiRBRUgL AR ng
fluid suciigs 398. PP 18 ﬁ{ Nyt S8 paBsddSRcLidh EhilGO3FN Forl Sodt! lana gen
final sweetened gas stream 380(n). However, it is understood that the

i nvent | omzefieeabbi mozmesethnoighl g JnuteeBhQIprOhefah@rﬂ%rfor furttis cpolige Thenethylene in

t t [ | ed -1 t
be el 35%%%63 T E et O kol AR R E o P eam 346 i tael T ia
ul ti nat el ?f””bj uqrt)gﬁlevlgﬁ(lsqgoxtl%g lgig;%ﬁo'ﬁ t%%?sgtak&hﬁro tﬁgUﬁlﬁlelg% d!

not be c ctua war en s to a pipeline for sale as
a gas eoummeddh@gh hmotﬂpresscnwe Tihiis wHl chmis¢ aablcecat@inc@apdsurceaniditempabtireimer gy

fromthe gas strea is also no ed that in eahco rent
cont act i B¢ @EprRG 1IN “ﬂ% § oncg?r%i}?éshéh%pwen%mw ¢t ?hﬁwaﬁ?gaq %ea@faoqler

paral | el ., i3 ci ®mp&afR8 o thOPIddaHEi fodn &Xhsouefant Qﬁbl@ﬁsféﬁ%fa\ﬁﬁecoﬂt &l S-
This allows the co-current contacting devices CD1, CD2, CD(.4), CD

to opér atmomne rstrc¢m 3f{)reltnag¢denhr(fdgh|lnhe\.3éﬂodiht ipexpanf amydmwmpmded mlnnoegh a Joule-
cont actor %% &@urrent flowdco t.acto sttend tto Qt}et smal | er. t han
count er - FIB%%P“FF‘ RF AP Expaer (it PPL e Bite 8 PP dYe POREPENC e
co-curren{necggntd@%ltagb@le\m(@qs of Figure 3 may be designed in accordance
with the co-current contacting devices of Figure 2. In this respect, for

exanpl e, [0h&0]co- Tl fildtragonteficgdragony st 3f Figibe BPETh Wh2 Bddt/ B4R1Q3r BV isces
of Figure 3 may each be a ProsConTM cont act or [0182] I n the, arrange nt of
Figure 3, copgisTeg o i Aeflescddnem Sy iy Mmegningsthaipgn cggpnal workingpfluigy suchs oy e

ShOWQO e%"‘%ﬁ%@% oraetflﬁ%é 1s°ﬁse%r gak %oﬁﬁﬂﬁﬁ"chﬂl‘c the Firfal's (x%@ﬁen&@%&sa%éa% 3§6(\H)C€S

a genera sense, a first co-current contactor is
conf I gur ddowover, it is understood that the inventions herein are not limited by the manner in which

the final sweetened gas stream 380(n) is cooled. For example, an open-loop system may be
employed wherein a portion of the overhead methane stream 346 itself is ultimately used as
the working fluid. In some cases, the product gas will not be chilled, but actually warmed,
25  then sent to a pipeline for sale as a gaseous product. In this case, it is desirable to capture the

cold energy from the gas stream 380(n).

[0181] It is also noted that in each co-current contacting device, the flow of methane gas
and stripping liquid is parallel, that is, along a longitudinal axis of the respective contactors.
This allows the co-current contacting devices CDy, CDg, . . ., CD.1y, CD, to operate at much
30  higher fluid velocities than counter-current contactors. As a result, co-current flow contactors
tend to be smaller than counter-current flow contactors that utilize packed or trayed towers.
The co-current contacting devices of Figure 3 may be designed in accordance with the co-

current contacting devices of Figure 2. In this respect, for example, the co-current contacting
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S5receive the overhead acid gas stream receive a second partially-
C2-enriched liquid reflux froma second co-current contactor; release a
first parwoDabiyoisiseet ened net hane gas streamto the secend/usesiaourent
contactor; and 10release a final CO2-enriched liquid reflux to the
cryogenic distillation tower. [0183]In addition, a final co-current
contactor,is co ve the Liquid reflux; receive a

{1]%] ured to: .r ce'i)
next - t o- 195¥f°eH ]iggm Wéf%ﬁ%ﬁ H)éf:ﬂ_ﬁnec tOsrtreamfrohm a next-tol ast |
Co case dVIEAC Gt Bl EGEBERIE, b At (YGRS ORI IR R CERERTL, o1

CO- curr erCDGORIED] are shdliB4]Hdecwetnbdewaf o€ griage tiunghed @fi @esurtede dontacting
di ctated dDri marily by %he | evel of CO2 rePDvaI needed to neet f{he desired
st andar d.dEISES BRERPLEPIQYRE: %%BW%G@%%/ 1F3h @ CHRRRN Santagigr ts soplgred to:
contactors for_ processing the overhead gas stream 346. In this instance,
the fnal co-currerdt®dbn 88?’%116%%01 %astsﬂrga@econd co-current contactor,

cont actor o1 [ o1dey A & B RPr EASkrlchod Bfuid [ Bofih Bnd co

co-contactors for pueess®ntgtdrhe over head gas stream 346. In this instance,
the next-to-last co-current contactor is the second 25 co-current

cont act or. The secondaseor Gust patinllceowmta@atedmedtbartchpn sicomi iqgthe ecdeond coeneicnte
the first partially-sweetened nmethane gas stream 380(1) fromthe first
co-current contact S EHP! aﬁﬁd the first partially CO2-enriched |iquid

385(3) from the final,co; GHIERNL EORARHIN Tt MY L0STerid NSIREGRTS o

co-current contactor €eases second y-Swe ane gas

stream 38[9@0%; Olﬁ%t‘édgﬂﬁ'ﬁlnﬁpé&%&‘f&l Forﬁ%&ﬂ%% figdred t0@Nd a second

partially enr | 30l rquid reflux 385 to the first co-current
contactor CD1.-[0186¢eNd @Emghidvefiyx; the system 300 may have nore than three
co-current contactors for processing the overhead gas stream 346. The first
co-current contact atcdbiRla nthetodast padiatlg-sweeh Dk HAAS oAt REEEMUS3M 14 A O4-22.03
current contactor CD2, any internediate co-contactors, and the final
co-current contact rStERICUHER 9P15Ged to del i ver progressively sweeter

th t b [ ALt ti t he, final - t
Cont detor op. - any e Reargoe EontdReiroes TERE: Bbond coscurrent
contactor CD2,_ and tg. f 1 il GRHEMY O} chRALR R LTS RLTANRRT AL co-

del i ver the
current contactor.

[0184] The number of contacting devices used is dictated primarily by the level of CO,
removal needed to meet the desired standard. For example, the system 300 may have two co-
20 current contactors for processing the overhead gas stream 346. In this instance, the final co-
current contactor CD, is the second co-current contactor, while the next-to-last co-current

contactor is the first co-current contactor CD;.

[0185] Alternatively, the system 300 may have three co-contactors for processing the
overhead gas stream 346. In this instance, the next-to-last co-current contactor is the second
25  co-current contactor. The second co-current contactor is then configured to receive the first
partially-sweetened methane gas stream 380(1) from the first co-current contactor CDy, and
the first partially CO,-enriched liquid 385(3) from the final co-current contactor CDy,.
Further, the second co-current contactor releases a second partially-sweetened methane gas
stream 380(2) to the final co-current contactor CDy, and a second partially- CO;-enriched

30  liquid reflux 385(2) to the first co-current contactor CDj.

