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07024 USA TITLE OF THE | NVENTI ON: PURI FI CATI ON OF
CARBON DI OXI DE BACKGROUND OF THE | NVENTI ON [ 0001] The
present invention relates to a process and apparat us
for purification of inpure liquid carbon dioxide
("C2") conprising a first contam nant selected from
the group consisting of oxygen ("02") and carbon
nonoxi de ("CO'). The process and 5 apparatus have
particul ar application in the recovery of carbon 07024 USA
di oxi de fromwaste carbon di oxi de gas, for exanple
flue gas froman oxyfuel conbustion process or waste
gas froma hydr ogen T{THEDOF THEMMENTISN: ng absor pti on
("PSA") process. ékgOO%% There is an ur ent need to
devel op new pr o E&SHECATIRNGP b GARBEN DEPXERct i cal

energy fromfossil fuels, carbonaceous fuels or

hydr ocarbon fuels wi th captu of ¢ 10 di oxi de.

The new processe@Agﬁﬁﬁqp ﬁTVEB@%E&%EO@ffi ci ent and

cost effective than existin rocess S ()% P ;
[03%Hothe RIS fertirsreates 19 n RS AIRARBEA o ppgication o
m@%l@;&td carb&P&8kidé v omy)fdéﬂipr@mgmﬁ&ﬂ wrhtarmném@elacﬁed from the

ombusted in pure oxygen Wth o tiona L@ gcyﬁ]@

greRFRFTiNg & @a@ear( QAR GHORERONGS (;GaDr Rfﬂ*‘eess and
apphAlEs bR/l rppilditioR in thenaddvery oftaridredidriditrerh vidsee

nitrogen fromthe conpustion results in a net flu

capan.HOnee 98s, hergrrample Wug AN gRicnEueFRTERMSHeR pigfioss of waste
ga‘sqwnowwaro@e@l(wg pRedUNEdAhg SBSSIBISAEPOA™) phdleed] An

conbustion process Is ideally SUIted for use

[oo@z]a Tmy &iri @aaht ndedlty Aeialgs new alodeksatobpiddattionat electrical
generation_of steam used for electric

ertgfg}ﬁfm fessil fuejt, sathopaggous,iyeis ar h%ﬁ%ggq @ﬁlq wjth,capture of carbon

didkide eTthe Rélv pRR\esdds PduRNHE b'éﬁ?ﬁék‘ete‘-’pfldléht and @bstfdfféell\o@&ﬁan
production which, after coo and condensat |

eXIAD BIoReasesat @rYTyal Sembusting; R,ramS;e% Brecking er%*nﬁhls context.
about 65 nol % to _about 95 mol 9% carbon di oxi dq}] q up _
[09953]ab|5lﬂxyfgehqgmbu§;tg&>pgigﬁl igicpmbysiad Py oxygesy wilthgptional recycle

of'cegmrbmde rgaQ o SGarl drvRs o Mtiedts Bk flalhe tewpaiatre. The elimination
nitrogen and argon are referred to as contamn

of dhg Ik of theatsgaen o ihecombustien By 8 petdiHe 9pp W@'CQJ?S a high

caMborDHiBREE SohdePialidHoRNGIRG SoMNYCRA wateOsbndeAsdtion.
conpl ete coal conbustion. The remaining oxygen

[0004]91 ARbRfFudI'cOmbaktio ob@%lis Ridaiyéiitetiner bbiih arcoamhnonal
convect | on sect | on. he nit rggen and ?QS% n in the

Pueasizod pog e Baler Kis HPHNGK Y asa S fis S power proditon.
THOERUS IxOfliel YMISUBIYE IH aipmyénz@aldow firad Boiter raeguutayn andt flue gas

07024 USA of 90 mol %to % and l{'@i E‘f "
OTRGNCIIoD WP afiel coming 208, GonaeamRhon S FPaBmec el vabor, dmisally
cAnhitisBe irbRY atilel 65 by 95 1o HDUBES FioP®h carbon dioxide and up to about 5 mol
% oxygen with the majority of the remainder being nitrogen and argon. The oxygen,
nitrogen and argon are referred to as “contaminant gases”.

[0005] The bulk of the oxygen in the flue gas originates from the excess oxygen
required for complete coal combustion. The remaining oxygen originates from air
leaking into the boiler and convection section. The nitrogen and argon in the flue gas
originates from the oxygen feed for coal combustion, which would typicaily have a purity
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[0006] Also present in the flue gas are inpurities

07604 sps acid gases and other inpurities derived from
the coal and the conbustion process. The inpurities

i nclude 5 sul fur dioxide, sulfur trioxide, hydrogen

fluoride, hydrogen chloride, nitric oxide, nitrogen

di oxi de, nercury, etc. The total anount of these .
of DO P4 10289.6 Mmd! Bie aht weuglyD5(rabl %o 8@ sitl fig oxp@an, any frag)air

depends. on t he conmposi.tion_of the fuel and the
'e%ﬂfeo'aﬁﬂﬂBPO@%r?aﬁdtﬁ%E}ﬁ%‘%"O“Fﬁfﬂ?ﬁ The flue gas nust be

i fjed befor. bon. dj oxi de..f :
0BT A nreRliS i e TGS SR AE poid Hs e Sifer
imbbiit}fescdbtﬁm@@frbgrthe ﬁa%!mndsm ud:hrhms_tiOn poogessiefing irspustieginclude
ul t.ur, riQxide,, ,0gen . | : :

sl bk, o e o DrLB g roEeBeR Mg e oxge. nivogen
dif&ﬁd@ Gher6@! ! Thétcf)tal}/mﬁtlﬁ.mt \Mﬂ'he:sse impurities in the §be gas (fter washing

ese onponent.s U alL.so 0 . "
oL R o e e 6 A el PP O g

f_ni : ' . '
10847 o R e e RerOl é%@%r?@@ésﬁfé@é’@s?&a}iﬁ can be
t anipnd,| gizal fiematichs 2 &7 Bk0cdnineetibno wals shiu
Stél\%sgﬁrfggﬂ;éxzoo& Ig@ﬁrggd? cl ogur & él e Edh arb&PARMEL &4 usually
CORRQNERTSFHCH @F SHil droxidg, hy '°8FB§ el éa%so fen@ves any’
reﬁgggfm%tgamuagrs Eg dpftgs;em‘ragi ugi;rt Watreg gﬁhnh_motl poly iwaa_slhtlas out these
| SSu e L.
B T e e
tn'_l?ﬁ;gwgﬁ :ofk aﬂgf@g{en teriae (t:)grriambvﬁdad?fr@c;mgrm?sﬂorfd?b@nammmw@e to
pipge SR PodseeSahE o RaET TR NG R R Hiegon 28
N AR T Ty
g Q .
PIGERSASR EAMVES RRY MBHCYTH i e SRep Hb‘}%‘eéfraé%?‘a‘%&?%‘*'t 0
be stored. [0009] Th _of

1099851 2he Pinetae e wa oL ERBRT dionigs il S pHRbT RR Hbo bar to
a%%hst g_iag {%lﬁﬁﬁﬁicgifié w@l:( ?@?ﬁ tgﬁcrgmﬁ; iyrrt]aeswe;m: bzgpgn dipideo Thidoulk of the
chadogH s SarelAane e g i 1% bEF agBr e Phpress te
cirgﬁrs gﬁk%nﬁiﬂglt'@ﬁ%ﬁeggﬁﬂth p}w%f ﬁbr:rgeor?iltmtms |dmn:t arlseolfn t:n; gnpehne
o, @dhe S aapbaomAen dewhish te et ot 1§ B o805

' t ent | d ' Of o -
pretip ool it L e
i i £l v rdiio
l purifi cgﬁec;n uses a tleghnimﬁe [ [;p.\;é{]i. 2&1 rﬁh%h typical specifications
ORI GPHOEIEN Hrb SR Aoh WL npr @& .
f&[?gﬁbn%@g%e’ﬂ&mg gvloglrdetde a:mgdigwltfrﬁcdnuamma?ta lehest of B oeotPaand, in the

a Ur .

o3t e bR SPxBa Ry SRANLE L BB e PR povoen
cBRteRt wallild ©8 1Realigi108 ipge, oribiesre evérhas loarasohppinoxi de

partial pressure is fromabout 7 bar to about 8 bar.
[0%0] " aPieduprkngashnoichyd3ORé nesvstagmofaiantangdiokide puiBatien uses a
t%/c?p%%rugci)r? w lc )%g gor%tgmlsn%%? 6%}9%%3 Pe%é’v%ﬂtfr%% ﬁfetc%'f'nﬁgs%%b "Yed pre-
purified crude carbon dioxide stream at about 30 bar pressure by cooling the crude
carbon dioxide to a temperature very close to the freezing point of carbon dioxide, where

the carbon dioxide partial pressure is from about 7 bar to about 8 bar. The residual gas
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wor k expansion to produce power. This single process
s in a carbon dioxide recovery of about 90%

07@%‘£Ul§%ocess of oxyfuel combustion would be

consi derably inproved if very high carbon dioxide

recoveries, e.g. above 97% could be achieved 5

econom cally. [0011] The current technol og‘y for . ad
coﬂ%ﬁrﬂﬂ@ﬁ%&ﬁﬁ?ﬁ?lb@ ﬁalfﬂnb?xﬁmk'eiefis eapara'@d@agifvig@ ed after heating a

conbustion o 0SSi ugl. t Fa&iits iS hVandm didlide
work exBNSIPHIR R’f%ﬁll-l?ieé?g‘ie&nﬂ"g Sg‘g?epﬁg‘g#ng pr essure of o
reE?{\mr 81 ApbuRbowt THIGrbeuss obomyinelcombostisiywoulg be considerably
alte

ternative technol for I L ar . 5iRelg78s cBlidiR fepeved
irruﬁrQ}beiddfeVeé}‘rhggi%&onﬁ%ﬂe?‘a@o‘é&%?p% i % M ght be too 10
e&’ﬁgﬁﬁ@"ye’ is to liquefy the carbon dioxide and
transport the carbon dioxide at a pressure below ts

[094 i1 $R¢ clHF&t SabhAoRay forldetiverg of carbédiosida fgmethe é)xyfgplg N

seaborne tanker. The oxyfugl_co ' toa

caebuign of oG ivey g S RGBS btk i ifgession

plPPIEmalf ;‘(:I@g‘%lrrg gufn lei@gl%sﬁnem Ulgg 821 todah)o;lt Zﬁﬁﬁﬁlnﬁf.laalqﬁefaave t::éhnology

fos ap@Ver scLFeaHIO! SRRED ST Eegh Y ere bpARtfe arRag

ekGREAs 16 Sl tHel dpbom@iodide dad trarsport theoarppn Alpxide at a pressure
I'mpor t ant obj ective for.  carbon tURE A Th

oplowdls QTiSAINbIENTR 8 & JRITHEO P ATDR0H Gp° pead R tirkel. The

oggﬂar&ﬁﬁgg}i&{ H@ge@aﬁlf\ﬂ@ be is@nifidtanﬂy?rrmmdéf the cedgarlioyds

argon an o reduce the concen : foduct rather

purtation RIPCess CHHEAProuEs QF%WCﬂy&]‘q%&o%r%ﬁéﬁﬁgte ibo n uo_f _

{ENEL Sie i B BipthcritRsIeoh dibxidaabesar dimbiand temialyEnor pipeline
I oxIde 20 recovery (based on carbon dioxide in the

detiveay. f |l ue gas stream) should ideally be better than

97% In addition, if the purif] L 0% lvBEsystem is to

(PotRluckn mpoprtaReve o EaTn cpliip P AT ad Beliehsys

LG H dthed BF tRsetiHG Gomphaased truide cattionalioxsiestodameye nitrogen and
ransportation as a i

| d it cal .
drpon and to rgdech %r?%?‘?ﬂ%aggh of @’?Vggﬁ tcgle? gg}ea@?dgg%pﬁ?tp%:gg;v with
IEQQL RS urfptidtr df kB rgyRInaatgPfecovarh ofcatborx i L eafathan
nig;v?elut éﬁiﬁéﬁ@%%me@éhéﬁalﬂég rg%%%ﬁ'bémf fﬂ%&ﬂd Aedlly be better

en calle

r‘ﬁ)ﬁﬁb‘?&éi A aaa@oﬁm the pelifietRearbompiogilb prgduictismeedicad 4§ a low
wth steam by p

I datjon: by :
temmquwtediquidest&a?mr #ga?p@g%(‘lﬁ? tg %nntg o‘ﬁ%‘?%}?GJ%%‘?é ?r‘étnﬁ%osrtgtlon asa

ron O
8, 5 QE6SsEMical Mid @@ darbyn slhvxide starage siisdacilita@lbon

%’ g .

noxi de and water to produce a net hydrogen-rich

FHoqngh (0A%erGRethad Bi egborcaiokide captose fiem sessil fuelsgjie ponvert the
npurity. These processes take nl ' hesis gas (or

fnsai et ey REDT A F 50 D058 P mnesis gas ( .

QR4 b diaee rdnRing aits efeam by aftiaboxidation: by pessheaje catalytic

a t hane and car bon noxi gde. b # reaction of

Seiouning QTN AN ETONIOR BF PRFE IO Biopiop e ok

93%% b xide and water to produce a net hydrogen-fich product gas containing

carbon dioxide as the major impurity. These processes take place at high pressures,

typically from about 20 bar to 70 bar.

[0014] Hydrogen must be separated from impurities such as methane and carbon
monoxide. Carbon monoxide must also be separated and purified. A preferred method
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of purification is to use a nmulti-bed pressure sw ng
grdeangA on ("PSA") process to produce a pure

hydrogen. A typical PSA unit, operating at 25 bar
pressure, would have a typical recovery of about 85 %
to about 90 % of hydrogen in the feed gas. The
conposition of the waste gas, typically at a pressure
dgifpusitication s @ Usara moltidtedpressube Haing aBsafetm‘nﬂESA’ﬁ progess to

ﬁgéﬂ%ﬁﬁ%yﬁﬁ’q@ gg)fﬁég%ﬁ %o@?@rﬁhgg géﬂéﬁrrgﬁi@ée,amuld have

a fypaaslte&aidryn aof abycalt 8§86 tocattcmlt 90 e of Im‘dmgmrm wefedd gas. The

J |y rise at | e I
Rty O a5 e out S350 ot 1. o,
deplehdg en treambthod leed 10 piedacwthnqjae Ifrou'attnerfossitrhuether exampte the

3@; B\@ﬁt ne 3‘;{#@ %tlé\v pr R %Fséé%}ngﬁdr@ fgélg ggﬁlﬁ }I( géfgrn%r would

ypiedib] comitige et leageabiout so andi biovarsbre dioxides togetbet with bmter quantities
% ocess for re

of con ant ase O r
0% Ber BB ot Ba TS Rer ufbt o T i sk, 1 Sojective
WHEE B8 30 rédie thy I8eEs of Larboh Aonoside ahd mefizrado bBlowx] Gleppm.
Capture for Storage in Deep Ceol ogical Formations -

ﬂﬁessrj t Bigh reorm@mgs @%V\K‘ﬁ'@teufoe aRpriof & proceSafur versowahdf contaminant
ar at 1 on of

s fri)m @H%p@r ogéﬁlox&iﬁ péfgqu%%srtl EE%&O {aTIb cﬁﬁﬂu%@orf%&%%s "The

procédsgy ﬁ%cibse@ e CzppdDioslide ﬂaﬁwrs &pﬁﬁtaﬂage in Deew Geplogital

Sinan - S PR B G Bl e B3k et Al el o caror

DioRidied@m Cemdaug&m Sites; ¥oR 1§ enmeaza;rptp AGi1t4W5 Etseviat).
2C of the carbon dioxide freezing tenperature. At

[0016] PRI Fijured, mmb@emamaé iseparafiort is€atrietiaut ens e tgaperature

h’t%é%%"&ﬁ%‘rﬁ'&&bﬂ%%gc a? tejagera GGt 'r{)]}'og%ofitg% %&H% Garbon dioxide

- @4 sldﬁwﬁe@aﬁ@hp&atun@mﬁﬂ mdtmmaapamdadmuue freezing

roduce powe bei n nted,to atnps

Rl oreh AL s G0 it sedarafts Sk SR TRRBEE 48 tekes place and
ﬁfectjéstdhﬁs? . ajontdni el ﬁw]g @5ahol 3 chbop eioxiderandafboubds BG| %t

a point close .to the freezin ratur

Gorlamipant 9748 4 e e OV g o ake g oy PlsRBee ffer before
béing vénteato afffusphefer i geration duty is 25 provided by
evaporating two streans of |iquid carbon dioxide at

[00aFF UTRe bedteks separ@led thebeuntamidadiyabed &romi the lsadon dioxide at a

h El
(R oBera0'e o454 St haeont Gore b ing MBeRg b bt iR reed gas
ﬁfbﬁ@r@?%?ﬁe&he Kléﬁbbn AkidehApor plessire usgal Hay. Theé Ir:eifngmatlon duty is
ta of a multi e _conpres
Brhied B suSegretia B SRebtRO I Gun e Albrhré e or a7
beeshdl B 1 @ér inFHeabuxhangérs E01 @fuﬁxelz Thetwes tésniantroatbon dioxide
R101 t t 134 ue t
G e KRS T P RO Sl B BB KR, i vy
wiledy sté@é‘é ofﬁlmmktagﬁbbﬂ@mskaﬁ is divided into a major
part (stream 138) and a mi nor part (stream 136).

f018p Mirl BYuies1 -affeed 130 of carbonaceous fuel is combusted with a feed 132 of
oxygen in an oxyfuel combustion unit R101 to produce a stream 134 of flue gas, the heat
of which is used to generate steam in a power generation plant (not shown). Stream 134
is divided into a major part (stream 138) and a minor part (stream 136). Stream 138 is

-4 -



10

16

20

25

30

07024 USA recycl ed to the oxyfuel conbustion unit
0755 Stream 136 of flue gas is washed with water in
gasﬁ iquid contact vessel Cl05 to renbve water
sol ubl e conponents and produce washed flue gas. A
stream 142 of water is fed to the vessel Cl05 and a

stream 144 of water conprising water soluble

re qhé Bxyfid 'Ebmbﬁsﬁdmlmmﬂ sStraanw%GjofEfluefggsesp washgdywith
w:{tregi\élm geaﬁﬁ@tlcggg?'l?qc%?f'rgs%lp% @?@g %gé nents and

3&&@5%@%&%@ AR FrEREEest waners tﬁpﬂeslb@wessﬁ beand a stream

B o oo il S Sl Rl 78R

3 mol
b 2 &trBdin 46fof Chesersakbon di@gcmngaa&cemprlsmg about 7
thg@{acmc%ﬁ?%r(?ers C103 to produce a stream 2 of 10

