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carbon di oxi de obtai ned from natural sources such as
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b ity levels of sulfur conpounds
Sﬁ&%ﬁé@éﬁ}ggﬁgllmﬁf de (COS) and hydrogen sul fide

(H2S). When the carbon dioxide is intended for use in
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of high puri ty,g UND Ofe TREAMVENTIEN and

cl eani ng of foodstuffs and beverage carbonati on,
medi cal products and el ectroni c devices, the sul fur
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such as carbon “di oxi de are known. For exanple
(O62%) ang hydrogen spdfide, (H283.u¥dhenthe eatbon eioxide | is mtended for use
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thetmaranfaere and cleaning of foodstuffs and beverage carbonation, medical

products and electronic devices, the sulfur compounds contained in the gas
stream must be removed to very low levels prior to use. The level of impurity
removal required varies according to the application of carbon dioxide. For
example, for beverage application the total sulfur level in carbon dioxide (CO,)
ideally should be below 0.1 ppm. Removal to similar levels is required for

electronic cleaning applications.

[0003] Various methods for removing sulfur compounds and hydrocarbon
impurities from gases such as carbon dioxide are known. For example, U.S. Pat.
No. 4,332,781, issued to Lieder et al., discloses the removal of COS and H,S
from a gas stream by first removing the H,S from the hydrocarbon gas stream by
contacting the gas stream with an aqueous solution of a regenerable oxidizing
reactant, which may be a polyvalent metallic ion, such as iron, vanadium, copper,
etc., to produce a COS-containing gas stream and an aqueous mixture



contacting the gas streamw th an aqueous sol uti on of
a regenerabl e oxidizing reactant, which nay be a
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'%X%%@ and 6,099,61 9 describe the use of a silver
exchanged faujasite and an MFl-type nol ecul ar sieve

for the renoval of sulfur, oxygen and other inpurities
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hydmgmfl suifide impuditesofformi carbiedioxidg. hese. 1t is also

known to renove sul fur inpurities such as COS by first
hydrol yzing COS to H2S over a hydrolysis catal yst and
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and then removing H.S by reaction with metal oxides. Removal of H>S by
reaction with metal oxides can become expensive, since the catalyst is non-
regenerable and expensive, when impurities such as COS and H,S are present
in more than trace amounts. Lower cost materials for the removal of COS and
H2S and other sulfur impurities such as mercaptans and dimethyl sulfide are
desired to reduce CO; purification cost.

[0006] Since many end users of carbon dioxide require the carbon dioxide
they use to be substantially free of sulfur compounds, and because natural
sources of carbon dioxide and industrially manufactured carbon dioxide often
contain sulfur compounds, economic and efficient methods for effecting
substantially complete removal of sulfur compounds from carbon dioxide gas



H2S and ot her sul fur inpurities such as nercaptans and
di methyl sulfide are desired to reduce CO2
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impurities conprise sulfur species. [0009] In another

enbodi nent of the present invention, there is provided
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'mBP% ‘UﬁﬁF'?%?H u‘i?\(@%‘%seps of heating a | ow pressure

i mpure carbon di oxi de streamto above anbi ent

tenperature and feeding it into a sulfur renoval unit;
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meStHclncfj 'oF rerr%gei\r%lsulfur species from a carbon dioxide gas stream in a carbon
dioxide production plant comprising the steps of heating a low pressure impure
carbon dioxide stream to above ambient temperature and feeding it into a sulfur
removal unit; optionally further heating the carbon dioxide from sulfur removal
unit and feeding said carbon dioxide to a reactor bed to remove impurities by
oxidation; cooling the carbon dioxide stream exiting the reactor or the sulfur
removal bed; compressing the resulting carbon dioxide and further purifying /
liquefying it; and optionally feeding the purified carbon dioxide to a process
requiring purified carbon dioxide.

[0010] In yet another embodiment of the present invention, there is
provided a method of removing sulfur species from a carbon dioxide gas stream
in a carbon dioxide production plant comprising the steps of compressing the

carbon dioxide stream from a carbon dioxide source; optionally further heating



unit and feeding said carbon dioxide to a reactor bed
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FIG. 3 is another schematic description of purifying carbon dioxide in a carbon
dioxide production plant.

