WD 2011/ 090553PCT/ US2010/ 058395 REMOVAL OF ACI D GASES FROM A GAS STREAM
W TH CO2 CAPTURE AND SEQUESTRATI ON CROSS- REFERENCE TO RELATED APPLI CATI ON
[ 0001] Thiwoappldvesti on cl ains the benefit of U S. Provi 2Consbkolbasssos
Application 5 61/297,529 filed January 22, 2010 entitled REMOVAL OF ACI D
GASES FROM A GAS STREAM W TH CO2 CAPTURE AND SEQUESTRATI ON, the entirety

[0002] Thi s sect i on (EEREAbaar AT EATE ER DI A G Rt the art,
which may be 10 associ SYEPHWEOHCRPITURBAND SEGUESTRATON he present

di scl osure. This discussion is believed to assist in providing a framework
to facilitate a better understanding of particul ar aspects of the present
di scl osure. Accor di n§ROSS-REFFREYCEeT EA13d) APRPLICGAT KON ect i on shoul d
be read in this light, and not necessarily as admi ssions of prior art.

Fiel d of [00@l]I nv&hisi epplicsti¢00d8jiEhehepbesdnt of Al.8ntArovisioedlaPetsnt c\nphieatidnel d

the rehoVil RBr LT FPBIE E Spanane Lt g UCRGHE SRR ERarS EEPMER A% o
t he recoVvErREANM, CWIPENCH, OX AHRURTS N Bt SEQWESITRIATEON, dihe Caithen &ff Whekh is
stream Discussion of Technol ogy 20 [ 0004] The production of raw natural gas

from a rdserpericddyirelstingeeieirries with it the incidental production of
non- hydrocar bon gases. Such gases may include trace anounts of helium or

ni trogen. Such gases may ' v BT ﬁ@%ﬁ as carbon di oxi de
?o%?leg(};\]??g corrpouﬁ?s. uﬁ?ﬁ?ﬁgo

(Cx®), or various sulfur- nt ai ni ng conpounds

i ncl d | fid 2 . | .sulfid , b
i eul 11 ad gy BBk iRy SBAREEhrflk SRy IR R may be

[ 0005] YWhersdd2hedRdtHCRReplarP eabusidttnas opahé éscat Akdloge@r bamiQasscdsicnaim
(such as nethane or ethane), the gas streamis sonetines referred to as
"sour gaehiewgiio agsist inspraidilg 4 fremegpedtor Govigaie g dettepundapstandgigolopaitigular
contam naa?f)éctsbgf ML prekert Sdi c?&hred,?‘m%{d B f Rrsnbil e [inREQG&E ﬁla'f'%i? "seSte-
Renoval of" aci gasgs Creates a "sweetened" hydrocarbon gas stream

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

Field of the Invention

15 [0003] The present invention relates to the field of fluid separation. More specifically,
the present invention relates to the removal of sulfurous components from a hydrocarbon
fluid stream, and to the recovery of carbon dioxide associated with the hydrocarbon fluid

stream.

Discussion of Technology

20 [0004] The production of raw natural gas from a reservoir oftentimes carries with it the
incidental production of non-hydrocarbon gases. Such gases may include trace amounts of
helium or nitrogen. Such gases may also include contaminants such as carbon dioxide (COy),
or various sulfur-containing compounds. Sulfur containing compounds may include
hydrogen sulfide (H,S), carbonyl sulfide (COS), carbon disulfide (CS;), mercaptans, organic

25 sulfides, and thiophenes.

[0005] When H,S and CO; are produced as part of a hydrocarbon gas stream (such as
methane or ethane), the gas stream is sometimes referred to as “sour gas.” 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.

30 The sweetened gas stream may then be used as an environmentally-acceptable fuel, or it may
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30 The sweetened gas stream may then be used as an

environnent al | y-acceptable fuel, or it may WD 2011/ 090553PCT/ US2010/ 058395
be chil | esoizntindbisquefi ed natural gas, or LNG for trangpdrusationsssahd | at er
industrial or residential use. [0006] Several processes have been devised to
remove contam nants from a hydrocarbon gas stream One commonl y-used

approach for atin W, nat ur lves t he e of hysi

bl vent 5. bearhitid e Pae it DRV ap o3 LEKE B8 Sesieiien Yo SePRABI Tl &
trade narfemﬁ@{naau@as treatl ng product of Union Carbide, which is a
subsidiary of Dow Chem cal Conpany. Sel exol TM solvent is a m xture of

di met hyl ghdgir s SEve?ﬁ'ﬁf@ée@é/és%’él@e Bée)ﬁcd%'vr%ed &B‘r&ﬁ@%ﬁtaﬁﬁn%@fr%&%ﬁhﬁ%&%

i s dinet hoxy tetraet hyl ene glyco I f Sel exol TM sol vent is chilled and then
pre- sat ur@ts ettea/mt rOI(eOzbmmhtdy@sbéxmﬂFMhsfmlr veating\idw nhigrad ehe otvioles ttosvascdsft

:Eg O]EL %ilso \%)‘F%re rﬁ%g Xraoatl‘,h aa%&ytélrcg sto?iveghlesﬁvé ®u dﬁae\],eéc%ﬁ is §1r][¥iaﬁle\rllgr§wtfohre
H25- sel ecex gaéare%ﬂh?9rodd8f50f56hi%ﬁt@af&d@-fﬂvﬂ1%ﬁ id BehbEaRs fybw ditRkENeN @ondiihpe
(MDEA), and the Flexsorb(r) famly of am nes. Flexsor b(r? am nes are

pr ef er r edPoldxeh selvend oy a/émtyref Qﬁdl@éthab@ﬁheréw pelyidylong ghizslst rAgnexample of one
OC2- cont i ”1} @9?9 n? §J & &‘%@? t%%ée?tgyti&{e) %&lneﬁr ste%k‘é W@t%g%hﬁ‘églaﬂﬁ th

relatively AbSOr Pt on

sterical Ipfcigatnfbwdadlﬂaccoa,ethmbeguﬂ &soﬁl@npﬁllllbe wl@mestowah&s Heg.mat i on of
car bamat es. [ 0008] Am ne-based solvents rely on a chem cal reaction with

aci d g@s [900mONeRhSthich abP@akly G6OGRRMN r@ASnaBirhL3M ihBvdsemet i@NoPLR&RRE] | S
sonet i rres referred to as "gas sweetening." Such chemcal reactions are

gener al | yohsnts. &if @@mpmﬁm@twanasbl@ammba@éﬂS§@llevte\r¢t%anoHp%ﬁ@lp@meaamWGSat
f eed
ot nebas il ip Blefiy A PteRaRle GAREAY, Bpd fenNeR s b BbRmpBR a8 tp U

have al santigeénardsaefctrod chaﬁlcalesmvaits @dr @edctli€ly GOMPOIAg TS, frbbCOd comhmaipt S
enpl oy a m xture of physical and chem cal solvents. An exanple of a hybrid

sol vent %8s SUFFMHoFlex §0rbzan{ﬂm§1t91}erh%vaagaée@1f ﬂ@%elaély@lyefaéfolf%ﬂﬁ Eb§ ﬁb@ﬂ‘m
opti opal | I t Wpna . i

ol vent 1S gk bICOL k@ T, RerifRRnERGed Bl Ed Helt bibrjent R

sol vent, fbhﬂatumrdfaaﬂbamawessel may be referred to as an absor ber vessel or a
contacting tower. In this instance, the chem cal solvent absorbs the acidic

conponent[9008for exdnPbescdisbRctite ey ah adthehyddl fRgetioswth aclg gus tagpencasligeid ve
am ne may be acconpli shed b?: contacting 30 the optiognally dehydrated and
opt i onal iy wxhogcgaﬁ siiganat hhereaghen Blio%“érﬁ‘ FRDHiraghercEISHte 4F &% SWERteNINg.an

absorber §RfS€hemical reactions are generally more effective than physical-based solvents,
20 particularly at feed gas pressures below about 300 psia (2.07 MPa). In this respect, amine-

based H,S removal may be done at low pressure.

[0009] Hybrid solvents have also been used for the removal of acidic components.
Hybrid solvents employ a mixture of physical and chemical solvents. An example of a

hybrid solvent is Sulfinol®.

25 [0010] The use of the above solvents involves optionally chilling the raw natural gas, and
then mixing it with a “lean” solvent in a contactor vessel. When the solvent includes a
chemical solvent, the contactor vessel may be referred to as an absorber vessel or a contacting
tower. In this instance, the chemical solvent absorbs the acidic components. For example,
the removal of hydrogen sulfide using a selective amine may be accomplished by contacting

30 the optionally dehydrated and optionally chilled raw natural gas stream with the chemical

solvent in an absorber vessel.



WO 2011/ 090553PCT/ US2010/ 058395 [0011] Traditionally, the renoval of acid
gases using chem cal solvents involves counter- currently contacting the
raw nat uraiD 2ga98isseam wi t h the sol vent. The raw gas st Pearase&loiosgspdduced
into the bottom section of a contacting tower. At the sane tine, the
solvent solution is directed into a top section of the tower. The tower has

trays, p ings or other 5 "internals.? As the |jquid solvent cascade

thr ough dRGTT o Fuaiohely. g SPGB fiq atis i Be bt St R by Redg er-
carryi ng duRemily\weitatthigothghratvhgath@l tbasms@éanh RALIC et AtdnRg THRWRK 8% Redain &f a
"rich" solvent solution. At the sanme tine, gaseous fluid that 1s largely
depl et ed ibfrodyzsd antg/ the botiemesdctian &f a pantacsingdpwehe Atole samp gong|] the sphyent
above praogess,. : e . St t ajyns i i e W a
o sl 1 Sotng i R B EATaMER RGO SLARL BRY gt TELHREF o bl 5,
of thes conita@bBr ofs thbsulkesolvehheadchdat tactbughweeintergals, € absdibs fhgrindesirable
processed, . such as for liquids recovery, or saold into a pipeline if the CO2

concent r &C1%h#S COMPRRANtS. [¢3H Y Ing Shera @aigy trough BigtbodomRf the comHRCtNE ORI R3Gh,
the sweelgnedi@asoRERERMRY AGnusedl. & sedsholid Rt @ 1885 (RollAUde.s
process, and then ultinately used to maké~waxes, butanes, abrPcants,

gl ycol s amnd/oot(erexpebt the apnof tiStadwased products. [0013] As noted, the sol vent
process al so produces a "rich" solvent stream containing the solvent and
aci di ¢ cqopmient s thEheovd plocse] theRivegancdogis seganeovmhiid phiynasily mefhang withex
acidic conmponents to nake it |l ean_again, so that the sol vent

: may be
recycl®d.smpHgr prewof carbop dies: af g nswectapaoilawnpt ofdle o ofghe Lontactor or
"desorpti 7 i | ) r i S . Y
sol vent Goohe” Pl FpRRP MG &R GRRRRHRrFb A LRASRRER F ARHLLRecBEy
i mpuri ti esldsinteeapipetngifi the 0 ,swhéentracomislicsd thgn,clonpxanmes, @bodt 3%y edninon

di oxi de. [0Q14] The use of solvents for. a S separation processes create an
i ssue as thgdy n e sBesrnet gﬁswgeg@ﬁa%ya%agﬁ‘%ffa%wkcf%% g?ﬁ-wamﬁs prpcess,
appr eci ablng th&Y gltsnely Sbd W nEREROMEE So1RdRs PRBAEMs, oy dolCarRCoH P roléifm TUST
be reacted in some way to make a non-hazardous by-product 25 such as

el eneht albased fradyctor sequestered in sone manner. In sone cases, the
concentrated acid gas (consisting primarily of H2S with sone CQ2) is sent
to a sul f[00813F]ecovemptadniht sOIVERPrdcesT hlgo PrRIducasn/ aichs sblventldiBarmntomtdieing ghe

el emental sulfur, There are many, existing plants where e H2S. is converted
to sul furSOEVﬁ_at ShILYC PHLBT VN ¥R Saepinite Teeoreteb R paaaing e edRbon
di oxi de g@spofieRf t&MAKEES [4aNESHh, 30 haOMc HvAPIRIOBE r¥§eRE! TR hRRess of

at nosphere. However, the practice of venting CO2 i"s sonmétinmes undesirable.
One pr opasginetagioniinialsp z0mytideR celbdds Slesrrptivs,” anprivcmpbycdlité eehasatt deigagises

i nj ' "Ad"),. A4 th t ed -inj d..int
" Subtbr AR FHe PTG B sBHR a fiihmal BEEry Tbr Gu 5 BEE gt
removal . impGB&lsHRRapreilis YeRRL &S8R 2ompounds and some carbon dioxide.

[0014] The use of solvents for a gas separation processes create an issue as to the disposal
of the separated sulfurous contaminants. If appreciable levels of sulfur compounds are
present in the acid gas, it must be reacted in some way to make a non-hazardous by-product
25 such as elemental sulfur, or sequestered in some manner. In some cases, the concentrated
acid gas (consisting primarily of H,S with some CO,) is sent to a sulfur recovery unit
(“SRU”). The SRU converts the H,S into benign elemental sulfur. There are many existing

plants where the H;S is converted to sulfur and stored.

[0015] While the sulfur is stored on land, the carbon dioxide gas is oftentimes vented
30 from the absorber vessel to the atmosphere. However, the practice of venting CO; is
sometimes undesirable. One proposal to minimizing CO, emissions is a process called acid
gas injection (“AGI”). AGI means that unwanted sour gases are re-injected into a

subterranean formation under pressure immediately following acid gas removal.
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[ 0016] Acid gas injection is a relatively new technology that is practiced
on a large scale in only a limted nunber of fields. AG requires the
avai | abi IwOyonofo9esssui t abl e under ground reservoir coupl e#Critishoisiogssns i cant
conpression. CO2 and H2S nmay optionally be injected and sequestered
together. 5 [0017]1n some instances, injected acid gas is used to create

artifici ser \oi ressure. for, enhance il . recpvery operations. This
means. ¢ haPo{fla LR eRaGRR ISP LOG dER e dno S IBHTH ErBRR b ey s
recovery if 5aR) a #@ERY d@nlice©@VRIdsadtG t@ats Mel availldliBtyl 6F PalitableUiielgtound
attractive when the acid gas is primarily made up of carbon dioxide. If the

vol ume arfgyesroicentpiast widh pighifigantigpgipressiono UQgindfin® maxcenitingly be impaed 4
reservoir k of the H2S 10 will again need to be converted into
elenentaﬁb@%¥&%?f%g?§%£ AG. [0018]In any instance, a known type of sulfur
recovery ess . that converts .H2S to.el emental sul fur is.the C aus
procecs, APAE 18T GREEEES SHESThrPa Tl ™ Retrg araterrGai foe elaestier
sul f ur ouSfHE BRMABENGIS kedoFeUWpRAMiIoNS t ThAl fedm tRatltBaGtialc JoMipdacks e fRHMs 2
(and some elenmental sulfur). This is an oxidation process perforned

accor di ngnisgibtehenhia¢adonil mEoIFYr(EARY) agent tScaveg/agdgipnal- oil $hps is pepcudarly?
H2S +3 02 .---> 2 + 2 .Thi:S. _|. r I of: 1 act|

gener at o LiiFE NGRS a8 G0 1y Bubah: BpoL B RNPt AORHC, Bobi IR ¢ e
process afontdhtatip®bNH,S Moo diEs forat capdidhicdhjeaticéh teleri/bie, Be tecallk beaRtisn. A
subsequent reaction takes place fromthe heating and oxidation, known as a
d aus!® eawiliagain needposbe cogmpried intoclgmentabsulisebeiotp1d$hAs can be seen, sul fur
and water are formed in this reaction. The sul fur and water are

del i ver ed09BBla cbndendwstance| ekepvaltyeupf gulfirsrecencanpearess tat corvesisridsntoer

as a nolten 25 .1] 1d...T nolten sulf us._|i id then be frozen.into
ooy nombeTtnditgl it i TRE IR EL S L CIANS LAY dhelRika o B BRI O
i's to sayafdathct bafire@c torpordas$ iNbirngEnNathadit yh gecdctorcirketsé Gim 509 Ughl

hi gh conversions, i.e., greater than 95% are possible. The higher the
initial HeBeiREHtraivpn THS than ggidatiempBrosessdriorned aprording f9 %?51 oHewinge

c ausis  reaction:

H,S +3/20, ---> SO, + H,0
or
2H,S+3 0, ---> 280, + 2H,0
This is a strongly exothermic reaction that generates sulfur dioxide. A substantial amount of
20 nitrogen may enter the process at this point, but does not participate in the chemical reaction.

A subsequent reaction takes place from the heating and oxidation, known as a Claus reaction:

2H,S +S0,; <--->38S +2H,0
[0019] As can be seen, sulfur and water are formed in this reaction. The sulfur and water
are delivered to a condenser. Elemental sulfur is released from the condenser as a molten

25 liquid. The molten sulfurous liquid may then be frozen into any number of forms.

[0020] The Claus reaction is equilibrium-limited, which is to say that the reaction does
not generally go to completion, though high conversions, i.c., greater than 95%, are possible.
The higher the initial H,S concentration in the acid gas stream, the more efficient the Claus
sulfur removal process is. In any instance, some amount of unreacted H,S and SO, remain.
30 These gases are reheated and passed into a catalytic reactor containing alumina or titania
catalyst. The catalyst facilitates further reaction between the H,S and SO, to form more

elemental sulfur. This sequence of condensing sulfur, reheating gas, and passing it to a
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sul fur renoval process is. In any instance, sone anopunt of unreacted H25
and SO2 remain. 30 These gases are reheated and passed into a catalytic
react or cwotaimiong3al umi na or titania catal yst. The cat aCyaiS261ams$3pi at es
further reaction between the H25 and SO2 to formnore el enental sul fur.

Thi s sequence of condensing sul fur, reheating gas, and passing it to a WO

2011/ 09055 / US2010/ 058395 catal ytic reactor be.repeat one .or. .t wo
rore £ e BAOH Heddt: RBETboR Obfd BRFH A yeRy « PoRs e T 5N
process fr@govaryc aus sul fur recovery operation is shown schematically in
Figure 1. Figure 1 shows a known sul fur recovery plant 100. The sul fur

recovery gogf)t SThOQRRATRLESs kR LORYE l&}ilﬁﬂ%@é&@ﬁﬂop%‘a}tf&n% sRah Qéﬂéﬁfatically ,

sul furous conponents into el enmental sulfur. Elerfental sulfur is shown being
i ncr enentialHigungekh oEiguee 1fshows thkaophantfurl @0owtry Iplaneéd00.50h¢ sulf0"recavsy’ plant

[0022] Jo nduct the Cl aus ocess n_aci as.stream cont ai ni ng H2S |

it oot MOPFHEY B it HobPhSRE” Surde gBE o SAEILS Haina PR Tt
aci d gas sgifieaRlciiedtal Sulk® ik BhéwalBeiRd ihdtt@cmall g ashdited BORAGS 108l20MgedM t h
a streamof air 115. There, one-third of the hydrogen sulfide (and other

sul fur ous!36Ap8Nek0SY. is burned with the air 115 to form SO2 (and sone
el emental sulfur) according to the first reaction set forth above. The
react or fl002¥ce TaGoopet dice€laas ppreesss an esidagas wirehri Gonteinkify Hs$ ¢ dinmted into

typically, at .t r res. above 850.C. 15 [0023].The treact.qr furnace 0

wr ke wi {hE RIGEIRE R SRR EaR bspin Mot e FEF At meceran- B N he
G aus|@r ag@sduced Mo WasdctorTBatacd P20, Alonk2RitH £6RyRH 6f fiedlsf TR Hir-theacreare 120
so as to generate steam Sul fur and water vapor are generated according to

t he secordraggntstbisiedbod ethef o0fuprncEnpancats] is bursehiiithathe o S wufofurSQnd
water is ,shown |leaving.th t a i.ler 125 at. lLine 122...Th | fur
o at or B Wk SO AP RGN S PR Ehetibhioeel tol Mod > Tpf el | ho

condenserfud3te 12@bpeaies at peidbfrey atoind 00densedigoatd §hidale agasnehases abovd ur
is released fromthe first condenser 130' in a first sulfur line 150'. The
sul fur i 80l ur line 150" is initially in a nolten liquid phase, but
converts to a solid phase during cooli n% in a downstream process.

25
[ 0025]1 n [8%%Hr i eifbercaptoe fimnaass! ewerks vithdowsstnlsat boitard 26 aapirt pRBcathersa
into eleng to‘fjllll” O%L{flef gliaélis -(g)gol,cseﬁqgﬁil‘]eswgsq%a: %18%%§§rc ifsd reg%%r%a gic:iat %%%1 { eegr%%f%'ér, irﬁz,

obtain further Conv unrea and ong w
and H20 vapsy o aeerdtelseased Sufamahdevdidrr dpor are generated according to the second

reaction above.

[0024] In Figure 1, a combination of sulfur and water is shown leaving the waste heat
20 Dboiler 125 at line 122. The sulfur and water in line 122 are then directed into a first
condenser 130'. In the condenser 130', elemental sulfur is condensed out of the gas phase.
Sulfur is released from the first condenser 130" in a first sulfur line 150'. The sulfur in sulfur
line 150° is initially in a molten liquid phase, but converts to a solid phase during cooling in a

downstream process.