Y%clrairleeh giee). car bon di oxi de gas. Stream 2 is cool ed by

i ndi rect heat exchange in the heat
[0818Lit Thesirear 146 @q;ggprgsquriggﬂmgre&pore}?ﬁdé‘gtggzgé%ﬁé%ﬁe%m 1 of

w‘éé’ﬁ&oﬁheo%% dspeddiiré b atsout 80 bth whighlia sed Epmdewpaint of less than

essel

-a0aChoa p@ir@k;rwén%r@& Jetgﬂrg%atsq%p grﬂ(#ngr%)#%%ﬁ%\'})roédc{esé stream 2 of
Qi BehdnfoXidd §4d. t Stred E@com@dﬁbpmmmeg’a@@bang_@m the
ot LU G At F 50 g o

di‘o§ o‘g%mgﬂsﬁé@f&i& shése%erpaaarbﬁ v@ésell edOt wthepar ibissagpearated otproduce
oxl de- enrich

flrsh danbet)tdlmerg;@bﬁ@h@gd pﬂd ﬁzlé?tt "@R?:"H‘Qﬂﬁfé In%%%{iiéﬁtq dPihe

geration and to produce a stream 6 of
ch“%éi pgo‘% di oxi de-enriched gas. [0021] A stream?7

]i rAS%tr Qrof fifsP ParBbR SR xR Rrishat liqUidis reduceddh presByre in valve
20 &

20 exchange in the heat, e N
\t1®1 5abs@ t&pq@ﬁ@g@gcgaﬁrp@grﬁ requ grp[rgs;ép%@g{ et dioxide
e%?@ﬁ@dqw fvhidh s Yﬁiﬂoﬁ fn@ﬁ'edtqneat eebangt plteabexchanger E101 to
on

ara vesse

C10
L e o s
t th .
[;gg‘?];na@\ gggnrﬁ Iggalj glgst VP&;QQHI Rl[l%s(e%/ a}oo;e%{dqgg ggt'%lgg by indirect heat
%ﬂéﬂgggeem%ﬁ% h&&cteéicha\rfyélr ¢103 td'\@?ltﬂ?d 1 prauiu2s atstrepesrSofpastially

@)ndlaasﬁjﬂefiuutwb@hﬂsofeldgﬁ '@Lqeggén&g@ﬁfsﬁgé%]’aﬂgﬁ yé&ehé%dz where it is

SERANG0 it S0l A RAGRE-SRtRfet liquiddndfa selgoind vansdeastpining the
pressure t .7 bar in valve V102 to produce a

sajoshnef 16e man@a%@@!ﬁamr@é@aﬁe second car bon

di oxi de-enriched liquid. Stre

(0928 dAtsjrepmdiy @t@pcm«garbg;(gﬁéﬁa éanpﬁh%q:lgq%ﬁf ik 7Rfmadt% a
Fe?ﬁ@d(}?ﬁgﬁef & dBoulba° @%gﬂqoﬁr@cﬂafeav emangé iri ot ax¢rmmgalhla102 to

uce a 30 stream 16 of second

nto@mc@i 8-straamdieed V\@é@ed ?ﬁ%o’ldrﬁat"i’%{] ?ngﬂnchefi Ilqyld which lg reduced

ream
%re@&ﬁé tc?? 9'i%e9ﬁ6al\% v ﬂoSprﬁdeobla:ﬁl'eatmmomdmed pressure second

ree2| ng second _car ban .di oxi dex W& heat
Oarbpn@mneeem@ae@th% $F%?H‘dgd%¥a%%'zﬁ%?ﬁ&waﬁn§&jb¢ it
exchange in the heat exchangers E101, £102 to provide refrigeration and produce a
stream 16 of second carbon dioxide-enriched gas. The initial warming of stream 13in
heat exchanger E102 is critical to prevent freezing of the second carbon dioxide-

enriched liquid on pressure reduction from about 30 bar.
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-5 07024 USA [0023] A stream 9 of the second vapor
ofdypgRase separator Cl02 is heated by indirect heat
exchange to ambient tenperature in the heat exchangers
E101, E102 to produce a stream 10 of warnmed second
gas which is heated by indirect heat exchange in
pre-heater E103 to about 300C to produce a stream 11
[0023p" - fieairedl obthe aedogivapob frénrphase SeparstoneilR2 éxdraterkly

in turbine K103,to produce I,

nier e Sonenth 14 TRRLBOnEr SN B ey PRERAR SRR, Er02t0
pﬂmdjtcé”g?slérﬁﬁh tch@f vﬁmmearﬁen%tgiz %mgnish |sMaab¢ﬁ pwinglinegt heat exchange
vente no . r )

1 Bt 68 e AagA Je0Es 1oprodUeh eTedt A o B OERe g 38R gas.
SHRRROT ﬂivg%k d%meaﬁreﬁmne Kwowtc{amudgceap@:trerwmaaﬂreafn 12 of waste
conpressed carhbon dioxide gas. es

GBS PIENS APout ABdrolsh ceirp e Tof G et gases
wHidria Mehivanfecitie lafhesphead.er  E104 using cool i ng wat er

as the coolant. A stream 18 of cool ed conpressed

[Wﬂ?%tﬁiaﬁfﬁ@l% c@;ﬁﬁnr%é’sedﬂﬂﬁeﬁ&ﬁ stdgel K 10 afarmBitieatapet deatrifugal

co |ne,stream|s urt her 0 r e | N :
cOPon o CaTRIgarc 10 RisNetR RaM g cauryespg oafFEf Hiice gas
Pore§4Ure BBt 9B bhHT HE&of compressibads randved fidimostraten §as an

at a [ér essure of about 110 bar.

. [ Th 5,.CO '

ioercoalen 10909 GROING WAPEam e 50PNt /s s8R AT biibd Bampressed
c‘&?bd?%@fic?’é gé%@ dg?biﬁe@mvﬁdfe}‘aﬁoﬂfsﬁ (ljl'mamnrﬂtﬂnémstmm is further
aftercooler us) n | I {er I
o e o et oy ) Bl procuce o
sgr%ﬁﬁﬁf V@éﬁfnﬂlﬁé‘rﬁ:’oﬁ{p{g@é&@d %aﬁﬂheiicﬁgdb ga:yatdug:essy_raofsabmm Obar. The

of coole urt her. conpres car i, QXi o
qonpentraien obparben Aioxidg iy Shea 4Bex foou] 4oty %2%8?‘%33‘8?‘5’985"’" ®
rﬁﬁfov&i: ﬂBJniFsﬁﬂebm 1dnlmtn mee&mqmﬁ Eis?ﬂ; mﬂﬁr fBa@ Watarand/or
snown I n I gure as epar at e at, exc n
qapdensate 283 GHBRNHNBEbY FERig @P&&ﬁweﬁ WategAifiSy condensate and
el a shi&ah 20'¢% BaAee hithel Bdmprrdsdd tbmodiosida gaalat pipeline
In

reality, formparts of the nmain heat exchanger
RESHHe.ceg a@pednt! O eri ng and product streams |eaving

at the nost _thernodynam cal ef ficient | i .

Phasherar SiEaicty e RNEENESE E 02 s B 108 e SPFGH iPBure 1 25

%@Ha?éte ShEEARhRhGre- Howelsass aschdegppreiated by el skilledperson,
romal um nu

I m | 0026] Table 1 is a heat .and s :
hegt gxehanggs B1¢1and %Lozp%tg@ gguaﬂ@plpégéﬁy,if%mw%% the main heat
e)@hgii?&"wiiﬁ%ed Mh:ArROBtefing kA prodactstreamsrieaving at tha/rmidst
tﬁeZmodycr?a%ic{allg? e;gicient |olc\:|ati%ngs). Cice)nﬁair(i) heat exchanger E101, E102 is usually a

multi-stream plate-fin heat exchanger, preferably made from aluminum.

[0026] Table 1 is a heat and mass balance table for the process depicted in Figure 1.
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roMGCp O”C9 CON Mpp 0 -- gco COr~ NNE NWCVO )r
o790 N MO apD. (71 ~p "d"OEOr O-rCf co 0O N
AW  NCDOOVO N~y~M CCWN CA CO t oNI\/B) CO$ppNI\/BO

ada f DO Lhnr.. Mao $8 a8M Qo~ 'r~iW™ co 'qt N T
"0604L(}50VGNMNLnOOrd my ooaobEEEYOaAa
0 3e 0 EEE . EEEEEan -0 EEEEEaO d d E2 E2 c¢c o0 3

[302‘3’ z **Tﬁd’@r@cé’ss&lepﬁ;téﬁ iBFiddre 1. prydices PONtie NG OdioxidE having a

e Lt L, G oo ot o

A aRkrRtibiddicauiay bf asadeges purified carbon dioxide
having a carbon di oxi de concentration of about 96 nol

[6oz8)d THaehbrl BEN @iuéﬂwgﬁdl@mlatl&h DpLEBNcarbon diokide lpesduced in an
d| oxi de recovery about 89% . [ 0028

qatasfﬁele?ﬂm%ﬁtl%pme%ﬁ oF P i %aﬁéltm USH5 65 a0l sty of the

B RSHSEEF a‘ng £dm the Pr¥IGHR ofgcmmw Bﬂv@fz@@@t&l Ffsedlsbuef’ Ailam
new. In this connection,

andiSpilsky rgs,rﬁwgt@gnsfqrg,rp{lgnﬁg Vﬁam@@e&ss -8 pgs%ggwgz dascloses a
pD Sdass Fférgﬂfmarﬁéﬁ QiG)a?/@ floRT an oﬂfuélﬁbmbuﬁloﬁmrbédss ru)élng

Energ

Ardp B8 CaBo RSO MO Ry abBaBsJaich ds sufur

dih9ad A% hifregerpdioRUd) HRY cERERIEN §ascRNINGEARg Y%ges, nitrogen and
distillation to purify the carbon dioxide to renove

arg@uvy" inpurities (such as sulfur 10 dioxide and
nitrogen di oxi de and contanm nant gases i ncl udi

(803 e rin Allamy & @b qagm'bor&p@g_glﬁle syetgpds 1 ntegrajed yithaan %{Fseparation unit

ERS ?ﬂ]s*ﬂ@b)@aﬁébﬁ’ of E&ﬁttl%‘hltrégémhr%ﬂf;@g@ﬁ s‘lfivbérhs Wp@iviﬁe
separ ation unit ("ASU'), ansi

rairgewdgen ferribe espge H|o§ld|eélgHgfaprnpqrg S§e T %e process recycgs part of
the oxygen-containing stream separated from the carbon dioxide to the boiler, taking a

purge stream at this point to prevent contaminants build up. A rectifying column is used
at the cold end to remove lighter contaminants from the carbon dioxide stream. A
second column, also at the cold end, removes sulfur dioxide and nitrogen oxides from
the resultant carbon dioxide stream.

[0030] In addition, the general idea that a distillation column could be used to remove
oxygen from carbon dioxide produced oxyfuel combustion process was disclosed by the
Inventors in a paper entitled “Purification of Oxyfuel-Derived CO; for Sequestration or
EOR’ presented at the 8" Greenhouse Gas Control Technologies conference (GHGT-8),
Trondheim, in June 2006. However, no details regarding how the general idea might be
implemented were disclosed.

[0031] Other prior art includes GB-A-2151597 (Duckett; published 1985) which
describes a process of using membranes to concentrate a low concentration carbon
dioxide feed stream so that it can be purified using phase separation. The aim is to
make liquid carbon dioxide for sale rather than to recover as much carbon dioxide as
possible from a combustion process and, accordingly, carbon dioxide recovery from the
feed is very low at about 70%.
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refrigeration for the carbon dioxide |iquefaction

aroe4esa The process recycles part of 15 the

oxygen-cont ai ni ng stream separated fromthe carbon

di oxide to the boiler, taking a purge streamat this

point to prevent contam nants build up. A rectifying
colum is used at the cold end to renove |ighter
[omn]arrsmnzﬂsﬂsew Wiiscloses threhse o thexcatbors tiveidenfeed steaooiadprovide

COFENEE O IR R T I
atdrﬁ@m‘efr@@raﬂl&ﬁ)g&lrcé o prddide itnliquiheogizee forlthe diehilatldsmproaess to

Etl [lation colum could be used to renpbve oxygen
Y36m car bon di oxi de produced oxyfuel conbustion

i A de? T Rt PRl Foaie) slpbistpP Apfcosss fortaking

r@ﬂﬁﬁﬂidﬂ&ﬁﬂg@ﬁ afd incRéaSinglitsemstu IBOsepardting itinte Qighe hjrdrasazbon
chnol o |es confere

Cont r ol
Sfr,egﬁ’uﬁ erm?y hwﬁ'ggﬁ{gort %\g? ste ﬁer(b 20 q)ﬁlcle sftreegg], dTrﬁe presence
drae E4rBorg idrkislin trﬁ%eﬁhg:lﬁcrémes ¥ hémlhg R eednokric ¥alue of the

§(th|§ sC gigg% %g%l}%ﬁ%ger dﬂ)ﬁ‘lﬁ*eﬁo'rg ﬁ%‘ Faflgg%jtl{%%wm a final removal of

OSSH dibG8e Roivrths 8GR Hytirodaibde pieddet, an eddition andietilatiat etep
a | ow concentrati on carbon dioxide feed stream so
er'f'é’fmﬁ‘i' atlow tﬁ'@pﬁr&‘?'-i'rﬁ ed u3| ng phase separation. The
imis.to ke |i UIdC sal r at.her
B Treamgare ottnwedastiin Usrhsttet L isTRt BybBhufihion puriy
cfjarrﬁtm %ﬁoﬁ@@’@Uﬁblero@é 64rBe1s divRide fmmmmydgicarbonaeém NnThe distillation
i oxi de recover

feed | er
Somprokotsiba satien Joestase 5 2 siesypeih KB sdneRrpgbolumn
hefhgd coritionsé e b ebsk disof Bed asithipany todurpn @ pultly tHecradavy
to the reboiler of the distillation colum.

fydrocasbatsieAnh | so di scl oses the use of an ext er nal

5544 205 AP o BE BUbeb EhicHE) 16561 o rocess

foPpAifding a4ded étkéé?@ﬂeﬂn%a REjonslmetielfeby plAG @Y grbiataritioeess mol%.
rocess for t ydrocar bon of f and

heEhigh oromg ieuresi0us! den 'S BRERU AN gHparer g résovprgppwer but an

&xtsthaciefrieratiof sba@gis asémeta\muéfyme:cmnbwmowéeam and a

wast e carbon di oxi de stream The presence of the

0086 NEHI B0 1 Bmthﬂ(aﬁtl reeaﬂpalash@@msedelnmaneagg)rtgsms:és the
econom vaI u The use

ro
GEOVAIG! SALRRR GRRCaP 2 BvERs g EPER Ao E IR JaPRLod, The
;@rgg@etwcbh{@g tHe ubé tana tjia?{ialnbu h?luh}tdb@é@fvbﬂmgmafmt?memdm The
a i.on a disti ion step . perforne ow
GechonpiaRige Jesd hsdinp o pSlimrpvisReieppist a0y Yy g tumg pefore
béindfedAo #6Deelunin a8 réfix. t 0 produce high purity carbon
di oxi de but to renove carbon dioxide fromthe

fopdrp cashongszeed. (Kitktnasiwthy| & at polished in August 1990) discloses a
carbon dioxide liquefaction process in which the carbon dioxide recovery is improved by
passing the vent gas to a PSA system to produce a carbon dioxide-enriched recycle
stream and a carbon dioxide-depleted vent stream.
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step produces the carbon dioxide stream as a side
07?% @R froma rectifying colum 15 having a condenser.
e process also uses a stripping colunm to purify the
heavy hydrocarbon stream [0035] US-A-4977745
(Hei chberger; published in Decenber 1990) discloses a
process for purifying a feed stream having a carbon
di oxi de feed puBRIBF BUMMARY @F THENNBENTOING The hi gh
pressure residual streamis heated and expanded to
OVﬁdcoFdi’N(f?fo st agpedPofaé imveation; feré Hepraviderha swalinessfor
t

reé%yugaggggtm a?m@rﬁﬁgregtea%rogﬁ 6 %glqungf?g&tgo%%@om dg from impure

hq@j%%}béﬂ é‘lékl@é%d ethoteempesiyigof carbon di oxide from a
process using carbon dioxide to freeze food. The

process igyrakatag saltEmpare kfuidcatben diokide iroa mass dransfepseparation
recover the carbon di ox

The arb [
LT RN STHE B PIRAVCR 5y Fordmat Eieg SEMERE vfsiand carbon
E:8Bg?x,%%gﬁr%gggggmsr&quﬁﬁdndo the colum as ref | ux.
- A- i.r shnanmur t t _at

August 19@@?"'69§c9°6t Of gaid Gy W%g‘?ﬁﬂ% hleggjghbactﬁ ﬁ%‘g%y

pr oc,ﬁaﬁ%dt ﬂe%&ﬁaﬁé@a@aﬂﬁé@ @fuddi damaﬂ\edmﬂ@e;gg\d Yo pduce carbon

i nprove assing, t he as, to a

o bediogder Shee TR oL SE0 SR SRSl pabled kg Halddy ioxide
a caﬂ@%n di oxi de-depl eted vent stream 30 -9 07024 USA

BRI EF SUMVARY OF THE | NVE 003 Accor.di. { .
wheegY S AU Ui FrBoR ARIEOTRS 4 Tgnter peaanisel e’ Giton dioxide
tHAR AR gadeRUB ¥hen didxidest contami nant sel ected from
oxygen and carbon nonoxide frominpure |[|iquid carbon