DETAILED DESCRIPTION OF THE INVENTION

[0012] The carbon dioxide that is typically produced for industrial
operations has a number of impurities present in it. These impurities will often be
a concern for many uses of the carbon dioxide, but in the production of products
intended for human consumption such as carbonated beverages, and electronic
manufacturing the purity of the carbon dioxide is paramount and can influence

the taste, quality, and legal compliance of the finished product.

[0013] The impure carbon dioxide which can be obtained from any

available source of carbon dioxide will typically contain as impurities sulfur



di oxi de production plant. DETAILED DESCRI PTI ON OF THE
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will contain certain catalyst and adsorbent materials which will either react with or
adsorb the sulfur compounds.

[0015] Preferably the catalyst materials are those that will cause the H.S
and COS to convert to elemental sulfur which is retained on the purification
media or react with the sulfur impurities to form metal oxides. The sulfur
impurities such as mercaptans can simply be adsorbed on the purification media.
Some of the materials may require oxygen to convert sulfur compounds such as
hydrogen sulfide to sulfur and both oxygen and water to convert carbony! sulfide
to hydrogen sulfide and then to sulfur. The sulfur purification materials according
to this invention include carbonates and hydroxides such as sodium and
potassium hydroxides or carbonates on activated carbon; metal oxides such as

copper, zinc, chromium or iron oxide either alone or supported on a microporous
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then retained on activated carbon. For these materials
mercaptans are also removed by these materials. For materials containing metal
oxides and zeolites the sulfur impurities are removed by reaction to form metal
sulfides. Combinations of oxides/zeolites and hydroxide/carbonate materials can
be used for optimum removal of sulfur impurities. While most sulfur impurities
are removed by these materials, some of other sulfur impurities such as dimethyl
sulfide are not removed to a significant extent and may need to be removed by

other means.

[0017] The stream exiting the sulfur removal bed can optionally be further
heated and sent to a catalytic reactor for oxidation of various hydrocarbon
impurities. The stream exiting the reactor beds or the sulfur removal beds is

cooled to close to ambient temperatures in heat exchange means.
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meicaptaniso anbi ent tenperatures in heat exchange
means. FIG 1 is an overview of the carbon dioxide
purification process according to this invention.
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heat exchanger rais e tenperature
temppatarecketiveendi fkanid 460 nirab dwtter not shown. The heated carbon
dioxide enters an optional catalyst reactor 60 containing a pelleted or a monolith
catalyst. Various impurities such as benzene and aldehydes in the feed react
with oxygen in the catalytic reactor and are converted to carbon dioxide and
water. Some of the remaining sulfur impurities in the feed may be converted to

sulfur dioxide in this reactor.

[0019] The now essentially purified carbon dioxide gas stream leaves the
catalytic reactor bed through line 15 where it returns to the second heat

exchanger 50.
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reaction products such as sulfur may also be adsorbed on supports such as
activated carbons and activated alumina.

[0023] The stream exiting the sulfur removal unit 125 is further heated in
an optional heat exchanger 130 and optional heater 135 and enters the optional
catalytic reactor 140. The catalytic reactor contains supported noble metal
catalysts such as palladium or platinum in pelleted or monolith forms. The
catalytic reactor operates at a temperature between 150 and 450°C depending
on the impurities in the feed stream. The hydrocarbon impurities are oxidized to
water and carbon dioxide in this reactor. The stream exiting reactor 140 is
cooled in heat exchanger 130 and heat exchanger 110. If reactor 140 is not
used stream exiting the sulfur bed 125 is cooled in heat exchanger 110. The

stream exiting heat exchanger 110 is compressed in a compressor 145 to
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changer 110 to raise its tenperature to betmeen_40
and 12Q0C and oxygen is added to this streamat |ine
115. The streamexiting unit 110 is sent to an

[0024] onal Wé%oanhéntliﬁ@fléozﬁélééﬂi%ugrlgg(@%ﬁ%rgg‘oﬁs for feeds

tenperature to around between
cogiginingdvigintevels olsulivesidieh 10rppm 1@ Sewbrat husdietuspms. If this

