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TO REMOVE SOLI DI FI ABLE GAS COVPONENTS FROM PROCESS GAS STREAMS

CROSS- REREBEMNGHITI@3 RELATED APPLI CATI ON [ 0001] Thi s appl i eafriuseoiaio22a® t he
priority benefit of U S. Provisional Patent Application 5 61/300,952 filed
3 February 2010 entitled SYSTEMS AND METHODS FOR USI NG COLD LIQUID TO
REMOVE SOLI DI FI ABLE GAS COVPONENTS FROM PROCESS GAS STREAMS, and U. S.
Provi si onal Patent Application 61/425,558 filed 21 Decenber 2010 entitled
SYSTEMS AND METHODS FOR USI NG COLD LI QUID TO REMOVE SCLI DI FI ABLE GAS
COVPONENTS FROMH PROCHSQA NAMIETROANE @B YHY R OLILLIQEID Q) REMOLE

i ncor por at ed bOLEPEFIARI L GasGLOAMPONENTHFRMNE RRGCESS UGS PBREAMY ovi ded
are systens and nethods for treating gas streans to renove sel ected gas
conponents therefrom by freezing of the sel ected conponents, and nore
particularly to syst eCROSSSREEERBACH 00 REDAYEDABPLICATIONI e gases, such

as greenho gas by.di.re cont ctl n as st amwth a col
ot o BALVBHE NG SR L BT P N i Setk &b Bt ng
i ndust risal 6 7eO0IE3t fikE PIFOEESSER 0 CnbatE S¥STEMSIANDIMETSIGDHS GO, USTNG Of
which are ultimately exhausted to the environnment. These gas streans nmay

i ncl ude grgé)rlrﬂ?)u%g) H2 e L0p RIVIQNE g%@%&@lé%r%ﬁ?scﬂ%\é Tﬁﬁa BROM

desirabl e PROUEIFLORKSSITREAMS, BRd DT DIOSHsiR$ Pﬁtfeﬁteﬁﬁﬁhcm B82558 Aled 01
exhausting these streams to the environnent. An illustrative, non-exclusive

exanpl e of Dﬁﬁérrbew@roe@ﬂﬁ%%sﬁﬂm AND;MEFHQPSEQR USING GRLID LIRUITQ e,
non- excl USRE GW EmAFIRBER @Agﬁ)ﬁb %Fﬁdhh%@éﬁﬁﬁﬁﬁ’rﬁ%@
bur ner or ustion unit. Flue and ot gas streams containing
car bon 1di oshedetlm'ezwfwén@eim@mattredamﬁbamfenen(@tlyre@f i ndustrial processes, such
as power 25 generation, heating, and steam generation. Many such processes

are perforned at at m)spherl C, pfif ?m{TﬁErﬂlgg[ﬁfglgR%pressure and are
air-fired, thereby resulting |nIT ue gas streans at are at, or near,

at mospheri Fooﬁé]essgg)%ld%@%e LEhs Qﬁcﬁg@ﬂhg&' fhr altllﬂ%%?s Wehfls B Ife{n‘B &1&?&3 § Om

the air streamused to support combustion. Convent i onal car

di oxi de rrayormnﬁ@mb@cfrdnn dm fréegimggefsthe tsrsleem@ cblgnp@neata, wad inetrs/ P@lﬁlcydﬁldytétsses
such as pr es .t voI atre f as
stream ad Sy %1 nd egﬁo&ig % g‘ Q?dlf%{b h ych fis a%ésegg% lgastelg'eb (!lu%%tl

t he carlbonccditamngiéle gVDt@@ﬂlMlﬂ&?M(BRﬁl’d.USZOll/ 020247 usi ng physi caI
solvents. Illustrative exanples of such conventional processes are

di sclosed in D. Aaron and g ckeROUSD Oreia! BIS@OHREDZ from Flue Gas: A
Revi ew, " Separation Science and Technol ogy, 40, 321-48, 2005. Another

exanpl e of [(03r ocesdndusiriat anesebissy twhidong didostiide combystiomtniecsbscgasreyei di zes
Joul e- Thonpaﬁ%ﬂl gf(gag%ﬁje%, ?ﬁan? oI hichtd:€ ﬁmrﬁa?eI§ gﬁlau&g'(? toJ@2 cnvironment. These
gas streams may include greenhouse gases or other gaseous components that may be
20  desirable to be removed from the process gas stream, such as prior to exhausting these
streams to the environment. An illustrative, non-exclusive example of such a greenhouse gas
is carbon dioxide, and an illustrative, non-exclusive example of such a gas stream is a flue
gas stream from a burner or other combustion unit. Flue and other gas streams containing
carbon dioxide may be gencrated by a variety of industrial processes, such as power
25 generation, heating, and steam generation. Many such processes are performed at
atmospheric, or near-atmospheric, pressure and are air-fired, thereby resulting in flue gas
streams that are at, or near, atmospheric pressure and which are highly diluted with nitrogen
gas from the air stream used to support combustion.
[0004] Conventionally, carbon dioxide may be removed from flue gas streams by a
30 wvariety of processes, such as processes that involve amine or ammonia treating of the flue gas

stream, adsorbing the carbon dioxide with a solid adsorbent, and removing the carbon dioxide
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5 streamusing a refluxing distillation tower. This process nay be referred
to as a "Control Freeze Zone" process and is disclosed in U S. Patent Nos.
4,533, 372v02p06ER7RAZ0, 5, 120, 338, 5,956,971, and 6, 053, 0@CT/Ush@ 1d2@at Osur es
of which are incorporated by reference. Yet another process is disclosed in
U S. Patent No. 7,073, 348, which discloses passing carbon-dioxi de

contai ning gas streans over surfaces that are cycled between freezing and
melting 10 tenperatures, and the disclosure of which is incorporated by

r ef er ence. WiGOEUBPTHesbeps.obbsitsaye ewmnl@s adfshdiconventionaf prasedstsarhdiveoseid g
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to operate eftectivel coa red power ants, renoval
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such convelErdhdrppoREL e BRSGopETara s risdtlersty THE 1§81 8 s cner,

gas stresamisant kaig 4 teflugingdrdisti{lati@ towler.e@hRfpro@@bemhy be nrefsluéwtoaa”sta atdxyrodr Y,
so as to n se bIocka of t he syst due to t r ion of |ce.
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syst ems ang op&dnodsd bs3 0ok rlﬂsc%@re@"ofz&%lﬂfpra& fiRbipdiatddaby) ecfBRBcccoRONENt s
froma process gas stream b direct contact with a cold liquid. The process

gas str ean?li%l%?lf PERSESSP d}Sélagftd i§riéS gbaert Q¥ drfAB 4% -Huhich diselpess dassiie GEvr wi se

sol i di fi edyyiqdich@GhineQRt &ktant¥ &H3r theaceOld: bk ?blgd botehh AScidk AdCRAtAST I Ng
assenbl y, while one or nore other gas conponents of the process gas stream

remai n i0n wngasasisastthe éisclqhie prdudsis igamomteddameiveancd-ncl ude wat er, and
the cold | L()%S]d wi | gy ro%ﬁgbsf fxﬁlél?emeffgélazg E@ﬁc%h%'lﬁoe th eﬁg}gxs/ RIrOSStocht 92S

stream The contacting o e ¢o liqui e pr oc streamto
format | ea%gnlr@mtssairl ddnfandd agd smgo ngjoire ringlrmgesue‘%pwr bpﬁrarrecéffattlxalypr dssure
that is Iess e and, opti onal | ess than 50
psia, or etam ésr}'oslr %%ll Plregéjower glan% g{:‘énoval gf car (%1 %1865 %r m dﬁ %%?es Using an
conponent ( shingaicatdey probBy el eitrnmadt fcberedtmt tae tnleﬂ goxaﬂS@i’(ﬁia’glora_By appxbmﬁrrayelw th

cold ligqui I n, one or nore.enbodi ment as-col d. i guj.d 30 ntacting
may. be Ter FPma TS EGURP RPN AR AE oD T-REoDr "Fusl b 6t 25609 A | cas
a portion gfcafboitBs itTRYryEe. "RENGFW K@D, loy silSERNGGE dry,38ag @@t ahee bRkikbge Bf
wherei n renoval , ,
the system due to the formation of ice.
SUMMARY OF THE DISCLOSURE
[0006] The present disclosure is directed to systems and methods for removing one or
20  more solidifiable gas components from a process gas stream by direct contact with a cold
liquid. The process gas stream includes at lcast one gas component that is frozen or
otherwise solidified by direct contact with the cold liquid, such as in a contacting assembly,
while one or more other gas components of the process gas stream remain in a gaseous state.
The process gas stream may include water, and the cold liquid will have a different
25 composition than the process gas stream. The contacting of the cold liquid with the process
gas stream to form at least one solidified gas component may be performed at a pressure that
is less than 200 psia, and optionally less than 100 psia, less than 50 psia, or even less than 35
psia or 30 psia, and the solidified gas component(s) may be removed from the contacting
assembly as a slurry with cold liquid. In one or more embodiments, the gas-cold liquid
30 contacting may be performed in a countercurrent manner in two or more stages. At least a
portion of solids may be mechanically removed from generated slurry wherein removal
occurs between at least one set of adjacent stages. The liquid-solid slurry optionally may be

concentrated to increase the concentration of solidified gas component in the slurry by
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occurs between at | east one set of adjacent stages. The liquid-solid slurry
optionally may be concentrated to increase the concentration of solidified
gas conpowervit/ae7i4be slurry by WO 2011/ 097043PCT/ US201 pCOAB26T/02@dUCi Ng

t he amount of the cold liquid in the slurry. The pressure of the slurry
optionally may be increased using a |iquid punp or other

| i qui d- pressurizing nmechanism and the solidified gas conponents may be
selectively renoved fromthe cold liquid. Another illustrative,

non- excl ustodeciek thepineoupf ofaths wldalbjued imethi sty orTherreessur iof ithegslutie ogtianely i s
to heat 5 ol | ' seal ' ! - ' Wwo or
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separ ot ed. THTER e SeRret “Yrpkbfh SRusF Fbadfr Mevufen b PR i Fel eam
may be di spesetddoin i @alad wanfaity OVhdiedisadhirsyrso@mdd o%o arase edoYidititd gas
applications, including. 10 disposing the outl et s;rea in a subsurfac

for mat i on. CERIAEENtpE ENEOrO PRI ATTNCS STPOBE Bidor seaptians pmaveq i
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stream by direct contact with a cold |iquid according to the present

di scl osur evarpyzqdymdspirged o fpan ampitisé praih ettt ipsid dgretimtitsroudlsistsmn r
removi ng sgl igdhbic-alirevigas vaREperecBadifndMiAydas vafike N SY1idiibes tineNh@ct
with a cold I'iquid according to the present disclosure. [0009]Fig. 3 Ts
anot herl0s c fiepratnigdhaoulgt divrofin 8 yesemeccfematienrovi ng sol i di fi abl e gas
conponents froma gas stream by direct contact with a cold liquid according

Systems T or remving sof PHIEF DL RRDIEN He it BREINGS gae st reamby
direct contomo?] Wit h Rg.colig d seHehdtiacigrah ng dydteinbefoPprEaeihig AbldifigHeire@s

[0011]Fig. 5 is anqther schematic, di agram of, sys renovi

ems  for i ng
sol i di fi abfURPAENS HopHEREIEE tprdisriacogiest with gz db%ﬂﬂ&I ?Céelfd%tﬁttﬁ%tvreéﬁnf h a
cold liquigsasaesrding to the present disclosure. [0012]Fig. 6 is a flow
diagran1i|Iustratingrnethods for renoving solidifiable gas conponents from
a gas slr eHBly di r ddg Tisripaiber sehematiy degrem of quitemsalor smenvift obdifkklegagsent
di scl osur eqo30hnER0 }%iilng% g%s sfrehfl HNRLBCLonfac OWitHh 2QTAMuTd eI doNBk prRidppds

for renoving solidi
disclosure.

[0009] Fig. 3 is another schematic diagram of systems for removing solidifiable gas
components from a gas strecam by direct contact with a cold liquid according to the present
20 disclosure.
[0010] Fig. 4 is another schematic diagram of systems for removing solidifiable gas
components from a gas stream by direct contact with a cold liquid according to the present
disclosure.
[0011] Fig. 5 is another schematic diagram of systems for removing solidifiable gas
25 components from a gas stream by direct contact with a cold liquid according to the present
disclosure.
[0012] Fig. 6 is a flow diagram illustrating methods for removing solidifiable gas
components from a gas stream by direct contact with a cold liquid according to the present
disclosure.
30 [0013] Fig. 7 is another flow diagram illustrating methods for removing solidifiable
gas components from a gas stream by direct contact with a cold liquid according to the

present disclosure.



gas conponents froma gas stream by direct contact with a cold liquid
according to the present disclosure. W) 2011/097043PCT/ US2011/ 020247

[ 0014] ForweizopladeisBy and clarity of illustration, el enmerC3/ushawmo2i2a7the
drawi ngs have not necessarily been drawn to scale. For exanple, the

di rensi ons of sone of the elenments nmay be exaggerated relative to other

el ements for clarity. Further, where considered appropriate, sone reference
nunerals are repeated in the sane drawi ng and anong the 5 drawings to

i ndi cat e cti0ddlspondikieg siowliaivatrsigdaryy ef diwstration, damentrothowe eeths arawiyesildent i cal

el ements. I I

[0015] The Rridessiinyf biotrantd Ly e SRyt Tl Mom bl dF ol g o
renovi ng amsypltedefaggdyhted galstlvmnxp@ﬂentela‘memm ﬁDrgd&’ltst rEamebyWhﬂbl a@nfigierag t he
solidifiable gas conBonetnt Qui g d ussed in té
detail her 3P Hfe S8 " r?%en%lmu%raﬁoﬁ% rﬁ%ea 68 Pel ‘flsam%oﬁft%% THhé"§as 'Stream
cont ai n|5ngdﬁaiwﬁlgs abi 1dd1f:zitambee@aﬁd1ﬁg)rasp@melngow dlémérnne tmolndt hecpudaciiyt alehti@eze or
ot herw se soI idify the solidifiable gas conponent. Through this direct
contact wi tA™EH& cold 1iquid, the solidifiable gas conponent will freeze,
or otherw se solidify, thereby removing the frozen (solidified)
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one or nor Bquad)l irbértafehlthe ga&m@m@wﬂmﬁs miap yeraeutd SRtdoech @Sild’lﬁ@@)&ﬁ]ﬁ(ﬁﬁﬂjland/ or
nmet hods accordin the p ent | osur e | ncl ude, but ar not |im
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gas stream_such as which may c nt ai n_car bon di oxi de an hydr ogen
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fromwhich one or nore solidifiable gas conponents nmay be renoved using

systenms angifesm et FReggnasiemdianyodust stieanprassisfrmediafe | (% tregtiomitmedianylit ar e
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pressure i suohhindustrishend/ne C@mmm@raé fanlitiediin¢lads efigasesc oopon@mts iasieerniermoved
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[ 0017] As use érern process gas s treamfr
or nore&5 examples of process gas streams from which one or more sohdlﬁable gas components may be

removed using systems and/or methods according to the present disclosure include, but are
not limited to, flue gas streams and combustion exhaust streams. An additional illustrative,
non-exclusive example of a process gas stream is a natural gas stream, such as which may
contain carbon dioxide and/or hydrogen sulfide that may be removed with the systems and/or
30 methods according to the present disclosure. Additionally or alternatively, a process gas
stream from which one or more solidifiable gas components may be removed using systems
and/or methods according to the present disclosure include, but are not limited to, streams in

which a majority of the gas stream remains a gas-phase stream at the temperature and
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solidifiable gas conponents are renoved therefromaccording to systens

and/ or nmethods 5 according to the present disclosure, "conponent" refers to
a di sti ncwochamoe@B conpound that is present in the pro®esaSgas/osaeam
[llustrative, non-exclusive exanples of solidifiable gas conponents that
may be renoved from a process gas stream usi ng systens and/ or nethods
according to the present disclosure include carbon dioxide (CO2), water
(H20), hydrogen sulfide (H2S), sulfur dioxide (SQ2), carbonyl sulfide
(COS), andpmexrecionpodnids oeorgmore Nebididabihghs N@leonemes@eree@mb emtthe prbceas
process ga ternatively be referred to herein
as gas-pha aesssgr(%ﬁrr%o %%Ct SO ch‘tthlﬂpl ab)élcplli ?phase conpounds, and solidifi abl e
gas conponfiig of the probess igds cstmeetauﬁa qr@@mgmtrmﬂOMlemene ‘drmeezi ng"

i s intended t oadly refer to caus hange such
hs 5" compoti TS Srieesl 48 OPRLLR A rPEnREo TR e R 8GN
phase. Accadcdidig iy the' freezdingosureayconipohsmteretdre tocodipaidnehefridas toraraingiirg
phases from a gas pha ase and thereafter ch phases to
Phe ool i o BrideEr g Brehaer s VBAAR Jal g chnE dsy s ORI e RSt he
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phases froma gas phase to a solid phase. As an illustrative examl e,
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pressur es %cwarduggr@ the Péfr‘selﬁe%ﬁd%ﬂlr?o@ﬁlﬁé? rerbost dosided COnnrvater (RN Jydpecn
sul fi de, aﬂﬁﬁ&@(fﬂ@ ¥hireQiieuhd s‘é}g) Waibbni fs@ftiit (€08), Lh@ N0k Qa%HoRNASE of N @
l'iquid phase and t en to a so hase. In contrast, at pressures beI ow its
triple Poi ad PPe)s sTirese mm@ngntatofre@mrer%e%(s%a% s a)ddltleearl o alfeonilady B | |
tend to su ase I ow
te tript oo n 19 e CpantRASteopfbobilR, ABlMRPERE e cFRRUIRE, R DY
conpounds afhdzﬁafomgaee@n]gmsnt&gfmgp@y&semsstlaam or nethods according to the
present di sure r fer hange, | n 25 sSta QMo nd
wi t hout a @ﬁllﬁlge in‘the ghheﬁclldal "Eomosi' %eg%do lfrﬁe(h\t' r&fer ]éo § usﬁ&%coﬁh ngI Y,
sol i di fyi nchange ofiveconrpond, eucslodsradjofnpmhidefrcgﬁs pmeﬂacgraestteamt frmnmgaephaegﬁs

streamis n intended .to refer.to che aII reactj he .conponent to
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source 22. A system 10 nay additi onal 'y or alternatjvely be described as an
appar at us DOSSHFd/th¥t dc gboT aear ROMPPACTiG HisHUFY Veies Brdregsnesulfuic; and pabewl gas
2011/ 0550a3HL8 LR ST BHOBGT ¢ B WP p HRERCRRES ol IRATO ) s RO e
i ncl ude a cwonastcut prgssarss dnlobyitd@ipld poimhpressutchel p? @H@@Shéj@s(@ﬁr pamcirbon

cont act ed ( I h | ify)
at | east oge"@g}”ﬂ%fe%% Tu%h&gs@% glot&rr%gésgjht%?e tgl?l%ehsroﬁ Siﬁasﬁz gtepsr&ts 1%% #@ﬁéég@é%ess
gas st reanpoifl. t Hiasighangol o"fehmstatesj dr @hadel, yomt @moi@c@npﬂunds ofed hoodsss gas

according to the t dIS osur h 5.1jquid y. be dellve ed to
e cont actimSRuBi R nERit SE0Ehe b o oGt e A nd hBiL b as

st r eam25asstate ol e |cbﬁpd)td1d5‘ﬁzi’t1&ﬁlma3&1aﬁgd)[ﬁ eheCedleshidal quhpbsﬁibﬂpdethBZwm@&tﬂl
liquid supply 32, V\hgg pres g‘a onal ly or alternatively be
referred tOCPREHBER 153’18%? 116 OﬁH}OEF%O le§QS anﬂp‘ﬁngnt %BTWSLSW%SUEGH’%‘ 1%cope
of the pres@nhtcHiRICloASHF € temhcmerewtmgnﬁ&c&ﬁpdneﬁ © b loh8l 6t ehodd diffeR@it
process gas stream may be present in the contacting assembly when the other
of the col PM®PUPdqui d” and the process gas streamis delivered thereto for
direct CO“F@% WO%@ké&nﬁh@%ﬁ%ﬁaﬁgof Hfu@&eﬁ% ﬁk%se)éIusﬁz@rEkgrQ L6 WRSysfoy | €ast
one soliditiabl e gas congonent whi has a freezing por nt dt which the
sol i di fi0abfemoyis acm%rlrdzﬁﬂé tgawcrampmf‘eeﬁrem asgis | stipdny., suplh app IPEJORRSSERS chigany as
states fro o I 36

i n contact %Hngvnggg ﬁﬁzfg lei?h t %ﬂe%%gllra ?eﬁ%ﬂ}?g(rilgﬁ?é %ﬁ?%gd% e gﬁdtcg%'fga%g 15
assenbly. #samsd sﬂmerasrfmm a@pcmewtg'arsqtrc@mdmtrceo% Arﬂfstemsl(l naybddigastly tohe

t enper at ur SS an iden trea V, assenbl . In
the cont ex?e“e“%a Vﬁée"t ‘#%C“bsi fr &4 raplrsesos%nr e at s &}n ﬁf’a Wovegf%nger m"r

conponent didiffabkegus aonpbhiaitarre® & Qhd dtefamedudhyasdpmeast gaoRiant 20y ttyhdlwt d
liquid 36 in contacting assenbly 40, § tenperature and pressure nmay
respectively be referred to as the contacting tenperature and the
contacting pressure. 20 [0021] Process gas stream 20 also will include one
or nore other gas, or gas-phase, conponents 26 that remain in the gas phase
at the operating conditions at which the solidifiable conponents 24 are
frozen |n t he contactr ng assenbly by direct contact vvrth t he cold Irqurd
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30 tenperature in the contacting assenbly. [0022] The solidifiable and
non-sol i di fi abl e conponents 24, 26 of the process gas streamcollectively
may be reWvennaddr@3as t he conponents, or the gas-phase eoFmsSa@N0202428 of
the process gas stream Although not required to all systens 10 and/ or
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a process gas stream 20 are presented in Table 1. Table 1
rozen or otherwise solidified at other temperatures and/or pressures. Instead, it refers to

these other gas-phase components having a freezing point that is lower than the contacting
30 temperature in the contacting assembly.