[G?JBQI(' #Re w&@hﬁbd’fﬁé’&i‘tlmpﬁéaﬂln irba &mﬂwdafbr mgowmg carbon
npure |iquid carbon di g%g n_a_ ms

dlgélgg,frgm eantarinpieth PasRRst AN 9%t %‘ﬁ[&l’éﬁlffq eées? c‘c,’on%mlnant selected

er:?iriﬁé‘ d‘u@%n@igf' df&@iiy@éfﬁérﬁtﬁ@éib&@ﬁ@hoﬂdet arairat deast about 60 mol %
di oxi e enriched bottons |iquid;, and reboiling a

caybpn digwider saidmethad %?me'f@x. de-enri ched bottoms |iquid

by indirect heat exchan inst ¢

di oxi de f F@MRINNG %r‘?ﬁﬁje g’%ﬁoﬁt@mﬂ?%‘?(qeﬁ%gé'p?#aélﬁe&as feed with
vapo Eorﬁw@fesgx@di ﬂrs@éﬂ;ﬂiéﬁ’ﬂwﬁbﬁﬁét&lﬁhe@ das exvyeldd drorrddovamstrieam to produce
di oxide flu wherein said inpure liquid carbon

di oxicﬂ-@er?&f,b%‘ @?’6% @@Siconcentration of carbon dioxide

|t 2 Sgnf%g cﬁgg@eagwgltp;gp@grdaemggfu: Gh;ﬂ;or{ §i638% gas by indirect heat
r eco@é@hqvﬂ@ecléﬁl@gh with at least (PrPe process stream, & gg&uce crLQé carbon
dioxide fluid;
separating impure liquid carbon dioxide comprising said first contaminant
in a mass transfer separation column system to produce first contaminant-
enriched overhead vapor and carbon dioxide-enriched bottoms liquid;
reboiling a portion of said carbon dioxide-enriched bottoms liquid by
indirect heat exchange against at least a portion of said crude carbon dioxide
fluid to produce carbon dioxide-enriched vapor for said column system and

cooled crude carbon dioxide fluid;
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15 di oxi de from contam nated carbon di oxi de gas

ov02PUBsal ng a first contam nant selected fromthe

group consi sting of oxygen and carbon nonoxi de, and at

| east about 60 nmol % carbon di oxi de, said nethod
conprising: conbining at |east a portion of

contam nat ed carbon di oxi de gas feed with conpressed

first contfatienaotlirgatiedsed poeaionrof sgidlcedlefircaude carbon dioxide fluid

cool P aec| GeectéiG, R G af B hach Bgsg B o produce

di oxipaetiafpsommensad creetcalatdioxdectadge, usually with

t | t t tQ. d d
G oxi do.  1PDRGE SRR A G hrRarisP of SRRy GG BeD gruce
CconpIcafichdiGadaifidid teprodoss safdl mamire ligfid icarbenmdicxdde and carbon

transfer, s ration colum systemto produce first
cont éﬁﬁ%&éﬁ%‘ﬁ?l"%ﬁ’%d over head vapor and carbon

di oxi de- eneédifig gt Ib@dttaqutrtior cfuattl impabDiiduidgarbop diokidero said
of sai gﬁ:ar bon gﬁiEOXi de-enriched bottons |iquid by
i ndi FOMMMBeRIIFERYENIAYai nst at | east a portion of

sai d cr udejiid@ngaporticerdidaid dakbbrcdibadeendhed bottoimstiquid into a first
di oxi de-enri ched VaPugtL for said colum systemand 30
cool ST IR3st BRA'UNBKPYE f1uid; -10 07024 USA

further cogbaRdngkaili¢insipan t@EfddhO@ aflexpariddddiesipact at a first
crude carbon dioxide fluid y indirect heat exchange,
usualAr§SSkf®:h at | east one process stream to produce

partial | y \2pofang sald ekpsiricadirfartdiyandictet héatiestcharigasesually with
separ at i n?eat | east a portion, of saj

. .d tiagll . .
condehieat eneeECess stisan o BrayidedPaTien B e r%r'g%raa%n duty required
sai d_ldg'}ﬁé'h%tﬁdcpéﬁdjp@&ﬁééoéarﬁér%ibﬁaeQBQE carbon
di oxi de-depl et ed vapor; feedl&r}ﬁ@at | east aegor%éﬁin of ded
sai d i npurPeNding ecaiiensh ons Epars tosproguce g Igaft one expande
syst MA@ paPaRRndtd Srassuite W igKigRerlRan 544 fikk passbdre;
carbon di oxi de-enriched bottons liquid int owg f ﬁst h
10 part arM@Papzing HeorsRen Fuparied fw%ﬁf;rﬂasﬂya Eeﬁg afiegehange,
firstysuany wiiPaPeasione proces BRBAIR o rovide REIBAStaL pdition of the
first pressure; vaporizing sajd exragtgdgd first %)ar&? dioxid
by i feMasing telrigerationithibireauined By the mgtnRd agd pradyce carhgn dioxide
procegy; stream to provi de a portion of the
refrigeration duty required 15 by the nmethod and

n
produce caV¥AINGRUaaH& Rpsiion of said first contaminant-enriched overhead
vapor by indirect heat exchange, usually with at least one process stream, to

produce warmed first contaminant-enriched gas;
compressing at least a portion of said warmed first contaminant-enriched
gas to produce said compressed first contaminant-enriched gas for recycling to
said contaminated carbon dioxide gas feed; and
compressing said carbon dioxide gases to form compressed carbon
dioxide gas.
[0040] According to a second aspect of the present invention, there is provided
apparatus for carrying out the method of the first aspect, said apparatus comprising:
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expandi ng the at |east one further part to produce at

0‘)’@&5@5&”9 expanded further part having a pressure

that is higher than said first pressure; vapori zing

the or each expanded further part by indirect heat
exchange, usually with at |east one process stream

to provide at |least a portion of the 20 remaining

ref ri ger ahintassdishyfer eepsratioh dojurbi systern Hiordsepacitipg saiddmpure

S aia earopg AoaE I At R Ak Bt B Rl g vapor and

i ndi gebn Hmtde@mbﬁéwl@ottdmwmdq; with at |east one
process stream war,lre

cont ami nafteRailer fgﬁ éqjgalggg caz'goq: gwﬁﬁg g\irlﬁrgedat?otio(gnassl qmd by indirect
por t heft exth&Rjechgamisierdidé icarbon cmmacwn utchiet predudectaeibn gasde-

to produce sal d conpressed fj ont a

gas fofchedppr iqgsy! colgg}nosyg 3 ﬁ%ﬂ'%d(;%rb’g?%%%ghldgd% fluid;
gas feed; aapet HQIFBA b:nrgrtﬁai dboﬁr@g bantedicroxe derbgamudedlund by
form conpressed car

004
Accolyirget est SX@@E%?rd‘SH@‘ e‘@'f %tﬁe%?gnﬁ é%‘%’ﬁ? Sﬁ%%htf) iPLpduce
thﬂ] ﬁghﬁpspfﬂ%!efl@éb cr@ﬁ@@é:@bhﬁlcfxﬁfefﬁmfyl ng out the
nmet hod o e first as ec S a S ¢
T 070 pueonel &Heaa toh i RS cBBPR kB from
Zyst %gﬁfrt@!’)m@e&gga’.ﬂ h?ﬂ es(tahﬁgerpure |tl gui d car bon
i oxide to produce firs onamnn e
vapor and @ 358 SAPAK &t @ﬁ‘? ?’%‘P"f‘é c{)ﬂ%‘*}?elﬁ geﬁ‘see%dcrude
r eboich@onfdiixideiuiPid produdtgdiPimpslir® igule carbon cilwnﬂe and carbon
bottons liquid by indirect 5 heat exchange agai nst

cr udgliaxigderdapleied¥aRAE f | uid to produce carbon di oxi de-

enri ched vaRebuk era?énﬁ’erﬁ %ruﬁulﬁ%ﬁérﬁﬂﬂmwmd@um catbon
car bon di oxi de fl ui a heat ex

n or fu the
cool %'@d&'@ﬂo@ﬁé@ehiaéﬁmna?btﬂ%@g qﬁ]a&p&e%ra "di rect

heat exchayyis prosding Féﬁu‘éhéﬂ“aﬁéndeﬂmt fdﬁﬂéﬁuerr@(mésressure of impure
stream to produce parti al Iévcondensed crud

G o aiciopicn Aapgoe B AGHAR oty PR TGETAR oy R pRgon dloxce:
cool ed cr yfdereiaht Qﬂﬁn@’érﬁé‘ﬁt‘ﬂ& féédlh@mﬁﬁtﬂﬁilqlﬁdbdrbbahimﬂc@rfrom said

to sai d heat exchanger; hase arator for e
separfiiebs geraater EPa'-iaf"i‘ finst greggq{a é‘i’—é@go% PUa'ége'%%ﬂt'b% Hj

di oxi de flakshduf a%ﬁ@’élﬁ&mt?féﬂ fdeding redRiced ﬁwséur@ambom liquid carbon
di oxi de and carbon di oxi de- de@ eted va

Cond 10X o galfiet Fressur@EaURPTLAITANOAIEp to bRl system.

crude carbon

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0041] FIGURE 1 is a schematic representation (flow sheet) of a prior art process for
recovering carbon dioxide from flue gas generated in an oxyfuel combustion process;

[0042] FIGURE 2 is a schematic representation (flow sheet) of embodiments of the
present invention in which refrigeration duty is provided by two streams of expanded

carbon dioxide-enriched liquid; and

[0043] FIGURE 3 is a schematic representation (flow sheet) of embodiments of the
present invention in which refrigeration duty is provided by three streams of expanded

carbon dioxide-enriched liquid.
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di oxide fluid from said heat exchanger to said phase
oFeRaUSAOr; a first pressure reduction arrangenent for
reduci ng the pressure of inpure |iquid carbon dioxide
to produce reduced pressure inpure |iquid carbon

di oxi de; a conduit arrangenent for feeding inpure
liquid carbon dioxide fromsaid 20 phase separator to
said first pressure reduction arrangenent; and a
conduit arrangenent for feeding reduced pressure

i mpure |iqui dDETANED DESCRIBEIGN OfF B INVENTIONr essur e
reduction arrangenent to said colum system BRI EF
ﬂMEﬂﬂ%ﬂﬁEH@NhGEaSEMEH@MJWhﬁwﬁmﬁfwweﬁmﬂfmwwmﬁﬁﬁSEPQENHUQBH

FIGJRE 1
b gerodh SRAGERY 4 frass BEATE tebptAnisohl S1355h to Soduce
fikst @ontamirtar-es righanicovet rescdi vapamaraigerioen d:omde-@stlcrtﬁd bottoms liguid
0042
a3 OO bt heeema i ot B Bhltis iayid py inairect heat
a&bls@f@gtadganmeamue marbmnwlmnnjfe fiuad ta megwm canbatudigxigde-enriched vapor
B 5 e avelaita™s paRFTotin SAARR s i ol metnog s
cmfalfa?htmizec i #pt tfs&nbabilnmd(dahmn clitviad m?sa_ﬁ gmﬂbert _cﬁoneerrtd ?tion of
present invention jn. ch refr r n
q%gbo&cﬁq)p(gee apyhe ude °§qugélﬂ%‘%\eﬁf“ué£paﬁdeldgecgr Ibgn Y
oA FEE 0o St FR0E Ay R Raron o, ror
exampiglifiige tnettiodds psexbITecovey earboo kiaxefrins e gas produced in an
LRI SirtaR plosss A Bt SiAm DN BHENG hHEs Rigtngnitogen
éidrag%rq midaﬁbﬂaﬂtur &Nyl sUIfeddiom_deh ead omdp@pfl rinogere(elgp mitric oxide
tt nqQ .
Oy rrotdRl 4P et -t B BRRe F8Bon Akt fromof oas
ﬂgdduo@gnrﬁ fawydnh:gah Psaxmd beé@eomggﬁwrgammagt:msuamwude hydrogen;
i .oxi de roduce car i 0Xi e
RO MEn G i g Bt Bl A a ™ ik S epics ey Bvention
pfréi‘er ly dibe remdvesdné Bulk ©h Beas btrer zetaminanieafrorh e mpowe Equid

arbon di oxi de has a greater concentration of
'B8%€-di oxi de than the crude carbon dioxide fluid.

nbﬁ%é T Qe SeaB o aHse HaPalySorirRasa} pafhdpdt 6o moi
d’ﬂ?tbdmdiomde liﬁﬂdJsUally (&'Jmpfabs namira tietinos0 mel Yorcantdri diexigasIn

lﬁ's %eﬁgllﬁp %gﬁ%/ 9ru @%gﬁn@%% 'iget‘ ?%ragrﬁ}&% fﬁ%#g{ least about

68 r@@h% 0 ¥xbogtp0aholsu| darbor{ diogide seifffrom dbouti ehol %ol about
fﬁ( Fﬂz) of nitrogen (e.g. nitric oxide 15 and nitrogen
e). If the nethod is used to recover carbon

' fromo.f. as r.odu o
(b8 <Fhre s st Bime R A0S ey o kAR BRI gt gt o0 mol %
and usually comprises no more than about 99 mol %, carbon dioxide. In preferred
embodiments, the impure liquid carbon dioxide comprises from about 95 mol % to about
99 mol % carbon dioxide.

[0048] In preferred embodiments, the impure carbon dioxide liquid is derived from the
cooled crude carbon dioxide fluid. In such embodiments, the method may further
comprise:
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car bon nonoxi de; nitrogen; nethane; and argon. The
ovorhsBof the present invention preferably also

renoves the bul k of these other contam nants fromthe
impure liquid carbon dioxide. 20 [0046] The crude

gaseous carbon dioxide typically conprises at |east

about 60 nol % carbon dioxide, and usually conprises

no nore t harth&Ccowing ableastmqoribroofisdil cdofed qrudd earbenl dioxide fluid

conpraBEHE hACpRhLiLE, Y850 iR 19K ol Peas streagy to produce
ol Y%artizllylwondelisexictede arbon dioxide fbiduand’0 nol %t o

about 75 nmol % 25 [0047] The inpure liquid carbon
di oxi de t yphasalsepamatingei lsast agportierasftsaihpartialyondénsgd crude

car oo A e BB Rl 8 PRer 84S iR AREHfacdoh dtog ng carbon

| i qui dloxiae-dopletidvapde conpri ses from about 95 nmol % to
about 99 nol % carbon di oxide. [0048] In preferred

[e0%9ldi Thenderatirigepresqure(s) ofathb eoludincsystbe isiugually lower than the

BRSO 3Tyt €645 e st RLABRR Bl HRus. the pressure

sfahp inmEee ]liqdiﬁ _cgmﬁﬁcﬁlidiaﬁ@cif Sadfaab?rceﬁhag:dg?( aboutdhe bperating pressure
t said coo . .

it PRy SR B B el RoRR B e FeliBo ¥ mpure

IutesBors tivgidanto the iunttusysterparti al |y condensed crude

carbon di oxide fluid; and phase separating at |east a
[0050) oAvadding édrchapiam bi sdlitl yarbondioxidedderinggeesshire eadoction may be

di, oxi fluidt roduce said | I, I qui

3 e By aiming Be RS dE R 2etha Beide bl et BBLERNange, usually

\f}iﬂeaﬁbasﬁ @nppescss efream p;ﬁridl']lct@ rel?ubhmﬂ'lespm}smre itiseresfu &or gxample, in
ower than the .pressure of the .imure.ljgui r

1P Szl ArdSocRe R o Taiya el P E ik s P8 G poour -

d¢*€.i npure liquid carbon dioxide is preferably reduced

to about the operating pressure 10 of the columm

[0951 e mAneadstaporfiar of the estireirdfrigamration ddfyozdguiredioyi the rethod of the

wERet el i T ey A Pu e PR SO o P fbn cioxie-
eaichot bdttaxs tdguid by imiiyectrheas axahangel with iab lkastgne@ocess stream,
mng the inmpure |liquid carbon di oxide

ﬁrfgpq'r%fgg%%/eﬁ\ﬁgé 'o'é'?(change, usually wth at |east one
RRBEES T 2ot 4 54 B8 of e carvor
divkideHenmcties], liqultctoipnuuce ani expacdecHirstgrardatadirstepressure; and
\%roﬁgi%gttﬁe g)?p%lﬁtdea fir339|:c>:art by indirect heat exchange, usually with at least one
process stream, to provide a portion of the refrigeration duty required by the method and
produce carbon dioxide gas.

[0053] The first pressure is usually from about the triple point pressure for carbon
dioxide, i.e. 5.18 bar, to about 15 bar, and is preferably no more than about 6 bar.

[0054] The method preferably comprises:

expanding at least one further part of said carbon dioxide-enriched
bottoms liquid to produce at least one expanded further part having a pressure
that is higher than said first pressure;
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[0051] At least a portion of the entire refrigeration
cnd%tdé equired by the nethod of the present invention

S usually provi ded by vaporizing a portion of the

carbon di oxi de- enriched bottons Iiquid by indirect

heat exchange with at |east one process stream 20

preferably after expansion. [0052] The method usually

conpri segaR¥pmadh RAsta pbeias of tefdt least pre expanded further part by

b d d h
{1 1 weirgntneasachangs veughaulr Atucast fnB bRRUEE i D RIOIALS o

expﬁea &lubﬁbf PRrémBinirighdfrigecdtioheaty regigirettyethe lrmimq gnd

t t
por prc@ucegé‘%ae%ﬁef’s{féf 2 6ariy hp b B el rfpged funther par
?Et hef Rtbed4ep Rfv%%ﬁ’ea}éﬁa b@modlocbt;majefr@asatlop @bﬁgpqmr@ to cool
irst pressure i s usua about oi nt

pr eswfae:afbﬂn dfdrgas 19 R&ﬁj 0%“*%%@%%?*‘ @J*Qbo t
[Oq%g%eﬁ%%ﬁﬂ%?éﬁ%ﬁ% Qﬂg e%&%e%?@ihe@%}%gg% gsd%ﬁ\{/ from about
théﬁﬁ% dﬂﬂ?ﬁé#ﬁF%P ciBbh dRidean dbomrz‘mdoardimmmemodlme@ts there

(R iquid to produ e at | ea §uﬁeﬁﬁ ngﬁéhallyfrom

is énly phe furisgr parh whichds 8"&?:"9@@ (pase ‘E‘H‘éitspfﬁg
abﬁﬁf tﬂe El’iﬁlébo@f &%gétgté fcljr gggatdhgdg%éddﬁpabmpm ban, gaferablyé@g"t about
12 tmmcp akaouti8dar.&@ RRYE1S by n §1 ﬁ gl[nellﬁe agferre BRY twoR¥rther
pa%’rmu n;?ar%él j‘@k pdrided ft&tﬂed@caﬁd p:leeeu‘re andplm othenpaﬂ being

t t
exaanueqdp@dmtr@ 3 prasews PigToja e YET b6 s Bles e a1 than the
ses?ﬁt? f;r ggtgrtee)m@ el R HEIrE &7 udany fr&nrm)mu’btee tripel poiot pressure for

l'east a portion of the refri t
carlsarudipdde tapakeasih 20 béf’ peRfeERMERm aP%%eBo%a 3 gélgq%rb%g" é/% about
16‘?& crude carbon dioxide fluid. [0055] The pressure(s)

the at least one expanded further part is usually

50 6, oh tHeoentire refrigeration
[oD58I™ Ritutbrrelt Biofinilcks, el Pelpie seLover ﬂ.ﬁon
duty resniirpd by éhe methedot Hﬁ@feﬁ?ﬁté‘wef‘%"'bs%ﬁé%"ﬁeg’t ‘?" s
cﬁé&f‘] ?B&ﬁe Watieted @oﬂé%@lgﬂu)ﬁ gémmy gﬁeﬁhﬂlabletmesmm rduction(s).
I ressure for carbon dioxide
Pgaf@'abllygail lgast 76 ape. post pref 85’1% Y 8t Iggg}d:{%h’%é}f H?e erﬁ?@f refngeratlon
dﬁtg%ﬁ] o@:iﬁe@% suéﬁ‘véBdFﬁétn&ﬂbOdl nments, there are t vvo

one part being expanded to the second

[st?iS %Z r%\}ﬂ ﬁﬁ%ﬁ%@@ﬂo@ aitrnz ride Pﬁﬂld?e)bpfmplmaim af carberydioxide-
ehrihen bofamstinuid et eropded By vepo ring ik e SBeRlA, However,
|tLI's$§r%'(f)ér§Veéif tﬁmlaé‘gﬂhﬂa réﬁ‘@eﬁa‘hbnﬁ’ Hﬁtyﬁ@d]dliedmyabs urethddais pmsnded

irgernally, i.8. \wmy@e tﬁgz,lsga:g lejatn @xBarnajB%fUEérg&g 'Ba éﬂdY ref:tr HeR @Q&Iléhge

between process streams.