T e
sueh Ie@@amlé@%rslééﬂﬂé%l Ok rfedideq 'létn(ﬁﬁlml% tﬁé’ eer%ﬁ%mﬁ‘

zeolites. Some of the reaction products such as su
CopHfeas@o Mwarryoetlisiens highuepwerstuse cémasalarftsuifatseid umt 125

1.na. 02 The, stream
bR s FRE0 20 OMEIB iR 1 580n e Bre Boisetec
redmnla@tmtamtﬁﬂlcobemir tiex ehapesisot B) soletRt foonal heat er
135 and enters the optional catalytic reactor 140. The

catal ytic reactor contains supported noble netal

h I | | et ed. or
o0 ¥ 1 5603 BB SR E BLBbL POt Pafls & Sgicia
putificatimannit EOBean@umﬂﬁ&y&iMs@@&d op efsterfbatidieprocesses
|t| e in.the feed stream The hydrocarbon
Chf’%‘ M @ sQiptop,vates ¥@sh soluner elasostatio Brecipitatoer  n

filtéioh Urf@Ctifd carbom (ﬁ%%@ %mﬁgtdn”tgz RNk tcﬁgzo'rrfgrgggére?m to

i n heat exchanger at ex an er
raipe #8psessiue to behmemé@@ndt%elaameand oxy@etnhe asldetius thed
corjn%?eg;sedc sqnc')elaengnI a't Img %% eﬁf\e S ?’rrx efomg the ?mal compression stage
will be at a temperature between 70° and 95° C and is sent to an optional heater
unit 220 to further increase its temperature to between 80 and 150° C and is then
sent to the sulfur removal unit 225 where sulfur impurities such as hydrogen
sulfide, carbonyl sulfide, and mercaptans are removed by reaction with metal
oxides, hydroxides or carbonates, or copper exchanged zeolites. Some of the
reaction products such as sulfur may also be adsorbed on supports such as

activated carbons and activated alumina.

[0026] The stream exiting the optional sulfur removal unit 225 is further
heated in an optional heat exchanger 230 and optional heater 235 and enters the
optional catalytic reactor 240. The catalytic reactor contains supported noble
metal catalysts such as palladium or platinum in pelleted or monolith forms. The

catalytic reactor operates at a temperature between 150 and 450°C depending



stream exiting heat exchanger 110 is conpressed in a
conpressor 145 topressures between 10 and 20 bara and
WO go0coui4ed i n an aftercooler 150 to a tenperat PCEUSL006@30859
L Bfes i Uk £ dioxi.de_gas . .
o Sl s 1 M5 SRR Sfeerl el uAGHER0 iha el qgiea to
watpnignoaesarbdrb Bioxfder i this reacfonr Therstigan kitiigasdctor 240 is

optional ly |iquefi It can also be sent to a CO2 use
oot BBeateichdnger S50 end s Ribicssoalckiaan siormocior 24540 2
. < ¢ L :

(oS plos Pl TeTerchi AR EAmA RlskRle it steam oan
omtfmm@lly bk sehi o dewdsu\earlnsmn?esﬁimgaeqllJiprmcnt Q@@pﬁl@@%ﬁf is further
145,, expensi ve nat ef.i 0 onstruction such as _
Pt anckepionaly Tausfied fieanalq Bosent 13 3 € Wruse process, unit
og@rrosion in the conpressor. However, efficient high
tenperature renoval of sulfurs in unit 125 obvi ates

this need and a conpressor made of carbon steel can be
Eusedl, {)educi ng the capital cost for the conpressor by
PG or 2 to 3. [0025] In FIG 3, carbon dioxide from
source 200 is sent to an optional purification unit

205. This unit may consist of one or nore purification
[0pR8L essedA tasseonthinirg Qgpon PQADin carhberdioxidd at al pressure of