[0022] The solidifiable and non-solidifiable components 24, 26 of the process gas

stream collectively may be referred to as the components, or the gas-phase components, 28 of

the process gas stream. Although not required to all systems 10 and/or methods according to

the present disclosure, the one or more solidifiable gas components 24 typically will each,
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Compound Nanme Conpound Formul a Reference Pressure (atn) Freezing Point (C)
Boiling Point (C) Carbon Dioxide CO2 5.2 (triple point) -56.6 -56.6 Carbon
Di oxi de O©P 2011(®odBi mes) -78.5 -78.5 Hydrogen Sul fi de HPBT/US2011/020247

and in some embodiments will collectively, form a minority component of the overall
composition of the process gas stream. It is within the scope of the present disclosure that
process gas stream 20 may include two or more solidifiable gas components, and that these
two or more solidifiable gas components may have different compositions and different
5 freezing and/or boiling points.
[0023] In many process gas streams 20, such as many process gas streams that are, or
include, flue gas streams, nitrogen gas (N;) will form a majority component of the process
gas stream and may be described as being a non-solidifiable gas component 26 at the
operating conditions of contacting assembly 40. As used herein, “majority”” and “minority”

10 refer to the percentage of a component, or group of components, in a stream, such as process
gas stream 20. A majority, or majority component, of a stream refers to the greatest
percentage of a component or group of components present in the gas stream. This greatest
percentage will often, but is not required to, form or otherwise represent at least 50% of the
corresponding stream. A minority, or minority component, of a stream refers to a

15 component, or group of components, that are present in an amount that is less than one or
more other components, including the majority component, or group of components.
Accordingly, a minority component of a stream will form or otherwise represent less than
50% of the stream, and may represent less than 25% of the stream. Unless otherwise
indicated herein, these percentages are molar percentages, or mol%.

20  [0024] As discussed, illustrative, non-cxclusive examples of solidifiable gas
components 24 that may be present in process gas stream 20, and which may be removed
therefrom by direct contact with cold liquid 36 in the contacting assembly, include carbon
dioxide (CO,), water (H,0), hydrogen sulfide (H,S), sulfur dioxide (SO,), mercaptans (RSH),
and carbonyl sulfide (COS). It is within the scope of the present disclosure that process gas

25 stream 20 may include water as a solidifiable gas component 24, although a dehydrated, or
dry, process gas strecam 20 that does not include appreciable water (i.c., less than
approximately 200 ppm (parts per million) water on a mass basis) also is within the scope of
the present disclosure. Many process gas streams 20 according to the present disclosure will
include carbon dioxide as a solidifiable gas component 24, and in some such systems 10

30 and/or methods, carbon dioxide will form a majority of the solidifiable gas components
present in the process gas stream. However, it is not required for all systems 10 and/or
methods according to the present disclosure to be used to remove carbon dioxide from a
process gas stream by freezing the carbon dioxide by direct contact with cold liquid 36 in

contacting assembly 40.
-7-
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[0025]

illustrative, non-exclusive list of gas components 28 that may (but are not required to) be

By way of illustration, and not limitation, freezing and boiling points of an

present in a process gas stream 20 are presented in Table 1.

Table 1
Compound | Compound Reference
Name Formula | Pressure (atm) | Freezing Point (°C) | Boiling Point (°C)
Carbon Dioxide CO, 5.2 (triple point) -56.6 -56.6
Carbon Dioxide CO; 1 (sublimes) -78.5 -78.5
Hydrogen
Sulfide H,S 1 -85.5 -60.7
Carbonyl
Sulfide COS 1 -138.0 -50.0
Sulfur Dioxide SO, 1 -75.5 -10.0
Nitrogen
Dioxide NO; 1 -11.2 21.1
Nitrogen N2 1 -209.9 -195.8
Oxygen 0O, 1 -218.4 -183.0
Water H,O 1 0 100
[0026] Without limiting all systems 10 and/or methods according to the present

disclosure, in the following discussion, process gas stream 20 may be referred to as a flue gas
stream that contains nitrogen gas as the majority non-solidifiable gas component 26 and
solidifiable gas components 24 that include carbon dioxide as the most prevalent, or majority,
solidifiable gas component and one or more of water, hydrogen sulfide, sulfur dioxide, and
carbonyl sulfide as minority solidifiable gas components. However, it is within the scope of
the present disclosure that the systems and methods disclosed herein may be applied to
process gas streams other than flue gas streams and that the solidifiable gas component may
be a component of the gas stream other than, or in addition to, carbon dioxide.

[0027] Cold liquid 36 should be a liquid, i.e., in a liquid phase, at the contacting
temperature and pressure, namely, the temperature and pressure at which the process gas
strecam is contacted directly with the cold liquid to freeze at least one solidifiable gas

component of the process gas stream. Expressed in different terms, cold liquid 36 may have,

and additionally or alternatively may consist of, one or more components that have a freezing

-8-




N2 1 -209.9 -195.8 Oxygen 02 1 -218.4 -183.0 Water H20 1 0 100 5
[0026]Wthout Iimting all systens 10 and/or nethods according to the
present dwechus9r@3 in the foll ow ng di scussion, proces®Cyas2@tineaar 20 nay
be referred to as a flue gas streamthat contains nitrogen gas as the
majority non-solidifiable gas conmponent 26 and solidifiable gas conponents
24 that include carbon dioxide as the nost prevalent, or mgjority, 10
solidifiable gas conponent and one or nore of water, hydrogen sulfide,
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5 components 34. Cold liquid stream 30 and cold liquid 36 will have a different overall
composition from process gas stream 20, and will include at least one component that is not
present in the process gas stream. It is within the scope of the present disclosure that cold
liquid stream 30 and cold liquid 36 may not include any of the components (or compounds)
that are present in the process gas stream, but this is not required to all systems 10 and/or
10 methods to the present disclosure.
[0028] Cold liquid 36, and optionally cold liquid stream 30 prior to delivery to
contacting assembly 40, may be cooled to such illustrative, non-exclusive temperatures of
less than -80° C, less than -100° C, less than -120° C, less than -140° C, -90° C to -110°C, -
110° C to -130° C, and/or -120° C to -140° C prior to contacting the process gas stream.
15  Although not required to all systems 10 and/or methods according to the present disclosure,
cold liquid 36 may be selected to have low solubility of the solidifiable gas components 24
present in process gas stream 20, and may be sclected to be liquid (i.e., in a liquid phase) at
ambient conditions (i.e., at a temperature of 20° C and a pressure of 1 atmosphere (atm) (14.7
psi)). Expressed in slightly different terms, cold liquid 36 may be selected so that the at least
20 one solidifiable gas component 24 that is desired to be removed from the process gas stream
has a low solubility in the cold liquid. As an illustrative, non-exclusive example, “low
solubility” may refer to a solubility of 10 mol% or less in the cold liquid at the operating
conditions of the contacting assembly, 5 mol% or less in the cold liquid at the operating
conditions of the contacting assembly, or even 1 mol% or less in the cold liquid at the
25 operating conditions of the contacting assembly.
[0029] Ilustrative, non-cxclusive examples of suitable liquid components, or
compositions, 34 of cold liquid 36 include non-oxygenated hydrocarbons, such as liquid
isoalkanes, isoalkenes, mixtures thercof, alcohols, and alcohol mixtures. In some
embodiments, the mixtures may have compositions resulting in eutectic, or near-cutectic,
30 freezing points. Illustrative, non-exclusive examples of suitable isoalkanes include light
liquid isoalkanes, such as isopentanes, isohexanes, and mixtures thercof. As specific
illustrative, non-exclusive examples, 3-methylpentane has a freezing point of -163°C, 1-
hexene has a freezing point of -140°C, and a mixture of 58 wt% ecthanol and 42 wt%

methanol has a freezing point of -140° C.
-9-



15 [0027] Cold liquid 36 should be a liquid, i.e., in a liquid phase, at the
contacting tenperature and pressure, nanely, the tenperature and pressure
at whi ch wbheopromeess gas streamis contacted directly wpCh/ush@oed2d7 | i quid
to freeze at | east one solidifiable gas conponent of the process gas
stream Expressed in different terns, cold |liquid 36 may have, and
additionally or alternatively may consist of, one or nore conponents that
have a freezing WO 2011/ 097043PCT/ US2011/ 020247 point that is |ess than

t he tenper B03Ple at whi dibrusied. motodtapiinpudssernlyy dOnpraedse daswitichmt Helsppooleelsd gas
stream and t t | LLESR

liquid stré@%ﬁggaﬁg%ggPP&Q%%%QE%%%%%#%@%?ﬁg“ggggﬁgﬁ&9 % uﬂ"(g&??%ﬁgﬁg%

and (when preseny) stahd Weeuilidglyt theame3d, mmhlwhdnﬁyblb@adesmpdnbetd 24s When

i ncl udi ng, b f d,. d
D, R et LTG0t Lt (v, SR o

conposi t5i ogas{aspM’pscdicéid pgass) U, @aadb2hlidaRd gas tdmponeht(gled’at Frbaagiasssng’

Coope of 118 prSeml aPafiiivel heaErBb R ogdh 4 SHPERRTSO 4rf MBS i o

36 may not gisnglelfle adilyr @fidifte @ONPAPSIhS iwrofqaérpmwsé as [sh8dm arefgeRsent in
t he process gas strean1 but this is not required to all, systens 10 and/ or

10 met hodshgemnt Rethpiceleasp gecdiostipdd qowzsqoe@mdmwwﬂ% or gxgludisetBaal | y
col d liqui &e%n@@@mv&%oor%&@rdlf?é?elg%loké{ﬁgo\lﬁdfﬂabl%%ﬁ @@tﬁfgdﬁgnt@s ﬁ%{gﬂi Yird¥an oRRY be
cooled to such illustrative, non-exclusive tenperatures of |ess than -80 C,
| ess t H&n 2400w, refos gencrdiario thexpe,or M@S%sqluda"wbleme@mp@l@nt@:% that arpdizen b110 C
to -130 C, acting the process gas
stream 15d§§gﬁ%%§ %ﬁgf&?gQW§§§%1§g&% g§§n@22610 and/ or met hods accordi ng
to the pr e[sﬂ@ﬁl] di scl@sitaceng @ssbldbllyl 4!|lJpIdVl:é68 atelgash ens etweclt elmhrmb@r rad@r lother

solubility_of. the oI|d|f| o] oponent s 2 re t I Qc
stream 20, suéta € con aBtm% Fu Cutree ’t 0 glch TOCE ds gas S re’grn f(? Hl dagereﬁ tﬁ
anbi ent cocrditetcmgl sssémblg and aire@lytcemp@e(atmh eoldﬂlqﬁlﬁ G ta ﬁdeza 0|D b'élSBMSeesohﬂlf)l

atnDsp 14..7. psi) resse sl i htI different t cold
oo NS S obsertudirBRleldss cAPORRR T, of wlar oty Grsciueht qpr i igas
colrrponenlt %}&lldsh&%texhﬁlpﬁﬁ%f rsiﬁagllablteocd&heagfnegmﬁﬁAs efturk r4Qf1h&1’(i@a @ﬁd)&eﬁlﬁreg@)‘ﬁaylsfoﬁ)@ﬁm has
a OWSOUI |ty|nt e (0] I qul trative non-excl usi ve
exanpl e, " PRSI P’t"%}’(f ?Pélgﬂcroé% dgnke, cprgal% Pw&%f.‘te;%seb*fm PdiGhothoPdEccs g8y i n

the cold I ifdhdis@bnthted BR&AINiNOhE RBMAI iJurNSTRE dib& LRRt@GEtdME: pRehy. S
nol % or less in the cold liquid at the operating conditions of the

cont act i ngsteesBiewih (e celd lewihmay pion e e 4 l@g% hpa tiapdergatederweguithe eold igad 25
operatimng goni %o@@s% QJ sthf, ﬁé}ﬁlébf‘%t r&&er Serial e raEquﬁlgﬂfllﬂdhﬂééttHegttéxgﬁm ¢
non- excl usi ve exanpl & of sult |qu conponents, or conposition 34
of cold |i oaithddg@diondbdcks weonutdieydorrapkitic hipdess gay dioms witubhcadliquidui d

i soal kanesya,s0al ke [ h . I tures.In
sone enbodpwg%ks, t2§§%$ﬂ%%a§%5%§% %%§§&@§255§F?¥§%§Bﬁggﬁw§ ngnghéh ectic,
or near - eumﬂbmk¢nmamekbeaﬂmﬁgmpmrmbmmmkﬂﬂmwmmwm;ubmcmmnwemdhmspmeaﬁxﬁmples
of suitable isoal kanes i ncl h i SO

PSopent aneSr e dnsRa S H ficler B ot Atbue S BHES ARUSTT Jus passive,
non- exclsus passtrexanml ®8 desdrib@t NpkipgRb@AGaBh drop leaH iRgividailntrodf oftAEDIL, 1-
hexene has_ a free2|ngepﬁlnt of -140 C, .and a xture of 58 wﬁ@bethanol and
42 wt % net Katitl 1Radcl cmbadimepy fisi shntasting gxpgmply mgybe configured or otherwise

2011/ 09704&3@!&&&9%@@%&0})1&5 from the cold liquid, such as when delivered to the

contacting assembly as a cold liquid stream 30. The direct contact of the process gas stream

with droplets of the cold liquid, when utilized in systems 10 and/or methods according to the
30 present disclosure, may provide for formation of solids, namely, solidified gas 24’, away
from the walls, fluid inlets, and/or fluid outlets of the contacting assembly and/or contacting
structure. For example, this may reduce the likelihood of fouling or other inoperability of the

system due to undesirable solid formation and/or accumulation.
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wenin {horuBSoRyl Th Ual MY LGSR B S8 dopieb M hE Y f Somudlind
solidifi abhssergbis reforspto raeah‘scrad saﬁctmhe)r monrc efs cglasctmg raea:mbbcmuwmch\nthd'\mld
requiring ressure r|ven
racessos Mgt bRfsERuCatary RGNy AR 8 5P 3hf b oS orFEH,
exanpl es, tde ﬁmecaesaldgras:af&t e@aatiag chftthe celd! 16huid qmd themaycess gas stream in a
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15 contact each other, and optionally may be delivered to the contacting
assenbly, at pressures of |ess than 200 psia, |less than 150 psia, |ess than
100 psi a,wbess/®ohaa 50 psia, |ess than 30 psia, or evenpPCedas20ihar220 psi a.
In sone enbodi nents, the gas stream may be conpressed prior to being
delivered to the contacting assenbly; however, mnimzing the need for
conpression is generally preferred (although not required) so as to reduce
energy usage. It is 20 additionally or alternatively within the scope of

t he presenflifigiost Sotsuprecantasting Keuginig cedsthe gastagingesgmblne Wbl the epnitagtingind
the cold IjQui ( [ t '

assenbl y andioy aaERT L IENOPEESER b Bhfaak SHELEE ek Barell A5kl
and/ or at sruchear méshbe ppassdiiresanics i m pdrallat onthact dopgrtiag Sembthg scope dfftbe
context of pre sunes. "at or near" is meant to include pressures that are
within 20 PSPE, “8¥°&%en 10 psia or 5 psia, of the 25 corresponding
reference modsisure. THeQ3skkdsrzakki@eanilfrora eitiehcdt ildagk s Selidifiybld Eonnent 24 has
schematica]ly illustrated with a_solid |lead |line to graphically represent
Chat Tt SbermRY e corsper il s Bk TR st O SRct e BER ng
assenbl y t@ill peluddat RBY: @ajshigifenos LR the hoQeHdabiecNG s Thfpéicdfse6 dMh&i g.
1, contacting assenbly 40 is also illustrated with dashed lead lines to

gr aphi cal | JOF&p gasEeem; Higeorimely, ticatedpisitisanp8 myopiditonalne emadyrly be

di scl osur eqfefibddNR HaOREACINYd AFSEWR, Yorlc@ntkdioh WHGo i RABN 8ls do¥npBherntpoes, or
contacting structures. A stage€ or contacting structure of a contacting

assenbly) réperle prgcess gpsetreane Adtheughurog refuirgdrie iowithindba seppe iohdghapseanbl vy in
whi ch t he [ g S e j I : i th
each ot her okt B €A%, PLARRSS) AAPHCREE BILA Sl L o GORBRRER AN D
of the col corhpogeitts) dnrtart Hiezpr ycdsst gatgcsvitetincpld lguid] Buch Ydeated gas stream
2011/ 097043PCT/ US2011/.020247 di fferent state or_contacti Stk re of the
cont acti ng oaLeantgoipen il i PRt S ACadip LR A ST e o

st ages or camjoaciti thg wisr wobucdefomtthe pocsdsage streum dpriiracttdongctswithicicucadd may

be operated i.n series qr in parallel wthout depart] fromthe scope of
Che br daenpatiftsar giined i PesB3ubh T doedd whstet ey bR FORNRF eas:
one sol i di tdnatifg GRPBRERLch2A RASINESN VeahY etbrhdt, GPRNEACTA Bgmaspey yo 40
may be referred to as a t,reatﬁg gas sfream 5@ and will include at | east a
maj ority, PEY/Qfgcthads acerdipg o heRIcsetidiicioP ) e FaycE SHpYRERIRY RS Yehtcf
process gageShiifMene@indiln it firft ik Btk @asn 86 b 866IngbrMY KEdinkd, QR y or
alternatively be described as having a reduced, or |ower, concentration of
sol i di fi abfie galbe coldpomperatues) atpwhiqlp therigam Ivaitp o5 de s¥hagsed Gpme dnronictingugh
not reagii r gdembil; 4pS W thin the scope of the present disclosure that treated
gas stream 50 nay be free, or substantially free, of the solidifiable gas
conponent (P36lhat arkhef frozzangdsss ad T dut acomeraeved virerh thihepreashd ghd quéach iSuch a
treated gas_str. dj .t J.yor .alter RV . Cl.i S not
i ncl udi ng gor@ac%ﬁg t Sgglgg?%{%%% %lattblie%@gllétlltslx11 oﬁlﬁ%ﬁe‘ﬁ%lp? ﬁlgtlﬁb\%ds 95é€r§€ee%dr?a§gn t he
process gasssahblgaifhisymigiuredithe hotcadioliificd) gdses adlcdldlEuid Ffuinaly bAsfarrdite at ed

hemat i ly. in Fig. tr, t 5 : d h
St | ohabauRel Yo L IEPDER: BASSEL0E RERPRDIRT HORATE
sone syt eadcdlradioglod kol RO dtc daear gissg24 ohhthee priesienith dieslldHguie) mhye

treated gas stream may be vented tq the environnment, optiopally after first
using the ¥ &diihidiesionsafithgprogmnt ﬁﬂé%lt)wé%ﬁ%m@%@,wtﬁgtfqrgﬁﬁmsw@ pnendrze d

t enper at ur gasad 2aMir6 hhikdaewist 1he 3 eXutdSthe @blidsSmBX ARkl Holin thocseRtiact | ng
20 assenbly 40. [0036]The frozen gases 24' that are renoved fromthe

process gadss¥blEalion fiophihactonitgingsseembly. o pumpingtor jodhesyise Fapiparting e xed
with cold Liqyi giBfgl Ruitdbf HRMHARNLERG RSIEED add/or" hbc‘im@;ést. ur @ 4@fiohd1§ bf 0zen
(solidified) gases and cold | C1UI d 36 may be referred to herein as”a slurry
38, as 30t elfdrmatiyelyawhilspigpaat of slpirg df.dthe fgzerogdses mayrpe treniportedriveh rthd epld ve
liquid, and thus without requiring devices and/or techniques that are designed primarily to
transport solids.
[0037] The frozen gases may thereafter be separated from the cold liquid to form a
removed stream 60, which may thereafter be vented to the environment, used, stored, etc.