[0186] Alternatively, the system 300 may have more than three co-current contactors for

processing the overhead gas stream 346. The first co-current contactor CDy, the second co-
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5respective CO2-enriched liquid reflux streans as progressively richer
reflux streans in series. [0187]1t wll be appreciated that Figures 2 and 3
repr esentweinpliifised schemati c di agrans i ntended to nmakecTlusasiomi2gs3

sel ected aspects of the gas processing systens 200 and 300. A gas
processing systemw || usually include many additional conmponents such as

heaters, chillers, | i,qui d bl

orner 5y sebebt ek RSARE il & SHR B AR SRER S B o

SW t ches,ar& afthhgld! ©r delivad Cglﬂgre‘ééi%ly RMRSEH histhant QAP 8fradrkd, Gn .seti&Y €At thedddthe
p

fl ow nmeasuri n% devi ces. articular relevance in the present disclosure,
boost er punpsthe fotal shamrpniregntacion 6&be dnp antgeraediete moaeanirctass.adie ssecelife ceo

potenti al | i es e S e uct te al t e
Pontact or st AR S ofl ORSAEL ch Uil Ghrtlir OB B LB, dlifter e
15[ 0188] Asspattivd COs-baticheg 1iq0iddftus wsdadivts peskrentlcBOchde sthixBadarabivericd gas

processing facility may utilize co-current contacting devices to process
bot h t he [Bb8%om &cinill gas appreaated (it dhdgm24 82 aihd F3 gupes@)t simglifibé sohenitead
gas stream (stream of Figure 3). In . this enbodi ment, the disti tion
Jover  wodIRETHOt TRk do M AT SuY IFsHES AEROG %ﬂﬁtpr?wlﬂ%%%ﬁ%%‘f pd
opti onal !Mohousgasgpﬁeéskingr ¥temPwRERSEAIy Bt1udS iehyCA G RbmPORENAC sudATas
devices is that 20 they reduce the sizé of the di'stillation tower. Further,
t hey can hsaternicthilderal cerdensran tigwidcabmpl, sgasl kempreasass| blemersanethém tyres adpt
conpqgnent s. Furthedr sfti It.l i heey are not subsﬁféatial I% ffeft ed . notion in
the wdy tHEFHIHUIUY TEIFPPAIPE SRUP AL WRRCeR VR s COHECE o8 Ma TR osures,

of f shor e tbmptalur@l 1ORE, ahlpiMv-6RagkinkeddvieoNt @F hhitiGulle bieedct Mnbihé Hrésat
bottom aci d gas stream 248 and t he overhead gas stream 346 reduces the bul k
of the didtclesuey ihonstebremps (eefuthosvm) Heay §§snesfled Betisen £aBtarier tskgeholucoin
aci d gas i.n sesqt.h ity i.Nn e 4,

[ 0189] Fur@%@ﬁ%%ﬁ% rpg%glslﬂeAg%%gaar eth%rgdﬁgtﬂ% iIﬁ]g{eh%@?(}wto%eng&%%c?%%r agkgd.g

[ 0190] Enfyoeficrabigt belwvelhisyibitteifol ofyogatiovdrimigeaci d gases froma raw gas stream
conprising: (a) a dehydration vessel for receiving the raw gas stream and
separlat i 18188ile r Aw BRlgamtist tedm systemsa2 Weindd3Ch debcribed gagest geamagnshing

streamc .. sed supstantially of .an ueous fl uid; a_ heat .exchanger
For Cavor BGbAES BHOR &Pt Lo dhe B RIS piostsitiort e Dep e iR Jagn
strean ((Streatn Q4Y @FHIbEred?)Sind tRtdvRMAOWRS strbah (5R%81 346 of Mg 03 )e dinSOY
gas stream and separates the cooled sour gas streaminto (i) an overhead

gas streambodipeitsBg daghilioion/towsssapdmaeisped 1y Bz oistilatipm zphe cxdephiq e,

A o) Syl A AELLE G Hhy00% pBR LR RTRE ARG LK AR JoBlos FARON

di oxi de; co-curren ont or con ure
bot t @m | itheiefddect teisthe@Ashsdisgiddtion(tower. rBGtHey,@hdy garbd @bty shEtdramer §pichiched
gas stream fraom a previ ous co-current contactogﬂd¥iii) rel ease a fina

1 <X #°

met hane- éhittiliHer cofaams epd e empoBeyfbgEwiter stilldhey pleingt putanBbr affepted
(iv) rel 6(1?751%0&01{ b &k W %ﬁﬁiié&d??ﬁ 'tr%??%a?-ﬁdedv&ﬁ% Tl flerh Quilig %red@fsg&se
co-current contactor; and (e)y a first co-cufrent contactor con?|gure to
(i) receingaliatohs.i Ppinggogasenydonjacting déwersan bethahdbeitorh halllgys streanpP4fiaraci d
ot fp'pgg'tg%fpg& sl gfsggpegpcgggye@;gquhgl ILASE e qiltlatibn Sw &2 e ded 12 30ss of
par tizal | ynRINAAGREBE RN EAdIAS sBLdn a8, LA d iRGcREC ARG SOy SHHhE §THhl CRTE LAY -
10 [0191]356nbod| ment B: The system of Enbodi ment A, ‘wherein the final
stripped id

[0189] Further embodiments A-BB are provided in the following paragraphs.

[0190] Embodiment A: A system for removing acid gases from a raw gas stream,
comprising: (a) a dehydration vessel for receiving the raw gas stream, and separating the raw
30  gas stream into a dehydrated raw gas stream and a stream comprised substantially of an
aqueous fluid; (b) a heat exchanger for cooling the dehydrated gas stream, and releasing a
cooled sour gas stream; (c) a cryogenic distillation tower that receives the cooled sour gas

stream, and separates the cooled sour gas stream into (i) an overhead gas stream comprised
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gas liquid conprises about 98 nol. percent or nore acid gas.

[ 0192] Enbodi nent C. The system of Enbodi mnent A or B, wherein a substanti al
porti on oWothe/fisssal stripped acid gas liquid is injectedTiusc@iaizobsurface
formati on through one or nore acid gas injection wells. 15 [0193] Enbodi nent
D: The system of any of Enbodi nents A-C, wherein a portion of the final

stripped acid..gas liquid is diverted and ed.as at |least a.portion.of the
stri ppi ng gREie) pefie ehd (1) § ToAPEnBRt Ranc EReShee ) Somir S prgHg® of
Enbodi mendaghof:-dyxivélefdg iafinal 89-cliliént o8N bsh fbiusddl tb'(gtré&li‘vettﬁ%()tt@rﬁmi@ﬁéﬁ&is a
freezing zone; (b) the freezing zone receives the 20 cool ed sour gas
stream actbBe bregal diid pecsiveco pprtiaddnghineeaniviched Basratr¢pan éronmnacprevieus coral
met hane-enrj ch St.r. fro final co-. ren acti evice;
and (c) t ugl egtr f/ég%%%l%% Q%lgtqﬂeﬁ%ﬁ iryotrqlrﬂ 1ov\n/léert nﬁ’re% ﬁlgﬁgdcgﬁ%rsﬁrgg% rgoeftﬁ‘?g%?'%éeﬁgdn
equi pentdidblaisi t@ad) afd Merelayog 6nit @aially istrippbd atidtgavdiguidad teopleiiogs the
over head net hane stream and returning a portion_of the overhead nethane

st ream t CUfTSBE CAsEENINd @ & firsticatquiRng W%gaﬁt%@l@ffﬁ@f%‘bﬁm TCERIV Y2 SPIPRINE gas,
25[ 0195] Laent. . E: RCAS f i : rit he L.SiNg;
melt tr a&ﬁg%@%ﬂ\%@{& ﬁggofn rd e%aﬁlé%%ﬁé?gﬁ or rgéggg?@lr}%\%ng Sgécﬂ%g Cg Fctrhlpr% {3 0 'ta%'(t:cg?’g@l?as
parti cl esgleasech fledlisigpedgcd gubguaintndlilyredake ddirftrpaeidlyumetiatcsertriveed poal
co-current cont ahcti ng device as the bottom|liquefied acid gas stream