25  10025] In experience, the Claus reaction does not convert all H,S and SO, into elemental
sulfur. This means that unreacted H,S and SO, remain. To obtain further conversion, the
unreacted H,S and SO, (along with CO,, N,, and H,O vapor) are released from the first
condenser 130’ through an overhead line 132'. The released gases in overhead line 132’ are
heated in reheater 140" above the sulfur dew point. A heated stream of H,S, SO,, and other

30 gases is released from the reheater 140' through line 142'. The heated stream of H,S and

other gases in line 142’ is introduced into a converter, or “reactor” 144' containing alumina or



condenser 130" through an overhead line 132'. The rel eased gases in
overhead line 132' are heated in reheater 140" above the sul fur dew point.
A heat ed wOneamoefs3H25, SO2, and ot her 30 gases is rel easedshoionsisbe
reheater 140" through line 142'. The heated stream of H25 and ot her gases
inline 142" is introduced into a converter, or "reactor" 144 containing

al um na qr, WO 20 090553 / 010/ 395 tlta ia cat cat

Faci |1 atbent SPONGH dOGRPON: BRTUEE R iptstianaBep B ABSanore B Bikh a
sul fur. [RAOR@Ichhatglsemant al sul fur passes through line 146" into a second
condenser 130". Elenental sulfur is condensed out of the gas phase of |ine

146" and pg24)€! e@ﬁ@%lén'i@n@él%lﬁ?%&@s Ethl%ﬂglfl Yine! 1488 ihe0a s@Sond EBNdERR: [13gul d.

Thi s sequence of condensing sul reheati ng gas, and passing it to a

cat al yti oElﬁmamtabsulﬁuags C@pdﬂ‘@ﬂ@.b‘lﬂwfbbe gasphasceaf lowed 461 antdwe rateased thromesh secondeach
a desi ed vel Ssul fur .recovery. Figure.1 seco re ter is seen
2t T2t ¢ G B B o od S TR Y Sedis e 8 neB B Mo F5EMN i ekl
reactor l;ﬁsﬁﬁgﬁ tata chidytic I%E@oﬁmhﬂ optlorad dfénégd atddSorReANwatmdr Aimes b @edchia d
condenser condenses out a third su fur ine 10 150". [0027] Even after

passi ng tdﬁ’ﬁmdglw@lh@f wdfugirgaoverys t ligBigure Heaéefﬁw gheatesas gaethatudleagtsseond S
and SQ2. SI%F Co%lheXt’e%i%{ goanﬁ ) ﬁ%nén ck&y14 Q (f_?%]zi rge{&? 518 8551 W4l ! aﬂéf m
age Iy rel ease

Thi s percentag consydere |nC|nera

into the ahdasphar &en'EhIISOVEWH]hBIthl@d &uhddms@um(g'moﬁddnemm% lﬂafcesuﬂﬁd i as
“tail gas." The tail gas will contain not 15 only unreacted H2S and 502,
but nH éﬁ@o -contain CO2 and N2 fromthe conbustion air. The tail gas is
shown at line 160 com ng out of the third condenser 130". O course, the
tail gas [08%]1nayEben pfterepassne threughhihc selebrii¢ staghadhere mayobe tosagemidunreattador

1447, anchtshl rcg S?Pnd%gé%glly];? | gg/rcgrtlt Se%lunlll 0(8%%16858 asgso ]6 D al This

ent|t|es qwre %S rec ICI ency.

I n order ﬁe@ceﬁﬁﬁgb eyeyﬁldsulh‘y &&Mﬁllere@f tod Wifhitto rhedm\taﬂe antdhl%lefa@d int@alse iGkbsphst. be
treat ed. ThIS is done in a tail gas treating unit, or "TGIU " A numper of
"tai | gasthis FREAHBESUSHPIDRS HEYS 1bELRTHRP e ek g Thestall e3s0uBlogamtasm pet 2

shows; a ki gaged HeSaE a%‘&t ﬁﬂ%faﬁ% Ogﬁ&iﬂl\/ b¥ ah AR %ﬂoh}’tél%%mbhﬁlo% air. The

schenatlc rrangenen acl i ncludes ah aci d gas renova
facility t22@ad mlshomedt Bﬁe bg{) eorﬂnglmat sfutht diird emwieascy 1801t B3Ddursththeftacpdd ty

200 al so Jjncludes..a tre t|n un 240. [003 re 2 raw
gas stred®0iyy bsling ﬁ@ ! gfﬁ@wceﬁ éﬂf acreng ea%JrM@ar arlt 5 Condeniser

130" are not used.

[0028] Some governmental entities require a greater than 97% or 98% sulfur recovery
20 efficiency. In order to achieve this level of sulfur removal, the tail gas 160 must be treated.
This is done in a tail gas treating unit, or “TGTU.” A number of “tail gas” treatment options

have been devised for a TGTU.

[0029] Figure 2 shows a known gas treating and sulfur recovery facility 200, in a
schematic arrangement. The facility 200 includes an acid gas removal facility 220 followed

25 by a Claus sulfur recovery unit 230. The facility 200 also includes a tail gas treating unit 240.

[0030] In Figure 2, a raw gas stream 210 is first shown entering an acid gas removal
facility 220. The gas stream 210 may be, for example, raw natural gas from a hydrocarbon
recovery operation. For natural gas treating applications, it is preferred that the gas stream
210 have a pressure of at least 100 psig, and more typically at least 500 psig. While it is
30 generally contemplated that at least a portion of the gas pressure is due to the pressure of the

gas stream 210 entering the gas treatment facility 200 from a subsurface reservoir, it should



facility 220. The gas stream 210 may be, for exanple, raw natural gas from
a hydrocarbon recovery operation. For natural gas treating applications, it
i s preferwoedothmossBhe gas stream 210 have a pressure of pat/use@sssBod psi g,
and nore typically at | east 500 psig. Wile it is 30 generally contenpl ated
that at |east a portion of the gas pressure is due to the pressure of the
gas stream 210 enteri e gas treatnent facjli.ty 200 froma subsurface

7 aservor g B s g ESuis ShemrUaon o euaden® ar b pREEH B
that the gapRupuUre may be boosted using one or nore conpressors (not shown).
[0031] It is also understood that the raw natural gas stream 210 has

typi cal | yopgider 9ang afdeindeRido@MhAehOF Ky GRLES B stk 3P0 HaO8PichBP M &drgone
facility 220. This nay be done through the 5 use of glycol. "It 1s alSo

desi r abl elchpdikeepbethe gegingttheaond 220 raheahfaditnd20.0 Thsevantc dowrthroggbthe

| i qui d. sol vept, duri he, aci S treat ment ess in the aci as

renmoval b obrbsdh IMRabpaesite Bibep M sotraf 288EREr seanbPed Sl idfineat |
passed t hiRuDBolatnti dilrkly HERR/IBELY tradihefOploes&REh thPQkidSRAWMMIEl §ystdnen2eut
inmpurities such as brine and drilling fluids. The separator and coal escer

wi | | al solheefpige thenpweantdehgasdastieprr Ddals hmieallySensecdpthirquighlaa ihlet sengrdtemantay
10 also tak I L O t 10 cont ai.ns. east
hydrocarﬁ%ﬁﬁagg%%gﬁ%%%gﬁé%ﬁggPﬁgﬁﬁiFﬁ%QE%%H?Agﬁﬁfﬁdg%%ﬁ%ﬁ%W?gtﬁgggagw% ream
210 cont aindscoalesde@asitl ddpercativd @econE36Pp hedroodrbais. aSomle gagichs Althyidh agsn

sul fide and carbon di oxide. A natural gas streamin a particularly "sour"

fi el dlalyo40%e Plegs exanpl e, 10 to 40% H25 and/or 5 to 10% CO2 al ong with
met hane and 15 possi bly heavi er hydrocarbon conponents such as ethane or
propane. [PO¥I3] Thke gad siragas2 Heeamiains ftdeist png hpdrocasperr aaseepmpensedp ariegipalbyut
the acid gag, cOMRANGALS hEOM (NG QGRRON 193885 o JiLR, Y0NS H0Lig
exanpl e, rough the vari ogs SolVent feaction processe% di'scusséd above
Al t er nat igaglaye h@drogsnogefide asEpabat HdRidel 08 eaturiBas Beec@ihh ayReticusdibh @dar't he

use of the Controlled Freeze ZoneTM (CFZ) process created .
field may have, for example, 10 to 40% H,S and/or 5 to 10% CO; along with methane and

15  possibly heavier hydrocarbon components such as ethane or propane.

[0033] The acid gas removal facility 220 operates to separate out the acid gas
components from the hydrocarbon gases. This may done, for example, through the various
solvent reaction processes discussed above. Alternatively, a cryogenic separation process
may be employed, such as the use of the Controlled Freeze Zone™ (CFZ) process created
20 and used by ExxonMobil Upstream Research Company. The CFZ™ process takes advantage
of the propensity of carbon dioxide to form solid particles by allowing frozen CO, and H,S
particles to form within an open portion of a distillation tower, and then capturing the
particles on a melt tray. As a result, a clean methane stream (along with any nitrogen or
helium present in the raw gas) is generated at the top of the tower, while a cold liquid
25 COy/H,S stream is generated at the bottom of the tower. Certain aspects of the CFZ™
process and associated equipment are described in U.S. Pat. No. 4,533,372; U.S. Pat. No.
4,923,493; U.S. Pat. No. 5,062,270; U.S. Pat. No. 5,120,338; and U.S. Pat. No. 6,053,007.

[0034] In Figure 2, a sweetened gas stream is seen exiting the acid gas removal facility
220 overhead. This is shown at line 222. In addition, an acid gas stream is seen exiting the
30 acid gas removal facility 220 as a bottoms stream. This is shown at line 224. The acid gas
stream in line 224 contains primarily carbon dioxide and hydrogen sulfide. The acid gas
stream enters a Claus sulfur recovery facility 230. The Claus sulfur recovery facility 230

serves as a SRU.
-



20 and used by ExxonMobil Upstream Research Conpany. The CFZTM process

t akes advantage of the propensity of carbon dioxide to formsolid particles
by al | owiwQ 2hr1owess3CO2 and H25 particles to form w t hi npam/usp@n/opssps i on of
a distillation tower, and then capturing the particles on a nelt tray. As a
result, a clean nethane stream (along wth any nitrogen or helium present

inth d at th he t whi | | d |i.quid
25 oo HOUVET L BRGERERERTh st EREOR oS ONE ClslloniRedfly bt s
of the CRZIMy zﬁ@sﬁ'&ﬁ bl RSBAJE adoRthoaGMb RIBRE adidegesfhnbesvh Nnty. SemBabl

No. 4,533,372; U.S. Pat. No. 4,923,493; U.S. Pat. No. 5,6062,270; U S. Pat.
No. 5, 12@115@8 Ingligure 3, arpglements! sfupsgeau s shovareiting rtxegjua@s SRU238vas282ned
gas Stre%‘tdlf%a%%ﬁgaigé %RQQS@E%@% k93350 t@f&'&é m§ ¢4 | ity 220 overhead. This

i s shown "at tion, an-aci S streamis seen exiting the

224 The 141 gad e i irim 70 B3HSRBRARID Bt FaR 19 U bt ot Gelrana

hydrogen tg¢ rmm thd gl G s(ﬂregﬁiSZﬁt ik EQRURIILENS the Qr@(%%m%ﬁi &umgrue@ Qv%ydfogen
facility 230. The C aus sul fur recovery facilit 0 serves as a

2011/ 090585RETs dsegadfrosgbod (100249 Ard Hicyelad b@@c tabe &onhenslofribe Clays swifeth
Figure 1 reéov% ur%’fJ ?3(? u’Hn ge%ﬁ%yPﬁé( 2212’i CJl"ilé o 1§ gg %Ped’u%%se&nmspgé %ﬁ}%ﬂa il of
sul f ur ous “cornponen R fur

Fi gure 2,niasgcl denibah dsdxhdewre atreaedrtd em mhmwatcﬁ»zst) ithirgugien 44U STHERkd c236f at
232. Atail as strean1also exits the daus SRU 230, through line 234. 5

[ oosa}erhéhsae}rﬁ wasd apd entedoshe atnppsphgre éhmgdméh nitspgsn amecaf@p@w & Hoowehat
240. In th g ﬁg o the tail gas stream 234 is "cleaned.” In the arrangenent
of Figure rogen sulfide is directed fromthe TGIU 240 and recycl ed
b ack_ to téﬁ@’a’;]r On% %ro]gedo 1f%erent % t?ea r}cleunrt 0 f TSRV bH Vlse(a for h'I'%}"I'I? B&EN
at line . 'The renalhln d , COnNn nsio8 i ng rlna y of nltrogen %nd

carbon dig¥m@e, 8héll ehpeet e@hélmcadusl(mﬁga@elrradtmg (Ssmt) rpmmgsh THo& tRAthil ghbés
traces of 10 H2S are burned and vented to the atpnosphere aloﬁ% wth
t

ni tr ogen MdEPecastebiP eproRitdee BRe 80¢ MmoyeRtans ih e gay ete%uz] iasHnot s is done

di fferent ol t

B e S T
the tai I Mapcatalytiy bed gEnapagetsas soweatd désenmnénﬂherﬁiemalmm i cmtnlaetldnal I
gas strean]tg H%gﬁ This is done 15 through the use of a reducing gas

generator subsequent cobal t - nol ybdenum (CoMb) catalytic bed. This
process i s shown and described in further detail below in connection wth

Fi gure 3A003§038itmeougut 9httheSGHE oo B Hee sdth sorppamguph of §/Rs. afbthis of
CQ2, whi Cchr?’c&‘ﬁi ba{ég%}f_%eeélﬁg%hlfﬁror&&%&%g%ﬁulIII(WJeJe GRURL %CW {)1}10%&5@ HlotSthe

However , rocess necessari y travels roug

TGTU 2610 @0d npassedy ttltavélhehuomgh nb¢ dIGFU 240 @addpdssesventhedintinetabe Z0naepher e
along with N2. A vent line is a Eln shown at . 252@@%0039 is desirable to
provi de afyhfe ?Hlﬁeaam%ﬂhﬁreg%%nwg tng U H0¢ B2 eIa¥BS 92 i ni mi zes the
amount of CO2 vented to the atnosphere. It is further desirable to

subst ant i[8038) r eHusedipblenios grayifs R dAPEOved tailgeas freatbgi Wyt hgtt regyces or

capturi ngmfnﬂﬁfzgéscﬁg aln?o\{ﬁ'llt of CO, vented to the atmosphere. It is further desirable to
substantially reduce CO, emissions from a tail gas treating unit by capturing increased levels
25 of CO; from a tail gas treating unit, and injecting it into a reservoir, optionally for enhanced

oil recovery operations.

SUMMARY OF THE INVENTION

[0040] A gas processing facility for processing a hydrocarbon gas stream is first
provided. The hydrocarbon gas stream comprises sulfurous components and carbon dioxide.
30 In various embodiments, the gas processing facility captures CO; and pressurizes it for

injection into a subsurface reservoir.



25 of CO2 froma tail gas treating unit, and injecting it into a reservoir,
optionally for enhanced oil recovery operations. SUMVARY OF THE | NVENTI ON
[ 0040] A gwie 2priawesssi ng facility for processing a hydrocaChas2ga®9sssvs eam i s
first provi ded. The hydrocarbon gas stream conprises sul furous conponents
and carbon dioxide. 30 In various enbodi ments, the gas processing facility

captures and. pressurizes it for.injection.into a supsurface.reservoir.
V0 2011/ JIBE ST Rt a0 b ESaptee B APARS G R Bufb BT Ty R Ees
an aci d gasmol£MIRly scpsiblch the. hylRRafohGagddscaneifiy @) a basdtbnddyzas Spanatans (hhe
hydr ocarbon gas streaminto (i) a sweetened gas stream and (ii) a first
aci d gas asfisesnd ssmpichaegmpriserapiimyrilyfof hydiogeesplEde pndiearboigdiexidpon di oxi de.
[ 0042] The gas processing facility also includes a O aus sul fur recovery
unit. Thd0032us Fhsghs processmgviesilityualsd incheles v édaushmlfaciadogay usitr ddwnClaud

separ at es e first acid gas streaminto (i) .,a |liqui ream of el enent al
sl S ey Y pRftrSes S ot iR o e ahe Serarin PSR Bty Sty
processi NG o [@filid btkdant i dIOBEnthINGI UL QB @it tall g8Rorhfi@did 19d PaN inpufifies.t ai | gas
treating unit receives the tail gas, and separates the tail gas into (i) an
over head [gyar odggL §a§ hfo%@ﬁhfgr RA07&N ARRSPTRSEdY 856 f | oas &Gk hﬂit.aTﬁQ‘%&lf‘gasaC' d
gas streamfrom a regenerator vessel. 10 Preferablf? t he absorber vessel
utilizes temtingiuni re¢deates dirs@rlbpss botdhsepantss thadiad xdad entarfd aswdviethead dy-products

conmponents. In.this a majority.of the hydrogen sul fide and the carbon
R T L R W AR (RS G s R
vesselp antefefi®as@d fuseet RBssBDANRRN aiy @5HRd thd 4H6rLS SRR adodl dbRRIBCIndAS a
rich solvent stream [0044]1n one aspect, the ami ne conprises diethanol

am ne ( DEnjfurogs comppravtrarolthiamiagea mejorty PRhe hirdiogen bielfide agdviiacarben dioxide

conbi nat i . thereof. | not her . a - m ne._cqQ i t-hy!l

G ot hanol Sietimk R TRERs RO AT ERG TR A e AR ARr TR WRERR T8 e on
For exanpibeerbtiheseulitdithc fegenbatorGisebdsedrivh $dtvdnt pegadzi ne to reduce H2S

| evel s while still releasing CO2. [0045] The gas processing facility may

further i0g44)de BNohd$pBE! B Amind BEmpriek ARKIRNOI ardhel(BER)Y @SisbB8p Mot hihgad
by- product s stream from t he absorber vessel for burni ng and venti ng.

| deal 1y, (DABApvEonectbansy -(diBAlcers cembimativwsothcatals Verapoftier taspeagCthe pOORG] | n
addi tion,_ the gas processing. facili Lpcl ude onpr essor, station. e
conpr essor VAT %r?qertg\c% digtharol, Ay cdc\)/%bdtggi (Lﬂ SM%EtCA Sy erager%‘iso %Clh?aqeé G ‘at or

elves the's Sas stream he~regener
vessel , agorption. For example, the amine may be activated with piperazine to reduce HyS levels

while still releasing CO,.

[0045] The gas processing facility may further include an incinerator. The incinerator
20 receives the overhead by-products stream from the absorber vessel for burning and venting.

Ideally, the overhead by-products stream contains very little CO,.

[0046] In addition, the gas processing facility includes a compressor station. The
compressor station receives the second acid gas stream from the regenerator vessel, and
provides pressure to the second acid gas stream for injection into a subsurface reservoir. In
25 one aspect, a plurality of acid gas injection wells is provided for transmitting the second acid
gas stream from the compressor station to the subsurface reservoir. In one instance, the

overhead gas stream is used for enhanced oil recovery operations.