-12-



25 concentration of solids (i.e., the frozen gases 24' that are mxed with
the cold liquid) nmay vary within the scope of the present disclosure.
Because twe 20aveye@3sol i ds, namely, frozen gases 24', ar @CEiused1@h7 t he
cold liquid, the solids may be transported within the contacting assenbly
and/or fromthe contacting assenbly, by punping or otherw se transporting
the slurry utilizing suitable liquid-transport devices and/or techniques.
Additionally or 30 alternatively, while present in slurry 38, the frozen
gases may Béstlrartemsrpmrqxemsw erempies of oba i Gairamovan dag ﬁwsmvmlmﬁpqueetqnng ing
devi ces an Y, S | i ds.
10037] The TEaseh R dHaR TRl Rdle S| ARG R TBEby Yokt WP RERERo S8 4 T
form a renpwedsst swhrm E0rccover of fromya sitsngak: @rsuberrgemat ee:gldmo The separation

envi ronnent , .used red, 2-. 1/ 09704 11/ 020

T st rat v PORGh EaRbT D8 Vs i e o R BROPRETRLBTEH Jattih e

i ncl ude ss egme&t;@[ mgldﬁﬂgeplr}emwe@a@am ptocesen wml scpstabisi mfcaesses or which the

subt errane n n oil recove

[y process
Cecover o S ise e Beblempb Rl b FER R A EPEr T R e B P B o
frozen gas 6@%& sl #ifiablcOgRs€0 Mot écﬂll'difﬁbﬁﬁga%bfmp@neﬂﬁ;mmsl &hasckel i alogh d@ail

variety of 5 processes |nclud|¥ég ysi cal separation processes and

separ at i on"Figcexiddionil i Qltermat ﬁh%%eﬁer@ras%c’%% fiRe gweestip the eokhberidt ur e
at which thgy b@'id%re%%' ﬂ?loi‘ B iRRuBRSpRABS L the ?mzen?a@es% Bold %hhﬁ'S%'a%@)o?
gases 24 or solidifiable gas conponents 24), as discussed in nore detai

her ei n.10Adplier to fienevpl of a gire pfmﬁlmfmémygasm@d@é eestrit pPatioroef the celd diqpid dioah
gases int sed of

t he frozenhgégg%gygéﬁ%%%)n&¥lgﬁygﬁgtggh or f%p%%g@ﬂ%g§ﬁgﬁgégg%h?ﬁgﬂglurry
of the fromweybgageweddignathe lsbaytsodhadre ieltivooncemragion df thleq‘mzch gasomntthe
ggmjaﬁ Iqﬂ?qla‘%g% %crgaseﬁ \;g%héllnéi s 54 a& letPg (s)lglﬁiﬁﬁalgt Se![r\ﬁ/%cﬁe)é%g?orm »inttial Gold f the
concent r at liquid oiedtﬂiecohraommhg gam&eam Irlmeh@hdmdpyrated froncthe alseg matve cboledii d
removed fr t he r e rec dto forminitial cold |iquid used
for co aclg% Z‘ s’ygltaltieé?ﬁa PP Hfﬁt? Tpacd gAY E8Y from the slurry may be
cool ed 15 mpssl]eat em@@ﬁggsw 14 ﬁay | a2 séparutddo fiohmOBheOLoldhBqlid eiat esht@asg
stream [0038] Frozen gases be separated fromthe cold liquid in
cont act i ngasaee@ﬁﬁpwn&de@ﬁﬁedr g%v H cPPiBTHMBHE By detPRE s Lend) § a¥ch éhoved

stream 60, in3iaRd @éhehﬁﬁd:a@l%@ﬁ g@h%@&ﬁdl&@écﬂ Venlo%cf%ﬂ; strbam B8 nayHeGenRd, frdnemoved
gas stream 60 nay be formed fromfrozen gases 2 and/ or SO|IdIfIab|e gases

24, dependfragenggens 2t handfos ﬁ@l&ifé%béﬁ gRsesdh 6¢pep¢1essmﬂnéhezt9nmﬁratunﬁ%a®&m&ﬁem s of
r emovedhst pegm Shpihen; be s&egnltéaewﬁaﬁ%&‘otvbmma% B Yacti SN BROV Ed
stream 60 Is for entire gas- phase conponents, such as solidifiable
gas conpon¥es r@mvedrseméﬁ is fqreladne@n‘relrm;f dae-phest epmpehenty, sushass rselmcbﬁé:de gas
stream 60. _Ad ,y y e t Ieast
2 borti on B PRS2 adfePeREREbfhe [N R B,
renoved fr adiditibeallypot aitet‘natlgelﬁsthﬁﬁﬁfoyelagasas a;ddmrlgasQ5psrt1beafrthEO:pld/\Hrq1md1361I so
may be referre e st.ream 70, fr a

ot ot o PBETT 0 B R FER PP St B s BSEE e RLER IS ¢ eam
60, as 25s af@ﬁn mh&mtamahhyybe fdfdi&tirtabedmtdd phiag. sttbam A8, dihs Gtés&eghsemBPr e
det ai | her 31 r enove anlnay @Pntaln §%|Idlfla | e gas conponents
24 in a ga ereﬂft%f Sdema¥Rey W&trsmg SUER g [OdiOBB eTptve ﬁEe%é%@S 1pplso

phases, of sdhBRak@NPANBHSI hhelfgepf AstdiRuQBE iPhoRDdRail RITEN &fle S¢HRRABEM 30
contain one or nore solidifiable gas conponents that were renoved from

process gaBiaycoEamsolidifido 2] werpaditcit B £3%. mud, 2nd/of prdidghases Jregagdiess| urry

stream 70 pRycBfaddoF %ﬁ@s@éj o'f%hé‘gorgpdnleﬂk”ﬂ%r&% Me he oMAED ré%ﬁdveﬂ%&%ﬁs b1 an
i ncrease the pressure of renoved gas streamwi thout requiring a

conpr es¥or cantrig Ones ey, meye @@lncuﬁfrhj@ gas qompprse‘nw thidi were raenoyed remafroqebrega seeaant
20.

[0039] As indicated in Fig. 1, the pressure of slurry stream 70 may be increased using
a liquid pump 72, which may result in an increase the pressure of a removed gas stream

without requiring a compressor to do so. Accordingly, it is within the scope of the present
-13-



-13- WD 2011/097043PCT/ US2011/ 020247 di scl osure that the renoved gas
stream 60 nay have a pressure that exceeds the pressure of process gas
stream 20yowntinor@Bs pressure (or this increased pressurPex/usbomspanyed gas
stream 60 bei ng obtained without utilizing a conpressor to conpress the
removed gas stream Although not required to all systens 10 and/ or nethods
according to the present disclosure, a 5 separation assenbly, or separation
unit, 76 may be utilized to provide this separation of the cold liquid from
the fr ozendigdeswee that the meored sot stefiami Gbingy bars acpaporsahat cayecdu the degeyrdiohg
upon the g t I noves
the fr ozenﬁrgggs% éld% ér:l}(;elrah]ql %e%ﬁ:tg Iﬂ]gp ?{egﬁ%(oﬁgmﬁ glzg%elgﬁe& spg%%rﬁiaé)fg@ﬁlrg?ide 0 S%fee%rﬁr n

t he frozen6 deing dibidism) wghmmwlﬂl@lng aga@n]plhaseto tbmp@@pehleartmomdagaemam may

b f 1
reserdy - MibSieB PS8 s8R Br Rt relndSrteRtg te BB Y ke, o
i ndi cat &d kopafatign asker@Sly) @Sdehpdrativin, unit; 76 @siy hgaltilizeblothrovidiiheh sparedon o4hand

Cont act w PR pRuron 2 e e Roat Pl SEL e 85 el el o REPepiPhoses.

etc. If r eh%)’nrtﬁ@i%ats%r ﬁgﬁ@'sﬁlte' th&rbdfjl BUBPth sé’;%ranfoh@sseﬁsl;; rbRBtes €8 Bodeh Gakiesl
stream nmay be referred to as .a recycle stream 74 and/or _as a cold liquid

recycl e 15f8Prtbafel¢ diqupddualrpiigript ths nhirryi tprefutr e fipecn (oliliBs® eass e cékanpl es
of systems,lQ. fQe sE&EﬂQﬂbhnﬁse%fb‘Py Alay R RSRU It ak 1208 FaStor 9§ a§d%1' difiabl e
gas corrponent 24 froma process gas stream 20 are schematically

i | | ust rid eseprtion gpserpbly Thae egld figwg pregens fter rgmoal gf te dioper gasestip indketsd inf

Fig. 1, exﬁlgptl anOJeQﬂJahtql& eshitR '081d3|(?5qd1§ RS b Va‘ﬁh%mlff biigls @s%ﬁ%fall% Ofc
conponent of the syst efrs, nane as t e source fro co |qU|d
stream 30 isoded i(speh ad duo tgdmrgcwmgpda&@femhsacmwlthcm qbrdCﬁqugas gtepmaamB0

cont ai ns ope I| UI d co at_ ¢ ectl vel

o 36, e PRtios ottt BuBbTB e " Wrtfnsa s G HER it e b RTS8 h y

a tenper at wile lignd spres myé)efre]‘ferrf:d EEaTsl angepiie stedam Bl &ndsoolak dlcfoldalbiwd sopgonent s
24 fro thee% 0fess gas stream which as discussed, may include a

t enper SBE® Gw the freezi ng (or sublimation) point of 25 the

sol i di fi abjoasgas compiesmbl Blustedtie, andnedx@lubive leyarhslvd 60Bsa@dsi TOfRe8sHNE, Of
which illustrative, non- ch usi ve lg lgrrpl es are di sc%ssed her ei n. [0041] The
i |lustrati 9% Ormeé%&l% erseXanpiidable eas coprmgnent 18 ¢ iPSFS5328s SHiehRh

Fig. 21is %G@H&{ah@aﬁl'yhb{us*tﬂaie%ﬁ F@tEdTl@éSsy'sﬂéﬁlk @@'0991 a2 Rl sthnilldr @indse FIEE. \'10| r
132 that contains a vol une of gwd 36. It |s within the scope of the

present di SEFRQIEliqHGEIDGINEY IS @ewavqu W@atgba%%mnoewtwtmsty@s depelyzed
Wit h_ t % Sé(sstqlgg&rc’!eofr&ﬁ WEIII& co @EUSQFCa}n%tIS Hgﬁle tg cl)ﬂth‘t'l'ng asqs‘éﬁgi f%oﬂ"om

in Fig. 2 may be used wth ystens 10 and/or nethods acc ing to the
present di Bglidstrae 300®ntallﬂswge pamers hqiuldmoglpment&Meth@i@bﬂedtlw@imif@mm}lqmdr is

in fluid copmynic %ﬁuﬁ fgg\/\%ng k5()(313 ”&ef}%riec[‘ %Paﬁé{n QSS?I%Q& a%tkhete n{ﬂré gt’c!rl]r ough

supply may deliver “col id stream ing as

t he use of p@ssstd foalﬁﬂeezm@bna/err monestohéuﬁalslmcdﬁﬂonemsm fasm ahd prgudssl gas’].StreamV\D
2011/ 097043 Cr/ U 2011/ 020247 136. 1t i.s additionall ternatively
thi n 1 heVEEBgS ToPte ARy deciie Tedir s e Swat e Madpttie oo Mol el of
132 rra;asbethlafasdmtiﬁlaned gat c@mﬁdﬂeh‘[&iﬂ géndph eBiively t Owdednigtin® I prigsoRelof wisikbiel
liquid 36 to flow as cold liqg fj stream 3&) fromthe cold liquid reservoir
to the Conf”élétfartlﬁﬁ né)gseéi:]lﬂpye examp ¢s are discussed herein.

[0041] The illustrative, non-exclusive example of a cold liquid supply 32 shown in
Fig. 2 is schematically illustrated as including a cold liquid reservoir 132 that contains a
volume of cold liquid 36. It is within the scope of the present disclosure that other cold liquid
30 supplies 32 may be utilized with the systems 10 of Fig. 2 and/or that the cold liquid supply 32
shown in Fig. 2 may be used with other systems 10 and/or methods according to the present
disclosure. As illustrated in Fig. 2, the cold liquid reservoir is in fluid communication with
contacting assembly 40, and the cold liquid supply may deliver cold liquid stream 30 to the

contacting assembly through the use of a suitable delivery mechanism 134, such as a liquid
-14-



5 [0042] Al so shown in the cold liquid supply 32 of Fig. 2 is a cooling
assenbly 138 that maintains the cold liquid 36 in cold liquid reservoir 132
at a sui twbl2e1tmn@aer at ure, such as at or near (i.e., atPom/usediom@s’ | east 5
C, 10 C, 20 C of) a suitable contacting tenperature for freezing one or
nore solidifiable gas conponents of the process gas stream Cooling
assenbly 138 may include a refrigeration nechani smor other suitable
mechani sm or device 10 for providing cooling to the cold liquid in cold

| i quid respwepil 6. 1328 ad!di’tmagy ay kiernatigolyi wighia swessbioyol1tBE presgnt didiosuro ek | y or
alternativgl t I

refrlgeratﬁgﬁoggge %&%&ﬁwgﬁé?%g%fﬁﬁg&gggé%'FRﬁTgQ%%§§H§?P%§ngDR§ %&?table
mechani sm bquigpB6ceowf or capd bquidistrgant 6 fobes theeald balid mepevorr tp eha omitdchigd  of
the cold Ilgurg such as heat exchange with a 15 col der gas stream and
expansi on awdr v phase-change of a gas or other refrigerant. As an
iIlustratiwed2;non- ewdhungmjﬁxaﬂaﬂehqadmemﬂygewamn;aayabﬁma@pgmﬂﬂﬂyuwgcoo

Lo an o LB Bt QI AR SRR Gk L% & b e RB Hrenith s 1 o

cont act i Ngat@MRLT(RS. Uert@r bdlb WSl AL ¥ 10° 1) DO°EX 6f) U SV Looatipli@SteRberdtutd BRI €
refrigerants i ncl ude net hane, et hane, propane, and m xtures thereof, 20

al t hough offF&ine ﬁ%Obénqa%éahdlﬁﬁmﬁmwmweﬂfémfethﬁel%{@ceé&csh%lﬁf@@%t efing e

and/ or mcg@&h@lmlg@)ﬁa? Qndi’ﬁdel d r%?r%e%a‘ﬁoﬂ? BRUhAR N &’ c?th&‘%@tdﬂi@m@éhaﬁﬂﬁ &Qiledme
liquid. In Fig. 2, a cooling conduit 140 is shown provid

ng a l1qul
condui t10 forlp@b@dlngaé@qh@gﬁo thvecaddliguidiigupld liesleieseyair A ﬁh@r@@@m W@hng
assenbly, i I ng to
oo ebont AR5 oy Rl SRt ot alhe KL AR LRV BB SR ARROR O |
t he refrlg@ﬁéhgmmmmu&kabés such as if dissolved gases in the recycled cold
liquid nay eze o pon re-coqlin of .the cold | qU|d
2 Seraped MOAFCaschaogtibe fsem® 106 HREE b SRR PR o BEs bty
sui tabl e h@@bﬂﬁ@ﬂh@d@ﬁe&tmﬂmguneecAﬁu@ddfﬁm@mmumuﬂpmmhmehusbmﬁmgmhmﬂnal
exanpl t heat exchange st.ruct utili e coatings,.surfac
ol 1 oni g, SRR Porhaah T ENED SO OPGRiRE] T Sf b g Re: & ¢ 30
reduce t heilfuekdit| A-Qflusio b)ﬁ'lﬁlpw a kdFagdreft mhag e dkpde sl oal@s rainghrait td ©
erode any such formed solj ds. i S mn hin. the scope of the present

di scl osur eStREE CPasieRE Jos o F‘éa%e seldptaridng © S"r‘r‘&?le bEMEgEYI G SUEBFS 1 he
refriger anfenfpfatR¢ tHaPis@X BRABSLA ) deRREH Qhntakfn fa cahi®e. COluSkrdtive o -dxBiaYict e
stream (when the treated gas streamis col han the cold |iquid recycle
strean). AN Juialde r%fng@aﬁ&ﬂnweynetb% a@@@nﬂomaner, ard SpkiugesFtberaelt | on
on the;mefmﬂgﬁgg&hggnﬁy%ggggg -15- WD 2011/ 097043PCT/ US2011/ 020247 may be
suppressed pri ther cooling of the cold liquid. A non-exclusive
exanpl e |sﬂméﬂcontadﬂma$p@bkﬂmw:@@h@méE@H@E@G@d@msnmmmhﬂmh@Wd@idﬂgtd@awl

t hereby strippi f r f a
conponent H?g{ae ¢ Féﬁ lé?lve\n%é@eic lﬁig eln? %9 d %Oodm 8?1%%1 |1§§1) Sls(ﬂ ‘fvhgpw?dngg ?
refrigeratlignd smtrdha,cceﬂoopfsb@%dﬁthb polt hiquid Irésasbirand e csy]ﬁtmmrrﬂkﬂ)y oht thisgs 2,
process gas sStrea ho bei n dellvere to contac enbly 40
Prom s protuostiRd EovkiniT IGHR By S iRAS Gud PSR WREbhaR: SPTRE0N whi 1
not reqsir pleitial airIsoﬁdsstbﬁﬂaloﬂ;%naﬁ@mfﬁgdﬂzglohcsuifhtes,muels enif d@hsacécbgasésem tand as
di scussed her (g is wWthin the fco pe %E t he present cIo u hat the
process gafCEfres iguife ey dredes 0 (o b YAtPPRge é%%lélﬁb‘? h ookt ighiske? vel y
| oW pr essug@aped wedt e@é‘haﬁgeﬁr@% UhuStrakQe! fAtextBisidé cQmphesf a aﬁﬁb@ﬂﬁeaﬂgx@&%gé e. In
such a configuration, g delivery nechani sm 150 g i ncl ude, or be, a fan
or bl ower 1BEUrgsAsAEelIonExelgript erivnr! Srmalc thahea crdiengs SUEWER MAny be
needed if Eﬂﬂ?ze QBQLEI%§ SudRR p%hﬁ#@%‘vib%atf‘oﬁ nRehARlsY & A s@v@rhﬁé‘@f HhO %lé%{uﬁ%
assenbly at higher "pressures Al'so shown in Fig I's an optional

wat er - r3®noiegliceatye éﬁﬁ]p‘yorg_@ﬁ)sollﬁggn the refngeratlon surfaces and/or to erode any such formed

solids. It is within the scope of the present disclosure that treated gas stream 50 optionally
may be used to cool the refrigerant (prior to expansion) and/or to cool the cold liquid recycle
stream (when the treated gas stream is colder than the cold liquid recycle stream).