[ 0196] EniHaiHdntheEec Os§LteBH VA hodi ment E or F, wherein the bottom
301 i quef i cidg treamexits the cryogenic distillation tower at a
Cempdfar JFIRC' o SHBSGRET Saht o/ hen BF ERYGE et tris hEn i et o
any of Ef’g&@(ﬁhﬁﬁrﬁoﬁlfpﬁs@abbUf@glﬁlbl.(f)@féﬁﬁﬂc&iﬂi]@e&ciH%r distillation zone bel ow
the freezing zone for receiving a cold slurry of acid gas WO

2012/ 01598292 TT/ US2 (Ardb&UR23CpaThid sfsesn o tEniteaiherpak tard,| whereintd sgbstaneal
slurry of acid s particles into g.liguid stream and deliyering the

i qui d stAE4eR PoieHN siipPog geid g% W(ﬂ%{l&&t@fidgw&e\%y a<c forpation thepyeh
li quefi edh@G) thd@scid LheMactibP4@fl} Enbodi ment 1: The system of any of

Enbodi ments E-H, further” conprising 5an upper distillation zone above the

freezisng (po9sg for rEmERddnGE DaPe dykem étheyf sfRabsImeae e -anevhcalifapontébnt he
over head gas stream
of the final stripped acid gas liquid is diverted and used as at least a portion of the stripping
gas via reboiling.
[0194] Embodiment E: The system of any of Embodiments A-D, wherein: (a) the
cryogenic distillation tower comprises a freezing zone; (b) the freezing zone receives the
20  cooled sour gas stream, a cold liquid spray comprised primarily of methane, and the final
methane-enriched gas stream from the final co-current contacting device; and (c) the
cryogenic distillation tower further comprises 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 the cold liquid spray.

25  [0195] Embodiment F: The system of Embodiments E, further comprising a melt tray
below the freezing zone for receiving a cold slurry of acid gas particles, and delivering a
substantially solids-free slurry to the final co-current contacting device as the bottom
liquefied acid gas stream.

[0196] Embodiment G: The system of Embodiment E or F, wherein the bottom

30 liquefied acid gas stream exits the cryogenic distillation tower at a temperature no greater
than about -70° F.

[0197] Embodiment H: The system of any of Embodiments E-G, further comprising

a lower distillation zone below the freezing zone for receiving a cold slurry of acid gas
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[ 0199] Enbodi nent J: The system of any of Enbodi nents A-1, wherein the
system conprises only two co-current contactors for processing the bottom
aci d gas wonemmisiseh that: (a) the final co-current contrattuseoil®412he second
co-current contactor; (b) the previous co- 10 current contactor is the
first co-current contactor; (c) the first partially-nethane-enriched gas

streamrel eased the first co-current contactor i.s the parti.

et hane. aifiared: s BevdlnrelReeofRy Grad erprbiies e ni i itePoid and
(d) the fdelisérimathtilRjuldystedahi fRaE il Eb-B@sent casthlingedSasad thy bbiashn fligiefied
co-current contactor is the second partially-stripped acid gas |iquid

recei ved dsid gaystramst co-current contactor. 15 [0200] Enbodi nent K. The

system of any of Enbodi pents A-1, wherein th s¥§ten1conprnie three. .

co- cur red®1®nt act aﬁrgqugﬁ%%tr%c&% PYHETR RE %PF ERibadinge k-t @E?ﬁ capriingnat :
a) the j G - - ;
Snd (B) ChaPoE SRR LR iR TheReOing S0k B AEERIR GR0PRORTA: LeMas Ry

first parandatlkysimethhanehent gashsedargas stream fromthe first co-current

contactor, (ii) receive the first partially-stripped acid gas 20 |liquid
fromthe P19l co- dimbadimentoht Bl eysteng of aty péEawedinenéeddnavherein the system

par ti al | yoethanga oyl ehed 085 SLLBAML 010 10E (1 Balo.f BeiGHA ARt CONRAEEOT
and (iv) Tel'edase the sécond parti al I'y-stripped acrd gas Tiequidinto the

first co-(@yHeefihalCend1aein®lconth@dO 1y Erbadomi Bb-chiremth@nsytsdre ()ofhe atyvidfis co-
Enbodi ments A-1, wherein the systemconprises at |east three co-current
cont 38t orcufisRt gErcENds Hiy fnechBracontacier i(edtha diry ngeteallysmethanesgpriched gas
that: (a) i t . .0t pat e S,
the secont ey 15 e MR iR ARk R iPe B RO B e R B Al
arr anged reecivtel by eie fire$ pectirve @htacppethdel) dhagsst padjiallgstrappep noidrgns diquel y

C2-richer acid gas lLiquids in series, .and b) the first co-current
cont act orr,eleﬁ%?éd%%n&n S EHTFEHCORBRICAY dhe S%ﬁpgiiwwé%%ﬁeé w3 @andigutdor s,
and the finaledof MEHEERb-GABLRDhALRN € arranged to deliver the respective

met hane- 30enri ched gas streans as progressively nethane-enriched gas

streanss i[0260@ri es. HABQEMERDIQAITHRRYstMn of aby DF EMUodImERSAVE, RtheRGh thedFSRM
froma raw gas stream conpri sing: éﬁ) a dehydration vessel for receiving

the raw gaEPsISeeliige eheurswdb spRiectaty fondrecawiyatieshatiognnqifdess strepanhyachatled raw

gas stre - 1 ri t ially of ,

2012/ 0153@4@%%%@%??%%%02%@63% |S§?(£F|;d ‘%%%(“r%nﬁgg?taée/t\ﬁp% (0d {8} the gecond
cool i ng tdoecudlehy domthedr iawogRgursd tedin raavide ribt easi partiall gondtietesatichgagas
stream (c) a cryogenjic distillation tower that reéeives,ﬁhe cool ed. sour
gas st reafcBnfdoBdha fipleco-tHEE FONBEIOEUD T§edvVs theelimt iPattigllyisiringsd s¢ish Betad
gas re 3 j [ Mag:1a1 har b d m i quef i cid
e g s e e T AR A e
cont act orgasshrtarguntedh¢ dingl yo-cecait wentabter,candr (meadlegsesthstseemh pariially-steppidve a

second partjally-02-enri.ched reflux liquid froma second co-current
cont act oreCiq§asil uFEPE&@Eﬁ&“???@FmﬂéPPV”%Fy-smeetened met hane gas streamto

h - i | i nal - ent
o o P o AR rhe Al B BBl RLL SREEN D5

CO- cuUr r erdonj@id¢Aet RastClrdel @Usgebnt @ofitadtor EeeproCesdinizetht ottbimgudbfie(idc)d gas
receive 10 a next-to-last partially-sweetened nethane gas streamfroma
next 20o- |sH§tme guduthagnta) dhatitel sp-cupieny yorteqten gay ainfqrmgdiate co-contactors, the

partial | ye06kr ‘E{e‘-_rc' fr@r‘ﬁd F&ﬁ&ét&x a &Clﬂ%: AP c'bﬂ:%n%ﬁ?“ca BetbASke Ca?r‘aﬁgéd & deliver

contactor, and (iv) release a final sweetened nethane gas stream

[ 0203] Enbroghicnevit stiibpclreeidsyestleym dsfas pndyrelisivehit COL-rivharaei digdasHejufdsniabkersoseatdened
(b) the first co-current contactor, the second co-current contactor, any intermediate co-
contactors, and the final co-current contactor are arranged to deliver the respective methane-

30  enriched gas streams as progressively methane-enriched gas streams in series.