1 A B0 e o T e Vs bashotiffoudh 4Bed contaning 0.12
keQoTRcHE9SRY cHFBoh @ohRdisiRg PDSwi% PSRN, @ahﬁiﬁ%&@ Bt Qi fhte of

20 bara and oxygen is added to the conpressed stream

1%8 stq litersgmin. Abrautsk00ppmetioxyeen was added|todbefeedshon

. i . t . d 95,.C
o RS B i ERREA: UES ohFAMEER: Hs bR resthe
sanne fesbwas basseditroaghitite samediatestn Einpadtdlebi@50thnd an
is.then sent to the sulfur renoval unit 225 where

equilibrigm ChrFrreely dficth! 44% \yas egtined fi de, car bonyl
sul fide, and nercaptans are renoved by reaction with
nmet al oxi des, hydroxi des or carbonates, or copper

Exaoplarjed zeolites. Sone of the reaction products such
as sul fur may al so be adsorbed on supports such as
activated carbons and activated al um na.

[0028] The same feed now containing 50 ppm H.S in carbon dioxide at a
pressure of 14.6 bara and a temperature of 100°C was passed through a bed
containing 0.154 kgs of activated carbon containing 20 wt% potassium carbonate
at a flow rate of 15.6 std liters per min. About 100 ppm oxygen was added to the
feed. An equilibrium H,S capacity of 18 wt% was obtained. The same feed was
passed through the same bed at a temperature of 25°C and an equilibrium H.S
capacity of around 10 wt% was obtained.

[0029] Both these experiments indicate that a significant improvement in

the removal capacity for COS and H;S is possible by operating at an elevated
temperature.
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[0026] The streamexiting the optional sulfur renoval
unit 225 is further heated in an optional heat
wez@hanger 230 and optional heater 235 and entPCBHUB1D66/030859
E)?é?ﬁbl%'?' catal ytic reactor 240. The catalytic reactor
contai ns supported noble netal catal ysts such as
pal | adium or platinumin pelleted or nonolith forns.

The. cat al_géﬁi Cc reactor operates at a tenperature
[0830leen 1Eestingavapseertormest Hinggopunificatipmsiiid eondgining 17.1 kgs
t r i (41
of Py SR O (e CRP B 2 O po I cfoefe gyoon
did¥ide it aqaassietof g barachba t@hPeratueos 850, mndedtta flow rate

exch 230 and i s, further cooled in an aftercool er
1084 S{ch My aaschanserdhEqUsbuthe Pash ! feeciprniaigreap-100 ppb of

r [ ! .
etfifend SRyRfRRtactat. A GRFeHaRTIERT B8 eBRfy ba BRet during
a fest paribthef apoui dnedleghd optionally liquefied. It can

al so be sent to a CO2 use process, unit 260. Exanple 1
[0027] A feed containing 9 ppm COS in carbon dioxi de
pre . .

OGP e ooy MU 5% oy RYeRuAR ol eBMRRIZHHEE with rtiifice to
sexetaleatlzatiicentoand eramples) guBirot $chatgess iadditoaskzoht e
at a flowrate of 19.8 st jters/ mn. out , 100, ppm

orgbsBrpoenibacauldedioss Shled e % b8 FirdeHtobH

' % [ t s ot enper at ur e.

d@%@@aﬁ%%gd%p&gsé@%sgg ?ﬁbgﬁﬁ%rﬁém?yﬁ@nbed at a
tenperature of 250C and an equilibrium COS capacity of
<0.1 wt % was obtai ned. Exanple 2 [0028] The sane feed
now cont ai ni ng 50 ppm H2S in carbon di oxide at a
pressure of 14.6 bara and a tenperature of 1000C was
passed through a bed containing 0.154 kgs of activated
carbon containing 20 wt % pot assi um carbonate at a fl ow
rate of 15.6 std liters per mn. About 100 ppm oxygen
was added to the feed. An equilibrium H2S capacity of
18 wt % was obt ai ned. The sane feed was
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passed through the sane bed at a tenperature of 250C
and an equilibrium H2S capacity of around 10 w % was
wobiaiorasd [ 0029} Both these experinents indi CBECEUS1086/030859
a significant inprovenment in the renoval capacity for
COS and H2S is possible by operating at an el evated
t enper ature. Exanpl e 3 [ 0030]AMSti ng was perforned
using a purification skid containing 17.1 kgs of
activated carbon inpregnated with 20 w % pot assi um
rbon di oxide at a pressure of 17 bara, at
M% En@%f"i?dﬁz of 850C, and at a flowrate 109.7 std
rrB/hr was passed through the bed. The feed cont ai ned
25-100 b of ethyl and neth mer capt ans.
1.mer o%m%tﬁg wér@m@é@ﬁ igputities %’@m @@ﬁﬁ@ttre@m pw@pasmest
period of ent
i nvent i onh%%a@lé gggaﬁggﬁ ag% bgtreérnn@%r% Lg‘aSever al