Additionally or alternatively, the potential for solid formation on the refrigeration surfaces
-15-



15 configured to renove water from process gas stream 20 prior to delivery
of the streamto contacting assenbly 40. As used herein, "renoval" of a
conponentwof20a/®twéam i ncl udes reduci ng the concentr at i @aTafS2a41hi020247
conponent, but does not require conplete renoval of this conponent fromthe
stream Accordingly, water-renoval assenbly 160, when present, is
configured to reduce the concentrati on of water in the process gas stream
and may (but is not 20 required to) | etely renove water fromthe
process gamaybe eunpresylanion togatther-coelt Ithea@ée' 1. Ag@nioxclysive prxagble Prtocess
gas strea r r WelN gas
ot cam pr1 Sroy S EpofEn LEIE AR L O otk at, koY UL bE ol Rl B SF
assenbl y. Additivn ofithk Isglidfiabéd gasrcnamponest that migbt @h@@x@wsa@ashesstoﬂlé domatiyn be
referred t% s%a degly F{at ed, or dehum dified, process gas streamafter
havi ng wat &F &8from by 25 the water-removal assenbly.
[ 0047] Wat efoonsinoval Iasiseifibdtyatil6Oysmoay iondIRigle, afv;eessugtat abdaen AY is Wbdwai Beiagd/ or
utilize any sur tabl e rocessﬁ%&uigmvr ng water fromthe process

P

stream As We’iefilt%t“rt NG ésse e sk %eseﬁawre@m Rete rbér?o%i‘éldg@%%%rrbl y
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[0049] Systens 10 may further include a punp 72 or other suitable nmechanism
for increasing the pressure of slurry stream 70, which as discussed is a
liquid streamthat contains frozen gases 24'. In Fig. 2, the punp, when
present, may be | ocated downstreamof the liquid




separator, when present. As used herein, "upstreant and "downstrean refer
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30 [0057]In Fig. 3, water-renoval assenbly 160 is shown including a
pre-cool ing assenbly 166 that cools the process gas stream such as to a

t enper at LWwe 2at1/0efm46h water is a liquid (i.e., 1-99 O . ARCrhusagh/opazy7
required to all systens 10 and/or nethods according to the present

di scl osure, pre-cooling assenbly 166, when present, may cool the process
gas streamto a tenperature that is near, but above, the freezing point of
water. Illustrative, non- -20- WD 2011/097043PCT/ US2011/ 020247 excl usive
exanpl es ofempgkiraat erpletha @i retens foathgps pbisct(eppeicamaratss of siddagidd01Ca@t 2 C,
5 C 1-10 t es
and rangesg%¥§%§%%§igiEggin%geg%é%ﬁkfﬁkhﬁgm(%gﬁﬁﬁﬁi§%§§g%%§?§$%ﬁﬁ%gﬂﬂémhlch
may additi odldlifiyidor alternatively be referred to as a water knock-out 164,

renoves co sed ter fro [ 0CES stream id water
o 15alEA5CS o3t Shat PO B aR Br PE BB R SR r i Eih it " 5F
utilized tﬂmdﬁbfﬂﬁfohﬁhNehyﬂkﬂm®m&ﬂmmmaﬁ®83mgﬁ$fﬁmfﬁﬁﬂkmﬁIﬁhﬁ:@Qﬁhﬁ@iing
assenbl y. In 0 nor e enbodi.nents, the Qces e ex wat er
ook ot 183778 e hBRrCaEEy ShiTE Mg s e B PESoRhEan B oA aRieL o Plhet o
of the progasifg game Slurgamydksidt theRPQLAL4bR gab dnBﬁ rEﬂhﬁﬂtZg dGhd Sdspha®f

wat er. As dlscussed herein, water-renpval assenb 160 1s an optional

conponent #Fd Egrsbehsingserartedifiony thegpldriayid ?féh%@l%sé 6fid1f1ﬂ1€‘“§r0é§lé?ﬁlatwely’

di scl osur esetpgﬁhorp LACHDR ﬁal%af LN G £GqiRMi ﬁﬁinﬁe%hﬂato\ﬁ% EfEmoéfen HeugjunBpidle | east
0.5-1 nol % | east 1-5 or nore, wgt 58]In the illustrated

exanpl d0of sqildsfmbtemﬁ éommﬂ@afcfmrméleap@kielmq/ 14@hqu be ynslerstpoduironrthFicentexg of t he
tacti | i
contactl “gth%géefﬂégmh%d s&sgﬁlg'(t}%gg% é@xﬁ%ééﬁﬁﬁe%‘?u;'% elﬁ]]rpld %ﬁ%&ﬂ& SRh AL AL B8

stages 41 y each ef'erred to as a contacting
assenbly. #s prﬂselﬁl cgsc‘:msmet hechcs rttea@tdmgngayhd)eonﬂignetwm ofia pauictler systere hl

manner andan /or de & ﬂlarhl CI?" Elé{rer ehe\éi?‘ste Ihe cm raﬁureo tH I %ﬂl Af e”?erdat ed
slurry soll stween 4t 'east” one”set o é&' sta dfﬁe §iages or
contacti ng[(lOSS]errbI i &mﬂ&m\ﬂﬁg.|1ncd¥1taytm§asanbiy|4na$ mﬂhemata:aﬁpﬁitmmtbdlgl Bigraict ure

atream 30 418 i atd el Red et PSRy aRRR Dt Rt irndhal BRASR F8e 70

fromthe cpntaedistgsassantht Yoit@sihg &ﬁs@mb@zst’éedclﬁdbr@ﬂgh sehpfeOdtadd- bit ephitdting
separator 180 to forma concentr slurry stream.71. As illustrated, the

concent r at SECEIEOF Yhak it gy Relyge aléf& fy %fstagwe%eﬂnﬁaaﬂvs e se fakeiss Eigar e

m xed, suchaRs s@éfenti&AlNSllustrARBOESI@Niuid Quippdy B2 hdf sephrh it 445@ntAP 6 frodoli @cL1 Vi N
and conbi ni ng concent r at ed slurry streans into a consolidated slurry stream

70" . Al 't er fstied/lspdlinasrie seaplicrlly sspicerahihat( isvifhip éhepwopg slelic pichert disglofurowi ng
to a S ol dfdr s?ét'énq 16 REREL @ﬁl? h sink QR l|1 1& %Plgl (flaﬁjcﬁ&r a?‘%ﬁ @c&%ﬁ’i h%n&/gpé(m in

Fi 1g. 3, each st age, oOr contactin a.SSG [ ui di nt erconnected in
series so sihge colddiquid|rdsclvoepipetl/ et o wgle $qp@mlctoasdemlplqmrdh% spytdny 1@ 2ptianally

del 1ver ed segusaldal Jp1¥1rath S’PEO'Td g it EnGRg 69‘%%1“%9813‘%%%635 ?o”@ 13t Mot b

gas- phase poftio ess 'S se VEre
each of t hplucabint aﬁ:ctoldlgqmtlamsvmrm doelings esscridblidshetc.) @asdibt apturzdmy df bapgtation
streans 74 frao the solid-liquid concentrators nay be utilized as the
assemblie
25  [0054] As a continued illustrative, non-exclusive example, a system 10 and/or method
according to the present disclosure may utilize a first cold liquid to remove one or more
solidifiable gas components, which may include water, from the process gas stream, and a
second cold liquid to remove one or more other solidifiable gas components, which may
include carbon dioxide, from the process gas stream. Such a configuration may permit the
30 use of cold liquids that are maintained at different contacting temperatures and/or the use of a
cold liquid in which one or more of the original solidifiable gas components of the process
gas stream has more than a desired, or acceptable, solubility (so long as this solidifiable gas

component is removed from the process gas stream by direct contact with the other cold

liquid prior to contacting the process gas stream with the cold liquid).
-19-
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25 not limited to only three such structures and instead may include more (or less) than three
such structures. Fig. 3 also illustrates a separation assembly 76 that includes two stages, or
separation units, 77, and it is within the scope of the present disclosure that the system 10 of
Fig. 3 may additionally or alternatively be described as including two separation assemblies
76.
30 [0057] In Fig. 3, water-removal assembly 160 is shown including a pre-cooling
assembly 166 that cools the process gas stream, such as to a temperature at which water is a
liquid (i.e., 1-99° C). Although not required to all systems 10 and/or methods according to

the present disclosure, pre-cooling assembly 166, when present, may cool the process gas

stream to a temperature that is near, but above, the freezing point of water. Illustrative, non-
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WO 2011/ 097043PCT/ US2011/ 020247 contacting assenbly receives and directly
contacts process gas stream 20 with a cold liquid froma cold liquid supply
that is dwDferigmrosBromthe cold liquid and the cold |i qeca/useq@plogo2that is
used to directly contact the process gas streamin the secondary contacting
assenbly. Accordingly, the cold liquid and the cold liquid supply (and
conponents thereof) may be 5 referred to as a primary, or upstream cold
liquid and cold liquid supply, and the cold liquid and the cold |iquid
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downstrea okd sljpeapi i e p
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provi des aQo c%;tlt&? s%lljryvﬁﬁegfﬁg%%kjﬁea%fl ﬁtl%ceos% 18‘115 %e %& rmxedI ﬂw%’g% h the

process gas streamils roug as oppose 0 %aV|ng
the col d - 2xer, mmmﬂmﬂlﬁaﬁﬁﬂaaﬁﬁﬁmbsamﬂ%t@26@4@zhﬁqmmﬂmﬁmgam&dmnnabﬂmmyMAse

di d as. dropl et h t | though i1 1pstrat ed
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scope af5 t héxeapeisentioiscbasulielifjiidtoestygérem 10 that utilizes a bubble
tower or simlar contacting structure, such as the structure shown in Fig.

o, may uti Ldo?ﬁet ‘é"gogfel tl%}ﬁfl? 2hAAGEn! ﬁfe sﬁb‘x%' n5Flg ?cff}s'ta%g ot ChG étﬁ&%gssein%lf S
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del i ver t hpropdfs@(gess Stregas2(Bisrsequentidlyt dbﬁvﬁ@diﬂtcaedchl’b@the contacting stages. Likewise,

30 the resultant cold liquid streams 74 from the solid-liquid concentrators may be utilized as the
cold liquid stream for the next (downstream) fluidly connected contacting stage, with the
final resultant cold liquid stream 74 being recycled to the cold liquid supply as a recycle

stream. As schematically illustrated, the cold liquid may be sprayed and/or otherwise
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assenbly at a slightly higher pressure than a conventional fan would
provi de when the 10 contacting assenbly bubbles the process gas stream

t hrough twe20nol7d43qui d. As an illustrative, non-excl usiPce/uSz@anpbes?
conpressor 153 may be configured to deliver the process gas streamto the
contacting assenbly at a pressure of at |east 30-50 psia. [0068]Fig. 5 also
illustrates an exanple of a cooling assenbly 138 that is designed to cool
the contacting assenbly, or stage thereof, rather than cooling the cold
liquid in disgdselepadempety (nduits pewsessvasis rsireag i the spntagtend, assdebly@ds).i wigh
assenbly i | e . - i i

"o cat ed LS8 RokAChEhe LlnaRtor uidfi? bl RHAURE 4 B4R 3P tmort'
struct ure, spactowas. rot ati ng scrapers, to renove frozen gas 24' that
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gas, or 5sokiidblki @btreargias oeimeaneil ,cokderli@mt aoplaaORSbeigiasin Sitln@arive Chaay
direct contact with cold liquid 36 are depicted in the. flow chart of Fig.
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conponent 24 and_ at |east one non-solidifiable gas conponent 26. As

i ndi cat ed #td/egopboth paabieandisicst r eam 20 may be obtained froma process 25
gas sour Ce;oo@I] procagsigas HLPpRlsYurddf BN ol BirRe Qlirry RELIS ficfhltd GRS
stream and/ or ot her exhaust streamfrom a ponbusthncgrocess. At 302,
pr ocesslOgabqud peam7 sandpt Pavned separpfias. asgeadiliss 76 aigd tiliggdstopreduse oo Adicrmy
i ncl ude co i i ¥ i ng. f . S
N R O A

| i quid 36 tloxidelandiafspream$O7 et piimblily, graeyer ompplaieht inchdes watst. pAedsatssddn t he
process gas. _.strea As 30 di scusse this contacti cur._in

Pontacti ngrseunfayreie o EhEEnFS e M ar g APLBR Eoef ienPslasy. gas
stream wi t ktirdalne 60.0bud tHis Gulotreqhisedatb a8 sgitanu b ad/ortniehelehew@drding thapresent

conmponent, .which additionally or alternatj.vely. be referr to.as frozen
e ondRor abObfil At st iph e SRb L 1 T Sk S 1P b fivede O s
m xed W t htd feat ®6pertioh ¢thd.(coSedttatddN§ltrry stream delivered thereto, such as to cause one

t he

or more of the frozen gases 24’ to return to a gas phase and/or to no longer be in a solid
phase. Illustrative, non-exclusive examples of suitable heat sources 210 include burners,
combustion units, heaters, resistance heaters, heated fluid streams in thermal communication
20  with the slurry, and the like.
[0062] In Fig. 3, cold liquid supply 32 includes a cooling, or refrigeration, assembly
138 that reduces the temperature of cold liquid 36 in cold liquid reservoir 132 via heat
exchange with a refrigerant, such as via heat exchange in coolant loop, or coolant circuit,
140. As also shown in Fig. 3, the treated gas stream 50 containing the portion of process gas
25 stream 20 that was not solidified in contacting assembly 40 (i.c., the non-solidifiable gas
components 26) is utilized by cooling assembly 138 to cool the refrigerant, such as by heat
exchange with the refrigerant.
[0063] Fig. 4 provides an illustrative, non-exclusive example of a system 10 that
includes two cold liquids 36, which are delivered as separate cold liquid streams 30 from
30 separate cold liquid supplies 32, each of which may include a cooling assembly 138. As
illustrated, contacting assembly 40 is depicted as including a primary (or upstream)
contacting assembly 220 and a secondary (or downstream) contacting assembly 222. Each of
these contacting assemblies may include two more contacting stages, similar to the preceding

discussion of Figs. 1-3. However, in the illustrated example shown in Fig. 4, the primary
20
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contacting tenperature and a contacting pressure, illustrative,
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90 horsepower (HP) of power to operate, largely due to the coollng assenbly
to maintain the cold liquid in a cold |bBUId reservoir at -130 C, which 30
corresponds to |l ess than 20% of the net “power production by the power

plant. [0078]In the present disclosure, several of the illustrative,

non- excl usi ve exanpl es of



met hods have been di scussed and/or presented in the context of flow

di agrans, or flow charts, in which the nethods are shown and descri bed as a
seri es ofwbl2otkw7o4er steps. Unl ess specifically set forPhTius2athm20247
acconpanyi ng description, it is within the scope of the present -27- WO
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more of the blocks (or steps) occurring in a different order and/or
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include using a refrigerant and/or refrigeration process to provide the desired cooling.

[0073] The slurry stream, which when concentrated may be referred to as a
30 concentrated slurry stream, may be pressurized, such as with a liquid pump, as indicated

at 326. The frozen gas may be removed from the slurry stream, as indicated at 328, to form

at least one removed stream 60. An illustrative, non-exclusive mechanism for removing the

frozen gas from the cold liquid includes heating the (concentrated) slurry stream to a

temperature at which the frozen gas is no longer in the solid phase. This heating heats the
5.



words, the phrases "at |east one", "one or nore", and "and/or" are
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a di erent conpositjion than the soljdifiable gas conponent and renovin

at | east areﬁzw?%) gningicater et S prthereatisrihdirestly P?lgﬁact%bwr[ﬂeémmldfﬂlé hrﬂﬁldhodgof
paragraph A indhefgian abhe 190ch @il HRLh&hGRHaG PINRCAE Binilad 15 BleaREBH fHaPWat he
group consisting of carbon dioxide, hydrogen sul fide, sulfur dioxide, or
car bonyl smeﬁoaay qJigoss AR, cPReCCHE ol Bf2. dnyvige thea PRTERSBEIENIZAITY anajpgiosi n

the soligdi fiahle 0AS.AAITONERLLS, CARONAheXi f& § i
2011/ 09504 5B B A TS 08 ) S aacting) rolh @I Asuridd.  scparating, - repeating

(separating), recycling, and cooling steps indicated at 408, 410, 420, 426, 428, 430, 422,

n the
t he

and 424, respectively. At 412, a treated gas stream 50 containing the non-solidified gas
component(s) 26 from the process gas stream is removed, and the treated gas stream may
thereafter be vented to the environment, used, stored, etc.

25  [0075] In Figs. 6 and 7, references are made to various fluids, streams, operating
conditions, and the like that were previously discussed in connection with the illustrative,
non-exclusive examples of systems 10 for removing one or more solidifiable gas component
from a process gas stream by direct contact with a cold liquid. It is within the scope of the
present disclosure that the previously discussed illustrative, non-exclusive examples of

30 suitable values, compositions, operating conditions, variants, and the like may be applied,
even if not discussed again in connection with Figs. 6 and 7. It is also within the scope of the
present disclosure that the methods discussed and/or illustrated herein may (but are not
required to) be practiced, or implemented, with the systems 10 that are discussed and/or

illustrated herein. Additionally or alternatively, it is within the scope of the present
26-



[ 0086] A3. The net hod of any of paragraphs A-A2, wherein the solidifiable gas
conponent is not water. [0087] A4. The nethod of any of paragraphs A-A3,
wherei n twWe 2prigvests gas stream contains a plurality of ®olriusediiabize’ gas
conponents. 5 [0088] A5. The net hod of paragraph A4, wherein the solids

i nclude solidified phases of at least two of the plurality of solidifiable
gas conponents. [0089] A6. The net hod of paragraph A4 or A5, wherein the
plurality of solidifiable gas conponents is selected fromthe group

consi st i ngdisflosig thetrthelsysieindd 0 disgehserhand/os ilusireted heseinfmpy (Butoxd wpé reqwaedte) and

carbonyl syl ﬂtﬁlggd F’l%/f{)%? %g]rﬁélﬁclﬂdg F@%F%tdﬁ(&gss&{ arf¥ i1 st @%@phs Ad- A6,

wherein the plurall 0 gas conponents In es carbon
di oxi de. [ [094]] A8. THestiattc oxhngflcsaoly sysfenpallagnd pleghods-adcordingh ér dhenprckumt
plurality gf solid

i fiabl,e gas . co nent s,, does ,n i ncl . er.. [0092] A9.
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I NCl udes re | wat e rom e r S S ream pri o 0 e
cont a0t T ngcORSEBIORT PlethomsiafSaT Bscudd Tni> Regvalitbr Bhs oSt BRet ng
wat er incl giRpgas strefiR@hd Aot BF 0GERRNGARIHE CAANTI PR duf (WRISURM)E Adfer Whi Ch
the water condenses to a liquid and 20 separating the liquid water fromthe
process ga$chytiagiamthy rpesy ggs streaphbadftompgsigen ﬁfa??rogbma%nmé?n ghelel Rolvhe

removing vWah6dn bR&ldHdes sn9l biGeh s, P6.0GRSS, 9ak:SHiEANMS CarBol GHBABLAL UL € at
whi ch the water freezes and seéparating the frozen water fromthe process

gas st ri®antenpoeost Af3.2° Che migsstiocPiolfd By v paasyflaphaterotaB.94hke/bi. n 3t he
ProcessS Qagthylpentane was utilized as the cold liquid, and a six-stage, countercurrent contacting
assembly with recycled cold liquid was modeled. The cold liquid was maintained in a cold
liquid reservoir at a temperature of -130° C and was delivered to the first stage of the
contacting assembly at a contacting temperature of -123° C. The contacting temperatures of
15 the second-sixth stages were -104° C, -95° C, -92° C, -85° C, and -59° C, respectively. The
recycled cold liquid had a composition of 99.6 mol% 3-methylpentane, 0.2 mol% carbon
dioxide, 0.2 mol% nitrogen gas, and a flow rate of 21,924 kg/hr. A 50-30-15 mol% mixture
of methane, ethane, and propane was utilized as the refrigerant for the cooling assembly for
the cold liquid supply, and approximately 1.37 kg of coolant was recycled for every kilogram
20 ofinlet process (flue) gas that was treated. Carbon dioxide solubility in 3-methylpentane was
based on data from J. Chem. Eng. Data, 16(4), 412-4, 1971.
[0077] The treated gas stream produced by the simulation had a composition of 94.9
mol% nitrogen gas, 0.2 mol% carbon dioxide, 4.4 mol% oxygen gas, 0.0 mol% water, and
0.5 mol% carbon monoxide, and a flow rate of 12,575 kg/hr. Accordingly, the modeled
25 example demonstrates that a substantial majority of the carbon dioxide was removed from the
process gas stream. In the modeled example, only 0.2 mol% carbon dioxide was present in
the treated gas stream, which corresponds to approximately 99% removal of carbon dioxide.
The modeled system 10 utilized 90 horsepower (HP) of power to operate, largely due to the
cooling assembly to maintain the cold liquid in a cold liquid reservoir at -130° C, which
30 corresponds to less than 20% of the net power production by the power plant.
[0078] In the present disclosure, several of the illustrative, non-exclusive examples of
methods have been discussed and/or presented in the context of flow diagrams, or flow
charts, in which the methods are shown and described as a series of blocks, or steps. Unless

specifically set forth in the accompanying description, it is within the scope of the present
27-