[0202] Embodiment M: A system for removing acid gases from a raw gas stream,
comprising: (a) a dehydration vessel for receiving the raw gas stream, and separating the raw

gas stream into a dehydrated raw gas stream and a stream comprised substantially of an
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nmet hane gas stream conprises about 99 nol. percent or nore nethane. 15

[ 0204] Enbodi nent 0: The system of Enbodi ment Mor N, wherein a substanti al
porti on oWothe/fisssal sweet ened net hane gas stream i s delpcrarsed 1/0e2203

| i quefaction and sal e. [0205] Enbodi nent P: The system of any of Enbodi nents
M 0, wherein a portion of the final sweetened nethane gas streamis

diverted and used, at least a rtion of th ef Lux liquid durin .

oper at | orf AU B APEABEH Hehtnee) orseo Ly e e Brdriiey iy ety S
wher ei n: A @oldd@uE RYPURANE (6) Stiybh@lit aRtilIANR toGRFBTat SRSivas HeeRoldd%oaPRS
(b) the freezing zone receives the cooled sour gas streamand a cold [iquid

spray corfeimesndsdparatds the gpoladsoiargss stpem (lefp (HDhan evoylgdraag spam icpmaripasn

ai st 1| s iSRG o (18 SRR HERACER oEE YRR, SR Bl BrBRNTERG ©

retur5i ngadoa giokide:o@)of fitdh@oavekheashtasdheon€igatadedniif fective the YogRBAd gas
distillation tower as the cold spray. [0207] Enbodi nent R The system of
Enbodi nerftree. ({heicesine ersced Eﬁ@ﬂ}yaéoeﬁﬁﬁiah%i&ﬂ%équl}dnﬁPHwecéﬁ icerfagrent

reflux Iigui r f = i t. S The
system ofC%E{raflgtc?fé’i @nlrtef%%eodr ﬁﬁ{ p%ﬂﬁﬁé\?gﬁ%ﬂﬁg?ﬁ%ﬁ%ﬁcggs rsrt[é?%g)@r%gg géeqng\l:cvgfc#% nt
freezi ng cootaetok,0ind Gepiraleasg aafiodl AOskenrichedakflacilduga® ter tryogensc d3@llation

[ 0209] Enbodi nen : JThe system of any of. Enbodi nent s S, further. :
Corpr | 51 NGV SUba B EE AT SN L TE L 4D PR TS HE ol DI  ng
vapor of r omycReil bGephRIIFARRRAG NBMBAR! REs LHRaAY eFdnead B28 103 fak€@Blcurrent

[ 0210] Enbodi ment U. "The System of any of "Enbodi nents Q T, wherein the

syst em - &bntacton0iiP0eRAGIEHEHRCIAYSL01-EhOdRA08 lwohpuid sethe anktytotlags coessuenant ent
contactors for prqcessing t verhead acid gas stream such that: (a) the
el cocaelontinddRy RPde it HELERE A tle &8 v Cont ot or - (b) ¢ he
next-to-| co-cur . t-act@Qr, i h i . - . ;

the f1rstOnli a1y musieRs” ey RS BbainERe G WiEhin BRI hchd
CO- Ccur r enhethmiet g s@ean SorhpescP abdut@olyolsperedre be thoneinbthare.gas 5 stream

received by the final co-current contactor; and (d) the second
partilal | O - enr i direbbdimtntu®: | Thyusydtane o€ iBrdabdigent A ofri¥.swheromca sulstantial

contactor_is t rtially-002-enriched reflux.|iqguid.rel.eased t he final
o cur r erferautiide BR s EReEans et ARl ARG A &G men <
QT Wher[ﬁh(%]t he SYSh6iment P: The system of any of Embodiments M-O, wherein a portion

of the final sweetened methane gas stream is diverted and used as at least a portion of the

reflux liquid during operation.

20 [0206] Embodiment Q: The system of any of Embodiments M-P, wherein: (a) the
cryogenic distillation tower comprises a freezing zone; (b) the freezing zone receives the
cooled sour gas stream and a cold liquid spray comprised primarily of methane; and (c) the
cryogenic distillation tower further comprises refrigeration equipment downstream of the
cryogenic distillation tower for cooling the final sweetened methane gas stream and returning

25  aportion of the overhead methane stream to the cryogenic distillation tower as the cold spray.
[0207] Embodiment R: The system of Embodiment Q, wherein the cold spray
comprises the final CO;-enriched reflux liquid from the final co-current contactor.

[0208] Embodiment S: The system of Embodiment Q or R, further comprising a melt
tray below the freezing zone for receiving a cold slurry of acid gas particles.

30 [0209] Embodiment T: The system of any of Embodiments Q-S, further comprising
an upper distillation zone above the freezing zone for receiving vapor from the freezing zone

and releasing the overhead gas stream.

[0210] Embodiment U: The system of any of Embodiments Q-T, wherein the system
-4] -



conprises three co-current contactors for processing the overhead gas
stream such that: (a) 10 the next-to-last co-current contactor is the
second cowounrxdnssseaont actor; and (b) the second co-curr eQtr/useotiaei2o3 i s
configured to (i) receive the first partially-sweetened nmethane gas stream
fromthe first co-current contactor, (ii) receive the first
partially-02-enri.ched refl ux quuid &ron1the.fuﬁal cgfﬁfrngnt antact r
(i) relGRPESE YUEIRY Parricnl PPasRnRECHaiate oyalodt ped st STEH St Mhal
CO- cUr r enhat€ M URE R4l codhifircht Yonti@bEigsiee §d26n® @@-@ﬂﬁetﬁ%ﬁhﬂa@ﬂoh}r{%@ - rRt-tehed
15reflux liquid to the first co-current contactor. [0212] Enbodi nent W The

syst em ofcoamyreat captdséati Lirthet rsi@otcurighe eentactem &) dhs fistrparoapy-swegerad methane
t hree co-gur tactor f ro i t he. qyerhe. a u
haes oS AETh AERRERON e IR BEQPERTLOR Al RISy SR ShCAM R BN,
t he secontcam-reediveriby tenimt telcuaat doheclory &id @) tleugccent paanll pCiyrenditked
arranged toQ deliver respective CO2-enriched 20 reflux |iquids as

pr ogr essitgaWY ligag- tepeivet by dhg fxst | coofuyrigat pentaden sdhe padiatlp)C@nentiched reflux

co-curr eq;qélg(plrge% %ﬂ%yhthteff{’ﬁﬁl;foqaﬂ%n%’érﬁé’crt&’?m contactor, any internedi ate

co-contactors, an e co-current contactor are arranged to deliver

the reSDG{Otilge swe gt BRRAMEASY S tTheaPFecADr RhP O ERDbYRl dhtsSULE LaReGn GRSsysSkeheans
in series. [0213] Enbodi nent X: The systemof any of Enbodi nents A—V\Y

wher ei n tdegpRisesothegchesacirtgas centaciars fov nmcesseg thotoverhicyd gast $tepam, sialt that: o)

hel i Ltrogen r conbi.nations. thereof ,[0214] Enbodi nent .Y system for
oo g M h 1050 o PR UBh 6P s BTGB R ERETEPRGCOE Bha (e ST,
vessel f ofurdeRC&InvAcRE i§ BéhfToavédaasi)sté@aihe st paeRalyaftdd@ntd cfhane gasstihimeam
into a dehydrated raw gas stream and a stream conprised substantially of an