[0047] In one embodiment of the gas processing facility, a portion of the first acid gas
stream from the acid gas removal facility is also taken to the compressor station and placed
30 under pressure. The portion of the acid gas stream is then injected into the subsurface

reservoir along with the second acid gas stream from the regenerator vessel.



provi des pressure to the second acid gas streamfor injection into a
subsurface reservoir. In 25 one aspect, a plurality of acid gas injection
wel I's is woavidwossBor transmitting the second aci d gas ®CTase10/06839% he
conpressor station to the subsurface reservoir. In one instance, the

over head gas streamis used for enhanced oil recovery operations. [0047]1n

nbodi, pent h ing facilit . porti f.the first acid
gas "ot rRBRHT  obrorftEe dE oGS TPieoar TR Frog BRI SR, S s rrgleRt
conpr essahcifityat Tae agiidoddl @GREM3B: BRURY rBfcR%s Uhe acilin@asP@ichinOfto@f tht hRiA s

gas streamis then injected into the subsurface reservoir along with the
second adraoyddagitifveard penaratesHic peldeae stagas inje i3 @h ovgghead CO,-rich stream, and
2011/ 0905¢ 10583 0 Pr. bly, th r [ fagjlity
50 i noliass s Tt et Eitatn: HAh R EHR och D SRS RE MO RS
facilisy suHaeie¢esery heit &cthe Ho8sichtacklagns istream t Rertlag] e @asrhe&h0Oalkrich acedm sy,
and separates the acid,gas strean1into-£i) an overhead CQ2-rich stream and
(ii) an HPSceddromdhe agidseastsnaighmentnfaghig 19 Hisr coBRICSSPR stalien @ng dacse vagss

recei ved erofi S f r bt alchol WER RSz &d i g0
stream u%?ﬁ%r? fﬁgaggéﬁﬁiéﬁ;%%§€$¥%H%§#ggaﬁfﬁg‘Qﬁr;%fg%bggéﬁﬁkﬁg{gg?glgas
enr i chmerfrorh dw degdnerdtor tdeeel.conpr essor station and placed under pressure for
injection into the subsurface reservoir along with the second acid gas

stream frjogaglhe Pegehod &boirodssiagla. hydBR4HoA gaebiaesh fsallsproerisd] Mbe acthod
hydr ocarbon gas streamis al so provided. The nmethod 10 allows for the

capt ut® grlonddior i tha grpierp of pediticepl 921 ndhe i(GPedt dien wicsted BesupybsaEace
reservoir hS; : | : cessing facility.
[0050]Théeﬁ%?ﬁ%gﬁ%gﬁg?b?hé%&%%@qgggiggﬁfﬁgggaé@(ggﬁbcarbon gas stream at an
acid gas nov facili . The, hydr.ocar bon ream.c rises sulfurous
component 231G e he ST B M AT RIS A SR A SRR TR SIS

(i) a swaehetddagésy. STheafdroddibor khy stteahbcdrhprides 36lfigrogasorapsRam fanqibsed
primrily of hydrogen sul fide and carbon di oxi de. [0051] The net hod al so
i ncl udes dieEds-viThg hydracubor eadreatyis sppasttcd inty ¢ syiseicned gascdiramy athiit).2 The

acid gas fﬁfs{&ﬁ@&%@&ﬂ%&@ﬁ&d‘g&}g@?@ggggyéliﬂﬁg%g ﬁlﬁégsm[r@&g@ﬁ%} fegtal sul fur,

and (11) a tail~gas conprisin met hod

further i desteceiving the tail gas a.tail gas treatin nit. The 20
tai | gas DEHCoorPBRMaE FFLR toBPRadte Byt et BB R e
absor ber whitsSHle acidday §ttchmais Sepamdd attb di)galsqiid keedm bf elthiznta g@Ne! atd(ii) a
vessel . Preferably, the_ absarber vessel uti?izes an am ne that absorbs both
carbon ditekBefeconpiising gcift SasdMpBTifiefnent s such that a mejority of the carbon
di oxide entering the tail gas treating unit is absorbed in the absorber
vessel arl@034| eadbel nicthneh fuhberaibslvdeerccvismgdhe tal gaseat ndgiégey teasingwasts elhe

et nod nest B GaRRf AR o s PRl By Bridy ROl i B R s RS0 e o
a second acid gas stream from a regenerator vessel. Preferably, the absorber vessel utilizes
an amine that absorbs both carbon dioxide and sulfurous components such that a majority of
the carbon dioxide entering the tail gas treating unit is absorbed in the absorber vessel and
released from the absorber vessel to the regenerator vessel along with sulfurous components

25 as arich solvent stream.

[0053] The method next includes providing pressure to the second acid gas stream from
the regenerator vessel at a compressor station. Then, the method provides for injecting the

second acid gas stream into a subsurface reservoir.

[0054] In one aspect, a portion of the acid gas stream from the acid gas removal facility is
30 taken to the compressor station and placed under pressure for injection into the subsurface
reservoir. The portion of the first acid gas stream is injected along with the second acid gas

stream from the regenerator vessel.
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the regenerator vessel at a conpressor station. Then, the nethod provides
for injecting the second acid gas streaminto a subsurface reservoir.

[ 0054] I n woeon#pessB, a portion of the acid gas stream f PomUSh@oAss3ds gas
removal facility is 30 taken to the conpressor station and placed under
pressure for injection into the subsurface reservoir. The portion of the

first aci s streamijs . injected along with the second. aci.d gas stream
from t o DEEn er DPEPRYS Yl SR8 D PRubkeprteEs 650 B s s ShicdRE
[ 0055] Optw@nal e phitelifyebhaeld adas Oinfeofih ive®S tRInGMitdlithg adidPhdsr dtdahy fioh @kl d
gas injection wells. The plurality of acid gas injection wells transmts
the aci d rgeenctorexaysdlrinrihe el gasgesrtingtuptt toetg@ stbsufaghesserypir dhis maede iferg
O oo Sy SR SACE RSNl Lot SRS, IV BARHESHLANRD of ot

enhanced Oi'l "recovery operations subsurtace reservorr. 5 [0056] I n
one enpodi t, the nmethod also includes warm ng the rich.solvent streamin
o heat ol ger M SreoTRbtEm e e soha s RS B Be L RN st gt he
war med riteht SQh¥eRE bsfoF@aMntcl MetrBnbRERNRERM, Und \RSs@hg tht ARkl RicAROKET
enbodi ment, the method further conprises separating residual am ne and
condensedtigamantofthoregerarfonvassdxi de and sul furous conponents in the acid
gas streamin 10 a condenser vessel. The residual am ne and condensed water
are di redf@fllbackn tthdrecmlaglementathormetbed diirthdr rrotripriscsesdpaciiing mesiduah emsrec ond
acid gas streamfrpomthe regenerataor, vess i s taken through the condenser
vessel barthee G ERy e SemAiNRulvOis KT RElad BREPeLSbrng A SRR

[ 0058]@r ef ebhyor +REINMEThOedidifal hdlin€ QRBTdoh8SnsbNGIAGT alel Migedtdie baketd ard
by-products 15 stream from the absorber vessel. The method then includes
venting tragenicratdrnesssgle dinbippy obedizest, teansdond @cidhgasastrpesp fremethe| iggericraior t he
by- pr oduct t.reamcontains |ittl so tha S IS .V ed t he
o s pheretichdh T AR s e REsRE thREE <o Tat s FenfONEl & U,
gener at escobfpresasr statlon, [ 0059] I n one arrangenent, the gas processing
facility further conprises an acid gas 20 enrichnent facility for receiving

the firstogsg)d gprshbi@ame Mol TBrRG! GngRies ﬁi&h@étiﬁ%%\%'dv%meadi%si-products
separating the acid gasS streaminto (i) an overhead -rich stream and

(ii) &h Hpsamiigpmatbi hbgerdbesvesselm The methed shanamgbdentventinge theeinkhivgratesly by-
further conprise; . receiving t 2Srrich aci as_stream acid
gas. str caRBiees isee i e PotARR o B0Y Thf b5 PuRief SR AR B iEd
CC2-ri ch thitrleanTOistiedtcd AR ESEREpIEdrathadnia kBOWN ipebddgscPr BSiS whecrbtood fieat the

overhead CQ2-rich stream at the conpressor station; and
incinerator generates CO, as well.

[0059] In one arrangement, the gas processing facility further comprises an acid gas
20 enrichment facility for receiving the first acid gas stream from the acid gas removal facility,
and separating the acid gas stream into (i) an overhead CO,-rich stream, and (ii) an H,S-rich

acid gas stream. In this arrangement, the method may further comprise:

receiving the H,S-rich acid gas stream as the acid gas stream at the Claus
sulfur recovery unit;
25 delivering the overhead CO,-rich stream to the compressor station;
providing pressure to the overhead CO;-rich stream at the compressor station;
and
injecting the overhead CO,-rich stream into the subsurface reservoir along
with the second acid gas stream from the regenerator vessel of the tail gas treating

30 unit.
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injecting the overhead CO2-rich streaminto the subsurface reservoir along
with the second acid gas streamfromthe regenerator vessel of the tail gas
treati ng WOWNi09055%\0 2011/ 090553PCT/ US2010/ 058395 BRI EF PDESSR1IBDF3BS OF THE
DRAW NGS [ 0060] So that the manner in which the present invention can be
better understood, certain illustrations and/or flow charts are appended
hereto. It is to be noted, however, that the drawings illustrate only

sel ect ed enbodi nents of not to 5 be
considered limting of séﬁﬁgﬂﬁggwﬁgfﬁ)@ﬁﬁ@%&mt to other equally
effectiv od | i.cat 0061 Fiqure 1 chemati c e
of o gas 1908Hess PRghtu Rl magHe dh YRR yhn g TouR anenien fun drobe srgesced o
accor danc@rtint ilug@ratoAl 8nd/ERRGW RartSHeh @eﬁ&ﬁ'ﬂeké‘uy irSis KO BWotdA, h&ReRY ! thaff
fluid conponent separation. 10 [0062]F|gure is a schematic view of a

known gag @udms&ﬂ ilystrade phiyt wlefctﬂd qr@bmlvmﬁgs atihg lga@tl@@mmhemtbelfefqrmnat foaw

nat ur ity udes .an aci d ga val Ci
G aus Sul ForPEERTL Y o I 0 e G0 0T o b IR Tl et @

i nci ner ate@fibodiN@RShdd gpplieatdMsi S a schenmatic V|em10f atail gas treating
unit as known in the gas processing industry. 15 [0064]Figure 3Bis a

schemat i qoyégW OFigardPa 4 tsafén{aﬁb Iweﬁaéf b 8@ piJAGssHIY! ffacmy tRRaRy R a sulfur
invention, in one enbodinment. [0065]Figure 4 is a schematic view of a gas

processi rrgmba@ilnrocte}s of aqchedapeewethta Clave ngacoon.  Suchom dacdrty osl knaewn in therast ofa

portion qila Is K %: arleaned fromthe acid gas renoval facility is sent
directly 0 8138%bP% P88 at i on for acid gas injection. 20 [0066]F|gure 5A

is a h c viiew of .a known r cessing facili.t r the renpval
noi d DedlBbdie, eblibis’y i e RRa i SRR ot opund st eptbaEi{ o o
daus suldy rcoﬁl%ﬁﬁ’é{ﬁé' YroHDh traw‘ﬁa{ul?alcfar haRafli orddfcRy RELdicy ahtRt ffonpbvhhe

Cl aus sul recovery unit and directed into an incinerator.
facﬂlty, a Claus sulfur recovery facility, a tail gas treating unit, and an incinerator.

[0063] Figure 3A is a schematic view of a tail gas treating unit as known in the gas

processing industry.

15  [0064] Figure 3B is a schematic view of a modified tail gas treating unit of the present

invention, in one embodiment.

[0065] Figure 4 is a schematic view of a gas processing facility of the present invention,
in one embodiment. Here, a portion of the acid gas removed from the acid gas removal

facility is sent directly to a compressor station for acid gas injection.

20 [0066] Figure 5A is a schematic view of a known gas processing facility for the removal
of acid gases. Here, acid gas enrichment is provided before H,S is passed to a Claus sulfur
recovery unit, with carbon dioxide being diverted around the Claus sulfur recovery unit and

directed into an incinerator.

[0067] Figure 5B is a schematic view of a gas processing facility for the removal of acid
25 gases, in a modified embodiment. Here, acid gas enrichment is again provided before H,S is
passed to a Claus sulfur recovery unit, but the carbon dioxide is now sent to the compressor

station for acid gas injection.

[0068] Figure 6 provides a flow chart demonstrating steps for carrying out a method for

processing a hydrocarbon gas stream, in one embodiment. The hydrocarbon gas stream

-12-



[ 0067] Figure 5B is a schematic view of a gas processing facility for the
renoval of acid 25 gases, in a nodified enbodi nent. Here, acid gas

enri chmernwoi2s11a9essa provi ded before H25 is passed to a ECans260/058305
recovery unit, but the carbon dioxide is now sent to the conpressor station
for acid gas i nj ection. [0068]Figure 6 provides a flow chart denonstrating
steps for carrying.out a nethod f rocessin hydr r.bon tream in
one. enbod RS MBI PsEEEEh 28 s Bop SIidadnd g dsdds Bt PTRsbiGH 88805
conpri sesrésts§ing eiedits SIPORARE facAiids 6AFRAR AboRibee,sEnd the nethod is
carried out at a gas processing faC|I|ty such as the facilities of Figure 4
or Figure 5B. DETAI LED DESCRI PTI ON OF CERTAI N EMBODI MENTS Definitions 5
[0069] As used her dPRTATRED;RERCRIBRTIORN OF LERTAMNEMBORIMENTS. conponent
gas obtained froma crude oil well (associated gas) or from a subterranean
gas- bear iDefirfiGemsat i on (non- associ ated gas). The corrposi tion and pr essure of
nat ur an yar ni ficant yo Yy tura ;9as, stream ¢ nt.ai

ret hams (R05%ine XaiteRheHtl i s anQr B AR S G
cont ai n eftdianecrLe bil v{?élg[‘tﬁﬁodimécﬁgaﬂ)afr Hﬁhglhiubtt)fﬁtﬁleﬁﬁg&b%&rmglfﬂrrﬁuﬂﬁm%oﬁmr e
acid 10 gases. The natural gas may al so contain m nor anounts of

cont am natesiaiedgrsi ST hReeoaOSIHPR BB BFFSSUe Bhnasula Bifecan@nnagn icoBropaspigaled
her ei n, S

pr oduci ngﬂgﬁala%amél C so?lgt?ﬁ I on. ?% (é&yatS%aﬁgﬁelﬁg&m l@%@ﬁ&#e\ﬁgc}rh@n%@eag & Sufeagl
hydr ogen majl hlseleoftbiaSithaneaiChp r]mgheﬁmaﬂ@cu(a(ﬁ@@lghtﬁwldfamarwngmmem(eSﬁ)Zh)lore aaidoon

dISU|f de (CS2 car baonyl sul fj de 15 (CQS), nercaptans res
t her eb 2007 1frhitlnﬁ@r Yal2s BRSO “r%‘ﬂta@%én@?rr é@ﬁ?ﬁéﬁér%@&“&@% S‘t‘f;ﬁ Pt 3@t of

hydr ocar hpp, &omhys Liiaa alg(p‘ggg] "Conpressor" refers to a device for
conpressi ng a gaseous ? d, including gas- vapor m xtures or exhaust

gases, gﬂ 07d1¢! UAES, Ry We?emc‘&{go'ie‘%ﬁls Ofcid Walt Nedins " ol &e%[soﬁﬁ{ 9ok Es in water

conpr ess prston conpr essors, rot ary vane or conpressors, an
devi ces qﬁddmrg)amamdl@rsslmapabﬁcmlmﬁtmg) opdng s sd agacad gases ih@d3h &nﬁmmﬁéheoi |

L%?\éﬁgﬂa@ ﬁﬁ%é]ﬂﬁ g? f%ésaﬁaggé{m ?,(§52)fT§%h%? @Q dﬁcﬂﬁtsptﬁwﬁﬁ@gﬁﬁgsr e

15 (COS), mercaptans, or mixtures thereof.

[0071] “Flue gas” means any gas stream generated as a by-product of hydrocarbon
combustion.
[0072] “Compressor” refers to a device for compressing a gaseous fluid, including gas-

vapor mixtures or exhaust gases, and includes pumps, compressor turbines, reciprocating
20 compressors, piston compressors, rotary vane or screw compressors, and devices and

combinations capable of compressing a gas.

[0073] “Enhanced oil recovery” or “EOR” refers to the processes for enhancing the
recovery of hydrocarbons from subterrancan reservoirs. Techniques for improving
displacement efficiency or sweep efficiency may be used for the exploitation of an oil or gas
25 field by introducing displacing fluids or gas into injection wells to drive hydrocarbons

through the reservoir to producing wells.

[0074] As used herein, the terms “catalytic” or “catalyst” relate to a material which under
certain conditions of temperature and/or pressure increases the rate of specific chemical

reactions or acts as a chemisorbent for specific components of a feed stream.
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di spl acenent efficiency or sweep efficiency may be used for the
exploitation of an oil or gas 25 field by introducing displacing fluids or
gas i nto wojectavess3wel | s to drive hydrocarbons through PhE/USesensssvs to
produci ng wells. [0074] As used herein, the terns "catal ytic" or "catal yst”
relate to a material which under certain conditions of tenperature and/ or

pressure i eases r at e of 4 C m cal ctl r cts as a
Chom sor BURTYIFor ASHee! MR RSREATAY of 6 Roy PR, i iarBinBiSof Bt
2011/ 090553 RfglitddS2OW el Q5 &3 8SmbBEHSISAT das@hnldeoaH) anll f&@mbﬁfaﬂb f bttliglidg &der s
to gases, |iquids, and conmbinations of gases and liquids, as well as to

conbinatﬁ@hésof gases and solids, and conbi nations of |iquids and solids.
[ 0076] " Fl ashi ng" neans depressurizing a liquid through an expansion device
or vessel[0876}i t h“Flaghieghmearsi dﬁpretsﬁurazupg)atliqmd tioughear] ¢xpanslon devibhe ov apoel

phase. used herein,. "l egn ich" th respect to the
absorbenfwgﬁ (ﬂnV%ﬁ898f B?ﬁQHQEﬂEHF@‘ 9d eXﬂﬁﬁQﬁ%ﬁt froma gas stream are
rel ative, ely inpl . LE ectl vel y, | esser ter degree o

ext ent ol 00 e néscslrse%ﬁg@n 5054 kit EFS@%% t%ﬁwg g1t ighee renaal of
necessarij ye|d pdf z?st@o onref?tqffbﬁlea %éseé&%ﬁ{ Vel fativel hﬁ%ly ulﬁgf it ‘%e%@&?\fe%? nt
liquidis totall evoi d of tRe sel eéted gaseous co gk r that it
is i ncapdbslser mfgraetismddgm’egbrrﬁxteet of lo'atln@gsebememd)fgh@seé@mbgmmbmpbnetﬂamd, doi t
IS prefer ent hereinafter he, so, cal |l ed, " )
absor bent™ .naaﬁsaarﬂ‘maﬁe%ta qrrife%lfﬁ JEMSFUYY: a?lﬂ‘§r ?*éaé th%é‘l’ éBﬁ‘s"grltﬂPf%s tofilly
capaci( y.detorvET thelsylected 'ghQdls caRpOnddendr thhtdiiifindhpdblder LAeHing arfle be ke
capabl e of additional absorption, and may retain a mnor concentration of

the gas colepiedegas cpmpngemerinvfe@t, 1t115 Preforred, asow! @fagt'ldwttahﬁgelaafgf‘asth@bﬁmasml ng
unde5|rabl 7} ;t aci ion..hb
R e M T A A L AT S
by vol uneC@iversolye.a Ateah’e&,‘bho@ﬂ& Boddpivill ok andes@odd gaLe cspadlcgas alalaiﬂolﬁgl
from about 2 percent by volune or nore to about 7 percent by volune or nore
of acid g& §0mF@0ﬁgﬁwrﬁf@m miined GeRGENERL) efifhe 2aseqaspnonery beHig 1emaned.t hat
generates a gas stream 20 containing at |east one hydrocarbon or an acid
gas. One [AB7]i ni tSoiy &aﬁampﬂaes iasgas m@ﬁmlp@mdeﬂraélee@uantl@aﬂ ogewér@m o8- ploant .

Anot her exanpl e . ant t hat _en
(0000 e 87 S OB e e sk e P ity 8 PR PR e
t hat or 15 percent by Volurne or more. At least one example of a “sour gas” is a gas having from

about 2 percent by volume or more to about 7 percent by volume or more of acid gas.

[0079] The term “industrial plant” refers to any plant that generates a gas stream
20 containing at least one hydrocarbon or an acid gas. One nonlimiting example is a coal-
powered electrical generation plant. Another example is a cement plant that emits CO; at low

Pressurcs.

[0080] The term “liquid solvent” means a fluid in substantially liquid phase that
preferentially absorbs acid gases, thereby removing or “scrubbing” at least a portion of the
25 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 hydrogen sulfide.

[0081] “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.

[0082] As used herein, the term “hydrocarbon” refers to an organic compound that
30 includes primarily, if not exclusively, the elements hydrogen and carbon. Hydrocarbons
generally fall into two classes: aliphatic, or straight chain hydrocarbons, and cyclic, or closed

ring, hydrocarbons including cyclic terpenes. Examples of hydrocarbon-containing materials
-14-



preferentially absorbs acid gases, thereby renoving or "scrubbing" at |east
a portion of the 25 acid gas conponents froma gas stream The gas stream
may be a Wodnoomoisen gas stream or other gas stream sSuCRTAS2EH0H88B95tream
havi ng hydrogen sul fide. [0081]"Sweetened gas streant refers to a fluid
streamin a substantially gaseous phase that has had at |east a portion of
acid gas .c onents renoved. [0082 used herein, the term "“.hydrocarbon"
et er £7% SRS PEAlTe ToEh st hc ot E LB ant £ RSP SSARAR
excl usi vahi,a flube el ements hydrogen and carbon. Hydrocarbons generally fall
into two classes: aliphatic, or straight chain hydrocarbons, and cyclic, or

closed riggg31ny dnQGIEPRGSIn! fhe!ibih f‘l%racfi?d’c%ﬂoﬁ HBIPGRRSS toFX &Rl or mixtures

hydr ocar bon-containing material s WO 2011/ 090553PCT/ US2010/ 058395

i ncl ude aryhyllorcarbohs tlat wrakasgaor ligiids. doalcxampld, bydroearbort Hatdsgnay beludsed as
a fuel_or raded into a fyel.. 083 used her.ei n e term "hydrocarbon
1 ut s © BRSO i S i hSiochibons AL RS Ty Bl BomToRsendPaRg Rt o
or |iqui decds@ihg @¥AMAbR ohYdE@BRADEShditidtisdI 5NBYardN € labiH &yrdsshrelly HRESEPIN OF
m xtures of hydrocarbons that are gases or liquids at fornmation conditions,

at procedbligygmeynagledo mer erample, pilh natvral gendiorl bets metBng shalg dil, ayralysis oil,
. b | yi i nci f il. .nat ,
Dr e e s S S P SO p05, SEUTRhR B by % Uil

coal
product dfquib@hte. and ot her hydrocarbons that are in a gaseous or liquid

state. 10 [0084] As used herein, the term"subsurface" refers to geologic

strat go 0qQp84|i Ng ARekQIndrbia, Bakdrth Subitifad€Crefdre RLEdoRIgiOfra8d o RIS heGow the
Enbodi nent s [0085] Figure 3A provides a schematic view of a tail gas

treati ng a@rhts s8f@. as known in the gas processing industry. The tail gas
treating unit (TGTU) 300A is generally in 15 accordance with the Shell

Cl aus O fRessriptiemol ApediBCOMbodimestss nenti oned above. The TGIU 300A
receives a tail gas stream 310. The TGIU 300A al so recei ves fuel gas

t hr ough [[0085]312Figurd 3A 1gubidss ®bchlimatievicwcofad tail fghowedthigaumgdB00iAn es Bdahvn in

[ 0086] The tail gas stream 310, the fuel gas.312 and the air flow 314 are
i nt r oduceB® %3 d)racqsgaaclfﬂ%st@as Teniilagdy %(3@1@@) un T éﬁ@ ROQA 35 o2qngillyaln y

does @5 SUR:GHAMGIWRARAL Kfell Claus Offgas Treating (SCOT) process mentioned above. The
TGTU 300A receives a tail gas stream 310. The TGTU 300A also receives fuel gas through

line 312, and a sub-stoichiometric air flow through line 314.