25 stream does not include water. [0097] A14. The net hod of any of
paragraphs A-Al13, wherein the process gas stream has a pressure of | ess

t han 200 wei2ai/opidonal |y wherein the process gas streamchas2@ipe@ssure of
| ess than 100 psia, optionally wherein the process gas stream has a
pressure of |less than 50 psia, optionally wherein the process gas stream
has a pressure of |less than 30 30 psia, and further optionally wherein the
process gas stream has a pressure of |ess than 20 psia. [0098] Al5. The

met hod of dinglowte st dlegr askis oAtin hlockshmepivart fiempthe cillsgratedsorderr wathe filat her
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process gas 5 streami ckgdes an .ex aust.sﬁreanmfron1 Cﬁnbustion piggess.
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[ 0102] A19. The nethod of any of paragraphs A-Al18, wherein the cold liquid

has a EUPIET aPRF @S h &t d/§roothes | logie dRdcy nisencad U SHeTIMIN @RlIYL 19 Bh488F bon

di oxi de Wi |¢heePh@gdRiatBnoutuP éi%l&ﬁ@nd?&&&%ﬁe gassicsr eam [0103] A20. The
met hod of any of paragraphs A-Al19,” wherein the cold liquid has a freezing

poi nt tlRat [0039] ess tArawped howinCthegpin oandldry plakesk katweontrefisbendity peflp dechad a
freezi ng paj t 1.5 ¢l - furth j | 1y rein the
col d Iiqui Gl kB orcorl Sﬁ%gﬁﬁt@mﬁ%’g@ fre 84 ltghg‘{dﬁgmé%%é“%%%%l.
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solidifiable gas comonent solubility o ss _t-han 10 ml % at t he
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pressure amdl/érhe”, 2ched QREAGT tddgintesItRIoWERended language such as “comprising” can
refer, in one embodiment, to A only (optionally including entitics other than B); in another
embodiment, to B only (optionally including entities other than A); in yet another
embodiment, to both A and B (optionally including other entities). These entities may refer
20 to clements, actions, structures, steps, operations, values, and the like.
[0080] As used herein, the phrase “at least one,” in reference to a list of one or more
entities should be understood to mean at least one entity selected from any one or more of the
entity in the list of entities, but not necessarily including at least one of cach and every entity
specifically listed within the list of entities and not excluding any combinations of entities in
25 the list of entities. This definition also allows that entities may optionally be present other
than the entities specifically identified within the list of entities to which the phrase “at lcast
one” refers, whether related or unrelated to those entities specifically identified. Thus, as a
non-limiting example, “at least one of A and B” (or, equivalently, “at least one of A or B,” or,
equivalently “at least one of A and/or B”) can refer, in one embodiment, to at least one,
30 optionally including more than one, A, with no B present (and optionally including entities
other than B); in another embodiment, to at least one, optionally including more than one, B,
with no A present (and optionally including entitics other than A); in yet another
embodiment, to at least one, optionally including more than one, A, and at least one,

optionally including more than one, B (and optionally including other entities). In other
8-



[ 0105] A22. The net hod of any of paragraphs A-A21, wherein the cold liquid
has a carbon dioxide solubility of Iess than 10 nol % at the contacting
pressur e Woaot®7@ent acti ng tenperature, optionally whereirseda/oeehd | i quid
has a carbon dioxide solubility of less than 5 nol % at the contacting
pressure and the contacting tenperature, and further optionally 25 wherein
the cold liquid has a carbon dioxide solubility of less than 2 nol % at the
contacting pressure and the contacting tenperature. [0106] A23. The net hod
of any of pardagthaphesse-‘aprastwme?.eione pheored ahd agdipd’ aroepen-ewdsd axpressmss one
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wherein the co I conpri ses at ast one ane, 1S ene, br
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met hod of any of .paragraphs, A A24 ein the cold I4guid s a,different
Conposi 1 off TRAPTERE. BF Seate a8 we MRS ohi8 AslRe H 8he RS A i of
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solidifiable conmponent. - 34'&- WD 201%/ 097043PCT/ US2011/ 020247 [ 0110] A27.
The nethodm%Wegﬁg’ nafiop sUh AT RIGHRT YN ei n the col d |iquid does not

i ncl ude capgoesn di oxitdene dvBidktiddt AdBof bR fdrBIcBOMatlre ROYpOfatcl B 2EERRCShATAL 7,
wherein the cold liquid is aliquid at. a tenperature of 20 C and a pressure

of 1 at nosPHERe! 1HM[19 1 PFARY OF Pie ORETHIINEPNSiRp! ofthpathalythaples-ipconpgated
wherein t hﬁmﬁ@tli df {He%és‘ént disclosure or with any of the other incorporated references, the non-

10 incorporated portion of the present disclosure shall control, and the term or incorporated
disclosure therein shall only control with respect to the reference in which the term is defined
and/or the incorporated disclosure was originally present.

[0082] Illustrative, non-exclusive examples of systems and methods according to the
present disclosure are presented in the following enumerated paragraphs. It is within the

15  scope of the present disclosure that an individual step of a method recited herein, including in
the following enumerated paragraphs, may additionally or alternatively be referred to as a
“step for” performing the recited action.

[0083] A. A method for removing a solidifiable gas component from a process
gas stream, the method comprising:

20 contacting a process gas strcam containing a solidifiable gas component with a cold
liquid at a contacting temperature and a contacting pressure to form a liquid-solid slurry
containing the cold liquid and solids formed by solidifying at least a portion of the solidfiable
component in the process gas stream; wherein the contacting further forms a treated gas
stream containing a portion of the process gas stream that was not solidified by the contacting

25 with the cold liquid; wherein the cold liquid is at a temperature at which the solidifiable gas
component will transition to a solid phase, and optionally from a gas phase to a solid phase;
and further wherein the cold liquid has a different composition than the solidifiable gas
component; and

removing at least a portion of the solids from the slurry.

30 [0084] Al.  The method of paragraph A, wherein the solidifiable gas component is
selected from the group consisting of carbon dioxide, hydrogen sulfide, sulfur dioxide, or
carbonyl sulfide.

[0085] A2.  The method of any of paragraphs A-Al, wherein the solidifiable gas

component is carbon dioxide.
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conprises a mxture of two or nore conponents. [0113] A30. The nethod of any
of paragraphs A-A29, wherein the cold liquid conprises an isohexane or
hexane. [W0R4]1AB1043The net hod of any of paragraphs A- A3@CTMsesdion2the col d
liquid 10 conprises a mxture of ethanol and methanol. [0115] A32. The

met hod of any of paragraphs A-A31, wherein the contacting pressure is |ess
than 100 psia, and optionally wherein the contacting pressure is |ess than
50 psia. [0116] A33. The nethod of any of paragraphs A-A32, wherein the

cont act i ngl0086l enperdst ur dhi snethogdsoftangs ot P8BLEPhooHtAD rveickym flivesolitlifiablh gas

contacting, ;ﬁQR | ess than - 100 C, and further optionally wherein
t he cont act g@ﬁ%@%iﬁh?e is less than -120 C. [0117] A34. The net hod of
any of parH@Bﬂphs A-283, Thhenaghot pheny efitpacigrapys iraBuddsrcoodici prgedshazas

process gas strea suff|C|ent to precipitate carbon

i oxi de Pnoge Srous Sl BB B eficd®ite0  O18] Ass The method of
any of par pg8sphs A-#84, Theenehdl bhparagaitaci Rdetenc thdd@didc drlidsgotitiied
process gas, str to at era ure. s ent to freeze hydrogen sulfide.
0770 ASEITTRT Abb A o ARG Bt O A IS CR ABBOHer ai n ¢ he_cont act | ng
conprises fPBAYi Ng tA® PrIBsessthe@SofS bare@apiv Ah drhascalidrdih aué dplufafd2QF A37.
The met hod of aragraph A36, wherein the contacting includes 25 spraying

the proces®ligifbls: BasaRompPANngy s pteletsd ofromnihe cepep |qoa%ritag ?fowmmﬂ&m he

met hod of Hﬁﬂ@gﬁ%@ﬁd@%ﬁﬁﬂﬂhéé&aw%ﬂ@%ﬁ&@m% | q@Rg@acting includes spraying
the process gas streamw th the |'d liquid in a spray tower. [0122] A39.

The metRod(®@PO0lany ofAbar dge alpmlgodAOﬂ@&’ ofmpategiaphst Ad-Aerivheein e phiedlitid 0§
aui o, 30D R e R R RS, 20r aphs A A35. wher el n t he
cont act i ng[00At]l udes AubblThagndthwl prr ege st pgagraphs AamM % hwioogh theelucditd of
liquid. solidifiable gas components does not include water.

[0092] A9. The method of any of paragraphs A-A8, wherein the process gas
15  stream includes water.

[0093] A10. The method of paragraph A9, wherein the method includes removing

water from the process gas stream prior to the contacting.

[0094] All. The method of paragraph A10, wherein the removing water includes

cooling the process gas stream to a temperature at which the water condenses to a liquid and
20  scparating the liquid water from the process gas stream.

[0095] Al2. The method of paragraph A10, wherein the removing water includes

cooling the process gas stream to a temperature at which the water freezes and separating the

frozen water from the process gas stream.

[0096] Al13. The method of any of paragraphs A-A8, wherein the process gas
25 stream does not include water.

[0097] Al4. The method of any of paragraphs A-A13, wherein the process gas

stream has a pressure of less than 200 psia, optionally wherein the process gas stream has a

pressure of less than 100 psia, optionally wherein the process gas stream has a pressure of

less than 50 psia, optionally wherein the process gas stream has a pressure of less than 30
30 psia, and further optionally wherein the process gas stream has a pressure of less than 20 psia.

[0098] Al5. The method of any of paragraphs A-A14, wherein the process gas

stream further includes at least one gas component that remains in a gas phase at the

contacting temperature and the contacting pressure.
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[0124] A41. The net hod of any of paragraphs A-A40, wherein the nethod

i ncl udes repeating the contacting with the cold liquid at a different

cont act i nyorenper@sure. WO 2011/ 097043PCT/ US2011/ 02024 PCrOB2&)1AZR247 The
met hod of any of paragraphs A-A41, wherein the cold liquid is a first cold
liquid, and further wherein the nmethod includes repeating the contacting
with a second cold liquid having a different conposition than the first
cold liquid. &0126] A43. The method of any of paragraphs A-A42, wherein the
met hod i ncl098%s 5 rebéat iThg metbod onit pacagrand Wiloh vehert ol peesicsd Ighyguirehnat a

di fferent I epne f .

par agr aphs krs ARbEPRELAL Hifonall PUALH M R TR ARG kofibcl hirogen |

t enper at ur gasais awjartty térepaenti ds are no | onger in a solid phase. [0128] A45.
Th h 4 j h i i ncl ' h

I, et hodhgper aorep S RS S AnLor SR RLA S bHEE, NEnh RS e

[ 0129] A46. stildam indtdeedn eXhaparsagina fimAdbbmbukihgirdtetshe renmovi ng i ncl udes
[0230] Aa. TOARH et o €ar TERVREROGET o AR RANAAGE | TG e Osdh et ¢ he
are no |Onﬁiﬁfaniiﬂclﬂde'i@ﬂ@g@d@%@m%xﬁo&;ﬁ&dhﬂ}r@d@&g’fa@lsﬂréitﬁl. and further wherein
the nmethod includes separati ng}ft he transtorned solids fromthe slurry

form an ould182 st redt? 19he oeief g0y offeragEPhn g-F, paesyy B Felddiguid faes telon

the met hodchidelalBS haPlTRIOAGhE RenpRMtlreht WhIEIL @RI At dick HRIUN FR&Hith Rt | On
for disposal. [0132] A49. The nethod of any of paragraphs A—£8, wherein

prior tl@ tthe rrasawgangjrcahe met hod i ncl udes pressurizing the slurry.
[0133] ASO. glg§y met hogheof RALAMARR b palsehBl R-A 1Y WRERRSHE bl Rguiie! pdes

freezing point that is less than -100° C, optionally wherein the cold liquid has a freezing point
that is less than -120° C, and further optionally wherein the cold liquid has a freezing point
that 1s less than -140° C.

15 [0104] A21. The method of any of paragraphs A-A20, wherein the cold liquid has a
solidifiable gas component solubility of less than 10 mol% at the contacting pressure and the
contacting temperature, and optionally a solidifiable gas component solubility of less than 5
mol% at the contacting pressure and the contacting temperature, and further optionally a
solidifiable gas component solubility of less than 2 mol% at the contacting pressure and the

20  contacting temperature.

[0105] A22. The method of any of paragraphs A-A21, wherein the cold liquid has a
carbon dioxide solubility of less than 10 mol% at the contacting pressure and the contacting
temperature, optionally wherein the cold liquid has a carbon dioxide solubility of less than 5
mol% at the contacting pressure and the contacting temperature, and further optionally

25 wherein the cold liquid has a carbon dioxide solubility of less than 2 mol% at the contacting
pressure and the contacting temperature.

[0106] A23. The method of any of paragraphs A-A22, wherein the cold liquid
comprises at least one isoalkane, isoalkene, or alcohol.
[0107] A24. The method of paragraph A23, wherein the cold liquid comprises at

30 least one isoalkane, isoalkene, or alcohol that forms a majority component of the cold liquid.
[0108] A25. The method of any of paragraphs A-A24, wherein the cold liquid has a
different composition than the process gas stream.

[0109] A26. The method of any of paragraphs A-A25, wherein the cold liquid does

not include the at least one solidifiable component.
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20 increasing the pressure of the slurry to a pressure that is greater than
the contacting pressure. [0134] A51. The nethod of any of paragraphs A49 or
A50, wherwOnotime7@sessuri zi ng i ncludes increasing the pPesdaise@1obozihe
slurry using a liquid punp. [0135] A52. The net hod of any of paragraphs

A59- A51, wherein the pressurizing does not include using a gas conpressor
to increase the pressure of the slurry. 25 [0136] A53. The nethod of any of
par agr aphs A49- A51, wherein the pressurizing includes heating the solids in
a seal ed ctHd@li ner. 42713 Thaswthoties ameefimdreedphayAdt. wharcayihapbld lgupsRes
wherein priaqr t vi.ng, the nethod includes increasing the
concentrat#‘%ﬁnct‘o detcﬁg)o{slg{slgl S'in the sl urry. [0138] A55. The net hod of

par agr aph HB841] wher eA28. t Abe nettwdiafigny ntparagsphstA-ALZ ] wiger80 tizt cdldbigtidone of a
filter, a gentrifugal se tar, ,a static.centrifugal separator, and/or a
settling ¢ o PREreRERt e Cent Sakefin ™o s as in the of urry by
renovi ng spme2jof t heA29ol d'htirgthall bf ang bh@asstaphy A-AO 39hAG6. thd keldmeguidd of
any of paragraphs A: A55, ~wherein grior to the renmoving, the nethod includes
wi t hdr awi n 6t 3 BRI PE PV T QPR  f rom the slurry to -33- WD

2011/ 09704fRGIY US20143002GR4 ndtRsdToR ahe oY PhRgRPAL AN DY, WRGeifiGhél cbidduhid and
further wherein the nethod includes cooling the recycle streamto a

t enper at ur EPTRINEES Fisefexye oBBEBREt he contacting tenperature. [0140] A57. The

met hod of pARgar aph ARG, Taber&hd bHenTBF Rakolapsd WdgS0, dehdriRTthdPoldhgqligcycl e
streamto a liquid reservoir containi'ng thecold liquid. 5 [0141] AS%. The
met hod 18f eqprises pardee apetbanadansgucthaggedr ei n when the slurry incl udes solids

the met hod Park her /Ml udgs Banat ot ey FeBralt AL SR o RTagRE” <
conponent spifessomn is s SHanrlP§ psie, dndroptissiarvdtcecin tepordctagmeesyee niekpetben §@| y
cont ai ni ngpsqge of the plurality of solidifiable gas conponents.
[0116] A33. The method of any of paragraphs A-A32, wherein the contacting
15 temperature is less than -80° C, optionally wherein the contacting temperature is less than -
100° C, and further optionally wherein the contacting temperature is less than -120° C.
[0117] A34. The method of any of paragraphs A-A33, wherein the contacting
includes cooling the process gas stream to a temperature sufficient to precipitate carbon
dioxide in the process gas stream as a solid.
20 [0118] A35. The method of any of paragraphs A-A34, whercin the contacting
includes cooling the process gas stream to a temperature sufficient to freeze hydrogen sulfide.
[0119] A36. The method of any of paragraphs A-A35, wherein the contacting
comprises spraying the process gas stream with the cold liquid.
[0120] A37. The method of paragraph A36, wherein the contacting includes
25 spraying the process gas stream with droplets of the cold liquid.
[0121] A38. The method of paragraph A36 or A37, wherein the contacting includes
spraying the process gas stream with the cold liquid in a spray tower.
[0122] A39. The method of any of paragraphs A-A38, wherein the contacting
includes countercurrent contacting between the process gas stream and the cold liquid.
30 [0123] A40. The method of any of paragraphs A-A35, wherein the contacting
includes bubbling the process gas stream through the cold liquid.
[0124] A41. The method of any of paragraphs A-A40, wherein the method includes

repeating the contacting with the cold liquid at a different contacting temperature.
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10 [0142] A59. The nethod of paragraph A58, wherein the nmethod includes
heating the slurry in two or nore stages to separately nelt portions of the
sol i ds cowmDanniaeg4Bhe at | east two solidifiable gas conmpomarstéL/op@173] A60.
The met hod of any of paragraphs A-A59, wherein the nmethod includes
delivering the cold liquid to the contacting assenbly froma cold liquid
supply. 15 [0144] A61l. The nethod of any of paragraphs A-A60, wherein the
met hod i ncludes recycling the cold liquid in the slurry to the cold |iquid

supply. [O0IM8FIA62. k€. ndhhoutherl odagy of pyesranisabid | Aviaadin thshenléliquid firea
met hod i ”Ck%‘ﬁ'%éld'lf&% h&‘%ﬁtﬁ%f wiflhif e HAA cgﬁg_‘]d%%%%éQﬁ@‘%ﬁﬂ%ﬂ%?%ﬁ%' ds

to forma gas a subsurtace region. any of
paragraphssdmwﬁaﬂdHMmmhwwmgdmbﬁmﬁmhwdmbﬂumudmsﬂﬁ@husomgmnﬁe solids, after

heating th lids tp,forma gas, -to recover arbons, fro urface
fegi on’ 1o@13hsa” TRE" P BTER oshfy SRRy RS AR, AR Ry

sol i ds areﬁié@ﬁ@mmgﬁﬁmhm@ﬂBM1bymsmi&ﬂmh@ﬂdMyuﬁﬁ@bmngnmhﬁgsahpﬁmﬁmabIe gas
ey or par BPELns Al G apefor PhemsCilr BSarrarst SrAby WhH (e Temoving
sol i di fi ablRlugashceHIAO SRkry t4 teFPOBRAIRCHWhichthé Il aieheNd(pa} inY soBE@pldsg t he

solidifiabl e _gas conponent or form ng one or npre other conpounds fromthe
sol i di fi abl®2@as co%nefﬁhe msthod shpaiepls Adt-orhesgindes. e ngEtchges bRrtiagy of

pafagraphsﬂ@sﬁﬁ§¢ow@%ﬁﬁhﬁuéQﬁw&@ﬁ@%%&ﬁm%%1H%Q§Hﬁ%ﬁm§ resultant liquid
stream from whi ¢h the solids were renoved further wherein the nethod

i ncl udd® r H49Rl i ng tA. r dbaimethed of pejagtaph A44.orharein theagmpviag pefudeoheagng t he
col d 1iqui g kg%&gle % JQ@WMFMQQ ﬂfsa&%%%%?ﬂﬁ 5466, wherein the method
n | e

i ncl udes cool | esul t ant qU| strea at exchange with at | east
a portion B¥30he treﬁﬁédTQagwﬁmdeémw0ﬂmaﬂamm$694@45P@mﬁu@ﬂ&m@h&ﬁ®&ﬁk
[0151] A68. nTtl'ne met hod

step is per Bd it SOhch hﬁsﬂtaéér)%ﬁlrri)sr en aﬁglg(%éénﬁf }llgrz‘iv %glln t rrIll%trlrll(g kll%ccfl I? ngny
of paragr aWSraAﬁgAﬂiB tramdi@ret Rolidsdronotht alntry ngfosmhep outlet stream.