30 aqueod®om|thg frst cpicugenfecpntasiarheingesciyotheclyst patalbne Caenyiehh wlur diguighas
stream r i I re . 14C

Gt st ani SRR RRefrRRoRloRP P ATRe 4 Ehnd B F OIS U ethane o
t he cool ettesaud thasdingl ce@amrértoonfatior,aandofeyr fetask gasSsesbridepartialdbyO,sdciched

primarily of thane, and (ii) a bottomacid gas stream conprised primarily
of cé?boﬁeﬁw%g@glfﬁ%@@@ﬁr@?)mﬁcﬁﬂﬂ% di oxide; (d) a final |ower

co-curre nt act opfi edto (i) recei he. bot t | i,quefi.ed acid
Gas st r eaiEAIT 3! difms ROl sy ethttitn ot Enpofimaatodet st R
previ ous dogeisess O ebdtIBRE ©OAkRGE Bbntadtdl ok fr&¢RARE tie bidiA¢adnBisharemeridched
gas streaminto the cryogenic distillation tower, and (|Z§Erelease a first
parti al | ythaft (4) shretinelcocPugiest ¢angasiter, pmy Bitermedisteesd-eandactors oite seaond carousRat
cont act Ofconfullor Al sk QARG EF GHILERT CANLARLAD RAVL) QUM L B idhitRse! ve
a stripping gas, ||3 receive a second strip acid gas 11 qui roma
second | awkiix HQuidshd pRderaeOnElgat @) ricHdr iréfluxl e ed@s® saritd; aad (St the Pipe doatidnigas
liquid, and (iv) release a first partiallynethane-enriched gas streamto

t he secorf@asiRer the eI OrRurEBheUEIERT: apy Inteniediady corpprepcters. it thefinal co-

cont act ore, Gapf ic%wag%togr_e( ia)raﬁ%eﬁgitar’ : elth"%z@r Ocﬁgrfég (i98SsWIAGRM ohd TdrelfEClye a

second 10 partia enri che ux l1qu roma second~co-current
cont act orprogressively sveased gasd strepmspasdénal | y- sweet ened net hane gas streamto
the second co-current contactor, and (iv) release a final CO2-enriched

reflux |il8%13d to tHemeedimgeinXe dibst $yistem jodrenyowe Embedingyy AaW.i whereup pher
co-cur.rent contactqr configured to,(i receive,a.reflux. liquid, (ii)..
e R B e R er o QUL breuhBE B 16T el pribingcions

receiVe a 'ne as S ene
next -t o- lta&kofcO- current contactor, (iii) release a first
15partiall y-0O2-enriched reflux liquid to the next-to-last co-current

contactor[02ujd (iv)Emeddaset ¥: f Angbtesmietremedngechigacg&onst reampas stream,
comprising: (a) a dehydration vessel for receiving the raw gas stream, and separating the raw

gas stream into a dehydrated raw gas stream and a stream comprised substantially of an

30  aqueous fluid; (b) a heat exchanger for cooling the dehydrated raw gas stream, and releasing

a cooled sour gas stream; (c) a cryogenic distillation tower that receives the cooled sour gas

stream, and separates the cooled sour gas stream into (i) an overhead gas stream comprised

primarily of methane, and (ii) a bottom acid gas stream comprised primarily of carbon
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[ 0215] Enbodi nent Z: The system of Enbodi nent Y, wherein the bottom

| i quefied acid gas streamexits the cryogenic distillation tower at a

t enper at Wwe 2nre/igs3sat er t han about - 70 F. 20 [ 0216] Enboacmarskoiddie220he
system of Enbodi ment Y or Z, wherein the cryogenic distillation tower is a
bul k fractionation tower. [0217] Enbodi nent BB: The system of any of

Enbodi inth ic distillation.t ri
reesi ng Gangefhe THELENFE O Fmep o GaET sinilh il LRPub I bofP Baugig °
l'iquid spicRYg&OMRENS 6F) REEDREI Javtidfy-HBhidNéhricBsd ghd stkdant A6 4 PRlvious lower

met hane- 25enri ched gas streamfromthe final |ower co-current contacting
devi ce. [@2rglewhicoriagter, (i) refpasagplanad mmcthingtenrisbed goe strpamgntgethei aryogenic

doser! ey 6741 e 390, RUBLEBROERLS e BICRERFRGFE

modi f i5catlo@ds coLauirr@it icontadtodl (@harge Mivehoslcutienaibhiab@r onfguiretesd) Fdctive a
thereof Inprovenents to the operation of .an acid gas renoval process using
a 30 contSTHMIRY 2T by 156V SnECbstHPRRA tad SasTHewd B ielrs i losyes eorfamgnt

design f r f e . I l S e . gas.
v 20121 0PBEERECHTLEbtE) 5, S EPe] REtCRL Nl FF By chey PRAFHEREES,
r enovi ng racthghegasehed pastecaraw thascsindelamer coopiregi dogtactor; (f) a first upper co-
dehydrati on vessel for receiving the. raw gas stream and parating the raw
gas 5str _ecaa}m%e%ﬁ%ﬁt%rewﬁféafﬁ‘@dwr _@)Nr@calsvesfy? SARTIZH) E4° SEFERDORPTTS acpecond
substignt i @liaf1yat ORABnAdE R8u lifhill; from a secBnd8RbuSXRNINGBIor] @) FRQkE BGiSNe
dehydrat ed gas stream and rel easing a cooled sour gas stream a

cr yogeni adialyiiweatenothntctwee ghhsttcametoghy ssconth eo-contrdostator,gad (st)relasse aand

separates. 1 e c.ool ed .soyr s streami.nt,o .(i) an overhea S, Stream
comr s Crlranighisk e aBE ManES ARG SRR Byl B rrar a dhd BHETERY eam
conpr i sectuplehti@ntdcYorPonBiB@Ro () BxkRB;a reflux ligaidf {iDatecirr £ HENQHase PkialY-Or
configured to (i) receive the bottomliquefied acid gas stream (i)

recei ve @wsatenedimojhanedea nbcan ianh adnayérto-kst earmumend reoataptosvilibueslegse @ irslent

cont gt or aﬁa@f?}%%ﬁﬁr‘?&%@ 6§ﬂ/eJrXi iftlid PR AL BNAd DG r ISRt R i Yiv) Mlcase a

cryogeni i"on
final sweetened methane gas stream.

[0215] Embodiment Z: The system of Embodiment Y, wherein the bottom liquefied
acid gas stream exits the cryogenic distillation tower at a temperature no greater than about -
70° F.

20 [0216] Embodiment AA: The system of Embodiment Y or Z, wherein the cryogenic

distillation tower is a bulk fractionation tower.

[0217] Embodiment BB: The system of any of Embodiments Y-AA, wherein the
cryogenic distillation tower comprises a freezing zone that receives (i) the cooled sour gas
stream, (i1) a cold liquid spray comprised primarily of methane, and (iii) the final methane-

25  enriched gas stream from the final lower co-current contacting device.