[0058] The expression “refrigeration duty” refers only to the sub-ambient refrigeration
duty, i.e. the refrigeration duty below ambient temperature, and excludes cooling duty at

a temperature at or above ambient temperature.

[0059] The carbon dioxide gas(es) produced by indirect heat exchange against at least
one process stream after providing refrigeration may be compressed in a carbon dioxide
compression train to pipe line pressure, e.g. from about 100 bar to about 250 bar.
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[0056] In preferred enbodi nents, the majority, i.e.
oroen U % of the entire refrigeration duty required

by the nethod of the present invention is provided by
vapori zation of carbon dioxide-enriched bottons

liquid, usually after suitable pressure reduction(s).

20 Preferably, at least 75 % and, nost preferably, at
[ooea]t ACedétafpdriion afnhé carboe Hivixiglerdepleted vapor j6 ussially warmed by

B0 5 RO B B 970k Y SR Mmpaaure,

mamhlwbadbmdldﬁde-deplbtdm@sbmIemssa bbgionaf theycaison dioxide-depleted

cﬁ;\% 6(9 hggtpd Sg rﬁargptg?qag axcﬁ-ﬁtgs{a Eﬁlg triereg{vrw'?rg%&sgnded to produce

poer lagereapamedd;atbomﬁopucuer-eeblbmdtgae whidhhie dsuallyventexdde the
5 I ntern

use of a
Forpigraneay: abe e b HbutenGs R agan ikl Athe expanded
FITOSE8ioxigé-Hepletd dda@hBto Tr’reereem efthiedinst costarigmt-ehiidned gas.
duty"” refers only to the sub-anbient refrigeration

[0061) In.prefetrbe emdbainudia thedimethat \oohpriess: anbi ent
tenperature, and excludes cooling duty at a

t enper at urwamiing@ st |e§§t\eepcﬁnfh1 efithe t:empa dixitieedepified 0&ED by indirect
ndi rect heat

‘Th d d d d
e noleat Saganae: istell BBt BHINE i ferdd skBRine i piE carbon

pr ovi doxige-tiepleiedayadf i on may be conpressed in a carbon
di oxi de conpression train to pipe |line pressure, e.g.

1E B 8 gn about prb%atiag at Ieaﬁlmbdr?@ﬁﬁf tbacargoﬂtﬁidimadbdﬁéd gas by
rtion,of t r.bon .
i oxi BETE B SaRyRp e e pef PoSiRE AABansloridesmigiag oas: and

heat exchan Wi th, at eat on ess r G
o anbr enc WOk feray ot 1B5's PGl haRE BresferSR o8 Boxce-
di oxi depieted has trproasce Sipahded tarboip diokiderdepfetédgas; ar bon

di oxi de-depleted gas nmay be heated by indirect heat

wherbimng deagtd pbhien oiMitekheax psyuited td premeaﬂ theecatbgrogiexidexddpleted
SR B ol G o BBl o By 4 o

gayt am nants are eventually vented in the expanded

carbon di oxi de-depl eted gas due to the recycle of the

0062} loqutiened antbodimentd)dae ipgrure ligudd 6arpoh diogxidefie feded the column
ses; ng at least a

SreH ahe E\tcgw%a o FEah g 58 P Qi %%\”?aporl by
I9PBAL <Eletsr eGSR R e maPBE RIS o dept ot ed
O o B aoBRyRg afleastzhBtrith, A At Gnidr)RafiBdidfled overhead

pr odueapop by indiratidwat exdmangeli uswaldiewitreal least dng psgcean dtream, to

wor k andi rt| he pre-heat ed

car boﬁ')égfg%(‘f'g%%ﬂr %‘7’@%"388@ "? ﬁe‘f% gdu ce expanded

UL oé&rﬂ'&’egﬁ% Sf I‘égst%aﬁortlon of said warmed first contaminant-enriched
gas to produce compressed first contaminant-enriched gas;

combining at least a portion of said compressed first contaminant-
enriched gas with a contaminated carbon dioxide feed gas to form said crude
carbon dioxide gas; and
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wherein at |least a portion of the heat required to
07 4qK§§at t he carbon di oxi de-depleted gas is provided
y recovering heat of conpression from contan nated
carbon di oxide gas. [0062] In preferred enbodi nents,
the inpure liquid carbon dioxide is fed to the colum
20 systemat a location at or near the top of the or

each col psalingl0263] a Portibe of sald enddediarmntdioxide gareby indirect heat
met hod conprise: warning at |east ri i Ohani ;
{1 r exchange aisAbwITLRL PEs ade RUeRR e va%'*é’?‘bo?"i"ﬁ‘ﬁ*.gfsé‘é‘% rebol
heal, §% %B%ﬂgﬁsysgéw.ah’r Bag a:j portidn bieths heatraf compeassion from the
stream to produce warmed first caon n

g somprassebheLamanT Gxiehed 3ps ) o 5oL Y g fea
fir %Rck%‘ﬁﬁé%%ﬂda@ﬁ,fdréﬁﬁbly gater, [pvioptoozbmtining with sesieminated

first contam nant-enriched gas; conbining at |east a
por cadans¥oxile @8Sconpr essed first contam nant- enriched

[0Gh8] rmTbaestosd ey D BPBIRH 1 TBaas cen SulE Tthe? By bleamg! veste
gag 88&1}55%%& lbgﬁsébogt_ mmﬁ:i ‘ﬁiba%orﬁdibﬁd@r Howeway thermethod has

I'oxl de gyas i ndi rect heat exc e, 4US ,
parfculee aBpIcanen Prioe Esova L aipop Aesite BT i B aghetle m an
ox{(fﬁg dmbn.fsﬁ?ﬁ Eﬁm@éﬁ S iasty Pé@ﬂbm/ﬁ hydeegan RSAordcesh of

eat o0 onpression fromthe conpressed first

[oﬁéeﬁgi q@g@gtﬁgﬂ‘@g@“ﬁf}?ﬂ tgéiﬁrosgla%hg&mrhﬁg?mg%efw In thseearnbodiments,
theitisi figid SABPRIARIIGR TRY BB RLCSYF RS T8 BP9 Greise, i gn oofue
coltstidrPQBddssThe method may be applied to recover

carbon i 6xi de from any stream of waste gas

[Oﬁﬁ)ﬁ\}grﬁlﬁé Bﬁﬁbm'a@?&&@b@é’rﬁb@ﬁoﬁpfoﬁss &rusoailydgenerated by

ver, e met hod has articul.ar i cati i.n the
comdeistieg § fusi Selgeted irom BRI R SIS 8@%@”&3&@?@#& in et
nﬂ%ﬁ%&%&%&% fUEIOBRY it Gras BNEIESTS™ the prisshes ofamiré oxygea. The flue
hydrogen PSA process. [0065] In s enbadi ,
gas'yis ssually vrashie wit waéerd%"ea@e atleast, gfeemék?ﬂg!ﬁﬁg‘%% SS,OHE)%
i ARY Rt B the ga TMhetHesitit waBbed ucpyad wedalfyrcompressed
ue gas generated Tn an ox

f uel t.i
(o[l ODEGImBIeRs G A HER g bty SLtaoR MrhR g part of the
Cfpageg,ltbéngjmeaéa%d by 15 conbusting a fuel sel ected
Fom

e group consisting of carbonaceous fuel;

[008F] OFRE Wél?ﬁﬁ& Qiep Jsugly tarésplat int esuntdreusefit gasriquigecontact
presence of pure oxygen. The flue gas is usually
vessshaughvastehwaslt ©F SeryD} elWB- at | east the nejority of
[Ovt\)%tafr Tﬁg lw%gkeed flue is compressed to the operating pressure of the gas drying

system. In embodiments in which the gas drying system is at least one desiccant drier,
the operating pressure is usually about 10 bar to about 50 bar, and preferably from about
25 bar to about 35 bar, e.g. about 30 bar. Heat of compression may be recovered from
compressed flue gas to pre-heat carbon dioxide-depleted gas before work expansion
and venting.

[0069] The method disclosed in USSN 11/287640 (the disclosure of which has been
incorporated herein by reference) may be integrated with the method of the present
invention to remove at least a portion of one or more further contaminants selected from
the group consisting of sulfur dioxide and NOQ, (i.e. nitric oxide and nitrogen dioxide) from
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contam nants and to cool the gas. The resultant washed
dg7opguges i s usually conpressed to form conpressed

flue gas which is then usually then dried to form at

| east part of the 20 crude carbon di oxi de gas. [0067]

The washing step usually takes place in a counter

current gas-liquid contact vessel such as a wash (or

tee carbpn civxlgeryas[i® 0E8darddrediesidd edmptession sraaorip this senthecton, the

i f d |
B PRER LR B ing) e el %o S L
d t d 25 th t
doual |y aGoUPreEELfue 6%, bhk 88 B Rler WerRliBHy K & UBryed
f r ommbsuuke (8 ubadllyti@nabbbelt 19%ab &y abaut §0 bahout 30 bar.

Heat of conpression may be recovered from conpressed
flue gas tmaiptatnifigedid tiae has atisaik bldeatdd pressark igaise presence of

bef ore work Si and ve ti 6 Th

o sol GBS And HBRTERS e Bkl g amoVes Wi Bt suticient
has redto Vet BaMErNUkeded dwmec acith ynd/ef HOg ke wijricrexid; laed
integrated with the nmethod of the present invention

to renove ﬁpal'mlagtheismm iaoid amil/ov métrioacidirom the fiibgas to produce
cont ani _nant s, ect from , the aroup,consi n f

Cul 1 (ol RS e MR ierise deeH B0Bg 88 Whlehf vl phen fed
di oxitdehe Haodrying bybrénvdftdofiittidneompraseiondo the aperaling pressure

t he cgrbo di oxi de

ressjon ain. Inthis .
conndBPTROh! MecRsSa (ABRNARE o S8 emabdlmrls s nalapy meroury
furt heesern E!’ptms:arbdhmmﬁ@@ shiighetilgae igalso removadgas
derived therefrom to an elevated pressure(s),

[oemgl | Whireote @h.m&tcaltﬁbrhﬂthtI@ga&JMprﬁésmg arld NO,, the method

R Sanaises o e RO i ER FoBf S TislareRRi P ana
csdjnwmdg Nt@ tb ﬂlttﬁkﬁacgl@ 1 edcorksl@}évlagw prasaué iNhﬁthSlhlghbl thian the first
er sul f.ur 1 O O Su uric
IBveid pregsiEi o boufier SR iRY e Eorbate o PG ap A he frt
Soeted preisslireC FRE thrhploNT S0efdddudngearration wmmm@tlg low, there could
L OXl de gas

et nitlcalsieg st q%pro?@cq‘:déa%feﬁa@ew RiFs8get em
@ﬁtﬁéoﬁw%ﬁés‘%ﬁ%@é@cﬂfﬁéﬁé%ﬁ&%@% 3%[?15'{'” o

car bon- i xRSt i efudr §5es PevadlhsRE ’i?é’ﬁ?‘ Wy g pala s
Wher esléVated pm@%r@am b@:rstatbomedeurm gastiquid sertaS@2vigado produce
Lo suPPalrp camep il Geb At A R iepRR SRR Sty s

b essur e WiTgReREnLRES atfﬁo'erﬁort fafe SEETE Bufifliglce oas to e

pr esssecend Alavateldipressute;tadhd NON may be converted to
nitric acid at the first
washing at least a portion of the SO,-free carbon dioxide gas with water at

the second elevated pressure in a second counter current gas/liquid contact
device to produce SO -free, NO,-lean carbon dioxide gas and an aqueous nitric
acid solution. At least a portion of the SOo-free, NO,-lean carbon dioxide gas is
then fed, after optional further compression if necessary, to the gas drying system
for drying to produce said contaminated carbon dioxide gas.
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el evated pressure. For exanple, if S02 feed

ofgpaaegAration is sufficiently low, there could be
nore nitric acid than sulfuric acid produced at the
first elevated pressure. [0071] In these enbodi nents,
t he nmethod usually conprises: 20 washing flue gas, or
a gas derived therefrom wth water at said first

[6672’/ apedall £666¢ of theaghésust sufotinaed solticreistusually recycled to the

i qui d contact deyice t roduce
i gae b e dene ooy T POPPES 20T sBHES; aRieasPa portir
oCIRERGBESIS iﬁtn@tacldes%ﬁlnoﬁ |§J@§Ltalllfb Fecyblet! heths@2cbndgastiiguixtbecontact
di oxide gas to the secg)éhc evated pressure; and 25

dﬂ)ﬁ%loﬁﬁo'ﬁ"ylag%@”rﬁp'ﬁ%?f‘ RiNGhe S02-free carbon

th t
[9973h Gne F1sk elfvates Srep i ka0 PaEierA g s preferadly
abORUBYar. WHErE thel gasBbRHEHrBorPEidxitie @econifesdaiato tioafisbelevated

di oxi de gas and an aqueou id solution
presgdie, su IRSBSIRN iB ket g@%lyfq,cﬁ@a%ﬂoq'ﬁ? éggpr@aqj% gﬁed éessure is
uSiii1Ren §5Bar 1B 35iRe ANd @prefy‘r&tﬂ*] ab@itizonak, further
conpression if necessary, to the gas drying system 30

[06¥4] A EXARirhéntd bﬂﬁé‘b?eé‘e@ut fhefadtiawhivhtiRg fishcdraamihaokis daygen
gas.  -18 07024 USA

007
e eOTBONRIGH o The miptacs dsdioned 18 T SlstB oRgRud) LS4 to be

aHbi@ed)f ideftificdasy/ AP@&LD&k@@M@@hceinul 07024A0SOaed filgd ahttes same
punpi’ng and/ or coalin artio

day aé@@prﬁs@m.a@phratlanstgﬁ GtSFlS?ﬁUfesof | 1p WPEP&%P%&EEGB“ by
r&fBRene 6 C ANMiIRMhbitbAl theGR&hag bf tha@vemt ino@ttionmaay gomprise:
after punping and/ or cool i ng. 5 [0073] The first

el evat ]ffd R,Eﬁﬁﬁ'slfrgg 4 meuwgétéa frbﬁﬁdﬁrﬂ&ﬁb%ustfueIZBydlracaranmhceous
is preferably about 15 bar. \Were the gaseou

i ot 3151 BRSSP DERp 15 Ui rep picstof GRiap an Gy LeLgHdbuston
such GRIPpRIBES ud GaPéathgrisiiy varbsh @bmtiec. The second

el evated pressure Is wusually from25 bar to 35 bar

and is preﬁaﬁhﬁ%&‘l Ié@ﬁtpoﬁfbnhﬂﬂheé&ﬁé’#hloﬁﬂbmpmﬁ\mmf by indirect
the present net i rst contaﬁ18nan

oxy gaiea SXTHEGE.SSUPNCULBH SRS AP RISSSEh SR B Couce Tarbor

di sclfieasb- uﬂﬂé@gfgggst er application, USSN (to be
advi sed), entified by APClI Docket reference No.

070|24A US/%e@Bth'Eg k:aﬂboﬂrmdm fesrat ledstya partivmef the earon dioxide-
application,

P debisyod sas by aiuSoh fops pCleadmme e Beeol A HAIEH o

of t NReMbRNBHephRNEN bjddom N8 prozao séserated @Hb:tmtdlmgdeagas and vent
fuel sel ected Prom car bonaceous fuel ;

hydr 0288 B&haceous 15 fuel; and m xt ur es thereof, in

t he presence of oxy en in an oxyfue ti.on '

to pr oducdegding ab;gg Wlp%pwge@gp%rgwdgq%nﬁ&l%ﬁ% from the
at | e.agﬁwbmrig%ba@ﬂo@&yétm t6 Bichouyfuil carndestide pinid teceduce the
Vaportem%elrart]ugero? %})mbustlon The vent gas may be work expanded to produce

power and then vented to the atmosphere.

[0075] In other embodiments, the first contaminant is carbon monoxide. In these
embodiments, the impure liquid carbon dioxide may be produced from waste gas from a

hydrogen PSA process.
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heat exchange, usually with at | east one process
03024£98A to produce carbon di oxi de-depl eted gas; 20
separating carbon dioxide fromat |east a portion of

the carbon di oxi de- depl eted gas by diffusion across

at | east one perneable nenbrane in a nenbrane
separation systemto produce separated carbon di oxi de
[@p¥S6] aarbansceousisel (@rgl coalpdi mygirenarhanaseous fpek (eid medhane or

relF BT RY B o BereR o R B Is Bl g il ST el

oxieldtire gab eated tatahAC uefernihgparanysoimbinativn of theae prpessses.