[0086] The tail gas stream 310, the fuel gas 312 and the air flow 314 are introduced into a
reducing gas generator (RGG) 320. The RGG 320 typically does a sub-stoichiometric
20 combustion of fuel gas in order to generate the hydrogen needed for the reduction of SO, and
mercaptans to H,S. The RGG 320 partially oxidizes the hydrocarbon components of the fuel
gas to generate carbon monoxide and hydrogen. The hydrogen sulfide and carbon monoxide
exit the RGG 320 through line 322, and are directed through a catalytic bed. Preferably, the
catalytic bed 330 is a cobalt-molybdenum (Co-Mo) catalytic bed. The catalytic bed 330
25 facilitates the hydrogenation reactions. Together, the RGG 320 and the catalytic bed 330
hydrogenate the tail gas in the tail gas stream 310 to convert the SO, and mercaptans in the

tail gas stream 310 to H,S.

[0087] It is noted that the RGG 320 introduces more nitrogen, CO,, and water vapor into
the process. In addition, carbon monoxide is generated in the RGG 320. The carbon
30 monoxide reacts with H,O on the sulfided Co-Mo catalyst bed 330 to generate more
hydrogen and CO, via a known water-gas shift reaction. The water-gas shift reaction is as

follows:
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20 conbustion of fuel gas in order to generate the hydrogen needed for the
reduction of SO2 and nercaptans to H2S. The RGG 320 partially oxidizes the
hydr ocar bwo 20ompoessent s of the fuel gas to generate car b@aTrasa@RisE39RNd
hydrogen. The hydrogen sul fide and carbon nonoxide exit the RGG 320 through
line 322, and are di rect ed through a catalytic bed. Preferably, the

catal ytic bed @@3 fé@) ﬁgol ybdenum ( Co- Mb) catal ytic bed. The

catal ytic bed faci 2ca s the hydrogenation reactions. Together, the
RGG 320 Mﬁr@@n@@éﬁdd&ﬁtioﬁah%lr@g%@ abyStE QOBBabAVerdien bBSD, ©A3,I dhdtviert il gbr.gas
stream 310 to convert the S and nercaptans in the tail gas stream 310 to

H25. [00g¢gpgg; | SA'ﬂqtlﬁdcéﬂ?ﬁﬁlngr%‘ﬁsé%@g;sé&gn '1@%&&@W%mm% %aﬁlﬁf 8a£530 HBugrand

wat er vapor Into the process dition, carbon nonoxide iIs generated in
t he RGG 32@.332hdhe &t:Botred0 ispredralle cpelad ttlsou\gh; mhw exdrangtre334dul 4 cadad BoS4Vb

t al t b 330 t t
Shi 1T e A0 TBNNE HIECTS P Ly e Bh i LSRR 1S Yoeroves, s Sooed i8S
3011 ObOSARTILAARMM ARG G L nmiiGR ot R The o ssence o

addi ti onal hydrogen assists in the conversion of SO2 to H2S and wat er

vapor. | An I | yst
bed 330 CRTolgh T Faa e B B K P R e S

heat exchasgen. 394ch Af tlooéxadsHRSBT vapdrais mongl;ermcptu emah semmvedatindllgh\le@ J4deasheat

exchanger 334 as stream 336., The cool e S eam,336
Chon ent GEneh Jufon TREVBENS Y TyrGBaBITHE TOGHE A DU s dolurbbaan e
primarg | YexkRanp8B¥E WAE BEatIRORBEEUSNCt Etﬁccglélhles qu&l@ﬁtvi'aﬁ%‘é} PMICHE BF Jubfch
excess water vapor is condensed and renoved through |ine 344 as quench

wat er . Theatgfugpmtingadddy npw qeabﬂedi rlewr@dgwdanmtdip qe4Bh towler éﬁfbaeewhe topeeft 10
eXChangerthg’ 4[18 er-EQﬁ I"ﬁ‘letrer%xl n\%%{ T §4§1 l?n rgr(ﬁ(ojvedt tﬂ? ge N§e éi\,\@ftf §he 3P§r t

of the quen water from now coo istein uce

quench t aneess3$ar Rark ntaleEbetr@moOéd ﬂhhﬁlghowe rble?adcbff The34 ol wicd @lssaherte 1f1 lﬂ&m
line 344 is renoved through a bleed-off |ine 347. Excess sour water nmay be
removed tiAl éw%eaﬂmaenﬁﬁﬂﬁfg-f@tf@t)im&er Adenllynier pgidylarad BWREPS- i n the tail gas
treating unit 300A for cooling or, ideally, for agricultural purposes. 15

[ 0090] Thd 089Mnc h Tho deencBagverdd4asleases a coolkd thik gs|sirgams. Ehweamowmtshnﬁs‘%hom

at line Si 1 eq i se TCOZ CO,,. and
wat er vagi_zcl)lerre T?gtarﬂe vsgre?rﬁeﬁlzl%gmptnﬁ%s c%dl%gzd é??bgaségffl_‘% A9 IO T Ogq e

t hen contryS 6 ddblcld tainganstiaemiin liad 3@&Qhéie¢on&ti®ed w0 hrhhe iabs abdoeter350.
uses an H2S-sel ective am ne. The amine is usually methyl diethanol am ne

( MDEA) orjoggnjam Mge fabdbéhsd-hsossal bl(zs,)selfeetmel ¥mffe, aMhemitk SCUSRAY AdAye.
20 The am ne captures the great mpjorit the H2S, along with sone |evel

of C2. Thethanel gmimy (MPHEAY @8 aetamanesfm)méﬁft Fleapikeb{ fmﬂ}s%aml)ne@d@wsm @Oche

absor 00, Novement of the an. abs ber 50 |
purp. Tt T RoVRLS REE R Re b OPHE Sl et foalo® Bhaghe 1501 4 B pibs i
The punp orinatdsit a8¥BER tank @@@sﬁomqﬁeﬂﬁet&he Lb®ridri3Ee. ﬂ\dbvknﬁﬁﬂoﬂﬁb gmidic
hi gh
i gher.
J into the absorber 350 is aided by a pump that moves the amine into the absorber 350 under
suitable pressure. The pump may, for example, boost pressure of the amine to 1,000 psig or

higher.

25 10092] The absorber 350 operates on the basis of a counter-current flow scheme. In this
respect, acid gases are directed from line 342 and through the absorber 350 in one direction,
while chemical solvent is directed through the absorber 350 in the opposite direction. The
chemical solvent is introduced into the absorber 350 through line 359. As the two fluid
materials interact, the downflowing solvent absorbs H,S from the upflowing sour gas to

30 produce a “rich” solvent, that is, amine with the absorbed H,S and some incidental CO,. The

rich solvent passes through a bottom line 354.
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25 [0092] The absorber 350 operates on the basis of a counter-current flow
schene. In this respect, acid gases are directed fromline 342 and through
t he absorweroB8%003sa one direction, while chem cal sol veRCTits2ai0es3v&d

t hrough the absorber 350 in the opposite direction. The chem cal solvent is
i ntroduced into the absorber 350 through line 359. As the two fluid

mat eri al s,j04,era t he downfl.ow ng,.sol,yent absorbs H2S from the fl ow ng
cour | gas WRIHG Dbl SaR A iy SR BR ST nRRRE D I R BB gl
H2S and s3mge imei demtdlvetds AL heatCdkchgée Nthrd@h S € sheahleQbtighgar 380t OMehi ne
354. WD 2011/ 090553PCT/ US2010/ 058395 [0093] The rich solvent In bottomline
354 is pretaablgistcaried quhmolighregerrsysd solvpuinmes®d. frome regatiraier vassal 308.
then heatﬂffg( g]ﬁ](?(ﬂsgﬁlg rEcIﬂrs%H%g} R @ee;gle-h%)éfégaﬁ%%rr' glgs%}veh?ﬁ‘fen EXGRRBAG bifouen
carried out w a regenerated solvent 1ine 5 roma regenerator Vel
360. Thi dinzl350ustotthercptitdnatentasesi36do be pre-heated. The rich sol vent then
noves forward through 5 line 357 into the regenerator vessel 360. [0094]In

the regengogd|or WemSebgcdbldtortB&cPB80)end smihe GeReER A, Tk ScaBANSt thBamiddhe
amne is separated fromthe hydrogen sulfide in line 357 for re-use. The

r egener atippeppetigkirongbe hydrageayudedaindinst 36 foeresesc. (Thatregsperataressset 3¢ is a
pressur e 1of, . af0htied 9k tﬁ?t B fes ING ﬁr?es%ﬂée&fa&b%{lk?{?%éeis o %E!I%géne%t T
stripper p§rt|on ?yplcal y npr|3|né) rays, packings or Other iternal’s 10

(not  showe}sch 360 @lcfindsebotirippér. potie afpi iy wenp3Bihg 8ayBl pavkéled dr atlidranteadati | er
to generate vapor traffic within the regenerataor vessel 360. The reboiler
typi cH | npisbeway abawcasrepeilery dahcag sRiree3q%is pervidek to thatbpileia Sep®aie gt he
am ne. | e - 3 J i V, ihe
357 to catany il BURARRBA KRE Sho TR ARoMTAbICRE bR ARl HAE B

r egener attedodmiffiveatesaridat Snfrdrh tloughinbot t om 15 i ne 367. Fromthere, the
regenerated am ne passes through a snmall heat exchanger as the heat source

368 for redesjt i NThe asp@nératol hewer I0dlloddubedich ol bre fregEineBAT & casestzalows60.
[ 0096] However, a majority of the solvent is dropped through a bottqom am ne
i ne 364.thrpnah Fayy eheths eThaln eAgwatienonl i rescaciatd rnaipg ielAkensthrotgh bofRme h

I's at 1% tlgﬁgﬁﬁgt ot ﬁfere?%éj}egggegaﬁégramﬁez ggsishsg{rﬂé@l[ghhne? sﬂlhlm%eg‘@é(cﬁﬁ{ eir Gs tﬂeean

am ne thr ooster punp om e warm am ne passes
t hr ough theet doaate 388dhiarehexting 34hdnie ftenati@tdodined ¢y thatregaactatorwasseb3éthe ri ch
solvent fromline 354. At the sane tine, thermal contact with the rich

sol vent f[0096]l i NBlo3k4crs @mvg6rifyofBE kblabhtyis daspel higolgan battbmeanhifc biat 364
am ne line 364. The cool ed am ne may be reheated through a heat exchanger
358. The dsdiodigmatmine ling 3phspntains pilean sobvophgreagp varch at aprprdErradsbent 350

through 13¢3€ 35 bottom amine line 364 carries lean amine through a booster pump 366. From
20 there, the warm amine passes through the heat exchanger 380 mentioned above, where it
warms the rich solvent from line 354. At the same time, thermal contact with the rich solvent

from line 354 serves to partially cool the lean amine in bottom amine line 364. The cooled

amine may be reheated through a heat exchanger 358. The cooled amine is then carried to

the top of the absorber vessel 350 through line 359.

25 [0097] The absorber vessel 350 releases an overhead by-products line 352. The gas in
the overhead by-products line 352 again comprises N, water vapor, and some of the CO,.
These overhead by-products in line 352 are delivered to a release line 390. Release line 390
takes the overhead by-products to an incinerator. Thus, line 390 is comparable to line 244
from Figure 2, which shows gases being released from the tail gas treating unit 240 and

30 directed to an incinerator 250. A valve 392 may be employed to control the flow of gases to

the incinerator 250.
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25 [0097] The absorber vessel 350 rel eases an overhead by-products |ine 352.
The gas in the overhead by-products |line 352 again conprises N2, water
vapor, armozom#9ads3t he CO2. These over head by- product s PATIUSRE0B58398r €
delivered to a release |line 390. Release |line 390 takes the overhead
by-products to an incinerator. Thus, line 390 is conparable to |line 244

fromFig i.ch r.el ed fromthe ta astreatlng
uni t 200 10feF 50" HiS BeRARE ACRT B ian G B2 aa G SRt Braty S5 BRIy 2o
to contr qonfehE,d.| GWSOthat) 3IHKS pdsP th@@bédﬂﬁt‘ld’iﬁﬁt@f) gfro‘:ﬁ&i bVWehe absorber vessel 350
2011/090553PCT/U82010/058395 [0098]1t 1s noted that t by-products in line

352 may awdalal gensttodbe ineineraforwith t ﬁpalandsxslnﬁé 245, app qunﬁwtllysqqup@ agawist t he
absor pti g, ﬁﬁ&%b‘?% §b'2 %%gssﬂ»)ﬁ dﬁrﬁﬁhg?ﬁ&fe o%réﬁ%&@%kﬂ?ﬁfth% %]Fta\lv Vi R08 that Buﬁlhfg t he

i nci nerator W t count's agai ns
al | owapl e1,S@Fcaes SO pit is] hﬁv&eve(,Bbﬂsleal ab b@p@bsmm bchilsiatdr, pmltﬁlerlyadﬁnﬂg fithrt-know
that burning 5 H2S creates SO2 er, optiaonal ypass

i nci ner atWrandgardyst sylbiding paeﬁqdﬁfjss%nértp a?}ltaﬂfa: gaesinylue 3§a|bnapla r%@e;%%éaﬁf es,
and to raoyt ﬁ%géﬂsd Vi e'gggl o %1, 3521vP 39k il BrdvilRd tﬁe&  th8% gg&g' R ?ﬁ %gh

dashed |ine IS prOV|ded to contro bypa
| i ne 394.lindix94. tW(hewdiwml‘B@E% s qpEenthetbyeprbguqis bdocths absabert veasad 3850 r(em
vessel is nmeyged with the tail gas

strean13io (frgggggg]ﬁ@géﬁﬂggﬂ;gﬁpWﬁthﬂﬁiﬁ%?%F@ ssel 360, the

regenerator vessel 360 also has an overhead |ine 362. The overhead |ine 362

rel eatls [M0¥Iny dReenng (9 thaeceensiator H&Wbaﬂhlth@@sen@%&r epsel H6¢ alsoohast He
am ne in LR LeagoSER! Phe Ms‘?e?ﬁ&'d 1%@%62@1%%%9 %?o eﬂ B (%@i%n\é‘fdlahtal CO»)

i nevitably contaln trace anmounts of am ne an ere
HZS-rlchtBMUmmmasﬁnﬁlﬂmeﬁemabhyh@aﬂﬁneduthmmmgB60véﬂh£ﬁmukymen$@2:ﬁﬁ‘wﬂheat

exchanger. 363, where it is cool ed,. and 15 then d dt condenS|ng
vessel 370SVIRRE FRALHN dACH AL AR #Bd WaleTe obhrbioge. 1pas T 5&? SBUF 2888 i n
over head ﬂréﬂ%ﬁab%ﬁgamé'&‘ﬁlr&?gﬁt RXEANEE 36363 2 MaM é%@heﬁ@e@?am %ﬁ&eqpfglc%mear ax{liﬁy
be a heat exchanger using fresh water or sea water. Cooling the H2S-rich

sour bYas then fioppedara swal @gndamSMgO@Rseb &70.wdhe heatTxickartgst 363 serves toi ¢riok ¢het he
required t er, make-u G,ve nce of, acid s and free.water, this
horti on it SpEEant S k) SeRL TREAER Sthakhadf el Biab 4 Tot S48k oo
condensi nga vaé sqiea%;&hmgwla@ﬁg fed3h WaRer! drCdea aedtét. gBSolinge ﬂ@ﬂdh%uﬁghﬁmgas

is released fromthe condensi ng vessel 370 through overhead |ine 37
t he knowditPGe3 SO, tot kwckipgt pyadei. ahig hglps ﬁosmm@@gz@lté@l regaidted twateheake-vpt  of

the C au v T r ted 242
i Fi gar 050 NG SRRESE il g iR R BRRE RS Kool el N
SRU 23®. HighaldMateat. and am ne drop fronlthe condensi ng vessel 370 through
bottom|ine 374. Together, the water and anmi ne are taken through a pressure

boost er 3J§690]TheTh@t&ideasifg vessel 370 produces an HyS-rich acid gas. The H,S-rich acid gas
is released from the condensing vessel 370 through overhead line 372. In the known TGTU
300A, the H,S-rich acid gas is recycled back to the front of the Claus sulfur recovery unit.
This is represented more fully at line 242 in Figure 2, where the H,S-rich acid gas is
25  delivered back to the Claus SRU 230.

[0101] Water and amine drop from the condensing vessel 370 through bottom line 374.
Together, the water and amine are taken through a pressure booster 376. The water and
amine are reintroduced into the top of the regenerator vessel 360. Some of the water is re-
vaporized, but most water travels down the regenerator vessel 360 with the lean amine, and is

30 thus recycled.

[0102] As noted above, a tail gas treating unit such as unit 300A of Figure 3 may release
a large amount of CO,. The CO; is released through the overhead by-products line 352 from

the absorber vessel 350. A lesser amount of CO; is released with the H,S-rich acid gas
-18-



am ne are reintroduced into the top of the regenerator vessel 360. Sone of
the water is re- vaporized, but nost water travels down the regenerator
vessel 36W0owntinovise | ean am ne, and is 30 thus recycl edPCrQABOAPASSINDt ed
above, a tail gas treating unit such as unit 300A of Figure 3 nay rel ease a
| arge anpbunt of CO2. The CO2 is rel eased through the overhead by- products

line 352 from.t he essel Al nnunt 0 | ease

Wi th oo sisdhih BReRERETNS 7Y TRI g 30t 17 sefRE S oadtn o et fisli
over head ynith Such7a3- unitt3ﬂoa desw &ah) i€ woald Rdess gy %Eaﬁumeaﬁé e4¥bod HioRIdR fheth khegas
treating unlt such as unit 300A. However , |t woul d be costly to capture

the car bdrratidldsil ges fticam IMDefore ancaRETatin, agsvosld warpaBe dnviebegt wecond solvent-
| nci neratj.g &?ﬁu‘é g¥s e, Hglﬁ%ﬂé%ﬁf&%& E'\é&llt)c{&ora\lei%gquﬁﬁja%é)%e\ﬁgtg{orte §d capture

system Inc con or ves enerator tower. 5

0103 th | o d
Lo omnl Jﬁf@ﬁfZTPea'g iy i S in S B O R i probard SBERT SRERRlST e "
above, exhé&dirBdtiRE 9610k S TTATU SulCAUTEIUAB00A AR hetd MBEVY kxidiigt pRbsduram ne
(MDEA) or an am ne fromthe Flexsorb(r) fam |y of chem cal solvents

di scussedoand(d’U mwele camlayesethyledigtbanal Iaynw@d@EAé ot iy eming feam hyi Flexsorb”
capt ure tfh&ﬂ? ?%Eetﬁ%‘dlogo'l\;e%ts dﬁil Cu@g@dh%?}’, b?%?_lsg %ﬁégﬁ%s ?E%atvﬂy nﬁtele%]zlvec%uch

Ther ef or ropose erein vent b

repl aced amihts @ptae eher @aatmaaen@almﬁeHZSfth@ 4 eaell biveustdMeD. Whdrkforgtt
only absorb H25 nol ecules, but wil| also capture a substanti al percentage

of catbhors arapesdeiergip 1@4]%1#99 pRAevE velvew hﬁéﬁplgchn‘&ﬂaaénore FRCHEn Ve Ae
DEA
( ) ; g‘gbre SRRLORGNG: Tl 04191 srb H{%j]al%?%lg’fl(}tﬁ]h Qi %ME’AC)apt ?g@ %sﬁiﬁgalbe

consi der primary or secondary “am nes er amne that wo
ef f ect i veperaentagpoficdrbon @iGRidal ong with H25 nol ecul es is an activated MDEA
This neans that a relatively small anount of an activator is added to 20 an

MDEA absqobgf] t oMajrélrdabtited@lwaganguiden. Such an activator may be, for
exanpl e, piperazine, Plpera2|ne is a type of amne that, if added to NDEA
facilitates the pi chethpobpmag(DEA);

15 - di-isopropanol amine (DIPA); and
- monoethanol (MEA).

These are considered primary or secondary amines.