[0218] While it will be apparent that the inventions herein described are well calculated
to achieve the benefits and advantages set forth above, it will be appreciated that the
inventions are susceptible to modification, variation and change without departing from the
spirit therecof. Improvements to the operation of an acid gas removal process using a
30  controlled freezing zone are provided. The improvements provide a design for the removal

of H,S down to very low levels in the product gas.
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15and (iv) release a first partially-stripped acid gas liquid to the

previ ous co-current contactor; and a first co-current contactor
conf i gur edot2012(d1¥ssnecei ve a stripping gas, (ii) receivepraTdscand42203
partially-stripped acid gas liquid froma second co-current contactor,
(itii) release a final stripped acid gas liquid, and (iv) release a first
parti al | y- net hane-enri ched gas streaq&#gnégthe second co-current contactor
2. The systemof claim1, wherein the stripped acid gas liquid
conprlseswﬁgp a%ﬁaﬁ?] percent or nore acid gas. 3. The systemof claim
2, wherein a sub ial portion of the final stripped acid gas liquid is

i nj ect ed ﬂ.ntogsistsﬂﬁmo (BB HALIRON 1419450 A08rGn WkFriaRLI gas Inj ecti on

wel I's. 254. The s clarm 2 ereln a portion o inal stripped

acid gas |i qu'ﬁdélﬁrdﬁbtﬂéﬁfée@m&Bﬂréé%ﬁzﬁlgaﬂleaﬁavd g@sgtreanp%ﬂls@ﬁar@ﬁng iR &b bapi ng
gas via reboiling. 5. The systemof claim1l, wherein: the cryogenic

di sti Bl atsermtiniger debyArsiddsiay gasfsireanang asgiaem comprised subantizlbeof agaquenes
recelvesjd .cooled sour gas stream a cold liquid spray conprised 30
prinarily of methane, and the final nethane-enriched gas streamfromthe

final co-currenfegt %ﬁ%h% &3y U6 fpSthe ﬂgﬂy&r&@d %ﬁé’ ?Q&a\'i}i\b%n‘él%é%%iﬁé‘% 1.881cH Q&

further conprises re eration equl pnent

2012/ 015554 PEInJS2011/ 042203 downstream of the cryogenic distillation tower
for cooling the overhead nmet hane stream and returning a portion of the

over head net haneryeganeafistidationgowey Bgerficeives tsheu qopm SOHT BwETcals andh SCnaites

i qu'l% Sp[fl?&)ole(? sou-ggesls %‘}f tn? nf?tg égcalnadv@rhead |"ff 8&{@]{1&% Qrgharl N o?%leﬁthath

bel ow't h reezin ivin urr artlcFes

and del i vadi(figa Botﬁdlbﬁtl@é’ﬁddaﬂcidygas(@irbadﬁ cémpﬁse$1|pﬂ’rﬂiaﬁl§1 of ¢deorf dlaaideco current
contacting device as the bottomliquefied acid gas stream 7. The system
of claim6, whelfiealncd-berdndtcbotarior guefigured aci(id rgasvesthe dmttoex ligeeficdeacid gas

cryogeni c distillation tower re no gre ter than about -70

105 The. SyStBmbt NeeRent SrsubrRER STl s e RaR g Evighe P on
zone bel aniaet%rf(ﬁlg%lea@ azmm rhc@hane AN dghs Btr64h €o ﬁiet&wddgeﬁﬂ‘c A&kt ower,
particles, at least partiall neltln the slurry of acid gas particles into

alidaid @ﬂr(eérmleww et pyeiriingtripped amq@asl ligeidgartha previows Cosafrericontaciosnt
contacthgddeV|ce as the botton1llquef|ed acid gas stream
a first co-current contactor configured to (i) receive a stripping gas, (ii) receive a
second partially-stripped acid gas liquid from a second co-current contactor, (iii) release a
final stripped acid gas liquid, and (iv) release a first partially-methane-enriched gas stream to
20  the second co-current contactor.
2. The system of claim 1, wherein the final stripped acid gas liquid comprises about 98
mol. percent or more acid gas.
3. The system of claim 2, wherein a substantial portion of the final stripped acid gas
liquid is injected into a subsurface formation through one or more acid gas injection wells.
25 4. The system of claim 2, wherein a portion of the final stripped acid gas liquid is

diverted and used as at least a portion of the stripping gas via reboiling.
5. The system of claim 1, wherein:
the cryogenic distillation tower comprises a freezing zone;

the freezing zone receives the cooled sour gas stream, a cold liquid spray comprised
30  primarily of methane, and the final methane-enriched gas stream from the final co-current

contacting device; and
the cryogenic distillation tower further comprises refrigeration equipment

_44 -



159. The system of claim5, further conprising: an upper distillation
zone above the freezing zone for receiving vapor fromthe freezing zone and
r el easi ngwohelzmaesshead gas stream 10. The system of clpairras29iisneoei n t he
system conprises only two co-current contactors for processing the bottom
acid gas streantsuch that: 20the final co-current contactor is the second

co-curren tact t he preyi . C -cur ent .contacto i.rst

o T elon BB AE bbfre ErfSuchic i ARioE Rovior Boq Farhe RheainhBfied Bl it e
rel eased rBardiRe afpott&tn SOhE Yl EBBAd BOMbAS §tedan] & thB@ryR@bhit Alidti¥lation tower as the

met hane-enri ched gas streamreceived by the final co-current contactor; and

25t he fi rootd baid BRRYy- stripped acid gas |iquid rel eased by the fina

co-current contactor is he sgcond partially-stripped acid gas liquid
recei ved by tr%lefswtétn% Lr > SHINCE GAPBEYBE. © 11. The systemof claim 2,

wherei.n the syste hree co-current .cont rs for .proces t he
ot t o aci d gHu el BRIt O FRGE ot T BOPYIE RSO ButiBne e paRelS: ( ne
second C(lfnﬁldl"efl%ﬁngm%%ﬁt@dlly sdNds-80¢ El@rr?@& ttﬁtthfa@c&uﬁtt&mcoﬁt@at@ca&tcela§ the

configured to (i) receive the first partially-methane- enriched gas stream

from t he bottosx ignefiedin¢idges semamact or, (ii) receive the first

partlally stripped acid gas l'iquid frontthe final c¢o-current contactor,
(i) release ﬁ‘%@@%ﬁr‘i’@ a‘l" lpiy 6 Wlﬁ‘é?lﬂa‘ﬁé boftogs liqugigsd acid gas stream exits the

2012] 01585 GRICHc RAARALPARA0%, IR RASGIRTSHEARM I ARg. | nal co-cur e

cont act or, ease t trally-stripped acid gas liquid

|ntolbheg;|rstnggy SRl S ai ) FiaeHeP bomp ﬁgn The system of claim2, wherein
the system conpriSes at | east three co current contactor for processing the

bottom | i quef i edwae idiktilasors koratblows Uk fichatg zoidfor fredviting @-oU slefy of acid
cont act or, any i nt er nedi at.e co-cont act or s, t he second CO-current contactor
and the f9ap @@m@t?mtrltaéhparwm mekine the dumy phagid gt PRIHERS 1 2 liguideticameand

stripped d%ﬁb&nggaﬁte Hqtﬂﬁi Qtfseaﬂ—tstopcBQ%‘élséd gitkoht Sokadild %h(f‘erv RGsdnIBSredrh & ghgéed n

series, st co-current contacto he ‘Second co- CUFT ent
contactonmuhgysUaMBrnedlate co-contactors, and the final co-current
contactor are arranged to deliver the respective nethane-10enriched gas
stredds d5 proreeysiewelflamthawécenophedggas streans in series. 13. A

system for renoving acid gases froma raw gas stream conprising:
an upper distillafion zone above the freezing zone for receiving vapor from the

freezing zone and releasing the overhead gas stream.
10.  The system of claim 2, wherein the system comprises only two co-current contactors
for processing the bottom acid gas stream such that:
20 the final co-current contactor is the second co-current contactor;
the previous co-current contactor is the first co-current contactor;
the first partially-methane-enriched gas stream released by the first co-current