PR Dol BreuBRERa 16 Ful Teftf Wifl e Bipiailie DR BNthed gas
cbimpsising catbenidicadde dssa caidvaomponenti Tbese processss typically take place
abF Sukretr b AP A B A b b 30 e ogen PoA T
R

lﬁa?lbyrahuUiam_)d ?M{ ubie. AcFrSﬂesy_tseTm typicaip gperates at abaltyas kar. The
J t t :
o bl GRS, BEASOHof il BE Mo s

VL0 618G compPlistatdeast pboe B0Uhples tcatbondalictide with leawer nuantities of
wat e

it h t d h - i ched 5
VBl elreD s BT e S MR o Companent. These

B 55 b b4 R b Y sl ano

diaiationt (©dskipping} ¢eurhy.dThe eolumnris aswally ppseratsd at eRgassure that is

4456 o S0 . B

rdting pressufe ofale sdlumans Lisuatly fioen &BAt S\at tnalsep 80 dar .
the fuel used 10 ul LI [ t
BBt oL $4 PBoie bk 680018, ABGHER BF . Jhe pRBSirgor the
dival eBon dioridb 4l0R) is Gaudig frompainodt & banth ateiie60 baOAYE preferably,
The transfer aration c system usual |l y
f%ﬁgﬁ?@%é bar & ﬂ%‘?%§gg’fﬁ§ﬁ'$'la§f’f’€%&§%r stri ppi ng)

[ﬁﬁjé#inngh The caolumm is usually operated at a pressure
i §1€ IRRREFUE RAAPYIRE: pressure of the crude carbon
dioxide fluid. ln thi cti ' -
pressur e of MEite raBENserRCG el it sy £ sBpEafha Pure iauic
about casborbaibxide th propued firsbdingaminateraished odsrhead vaper and carbon
about .18 bar, .e.q...a 16 bar. The pressure of the
cr uded'e’él?%“aﬂ"'m%%"&*@%gfﬁﬁﬁ" *is usually from about 15
bar to about ,6 [ . . 20, -
bar to abo%feb?ge@gF Ee@tgcﬂlbr!do%ag%cﬁ‘[ &%M%-gpﬁér%@%Bms liggid by .|nd|rect
heat exchange against crude carbon dioxide fluid to produce carbon dioxide-
enriched vapor for the column system and cooled crude carbon dioxide fluid;

a heat exchanger for further cooling cooled crude carbon dioxide fluid by
indirect heat exchange, usually with at least one process stream, to produce
partially condensed crude carbon dioxide fluid;

a conduit arrangement for feeding cooled crude carbon dioxide fluid from
the reboiler to the heat exchanger,
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[0079] The apparatus conprises: 20 a mass transfer
ovopanJgA on colum system for separating inpure liquid
carbon di oxide to produce first contam nant-enriched

over head vapor and carbon di oxi de-enriched bottons
liquid; a reboiler for re-boiling carbon

di oxi de-enriched bottons |iquid by indirect heat
exchange agphasetseparader forptase sepanatioigthiel partihlly copdeded erude

ana courrtibide e3¢ RO i RBLe flud HofEipRBe SH3LEBon

exchadigdde-tigpletedivaper, cool i ng cool ed crude carbon
di oxide fluid by indirect heat exchange, usually with
at | east omeoqpiui@emegemnertdorn feeding padiatyconmensédtiuge carbon

o aran o BB B ARR g e el sBR i e
07024 UsA SaheaSuR RRAEh ol Spdolferd [0t Bressufot moure

par t ilguldycacoorddiogidel tcprodece ealubahpr@ssuee depdredindidtcarbon dioxide,
produce the inpure liquid carbon di oxide and carbon

?i ogi de- demt:@tcmr'i avmpgzmeat fgoﬂeddihg irapmramigeidmatpdrmi%xide from the
f F;; PIRsB ReonBlare FRIG R G Fe%ﬁftf%?%ﬁa;gs%sék%gt or ;
i oL 2 SOHAR o BT RORG R b b caron
pr odLm(;mi(ideg?r?eﬂe ﬂlSEﬁ@B?iﬂi’reir?qIUHéiiB?] Iai'rqugeﬂmralrt@m:_ ahiluovon estem. The
i o bler B AREEEA el EFEE ol Bt 0 n B S of e
g for. faedt no feddcad pressura | mpure 15 qui d
car o engener e ?-gﬂsr?ﬁ%mﬂ?eﬁ of essur ¢ reS‘cht fon

] T Y .
BRAd S5 ANt i HBOBUT b ARy B Ly 2 ety Svices
alaptedodnd doastrocied tndangrous thia fuhetiom elndbis wonnentieh earfconduit
SIREHRE A B 5y i S PR o Byt i beeer

thairdjoaten parts ¢f tihaapparatuar Ahlexampleofiassutable\cooduibarrangement is at
devi ces. adapt ed Qn%ﬂconstruct d.to carr
C

80 oFE B S etk DHaRBRE 5 60nGth htafdirieht by hi8 comprise other
appagatys Where apiprapiathl i Forexample, thef conduit amahgement éortféeding impure
st iose 18T BRagd haldtBLEthe frsP fesfurd redi¥on

arangegenemey csmatise:| east one pi pe or pi pewor k.
However, a "conduit arrangenent” may al so conprise
ot her a conduit arrangement for feeding impure liquid carbon dioxide from the

phase separator to the heat exchanger for warming to provide warmed impure
liquid carbon dioxide;

at least one fluid passage in the heat exchanger; and

a conduit arrangement for feeding warmed impure liquid carbon dioxide
from the heat exchanger to the first pressure reduction arrangement.

[0081] The apparatus preferably comprises:
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20 apparatus where appropriate. For exanple, the

o7699digat arrangenent for feeding inpure |iquid carbon
di oxi de fromthe phase separator to the first pressure
reducti on arrangenent may conprise: a conduit
arrangenment for feeding inpure liquid carbon dioxide
fromthe phase separator to the heat exchanger for
war ni ng tpseondipiessue reedctiomzurange@8nt fogexnandingtsgrbon dioxide-

g;g%ﬂg@?c? Egﬁ%ﬁﬁ%ﬁr{:&%&éﬁéﬁﬁ%ﬁg&rﬁﬁ E‘?’é@%‘%ﬁﬂ"hed bottoms

war NRfhid A¥RLArst presiuirgt car bon di oxi de  fromthe heat
exchanger to the first pressure reduction arrangenent.
[0081] Thg camparatangempestier bting carhonidiadde-enrizhed pothems liquid

USA duct i .

5 expatRm i CavBBSYSIPEP 4 Sand DL RBRUEEh drehpement and
o g A et ehed _

Pl out o ata Borduicrapaagenttof stgibh il bt dBRde-pnricheo

f eedptbreaiduaiatdheXist pressuredioatthectecoms prlessure dedustion om

;Pfa;rg!@?%nme?(% ?g%g&;&ﬁﬁ&jﬁ&g@éﬁ%ﬂﬁﬁﬁ% P%fqg‘gtcnbﬁigeraﬁon duty.
[OORE) 1 I elegiea S merin i aPELE R OTPEEE o' Feduct i on
o o b Bkl kS Rt APBE o ORIt e
enboghmrbbottbie igpinas ptadsce expanided sarbdo dipxide-entiched bottoms
(i ox S b sPaanePrer o Ee T o PR B 00

coLbon O G A R g B o B Saeroms
condgol @liran gpsTeMtio trer thire priisagreaadigdion arrangement; and
di oxi de-enriched bottonms liquid fromcolum systemto

15  the thirdanopasiuaeangethest ioeatingenpanded carbael dipgidg-enriched
conduit arrangenent for feedi i
O b ST SRS AL PR BB Rocuion
Pr es sinafAgémennth five lidut eslchangesior eapasidatian torprovide refrigeration duty.
arrangenent to the he xchan . 1.7 atd -
ot o1 196 CoBRYT e ket tan fopantn pacborh et et lBrisuid may
for feaflsd@iqad apectyif@xi the-cafunircéstbrb ot romsanotien cendidly

feed said liquid di rea%#hﬁ fromthe col um system or
20 fr om2ARBEEIBPNAY oS 3t angenment carrying said

fluid. [0083] I.n certain preferr j .
IO08R, o e orePug SBofmR(, Bl dibafdtbd fefratiy conbfises:
a fourth pressure reduction arrangement for expanding carbon dioxide-

enriched bottoms liquid to produce expanded carbon dioxide-enriched bottoms
liquid at a third pressure which is higher than the first pressure and lower than the

25 second pressure;
a conduit arrangement for feeding carbon dioxide-enriched bottoms liquid

from column system to the fourth pressure reduction arrangement; and

a conduit arrangement for feeding the expanded carbon dioxide-enriched
bottoms liquid at the third pressure from the fourth pressure reduction
30 arrangement to the heat exchanger for vaporization to provide refrigeration duty.
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[0084} o h

a fourth pressure reduction arrangenment for expandi ng

0702890 di oxi de- enriched bottonms |iquid to produce

expanded carbon di oxi de-enriched bottons Iliquid at a

third pressure which is higher than the first pressure

and | ower than the 25 second pressure; a conduit

arrangenent for feeding carbon dioxide-enriched

bot tesT8orduft Windngérhent feitfesding S3iboa riidxiet éreiched bottoms liquid from

pressure reduction aryangenent: and a_conduit

b reqlBREHSRP teiolth grasu g Uil AR RN may feed carbon

di opibige 2RFitHdRsbtiohRtigaREdilscipiromate tdlemh isiystdmpordssuasother

fromthe fourth pressure reﬁl‘Iu tion 30 arrangenent to

t hecqneit agrpgRMedcarying vt at i on to provi de

refrigeration duty. -22 07024 USA The conduit
g%ﬁ%?ﬂra?’érpr?fg@@fyrﬁ?"&%s’ﬁ%n di oxi de- enri ched

bottons liquid from col system to. the four.
pressur earcgﬂﬁ’}é? AEN9gMeRh Mﬂgﬁﬁéﬁ] CPQB"&“'B%}‘I?&E{E%" overhead

di Oyt 1R iheR8RintPéyisams td thewedt eichangdrforf warmindite provide

colum systemor from apother conduit arrangenent
car wyrm@&rat%Pm@fnﬁnant@f[*?ge%ﬁfS-The appar atus preferably

conprises: a conduit arrangenent .for feedin ' .

cont ani nérﬁ?‘:@?ﬁ‘?%‘?{é’5%"\9@Frﬂggﬁ“er\‘;éﬁro‘ionmrﬁﬁﬁ"}q(%‘gy&{ﬁ%hfﬁﬁt
SYSE&TainthanfleniidRl (X &b prodate Eemprassed firgt domtamioamtemnriched
war med first contam nant-enriched gas; a recycle

conPf®ssor arrangenent for conpressing warned first 10
contam nant-enriched gas.t roduce ¢ res Il St

cont ani n&fengw ?ré?‘f&?"%@i?,r?%é)@?ﬂw‘ﬂﬁri"?e‘ﬁﬁ%a‘i?@%ﬁ@ﬂ%mfeﬁwhed gas
f eegiortthi@erEskchhhgdr 16 et rabYdRosmpereEsaraedngersent, r om

t he heat exchanger to the recycle conpressor

arr angen@(rjgopdg;t ﬁﬁsiﬁbénier@fdraﬂ@mg‘lg@ cd:mrﬁs?d:ﬁrsti afmgtaminant-
conpressed first contan nant- enri che S ]

e pE GRS T 16 AP S TRIAES A PR 88

car hamoridnidiegas évn Eratacamedeiokeyas; di oxi de gas; a
condui t arrangenent for feeding the crude carbon

di oxi de @agontu®Brhigemer Rshibéding theredectrborodibkide ggs from the

said contanm nated gases. to the heat exchanger

coolCPRgHTE @r%m%égwwa@géa@%‘?wa%eﬁ 93Py odne bt exghanger
a cegdidolingid roweaenidefcarbonakelidfigd;ete car bon di oxi de
fluid fromthe heat exchanger to the reboiler. [0085]

The "r ecycésndor AREEGSAENtAsrTaegegrenide carbonydioxide flujd from the heat
singl e st age %o ressor,
exchanger to the reboiler.

[0085] The “recycle compressor arrangement” is typically a single stage compressor,
usually with an aftercooler. Thus, the conduit arrangement for combining the

contaminated gases may comprise:

an aftercooler for removing heat of compression from compressed first
contaminant-enriched gas by indirect heat exchange with a coolant, usually
water, to produce cooled compressed first contaminant-enriched gas;

a conduit arrangement for feeding compressed first contaminant-enriched

gas from the recycle compressor arrangement to the aftercooler;
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usually wth an aftercooler. Thus, the conduit
grozaneent for conbining the contam nated gases may
conprise: 25 an aftercool er for renoving heat of
conpression from conpressed first

contam nant-enri ched gas by indirect heat exchange
wWith a coolant, usually water, to produce cool ed
conpr esseda Eonckit arrangemenitot cambiniod edolgdsg:mare@eerdj fiist

o AT ASEb SRR SRR s comppnaggaron
arr angjexigngag o t he aftercooler; -23 07024 USA a

RO n RGP o TR R0 OB 85 e o
et dastpheduwedtiman vagfael coatbostion phoosasd thegappaf0S86Ry quprise:

enbodi nents in which the contam nated carbon di oxi de
gas is derarvexyfdel gombbstianusmitdascomindticgd fuet selected fioueihe group

gg;? uu‘éﬂit”isgﬂﬂ@é@%?%‘?ﬁa&tﬁa?s ﬁgfﬁg%ﬁﬁ%gp”ﬁ%cg% %&la%gerﬁigtg{es thereof,

f rominhies preseiice sf@xggat fogodiicedme yas xomprising catbon dioxide;
hydr ocar bonaceous fuel; and m xtures thereof, in the

presence of condutenmrangemenidoceciling agastieoofithée Huegas to the oxyfuel
car bon IOXI deh a conduit arrangenent for recycling a
porti‘f?rﬁ“ El ue gas to the oxyfuel 10 conbustion

a bart ao?af? et PR oG Vel esnind o 8580 3 B vl Bining
wat erpdrtior efithy éusvgae witls elatdylte reroogeomnatat solairiel copponkrde and

washed fl ue S; conduit arrangenent for feeding
flue @89 ‘fer‘ggﬁq’leﬁéfi&%??ud corrbustl on 15 unit to the

g?? aln Ig g lrJrL_, ﬂ‘i‘ 88’64”%%@4)‘5%@@%@ lgﬁg é@l?%&é ?rgg{ tﬂ? %Q({Ifuel combustion

pr odugrgt toahpyasbadd Eontactgassela conduit arrangenent for
feedi ng washed flue gas fromthe gas-liquid contact
vessel to 4Hee hhsieormpessmrgrraegemenidor comymessing washed flue gas to

Sf‘idﬂéréh”%oﬁfﬁéﬁgﬁn%ﬁf&@eﬁ.#LSﬁ i oxi g6 gas; & condui ¢
e gas. &N BoRhe AR oBAPS s 8 Bac fihe Bos-iaui

syst etgntaot desset anttiaifiue gas aompresadr dreangemedt; ng
contam nat ed carbon di oxi de gas, or a
a gas drying system for drying compressed flue gas to produce

contaminated carbon dicoxide gas;

a conduit arrangement for feeding compressed flue gas from the flue gas
compressor arrangement to the gas drying system; and

a conduit arrangement for feeding contaminated carbon dioxide gas, or a
gas derived therefrom, to the reboiier.

[0087] The “flue gas compression arrangement” is usually a single stage or multiple
stage centrifugal compressor or is one or more stages of a multiple stage centrifugal
compressor with optional intercooling.

[0088] In embodiments where the first contaminant is oxygen, the apparatus may

comprise:
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25 gas derived therefrom to the reboiler. [0087] The
d7obyeigpas conpression arrangenent' is usually a single
stage or multiple stage centrifugal conpressor or is

one or nore stages of a multiple stage centrifugal
conpressor with optional intercooling. [0088] In

enbodi nents where the first contam nant i s oxygen, the
appar at us aregndud @rrangemerstdor fe@ding cadén didXice-dapteted vapor from the
arrangenent fo eedi.ng, carbon di oxi de- depl i .

T omiaE pprglor LERE AL PRPERGardoriaag BRYES R doxice-
war mdepldted gasyduce car bon di oxi de- depl eted gas; a

menbr ane separati on system conprising at |east one

per meabl e Dmeabsiransepacatios gpsteat contprisinghx feadt one permeable

f i oxi de-depl d, dif f usi
o o HERBTAA SRR Batol i T sotoan b S48 oas oy
gas afifusioreadrogPsdid meaibnshe($) tapraduge separafed carsmddioxide gas and

carbon di oxi de-depl eted gas fromthe heat exchanger
to t he"h8%Dbrane separation system 10 an oxyf uel

f ggb ;fgiugna g%%@f‘tia?riraﬂégﬁgrl@tgrir %gﬂiﬁg fggﬁnlgnfscfﬁéfcfet-ggplétég Ebs from the

hydr aesat brerangents the!flembrate separationsystear,eof , in the
presence of oxygen to produce flue gas conprising

car bon didoaﬁ' @b@fuagdmauamdmittfommgﬂm@mua‘l e¢letted dionmgthe group
separ at ed.carpon _ di oxi de. gas fromthe nepbrane .

s opar R GG LG pUReruEE Dy aTbhiheol st BB mixyes thereof,
[ 0089h thepregbad sTRRYGen to prbdiute flubgyas@sinprisiag barmbon dioxide; and

di oxi de gas is flue gas produced in an oxyfuel

conbust i ona peraiiitssranhb@caifpafeating soparatddycatmomdio:sds gasfrom the

por ¢ IBANbanEREhaRat Sy e STAIRL P BlstRPh o or

ble c onents and produce shed f] ue : .
st THRGETR i AEh HeCkaRiR gHR Srogtes e Tve, b produced
anylybedl combistiohi ppocesg the apparatustUsealfyaconhprigesd cont act
vessel; a first conpressor arrangenent for conpressing

vvasgeq f 1 Legasdqlid CorFIactdffesml wmmsasﬁmé Iéfdstla poe®n of said flue gas
: t
e it Frih RESREDRodaler BBl Pt i e iug @ pe oms
22;;?22 gggétl W%@ité&%ﬁf}g&%b’t&ﬁﬁfg@%& fille fggg 8hthE ®xyfuel combustion
unit to the gas-liquid contact vessel,

a first compressor arrangement for compressing washed flue gas to
produce compressed flue gas;

a conduit arrangement for feeding washed flue gas from the gas-liquid
contact vessel to the first compressor arrangement;

a gas drying system for drying compressed flue gas to produce
contaminated carbon dioxide gas;

a conduit arrangement for feeding compressed flue gas from said first
compressor arrangement to said gas drying system; and

a conduit arrangement for feeding contaminated carbon dioxide gas, or a
gas derived therefrom, to the heat exchanger.
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cont am nat ed carbon di oxi de gas; a conduit arrangenent
de4figndi ng conpressed flue gas fromsaid first

conpressor arrangenent to said gas drying system and

a conduit arrangenent for feeding contam nated carbon

di oxi de gas, or a 30 gas derived therefrom to the

heat exchanger. -25 07024 USA [0090] In enbodi nents

[0080]u dinregniddakm éretsinchidingf the r@moval obore srand@dontaminants selected

e et oo o Btiala MBS GlRe Garna eie g saia apparatus
maypermpise: at | east one counter current gas/liquid

contact device for washing flue gas 5 with water at

el evat ed patesssioRe courtBecpreds gasriquid comy@eevieea tor widsaimg flue gas
SQ2 s, t

0 be . rempved, NO , for a sufficient ti to .
convebth S aLAISVAT PrasSieim M Pes okt SN A FoeR SO s to be
aci d; refnoved, N}, féal sumiedT® fiefto lcohertiBOgtd dulfarigasid ahd/or NO, to
el evat,eﬁéﬁr essure fromsaid first conpressor
arran@ﬁ {to the or each respective gas/liquid

contact device; . 10 and condyi t .arran nt for .