[0105] Another amine that would be effective in capturing CO, along with H,S molecules
is an activated MDEA. This means that a relatively small amount of an activator is added to

20 an MDEA absorber to aid in CO, absorption. Such an activator may be, for example,
piperazine. Piperazine is a type of amine that, if added to MDEA, facilitates the pick-up of
CO..

[0106] Any of these chemical solvents is capable of picking up most of the CO,, along
with virtually all of the H,S, while slipping the nitrogen and any unreacted hydrogen to the

25 incinerator. Any of these solvents would also allow water vapor in the absorber (such as
absorber 350 in Figure 3A) to be delivered to the incinerator. Most importantly, little, if any,
CO; passes to the overhead by-products line 352 from the absorber vessel 350.

[0107] After absorbing both H,S and CO,, the rich solvent stream 354 is then
regenerated. This produces an acidic gas comprised of solvent plus H,S and CO,, but
30 substantially free of nitrogen and other light gases. The absence of nitrogen and other light
gases (such as helium) makes a later acid gas injection (AGI) operation easier because it is

casier to condense the acid gas into a dense phase, that is, a substantially liquid phase.
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[ 0106] Any of these chem cal solvents is capable of picking up nost of the
Cx2, along with virtually all of the H2S, while slipping the nitrogen and
any unr eawOediinpossegen to the 25 incinerator. Any of thesg/tseéwas3ss woul d
al so all ow water vapor in the absorber (such as absorber 350 in Figure 3A)
to be delivered to the incinerator. Mdst inportantly, little, if any, CO2

passes tq,the overhead by-products |line 352 fromthe absorber vessel 0.

P ro0] At SRR T B e e i e o i bR VARR RS M R E R hen
r egener atgéantd 'ﬁlﬂkQﬂgﬂﬁﬁaﬁﬂ)H&?Qﬁ@hgﬁﬁu&@mpﬁﬁéﬁdﬁQfTQQEM@Q&s@h@&nhﬁﬁn@nd
CO2, but 30 substantially free of nitrogen and other |ight gases. The

absence dfycgict ipgentcagisolpihuntaplegit ugads £nhancer Qi Rgedviconpinpakds fige oA ther
aci d gas i hj i.on 4 0 i eas| it i ier to. nse
he aor d ok Ehlosoih bl BRE e CRALEE IREMER: e S HH; B b SN0
2011/ 090553t 6152010/ 058395 Hydrostatic head of the condensed acid gas,
now substantially in |iquid phase, may be used to advantage in the

wel | bor ego18]hel ReRd$dl bit cdrBb® didie@dd BT VIR bverlbRl Efu’ﬁﬁbcﬁa@ Isdd” 88NnBEIOAD
injected into a reservoir is suitable for use for Enhanced O | Recover

since it nreviflgsee sgrcg R finidgter agdd@R opatian apd gehorlaeducgpitcasmipsior @bi

much hi gher. pr tQ b 1.Scl bl N eservoir. 4ol .l | of
car bon diqgg?i & f@g{%ﬁg rﬁéB%tvag? eeéic ¢ Syt?lg\ﬁ%a@ﬂ%%gﬂel 1?1%18\&%%% fnggt %1%?%/‘[9 e%%lg\a{gg\é% a
sour ce ofinfihé¢tathr {280 ashsEORs ApSr Akl @as,anblichoin @i fediRdsicRS abdd@ane ot XD Ptheof
Cx2 into the atnns&here, but al so reduces the | oad on the incinerator 250.
This HeariBcipgiator 2R 2enEdtaeyacembes®nconsumes | ess fuel gas, which in turn
reduces the anount of CO2 the 10 incinerator 250 generates via conbustion.
[ 0109] As [QR0UI t eAsaan elcrpgtiesmenscabrayrtivige GO tooawnidivgnies tha § Qhiatcode
into the her n a further | nproy nt_to the i .gas tr I ng
uni ¢ 300ACPDHERG R a8 BtuRes B Ml RERE B e Rl B, SR PrebioBRyy
This i s a500pppseda catabiticUsting@tors proeust | Dilis iy 8€ 8pFoseditE atfadlydas Gombustion

| nciner at]pilrgcnesg).r OAC%gtesllyr[igC}Ilfciirrleeresltiénoglreorcestserrgggiggst l%gvee? tén?pe%gtun}r)elgstg Jo?n%ustht%e H,S
15 along with any residual hydrocarbons, such as from an acid gas enrichment unit. Some
preheating of the overhead by-products stream 244 is done, air is added, and the mixture is

flowed to a catalyst bed. The catalyst facilitates oxidation of hydrocarbons to CO,, and water

vapor and H,S to SO,. Those of ordinary skill in the art will understand that a catalytic
incineration system would preferably be designed to handle “upsets” from the TGTU that

20  may result in temporary increases in the level of H,S flowing to it.

[0110] The above design changes to a tail gas treating unit may be implemented during
the design phase of a new gas treating facility. However, and beneficially, the above design
changes can be implemented by retrofitting an existing plant. For example, an existing Claus
tail gas treating unit may be modified by changing out the legacy solvent or by adding an
25 activator to the legacy solvent. In this instance, overhead sour gas line 372 now comprises
both H,S and CO; gases. As discussed further in connection with Figure 4, below, these

gases may then be condensed, compressed, and injected into a subsurface reservoir.

[0111] Additional equipment may also be necessary to supplement the regeneration
capacity of the solvent system. This is because additional heat and, possibly, higher solvent
30 circulation rate, may be necessary to regenerate the solvent in line 357 that is carrying the
additional CO, (along with the baseline H,S). Solvents that tend to be more reactive with
CO; will generally have a higher heat of reaction, which means that the temperature in the

rich amine solution (line 354) is now increased. The temperature in the top of the absorber
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15 along with any residual hydrocarbons, such as froman acid gas
enrichnment unit. Sone preheating of the overhead by-products stream 244 is
done, airwD0nddess3 and the mxture is flowed to a cat alPgstushed/058Bbe

catal yst facilitates oxidation of hydrocarbons to CO2, and water vapor and
H25 to S2. Those of ordinary skill in the art will understand that a

"apect s FEBIPTRE reroy Har T 3p0nRy HORE B iR SuP R R MAGENR % e
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treating unit nmay be inplenented during the design phase of a new gas

treati ng veawsi BHQ 1. uH—TQ\ﬁé’Oétrmoaﬁd TBenedditongl heat of acagprasiddy bhaddedbgesincan

be inple tting an existing plant. For exanple, an existing
Cl aus taFFgl%eggn%th Irﬁggshmt may be nodified by changi ng out the | egacy
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t hen be condensed, conpressed, and injected into a subsurface reservoir.
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(al O\r/]v? wi th the baseline H25). Solvents that tend to be nore reactive with
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tenperature int top o theasor er -

2011/0 90353?@[’&5&182 Qi OB3Db isviessd @l thdSBsdarbert wopsot 340,yand dditiod @ qRipnint hie
time cou[he $ rrent m xi ng has finished in the absorber vessel 350, the

t enper at ut€" 8 %he rich am ne solution at the bottom of the absorber vessel
350 is up to about 160 F. This additional heat of reaction nust also be

added badR113H t h¥ seBderermthebn dediseted heatsr 3@ isareyided alongrish sglvgpisling 357
h f
Cven orafieh B 1 SciBfyer 586, T he Bt 5y 08 iPhbys MR G FRERY

Fi gur e 3Acfdrn it bntsrsrths peg?dnaratcal tesghS60r el%mhngmgnhb 30 [ adnt En@ﬂewatBlBaﬂlaso
has a reduci.ng ner 320 atal ytic, hed Toget h
the RGG J88ieinel B oA 6% %@a%mgla%géf B e TS B SOl et |
gas streamoagh 1@ 50%0' Thé %Yeehé’at&b’ Her9sRakd f?lnhﬁeeﬁﬁﬁ '1@811%6%& hab tRORYEbF $heS2
and nercaptans in the tail gas stream 310 to S. The tail gas treating
uni t 300Begdnstatérad0an absor ber vessel 340 and a sol vent regenerator vessel

350. However, a nore CO2-sel ective am ne solvent is used in the absorber
vessel20 340114nd uiddindtelynalhe eddigasenimpbasitbéem addiehd line 362 are released from

to

condensing vessel 370 into overhead gas line 372. The acid gases are then passed through a

compressor station and injected into a subsurface reservoir.

[0115] It is understood that in this modified acid gas processing arrangement 300B,
additional equipment will be required to compress and inject CO; along with the H,S. In
25 addition, corrosion inhibitors may be needed to retard the reaction of CO, with the steel in the

solvent contacting process.

[0116] The modified tail gas treating unit 300B of Figure 3B substantially reduces the
amount of carbon dioxide vented into the atmosphere from a hydrocarbon gas processing
facility. In this respect, CO; is substantially no longer released through overhead by-products
30 line 352 or transported to the incinerator 250 through line 390; instead, CO; is primarily

released with the overhead sour gas stream 372, and sequestered. This is demonstrated in
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[0113] It can be seen that a dedicated heater 302 is provided along rich
solvent |line 357 15 after the heat exchanger 380. The dedi cated heater 302
pr e- heat swohelwaseisisol vent in |line 357 before it entersPChaSc@gaemspat or
vessel 360. Pre-heating the rich solvent enables at |east a portion of the
H2S and CO2 to enter the gas phase. The pre-heated rich solvent then
travel s t I ough line 304. The pre-heated rich solvent inline 304 is

di rected 1'AYT the top of the regenerator 360. 20 [0114]Ultinately, the acid

gas conpo om overhead | ine 362 are.released fro ens vessel
370 into [ﬁgﬁ]hea igyue 4 I%hﬁ?éfssaﬁlhel"i‘ﬁtéc ¥ePaoigh g%%PTQP%“SPﬁﬂlE ‘g d’ﬁ%fﬁn

compr eSS Qhyidhi AbrRNloRiiAGh ednt M@ MRS UiLAGH, &e gayﬁﬂoeess{nglfaall{ Bzaos

understood that in this nodified acid’ gas processi'ng darrangenent
addi ti onaif Fegpwep%eHowwzer thb@chqui scpud gamstmnplse@sv @msttadrtpeloaon@(r:@sseﬂ satepmni t h
n 25 addi t on | tors to reta

the H2 d
et oon i pERurintan fiack BRIl ol R = Bartion A REASS sh etV A fot Tre

nodi fi ed th@ktidgas réh&al ifnglityri2) i$HeR @ﬁt firabdi @o IR Sathpleadot katiby fereducess t he
anount of carbon dioxide vented into the atnosphere froma hydrocarbon gas

processi et lity. In this respect, O is substantially no |onger
rel eased t hrough overhead by-products 30 line 352 or transported to the
i nci ner at[0#18150 th@mgh4lanswg®0$KMH34thsh@WﬁemgﬁngM&wkiymneme&@éddﬁbth

t he overh as stream 372, and se uest strated in
W0 2011/ 0Gls iR Bt ] GRRS for SRiam i HEGATHF B R 5 S BRATAD R RFR |
View of apdagioR! ProRRSENS® Iﬁ%ﬁhlltérﬁé/uv‘égﬂb@i fluO BaPdtREMNMrok RV EAG USR] pbRePPi@nt
enbodi ment. The faC|I|ty 400 is essentially the gas processing PaC|I|ty 200

of Fi gur er2theripleater, the overhead sour gas streamis now directed to a
conpressor station 5 for pressurization and acid gas injection. In

addi ti on,[0&1Yor t irothe ebntchieofami dl gakgasepomgdn.ftho gat fieanctld gasinsaardeaat one
facility i§ now sent directl co sSor ation for acid gas
i ect oS aRsERshs Epgup e D ghaRet B g Do atean R g
acid gas da?dﬂﬁvﬁbxiﬁéch)tdrbgfen st & aﬂ-ch%e@l?a?)s sbtheamid 18s mepBRentd. O TheXRMPLS
raw natural gas froma hydr ocar bon recovery 10 operati on. However, it may

al t er hat irgepyaltfacilityf 41@@&@6@1@@3%&%@&@1 g @crmmnepts\/ﬁécrm heaimdronarbarher

plant. [0119] ..t he context of apd gas o i.on tream 410
cont ai ns gdPes} e’fallsl% rnaxéone Ef‘xr examp?e tl?rough Hle VAR3us Poef ent reaction procgsses iscussed

above. Alternatively, a cryogenic separation process may be employed, such as the use of the
Controlled Freeze Zone™ (CFZ) process created by ExxonMobil Upstream Research
Company.

20 [0120] In Figure 4, a sweetened gas stream is seen exiting the acid gas removal facility
420 overhead. This is shown at line 422. In addition, an acid gas stream is seen exiting the
acid gas removal facility 420 as a bottoms stream. This is shown at line 424. The acid gas
stream 424 contains primarily carbon dioxide and hydrogen sulfide, and enters a Claus
reactor facility 430. The Claus reactor facility 430 serves as a sulfur recovery unit. This may

25 Dbe in accordance with the sulfur recovery unit 100 shown and described in connection with

Figure 1, above.

[0121] In Figure 4, an clemental sulfur stream is shown exiting the Claus reactor facility
430. This is seen at 432. The elemental sulfur is typically released from a condenser as a

molten liquid, and then hardens as it freezes.

30 [0122] A tail gas stream also exits the Claus reactor facility 430, through line 434. The
tail gas stream 434 is directed to a TGTU. The TGTU is shown at 440. In the TGTU 440,
the tail gas stream 434 is “cleaned.” The TGTU 440 may be in accordance with the tail gas
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hydr ocar bon gas conponent, principally nmethane. In addition, the gas stream
410 contains carbon dioxide, hydrogen sulfide and, perhaps, other acid gas
conponentwO 20hi9e858d gas 15 renoval facility 420 oper at @STIUS2610/05839% € out
the acid gas conponents fromthe hydrocarbon gases. This may done, for
exanpl e, through the various solvent reaction processes di scussed above.

Al ternatiyvel. cr i c, separati,on .process nmay. be enpl.oved, ,such, as t he
ise of -t HERhh, el BB, SoaE B iReBL Sfr Sl oA ¥ BT
Upst r eam dRenganhstt SBrTEaiey4, ¥ardgla 2Qifide wittgbarBort dickidewe efibred faas tikl T€RW 1 S
seen exiting the acid gas renmoval facility 420 overhead. This is shown at

| i ne 422.440rhrgueh a¢idgas hre 442 dlyais 18 eecosdanice walddee 02 anrd T2nef Eiguke Has
renoval facility 420 as a bottons stream This is shown at |ine 424. The
aci d gas [812dam 784 acidrpasisns lpcidddrare dircdedtma dompicdsor atadoh W ogeomshdre, de,
and enters a Claus ,reactor faci.li 430. . The aus. reactor facility 430
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above. [0121]In Figure 4, an elenental sulfur streamis shown exiting the

O aus reaegenstorecin ¢ sybsugace ppatipn; ythee dngheingapentather wcptehbadk touthe whlfis
typlcallXE&Q%§?%3€§§?%%?§Wﬁ%pﬁﬁpf hlrﬁéhggﬂten liquid, and then hardens as

it freezes. gas strea SO exits the O aus reactor
facility through |line 434. The tail gas stre 434 is directed to
ToTu. ThdORRy | SRS Homminie RISt CORSUPETRRAYY ?’%TB#’E%FT’ YALT SEPRBAHL | s
" cl eap@d.amolin® FChbohAfoATRY, A8 tHalcPETBIdERA &rdifrdttdd® dndihbinS@for438- ThVR
2011/ 090553PCT/ US2010/ 058395 treating facility 300B shown and described in

connect i dy-mdictFpyitthe BB gap treptieg anit A4Qérengh bre gd4udbisds i perosdamse suthf i de
with carhon droxi is directegd-fromthe,TGIU 440 t.hrqugh i [ i,n
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aci d gaseabrouph hemeind4&2are directed to a conpressor station 460. From
there, 5 the conpressed acid gases are directed through |ine 462, and then

i nj ected [01\253 a 1tgselky Abted FOREFIZAPEH VIRt b poftichedTithd £9d pARE MR 1R M ¢ bl ock
465. The acid gases fromline 462 are thus sequestered in a subsurface

| ocat 1Dn nasseHaroundghe pafugecorpyamiict3 0y ddycisshowadklinoddthelkadoidigases o y
unit 430 sho t..line 242 in Figure 124] The. ini,ng product s,
consi ot fPogRr AP ‘iR PP Bgetbr ElareqLm el il SRR R R

di oxi de, lafvdng flacesl gds frydingoeiit 4@ dilicesdie@dhab&® AOmi RedsnEZEued 442Qire These
by-products exit the tail gas treating unit 440 through line 444. This is
i n accor FRAVECSHFE #nd Sepkle InSotighlin4-  Fhus gyigradl Il ganestngintg thedtapsphsrce
bur ned aqgﬁﬁﬁg&pd to the atnosphere through vent line 452. [0125]1t is also
noted fromFigure 4 that a portion of the acid gases fromline 424 are by-

20  [0126] By way of example, if a field produces 1 billion cubic feet of feed gas per day
with a 5% CO; content, a 90% recovery would capture nearly 1 million tons of CO; per year.
Considering the large number of existing Claus units processing gas with at least some level

of CO,, this could amount to many million tons per year of additional CO, captured.

[0127] Another way to reduce CO; emissions disclosed herein relates to the process of
25 acid gas enrichment (AGE). In some gas processing applications, the H,S content of the
original acid gas (bottom acid gas stream from line 424 in Figure 4) is too low to make the
conventional Claus SRU function properly. The Claus furnace 120 generally requires a
sulfurous component content of at least 40% for “straight through” Claus design, and more
preferably greater than 50% H,S. In these cases, it is known to “enrich” the acid gas with
30 respect to H,S by removing CO; from the acid gas stream in line 424, and delivering the
CO;,-rich stream directly to the incinerator 450. In one or more embodiments, the acid gas

line 442 is directed to an acid gas enrichment facility thereby generating a “cleaner” COs.
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15 passed around the sul fur recovery unit 430. This is shown in |ine 426.
The acid gases in line 426 are directed to the conpressor station 460 and
mer ged wiwb 20he@9essBd gas stream 442 |l eaving the tail ga®Crrusatioogssanit 440.
The acid gases fromlines 426 and 442 are then conpressed and sent to
injection line 462. Thus, overall aci d gas venting into the atnosphere is

reduced. 012 of. .exa if.a fie roduces 1 billio i,C
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Opt i onal | 1’to 8 14y ﬂ%ﬁu SB’? €Y eam 510 has under gone dehydrati on such
as throug[h t he use_of glLycol. Further, the raw natural gas stream 510 has
pr ef er abil{1#lsseln Fiaustgh. aRWEPRad 58 e erseelﬁerlt@&&mmq gasprempws! fagitity

I mpurg i %0 thed® BRSNS 51?(57%5 : lidd $39 1l d4lifRm &r?grag]g%%?%&?rflssste&?%e 9} A

cont al ns at ast one hy on gas conponeht, pri
addi ti on,actdhgasgamosilrfeaity532® sanfist amd @as strgas e$his Thehoaa a [maS2de i alcid

facility 10 520 rates to.se ara he onents framthe
hydr ocar 58# 558%%931@811@1%1 g, Ca]f %h%ﬁ%‘? ﬁY‘?ng Clﬁﬁ% WP rEES 2 dofVent

reaction r@éc@&%@?h@@%ﬁ%@éﬂo@%"s@we@h&@SR@}.' vely, a cryogenic separation
process may be enpl oyed, such as the use of the Controlled Freeze ZoneTM

(CFZ) pr e{vgrﬁﬁ Lt
the aci do[gg%ﬁr err%\%;d?&*l%g%%qﬁg%%ﬁver gﬂ‘ ‘?‘ﬁ?%esré%ﬁg lhw% rgct%g I ﬁé&é%.

| n ad2 t 530, ofnatec tad bgak sitfusam dosnpeaeits éxithé Acgidt g8 achoh dawsn risodsladnental
facility 520 Cfir acid gas stream This is shown at |ine 524. The

aci d gas Sfieat Bgare S & ﬁlemﬁrlraharlﬁrrwre%rrl%ﬁhqrrrbszrlaeg &WaClﬁ%?IBg’éﬁe@dFrY de,
and ent ergg:ifi+ 5 THRAK! QEn 28@32.TE 14 84S sHEAL LRL 33 REMAR adnd rafdVery

[ 0131] As di scussed above in connection wth Figure 1, the C aus sul fur
recovery fhabiy 330y thzqughdediddr at es t o break sul furous conponents in the acid
gas streamdown into elenental sulfur. In Figure 5A, an elenental sulfur

stream i J083wn Fke tdihgast dnea 3Bdsis slicttad to e TYEDY ThaciGTUyis SBBvn dh540.1 b

seen t 5 t aj as stream al sg_exit Cl.aus sul fur recqver
i gga“ dglf gg%q ‘iaﬁegagﬁream 534 1s cﬁeaneg In the arrangement o Fel‘\gl}/re 5A,

f aci I
hydrogen sulfide is directed from the TGTU 540, and recycled back to the front end of the

Claus sulfur recovery facility 530 in accordance with known procedures. This is seen at line
542. Alternatively, hydrogen sulfide is directed from the TGTU 540 and recycled back to an
acid gas enrichment facility 570, thereby generating a “cleaner” CO,. The remaining TGTU
30 products, consisting primarily of carbon dioxide along with water vapor and nitrogen, are
directed to an incinerator 550 through line 544. These by-products are burned and vented to

the atmosphere through vent line 558.
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[0132] The tail gas stream 534 is directed to a TGIU. The TGIU i s shown at
540. In 25 the TGIU 540, the tail gas stream 534 is "cleaned." In the
arr angenmewo 20f1/B)gFar e 5A, hydrogen sulfide is directed Pcomskee/ 038394 540,
and recycled back to the front end of the C aus sulfur recovery facility
530 in accordance with known procedures. This is seen at |ine 542.