15 [0131] A48. The method of paragraph A47, wherein the method includes pumping
the outlet stream into a subsurface formation for disposal.
[0132] A49. The method of any of paragraphs A-48, wherein prior to the removing,
the method includes pressurizing the slurry.
[0133] AS50. The method of paragraph A49, wherein the pressurizing includes

20 increasing the pressure of the slurry to a pressure that is greater than the contacting pressure.
[0134] A51. The method of any of paragraphs A49 or AS50, wherein the
pressurizing includes increasing the pressure of the slurry using a liquid pump.
[0135] A52. The method of any of paragraphs A59-A51, wherein the pressurizing
does not include using a gas compressor to increase the pressure of the slurry.

25 [0136] AS53. The method of any of paragraphs A49-A51, wherein the pressurizing
includes heating the solids in a scaled container.
[0137] A54. The method of any of paragraphs A-AS53, wherein prior to the
removing, the method includes increasing the concentration of the solids in the slurry.
[0138] A55.  The method of paragraph A54, wherein the removing includes utilizing

30 at least one of a filter, a centrifugal separator, a static centrifugal separator, and/or a settling
tank to increase the concentration of solids in the slurry by removing some of the cold liquid
from the slurry.
[0139] A56. The method of any of paragraphs A-A55, wherein prior to the
removing, the method includes withdrawing a portion of the cold liquid from the slurry to
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is perfornmed in two or nore stages. 5 [0153] A70. The nmet hod of any of

par agraphs A-A69, wherein the renoving step is perfornmed nmechanically and
renoval owounsl/dveisdeen at | east one set of adjacent sta@ges/USp@IBZP2A71. The
met hod of any of paragraphs A-A70, wherein the nmechanical renoval of at

| east a portion of the solids fromthe slurry forns a concentrated fl owabl e
slurry. 10 [0155] A72. The use of the methods of any of paragraphs A-A71 to
renove a solidifiable gas conponent froma process gas stream by direct
contact wi fotma reayct dticepaiofl thetcoldflsjuid, and fustheroshayeis thetmeihbed inpladescoolingiths a
reduced co qglg 1,9156] A73. The use
of the net ﬁ%g(gé 8 td{éﬁ?/ ao%ﬂl%gaﬁlé%?%lﬁ)% aftk A7l ?%%?Igt%g@&%e%a sgl idifiable gas
conponent fMdbh a pr oE¥ss Tgasleﬁtodeﬁmraglypldjkﬁ@mhemnthamethmdtutmlwdesdéldfehnggw d,
toforma%reat g trea t hat doe nottco il.in.the solidifiable gas
conponent . hféicé’%lf/i rﬁf%orcfo&%nm%ae S f11'i fi abl e gas component

froma propHads gas %mamheﬁﬁm&yatmmdqumrgr@hmgwmemwﬁemin mbﬁ drerdlmgyt he

nmet hods of . a y of hs A-A71. 20 0158 A7

rocess gabebiposie fRHE MR A bro Qe BR SorlEReb R ERy OB e, A
treated g aﬁleﬁlbﬂ mep fn@ﬁ'd@sﬁéipﬁ}ftetyh@mﬁﬁh? aslahligRy g&f codoaditafbs thy sidyfl
[0160] B. A system for renoving a solidjfjable gas conponent from a Frocess

25 gas st r@aﬁ?ﬂnﬁ?@raéilwwfﬁamsg?SﬁacﬂvaIYc,cemalnpr}&ﬁned)f Sty salidiiishie col d
l'iquid havinGomp6®ings. | i quid tenperature; a process gas source

cont ai ni ng_process gas contai ning gases that include a solidifiable gas
conponeft HH¥2Ihg a fA¥eziThy HmﬂiqﬂitOfmgaﬂtphlz‘é%ﬁsth@W merfé@th@}hglctvdmm@ém

having a ffh%esﬂ inP Qo Iﬂ(t}@tsgggés \é@e{ratE et BS‘mBﬁse PCBIJB ta %ﬁ'l@ af

solidifiable gas conponent; ntacting asse ap e ecelve a
cold Iiqui ttaSttwemﬁdd“@hteag'asnmrgp@@md liquid fromthe coI d liqui d suppl y, a

process ga ream cont aihin ess gas fr Qces a and
to directl @0 ﬁz(5')]nt act @e chgl 8% | qU| aw th BHE rojgggsg\’hgaelsn tﬁ%% ﬁma d[%s
t enper at ur éclamdngthe ositl digtiid ngthp cestsaing atsambrmbmecaldlhquidisdplﬂpl i d sI urry and

a treat l%d Rﬁﬁ4]5t ' earR6 1\.,\'h eeirnréth\é\go% gl%yléfo p%Za()gﬁa%EsCX/-/y&)z, (\)V:l-l:élleglztgg ?nz:thod includes
recycling the cold liquid in the slurry to the cold liquid supply.
[0145] A62. The method of any of paragraphs A-A61, wherein the method includes
injecting the solids, optionally after heating the solids to form a gas, into a subsurface region.
[0146] A63. The method of any of paragraphs A-A62, wherein the method includes
20 using the solids, after heating the solids to form a gas, to recover hydrocarbons from a

subsurface region.

[0147] A64. The method of any of paragraphs A-A63, wherein the solids are frozen
gas formed by sufficiently cooling the solidifiable gas component from a gas phase to a solid
phase.

25 [0148] A65. The method of any of paragraphs A-A64, wherein the solids are

formed from the solidifiable gas component, or components, without chemically reacting the

solidifiable gas component or forming one or more other compounds from the solidifiable gas

component, or components.

[0149] A66. The method of any of paragraphs A-A65, wherein the removing
30 produces a resultant liquid stream from which the solids were removed, and further wherein

the method includes recycling the resultant liquid to form at least a portion of the cold liquid.

[0150] A67. The method of paragraph A66, wherein the method includes cooling

the resultant liquid stream by heat exchange with at least a portion of the treated gas stream.
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the slurry contains the cold liquid and solids forned fromthe solidifiable
gas conponent, and further wherein the treated gas streamcontains the at

| east onewotzhevoog®s conponent; and a separation agserisbyriacept ed to
remove the solids fromthe slurry to produce a renoved stream contai ni ng
the solidifiable gas conponent that was renoved fromthe process 5 gas
stream [0161]B 1 .The system of paragraph B, wherein the contacting
assenbly is conflgured to bubble the process gas stream through the cold
liquid. [000d3]1B2. TheA@®y s {Tammsthodrof apy opparagyrplishs AB7 Brheroih dhe¢antackieg step

contacting spray the cold liquid onto the process
gas. 10 [Ofg%?g ﬁ%h§$§§£%¥%¥h§%§%g par agraphs B-B2, wherein the

cont acti ng[&zlé%]enbl y Aascl lT(hesneatodloéasy obpeagpphayA - Mﬁewherbublm eontotingrstep

bubbl e cont acto ertt % t64]B4 The system of paragraph B2, wherein the
cont act i ng"°aS58 ?ﬁﬁ " Q¥g S48 east one spray tower. [0165] B5. The system
of any of [AB3gr aphsAE— B he whehog iofl aﬁ;hﬁ pmrgta@hi A9l vhasseibleyndvingl sugds a
plurality of _contactin tages in process gas strean1|s dlrectly
Pont act ey BTHTEBCUENA M Garamo b Hee e BT 8 B Sph g Ak

wherei n t hgiphur al i ta710f TROhEARId B a@t @gq)sragfaghm,niw(gu\w&ielﬁ%e rnechanlcal
countercurrent contacting of the col and t he process ﬁas stream

[ 0167] B7. TH&§seleth lggst 5#&@%%11850'&8 tb\ihé]fugb’ rfmfnl*ﬁea SPRfenirted, flgyable
contacti nggg stages are configured for serles contacting of the cold
liquid with t process qgs stream [0168] B8. The system of any of

par agr al@hs[lBSE7 Wneﬁﬂé’-l n Thhaise @htthe tichgdaes aphlof narmerapbieH-47 plitureneyeya of

cont acti ng upgT% ﬁag"goml[)%%ﬁtgdx%? a PAReSYAL GRS b ArA9 LRI R KT £, the

cold Iiqui Is a first
form a treated gas stream that contains a reduced concentration of the solidifiable gas

component.

[0156] A73. The use of the methods of any of paragraphs A-A71 to remove a
15 solidifiable gas component from a process gas stream, by direct contact with a cold liquid, to

form a treated gas stream that does not contain the solidifiable gas component.

[0157] A74. A system for removing a solidifiable gas component from a process

gas stream, the system comprising means for performing the methods of any of paragraphs

A-AT1.

20 [0158] A75. Gas removed from a process gas strcam by the methods of any of
paragraphs A-A71.
[0159] A76. A treated gas stream produced by the methods of any of paragraphs A-
A71
[0160] B. A system for removing a solidifiable gas component from a process

25  gas stream, the system comprising:

a cold liquid supply containing cold liquid having a cold liquid temperature;

a process gas source containing process gas containing gases that include a
solidifiable gas component having a freezing point and at least one other gas component
having a freezing point that is lower than the freezing point of the solidifiable gas component;

30 a contacting assembly adapted to receive a cold liquid stream containing cold liquid
from the cold liquid supply, a process gas stream containing process gas from the process gas
source, and to directly contact the cold liquid with the process gas at a contacting temperature

and a contacting pressure to produce a liquid-solid slurry and a treated gas stream, wherein
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cold liquid supply, the cold liquid streamis a first cold liquid stream
the cold liquidis a first 25 cold liquid, and further wherein the system

i ncl udes wogeti@4sol d |i quid supply that is adapted toPrdEitise@n/o2023econd
cold liquid stream containing a second cold liquid into direct contact with
the process gas stream [0170] B10. The system of paragraph B9, wherein the
first cold liquid and the second cold |iquid have different conpositions.
30 [0171] B11. The system of paragraph B9 or B10, wherein the first cold

| i qui d andthelsbryeennids dslcdld liqyid ahdiyalds fdinidddraamthetselighbrtde gaseomppBng 21312,
The syste - : | ' f ntacting
assenbliegh?%8 uyéggﬂ%ﬁﬁggaggﬂﬁgggfﬁé$g§§%%£%59Pﬁgﬁﬂggﬁg?ﬁg&%fﬁéggg gas
stream i s cont atsadration estehnplynwadaptetinte tmped theodotid$ ifigoi the shurdy fouptodeee a

wherein the plurality of.contacti -36- WD 20 97043PCT/ LUS20.11/ 020247
hsenbl | eo Rk i colnit hE DRl ey R SRR TR PR PRSEST i on
of the progsssegas streamis contacted directly with the second cold
liquid. [0173]B13. e system of apy of ragraphs B-Bl2, wherein the

separ at i on1dlasaently | HBF CHEemaohaaReabhy b P BRAD: O FOUEAE SHE B ry 1o
a tenper at gyrifigated Wbl thepoedsh 8 stedth eurdhltRNGRd ligudd.t he sol i d phase.

[0174] B14. The system of any of paragraphs B-B13, wherein the separation

assenbl y i Hdptldes a Bleat T8eupeemaghpiedelt Banearhst BBk whergine heacqnéisheg at ur e

that is abpugnties dohGsatd® PRIk Qlid fii}ﬂ‘d §b iifrd QW gs9as conponent .
[0175] B15. The System of paragraph Bl4, wherein the heat source includes a

10 resildti M6Reat er BY 0176} BrsicmThE asy sefemragrapir B aphh@eia, thaheandiching he
heat sour Csti;]r{e?glbr%ﬁﬁle?at%h%@%ggéa?iJJJr,BJu%blewﬁnﬁl}’ﬁﬁb%m &htaPRE 3PLARN BL4,

wherein the source Inc
[0164] B4.  The system of paragraph B2, wherein the contacting assembly includes

at least one spray tower.
[0165] B5. The system of any of paragraphs B-B4, wherein the contacting
15 assembly includes a plurality of contacting stages in which the process gas stream is directly
contacted with the cold liquid.
[0166] B6.  The system of paragraph B5, wherein the plurality of contacting stages
are configured for countercurrent contacting of the cold liquid and the process gas stream.
[0167] B7.  The system of paragraph B5 or B6, wherein the plurality of contacting
20 stages are configured for series contacting of the cold liquid with the process gas stream.
[0168] B8.  The system of any of paragraphs B-B7, wherein the contacting
assembly includes a plurality of contacting assemblies.
[0169] B9.  The system of paragraph B8, wherein the cold liquid supply is a first
cold liquid supply, the cold liquid stream is a first cold liquid stream, the cold liquid is a first
25 cold liquid, and further wherein the system includes a second cold liquid supply that is
adapted to deliver a second cold liquid stream containing a second cold liquid into direct
contact with the process gas stream.
[0170] B10. The system of paragraph B9, wherein the first cold liquid and the
second cold liquid have different compositions.
30 [0171] B11. The system of paragraph B9 or B10, wherein the first cold liquid and
the second cold liquid have different temperatures.
[0172] B12. The system of any of paragraphs B9-B11, wherein the plurality of
contacting assemblies include a first contacting assembly in which the process gas stream is

contacted directly with the first cold liquid, and further wherein the plurality of contacting
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heated fluid streamin thermal conmunication with the slurry. 15 [0178] B18.
The system of any of paragraphs B-Bl7, wherein the process gas includes a
pl ural i t ywof20s0l97@B3f i abl e gas conponents, the solids arecrarsaed/otiaem t he
plurality of solidifiable gas conponents, and further wherein the system
includes a plurality of separation assenblies. [0179] B19. The system of
paragraph B18, wherein each separation assenbly is 20 adapted to renove a
respective one of the solidifiable gas conponents fromthe slurry.

[ 0180] B20. aspérablepy snadwdeot sqgemdaepmigetingagembly Bl 9vhichhatrledsha paion o plar roéash
assenbly i 5y - a solidifiable gas
conponent gar%grﬂ gsctgf]%?t%a'{“fc&)lggﬁ?é%g& dce)cogd;]s gdr; of any of paragraphs
B18- B20, wHH73]i n t heBiSepdhatsystemass emplof emragrapha ddypil 2d wherche dte  sdperagbmur ry

to different tenperatures. 25 182 2. The system of any of . aqgr.aphs

2 B0, | whePerHOY PG Eyt B pP P o B el S P b B = S Bt o
to renove uatelordgeoimiidwlipppsess gas stream [0183] B23. The system of

par agr aph wherejin t wat er renoval. assenbly |5, adapted to cool. the
process gaEﬁg{']r eam eﬁt]8183.?‘%281.“%%%?%%toénl?afiafgr%’ﬁf/ %‘ﬁi&a?"'z‘gﬁﬁ};{‘pﬂ? gEpgzgon

wher ei n t hgsseiBly efblhdes b hd@Sodrcd Addptcdtb Aedd WIPsliBato 4 REPLMESe hatls Wb taE I eam
containing the slurry fromthe contacti ne assenbly and increases the

pressure offcdzHe pofof (he spletigableeas compneast em of paragraph B24, wherein the

l'iquid punpib§) confimguyr ednt QyiRa! FasRadiii BI£SHHEnOhe RS Subel Mclhi@esBa
pressure that is greater than the contacting pressure. W)
2011/ 09P04B3PETYals2B11/ 020247 [0186] B26. The system of any of paragraphs

5,825, eldbg e s oTnchucn Rosplieh | ek pSRetglO skl ueert o
burner.
[0177] B17. The system of paragraph B14, wherein the heat source includes a
heated fluid stream in thermal communication with the slurry.

15 [0178] B18. The system of any of paragraphs B-B17, wherein the process gas
includes a plurality of solidifiable gas components, the solids are formed from the plurality of
solidifiable gas components, and further wherein the system includes a plurality of separation
assemblies.

[0179] B19. The system of paragraph B18, wherein each separation assembly is

20 adapted to remove a respective one of the solidifiable gas components from the slurry.

[0180] B20. The system of paragraph B18 or B19, wherein each separation
assembly is adapted to heat the slurry to remove a solidifiable gas component from the slurry.
[0181] B21. The system of any of paragraphs B18-B20, wherein the separation
assemblies are adapted to heat the slurry to different temperatures.

25  [0182] B22. The system of any of paragraphs B-B21, wherein the system further
includes a water removal assembly adapted to remove water from the process gas stream.
[0183] B23. The system of paragraph B22, wherein the water removal assembly is
adapted to cool the process gas stream.

[0184] B24. The system of any of paragraphs B-B23, wherein the system includes a

30 liquid pump that receives a slurry stream containing the slurry from the contacting assembly
and increases the pressure of the slurry.

[0185] B25. The system of paragraph B24, wherein the liquid pump is configured

to increase the pressure of the slurry to a pressure that is greater than the contacting pressure.
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contacting assenbly and to separate the slurry streaminto a concentrated
slurry streamand a resultant cold liquid stream wherein the concentrated
slurry stweamig®ni4di ns a greater 5 concentrati on of thePEDIUSAGI10kEA7t he
slurry stream and further wherein the resultant cold |iquid stream does
not include all of the cold liquid present in the slurry stream [0187]B27.
The system of paragraph B26, wherein the solid |iquid separator is selected
fromthe group consisting of at |east one of a filter, a centrifuga

separ at or, (0486l at i ¢ Bént rlhe sxpedm mmépmgra@lwﬁb@ﬁém@eﬁm vl tign y@?@pﬁa@
and/or a s I f f

326- 827 wilcl i By s pARRTE decela USSR coB i £ ALAPTRRNRe

sem - bat chgongacticg atsemblgusd mmtparelfe topeuay btogamt 10tosaec;mp®uttretet1 Wy |streany asd at eam
into the cong urry eam and t he ultan cold liguid st

[ 0189] B29. e%%%‘“@ﬁ%‘tdeﬁ%l%ﬁh S%ﬁ ?V pal'a Fa‘b%l%e“&a 851“%8% PR G BT abI e
gas conponediicentGitise Ioé@heesbhfds ahant the sgrr@upre@mn ahd firttgr ofheear benediliaxt cdd

hydr ogen sul f.i de, e, a |. sul fide. [0190] B30. The
Cyst am of bkt SReptdne bt o6 T nBl iR Rt TR gas. componont
i's carbon gigxi de. [EPFI1]MBS bystdh & ysdofiph HB26aRheRfin ﬂ@rmaapﬁm BpBafr is
wherein the solidifiable gas conponent is not water. 20 [0192] B32. The

syst em of Ptes %ﬁl%fg%ra%%on@smof ey A iy eesatifygnd seraraseing s8¢ ai ns

a plurali tUen@rﬁfuéaﬁlséﬁkaftéta?hl@clﬂﬁ§al Bipsr, ah DI3LBBR; tadine syst em of
par agr aph B32, wherein the solids include solidified phases of at |east two

of the 9 B8l y of B8l i die isatire ofasy ob mpoewenksB6 BZ@A\]VB‘MH theh soligly kquadn of
par agr aph %{Sg‘ra&"r th’l%tﬁl 8 1E4 Bht ts@ﬁ‘n-%t«‘:ﬂ %lr cglﬁmgr)uszrﬁo og)leialtlgl? ko S %‘éte the

conponents i's selected fromtHe group consisting o di oxi de,
hydr ogen sﬂhﬂyd@mnmndﬁwcmeXMadﬂumﬂ%mmnamﬂmcaﬁwomyuﬂébmhddewn{0195]835.