Fecyeli ng SbuEbilarepBraeRSoBetng 5B RS Ar Tarkipd prosSire from said
aqueohitst dimpressonairdngathetit t®thelqr cabe raspec@igasaigidcdontagt device;
gas/ | i %ﬁi d contact device. [0091] In enbodinents

wher é@the first conpressor arrangenent is a

mul ti-stage 15 conpressor, .the apparatus nmay . . .
conpr i se. & CondLU AT EDRE G o1 Bry L Ba AR LEe i a0ig sguton
or a gravordjusyesinitritetcrf sohmiontto thedod édchirespeetiad gab/liquid contact
pressure; a conduit arrangenent for feeding flue gas,

or a Y¥¥Cderived therefrom to said first conpressor;
first counter current gas/liquid contact. device
P89 T loiaons s sosiahe Ars B0Gategpt drrqapeBhL s Sl Stage
donfiprbsgdr anepparaiuesaay eomptiseg suff icient time to
produce SO2-free carbon di oxi de gas and an aqueous

sul furic agfitt sehpressor;forrcobiprdssing #ug gazg oneghs Herived therefrom, to
feedi nﬁ goln‘greésed flue gas at the first elevated
pr essUME PIEYHPP REESPYEst conpressor to the first

gas/liquid con%@ct devi e s ‘25da %onduit arran el_men¥h refrom. to
for recycl? AYIGAAIGETETIQY ieEdngiNye 985 A iaIS TR therefrom,
firstsghiisst copp@dssont act col um;
a first counter current gas/liquid contact device for washing compressed
flue gas with water at the first elevated pressure for a sufficient time to produce
S0.-free carbon dioxide gas and an aqueous sulfuric acid solution,

a conduit arrangement for feeding compressed flue gas at the first
elevated pressure from the first compressor to the first gas/liquid contact device;

a conduit arrangement for recycling aqueous sulfuric acid solution to the
first gas/iiquid contact column;

a second compressor for compressing SO.-free carbon dioxide gasto a
second elevated pressure which is higher than the first elevated pressure;

a conduit arrangement for feeding SO.-free carbon dioxide gas from the
first counter current gas/liquid contact device to the second compressor,;
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a second conpressor for conpressing S02-free carbon
o70d4ax8Ae gas to a second el evated pressure which is

hi gher than the first elevated pressure; a conduit

arrangenent for feeding SO2-free carbon di oxi de gas

fromthe 30 first counter current gas/liquid contact

device to the second conpressor; -26 07024 USA a

second cagst®@id countet currgatyasiliquidaootaet devicedfer washing BO.-free

Secoion ARy b dialpletihy Sedhe et otithflorl st

pr ofite @o pdute 86,-8e, NOL-temn casydrodioxide gasiandyars aguabug mitric

aqueoas pht ric acid solution; 5 a conduit arrangenment
f or R EQUHY SC2- f ree carbon di oxi de gas at the second

glei‘é ﬁg © g gs%;)ﬁétﬁﬂérgar}cgégﬁng@? f%gﬁ']%crgofg&g g%rgéth %jio&f?:letd?:lg at the
ar r gagmaRidvatay pressre Ffromgha geemdsconigressor rthe ssodnd gasdiquid

to the zﬁgond gas/liquid contact device; and 10 a
conBRMECtHEYSRyenent for feeding SO2-free, NO, -Iean

b di_oxi f i d :
gas/ |1 qudopiit anammLier RGeS Bl A o e

The sééomitgasniduiiapntadt devige; aador s are preferably stages
of a multi-stage carbon di oxi de conpression

arr ang_eﬂalml‘ond{:iﬂé)r%]gemém fce:l&dir_eg 8Ogres,i NO,-l2an aapenelinxide gas
. t .
(1o 4B SR o Rhigr Glep P b el FePE i S arving

ar r gpeme mhe finstaingrset eddunypresepaam preferaids stages of a multi-stage
reductbi on.q\g%l ves. [0093] In en‘% di ments for the
pur FRIPERAHBIAEHOMPREEONALANETIRL hydr ogen PSA syst em

o0 AR 3l PP AR RESELg AR Pive anc
thedirel Belonainthirdanl durtromrexsute réduchornduargemealtogrerprefasably

and wast e carpbop dioxide gas conprising carbon
SePRYRIBATEESUG r‘?ﬁg’eg%"%ﬁ‘f‘pr ession arrangement for

oGRS e e 588 e R REGEn s sy,

thesppargiasaily dofifpriseedi ng wast e carbon di oxi de gas from
the 25 hydrogen PSA systemto the second conpression

ar r angenertiydregepeaSAl system orsdepanatiog crlidgi hygragemgae seegrising
\ggf%:gw%ﬁ{ g%ri]q?gérgcgl Oll'gorgJ %Sontoglde ] Srgﬂﬁcee Wdrgéjenvfa%t&d waste carbon
dioxide gas comprising carbon monoxide;
a second compression arrangement for compressing waste carbon
dioxide gas to produce compressed waste carbon dioxide gas;

a conduit arrangement for feeding waste carbon dioxide gas from the
hydrogen PSA system to the second compression arrangement;

a gas dryer system for drying compressed waste carbon dioxide gas to
produce dried waste carbon dioxide gas;

a conduit arrangement for feeding compressed waste carbon dioxide gas

to the gas dryer system; and
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a conduit arrangenent for feeding conpressed waste

o7c2arpeom dioxide gas to the gas dryer system and -27
07024 USA a conduit arrangenent for feeding dried
wast e carbon di oxide gas, or a gas derived therefrom
the reboiler. [0094] The heat exchanger is usually a
mul ti-stream plate fin heat exchanger having a
pl ur al i t ¥ cohddil arrahgemestipe kadinguriediwastotdraen diokide gas,)or a

flow counter currently to warmng 5 strean(s). It is
des%%ﬁ?r@’ fagre ?\'@'\518&86 ®Feams enter and the product

I h [ ,
rochah - Fhe ke antic B vapelly & P Blayd i Resep@arigePhaving a
plufai6 \FILRY pdsSagesialwhichesbiing searafsy fiow gountpO@IsNtY fewarming
str%{gq%grli i%vﬂﬁglglh gﬁ%%#eeﬂ %g?@ﬁ %@?e{r %hg?rgeugrégt,‘i\g%gﬁémg .Ieave the
makPhéARAEAarkee tis 2ily aitheentm themmotyramically effiaiant incatiens: hhe heat

present invention depicted in Figure 2 is simlar to

ex¢hAB 9By IS yipualm eofé‘@'ggll%ﬂw@t ed in Figure 1. Both

rocesses are for, the recovery.of L OX| -
todisic Tha oresebinuaion it BRES FERIERS SRR safbleny Bt
refefenBOWEFigdRRE &id N pl ant (not shown). The primary

di stinction between the prior art process of Figure 1

[o0us] RN anesrabesmient efdhé proéespiofehe presentinventinadepicted in
separator. C10

~at.or in 15 Fi . . | i
RS it o i 4t EERR g 8T Be 5, P o
thefdedery bPELBbN Brekiee fiongflieogds grreeatad irsarsoxyéughcambugtion process

waste gas, such as that of_stre . :
in pwecaseion it ot Shap | Lery b JETebl B farhpBibran
pr%ﬁe@é iofl Figtu're? beg trreqcorg%midepmigdt inFegure Rli thabgleasersgpatator C101 in
esi ccant driers ere it is dri
Figrp e FoRN AR o SRRt (i chfrL OIS asooer
aggbgeam 102 is conbined with a stream 117 of conpressed

oxygen-enriched gas recycled from downstream (see
[00$#]0RefbAinG @ Figare 314 stesani 081 of waste des,cachan thiit ok stgeam 1 of the

.S 03 | | ed i o] _exch .
i eihcoss B R i P4 PP aeipe 8o apar ot
thgﬂnﬁaﬂ' G@g@%l‘e}t@@@dﬁicddmdiiﬁs 103 witees i i driegifto phasiuce astigam 102 of -
ar see el o o ce a rea
copiarbaed cameBien B Siirah1Q FEMoTY iin £50m 377 of
cdﬁﬁﬁgéésfé@'cﬁ(g%érgb?ﬁtma@as F&syeBH 1B eawnsbieam (seé balow to form a
repol | er 0

sl ot TP, SREb 85 oA 0 550 b ot oa
odhadein-tRat bahadgaam dgainst hatrearhui2h obtadon iekidg-enriched
“qﬁf{ @et%gnwéggura‘qu g%ﬁg.%%?%ﬁ@%ﬁ@gaép'r&ﬂrcgga #%‘E‘ ?%4 of crude
gdsebtibsarben aleriiel ahahesttesex thRoigmIbdrl Gidxite-enrctiodeas. heat
[0098] Stream 104 is fed to reboiler E106 to reboil carbon-dioxide-enriched bottoms
liquid in column G104 to produce carbon dioxide-enriched vapor for the column C104
and a stream 105 of cooled crude carbon dioxide gas, a portion of which may be
condensed. Stream 105 is further cooled in heat exchanger E102 by indirect heat
exchange to produce a stream 106 of partially condensed crude carbon dioxide gas. All
of stream 106 is fed to a cold end phase separation vessel C102 operating at about -
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30 exchange to produce a stream 106 of partially
gazdeysed crude carbon dioxide gas. Al of stream 106
is fed to a cold end phase separation vessel Cl102
operating at about - -28 07024 USA 54C where it is
separated into carbon di oxi de-depl eted vapor and
inmpure liquid carbon dioxide. [0099] A stream 107 of
§47€ wimerbdris separatdd inde parbbe dioxagedepletedwapre dnd impurkiliguid carbon
(ﬁ n$erature i n heat exchangers E102 and E101 by
'Rer'F-ect heat exchange to produce a 5 stream 108 of

AR 2 S or Rl B e i

tanﬁ)terenatmlﬂﬁeatCéxchaa;ew Etea2 badh EdO DBy thelirelethleat edthgage &t produce a

bOUt &ég sﬁ é—ﬁ@gpe?@as hgcgﬁ%n g%gt%\%@/ i?ﬁr%l&aheat exchange in

;srteﬂmamrﬂosmé pmdpemdsdeamrmemt ticated darbdeliceddscdepated gas at

R TR oL SR g i o

protucé povidregdra stekail 107ofraxbafitient @obon dibxidé dépletel ga¥owhich is

SHSER iRttt PR T b it AR i 6300, o
showt %X ntrogdn, Yoot arhoires Girgofi, dBout5Imoivhk oXygeryareiataoti13 ppm

apout 3.7 %total nitrogen and argon is renoved from
P& Plf&se separator Cl102, warned to about -30C by

i ndi h in 1 E102. t .

e e T e P

Jcagum dioxided. }1 e {’;&éﬂ@;d@ddfabom Fboutotd @ntkmg t?.::mdfabgmt is removed
a | N val ve 0] roauc m (0)

AT et A0 Qo Prodios B SEERI AL, Rl axarange i

fhd@t ekevangbr En2 imdrddiibec‘al&ﬁeam B OZBﬂJ.}Jar'ﬁiw impnLe @arbov dioxide liquid

%@g@?gt%é@n%ﬁq g%r ?Doaq%qtugj i]g ggr '8)2’)?&8%%% th Produce a stream

f@i@dndb(ﬁfﬂ]ﬂ%jcatbm HioRiad ligait wnichdis fed Wah@ Bpesfrthe beidmn C104.
bottons |iquid. The action of the stripping process is

[OGOIPgUh‘@mﬁmﬁre @a%‘ljgfﬁ ﬂioxﬁ@ﬂﬂﬁ@doﬂtpr@iﬁglamouhﬁ mohtdmygen is separated
| de act romthe 0 0 .,n0 nore, t
DS GOk ke bt o Ok Ao garPvPe rar BeoTAB B Hoxide-
@rﬂmﬁe'd" hettdns liqus. The aetbn of thieéktﬂpdnﬁgi phxess i3do ramce hiesadxygen
excnan a I Nnst. cr aseo | OXI
BB TRIoncd fis G 00 B4R COURE g o rore than 10 pom
aiﬁ@mbdﬁr@%laiheaﬂgdﬁ@%l td aboatmocpphu NThe EditonBURRId iS heboiled by

or contains

oxygen-enri ched over head, v bout . 69 ¢
BAVA3 Red xenase a0t srisieyEBRouR Ao doyRT 1ebgllr Spg(see
sb@ey to grogide 2aen dibxide-sltiched ogdriiaittheBolusnt oo hi gh

to allow this vapor to be vented. Therefore, a stream

[mezpf Thé exygeyaminclhed b\ﬂ#m@hd RAOOF bedaing apout GQS%Warbmd:hoxlde 6.9
gat . excha a ai pst Cﬁo i,n

éa@é(ﬁaé gﬁﬁéﬁﬂ [ngp@ a h%% %algglge E%c‘zenérﬁaon is too high
foldlbwi this papoilo&edveitade alfneile’!&eoé stwedimeld 4 of the oxygen-enriched

overhead vapor is warmed by indirect heat exchange against cooling crude gaseous
carbon dioxide in heat exchangers E102 and E101 to produce a stream 115 of warmed
oxygen-enriched gas. Stream 115 is compressed from about 16 bar to about 30 bar in
compressor K104 to produce a stream 116 of compressed oxygen-enriched gas and the
heat of compression removed by indirect heat exchange with a coolant, usually water, in
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30 oxygen-enriched gas. Stream 115 is conpressed from
o70¥aqugA 16 bar to about 30 bar in conpressor K104 to

produce a stream 116 of conpressed oxygen-enriched gas

and the heat of conpression renoved by indirect heat

exchange with a cool ant, usually water, in -29 07024

USA aftercool er E107 to produce the stream 117 of
aftarorpsreS107do pxoyes tenstredne d1p afscoMpretsed oxygeregoiicheédtgas which

. t 102 bov T.
s riyetosanhyioe Gandive) ifs it o} redhenG e a7 ki Me
entirs pei«tieﬁtoﬂﬂielhsepd{m@g%@sds évelmtlalibehsfcgilged grol((zl)ﬂl)g él]arbgi\]e K103 and
ented to t at nospher e. as stream .
verﬁgcﬁ@atﬂ‘efgrgo%p‘flefq@s %tgq.a&rb%@ oxi de-enri ched bottons
dj t . . and
to1ghf o ssriesm | 1 e athdh tiRinaRRrAS FaoRs BB i ARisBdnto two
pomﬁns?afréarhyl 19@#1!3%!?@31%&91 Mvmm&éﬁbntfgr theprecsss ieprofided in part by
in val ve roduce a
X o s PR oA Prrasouh e Vo S04 B PPorii 2 stream
120/6|pé)d2 bm(ijétgtlzagrg&g mruﬂglwrleﬁécel&mid é:itDthten vhm‘tlzlzr@@imeﬂl 159 stream
an re a stream
12075 b a Y Bnas B2 a1 e RE ool b Barsam, fo 4 et
d.o@iﬁ@seltnﬂoilzé@esemmmdr rw@‘ratmns bAided by expanding stecam 124 to a
bou

preéﬁlﬁsr?aéawdﬁoﬂo'?@r avake det GrpronEie 35%32385 fiRefed offoon

dlo)(laé%hhéhéEqu@WarWﬂ!hﬁh ﬂgp@tzirlgadﬁd]ﬂ{rmlmg Stedm ¢35 e exchanger
to produce 26. of c

E1%1 IBaRUA R PEoHa 186 CHBID APAEBeTARehE: and 126 are

resse ined in a | tjst entri .
[011)5 §Hﬁ@r@§§§p a@d%g ajg pIMPIES n%;qrgﬁcf geﬁﬁn@gtggg centrifugal
cor? 1:(;@@@%1@!} : ReODP D rdum@daigtr@aﬁ 128 oacorﬁpreswcmrmin mbmue gasata
e o essed car as co
oresaie COgbat 110033, £65 GOPIGRES RO HoBHIP Ho8 GETPTAL P o0-2
moP¥Y&RBon diBRide gﬁalomyrwoppm b oRpdeH. StHe refainigg portiombdnsists of
Ver&uantltles of njtro n.and ni.trogen oxi des.

@m]queﬁvt@@@fant@spﬂéremﬁie@fypem@s X102 is an

d h | o
198} ¢ Berbaniadone eomprpesb o1 of olsfoz Eagibtebily Befanifhatine vitn
mumpleera@mbﬂagas K e 1\ th e oY fsum@@sabpmagwwnmnwmdmng
the | ast two sttgges beca %ﬂfgt of the fact

betyiesp FaRgStagasAhPugh QottNLIne RSt Cve BiAges 5%9%@@ F the fact that the

diskidtde pfestlR i9 BbbVEOthe loRteS phdsstfee 1IDZEs on@ohiwrestagdsofaine same
[ nterc%?l er and an ftercooIF [0106] In the
maghingythrandptescaplsiiane A0 aHeER915r al | of the stages of

w‘é’gfa tlnfe)(rg%gsohféqqﬁe qgﬁéenlﬁé%egf aligﬁtﬁ Eabi%gﬁf hg compressor

K1 neqoma&b |oﬁeraﬁéd3éﬂlétﬁtﬂlc§wm’fcemdhé‘eﬁrob oompiessiod s i@asvergble

ol FegbreBeSkssrson AR SRt boa 3R barSinsppims v
aniifeicbbler EQJM and &4 GflercoleBE€T5. THe Ok ||ra|hter¢omler E104 is water.
Thgg}qg r@ﬁ'rglg craq:cg}nlef Eég? X-nay%e%ouer eeé Wafer BAafor ol ensate for the
power generation plant thus heat of compression can be used to pre-heat these streams.