contactor is the partially methane-enriched gas stream received by the final co-current

contactor; and

25 the first partially-stripped acid gas liquid released by the final co-current contactor is
the second partially-stripped acid gas liquid received by the first co-current contactor.
11. The system of claim 2, wherein the system comprises three co-current contactors for
processing the bottom acid gas stream, such that:

the previous co-current contactor is the second co-current contactor; and

30 the second co-current contactor is configured to (i) receive the first partially-methane-
enriched gas stream from the first co-current contactor, (ii) receive the first partially-stripped
acid gas liquid from the final co-current contactor, (iii) release a second partially-methane-
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a dehydration vessel for receiving the raw gas stream and separating the
raw gas streaminto a dehydrated raw gas stream and a stream conpri sed
subst ant ivabI2g120fis#A aqueous fluid; 15a heat exchanger f ecTasediing2vhe
dehydrated raw gas stream and rel easing a cooled sour gas stream a
cryogenic distillation tower that receives the cool ed sour gas stream and

separates th ool ed saur gas. streaminto (i) an,overhead gas stream

conpr | s HTiRE T PouT T FaNBal ST Fon bt B one JGF Seeptt GABelYT eam
conpr i seditiyciReid gas Atuidantdane Hiso¥o-deired@anthitost Cco-current contactor
configured to (i) receive the overhead gas stream (ii) receive a second
partial | yR0O2-Er syshed ofeélhinx 2, i Whdreinf themyatede @omgrised- 6 ildasin thre® rbadiert,
(iii) release a first partially-sweetened nethane gas streamto the second
co- cur r erfONR6H &Repspcesyng the kpyopdiqusaed acid igﬁ%ﬁtre@@-s‘é‘zlrtﬁ%thed reflux |iquid
to the cryogenjc.distillation tower; and a f.inal co-current contactor

cont 1 gur et v 17 P ERry R SPan Py iieamed i or QRLE e dhe s RB ORS¢
partial | YofiweRl @RgdhdrBitd 0L usdft SRR 4rt Aitadedient ddiRct ASheRe GHigRAtacid
contact or, ﬁ]l]) rel ease a first parplallé-_ -enriched reflux liquid to

t he next -ga8linuigls agprogiassisely (Cdnticher a¢id gandqyiflvin seapeasé a final sweet ened
net hane gas stream 14. The system of claim 13, wherein the final,.

sweet ened met HAH AT £9-QHTeah RO itht 8CaBd §P-coyehipfontastyre ay ingprnediage co-

met hane. 3Q1a], 1@nd Yisd G681 Qg-cﬁ%{@&fdctdggfé glil‘éhggd ?% ?éllti@eg b AlesRRELL BRRECT he

final sweetened nethane gas streamis Iver I quefaction and sal e.
WO 20102/ GhEbhetREF/stiSR 04 4y 1 42203veljl ethRhe-csydtedmas ftraanai imsdrdes. wherei n a
portion of the final sweetened nethane gas streamis diverted and used as
at | east 8. pora syerofortrmoyiaglagid gaepuiem dupwiggs sipramacPonrising. The syst em of
claim 13, wherein: the cryogenic djstillation tower conprises a freezing
zone; 5t he fré’eﬂ‘?hﬁ’&rai’@ﬁqusié‘gécPﬁ/éf‘é?eltVH@ s drRdgBotiFcafasnd (SeRUANE Ecara¥o R

liquid s : i i HRY ; . . i

i ot 11 a0 oum BT ABSH Rl AR Xl T A WBhpriscd bk AR AR oo
t he cryodandc distillation tower for cooling the final sweetened nethane
gas stream and returning a portion of the overhead nethane streamto the
cryodéni ¢ di std hdaackehrang@tfowspoling thhalchbydrdted praygas strgam Tl wjaasiomaogoodddai m
17, wherein the cold spray conprises the final CO2-enriched reflux liquid
from t he PIH& 6% urrent contactor. 19. The system of claim 17, further

conprising:. a - ay: L r Ve rry
of ‘Bci d ggs par oY SrReH G bRE LHERELRG: POl b CFR TR, I Rt
the cooled sour gas stream into (i) an overhead gas stream comprised primarily of methane,

and (i1) a bottom liquefied acid gas stream comprised primarily of carbon dioxide;

20 a first co-current contactor configured to (i) receive the overhead gas stream, (ii)
receive a second partially-CO;-enriched reflux liquid from a second co-current contactor, (iii)
release a first partially-sweetened methane gas stream to the second co-current contactor, and

(iv) release a final CO,-enriched reflux liquid to the cryogenic distillation tower; and

a final co-current contactor configured to (i) receive a reflux liquid, (ii) receive a
25  next-to-last partially-sweetened methane gas stream from a next-to-last co-current contactor,
(iii) release a first partially-CO,-enriched reflux liquid to the next-to-last co-current contactor,

and (iv) release a final sweetened methane gas stream.

14. The system of claim 13, wherein the final sweetened methane gas stream comprises

about 99 mol. percent or more methane.

30 15.  The system of claim 14, wherein a substantial portion of the final sweetened methane

gas stream is delivered for liquefaction and sale.
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an upper distillation zone above the freezing zone for receiving vapor from
the freezing zone and rel easing the overhead gas stream 21. The system of
cl ai m 14, woheraiisssthe system conpri ses only two co-curr eqtr/useotimaei20s s f or
processi ng the overhead acid gas stream such that: 20the final co-current
contactor is the second co-current contactor; the next-to-last co-current

contactor s the first -.current contactor:; the first

part i al |y %wectErnaaeRea il [he e ARORInsifdbe fngl SRaeprd Bethage st stsam
cont act oris Uicftb@amBiset ab hMeM%bﬁﬂﬁfbﬂmHéﬂﬂﬁ ligael cﬁﬁih?@ﬁwaﬁ@&i ved by the
final co-current contactor; and 25the second partial 'y-0O2-enriched refl ux

| i qui d relcei verthebystemeoffclaimit] 3¢ ohertin-ent contactor is the
partially-0Q2-enriched reflux liquid released by the final co-current
contactor. 22zhe Gityegays tismlafongbabncobdprisehe fre¢zing henesyst em conpri ses t hree
co-current contactors for processing the overhead gas stream such that:
30t he Snext - t o-thaidrecemecumeernceiventta coplell ssoun ezas eticag el @ueeldniquédripast or ;

and the s ~ClULre a r is configured to (i) receive the first
parti al l ycﬁ&?\?%e(g&%%@fg%ﬁ%%&ﬂ/ 042203 sweet ened net hane gas stream
fromthe firstycofLARt FANAGAOlowdd | hirthEC CbhRpidE TrdftiStrati ipment
partiall y-OOZ-enriCEBWegg ref(f'ux I qui%w§rom tﬁg %I al co-cu1 rrgﬁ?ncgﬂltugréltegr,
(iii) reldasstreans ef tredcrpagdniatiisylaivagbene trioebheg tegias! stveetamed methhee gasnal

co-current contgctor,. and (jv | ease the secon artially-002-enr.j,ched
ot ux &g g reatind pertiot el feRe e alar srsbs e eorts SRUIT
14, woer abRet ahSYSHBPaGONPri ses at | east three co-current contactor for
processi ng the overhead gas stream such that: the final co-current
cont act or1,8. anyThendysteife df @ladmCIo:, Gt da tthe Soldt §ieays esapsed ah€ Winae 0D, caftkat or
and the first co-current contactor are arranged to deliver respective
COo2- enr i dRB Hgyid fson thg dingscorquiping geeadpiel y CO2-richer reflux liquids in
series; al@d he first ga([l)- c]grge t contactor, the second co-current

. C 1@1 O_u

cont act or?- any! hery e mei _ htYBRGEe and the final co-current
contactor ar e aut pnged b (ekkus, LR PRBREHING, AR ENERATS, SLigRrs, a°

progressi vel y ‘swee gas stre I'n Series: arm 13,

wher gisn the OVﬁ{e@%’tngﬁ%%a?ﬁlrﬁ?fﬁrﬁl%fﬁéer%@gsﬁnéfOt only nethane, but also

hel ium nitrogen, “or combinations the 5 25. A system for renoving acid
gases froma rawgRs @itNIRAEDh HABRIboSE NBS freezing zone for receiving vapor from the

freezing zone and releasing the overhead gas stream.