Al ternati , hydrogen sul fide is.direct fromt TGTU54 and cycl ed

ek o dTS: o YERRERT Mkt e rEineT Bt CR b Snevly Td B M or -

CX2. The dcRNBdsnitidsim TkeTie 304 iy pabed GiroupBnsi 21d R dAFichmEntl AGH) fealibonTids axi de
along with water vapor and nitrogen, are directed to an incinerator 550

t hrough Ishaengnphamieesat bleckrFAucThe AGE hasilite oS e lspser e dottiont ofethst srsgsher e
t hrough v 5 1 10/ 0 11 rdsr id o
i ner ease e T 30 e SR PO o o3 TR 2T B e i o
gas st3 eappicilly doee b4hd aspas ard Shicddtgihe amige iird agﬂtﬁrx@m |scllvaﬁnlbro(:é§§E)The

facility. This is shown in phantomat block 570. The AGE facility
r el eases MOESt Magriitidize A dleaelsshva palicd 8 8- ﬁtetrﬁéllfaémée@ésar@fl%%h @QMPﬁ%ugh

overhead J.i pRyfE" allifing §h&2iko fdlgg%ent ask @v@a@!ﬂr gdoRGei¥ad B8 léﬁ@ fan

H2S sel ective amre In a chem ca roc € process y utl ize
an H2S- seﬂ)lﬁﬁtmaHg, th stagicaly gl;unde&tdeatmmalmg/y Ibe radevac anthnggcraziah tasrechEA{;_(Sr

Fl exsor b(r 19 he. c on dl ass U ward as, an ove gas
Stroam Cptdo iRy kS E X ol e At i RS it Rt ebs T
pi per g¥i r}@d%&aft%tga@ B Sl @e{ﬁés%ntsvxru)szngﬁ ghé stf@hPaBhNGO RN ghi Bfcary AAITRY
al so contain sonme water vapor, S, hydr ocar bon gas, but stil

r epr esent¥24 i€Qken artungd dse @ltan@&RU SBIQemd:@E—TGEEH wgogmerleamﬁnamrISiSﬂe 572A is
taken around the O aus SRU 530 and the TGTU 540 to the incinerator 550.
[ 0134] | n [6pRt]at i bnepdriteonc drelrarboai dioctide amhothot geses @alﬁmsS?izlA dre meerHt2withatie

nmerged with t non-sul furo b C f. th 54 ave_peen
r el eased o S i P e iﬁp@f% %hage%%ae caBTb eI e Loto5Eh
Fi gure 3A4f mbhrdsg @sﬂ@drﬁﬁa’fratﬂé kdTBhé B2 Of FiYulé 33 RvhidkPcMRISR pritARAY of RatddR)
and carbon droxide. The CO2 and ot her components from|ine 572A (or |ine

544) e whtme‘camed htebula, drelarboy dewde. 55he CR.tahé othge coraperteots EB0 lina Ad2A lien
passed t 56, .The and roduc ur ned e

bnd vent dRR i ARRise iR e Ens Bn S0 ahind b SaEE S50 Srp BN O ¢
570 al so g3gssese @0,d aﬁa~'°otlfif§1>f'l[f?glf13_| @dctprathBﬁﬂnle&' t@éeﬂk&%sa,ndaxl’e@wal 10i the a2@oshhersser
anount of carbon dioxide. The H2S-enriched acid gas is rel eased through

| i ne 574,thigneh enttling$68r s t he C ause SRU 530. The H2S is substantially
converted to elenental sulfur and deposited through line 532 as a nolten
liquid. TRI3SIr epﬁbséﬁ%fastlaﬂdaﬂ dlsppassts ard oy cangrfsad primeuipeeiitl,S, elbag]vsAthsi de

25 hetly HHEbERPBBr T fiaye adbo P inbe 1t A B R es a7y o

slipped twhdrba Vs iRACIaGRSSRUS305 78R HiIJ¥sts&abstaitiallpeokl@ied 6 télefrwntal@gﬂmer y
unit 530. This inproves performance of the C aus SRU 530, and reduces

dermand f gindadapositdothitughi lind $3e ag a4moltau Bagids s APRresanst stordard praséicg Aer
pr ocessi rhglfﬁlyrs&g\;gr;OOA shown in Figure 5A it is

[0136] A side benefit of using an AGE facility 570 is that hydrocarbons, particularly any

25 heavy hydrocarbons that have desorbed into the acid gas stream 524, are slipped to the

overhead gas line 572A instead of the Claus sulfur recovery unit 530. This improves

performance of the Claus SRU 530, and reduces demand for air through air line 314.

[0137] As an alternative to the gas processing system S00A shown in Figure 5A, it is
proposed herein to deliver the CO,-rich gas in overhead gas line 572A to a compressor
30 station. The CO; may then be compressed and injected into a reservoir rather than being

vented to the atmosphere.
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proposed herein to deliver the CO2-rich gas in overhead gas |line 572A to a
conpressor 30 station. The CO2 may then be conpressed and injected into a
reser voi rwoantien9oistan bei ng vented to the atnosphere. WBCT/US2010/058395

2011/ 090553PCT/ US2010/ 058395 [0138] Fi gure 5B presents a schematic view of a
gas processing facility 500B for the renoval of acid gases, in a nodified

enbodi ne s ptocessjng facili OOB is simlar to.ga ro i

Faci i vy B | RIQRFSH Bsaft s shdniRotewsoth B Block RS HeRY SRIBVEE e , o
natural gesmosillefanidikles, ihe nidatfidadmidAsm&it! €aRpedddsdise icllRE 5068 iNndimilantoaci d
gas renoval 5 system 520. The acid gas renoval system 520 rel eases a

sweet ened2d\Peedserae daeslitytY084Am By thinrspeat, gasi progessingtipeilifyi 500B raugevegdsraw

pr ocessi cj i 0 a i udes agifd: g ri I
R o R R L A
then rgl egsem 20CAhcracthgprenbeddygas 520 r€aimcdd 2wagtehalnovdaBad igahsteamds7as

stream 574. [0139] The gas processing facili t%{ 500B al so includes a { aus
react or 589, anTdd @a gt Ydaclly ea3prosessingsiagdity SAABralto meludoery agii €2 The

G aus reagtiop AR9GhY ']l'f?eSA'ﬂaifI’i' Sh{ BRI éhs QM NG, AR d
gas rerm\a/eglflesri}glftgm 0 %Ilﬁglo%'gﬁ |neGl5Eg4,C yngﬂgg%gl?l&{sgelcgn%rﬁtsar? stusl?f U?afd532
t hr ough aherosclcdadsi a0GiOpriok esshsadcdas agedrh 87D ot &sH, SHisk asid @ds straweST4n
connection with Figure 1. The O aus reactor 530 also releases a tail gas

stream t Hoodmh | The gbSfrocdSsilkdDity1300B aildo @akided & €dms 1RadtoNS3®3 A ht Claus
directed to a tail gas treating unit 540. The TGIU 540 "cl eans" the tail|
gas i W | iteeeterdB0s6ERs asa gilriscwgryanbl el helClaphisaeter o tieeineshg floa-riph actfhe

TGTU 540 I S r - by - . (C b :

ine 352 4% EREASSPLENGE A HAPEAME! 880 230 fnk TP 303 U Gol®

rel eases dermsoual gifsr $82 ebuoudldl 2n (cxadapan gidest sudhi aethe JIGAER sadbcdss2d iahotd gur e
3B). The by-products_gas stream 20 554 epnters the incinerator 550 ere the
vt er vapSPISHORRGHeRERS rﬁgs@a%aaw&@o%w@w@ e e IR0 Geiited
to the atqggsphere. At the sanme tinme, the sour gas stream 542 (conparable to
acid gas overhead line 372 in Figure 3B) is taken to a conpressor station

560 ( | e - i-on; Fi - rRat | Y,
the sborohansr dBe HIf sRETRAEERPln® 574 | AR R AR s WG TR
order to TGTUexe “dltmseftlid cilepasyinofind 584 Gualuas rdéseatsod abawed lin tynixdfion twith gas

rocessi facjli | so i ncludes the acid, gas enrichnoent facilit
Em_. fl'hleri%@‘;fef:g%: it 383%94%5%55%(@%&5 ayg)'agd@fsr@éﬁ%r%%n g?ﬁé%z)&?a%é AGE
faci ity 13852 6RRY, e 3B Fobl &@_aﬁ%}or%&evegﬁ'l Bo® HhOXGAEr 54 JIQLreRGLL &%ﬁg g4y eam

524 and releases it as a CO2-rich gas through overhead |ine 572B.

remai ni ngte@8-52dhompirdblgds lings 362 edd BA2 oudkgure 38)5 Thethy-prhdudts gassteainf ur
30 regov facility.530. Th acid gas enrichnen akes pl ace bet t he
2ci d ghs Phn6Uar GRS BTy’ ) PRECCIRS L Feiory deiPery PuErh hddes

[ 0142] Theogpoheits Sichiirfll MY AR IS Py AhREpHEQME IR sark il Quse GRFBNGRLE | N
the AGE facility 570 by utilizing an am ne solvent, as nentioned above. In

connect i d¥2urehparhle tpacid gy oThyaddms 33PaTFigyre 38) o58kIbtodeam eSO HtiasNt

process f i F Vv re ) e
011 zod, SpESPERDE ke AaFRSS Rifon FRESL KR! DARRRIAAY, HERSE 4V
be "fl ashedimisa2aah baseyvies &ean AeEokeilityt. reaches the regenerator vessel.

25 [0141] In order to increase the efficiency of the Claus reactor facility 530, the gas
processing facility S00B also includes the acid gas enrichment facility §70. The AGE facility
570 receives the acid gas stream in line 524. The AGE facility 570 removes a portion of the
carbon dioxide in the acid gas stream 524 and releases it as a CO,-rich gas through overhead
line 572B. The remaining H,S-rich acid gas is passed through line 574 to the Claus sulfur
30 recovery facility 530. Thus, acid gas enrichment takes place between the acid gas removal

system 520 and the Claus sulfur recovery facility 530.

[0142] The carbon dioxide may be separated from the sulfurous components in the AGE

facility 570 by utilizing an amine solvent, as mentioned above. In connection with the
26-



[0143] The CO2-rich gas is released fromthe acid gas enrichment facility
570 through 5 overhead line 572B. Line 572B in Figure 5B differs fromline
572A i n AvQunH/BASs3LI ne 572B directs the C2-rich gas t@eCrhs2aoops3essor
station 560. Thus, rather than incinerating and venting the CQ2-rich gas as
is done in Figure 5A, the CQ2 is captured and sequestered in a subsurface
reservoir_565. Tt’lstwas ai shown %g ne, 442 in Flﬁu(ie4 where th as
processi fgSPEE] PRSP PH I JHREVIRe %PE&E%"F UPID AN AICE TG G 1A S e e
t he over hggide@aThs tickamindsdliish Bd@Bhé ab%@wrdemﬁnﬁzldmbhdlw & “flaBeBnid a
typically contains very small concentrations of |ight gas conmponents I|ike
ni trogen fiash vawsehafere itisechgatheirsgensimseirasidlel y easy to conpress and
condense. Injection of this CO2-rich gas streamreadily reduces the "CQ2

f oot pri nt[014¥ t h&hg&Htmeagisnyg relzedcdi frgm 500 Beid Jras renzeinhromtrfatiiitynS’éﬂ thwough

i nprov. s th | £ ur cqv.er f.i gl.ency, he fac 00B.as the .
oot duar ratei fof S7ABE e SeRaTbiiL TS0 T ATRgOR et YR Fiflie 9K Line
i nci ner athadlfbcfseth@mdrlélpgéshﬁ tRd e @Jo@ stafbn ss@ycrlhasi rRAEKthaR iddigor&hmus
SRU 530. [0145]In anot her aspect of t gas processing facility 500B, a

singl e staege/eef@ng:ihlpﬂé?utn@bgﬁsa@tlwonmy Fbeurerﬁaﬁ élyee@Oass cwamrectﬁndt Jequesired gas
treat t
e MR el 38 R RSl e IR ek e s

cont act orpruédsélhg%:ﬂay46du&hﬁfesfa@bﬂnpvaesbrls;atlanaemtr| fugal coal escer. The
centrifugal coal escer induces large centrifugal forces to re-integrate the

l'i qui gy sqoyent | Bie ﬁﬁ'@b{ferl{éddll%ﬁ% stic@A] Tes B i‘sudfdr@ﬁ}'iseé@i‘fn@@ﬂjﬁ’"of IGDZIOJtrﬁlCGd
into the tail gas treating unit 540 upstream of t he absorber’

cont act ortypiedlli veefaing eety aﬁmarhlecmcemratmsatf teljagase pernponeeist hkfaémtmgep 870,
Because the,conf,act tj ctor

oot or entTapf R e i e Nl 58 % SHPAERorFRRASKE" pliSeig 0L Ga-ER L5
of Fi gur Ega5B)rearhG&d’le]yAi&dt&5-thdz CCO@fﬂJﬂprlﬁm oft thopak $reﬁ1¢d§&féﬁdy fSIOOB] t&i&h an
co-current contactor. This H25- rich am ne solution is sent

r egener atQperatigp atIWema&PﬂBngae sulii easpey offaeipnayt §f @?cfacmrwe%@l% taﬁéher Teeiualni ne
IS codi ngfh, ik gh éﬁz-ﬁgﬁe NReftfeQN 'Qelu?ec'sﬁ'zﬁaé I‘F&rfn%%%d faﬁ‘&'rjefeﬁ%’eda?o. the2nd

H25 is separate romt am ne conponent to create a regenerated am ne
stream 3BmpGihdRr] dhecil&d buckverthd Clans §RE 33B5-ri ch amine solution is passed
to the Caus sulfur recovery unit 530. There, the H25 is converted to

el ement al[0s48]f ur Ireagbth&! Bps@chfvdht fpat Peodebsinyd Cacslith fIBS braie 5&§e cearehi | e,
the gas that passes through the si ngl e stagtg co-current -27-

2011/ 090598RCPF BRYPECUBEBYsHId dRofalliges HeptingeyigS4b Th?ewawfﬁrnbe@n%%h
as absor l}ﬁ §65 Qorogxa &ug% I;)irg%(Fct 5onrt gog@ngl e& B @I’ds n%ﬁ ttoﬂ?%% a.n-thJr

C2 and any rénmi nin ease roudh I ne
The r2&uldoniastot iaitizdshen aiuetdnefaﬂioxsmjby ga&ntsiﬁummﬂbsdee IK2 ctutafngal gmni@caB or

line 542 from Figure 5 contain less H2S, apd w | re suitable
for enharBEECHIALG LY g%r fsrcswrrﬁtlmaa@% BHW,S@EV folﬁa.%r.ftail ‘trgﬁen%ubsurface

reservoir 565. ) ) ) ) )
[0146] The co-current contactor is placed into the tail gas treating unit 540 upstream of

the absorber. The contactor received fresh amine from the acid gas enrichment facility 570.
Because the contact time within a co-current contactor is so short, H,S is preferentially

25 absorbed from the tail gas (such as tail gas in line 534 of Figure 5B).

[0147] An H,S-rich amine solution is released from the co-current contactor. This H,S-
rich amine solution is sent to a regenerator for the acid gas enrichment facility 570. There,
the rich amine is combined with rich amine from the acid gas enrichment facility 570, and

H,S is separated from the amine component to create a regenerated amine stream.

30 [0148] The H,S driven from the H,S-rich amine solution is passed to the Claus sulfur
recovery unit 530. There, the H,S is converted to elemental sulfur and released with the

liquid sulfur stream 532. Meanwhile, the gas that passes through the single stage co-current
27-



[0149] I n this enbodi nent, the gas processing facility 500B therefore
conprises a single- stage, co-current contactor placed between the C aus
sul fur rexovery9nssdt and t he absorber vessel of the tailPCyas2e085839hg unit
for (i) at least partially renoving H2S fromthe tail gas before it is
delivered to the absorber vessel, and (ii) rel easing a CO2-rich streamto

the 10 abso ber .vessel he.tail ga ti,n 015 il .pe

hppr eci atBReeREd® By rodk ol Guytbsr B3 b FonR? Sl r Kbt Rl uthe il o

di agr ans ttqatiepded s4e. Take, Gb%@hd Qi Yers£hiag e wisINRCIbS0dEd bhe rd@sePiReassi Ng
nmet hods di scl osed herein. &gs processing facility will include many

det ai | ed losrdfdnehrosresule ks thet dkiavediead solaagas sitetrartfee 372 copdBigaee 3B ¢1 linc
punps, “f?dﬂ?ﬁﬁﬁﬁ%iwﬂl?'c &1hﬁess% keg @gﬁ?& {)re]ﬁ% t&tﬁ@%rae%hg&eé%ﬁ rQJovery

fractlona Ion eq

t enperat LU’pEra,tlohﬁulﬁdrraneaﬁ@h fnk@ﬂdem&bﬁmﬁawg:sdew%s [0151] As part of t he
di scl osure herein, a nethod for processing a hydrocarbon gas streamis al so

provi ded [pesqi n. TR dEbdReem! 1hewas bRYcedshey mmwsmpmﬂle@mwcb@@ﬁbes@@n%ad

for the sequestratlon of the captured CQ2 1 n a subsurface reservoir

[ 0152] Fi githes. eo-prisuitdestagtior Ipbaved barced dh hdaus auifig resoepry wndfr anglathe yabseyberut
t he net ha roce h I S N O

The hy dr 0%5 ) g%f tl?eatsa%sga% t§ealtlﬂg u%lt f%g éﬁ Sﬁll a(gp %iigl(l: trérggvrﬂl% Sl—ﬂgn dorélgﬁggaﬁl rgj?sn
di oxi de. bEhge rrewdelhx&@éh (Fe tlceaahssOﬁﬂ:r Olgbschit anai (BSrepsasiag s 0 -richCéttdaby to the
[0153]The nmet hod 600 first includes separating the hydrocarbon gas stream
at anlGcidgsobeigyessel ghibgapil gadraafipg unithi s i s shown at Box 610. The

hydr ocar bon %as streamis separated into (%é a sweetened gas stream and

(i % a Ij i[0&30]aci valélsbesamp@amqﬁdh@irﬂlgw%m sﬂ,lw@ﬂdﬁﬁmrgig@hhlgblmca@m@tm
1
carbon di %lgr%%s 1{11peng’efd} ernaqg% E'l%gr QQB gelécce?d %%?1 cgse%f tﬁi%'p@ c %ﬁﬁgo%is

stream at

acid gas cﬁidkfsamhb&usepaga@tlﬁdces@mg féctllntyawill mulude?;ﬁh@t deeaamdw‘onqioﬁef&m&@dh as
sulfur, and (ii) a tail gas conp r|S|ng acid gas inpurities. [0155] The
met hod 60wl %Ga% thﬁ@re&Ch@}&ﬁ&egom(@e%%.ﬂ}g PHEPE. 35 CGRBTREOrs Blayersgatct Haat phg

uni t. 15T h's%gérﬁtl&h%\ﬁ@/o‘?t fr&?féna@% eahlﬁmteﬁf, | vy, 's%vn%ﬁ@s?r&tnﬁgllé@} gn& ﬂre?sﬂre-,

over head by-products stream
temperature-, level-, and flow-measuring devices.

[0151] As part of the disclosure herein, a method for processing a hydrocarbon gas
stream is also provided herein. The method allows for the capture of additional CO;, and for

the sequestration of the captured CO, in a subsurface reservoir.

20  [0152] Figure 6 provides a flow chart demonstrating steps for carrying out the method
600 for processing a hydrocarbon gas stream, in one embodiment. The hydrocarbon gas
stream comprises sulfurous components and carbon dioxide. The method 600 is carried out

at a gas processing facility.

[0153] The method 600 first includes separating the hydrocarbon gas stream at an acid
25 gas removal facility. This is shown at Box 610. The hydrocarbon gas stream is separated
into (1) a sweetened gas stream, and (ii) a first acid gas stream comprised primarily of

hydrogen sulfide and carbon dioxide.

[0154] The method 600 also includes receiving the acid gas stream at a Claus sulfur
recovery unit. This is shown at Box 620. The acid gas stream is separated into (i) a liquid

30 stream of elemental sulfur, and (ii) a tail gas comprising acid gas impurities.

[0155] The method 600 further includes receiving the tail gas at a tail gas treating unit.