[0107] Stream 121 is compressed in the initial stage K102 of the compressor to
produce a stream 122 of compressed carbon dioxide gas. Heat of compression is
removed from stream 122 by indirect heat exchanger with cooling water in intercocler
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power generation plant thus heat of conpression can be
o765egdshO pre-heat these streans. 30 [0107] Stream 121
is conpressed in the initial stage K102 of the
conpressor to produce a stream 122 of conpressed
carbon di oxi de gas. Heat of conpression is renoved
fromstream 122 by indirect heat exchanger wth

E109 8] dpraaum Sfredr 129b€6<§‘dk§d @dmpr@@sé@ﬂ&?ﬂod@ém&é @és ba pressure
C ream 123 of cool e

of g‘i%‘ﬂ‘&g %&:g%{?afﬁ 13?&%‘&!’?@“%?""‘&66%? igénﬂéﬁ?e C@?'@%‘?}%‘feam IS
corhpresb&d ARG re?ﬁanmgts 3é(sv) Celiy b?ﬁemﬁrékﬁsoﬁmbﬂmb a stream 127

streamis npresse

in the remai nin stag rfgn%qy é%
of foth%WF@"Mﬁiﬁeéﬁfﬂont%o’ﬁﬁ’%%?ceH%ﬁtﬁ FUARiCEsIoN ISy PE fram stream

127 BYRIoR & bat 8XdPRAgE AN bEferdssd whiltRhn®then@ERAETAIOR dftercooler
renmoved fromstream5 127 by indirect heat exchan

E105 tapredusethesreamy 284 camaraskes cargan dirxideoasat plpe?ne pressure,
e. gaBB&ItQQQ|b§F Kﬁipﬁnay QIsBIHRYY %?Ieh@l%n%ﬁht%?dﬂoi’e%cdéied using cooling

nPressed car bon di oxi de gas at tp i ne pressure,

waterg it gt deginaplesigrrecqen @il Rutpe dieabiorhgjier faed Wales @ang/es

conddngsreool er, cooled using cooling water, if it is not
desirabl e to recover all of the heat to boiler feed

[0108] ©The BR{uBHinfeM @8;5]&@5% Figh: i%@:ﬁilarﬁb ﬁxeﬁ%ﬁ@éﬂu‘ﬁﬁﬁ@ depicted in

depicted in Figure is simlar to
F'QHE%)? cTBeimain d'ﬁ?@ﬂﬁ% bgtwem dheriyoerapedimpaisiethabinEigHre Hdhree

stréé’iﬁs Sf@@QhHé“d‘&'&rbb& dbﬂ@& entiBhdd Iﬂiﬂ:\'oea@ uskh i&ﬁrovﬁb rr@ﬁig‘e‘ratlon for

expanded car bon di oxi de- enrlc hed |iquid are use

thepqre‘aQS@éathéf thag dhaatwaosireaals useddn fegrakedipgptd Figu g (The same

reféﬁéﬁcéhﬂrﬁ@@fs RbeeR L&B& trﬁlﬁﬁﬁl‘@ STEsWn F?éurE'EQHro%ngte tﬂ@@ommon
sane reference nunerals have been uSed in Figure 3 as

featres-pgiueen the warmbrdimenis. Jbaigiowing is adisaussion of aRlkine
ad&hcfnya‘i Yé&t&@? ﬂih@%‘ﬂ%b%dm@ﬁ i Pigh@/\?,ng is a discussion of

d| tional featureés t he enbodi nent in

[01'1_)99 u ﬁ%fe?rrln gﬂ@@ﬂure@efsﬁéém Rg StoPth%' d&%cﬁh dloxi@d-EE R %ﬁui@ffrom

t he carbon X1 de-enriched liquid from colum
colugngy 1A4ds divideddnto ifiree p@ﬁmso&t@ansﬂ% sheamd 24 and éﬁﬁamﬂ@g

FuRgt réfnb@%ﬁbﬂ-?o? the El‘ébé§b9|§ pr&hidddasy é%)bﬁg‘ing Sfrehtia 20RO ﬁgﬁéssure

IS provi expandi ng stream’l ressure
of %houaﬁa bar '!.‘Olab’&ﬂ Wovmcly@e agdrean 1i0xfexpandeghGagegn dioxide-
onfithe®fiBAR%RE thél PRIoriging and Svar®i; 'sﬁl'é@Fh i3d3iH'h@a?é%hhﬁ‘§éT E101 to

vapori zi ng and warm ng stream heat exch anger

DTOEWQQ atsy ea@r%ﬁ@a@owmmm@ Q@%tr bon
i oxi_de-enriched gas. [0110] Streans 121, 126 and 131
[015% SHRpMEJ 231 260Nt bHbRrRcaMPresserane cmhiged in a muttistage

certBiighl édﬁgﬂbss%?mabﬁ@fUzAKk%zs i@&%aucé@ Qﬁ&rh Q38 'bpgéiﬁﬁreésed

stream 1 onpr essed car bon di oxi d gas at a
carppa sinxide gss ai BaliessuIRORRout THEb#e r?meewwde% gafpon dioxide gas

coﬂb%s@ Yol ?Oémﬁérﬁﬁéx@@ afld Bﬁiy aboGeI P/ @'xﬂj@nd errdedmaining

onl'y about 10 ppm oxyge remai ning portion
PO'ES'QH $PRsists 6f verysinal r‘iﬁﬁf‘“t@@é’ﬁf‘ﬂfpg% a5gomand piljagen axiges

ni trogen oxi des
[0111] As in the embod:ment depicted in Figure 2, some or all of the stages K101,

K102A, K102B of the compressor are operated adiabatically and, thus, heat of
compression is recoverable from the compressed carbon dioxide gas by indirect heat
exchange with coolants using intercoolers E104A, E104B and an aftercooler E105.
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[0111] As in the enbodi nent depicted in Figure 2, sone
yo2alspf the stages K101, K1 02A, K1 02B of the
conpressor are operated adiabatically and, thus, heat
of 30 conpression is recoverable fromthe conpressed
carbon di oxi de gas by indirect heat exchange with
cool ants using intercoolers EIl 04A, El 04B and an

[ﬂi 13" aeedtex c&ih@ﬁzssmn 3an B6£028dd ldSﬁls[vﬁhyJiB]préﬂheaht boller feed water and
re-he

G e et 3 b o S cron
6! Eﬁe ESMEresIures pRrdiutd atsheamniZRi dlcodbAgeés tarkdo at%mdefgas Heat of

t he conpressor to roduce 2 of co

COREETIN 8 epevastizom Asaam JR2 By i hact aeas xe!BAOBL I Boling water
if ﬁrﬁé?cééléﬁ&i@ﬂﬁ?t% ;iﬂédudédé stesdm hedbt eooldtPeinsreddditarbon dioxide gas
cool i ng wat er in intercooler El '?Fén I&gtrodu?

sl A RiasRLIO %t?o%gpea SRR 423 BRIV ghéndme
RMYiIREPfanik c%hfbh*!ssé@ iPfE-intSni Gdre bedels) KO0RBion ek compressor
wth stream 131 and t conbi ned stree}ﬁ@l S cog&és?ed

to produse .aiﬁt@@ﬁ’ebﬁ?a@féu@h%g@mea%%égbeﬂ L]
dd?nd?ééé%mg réméﬁéc?ﬁém %@@arﬁﬁ zﬁlbytlﬁlﬁfecﬁﬁéﬁifeﬁélﬁ?@e%%hng water in

di oxi npression is renoved f

'QﬁGFCQ&’}ﬂfé%EW pms’u% A 425 e&@ﬂaﬁ@@mwrﬁﬁﬁ%rwbdwx'de gasata

di@&ﬁlrre bf‘aﬁ&tt HPbar, Cgl%eﬁﬁ 15!3 |sbeEI1l5u‘Ped3WiW§!€@n$ﬂ 26 and édBpressed in
further co%resse car bon di oxi de gas

tbe &gal ptagess) Kiod it thercqmapresser te Rrpdyega .Sgre% ﬂé? ph gompiessed
c?a%cﬁﬁ&ib)lla@ g8t £ prEas@eR abbin 110\ H@é‘l’ of%b pdssiontd Rsnoved

of the corrBressor to produce a stream 1

feasmrsirean dd2 by dndireat faﬁaé%r@ngaywtatboaerape@ §’9F9é ag# thggnepndensate in
alfﬂe%&fér E1083b pRiduce SREAH 93810f ESmpREBEShrbAA @iBkiab! eam

132 by indirect heat exchange with boiler feed water

and then condensate in 15 aftercool er E105 to produce
stream 133 of conpressed carbon di oxi de. EXAMPLE 1

[0113] A conputer simul ati®&¥AMESEFeen carried out

using commercially available sjnulation softwa
[0AL3e A pPmpUigE B UAtIopdGS bepn Pﬁrr\ﬁﬁuoehus%cw@@&%'v available
$PRiatbE dombarki(Abeh PIgd Vardich 20t4e0 iR ivBRn Whd Pro@éss%éff iat6d in Figure

conbusti on process in a power generation ant

2 isdiRaEse it A EXYTHB COMRYRIATRIOSPSRIN AAOYET BeNGSALR BF%@F A heat
ari haky Baldnce @BId4dr the %mwlarﬁanas bﬂﬂndéﬁhh Tysi 2 he

required level of carbon dioxide purity of over 97

APV '('I*?&élH@\dtlbn %@ﬁikﬂrec?@ie%tﬁm}ed%vel Wf sdtb@baiBkid8 Buﬂty%f over 97

carbon dioxid speci fic
B A AI08t DSl Sk WY 2Bk AT BT BN T arOvay:

FEWSNER! the lsBEIfE SVl cbn@ur?(bﬁb?ﬂ@ ﬂfc?é&sb@ bly B Rind @artntdioxide
process shown in Fig A conput er

@Pﬁ‘(ﬂ nafedugeq Ry aeﬁn%mou@am 5] t{aﬁ PQ@f(ﬁﬂ Arpc fiwng%r'?@ure 1.

rocess but vapori zi a third level of liquid car
(G135 o coBPpIes oAl ARRIN Pk Viegu 90 )G TR S procsss but

\»arpjéhﬁiag%&hw%wemﬂng@uIcamWome@mnﬁanreh@eranon (Figure 3)
reduce about 13 % conpared
indicates that overall power consumptlon can be reduced by about 13 % compared to

the process depicted in Figure 1.
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07024 USA EXAMPLE 2 [0116] A conmputer simnulation
(Aspen Plus Version 2004.1) has been carried out in
whi ch the process depicted in Figure 2 is integrated
with a hydrogen PSA system (not shown). The off gas
fromthe PSA systemis cogxaMBeE2to 30 bar to forma
stream 101 5 of conpressed off gas which is fed to the

[o118] e%con‘}pﬁtéﬁéimaradoﬂ%@ehahﬁmversmtﬁwm@ ha?] bben carried out in
n.Ta The

I, t i.d . 117
IR 78 protps HaPEBEIL Fionia 2 f51Btegialer U 8 Thiogen P ystem (not
sﬁ@ﬂn}) er H@@fﬂg@sjfrérﬁ thé@PSAtsydieth ip Dmnpre%ée@mbéﬁéf@rm stream 101

~I~

QEopmBpsped i GRRPMERE RIJA LA TARERS0rA Reds AL nasg Gatsnce igble for
e SlBngoAivdGa e TAESL VIV ~=pOp pO-8000-p0p
OV~ f~A N7 WO000000O N 91 400000 r C6

[61 N] N TheGimuktioh indRalésthat@d €arBoR nfenexide (evel Earlb®reddbéd to
~@ co Q 18~NpO0 pyN~ O ~j Q0 glp~ ffGEOM
%?Pubbw -t N17~ ~<tDOOri fO .N O~ C 000
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w~da~c30zaxx$U ax_8o tdt a Qzxx$U -35 07024 USA
070281184 Advant ages of preferred enbodi nents of the

present invention include: inproving |ow tenperature

carbon di oxide purification; producing carbon di oxi de

at a purity of at least 97 nol % and usually at

least 99 nol % e.g. 99.9 nol % 5 producing carbon
[01d8pxAdeantadeds of prsferyed embbdimehtsadf theexgrgsentomventio walude:

nonoxi de, e.g. no nore than 1000 ppm typically no

nor e t haimgk6dng fow teapératurelcarbon dibade pdi@fication;(or even

|l ower if required); producing carbon dioxide with very

| ow | evepmdoting chibog elioxidecatar moity ofrat lestsh87 mol %, and usually at

] Lcal nmbi ned | | of

CnalreTot0BpH SB0PFPmASE or no i ncrease in overal |
ti dwih th '

o i gur Brotupna el BN & fark Gy 1| lnden, & a6
sepmioabrds, e.g.amtmoterthamil 060 pprn, tpicalyasembre thacs d0€ ppmoénd
carbon di Bxid co aredv\xvith.the. &i or art process of
Fi gHv4ally abqu! 10 ppfigior gve q“ferl';ée%‘ﬂﬁ% ciated that the
[ ti i s not tgi d.to t tails. '
above. i Prodbene Fafbe e oy B ERbEioh BPRRERA Bison or
t habtheucamammanadiybicaly a oombined levebofi rat moresthamnOGEppm;

made wit hout departing fromthe spirit and scope of
t he i nventinimal o ideeaseith overallhmpweo comsuimuionlcamparedgith the

R MR 1 oo e e ST g i

froamd npure liquid carbon di oxide, said nethod
conprising: separating said inpure liquid carbon .
di oxi de mnimaheyew decasasiedn repepanyalf carbon Sioxaenompayad withn the

to produce first contam nant-enriched overhead vapor
and ré%rraﬁgwoc%ﬁso%':g%"-réﬁri ched bottons |iquid; and

o35t bsaPo B aialetndhing Birdile RSB E Y hge vescrived
ab@/eusith iarbase tditox paderfdderdbdcdimpnts dut that aurberous modifications and
var%\'&igﬁ\:eé gaer& 6% h}'@%g g‘g’rg\éﬁtotg{pgbﬁ'@ grso"’r‘ﬁ ecs%li it Fhd %Xc%ee&] tRS fhvention as

defined in the following claims.
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10 fluid; wherein said inpure liquid carbon dioxide
dr984 s eater concentration of carbon dioxide than

sai d crude carbon dioxide fluid. 2. The nethod
according to Claim1 wherein said inpure carbon
dioxide 15 liquid is derived fromsaid cool ed crude
carbon dioxide fluid. 3. The nethod according to Claim
2 conprising: further cool i ggaAMIS| east a portion of
said cool ed crude carbon dioxide fluid by indirect

heat fexchangrtiod for @ehovingretirsi cdntaminaniceeietat! fearm drygen and
car bon di oxi de

ui d; and phase separ
PR f§n rBpure U sl e sRGUALDNd o Bising:
carbon di aepdeatihg dhid ithpurerirdidcsariset dioxld@wsrriasﬂtradsfer separat|on
car bon, di oxi de and c e- de

e TR RSP B o FeboREa R GEES RveriPES wngiand carbon
car ijbﬁU@émﬁiﬁeﬁlbbﬁ&nqujmra@es at | east about 60 nol

% car bon di oxj de. 5. thod acgccordin

her e o G0t eition GLsd CAPOE oS Baod B liuid by

at | apditechReatlexBfargel aginepsias caivel idikide3Ridto pTB@Jce carbon
nmet hod according to Claim3 wherein the oper

pr o5 P ichPd vage) faw@9@#@&%&6%@6%%%@%“0" dioxide
presspig of said i nmpure |iquid carbon dioxide, said

met hod conprising: -37 07024 USA reducing the
vireraigisaid prufeehqurdqwa%alpﬂeﬁ g 8,8 eRIeK conBRKAtioD| carbon dioxide

tﬁﬂ%ﬁ&bﬂﬂieﬂ!aW@a&é flg@i d col utm system wi t hout
form ng solid carbon dioxide prior to feeding said

impure liquid carbon dioxide to said colum system 5

7. The nretfipomakes ra@bé?ﬂmb% Sla¥n™ WheYerr Ridlintdiee carbon dioxide
formation of solid carb di oxi de during pressure

liawigis Aedyed fomy said epeled cmﬁwlpﬁwo’ﬁa@ Buifnpure 1 quid
carbon dioxide by indirect heat exchange. 8. The

nmet hod accor di n% to Caim3 conprising, vaporizing a
portibn of ThenBethed agerrding o ABIMECARRISHEd bot t ons

l'iquid or {,iRaH Bofiy BABadlaPoribn &%Io\/&félédf@ﬂ@é @derranoxude fluid

i ndirect heat exchange to provide at |east a{ﬂ
of t HY ipdifgct a@ataﬁmmnmpmwa.paatal"bgoncmée% Hs&arb@n dioxide
The nriidigdgaccording to Caim8 conprising:

phase separating at least a portion of said partially condensed crude
carbon dioxide fluid to produce said impure liguid carbon dioxide and carbon
dioxide-depleted vapor.

4, The method according to Claim 1 wherein said crude carbon dioxide fluid
comprises at least about 60 mol % carbon dioxide.

5. The method according to Claim 1 wherein said impure liquid carbon
dioxide comprises at least about 90 mol % carbon dioxide.

6. The method according to Claim 3 wherein the operating pressure of said

column system is lower than the pressure of said impure liquid carbon dioxide, said
method comprising:
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15 expanding at |least a first part of said carbon
o70R4¥y848e-enriched bottons liquid to produce an

expanded first part at a first pressure; and

vapori zing said expanded first part by indirect heat

exchange to provide a portion of the refrigeration

duty required by the nmethod and produce carbon

di oxi de gatucingQhd PresSire afrehillduiparediguidi cagbarodictidé to #bout the

wherein.the first pressure is. fro , triples

bor Reeaigeei of SRR B BT AR M e Sl dapsnionice

Thepnattb debdrvarseidl inmguré dquit garpof dindger tb Saiggcoil2Bn system.

expandi ng at | east one further part of said carbon

di oxi de-enriched bottons liquid to produce at | east

onezexpamgdeehdihdd detbrdred fo Claii B8 gvhardgin dwsforneationhadsolidscarbon

diowgd i BEFRe R BEOCTP & BeverRad By sREB AR i seroon
diokide by mydirdcheéateséhdmgal exchange to provide at |east a

portion of the remaining refrigeration 30 duty
requi red by the nethod and produce carbon di oxi de gas.

12. gThe rmfb hr%ﬁh@m@lbfﬂiﬁ\g]td Olafch aicﬁmbgisi)é\b ?amrﬁirtg*ﬁiportior_\ of the
ressure of, at | east one expanded further part i
carPpR SioSBAMTIOReS PTG i LSO IPYHS HapisHhererorn by
inditeébticdeoiMang®to HB0IE akRabid portid® ofiRe 2diriglsratidd duty hequired by
nmet hod according to Claim 11l wherein there is only one

thereRer part. 14. The method according to C aim 11
wherein there are two further parts 5 expanded to
di fferent_ pressur thod according to Claim

es. 15. The,
3 cOnpri SNRGeNRE ReoEIng 19 g‘&@ngéoﬁ’@ﬂ?'f‘gh of said
carbon digQyariifng stasdstaaist\CARYT shid cattith di®Xde-berdhed bottoms
exchanae to ﬁroduce carggn pll oXi d?,-degel et ed &35; 10
pr elifEd {6 pgdyee pr g¥pRandes it Par abf Tt PEPSEUEHE
di oxi de- ¢gpbriARFsRexptinded Rkt pae by iirecEneian@rinhe to provide a
produce pre-heated carbon di oxjde- d%ﬁ)l eﬁg‘gd as;. and
wor ROEIP g inegTrigeration dutyregyirad Bnthgmedhy afgﬂg roducg grybon
car bpniddigasi de depl eted gas to produce expanded carbon

di oxi de-depl eted gas; wherein at |east a portion of
the heat required to pre-heat said carbon dioxide- 15

dephgt ed TH@mdthodaeordlRg tdTIaine OaRIréIA Shdrat prebsure is from about
conpression from contam nated . carbaon di oxi de gas.
the triple point pressure tor carbon dioxide to about 15 bar.

11. The method according to Claim 9 comprising:

expanding at least one further part of said carbon dioxide-enriched
bottoms liquid to produce at least one expanded further part having a pressure
that is higher than said first pressure; and

vaporizing at least a portion of the at least one expanded further part by
indirect heat exchange to provide at least a portion of the remaining refrigeration
duty required by the method and produce carbon dioxide gas.