21.  The system of claim 14, wherein the system comprises only two co-current contactors

for processing the overhead acid gas stream such that:
20 the final co-current contactor is the second co-current contactor;
the next-to-last co-current contactor is the first co-current contactor;

the first partially-sweetened methane gas stream released by the first co-current
contactor is the partially sweetened methane gas stream received by the final co-current

contactor; and

25 the second partially-CO,-enriched reflux liquid received by the first co-current
contactor is the partially-COz-enriched reflux liquid released by the final co-current

contactor.

22.  The system of claim 14, wherein the system comprises three co-current contactors for

processing the overhead gas stream, such that:
30 the next-to-last co-current contactor is the second co-current contactor; and

the second co-current contactor is configured to (i) receive the first partially-
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a dehydration vessel for receiving the raw gas stream and separating the
raw gas streaminto a dehydrated raw gas stream and a stream conpri sed
subst ant inabl2g120fis#a aqueous fl ui d; a heat exebangeoitfer20xo0ling
t he dehydrated raw gas stream and rel easing a cooled 20 sour gas stream
a cryogenic distillation tower that receives the cool ed sour gas stream

and separates the ol ed sour S stre into (i) an overhead gas stream
comor ad s FrRaE st Rida” Hand b ARG S St SRR EE e BER, B e
primaril ypapal§aCOQBneiHRY iréfix Rqfid Adkn he Wl EQcEvint @Bhta&OR (B0 rflBase ANt ehdr ed
to (i) receive the bottomliquefied acid 25 gas stream (ii) receive a

parti al | ypanealbyayveectoned oleding ges sirqagnio the dirplbepewvdnd genthgor and 6ive igleasa the
cont act or id1).:hel gas fi hane ri.ched S reaminto the
sec Ins(itﬂlahlaél1 .-ééz-gm"flched Q%{l’ludﬂﬁu\llf%rﬂelg glr§t %Q-cuglgr?tsc,[oﬁ{acf% .

cryogeni c i on“tower, ase a partially-stripped

acid gas 3 quifd Qe R d?éiﬁlvil@,u%/hlefé\c(}‘va:t%é:?}7§éﬁlr&)%prf59§“aﬁ%ag{ 'thr@é‘%?cuhje\?tlsit)

| ower co-current contactor configure receive a stripping gas,
recei ve 30nacwefomuosssing fedvadicad gasstichguswthftham a second | ower co-current
contactor, (iii) release a final stripped acid gas liquid, and (iv) rel ease
a first parti dh¢ yinpleedreurecné spitteelet agasnistmediatetco-qontackes dhel s¢aone rco-current
co-curr enton a(c)Pot %%%1 e ﬁyéQ g-oc:ll'uzr/e%]'%%?él? g;l/reu %1‘21‘91% ]'e/dot42d%91§era e]; 1 ?1;[76 R nriched
co-current contactor conflgure oszﬂ Feceive 't fie “overdad gas stream

(i) receatfigx Hqsesastopasdivay O, Hoheerflue Nigdids &f $am¢s;landui d from a second
co-current contactor, (iii) release a first partially-sweetened nethane
gas d0ream t o thhdirs evenurcod eantaaten tthe ssrbad tcorcurramdednitackory ehye agernadiata ab-

CO2-enriched reflux liqguid to the cryogenic distil]ation tower.; and 5a
Cora " Brtclary b die (AL o Sor M Cob PR At ) doh ks ERRSoe Rl SetRr i d.

(i) recelaygrénnietrQedsdrly Ratddl s syaglenedidet hane gas streamfroma
next-to-last co-current contactor, glll) rel ease a first

partial | y4002-Efer kgshetl dfetlaiix 13, Guhdeinothichevdigoad- %@- k@&dm GOnfpeikELAbt only
contactor, and (iv) release a final sweetened nethane gas stream 26. The
syst em ofMethgicapoisilsofedivel, Ritfagen.sucomkinatioyeheeal. aci d gas streamexits the
10cry$ge i Cc di tilla&ion tower at a g%ggerature no greater. than about -70
F. 27 e s;é%ﬁ‘ﬁ% OTIFRPHNE S IAHIETS PREY &Y HEEHF CORPEEPE] ation tower s
a bulk fractiagn ti%n 1 ower. f28. The SM§ten1of %Iain12§, mhegeiglthe
cryogeni ¢ di st1 FTACTBI G RoFRsFvis ™y FVedd: Wiy 0o fBY RRT I dlovad g1y

t he cool egresUnitodagehytifagiMaw( gds)strdarf @hd al sirgarh Gospiisdt SORRALISBAoMIN AREDLSY
150f nmethane, and (iii) the final methane-enriched gas streamfromthe
final |owWlfdico-current contacting device.

a heat exchanger for cooling the dehydrated raw gas stream, and releasing a cooled

20  sour gas stream;

a cryogenic distillation tower that receives the cooled sour gas stream, and separates
the cooled sour gas stream into (i) an overhead gas stream comprised primarily of methane,

and (i1) a bottom acid gas stream comprised primarily of carbon dioxide;

a final lower co-current contactor configured to (i) receive the bottom liquefied acid

25  gas stream, (ii) receive a partially-methane-enriched gas stream from a previous lower co-
current contactor, (iii) release a final methane-enriched gas stream into the cryogenic
distillation tower, and (iv) release a first partially-stripped acid gas liquid into the previous

lower co-current contactor; and

a first lower co-current contactor configured to (i) receive a stripping gas, (i) receive
30 asecond stripped acid gas liquid from a second lower co-current contactor, (iii) release a final
stripped acid gas liquid, and (iv) release a first partially-methane-enriched gas stream to the

second lower co-current contactor;
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a first upper co-current contactor configured to (i) receive the overhead gas stream,
(i1) receive a second partially-CO,-enriched reflux liquid from a second co-current contactor,
(iii) release a first partially-sweetened methane gas stream to the second co-current contactor,

and (iv) release a final CO;-enriched reflux liquid to the cryogenic distillation tower; and

a final upper co-current contactor configured to (i) receive a reflux liquid, (i1) receive
a next-to-last partially-sweetened methane gas stream from a next-to-last co-current
contactor, (iii) release a first partially-CO,-enriched reflux liquid to the next-to-last co-current

contactor, and (iv) release a final sweetened methane gas stream.

26.  The system of claim 25, wherein the bottom liquefied acid gas stream exits the
cryogenic distillation tower at a temperature no greater than about -70° F.

27.  The system of claim 25, wherein the cryogenic distillation tower is a bulk
fractionation tower.

28.  The system of claim 25, wherein the cryogenic distillation tower comprises a freezing
zone that receives (i) the cooled sour gas stream, (ii) a cold liquid spray comprised primarily
of methane, and (ii1) the final methane-enriched gas stream from the final lower co-current

contacting device.

-49 .