This is shown at Box 630. The tail gas is separated into (i) an overhead by-products stream
8-



-28- WD 2011/ 090553PCT/ US2010/ 058395 from an absorber vessel, and (ii) a
second acid gas streamfroma regenerator vessel. Preferably, the absorber
vessel utwDi2zapg9eds3am ne t hat absorbs both carbon di oxi eeTarsdo1905$395 ous
conponents such that a majority of the CO2 and H2S entering the tail gas
treating unit is absorbed in the absorber vessel and rel eased fromthe

absorber yvessel tothe 5 re tor ve ri c solvent st ream

P he o ar SRy iRt v Rpl B Rl ool BE 3o R St g FelcnBble et he
r egener atm@efevdss ethe afosbider tvadse! Gafzds! @ataniife WiMtt abs6@e Rt QbR BloRRRariaS
stream [0156] he method 600 next includes delivering the second acid gas

stream f rS@lﬁltq’@é cpagenditasush thassapjoriey af &@rﬁ@eé@bﬂz% eateiipg thetthil gap geafiwn
in Box 6% aﬁi&fbe%o@rtﬁié%gr%fs%ogé%%lo%ﬁ% RleERAYf m ?I}ep raQélorlge?dYésgelt {2)hthe

second aCI gas Stream en provi 1 Njec

seconds aatgengasorst¢sedmd Atrichassiudis wikaae Be&etheo&arrbonThmldes anpd et&esulﬁdomm
Box 650. [0157]1In one aspect, a portion of the first acid ?as stream from
the aci d GEYPOPEHDAS latek gelpased frpra thgsrenesatoh aeesshsr 4B dil seat rafing it

pl aced ugg%%wgﬁgf Q%BH%T%hﬂkﬁptlon into the 15 subsurface reservoir. This

i's provi e portion of the acid gas streamis injected

‘F‘Bigg] \'?Mh ngfﬂﬁOZ%Eggrqetﬁgdog%(g?}%h élé@l%msr Eél??rﬁlée[hé %900@1 ra{%ri(? Irg Vgﬁ%?sa% from the

pl ural it fre@dnetdrtvessdas ai d’djrxﬁﬁéﬂs@ﬂstm@dﬂ SThikHk Shown $IEB@XEH4()BOAt ﬁlz(l‘om'ﬂﬂ@sor
plurality of acid gas injection wells transmt the overhead acid gas stream
from the statiop. gﬁ@sufer BRrevigedinithe sesordiacia gpstirepak ol hegnetaadpWbihen pegvides for

sequest 1 b ol Olh! QLoMNARGEd Bldm [ RGOVSIARE!ALIONS. THALRSHLENRAS) Box

enbodi nent’, me SO |nc es war mng t e ric vent streamin
a heat exﬁmanger before it enters the regenerator vessel, and optionally
directing the warned rich solvent streaminto a flash vessel before the

ri ch sol yens7|st r aashe aﬁlerce al P&tibe @ENRY atdracidegsedtrcarhhfoil @8 hickdegsetemoval
rel eases at. | east sone hydrocarbons as wel| as hydrogen 25 sul fide and
carbon dif8%fieisadkenitother waruesseustadens aat plasd u emassm‘j on lwsﬁm 1%%11%

e 1 che REOTT ER AT Ry naa g Sy Aot el AP ERBLPE, LR R bl e o

may then1hgc&égkmgam&dmésﬁmndbad@egmhamaﬁommhwﬁghaamoga&wdand dlrected to a
separate reservoir, for exanple. [0160]1n another enbodi nent, the nethod

600 f urt He158]0NPThé efetiaRiPe0tRhld dompascd Yrbvidhgamenadaptiosaide paeditwaifecid r om
carbon di oxi de and sul furqus conmponents in the sour gas stream.in_ a
condensergaydgiselion Tilsr ediiyifapecanitndon®d0 c ohtfeRBEH theX eicichges Hiis@onedcack

r egencr atar gteed o ERGE wil Broobure B0 S S S BHE JHE U SN RE 1T
conded& errcseessefor ber[lmstmtioh or $ordmhanmet @il rtaveheoeoatiphessor st ati on f or
pressuri zati on and sequestration.

[0159] In one embodiment, the method 600 also includes warming the rich solvent stream
in a heat exchanger before it enters the regenerator vessel, and optionally directing the
warmed rich solvent stream into a flash vessel before the rich solvent stream enters the
regenerator vessel. The flash vessel releases at least some hydrocarbons as well as hydrogen
25 sulfide and carbon dioxide as an overhead sour gas stream. Depending on conditions of the
flash vessel and the type of amine, it may be possible to partially enrich the flashed overhead
gas relative to H,S or CO,. This enriched gas may then be segregated from the regenerator

overhead gas, and directed to a separate reservoir, for example.

[0160] In another embodiment, the method 600 further comprises separating residual
30 amine and condensed water from carbon dioxide and sulfurous components in the sour gas
stream in a condenser vessel. The residual amine and condensed water are directed back to

the regenerator vessel. In this embodiment, the sour gas stream from the regenerator vessel is
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[0161] Preferably, the nethod 600 further conprises incinerating the

over head by- products stream fromthe absorber vessel. This is shown in
Box 680. wbeoneobssd t hen 5 includes venting the inciner@&CedsSbyropsssdiict s
streaminto the atnosphere. This is seen at Box 690. [0162]1In one
arrangenent, the gas processing facility further conprises an acid gas
enrichnent, facility .for receiving,the fi.rst id s streamfromthe acid
gas. r emoudieny Jpyety (e bandeass Aa hyTrkd! de diyas? 39 e eomRreen yedgp Tor
over head gefRufizidnShd Sefestédtidn(i i) an H2S-rich 10 acid gas stream In this
arrangenent, the nethod conprises: receiving the H2S-rich acid gas

stream agoig acpfrgaslySihEXVRId 1606 fhBHS SHbFHWs [RARVEMYE R bverhead by-
delivering the overhead CO2-rich streamto the conpressor “station

provi di ngretusss streant drotrhtheoatspthendcSeR - Thohis sshpeammaBox h80.c dingrmstbod then
15station; .and . i njecti t he overhead CO2-rich stream.i.nto th
subsurt adbe PESeytng sl B Gerbl R e T Gy T R o LY b getrert iy
vessel . [¢@p63]Wiile it will be apparent that the inventions herein
described are well calculated to achieve the benefits and advant ages set

forth abqyee)it W bhe Qﬁaﬁ%&ﬁﬁﬁi ﬁ‘itee%ast B8beskig A0l &t %ﬁlgﬁs@s SNSERPLADI e

to nodification, variation and change w t hott departing fr the spirrt
t her eof . dRochmgrEfptibly fohecocamingths fimvand gonsrdaavizonaba acld s irdmeavah&rcdity, i n

connection with the.,processi of .a,gas stream.dincident to hydroc on
Fecovery Berarrunctlasis heyh o 3R SeEEHT LT eere il ARG ey
be aPHb'QQki s%ﬂ&nﬁeﬁP&@JMﬂﬁ@&ﬂ&ﬂﬂﬂ@%&ﬁﬁ&i&ﬁmﬁke§arb0n di oxi de and hydrogen
sulfide in other applications. 25 [0164] For exanple, the gas processing

facilities and met h@@&viﬂ?%b@@h@%hi R & %tl nf &6 MeECLNd %Qng F&@ﬂh‘%ﬂﬁ@“ on of

carbon di oxi de and sulft di oxide froma ue gas stre roma power
pl ant. Al ter ndtlavedwfur tdvevgmsingt ream may be a flash gas streamtaken froma

flash drumin a gas, processin acj Lity itself |ternatively, the gas
troam my be a cyrfusiy GasYetPelapiYeh st B yRbRTia Safioni 0ot e
that where syn-gas grovidm@thredsh® ©ahe Widrheddeed,-tieh Rcaid) of BRIl Rthpridounder go
solids filtration before introduction into the facility 400 or 500B.

Al ter hati vel y s&tionj andk he gas stream may be a CO2 enission froma cenent
plant or other WO 21101%1{1)110 2 SGSS’V%%ah{l%Bl-lOl/I?Ssg’g’agn? iIiltroldt%St {1 s%lrfa !c%nst i'volirn this
i nstance, CO2 may be{ Yor'l5ed’ T18Mm extess arr-or froma ni ro%gn-containing
flue gas. [OlGHjdywith dedGoar gasfstredh efoneihb @eidients vAssEl.

[0163] 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

20 inventions are susceptible to modification, variation and change without departing from the
spirit thereof. For example, the various inventions have been described herein in connection
with the processing of a gas stream incident to hydrocarbon recovery operations. However,

the gas processing facilities and methods may be applied to the recovery and sequestration of

carbon dioxide and hydrogen sulfide in other applications.

25 [0164] For example, the gas processing facilities and methods may be applied to the
recovery and sequestration of carbon dioxide and sulfur dioxide from a flue gas stream from
a power plant. Alternatively, the gas stream may be a flash gas stream taken from a flash
drum in a gas processing facility itself. Alternatively, the gas stream may be a synthesis gas
stream (so-called “syn-gas”). It is noted that where syn-gas is used, the gas will need to be
30 cooled and undergo solids filtration before introduction into the facility 400 or S00B.

Alternatively still, the gas stream may be a CO, emission from a cement plant or other
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Enbodi ment A: A gas processing facility for processing a hydrocarbon gas
stream 5 conprising sul furous conponents and carbon di oxi de, the gas

pr ocessi nyof2at/d9nisy conpri si ng: an aci d gas renovaCTiusedliosssos or
separating the hydrocarbon gas streaminto (i) a sweetened gas stream and
(i1i) afirst acid gas streamconprised primarily of hydrogen sul fide and
car bon di.oxi de; .a.C aus | fur .recovery.unit for .receiving.the acid
Gas ot r edRusSEEl rlangadn iR RS 05 i g SERIBEL OB pussy o6 FpI ikt
st ream ofcogtaiiBntlaé g&ul fur, and (ii) a tail gas conprising acid gas
inmpurities; a tail gas treating unit for receiving the tail gas, and

separatingéde t pidvidasd RlrPet bhb@ImRNEAgad by-products stream from an
absorber vessel, and (ii) a second acid gas stream from a regenerator

)
vessel, t d \aci aj i : ant i tj.on,0f the
15 hycr ogaiSERRR 220 4 BRS ribieRRm RO, o e SHRE o Rl Bt LR it
conpr S sabonprdingsnl fiions ceaponcntsgnt verbee davxid | dictzag psocstsigafacil ity corhprésing:
regenerat or vessel, and providing pressure to the second acid gas stream
for injection dnndd@d &asubeuvdl afaeilitye $& Sephrating ChEMPobcamoh Bs stleemdiao (i) a
processing facility of enbodi nent A, erein the tail gas treating unit
reduces tMEcwRedRseirean) ang (iig pdestasid gas srem compdsadartmanily phbydagen sulfide

pr ocessi fagility:of enbodi ment A or B, wherein the absorber vessel

utili zesndglﬁcgﬁﬁohgﬁﬁcg%’ absor bs both carbon di oxi de and sul furous conponents

such that 25 a jori of the carbon di.oxj.de entering the tail..ga
treating unit 1 SPADRE sfeovie Wil o S U el vy Oita HfkhmEh e first
absor bgr a¢eps8!steomting (NHegeqed st &im ¥eslskn@absidful, &l (§Ph VENiasohaling acid
Enbodi ment D. The gas processing facility of any of enbodi nents C, wherein

t he am ne22¢ HRPWI%Ss di et hanol anmi ne (DEA), di-isopropanol amine (Dl PA),
monoet hanol (MEA), or 30 conbinations thereof Enbodinment E: The gas
processi ng f aci tailtgps tkatapyurof fog misdiine thedaibgasand e¢prratinglthe WD gas into (1) an

2011/ 090553RCT/ US2010/ 058395 t h ) i hyl dieth |
(NDEA) ;  aRATEAL DRBEACE Lot E4" PR AT o Rk g0 60b+ ey At g Sredit o

Enbodi ment rdpendrd®r 3@Ssch! Bi6 &dbmtl adiaCidsi uical c@fifiamign® Rubdrantih §otioh bhendVDEA
is 5 activated with piperazine. Enbodi nent G The gas processing facility
of anl5 ofhydrssaiswiide gndthe cafhpptdierideibripe fadligag:and plurality of acid gas
injection wells for transmtting the second acid gas streamfromthe
conpressor st a ¢@npressot hatigubeurcdcaivamgr s ecemwidracid GasEstbaadi front thel: refénesrajears

i facility .of f di ts. A wherei n .t head
Gl Team i Steangrbeling it £ RecooRny CpERaBRCor fitHEraiRLt et

reser voi lreservoir.

20 Embodiment B: The gas processing facility of embodiment A, wherein the tail gas treating

unit reduces the oxidized sulfur species to H,S.

Embodiment C: The gas processing facility of embodiment A or B, wherein the absorber
vessel utilizes an amine that absorbs both carbon dioxide and sulfurous components such that
25 a majority of the carbon dioxide entering the tail gas treating unit is absorbed in the absorber

vessel and released from the absorber vessel to the regenerator vessel as a rich solvent stream.

Embodiment D: The gas processing facility of any of embodiments C, wherein the amine
comprises dicthanol amine (DEA), di-isopropanol amine (DIPA), monoethanol (MEA), or

30 combinations thereof.

Embodiment E: The gas processing facility of any of embodiments D, wherein:
31-



Enbodi ment |: The gas processing facility of any of enbodi nents A-H,
further conprising: 15a heat exchanger for warm ng the rich solvent stream
bef ore i twenarmwoisie regenerator vessel. Enbodi ment J: TPhe/usasl0fps3e&ssi ng
facility of any of enbodiments A-1, wherein a portion of the first acid gas
stream fromthe acid gas renoval facility is taken to the conpressor

station 20 an | aced under i.n n o t he subsurface
reservoir al O&Bgeﬁ“{“ﬁ Cpﬁlé’rlgfésc]ﬁ?\tgygéé?tﬁalboggngqér@gmi%) he regenerator
vessel . EnboditieMDIKA idi@iveRE tdFRORSS IO dbaeblibdy of any of enbodi nents
C-J, further conprising: a condenser vessel for separating

resi dual am ne and condensed water from carbon 25 di oxi de and sul f ur ous

conponents i n.the gec ﬁﬁg ré’a% d& u.%s 1n§t fa@ qn]:?OdlIh&ﬁ E o pdide (fflé WDERG is

resi dual amne and co he regenerator ves

and wher eictivitbewsth pipetazied. d gas streamfromthe regener at or vessel i s taken
t hrough the condenser vessel for renoval of residual am ne before it is
delivered to the conpressor 30 station. Enbodi nent L: The gas processi ng

facility i: } .
2011/ 0008 aareq L FORATRBLS it el RS o GRBSALA A Mobner comprisng:
recei vi ng t he dplnsiityact abidygs isfec@anwellofor tdaesnaicting; gascaoedwvidlgab amdrm frgm and
separat i &g the acid %as st ea@éi r}Io g(_‘)man overhead CQ2-rich stream and
(ii) an HBECYPRIESSQE PG ?P HAGdSWEt-ei n: 5the first acid gas stream
recei ygd by the C aus sulfur recovery unit is the H2S- rich acid gas

stream and the overhead CO2-rich streamis directed fromthe acid
gas enri dimeottimeeicHL i tihet grst Ibrecesemgr@s@@r of taay | @ncmhadipicased-Gnuberepr dusur e

for |nject n_into. the .sub voir along.w t.h the, segcond acid gas
St eam f oKL BB SO 0e BEERC SR e Veal bRl ¥ s RGeS R
Enbodi nent M The gas processing facility of enbodi nent L, further

conpri si (r;%e ) si ngl e-stage, co-current contactor placed between the
quench t bodamanttlhéfh@w&pm@ssmsfg@htymf any©f eabpdignests Adhfimer gamprisige: (i)

at | epst part iaailléay e£c%gﬁé/érrfgr wgu%nfné QR Mﬂ? scgl%dt s#84n before it enters the regenerator

vessel.

Embodiment J: The gas processing facility of any of embodiments A-I, wherein a portion of
the first acid gas stream from the acid gas removal facility is taken to the compressor station
20 and placed under pressure for injection into the subsurface reservoir along with the second

acid gas stream from the regenerator vessel.

Embodiment K: The gas processing facility of any of embodiments C-J, further comprising:
a condenser vessel for separating residual amine and condensed water from carbon
25 dioxide and sulfurous components in the second acid gas stream; and
a line for directing the residual amine and condensed water back to the regenerator
vessel;
and wherein the second acid gas stream from the regenerator vessel is taken through
the condenser vessel for removal of residual amine before it is delivered to the compressor

30 station.

Embodiment L: The gas processing facility of any of embodiments C-K, further comprising:

230



15 before it is delivered to the absorber vessel, and (ii) releasing a
C2-rich streamto the absorber vessel in the tail gas treating unit.
Enbodi mrerwOND11ieessgas processing facility of any of enbedirnsneis/0883h4
further conprising: an incinerator for receiving the overhead by-products
stream from the absorber vessel 20 for incineration. Enbodi nent 0: The gas

processing facility of claim enbodifrent . erein.the incinerator either
ot nerat as. ¢ rPdtihes el g R BB ghing BEBEL eil A% nRGIDRoR e bt c

i nci ner atrieMBvATREESS an@&p&ﬁhiﬁ% kHRdRid s sTR@mARS (DradcRefichd CBGidhi stnéardf arny

of enbodi ments A-0, wherein the hydrocarbon gas stream conprises raw
natural dasat Hobrishegidrase sresom apdoduct i on operation, a flue gas stream from
an industri al ‘%%%E" plant, or a CO2 em ssion froma cenent plant. 30

Enbodi ment Q net hod for processing a hydrocarbon gas streamin a gas
processing facilityhe fife abidie sasddo recgBad iy teallavo BRlfirIEdry eBulifitiisakis H,S-
conponents and.carbon di oxi de, the nethod conprising: WO

2011/ 090553PCTigsthgas o5a3950d separating the hydrocarbon gas stream at
an acid gas renoval L LYo bt i . r}ﬁﬂn . (s dids
first acid gas stretgérnagégirlr%%dlcs%ﬁhglrl %ﬂrrr%frﬁ? }y o? {eﬁy rog%ﬁacgjgﬁf%gcglﬁ%tc%erlggﬁ

di oxi de; to tha emepressog stahen and glaged usdar pacssare far ©jation Subfthe sutsodear y
unit and separating the acid 5 gas,streaminto.(i). a liquid stre f .

ol errent al - st eV atOpE by s sitprg STEEN BT RYMAER A RS uBe il
recei ypng the éagitﬂeatgpgsulﬁﬁ a tail gas treating unit, and separating the tail
gas into (i) an overhead by-products stream from an absorber vessel, and
(ii) a second acid gas streamfrom a regenerator vessel, the second acid
gas stre opt ai ni.ng..a subst ant i .porti o f th ar,bon 10.dioxide in the
U1 gae HERTEHMG HR R BRs R e Sl Bimin o AL S BBETF A or vessel
to a conpressarsigdlalsia@s);co-current EIn@atkdH plited beSwdh ¢hd Quchbietosre andl thrGibsorgas
stream fromthe regenerator vessel at a conpressor station; and 15i njecting

t he secongswtiof thfa®ilsgasczapting tugitafor (B st sast partiabe reaeving Ehbdiemehe taR gahe
" f I . ' oS . "
et Ogss 0 be cﬁ'@%' '1£gglﬂxg§%d %%{eeh%kogﬁl}f P%Q?e?ré}l%r @e%%e%%mgtsdug@fr chaB A B dfat

absor b car oxi de an urous cohponent s at a ngjority
of the cabbabethvasxdl dethendiegasigeatingutiai | gas treating unit is absorbed in
t he absorber vessel and rel eased from 20 the absorber vessel to the

regenerator vessel along with sul furous conponents as a rich sol vent
stream RN SThd D& fBLAGH ‘th‘?)?% Pl BodifBREs -, Feh 2T ABrising:
conprises di etuﬁgnol amg-ge I%EEA%{ gglc-ll opro§pr§nor1n arln ne (DI PXS, m)nogl'E1 13 ol
(MEA), or conbinnatingm®rtftrercenfing the overhead by-products stream from the absorber vessel

20 for incineration.

Embodiment O: The gas processing facility of claim embodiment N, wherein the incinerator
either incinerates through a fuel gas combustion process, or through a catalytic incineration
process.