The syst en}ﬁ§9]any OfBﬁ?‘r 4L e srt]esm ?%nyBg’ﬂ par&hggﬂhglélBEQewl%lré’llﬁ ?heI s:[o}/ldl%able gas
component is selected from the group consisting of carbon dioxide, hydrogen sulfide, sulfur
15 dioxide, or carbonyl sulfide.
[0190] B30. The system of any of paragraphs B-B29, wherein the solidifiable gas
component is carbon dioxide.
[0191] B31. The system of any of paragraphs B-B30, wherein the solidifiable gas
component is not water.
20 [0192] B32. The system of any of paragraphs B-B31, wherein the process gas
stream contains a plurality of solidifiable gas components.
[0193] B33. The system of paragraph B32, wherein the solids include solidified
phases of at lcast two of the plurality of solidifiable gas components.
[0194] B34. The system of paragraph B32 or B33, wherein the plurality of
25 solidifiable gas components is selected from the group consisting of carbon dioxide,
hydrogen sulfide, sulfur dioxide, water, and carbonyl sulfide.
[0195] B35. The system of any of paragraphs B32-B34, wherein the plurality of
solidifiable gas components includes carbon dioxide.
[0196] B36. The system of any of paragraphs B34-B35, wherein the plurality of
30 solidifiable gas components does not include water.
[0197] B37. The system of any of paragraphs B-B36, wherein the process gas
stream includes water.
[0198] B38. The system of any of paragraphs B-B36, wherein the process gas

stream does not include water.
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solidifiable gas conponents includes carbon dioxide. [0196] B36. The system
of any of paragraphs B34-B35, wherein the plurality of 30 solidifiable gas
conponentwodos®9Im@B i ncl ude water. [0197] B37. The syst emCofUuSaomy/ooG247

par agr aphs B-B36, wherein the process gas streamincludes water. [0198] B38.
The system of any of paragraphs B-B36, wherein the process gas stream does
not include water. WD 2011/097043PCT/ US2011/ 020247 [ 0199] B39. The syst em of
any of paragraphs B-B38, wherein the process gas stream has a pressure of

| ess than HI&®%psi a, Bi%t i dhalsystemhedr @iynoft heragreplseBP3Fasvhsrerre thn prasesa gas
pressure o : eam
e a pr essiiP iR IR RS, frn 280 b UM Rk W BLRCER M BRT L

st r eam hasp@squreesfSlassehaf 100epsa, topaionaB vehepsn ghe raoatss gastdream dips b prabury of
wher ei n thF {){ocgﬁs %as Shrea has tg %rressure tof | ess t han 20f1 sitg. (%0200]
B40. The syt ot of P&y R rg’]ﬁ?rﬁlﬁh ¢ B985 SARALTE ASEhRPHECUSSSJAR &Y r eam
further si npdiades fiathel @aidhalInehegas the paguoseat sttdaathak @ fedsnise offed tiga0ghase at
t he contacti.ng tenp tu and the contactin r re. [0201]1B41. The
System of BaPor aoh Tl G ararh e b suedteRs SR ek Qi rse e
nitrogen gascamafgthePincRiiad ly 10ResR Past BenfohoReHst Gafist heahe QARE & afbe

nitrogen gas as a ngjority conmponent. [0202] B42. The system of any of
par agr aphs CE{asHne tfpErRIHaRd{Be pcHBS PGS St r eam i ncl udes an exhaust stream

froma confysgij on pPrRAesshe [ Q2R3 Bf SarablHnsrab enblcirdMe Plodkar ?9! apBsn
B-B42, wherein the process gas 15 streamincludes a flue gas stream and
opt i ondl0l ycqnepriges higregeyagass prdeeptionplh? whymm4the Prascssysas shicat camprisss npepgayr aphs

B- B43, whergi .qui d has a tenperature that is below the
t enper at ur fsf?a\t;\j%?ogﬁ%%?édélg%ar bon dioxide will precipitate fromthe process

gas str eamn0202] B42. The system of any of paragraphs B-B41, wherein the process gas
stream includes an exhaust stream from a combustion process.
[0203] B43. The system of any of paragraphs B-B42, wherein the process gas
15 stream includes a flue gas stream, and optionally is a flue gas stream.
[0204] B44. The system of any of paragraphs B-B43, wherein the cold liquid has a
temperature that is below the temperature at which solid carbon dioxide will precipitate from
the process gas stream.
[0205] B45. The system of any of paragraphs B-B44, wherein the cold liquid has a
20 freezing point that is less than -100° C, optionally wherein the cold liquid has a freezing point
that is less than -120° C, and further optionally wherein the cold liquid has a freezing point
that is less than -140° C.
[0206] B46. The system of any of paragraphs B-B45, wherein the cold liquid has a
solidifiable gas component solubility of less than 10 mol% at the contacting pressure and the
25 contacting temperature, and optionally a solidifiable gas component solubility of less than 5
mol% at the contacting pressure and the contacting temperature, and further optionally a
solidifiable gas component solubility of less than 2 mol% at the contacting pressure and the
contacting temperature.
[0207] B47. The system of any of paragraphs B-B46, wherein the cold liquid has a
30 carbon dioxide solubility of less than 10 mol% at the contacting pressure and the contacting
temperature, optionally wherein the cold liquid has a carbon dioxide solubility of less than 5
mol% at the contacting pressure and the contacting temperature, and further optionally
wherein the cold liquid has a carbon dioxide solubility of less than 2 mol% at the contacting

pressure and the contacting temperature.
-39-



[ 0205] B45. The system of any of paragraphs B-B44, wherein the cold liquid
has a 20 freezing point that is less than -100 C, optionally wherein the
cold |iquwo 2bE092048r eezi ng point that is |ess than -120PCr/used 1ien2ther
optionally wherein the cold liquid has a freezing point that is | ess than
-140 C. [0206] B46. The system of any of paragraphs B-B45, wherein the cold
liquid has a solidifiable gas conponent solubility of |ess than 10 nol % at
the contacting pressure and the 25 contacting tenperature, and optionally a
sol i di fi abli@08las colp@nedhe subtabi ¢fi ty of phregephshBrBY. moievéimtthe lseldcmtchct | ng

pressure aﬁgluh&%s&d%kg%daﬁ&né Fg’giﬁc{lﬁr;é&gl?m?‘lgcglsftt éol?er optionally a

solidifiab gas conponent sd an 2 nol % at the contacting
pressure a[1h209]he coidd&ct iThg syﬂﬂp@faiamg@phmowmm thghelds gtie rpmbrigmyat of
paragr aphs, B t he co ar bo i,oxi de. .

o1 bt 1o y'eert o bt ol ol St A Evet” s AR o R o

cont act isng[2edjper at (B3®, apt lsymt‘@h bfyanpherpaiagrapheB a9dwhergiui the &\l liquid drdon

di oxi de sol él | i t an 5 nol % at the contacting pressure and the
cont acti ngd ‘? H?Flélonﬁﬁﬂﬂfe@rr?%égrgaéﬁtf‘faghal |y wherein the cold liquid has

a carbon d[mude solpmi | Imhy s@denh 85 8nyt dTayaragrdpat BLRE0, LWiEreGOMmE a6IdilREiddRs SUr €
and the contacti ng{ tenperature. WO 2011/ 097043PCT/ US2011/ 020247 0208] B48.

The syst en¥Anchyr thy at heastape aplidifiEdleopmPoiefér ei n the cold Iiquid i ncl udes
| soal kane, (99l kenayspal aglverPbr GO ARLBAS BB 9AL:clOROSHIEAu TR,

system of paragraph B48, wherein the coldliquid conprises at |east one
i soal kalfle, notdeiidessaidon dioxilecohol t hat forns a maj ority conponent of the

cold Iiqui th 213 [021G4B50 JQ?stéX%%%%’OQEQQ%% p%%BOBS \LRPAS 1 BIP1iqnhe £1 N

the cold Ifquid has a dif erent co Si an t e process gas stream
[ 0211] B51. hqihéaisaytsmemmfe &Y Ofanpapagiuapdisl BnBFOcrewherein the cold liquid

gsgtsenmo'éf | Eﬁy!ﬂg? :)gr agraphs aSS%St%%i tSOl e(rjlerﬂr?%?glﬁ%h(:%g?l q?}ler&l[ d(%)%g Qfgam%érhe
i ncl ude captessuredis dosh then 1PORIR|oBEGnallY vehesyisthe Rowthctiag praafurp arleg tizphi) [{8:aB52,
sherel e ERbl gL, 5.8, bautd, ot o Lemeratins ot 20 C and o pressirc
the cont acto2ng B55. The system of any of paragraphs B-B54, wherein the contacting
temperature is less than -80° C, optionally wherein the contacting temperature is less
than -100° C, and further optionally wherein the contacting temperature is less than -120° C.
[0216] B56. The system of any of paragraphs B-B55 configured to utilize the
20  mcthods of any of paragraphs A-A70.
[0217] B57. The system of any of paragraphs B-B55, wherein the process gas
stream includes water at a concentration equal to a water saturation at a temperature above
the freezing point of water.
[0218] B58. The system of any of paragraphs B-B57, wherein the contact assembly
25 1is adapted to contact the cold liquid and the process gas in a countercurrent manner.
[0219] B59. The system of any of paragraphs B-B58, wherein the contact assembly
includes two or more stages.
[0220] B60. The system of any of paragraphs B-B59, wherein the separation
assembly is adapted to mechanically remove solids from the liquid-solid slurry and removal
30 occurs between at least one set of adjacent stages.
[0221] B61. Gas removed from a process gas stream by the systems of any of
paragraphs B-B50.
[0222] B62. A treated gas stream produced by the systems of any of paragraphs B-

B60.
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pressure is |less than 100 psia, optionally wherein the contacting pressure
is less than 50 psia, 15 and further optionally wherein the contacting
pressure We 2bag®7@4han 35 psia. [0215] B55. The system of pamyusediipanzagr aphs
B- B54, wherein the contacting tenperature is less than -80 C, optionally
wherein the contacting tenperature is less than -100 C, and further
optionally wherein the contacting tenperature is less than -120 C

[ 0216] B56. The system of any of paragraphs B-B55 configured to utilize the
20 net hodslBR3lany ofC.par dgswssis for-ranoving @ 20lJiR8e eFheosposceinireh aaprycass

paragraphs;gkﬁggntwpgggkﬂm eqRLocess gas streamincludes water at a
concent r at fon equal t'o a water Saturation at a tenperature above the

freezi ng poi nt méamgdiorgmrovifling b8PpBERuiId el s yotemgas stevam; ohepar thgpapbs @Bs B57,
wher ei n thqrcoqkqpa %§s%§q4¥125 i S adaﬁg%gh}o %ontacth%he %gidtliguhg and
the proces¥ Gas % THULEPEF SATPIHIANEY e IS BI M FAE 95 P& T SHPhny of
par agr aphs gB-BbPonarhkavéige freing@oindiat BIsedrhan the Gtartiespoimo§ dic sodifaldé ages.
[0220] B60. The system qf. any of paragraphs. B-B59, wherein the separation
hosenbl y | SRR B eI AC P LengUai gy RdieePPORPEhEal fdord 861 ¢ o

sl urry andtchpoRvmt aBWHXEHCheSsolleifiMRe RadbothRiSht GRBInSAE Rbccdlpar efdansShvtges.
[0221] B61. Gas. renoved from a process gas stream by the systens of any of

. . a_pr y
par agr aphs B0 o pegzbnhag? s lquid & gieapsgrercof PR Lnmist HRIGEEE By dHerndyrat ens

of any of pafrRmARISYOBtioBE AN thieb@0ddds QRLAA3PCT/ US2011/ 020247 [0223] C. A
system for renoving a solidifiable gas conponent froma process gas stream
t he sysilem conpinfagp ey directly contacting the cold liquid with the process gas stream to solidify

the solidifiable gas component and to form a liquid-solid slurry and a treated gas stream;
wherein the slurry contains the cold liquid and the solidified solidifiable gas component; and
further wherein the treated gas stream contains a portion of the process gas stream that was
not solidified to form the slurry; and

15 means for removing the solidified solidifiable gas component from the slurry.
[0224] Cl.  The system of paragraph C, wherein the solidifiable gas component is
carbon dioxide, and the other gas component is nitrogen gas.
[0225] C2.  The system of paragraph C or C1, wherein the means for directly
contacting includes at least one spray tower, bubble column, bubble contactor, or tank.

20 [0226] C3. The system of any of paragraphs C-C2, wherein the cold liquid
includes at least one isoalkane, isoalkene, or alcohol.
[0227] C4.  The system of any of paragraphs C-C3, wherein the means for directly
contacting contacts the cold liquid with the process gas stream in a countercurrent manner.
[0228] CS5.  The system of any of paragraphs C-C4, wherein the means for directly

25 contacting contacts the cold liquid with the process gas stream in two or more stages.
[0229] C6. The system of any of paragraphs C-C5, whercin the means for
removing mechanically removes the solidified solidifiable gas component between at least
one set of adjacent stages.

Industrial Applicability

30 [0230] The systems and methods disclosed herein are applicable to at least the oil and
gas and gas processing industries.
[0231] It is believed that the disclosure set forth above encompasses multiple distinct
inventions with independent utility. While each of these inventions has been disclosed in its

preferred form, the specific embodiments thereof as disclosed and illustrated herein are not to
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means for providing a cold liquid and a process gas stream wherein the
process gas streamincludes a solidifiable gas conponent having a freezing
poi nt andwet20i@g®3i43one ot her 5 gas conponent havi ng a f PegAiSag1foi2at t hat
is lower than the freezing point of the solidifiable gas component; and
further wherein the cold liquid has a freezing point that is |ower than a
tenperature at which the solidifable gas conponent wthin the process gas
streamwi || transition to a solid phase, is liquid at a tenperature of 20 C
and a pr esBugmsigpred imp fmitrecbehspsas augicfoue venmtiososrp 08ssthilo nThehwhicehyaatisr o€ es s
gas streany,. 31008 Y. |

process ggsh st reg(%%tlgaé%g cﬁ?%l aﬁg(ﬁgﬁﬁg\gb&awe aglgi ggﬁggéﬁ)g@mawﬂdgt &‘:[h? orma
| i qui d- sol vadiosb allemynt&rfdatare$ rmemuis fgrd@r ptapediay dmﬁmélmretm61MIM)r, whewrtbai ns

t he C0|d|l wd and .the so olidifiable n ndf rther
wher er n ¢ nEAEResPl “bag SF i A5 R AR, BRI F ARG e B Bl BRI B e
t hat was noidesstdoddiof ine€lddd enchpbrxibi@f Shellof Yiorasdchl Blamaits, lieﬁlhelf &qmvlhg\glot he
solidified s? i.difiable gas, component fromthe slurry. [0224]C |.The system
of par agr apHfENEIHECEMETTWER SSTFYi i abl e gas conponent is carbon di oxi de,

and the oti2s2/gas cqEEONEINEvddS thak t theIRNoFRS. clhP@2PhiGluldie songt 860 Qfrtain
paragraph C or, ¢, wherein the neans for directly caontacting.incl udes at

| east one SPRAYRioBNaRd subgeBbigations b aropdissicd e Gt §Ehsrdisclnsed gryrntiopy and

[ 0226] C3. The navs taﬁ&rh&f-o@/%ﬁs OfnRAEAY LABHSE e nether \éﬁ%lﬁét{bng Qﬁ'd ﬁl@k&nﬁlhﬁi&lg
i ncludes at | east one isoal kane, isoal kene, or al cohol. [0227] C4. The system

of any l&f p%featgrea,pﬁqgct@nmlenm@ra@ﬁ/ﬁr plogCTHRRSY bwlaquéhnougzh @,@mda@m ¢fghe
contacts t Highd Y deMlidh SNRWPHRRESS 1985 PliRA M RcAiof O YDULLHMIEEN!
manner . g‘%%%@é LF%H ;H;steemgo}% any of paragr ariea‘g: Cn/afb 8r EIEI’I t{1e means
for dir ect by n@p chang, adteiheg thegraradirscteche @difﬂ:retnt guNedtion thltrdfveedpuodbes&ngas
streamin two .or ) 0229] C6. The s em of r raphs
C-05, wher &' PRe" g VRedr dtlt?or it %‘r%o%“’r n‘la“ﬁ%vé anr ¢ af Fy™? X 0{1%155‘315% 1'di 77 ed
sol i di fi abhleo @@arded)amocfleatﬁd vb&mm&ae@utaéct Irrmastofdmanmhomfofalckj mecentdisiages.