12.  The method according to Claim 11 wherein the pressure of the at least
one expanded further part is from about the triple point pressure for carbon dioxide bar to
about 20 bar.
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16. The method according to Caim1 wherein at | east

d70684 (gority of refrigeration duty required by the

net hod i s provided by vaporization of carbon di oxi de-

20 enriched bottons liquid. 17. The nethod according

to daim1l1l wherein the entire refrigeration duty

required by the nethod is provided internally by

i ndi rect heat exchange between process streanms. 25

\kgr m'-qE’g g?}r{eg'gg gg%é$ra%gﬁo Qgrrggq]drvll?qrerg herglisn&ﬁly one further part.
cont am nant - enri ched overhead vapor by indirect heat
exchange to produce warned cont am nant - eprifcﬁgd
gas; Ho co?ﬁf’r'@g@Pﬁ@C‘éﬂrd'lngé%p'a&“ddr‘?heéﬁ'”d?e@é\r%l WiLIURRgr parts
dxbhsdeOHiffdibMPMéssbifds. ched gas to produce conpressed
first contam nant-enriched gas; conbining at |east a
portion of said conpressed first contam nant- enrr ched
gas wg.h arwbﬁhau%&&aung% ERimd mﬂe. c?eed gas t

formsaid crude carbon djoxide 39 024 USA
cool i ng atWarauRg atjeas @ Raplipryet 5§354g "'B‘P'hg!@x'g%r ted vapor by
di oxi |H&rél:?ﬁe£béxbﬁ‘éhdeq6‘pr&ﬁiéb ca%ﬁfﬁw&lﬁe &Edlétéd Bs:_

providing said reboil to the columm s

ste
met hod acc¥edieang &t lepstiarRorPnefisaid @rg@ ?l@ﬁﬁ%ﬂﬁ@'%@ﬂ gas by

| eaStméﬁré@:‘t’héét%ch%g‘éﬁobﬂﬁhﬁ&@%re ﬁéaté@ﬂﬁr‘b@ﬁ%ﬁd&[ﬁe‘-dﬁpﬁ@ﬁigas and
conpressed first contam nant-enriched gas by indire

heat exchatyé expandling @ideastidPosianef spi RBTHoR dif@rean Oxide-
sai d gy foeﬂro&ﬂfeb@@aﬂdéﬁ(éé%on Sléﬁrde%@pleﬂbega@t hOd

according to Caim1 wherein first contam nant
oxygerereingt jepst FRertiench e Qp@& Eﬁ%l'!rﬂ"g' tq predieat #3i9 garbon ioxide-

wher ejdhéd Jad BRHERddd %Pre@o@fn%%at & ripiesdich fdth @bABfhinated

fromtlue g S generated i n an Oxyfuel conbustion
pr oc ekasborpgioxiqe gasret hod according to Caim1 wherein
the first contam nant is carbon 15 nonoxi de. 23 The

nmet hod accor di ng_| to Claim?22 wherein said i
| i qui th.car Bymmethoghacaerding g Kiiaimnewherepatgast egaéJOf'W&%

r%[ g&%ﬁﬁ\?\ﬂ gP rglﬁw tcﬁ%@@% me&Bod - prdfiGed B Mrlmrdi IcBhoh®ioxide-

perati ng pressure
enriched bottoms liquid.

17.  The method according to Claim 1 wherein the entire refrigeration duty
required by the method is provided internally by indirect heat exchange between process
streams.

18.  The method according to Claim 1 comprising:

warming at least a portion of said first contaminant-enriched overhead
vapor by indirect heat exchange to produce warmed first contaminant-enriched
gas;

compressing at least a portion of said warmed first contaminant-enriched
gas to produce compressed first contaminant-enriched gas;

combining at least a portion of said compressed first contaminant-
enriched gas with a contaminated carbon dioxide feed gas to form said crude
carbon dioxide gas; and
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said colum systemis |ower than the pressure of said
o70e4idgAcar bon di oxide fluid. 25. The nethod according

to Caim24 wherein the operating pressure(s) of said

colum systemis fromabout 5 bar to about 50 bar. 25

26. The nethod according to Caim 24 wherein the

pressure of said crude carbon dioxide fluid is from

about 15 coeling at ledsd atpo@dnbaf saidXTude’carbomdidxifie gas by indirect heat

M A S R L e

sel ected fromthe group consisting of oxygen and

car han OX| and at | east out ) %. .

i odte, 104 ey A Bbas EEIM R Wb Ry aig alBRst poror
of frer idad of edmpressianinsaicecomprebset fitstacontienigarst-enrithed gas by indirect

C essed. first contanm nant-enri.ched gas_ recyc .
nef BRPRRY LIt 8 shP Gt B Babi R8sk, SR BRledl Biban dioxce
gas40 07024 USA cooling at |least a portion of said crude

carbon di oxi de gas by indirect heat exchange to

produce crude carbon dioxide fluid; separating inpure

| i quod carHeanetdo®Btetrdifig id Clath nowissreia the fist contaminant is oxygen.

contamnant in a mass transfer separation colum

systemto produce first contam nant 5 enriched

overfiead TrRNNEthad dceurting fo Qlamsi2devivenein Gaiidmpate liguk carbon
e LR S e e S

exchange agai nst at |east a portion of said crude

carbgon digxide, fluid to duce carhb : : :

di 0xide- oHhe MRAd pEGRSFING 4 CBINd wiaming fist aoptamipant is carbon
méritlged crude carbon dioxide fluid; 10 further cooling

at least a portion of said cooled crude carbon di oxide

fluid by indirect heat exchange to produce partially

condmf_edrw?dtfoa %E:@:Qﬂing it?_&idﬂﬁ 2f2fWhL=!ré|ih sﬂld?ﬁ‘@luife liquid carbon
.separatin eas a portion Of sal artil a
s bl e [ waste GhsiTam BDERURR Bk MEcssadue sai d

i mpure liquid carbon di oxide and carbon 15

di oxi de- depl et ed vapor.. feedin t least a rtion_of

ot P4 U TG GOIBBNS AR ahersindds aperEgnd, pigssdre(s) o
saRYEdI@h EQiteneP RIaY i, thel Bkﬁsdw%g)f gaildwrideddarbén divkide fluid.

carbon di oxi de-enriched bottons liquid into a first

part and at |east one further part;
25. The method according to Claim 24 wherein the operating pressure(s) of

said column system is from about 5 bar to about 50 bar.

26.  The method according to Claim 24 wherein the pressure of said crude
carbon dioxide fluid is from about 15 bar to about 60 bar.

27. A method for recovering carbon dioxide from contaminated carbon dioxide
gas comprising a first contaminant selected from the group consisting of oxygen and
carbon monoxide, and at least about 60 mol % carbon dioxide, said method comprising:

combining at least a portion of contaminated carbon dioxide gas with
compressed first contaminant-enriched gas recycled from downstream to produce
crude carbon dioxide gas;
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20 expanding said first part to produce an expanded
ofo2s4USpart at a first pressure; vaporizing said

expanded first part by indirect heat exchange to

provide a portion of the refrigeration duty required

by the nethod and produce carbon dioxide gas; 25

expandi ng the at |east one further part to produce at

| east one cogirayatdehst b ypottioarof paidtcrthdn/ttangomdipxidesas by indirect heat

t hat [ t 1.d._fdrs vapori zi ng

the. rorato8 I8 praclR sRREa Rl by ' Tha 1 et

heat exclsapgatibginpus liged atrbon alidxide quongrising safd firblecontaminant
remai.ning refri eratlon du

a1 0tk Heab S oA Sl S7Rbe 6 preic? St Pliginant

por t iearicledd Gartbaki vrasbr arah¢arbom diokideenrictesbbatioersHimaitl;

vapor by indi.rect at xcha e t.o oduc [ -

first cont é‘?ﬁ"m%ﬂ ?|8 %{ggn d'olf %’ESGW”% liquid by
conp rr&ﬁr@bﬂl@embxd:mgg agaiper dtilexst ag)ostmmbf \sgmjmemﬂef garbon dioxide
cont am nant -enric .gas to. prqoduce .said,c ressed

Fi 1 stSURPEoAUTa ArboR i abenyictied ygr 3R U SYRgM and
cont aBbledicadecaiemdidkiox flaid; gas; and conpressing said

car bon di gxi de ses orm.co sed arb n_5s5 . .
FRARIRE O Ry S RS
wher @ylindiricthen Rikevangs tte graiatd pamany cofidérs@hcrutis carbon dioxide

derl\fed fromflue gas generated in an oxyf uel
comb ¥t on process. 10 29. The nethod according to

c ald m 27 \édhfeé@sépa&amr@ ﬁ@éﬁs?mpbﬂtoﬁﬁafGaﬂtpamaggicowdei'seqaﬂjde
i s erive [ as I a en
50, * KB AoNSd i T prolRca,Said Phitue Vel Bafhon ity SR cirbon

sel eﬁ@ahg‘.@mtge{ygﬁm and carbon m)nOX| de frominpure

R Bt o A i e

col U|m|ms§ﬁmm r <8 mn@il ng i rrpure liquid car bon
di oxi de to roduce irst contam an%%enrl c ove
t?fafﬂ?f"

vapor and 944iRYA POFA5! FRIOSRF le@réﬁlpg 3 HOmS: hqtgg into a first

rebmdaqrarﬁ(m 1§agtb,q7é{unngr|§@f bon di oxi de-enri ched
irect 20 heat exchan

bottons liquid,b
orude car (RAGHIH S4id TSt 7Rt 12 61OghGn AR EXeARg ir Pa AL frs
enri cda@gj;uy@por for said colum system and cool ed crude

carbon di oxi de fl uid;
vaporizing sa|d expanded first part by indirect heat exchange to provide a

portion of the refrigeration duty required by the method and produce carbon
dioxide gas;

expanding the at least one further part to produce at least one expanded
further part having a pressure that is higher than said first pressure;

vaporizing the at least one expanded further part by indirect heat
exchange to provide at least a portion of the remaining refrigeration duty required
by the method and produce carbon dioxide gas;

warming at least a portion of said first contaminant-enriched overhead
vapor by indirect heat exchange to produce warmed first contaminant-enriched
gas,
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a heat exchanger for further cooling cool ed crude
oyl di oxide fluid by indirect heat exchange to

produce partially condensed crude carbon di oxi de

fluid; a conduit arrangenent for feeding cool ed crude

carbon dioxide fluid from 25 said reboiler to said

heat exchanger; a phase separator for phase separating

sai d par t¢cahprgssiondelnastch morticreof said warmeati fost abatamioant-enriched

car BB SarehitacokigTaT str S EREn Bttt Bdariegyotng to
for $zedomgmprtéd adrbon dioxidegas,canar ude carbon 30

Ceoar ot or oS T S o RRTE P el eon

r edugibxige ghs. pressure of inpure |iquid carbon dioxide

to produce reduced pressure inpure |iquid carbon
di oxi de; a conduit arrangenent for feeding inpure

i qgﬁz?i_ carh@me&ida@cd@rdgﬁgqmcsahdﬂ wheeih mwraammztzem carbon
Sali irst pressure reduction arrangepent: and -
iRt6 a5 lested o oo BepRiater nagr O LBl RO AT Dlagess.
pressure inmpure liquid carbon dioxide fromsaid first
pressure reduction arrangenent aid colu syste
51 B par Hedeinadacapiat o 47 Wbt fordamigated carbon
di6R86 ghs istddrived e BRI Wash® badirberhytilodeRE & pldcgss.d car bon
di oxi de from sai d phase separator to said first

pressure reduction arrangement conprises: a conduit
ar r aggle e Apparefusiieedmagingfitstecontdinihahteeldema febnoskyd@n and

fromsaid hase separator to said heat excha rr. for .
CAEPTRGOTSE FPRVur & iR ERRT by ik LRt i 1 Said
abaPatug eomphsiag: | east one fluid passage in said heat

exchanger; and a conduit arrangenent foqr feeding. o
war med | IS NAEIeHSSRATBINN AT BYSter oy, feparayng impure liquid

exchgalBer dioRideab Brddubé tirsPE@RaMInaNt-86HEMbY @Berhead vapor and carbon
arrangemant. 32 @A@par atus according to Caim 30

conpAiP¥idegnrighedbatiomsiguisk essur e reduct i on arr angement

for expangirgbiiePfoP AlbsliiedtBon Gibkide@eicief BoN®ins liqid 8 indirect
to produce expanded carbon di oxi de-enriche

; bottons . .
| i quieatexchangeagaingt ervde carboy digxide fjuid toRradiie fatron dipxide-

f eedbhitneavapsr 16 Said BsuMArsysieAtlarPédoriBerlidslibation HioRide fluid;
said colum systemto said second pressure reductjo

| on ,
ar r angemeANeabEEhanger JorduHiRIiGoodnS Hele F7POR dioidg fluid by
expajpdrectfrabehdhgeiodfotide sdiedlly condensed crude carbon dioxide fluid;

a conduit arrangement for feeding cooled crude carbon dioxide fluid from
said reboiler to said heat exchanger;

a phase separator for phase separating said partially condensed crude
carbon dioxide fluid to produce said impure liquid carbon dioxide and carbon
dioxide-depleted vapor;

a conduit arrangement for feeding partially condensed crude carbon
dioxide fluid from said heat exchanger to said phase separator;

a first pressure reduction arrangement for reducing the pressure of impure
liquid carbon dioxide to produce reduced pressure impure liquid carbon dioxide,

a conduit arrangement for feeding impure liquid carbon dioxide from said
phase separator to said first pressure reduction arrangement; and
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bottons liquid at said first pressure fromsaid second

o70pgsN e reduction arrangenent to said heat exchanger

for vaporization to provide refrigeration duty. 33.

Appar atus according to Caim32 conprising: 25 a third
pressure reduction arrangenent for expandi ng carbon

di oxi de- enriched bottons liquid to produce expanded
carbon di @@rﬁiﬁr’rt@ﬂr@ﬂgé\ﬁdmﬁoi feeding rédt.]gcuu grezsue ispaciguid carbon
g(r)(nes %}J{ag%f?grlg%e@@ﬁtt 6r8§ﬁ%rrqz E%@E@aérgqqgigh\setm Pc) seasldc' colﬁmn z%ystem.

di oxi de-enriched bottons |liquid from said colum

2na 50 o NGRS S5 HR EhGA SBIRERR PA GoRaa ARG ment or

fe6@ny Mpuite Ydid eamdhididkidé fréim shidPhabs gepataet tesidlfisepressure
regr essure fromsaid third pressure reduction

H“?@ﬁ@é’ﬁﬁﬂ?m?'&t@mp&’sﬁ%at exchanger for vaporization to

provide r&&éhcﬂﬁfa@ﬂahgéknéhﬂfwr feeéﬁg (e 1458 cafbon dioxide from said
Apparatus accordin risin

pr esﬁ@ls@ SPRRfaIY |tQ)?Pg§|hP%'rf§@h%'?ﬁer1fQﬂW R’%@%ﬁ%‘”%\”ﬁ%‘ed impure

di oXiqRt caebdr gibRdepot tons |iquid to produce expanded
car bon di oxi de- enr| ched bottons quid at a third

pressur e dgashons 'Wﬁgﬁ’ﬁ‘é?ageHBﬁaQaﬂe&t P’thé'f‘g‘ifr 88%ure and

| ower t h@cor@uﬂéﬂrﬁng&ﬁéﬁﬂo%@éiﬁg Wwarmad eRpteiliquid carbon dioxide
arrangerrent for carb i oxi de-enri ched

bot tfERTR Sﬁ'ﬂd’l?ﬁaethﬁti%féaﬁa'déﬁtlmﬁ?ﬁsé‘%'ieé'wt"é‘ artgngemgit t h
pressure reduction arrangenent; and a conduit
arranzgement for feeding sal d expanded, car bon

di ox?de- eMPREAYE acEAHing i CIaimg AOFORPISOY t hi r d

pressure 4 saiBnadréssupdfdallctinesFangBmieREies bisiimdiHg carbon dloxnde-
arrangenent to said heat exchanger for vaporization

pr o\@THiEned petteras iquidie rigdyce emndeqneﬁdpa@ G@X'QE@&f'aheﬂgboﬂoms

to QidatddirsQsresdusé,ng: a conduit arrangenent for
feeding first contam nant-enriched overhead vap

from sai @ ENduharapgemantfer ieading ﬁggqonm@mchpg,bottoms liquid

Var nidi shid dalupvi Satert fo ¥4 BEbrd grédsure reduction arrangement; and
cont am nant -enri ched gas; a recycle conpressor

a1 T angemshEONBi AEGAEPEERS AL eREIeaPAndesicarbon dioxide-enriched

Cont@dﬁoﬂﬁlhuﬁfﬁt'sﬁmﬂsméséu% ROMGARLsdeBAY PRSI r&duc%n
cont am nant - enri ched a conduit arrangenent

for
f ee ATFRIOREIEAEIP Taid Reat @esenaawiehfaaﬁvamﬂzamw @a\gde tefriggratiqn duty.
sai d heat exchanger to said recycle conpressor

arrangement; a conduit arrangenent for conbining
conpi®s s efioRaratys ageRraingila &faim 32 comprising:

a third pressure reduction arrangement for expanding carbon dioxide-
enriched bottoms liquid to produce expanded carbon dioxide-enriched bottoms
liquid at a second pressure which is higher than said first pressure;

a conduit arrangement for feeding carbon dioxide-enriched bottoms liquid
from said column system to said third pressure reduction arrangement; and

a conduit arrangement for feeding expanded carbon dioxide-enriched
bottoms liquid at said second pressure from said third pressure reduction
arrangement to said heat exchanger for vaporization to provide refrigeration duty.
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enriched gas fromthe conpressor arrangenent wth

o702 iyam nat ed carbon dioxide gas to form crude carbon

di oxi de gas; a conduit arrangenent for feeding said
crude carbon dioxide gas from 25 said conduit
arrangenent conbi ning said contam nated gases to said
heat exchanger for cooling to provide crude carbon

di oxgade fAppacktusactoadiogtodDiaim 88 camgeasiegit f or f eedi ng
crude carbon . di oxi ui.d from sai

osai o FUBURD BiESsS it s AR liFinh SARRE iguice-
35 whetissdbaint lipRctoiproduce axgandasit caitson dioxiddeniicigd bottoms
o o ATy RS R OO TR T B AR PELBRGR g oRlr
c_ontsam' $t20hd pryssadeed gas by indirect heat exch_ange
ok PO ARG Tor 5805 S BOTRISER e boroms i
ar r JRee A colufin syeRM RMOsakPIRIRA PEBuld rediction arrangement; and
AT angenghionh SRR rdBRaRg Sad eaRaee Car T AR iched
for eBsoliE ot eatesirdereps s sroeh ddid fiurth pressure reduction
ol G EBHPEATTIASEH TEA BURANBoPE HRAEZELRS 1o PR Syigeration duty.
USA. DOC - 45

35. Apparatus according to Claim 30 comprising:

a conduit arrangement for feeding first contaminant-enriched overhead
vapor from said column system to said heat exchanger for warming to provide
warmed first contaminant-enriched gas;

a recycle compressor arrangement for compressing warmed first
contaminant-enriched gas to produce compressed first contaminant-enriched
gas;

a conduit arrangement for feeding warmed first contaminant-enriched gas
from said heat exchanger t0 said recycle compressor arrangement;

a conduit arrangement for combining compressed first contaminant-
enriched gas from the compressor arrangement with contaminated carbon
dioxide gas to form crude carbon dioxide gas;

a conduit arrangement for feeding said crude carbon dioxide gas from
said conduit arrangement combining said contaminated gases to said heat
exchanger for cooling to provide crude carbon dioxide fluid; and

a conduit arrangement for feeding crude carbon dioxide fluid from said
heat exchanger to said reboiler.

36. Apparatus according to Claim 35 wherein said conduit arrangement for

combining said contaminated gases comprises:

an aftercooler for removing heat of compression from compressed first
contaminant-enriched gas by indirect heat exchange with a coolant to produce
cooled compressed first contaminant-enriched gas;
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a conduit arrangement for feeding compressed first contaminant-enriched
gas from said recycle compressor arrangement to said aftercooler;

a conduit arrangement for combining cooled compressed first
contaminant-enriched gas from said aftercooler with said contaminated carbon
dioxide gas.

07024 USA.DOC
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