25
Embodiment P: The gas processing facility of any of embodiments A-O, wherein the
hydrocarbon gas stream comprises raw natural gas from a hydrocarbon production operation,

a flue gas stream from an industrial power plant, or a CO, emission from a cement plant.
30 Embodiment Q: A method for processing a hydrocarbon gas stream in a gas processing

facility, the hydrocarbon gas stream comprising sulfurous components and carbon dioxide,

the method comprising;:
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25 Enbodi nent T: The nethod of enbodi ment S, wherein: the am ne conprises
nmet hyl di ethanol am ne (VMDEA); and the MDEA is activated to facilitate CO2
absor pti om0 280/@m36edi nent U. The met hod of enbodi nent TpChusSz@onsgshe NVDEA
is activated with piperazine. Enbodi nent V. The nethod of any of

enbodi ments Q U, further conprising: W 2011/ 090553PCT/ US2010/ 058395

i di lurality .of  acid i nj ect ll.s for t itting th
Second aci d GASPUPVIEG PESOEHEST eginlram ot doagd efdrepmoRel Bty dia fild i ng
unit to tyecHls s aeem! ariY aiffrstfold @RRABGR doRhtisddqRRNAIY 0P REIraEdrONSfidD

Enbodi nrent W The net hod of any of enbodi nents V, wherein a portion of
the firstandspbogaeoxddream fromthe acid gas rempoval facility is taken to

t he conpressor_stat] r i nj.egti Nt o t
subsur face.r edsruare B 78 el A 8 ECluRERRoLaY (AR PRhl '
regenes atgas sireas elto ¢f) atlngid strdangabelemental aigfunintd. (1110 t&radéomitising acldgas

nmet hod of, any .of enbodinments RRW further conprising: separati ng

resi dual BWPHES%nd condensed water from carbon di oxi de and sul furous
conmponents in . 1ag| ; cl | .
directing the r%%g?g%g@q%}%i g%gg&ag%@%ﬁ%%@t g@%@?ﬁﬁ? é\ﬂt%i%ﬂrgeasgﬁtgr(gt%lr
vessel ; wverlend byipeodetondamdiron gasbstrbaansdet, il t(hea seegedhecidigas stveasis bmi s
taken through the 15 condenser vessel for removal of residual amne btrefore
it is deﬁf\?g?neeaat?fovqs ’tBBF&fPEQ a0 82t Stsagh OB iR taal ?ﬂ%loﬁé’?]ﬁ%c% %Many
of enpedi IBNHSiIT@h&Ktai rein: the gas processing facility further conprises
an acid gas enrichment facility for 20 receiving the first acid gas stream
fromthe acid dghiscnimgntheaiccdrak pdid tgps straam Separthe repgnerhor avchsd! ¢ras wmpeessel nt o
(i) an ovgarthead CX2-rich stream and (ii) an H2S-rich acid gas stream and
the met hdd"'flrther conpri ses: receiving the H2S-rich acid gas stream

as the aci d gafovitiin@apressurd fetHel @dond Hbitl Ufas! see@viefrymURE tregchRel@dr WRkdIng o he
overhead CQ2-rich streamto the conpressor station; providing pressure to

t he over HFOEPIEEP-Station: 314 eam at t he conpressor station;
15 injecting the second acid gas stream into a subsurface reservoir.

Embodiment R: The method of embodiment Q, wherein the absorber vessel utilizes an amine
that absorbs both carbon dioxide and sulfurous components such that a majority of the carbon
dioxide entering the tail gas treating unit is absorbed in the absorber vessel and released from
20 the absorber vessel to the regenerator vessel along with sulfurous components as a rich

solvent stream.

Embodiment S: The method of embodiment R, wherein the amine comprises diethanol
amine (DEA), di-isopropanol amine (DIPA), monoethanol (MEA), or combinations thereof.
25
Embodiment T: The method of embodiment S, wherein:
the amine comprises methyl diethanol amine (MDEA); and

the MDEA is activated to facilitate CO, absorption.

30 Embodiment U: The method of embodiment T, wherein the MDEA is activated with

piperazine.

Embodiment V: The method of any of embodiments Q-U, further comprising:
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and injecting the overhead C2-rich streaminto the subsurface
reservoir along with the second acid gas streamfromthe regenerator vessel
of the tawb2gam90358ati ng 30unit. Enbodi mnent Z: The net hedTafS2@apssshs

enbodi ments Q Y, further conprising: incinerating the overhead by-products
stream from the absorber vessel; and

vent i ngt hei nci ner.at edby.- produgt sst ream nt ot heat here. -35- WO, .
2011/ 090553PCHRORIS EqH BARAGE EH WS sl om el raan g (2 g acid gas
processi ngreh@aid the fe@EndRtOCRESEING tike AN A9 ERERONIITES hE KERIHEQREESbRGor
sul furous conponents and carbon di oxide, the gas processing facility

conpri si righaed pilgegayerya@peradwpyal facility for separating the hydrocarbon
gas streaminto (i) a sweetened gas stream and (ii) a first acid gas
stream conprised primarily of hydrogen sul fide and carbon di oxi de;

a daus dithbadime@cWy ertye migthdd bDinyr @eeiboditgerth@-Acwhergimsa Sdrti@a ot thamist acid
separating the first acid gas streaminto (i) a liquid stream of e]enenta
sul fur, %8 steam fiom gha addgac ek fasyitues Bkem tgyds Gompupsses ation and plaged; 5j |
gas treatjg yfé's%]uré 35 [i5&&ioY ! NS flesubiracddTserddif aﬁ)ﬁg%ﬁlﬂ 19 sLd3Gd ta%gi §as
into (i) an overhea %y-pro ucts streanf}ron1an absorber vessel, an %II) a
second acitrdamgdons theeagankraton vessebgethetat gus treasselnit.t he second aci d gas
stream contai ni ng a substantial portion of the hydrogen sulfide and the
carbon dioxide in the tail gas; and 15a conpressor station for receiving

the segorghesdifcaas: The BRMIAThY BEchBERRRABIRAW YBERE|compRginRr OVi di ng
pressure to the second acid gas streamfor injection into a Subsurface
reservoir. sepdratifthecsg!l pmowessi eandeassid| watgr G babon djoxwdeearsi pulfineus ai |
gas treati%% un%t.Hi al so,for 20<Jeducin t.he oxidized sul fur species to
H2s. 3. CPAEORENS BBk eserf o4& Pl Bt QugFmcL Y *Siiie?™ n the absor ber

vessel utilizefrcafin@iicResiddabhmasaRenRake wakbbitkdd ed dgerRPdoSisidlr ous
conponents such that a najority of the carbon dioxide entering the tail gas

treating unit Whereipdbe pregnd noidheas ssyn gom esisaencagiar yeselds &ken thiongls thene
Gas. proceLBiate, Kbl R RSO B Bl e B L AR o T e
ani ne ( DBAtiondi - i sopropanol ami ne (Dl PA), nonoet hanol (MEA), or
conbi nati ons thereof 30 5. The gas processing facility of claim3, wherein:
Embodiment Y: The method of any of embodiments Q-X, wherein:
the gas processing facility further comprises an acid gas enrichment facility for
20 receiving the first acid gas stream from the acid gas removal facility, and separating the acid
gas stream into (i) an overhead CO,-rich stream, and (ii) an H,S-rich acid gas stream; and
the method further comprises:
receiving the H,S-rich acid gas stream as the acid gas stream at the Claus
sulfur recovery unit;
25 delivering the overhead CO,-rich stream to the compressor station;
providing pressure to the overhead CO;-rich stream at the compressor station;
and
injecting the overhead CO,-rich stream into the subsurface reservoir along

with the second acid gas stream from the regenerator vessel of the tail gas treating

30 unit.

Embodiment Z: The method of any of embodiments Q-Y, further comprising:
incinerating the overhead by-products stream from the absorber vessel; and

venting the incinerated by-products stream into the atmosphere.
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t he am ne conprises nethyl diethanol am ne (MDEA); and the MDEA is
activated to facilitate CO2 absorption. WO 2011/ 090553PCT/ US2010/ 058395 6.
The gas pwocesgivngs3facility of claimb5, wherein the NVDERCrasacwiosssved with
pi perazine. 7. The gas processing facility of claim11, further conprising:
5a plurality of acid gas injection wells for transmtting the second acid
gas stre fronlthe conpressor station to the subsurface reservoir. 8. The
gas proce facility of claim?7, wherein the overhead gas streamis used
for enhanwﬁglgbhnﬁ&p@very operations in the subsurface reservoir. 10 9.
The gas proce55|ng facility of claim3, further conprising: a heat
exchangerl.f or Avagati Pgcessingr fashits ofoy eprocessingan birasaebont gesistpam ¢ gpanprising

Fegener A gl g 3Shoor i TR Ao MALTRAA Mo L 8GM P o fLALM 3, wherei n

portion o acl d gas strea as’ renoval®facility is
taken 30 the Q@ﬂﬂﬂ@%ﬁ@ﬁm&baﬂHﬁﬁh@ﬂﬁnpk@@ﬁﬁngﬁﬂemymme$$UﬁQ@EQMBMﬂJ@ﬂiUQm
into the subsurface reservoir al ong h the second acid _gas streamfrom
the regeriéfateard gassdiepm. 3l (113 atrigd a@%ﬁsgaﬁ PHeHs §Pmaﬂ$e§dqr1m%rgly 8t hydragsh %ﬂﬁde
further cQARLILSHSGxide a condenser vessel for separating residual am ne
and condensed wat er ?fon1carbon di oxi de and sul furous conponents in the
second aci d gasCkuis edfor racrmizeaz tninfor frareivdng éretacnbgetsm&eamsmdlmparanng]med‘ndt
condensed ter back to enera [ Vess d. wherein the second
ol 0 gas StEER R BiERL | ByidSFaTR! JeubERT TLlr BN bl T cORdber
vesselq f Qfys iiapRYRls; of re5|dual anlne before it is delivered to the
conpressor station. 12.The gas processing facility of claim3, further
conpri si ng: a tail gas treating unit for receiving the tail gas, and separating the tail gas into (i) an

overhead by-products stream from an absorber vessel, and (ii) a second acid gas stream from
a regenerator vessel, the second acid gas stream containing a substantial portion of the
hydrogen sulfide and the carbon dioxide in the tail gas; and

15 a compressor station for receiving the second acid gas stream from the regenerator
vessel, and providing pressure to the second acid gas stream for injection into a subsurface

TeServoir.

2. The gas processing facility of claim 1, wherein the tail gas treating unit is also for

20 reducing the oxidized sulfur species to H,S.

3. The gas processing facility of claim 1, wherein the absorber vessel utilizes an amine
that absorbs both carbon dioxide and sulfurous components such that a majority of the carbon
dioxide entering the tail gas treating unit is absorbed in the absorber vessel and released from

25 the absorber vessel to the regenerator vessel as a rich solvent stream.

4. The gas processing facility of claim 3, wherein the amine comprises diethanol amine

(DEA), di-isopropanol amine (DIPA), monoethanol (MEA), or combinations thereof.
30 5. The gas processing facility of claim 3, wherein:

the amine comprises methyl diethanol amine (MDEA); and

the MDEA is activated to facilitate CO, absorption.
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30an acid gas enrichnent facility for receiving the first acid gas stream
fromthe acid gas renoval facility, and separating the acid gas streaminto
(i) an owsohead9I&3@-rich stream and (ii) an H2S-rich aecu/usasossseam and

wherein: WD 2011/ 090553PCT/ US2010/ 058395 the first acid gas stream
received by the Cd aus sul fur recovery unit is the H2Srich acid gas stream
and t he verhead COR2-ri cted fr he.acid gas .

enri chrert fachllS &° tpéocteﬁsén%ofcﬁ% %]P]at P o‘ﬁ %{ﬁ]ﬂ Hie mﬁﬁnéf‘er‘ctb”g%dsa‘?@ f or

i nj ecti onpipdrhAnd.he subsurface 5r eservor r along with the second acid gas
stream fromthe regenerator vessel of the tail gas treating unit. 13.
The gas processing facility of claim12, further conprising: a

si ngl e- Stﬁgevessegl%gé O%Q%]sngg[ﬂ&?l Sfd?bafqgrtge?t \ﬁﬁ&ﬁ?ﬁlhe guench tower and the

absorber 1 gas redtin P (i) at least partially
renovifig HZS far gioralibeoft fid g@aﬁJeBMrowells for rﬁnﬂmlmn.gethe@edoﬁd tabid cabswo¢dne from
vessel, and (ii) releasing rich streamto the absorber vessel in the
tail gas the %Prﬁﬁoﬁﬁ@flon@ﬁhewubfé%e §P%¥¥Esing facility of claim3, further
conprising: 15an incinerator for receiving the overhead by-products stream
fromthe absorber vessel for incineration. 15. The gas processing
facility &f clﬁierrg&@rowmngifamﬂﬁﬂyeof adadimnéraharinetht rmeerhieatb'gmstmaesistdsednﬁqh a
fuel gas c tion process,. or tfgro h cat al trc i nci neration process.
20" 16 FHBNEE O FORsBES: R i 0 SUIUERS ST her ef n { he. hydr obar bon gas
streapg conprises raw natural gas from a hydrocarbon production operation, a
flue gas streamfrom an industrial power plant, or a CO2 em ssion froma
cement pl%nt. TZ‘&%?Pmcmmﬁciﬂi@rOﬁﬂlaine%sfwﬁ@eraﬁomdsi@gar bon gas stream i n a

gas processin | | 0.t e dr o as strea sul fur
dommonent s and: R betiliess P IHERE BLARD b bR TR R eSS
t he hydr%@gelpon gas stream at an acid gas rem)val facility into (i) a

sweet ened gas stream and (ii) a first acid gas streamconprised primarily
of hydrogen sulfide 30 and carbon di oxi de; receiving the acid gas

stream at;a C-als I I: r at. ol ream

o SO e, O AU UL RBIRL A, 10 2903 800 S 36,008 1

conpri si Mgrache agals ghsmpamaddal &acility is taken to the compressor station and placed under
pressure for injection into the subsurface reservoir along with the second acid gas stream

from the regenerator vessel.

20 11.  The gas processing facility of claim 3, further comprising:
a condenser vessel for separating residual amine and condensed water from carbon
dioxide and sulfurous components in the second acid gas stream; and
a line for directing the residual amine and condensed water back to the regenerator
vessel;
25 and wherein the second acid gas stream from the regenerator vessel is taken through
the condenser vessel for removal of residual amine before it is delivered to the compressor

station.

12.  The gas processing facility of claim 3, further comprising:

30 an acid gas enrichment facility for receiving the first acid gas stream from the acid gas
removal facility, and separating the acid gas stream into (i) an overhead CO,-rich stream, and
(i1) an H,S-rich acid gas stream; and

wherein:
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WO 2011/ 090553PCT/ US2010/ 058395 receiving the tail gas at a tail gas
treating unit, and separating the tail gas into (i) an overhead by-products
st ream f rem2an/@b3ser ber vessel, and (ii) a second acid ga3/uGstoieans3ds om a
regenerator vessel, the second acid gas stream containing a substanti al
portion of the carbon dioxide in the tail gas; 5delivering the second acid
gas streamfromthe,r nerat or, vessel.to.a coapressqor station;. .

provi di ng pressur e o T RACHERS NG el st b ey PERe ehauiibi g as-
vessel at a cofigrR&s@s sitahia@, and injecting the second acid gas stream
into a subsurface reservoir. 10 18. The nethod of claim 17, wherein the
absorber vessel utith¢ gearhead G@i-righ strepm wtkiteetsd o Fhecasrbeas ariekment fagitity

sul furous co i.QLi f o [N e)d! '

the tail gas toakt pRaPRr SABby S PLEEN oot e aBE ROk i s SR
from the absorbeivoiesised with thheccor@eciargat sicavefsrl thakaprgeraior Resul dfltho sl
conponents as a rich solvent 15 stream 19. The nmethod of claim 18,
wherei n the af?h&¥¥iHillses di et hanol anmine (DEA), diisopropanol am ne

(DI PA), nonoet hanol (MEA), or conbinations thereof 20 20. The met hod of
claim 18, wherein: the am ne conprises nethyl diethanol am ne (MDEA); and
t he MDEA 1i3s ackhevams pobcbssifgafacility off @ai@OR?, dipsler pomprising21. The met hod of

cl aim 20, wherei.n the MDEA is activatg&vﬁﬁ?h“%i razi ne. 22. Tﬁ?ﬁ‘ th([))d of
claim 17, fur thaP8lEsHgr- Orfgient contaciprpfacgt hgt eﬁﬁ HePER Lo3FeT 4R egaiéor cr

i nj eciy o4&l lo$ thOtaill ANSIihE WG ohe) 3@ IORE pAeihly I&TowhE $BR 8 The BEI gas
regenerator vessel inthe tall gas treating unit  to the subsurface

r eser voi rbefare iemhdeltededid theealkpodrey vepest.atnidois. releaging ’h€ Qraidhosiraaf & &iem
17, V\here;n g{)ortion of .Ihetfi .St acid gas streamfromthe acid gas
removal FRGPPY P M U &H 895 $RUDL BWEr essor station and pl aced under
pressure for injection into the subsurface reservoir along with the second
acid gas streamfromthe regenerator vessel of the tail gas treating unit.
WO 2011/ 090553PCRaspmesin5agdsy ofclainel. forthRs¢oamrisingi m 18, furt her

Gobi 1% I ng: Ancincii&Rid: o, 1ddkiling it%@x%eﬁﬁéyd%?gﬁg&&sog%ggiﬁ WA Aol &S bon

di oxi and sul furous conponen e se acl Streamin a
condenserfovgsietatioand 5directing the residual am ne and condensed water
back to the regenerator vessel;

15. The gas processing facility of claim 14, wherein the incinerator either incinerates

through a fuel gas combustion process, or through a catalytic incineration process.

20
16.  The gas processing facility of claim 1, wherein the hydrocarbon gas stream comprises
raw natural gas from a hydrocarbon production operation, a flue gas stream from an industrial
power plant, or a CO, emission from a cement plant.

25 17. A method for processing a hydrocarbon gas stream in a gas processing facility, the

hydrocarbon gas stream comprising sulfurous components and carbon dioxide, the method
comprising:
separating the hydrocarbon gas stream at an acid gas removal facility into (i) a
sweetened gas stream, and (ii) a first acid gas stream comprised primarily of hydrogen sulfide
30 and carbon dioxide;
receiving the acid gas stream at a Claus sulfur recovery unit and separating the acid
gas stream into (1) a liquid stream of elemental sulfur, and (ii) a tail gas comprising acid gas

impurities;
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wherein the second acid gas streamfromthe regenerator vessel is taken

t hrough the condenser vessel for renoval of residual am ne before it is

del i ver edwbDaotihmosseonpr essor station. 10 25. The net hod ofPCElts2emnFg39her ei n:
the gas processing facility further conprises an acid gas enrichnent
facility for receiving the first acid gas streamfromthe acid gas renova

facility, and separating.the acid, gas, stream. nt 1) ..an over.head -rich
streamand (ITSanenisci e 8 g1 BReSPEIR. MG b AR RO BRGRIHE
conpr i sesvedRh&b@ipyddi@tstdi@ahidiom b Abarbd v@aR], $hil @AM sohdcid Gl s@den Fbeam
at the Caus sultfur recovery unit; delivering the overhead CO2-rich stream
to the conseenssdier wssali the scqond vridigas stpraas eitaning atsubstanteal erignobphe gaghpn
stream at . 0 r station; and 20injecting the overhead CO2-rich
strean1iﬁ?%ng%gugggﬁﬁgghce reservoir along with the second acid gas stream

fromthe regenktiatidg hessedbndhcill has tsakdm Fagn tthe addengratoniviessel o Thwnipeédserd of
claim17, further conprising: 25incinerating the overhead by-products
stream f r’ffi%he absorber vessel; and venting the incinerated by-products

streaminto t *b%%ﬁﬁ‘gﬁ%&hf‘e to the second acid gas stream from the regenerator vessel at a
compressor station; and

injecting the second acid gas stream into a subsurface reservoir.

10
18. The method of claim 17, wherein the absorber vessel utilizes an amine that absorbs
both carbon dioxide and sulfurous components such that a majority of the carbon dioxide
entering the tail gas treating unit is absorbed in the absorber vessel and released from the
absorber vessel to the regenerator vessel along with sulfurous components as a rich solvent
15 stream.

19.  The method of claim 18, wherein the amine comprises diethanol amine (DEA), di-

isopropanol amine (DIPA), monoethanol (MEA), or combinations thereof.
20 20. The method of claim 18, wherein:
the amine comprises methyl diethanol amine (MDEA); and

the MDEA is activated to facilitate CO, absorption.

21. The method of claim 20, wherein the MDEA is activated with piperazine.

25
22.  The method of claim 17, further comprising:
providing a plurality of acid gas injection wells for transmitting the second acid gas
stream from the regenerator vessel in the tail gas treating unit to the subsurface reservoir for
enhanced oil recovery operations.
30

23.  The method of claim 17, wherein a portion of the first acid gas stream from the acid
gas removal facility is taken to the compressor station and placed under pressure for injection
into the subsurface reservoir along with the second acid gas stream from the regenerator

vessel of the tail gas treating unit.
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24.  The method of claim 18, further comprising:

separating residual amine and condensed water from carbon dioxide and sulfurous
components in the second acid gas stream in a condenser vessel; and

directing the residual amine and condensed water back to the regenerator vessel;

wherein the second acid gas stream from the regenerator vessel is taken through the
condenser vessel for removal of residual amine before it is delivered to the compressor

station.

25. The method of claim 17, wherein:
the gas processing facility further comprises an acid gas enrichment facility for
receiving the first acid gas stream from the acid gas removal facility, and separating the acid
gas stream into (i) an overhead CO,-rich stream, and (ii) an H,S-rich acid gas stream; and
the method further comprises:
receiving the H,S-rich acid gas stream as the acid gas stream at the Claus
sulfur recovery unit;
delivering the overhead CO;-rich stream to the compressor station;
providing pressure to the overhead CO;-rich stream at the compressor station;
and
injecting the overhead CO,-rich stream into the subsurface reservoir along
with the second acid gas stream from the regenerator vessel of the tail gas treating

unit.
26. The method of claim 17, further comprising:

incinerating the overhead by-products stream from the absorber vessel; and

venting the incinerated by-products stream into the atmosphere.
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