I ndustrial Applicability 30 [0230] The systens and net hods di scl osed herein
are applicable to at least the oil and gas and gas processing industries.
[0231] It is believed that the disclosure set forth above enconpasses

mul tiple distinct
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inventions with independent utility. Wile each of these inventions has
been disclosed in its preferred form the specific enbodi nents thereof as
di scl osedweardiddrustrated herein are not to -41- WO  PCT/US2011/020247

2011/ 097043PCT/ US2011/ 020247 be considered in a limting sense as numerous
variations are possible. The subject matter of the inventions includes all
novel and non-obvi ous conbi nati ons and subconbi nati ons of the various

el enents, features, functions and/or properties disclosed herein.
Similarly, where the clains recite "&L8MSa first" elenent or the

equi val ent wthergof , such clains should be 5 understood to include

i ncor poration of one or nore such elenents, neither requiring nor excluding
two or nore such el exremdtisnd [dd28@pVihg iassdhidifiableeghst dvatpoténe ffaph [aoporys dasii N6
particul arl h ﬁ‘olﬁh ﬂﬁj cert.ain conbi nati ons and subconbi nati ons that are
di rected t 3 BRelSmFHRY GP8EM B8 ed i nventions and are novel and non-obvi ous.
| nventi 6ns enbodi ed (kN otheiictognbi pﬁicmngasamdez&ubecmhnmgt hoRdidifaibtf gas
features, functians .S and/or properties e clainmed through
hrendrent GGG BSEHIC B4R AL S sH s GRPREHre B HERC RGPS HOroEA or
rel ated appiigaélidurrStihifhe pdedldaiqueMdGbRls Brmadst Radiffileheabrditdhtiect ed
to a different invention or directed to the sanme invention, whether

di f f er ent , £Hrabkaw e porion b ilissolidffablssgrponsat Bhpores ERetisdNgi nal cl ai ns, are
al so regarq,ggeﬁs included within the subject matter of the inventions of
the present disclosure. WD 2011/097043PCT/ US2011/020247 CLAI NS W cl aim
1. A mdthod f orthe eprsedting farthes forais faj teggted ggasireaanpotrenng p morioa oftlscrreecsyas

stream t hgasrgﬁr%m %a?&gg)l{dt §6lﬂigﬁed by the contacting with the cold liquid;

the cold liquid is at a temperature at which the solidifiable gas component within the
process gas stream will transition to a solid phase;
the cold liquid has a different composition than the solidifiable gas component; and
15 the process gas stream includes at least one gas component that remains in a gas phase
at the contacting temperature and the contacting pressure; and
(b) removing at least a portion of the solids from the slurry
2. The method of claim 1, wherein the solidifiable gas component is selected
from the group consisting of carbon dioxide, hydrogen sulfide, sulfur dioxide, or carbonyl
20  sulfide.
3. The method of claim 1, wherein the solidifiable gas component is carbon
dioxide.
4. The method of claim 1, wherein the process gas stream contains a plurality of
solidifiable gas components.
25 5. The method of claim 1, wherein the process gas stream includes water at a
concentration equal to a water saturation at a temperature above the freezing point of water.
6. The method of claim 5, wherein the method includes removing at least a
portion of the water from the process gas stream prior to the contacting.
7. The method of claim 1, wherein the process gas stream includes an exhaust
30 stream from a combustion process.
8. The method of claim 1, wherein the cold liquid has a temperature that is below
the temperature at which solid carbon dioxide will precipitate from the process gas stream.
9. The method claim 1, wherein the cold liquid has a solidifiable gas component

solubility of less than 10 mol% at the contacting pressure and the contacting temperature.
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5(a)contacting a process gas streamcontaining a solidifiable gas conponent
with a cold liquid at a contacting tenperature and a contacting pressure to
forma |iwo0i2dt1goré4d sl urry containing the cold |iquid ardTaskéd®262eT red by
solidifying the solidifiable gas at |east a portion of the solidfiable
conponent in the process gas streany wherein: 10the contacting further
forns a treated gas stream containing a portion of the process gas stream
that was not solidified by the contacting with the cold Iiquid; t he
cold liquidis H a Il@nﬂp@\{amﬁ@aiat Lyharpin tthe cald Liqdidfhaa o] @fferast wompsitient

wi thin the mw ll transition to a solid phase; the cold
liquid hasﬂﬁﬁgﬁgigfgﬁ%sg%%ggsition than the solidifiable gas conponent; and
15t he process ghs stTheamthoicdiuceisr ht whereistthopdd digsidcierpopahit 4 teatperaemai ns

in a gas phaseat the contactin enperature and .t cont.actin [ essure;
and- (5 renbutng e ExSPRAL PR EET SPLES: Fieh M R LAGh ey HeEARE

2. The et padt afflesskrahm @ Cwherein the solidifiable gas conponent is
selected fromthe grQup consi sting of. carbon digxide, hydrogen sulfide,
Sul Fur i oxi de. Lor CC BuipRe o6t 1 iesSh TR0 oSy Kb amihon oo R
wher ei n t hgosiRdredid dl@hbE of@niEiA @0 S car bon di oxi de. 4. The
nmet hod of claim1, wherein the process gas streamcontains a plurality of

solidifiabl e gas conpsmeia of pEmnfrwhersiiibgicald ligyidicamnnriseha srigurs afhwe §f ocess
gas streanmpopclodfiesenf@t er at a concentration equal to a water saturation at
a tenperature above the freezing point of water. 6. The net hod of
cl ai m 50 wher ei it helheendibd ¢frddindie’s wherepy/tha goldtliquahepmpaisgsoant iseliexerfe. fhe

wat er fromg %gﬁ%?ﬁ?ﬁﬁﬁ%ﬂﬁnﬁ&&%@”‘prior to the contacting. 7

The net hod o erein the process gas streamincl udes an exhaust
The method of claim 1, wherein the cold liquid comprises an ethanol, a

methanol, or combinations thereof.
16. The method of claim 1, wherein the contacting pressure is less than 100 psia,
15 and further wherein the contacting temperature is less than -80° C.

17. The method of claim 1, wherein the contacting comprises spraying the process
gas stream with the cold liquid.

18.  The method claim 1, wherein the contacting includes bubbling the process gas
stream through the cold liquid.

20 19.  The method of claim 1, wherein the method includes repeating the contacting
with the cold liquid at a different contacting temperature.

20. The method of claim 1, wherein the cold liquid is a first cold liquid, and
further wherein the method includes repeating the contacting with a second cold liquid
having a different composition than the first cold liquid.

25 21. The method of claim 1, wherein the method includes repeating the contacting
with a second cold liquid at a different contacting temperature.

22. The method of claim 1, wherein the removing includes heating the slurry to a
temperature at which at least a portion of the solids are no longer in a solid phase.

23. The method of claim 1, wherein prior to the removing, the method includes

30 pressurizing the slurry to a pressure that is greater than the contacting pressure.
24, The method of claim 23, wherein the pressurization is achieved by heating the

solid in a scaled container.
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30 streamfrom a conbustion process. 8. The method of claiml,
wherein the cold liquid has a tenperature that is below the tenperature at
whi ch solwo 20ardeo0s3di oxi de will precipitate fromthe preceds2gqa®2@iT eam 9.
The nethod claim1l, wherein the cold liquid has a solidifiable gas
conmponent solubility of |less than 10 nol % at the contacting pressure and
the contacting tenperature. -43- WD 2011/ 097043PCT/ US2011/ 020247 10.
The method of claim1, wherein the cold liquid has a different conposition
t han the proces®.gaslhstmehgn of claim 1, wherein Pher tpethh semefing Ithd method wistwrdes n t he
cold liquig.lS.: JCLL - r e, of p

at nospher e?m{fasdﬁ% lltjﬂretq%érgen\%té%eFﬁ{ﬁfgﬁsgﬁ%sg{ndth‘gisﬁ hgegr% g%r%ﬁ?ﬁ%%g%ogoﬁ% of

| ess than k§0QfiGm the slurry.12. The method of claim 1, wherein the cold |iquid

conprises an isgal kapne, an i soal kene,. an al cohgl . or conbinations,thereof.
15 P The method 3 o emdiedal dRu A3t a i g e o o Rredah s SRe bIRE o
two or for erce@nyfomnedtsslidsl @ddfufther widréio theohetbdbdindludds, sepdretig) 41 1¢asea pation

liquid co ses an i sohexang, an isohexene, or conbination thereof

15. The ng&h ﬁnﬁpﬁgpﬁgWﬂ@?“ﬁﬁ@?é?ﬁmiﬁé“%ﬁ?d liquid conprises an ethanol, a
met hanol , or conbi nathcopsthbiesredlhim 26, wherein ke olfe BRahOG Phmpbaiink la
wherein the contacting pressure is less than 100 psia, 15 and further

wher ei n t he'begfcadarmafot Brperettlure is 1 ess than -80 C. 17. The met hod

of claim1, whejgin fhengpild 3ekiald 1CUREiS R RRAWNSLREs RIRGLES ch'ftﬁd
streamwth the cold |liquid. 18. The nethod claim1, wherein the
cont actliOngstrage)l fidmswhighiihe nefidsheerprromesesl. gad furtles avherdin dgymethieds duslugles
liquid. 20 | ey rein t -1 ncl udes repeating
t he cont ach%%gm 'ﬂltlgﬁfre{hﬁgmg@flg“??qw élégt&edﬁmbﬁ%%”ggcﬁjﬁ%cti ng tenperature.
20. The met hod o39.cl dimristhavhef divim 2$ewlsodial thd geathdd iichalef codingabd deshiitagti d,

o0 eSS 05 TR oL 5 RS MIRMRE SRR 10 11 2
l'i quid. 30. The method of claim 1, wherein the contacting step is performed in a
15  countercurrent manner.
31. The method of claim 1, wherein the contacting step is performed in two or
more stages.
32.  The method of claim 1, wherein the removing step is performed mechanically
and removal occurs between at least one sct of adjacent stages.
20 33. A system for removing a solidifiable gas component from a process gas stream
by direct contact with a cold liquid, the system comprising:
a cold liquid supply containing cold liquid having a cold liquid temperature;
a process gas source containing process gas containing gases that include a
solidifiable gas component having a freezing point and at least one other gas component
25 having a freezing point that is lower than the freezing point of the solidifiable gas component;
a contacting assembly adapted to receive a cold liquid stream containing cold liquid
from the cold liquid supply, a process gas stream containing process gas from the process gas
source, and to directly contact the cold liquid with the process gas at a contacting temperature
and a contacting pressure to produce a liquid-solid slurry and a treated gas stream, wherein
30 the slurry contains the cold liquid and solids formed from the solidifiable gas component, and
further wherein the treated gas stream contains the at least one other gas component; and
a scparation assembly adapted to remove the solids from the slurry to produce a
removed stream containing the solidifiable gas component that was removed from the process

£as stream.
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2521. The nmethod of claim11, wherein the nethod includes repeating the

contacting with a second cold liquid at a different contacting tenperature.
22. The meOhlod/mof048] ai m 1, wherein the renoving i ncl udeeChasting2ahe sl urry
to a tenperature at which at |least a portion of the solids are no longer in

a solid phase. 23. The nmethod of claim1, wherein prior to the
removing, the nmethod includes 30 pressurizing the slurry to a pressure that
is greater than the contacting pressure. 24. The nethod of claim 23,

wherei n the preXsur ithatsygemios claghBévelerdy threconianigng ssecraldy inglidas a phedited
cont ai ner. f olaim
1, wherei n° pr| grg&ﬂ%{t%%%%{hgg%gﬁggﬁgﬁﬁ%ds fhﬁecc 1&5‘2"%“?%5?@%?%%” uft
concentrati on o¥5.t hel'lsolstels of nlatrnd3 sWhareiy theycontniing asgereblp arcludena pfurdlite col d
liquid fromth lurry.. .. . 26. The met had .of .cl ai,m.22,, wh

sort'as ot SoBetid febshapties whoroin fR gt FudERuBRE 12 it RUTARU AR Thledidy
further swhiqed Rtrédne 1sﬂ£ﬁfk®dolﬂﬂfqhidﬁﬁﬁiaﬁleﬂﬁl’0@ld Hguiditis 4 ﬁm tcoﬁt lp-pam ia0d f@thet he
transforned,solids to an outI of claim
b6 whor o ISR BF et B ek Seond teR B ARty b iikate % BRECS sford,

di sposal . cold liquid s&8am TofaMBihOskcohd 6dlailiul, inbh@FRi BorltRe witBNBY hResR c%@sﬂuces
a resultant liquid 10 streamfromwhich the solids were renoved,

further wh&f%®M the nethods incl udes recycling the resultant |iqui d to form

at |east a portign thetQQe&oéﬁjclﬁlhﬂB'S dwhereln the &8t cdRelidvRS o tRf scebidi $91L8.
wherein the nmethod includes cooling the resultant [iquid stream by heat

exchand® wlhighd hevelaglegst oge plotiffpiept comppsigonspad didgraghtsmpeiaaein 30.
The method of ciai mgd, %@ﬁleéﬂ;ilalbﬁﬁgo&%é‘r Ll g s%IBCﬁBlo'nS?E’e%ﬁ];‘?rlﬁ@&hek N feat®

countercurrent manner. met od of erein
contacti ngscsttn@padapteqbew fhoatrtbel siurryttom empemetuee gageshove the fre@ihg o qferhthod of

claim1l, V\h%deflla% e s engl)l\elllltng step is perforned nechanically and renoval
occurs between a{ % SSTPBRE set  of adj acent stages. 2033. A system for

renoving a sol i3K.fi élbiee;ygaﬁ ocﬁcaraipﬁ)B@n@héremrrheasypfeﬁﬁﬁsmdg;aessﬁlﬂrlelam sl&yardﬁof ect
cont act, w i qu t he system co i uid su

ot o s b R SRS o Sy SR T ETRE 18 s Aforf She bonta el SHRRLY o
gas sour Ceaoidtsapanitd theRIREAHBard d%o @Qﬁﬁ@hﬁiat&g s1Ga$ SBealhaid d Rel1uakecod liquid
solidifiable gas co onent having a freezing point and at | east one other

gas conponfftm2yhRE th@ ConCERtERt YHYTAD ERRNSatRePneREr e the wdids ng

poi nt of thgy e dllqbf !;t%mne alttPRirthQTPRAER ke resultant @IE leﬁ%éaﬂgd&ﬁ $8MRkMde
adapted to receive old I'iquid stream contai ni ng cold liquid fromthe

col d |i qui @l eiippreld hauléptﬁé@é@@aglu@ms@%?m cont ai ni ng process gas fromthe
process,gas SouqLe, ﬂ@q¥§t8ngf SLREA w%@ﬂ%hlatﬁé s&lf‘&eh Jrhtglué eﬁ’MsE& Fil'fle?

process gas at a contacting tenperature and a con |ng pressure
produce a |iqui4dsolTihd sistgnr pf @tamadd, rebarad Tgaswbd-ﬂle@lrh Sewrretloelqompﬂses a

mechanical moving scraper.

41.  The system of claim 38, wherein the solid-liquid separator is utilized in a

batch, semi-batch, or continuous mode of operation to separate the slurry stream into the
25 concentrated slurry stream and the resultant cold liquid stream.

42.  The system of claim 33, wherein the solidifiable gas component is selected
from the group consisting of carbon dioxide, hydrogen sulfide, sulfur dioxide, or carbonyl
sulfide.

43.  The system of claim 33, wherein the solidifiable gas component is not water.

30 44.  The system of claim 33, wherein the contacting pressure is less than 100 psia
and that contacting temperature is less than -80° C.

45.  The system of claim 44, wherein the contacting pressure is less than 35 psia.
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30 the slurry contains the cold liquid and solids formed fromthe
solidifiable gas conponent, and further wherein the treated gas stream
cont ai ns wheontfof@ast one ot her gas conponent; and PCa/Use@asai24dn
assenbly adapted to renove the solids fromthe slurry to produce a renoved
stream contai ning the solidifiable gas conponent that was renoved fromthe
process gas stream WD 2011/ 097043PCT/ US2011/ 020247 34. The system
of claim 33, wherein the contacting assenbly includes a plurality of
contacting stag¥s i MThatsyethmtcielapncodesdeigisths cplddimuicshasir Gezing mﬁtthfétl@d
with the C%lséjth!lﬂ %b(dC anfi flgthes%er-gﬂe[h? é((ﬁ& ﬁg%lg f|s eplll ﬂt%%emé\é}&'[&%'d} 2b‘hé .
contacting assenbly 1'’nc es l'ural ity con ting a l'ies, ereln
the cold Iaqmm@hs@ﬁpmy is a first cold liquid supply, the cold 5 I|qU|d
streamis a fir c d|IUIdS a fir
aud, and further WiePeRH PhEMEerb TR e <ol falg o to bRt s uppi y
t hat i s sadaptgticiitosotldllity @f 1&ss skmpndnmdﬂ/ Cat | the orflacsing @agmeonbaity oghtatisgcond
cold I|qU|d into direct contact with the process gas stream 36.
The syst ent8P°@f%f'm 35, wherein the first cold liquid and the second col d
10 liquid have 44 | epgtsyana &fcla@hfsﬁesvﬁa%mqa@p&al%@n@as@rwlffaleﬁtf &n§habition
t enper at ur es. 37. The system of claim 33 erein the separation
assenbly i N esocssyeasraBur ce adapted to heat the slurry to a tenperature
that is above the freezifig BPI&hoig ta%hé@i'abl@'ézﬂs%hﬁo%% FERROABss gas
38. The system of claim 33, wherein the systemincludes a solid-liquid
separ atlér ﬂ@aﬂﬂﬁww%ﬂammmmﬁpao receive a slurry stream containing the
slurry fromthe S h r into
a concentrated s?u?&@rcér!twﬁglg %C% aé{lrl(gs ﬁ?&g%Fégt%ﬁﬁﬂﬁl g%ﬁrtielg%ﬁ)tcva%%@ei n
t he concenstraameidclsfiasra golﬂﬁrablargas oomnpenest lavglgeaﬁeez1rxgqrw3rmd at least cof othee
solids than the s and ip_the res ant
Cautd st e asaneth B FEe Rt R b i Ber Bt SRR e ey
stream 20@;9; cBh@omtaamfmfthec aicrein3Be culdeigaidnhals hefr@ahg Point dhat d lsepahat or
conpris afilte systemof cla wherein the
sol i d- 1 qufealpglé‘%? 4t &hl%%rﬁogg‘g%é T AP WBE]’inn spé?%fﬁsergas Srdam will 41,
The syst emr&{sufbha@ TSR phabig isgiqiid hQ tadpdraludeiof B0 sRPEPrREsFe Jf ddhi drdzed in a
bat ch, sem -batch, or continuous node of operation to separate the sl urry
streamint® tff?éﬁnﬁ@%ﬁ’él@ﬁfhaatt@@r%qeﬁwaﬁ S¢¢Bam and the resultant cold |iquid
stream Adeand 16 EWM L ORI ciinl MM odBligN &Yl tﬁe bh)%ess;,cgas dirdahPR Q11875
conponent is selected fromthe group consistin carbon di oxi de, hydrogen
sul fide, stiersghdifpllgicae corppongstr Bgrtp| foryjafliqyed-solid slurrmald Tleates geseFics: cl ai m
33, wheyei stem
of ol a1y 33T uReReH Y e aNTRARE . Rt IRREhic PR gt 4l
cont act i ngfurdapehatiortke ireatddegs strbram cor8nC: pdBioT Ioétlsypmcesﬁ @fs stbam thagdvas

e A g e | 205 then 35 psia” V0
means for removing the solidified solidifiable gas component from the slurry.
50.  The system of claim 49, wherein the solidifiable gas component is carbon
25 dioxide, and the other gas component is nitrogen gas.
51.  The system of claim 49, wherein the means for directly contacting includes at
least one spray tower, bubble column, bubble contactor, tank, or combination thereof.
52. The system of claim 49 wherein the means for directly contacting includes at
least one spray tower.
30 53.  The system of claim 49, wherein the cold liquid includes at least one
isoalkane, isoalkene, alcohol, or combination thereof.
54.  The system of claim 49, wherein the means for directly contacting contacts the

cold liquid with the process gas stream in a countercurrent manner.
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46. The system of claim 33, wherein the cold liquid has a freezing point
that is less than -100 C, and further wherein the cold liquidis aliquid
at a tenpeEoabuwm®7@d 20 C and a pressure of 1 atm PCTAR201TI2028Y St em of
claim 33, wherein the cold liquid has a solidifiable gas 5 conponent
solubility of less than 10 nol % at the contacting pressure and the
contacting tenperature. 48. The system of claim 33, wherein the cold
liquid has a different conposition than the process gas stream

49. A system f o¥5.r erhwispgera o5 i, ivdibtca thagicemrpodiently fontarting pantasssshe gas
10 SLream iy SYSEMEATRLL 81 0o o o IFEASLAL Providing a cold 1iquid
and a process as st he process gas streamincludes a
solidifiable ga% corﬂﬁmna}mtemhafnchgna@f rxelazéimqheponemns dod raovirgastectomealhy her
gas conponent in 0 han t e.freezi poi nt
of the Sor or Pty B BB B2 Rnadidl piidr o M R o e
a freezing point that is lower than a 15 tenperature at which the

sol i di fabl e gas conponent within the process gas streamw || transition to
a solid phase, is liquid at a tenperature of 20 C and a pressure of 1 atm
and has a different conposition than the process gas stream means
for directly contacting the cold liquid with the process gas streamto
solidify the solidifiable gas conponent and to forma liquid-solid slurry
and a treated gas stream 20 wherein the slurry contains the cold liquid
and the solidified solidifiable gas conponent; and further wherein the
treated gas streamcontains a portion of the process gas streamthat was
not solidified to formthe slurry; and neans for renoving the solidified

solidifiable gas conmponent fromthe slurry. 50. The system of
claim49, wherein the solidifiable gas conponent is carbon 25 di oxi de, and
t he ot her gas conponent is nitrogen gas. 51. The system of claim 49,

wherein the nmeans for directly contacting includes at |east one spray
tower, bubbl e columm, bubble contactor, tank, or combination thereof.

52. The system of claim49 wherein the neans for directly contacting

i ncludes at | east one spray tower. 3053. The system of claim49, wherein the
cold liquid includes at |east one isoal kane, isoal kene, al cohol, or

conbi nati on thereof. 54.The system of claim49, wherein the nmeans for
directly contacting contacts the cold liquid with the process gas streamin

a countercurrent manner. WO 2011/097043PCT/ US2011/ 020247 55. The
system of claim49, wherein the neans for directly contacting contacts the
cold liquid with the process gas streamin two or nore stages. 56.

The system of claim49, wherein the nmeans for renoving nmechanically renoves
the solidified solidifiable gas conponent between at | east one set of
adj acent st ages.
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