enbdshi menpassinylthexiargibe gas m@am)wsar@ rapgrty readdal uit)sand
and qQm ssions, as wll occur to those skilled in the
art,© nray Q@"ﬁﬂd@eﬂeﬁwa%@ﬁ%@mu F@“ﬁ'ﬂ%iﬁlPW&’éEmV?' yhtto

SCOH?ITHK’I Preﬁf &gfg{r émventl on. CLAIMS What is clai ned

renoving inmpurities froma gas
stream conprising: a) heating a gas streamto above

nbi he h d
2.0 s MSUROR pr Fiifova el Meniputiies dopiswar ResHies pelgoted
fréfAtng A LHR SN 6f Hg@ ueoBy dfrﬁﬁi‘%\gp%?lﬁﬁ% binb féieapPiahs.

pur|§| ed ‘'gas stream The ' met aim 1l wherein
the inpurities is a sulfur species selected fromthe

3. er ot Aahd oF diafin 1P e Ja o bling Embopaogde

conprises carbon dioxide. 4. The nethod of claim1l

wherein the i rryf.)urlt removal unit is a sulfur
4. The method of claim™ wherein the impurity removal unit is a sulfur

removal unit.

5. The mefhod of claim 1 further comprising adding oxygen to the gas stream

prior to heating the gas stream to ambient temperature.

6. The method of claim 1 further comprising additional heating of the heated
gas stream from the impurity removal unit and passing the further heated gas

stream to a reactor bed to remove impurities by oxidation.

7. The method of claim 6 further comprising cooling the further heated gas

stream from the reactor bed.

8. The method of claim 1 further comprising removing moisture and other
impurities.
9. The method of claim 1 wherein the gas stream is heated to a temperature

12



renoval unit. 5. The nethod of claim11 further
conprising addi ng oxygen to the gas streamprior to
wheaviongse he gas streamto anbi ent tenperat ur ePCBEUSINE 030859
th clai m Jther conprising additional
Of%@é?f’fjﬁ‘&q%#" ?ﬁ%u%é%d gﬂ gas streamfromthe inpurity
renmoval unit and passing the further heated gas stream
to a reactor bed to renove inpurities by oxidation. 7.
10The Tret methast ofcelainml eviiereiniibe impupty reinmeyat oolticomprises a
kg L%&E%Jbacfed gas streamfromthe reactor bed. 8. The
7%-aim 1 further conprising renpbving noisture
and other inpurities. 9. The rret hod of claim 1l wherein

the as streamis heated to er at ur eof about 500C
Q%@melfmb@ clain er@weﬁemrﬁ?dd § fign kedheantaingra catalysé that

t unit conprises a sul fur reactor bed.
re%@%ﬂ‘ Mﬁ‘%%ﬁga&g§ clai m 10 wherein said sul fur bed
contains a catalyst that reacts with H2S and Cos. 12.
The nethod of claim 11l wherein said cataly IS

125¢ eéﬁ"@jmﬂmﬁ oheaigp dd pvheasais said ﬁatacbyst&w@ﬁ@@e%oraﬁae group
coli%fa“hﬂg 9%@&53& ?1? f?ﬂloae%t EXBoRd éﬁa&g%ﬁ%\géged carbon or

um na, e ox1 des
acﬁum@dral&mhrtm raemai oxidps) metal ashsies lsselpportad enGuhicrepbrdus.
13. The of claim1l wherein the gas streamis a
aq%ﬁ@%‘e@'ﬁ ?ﬁﬁ]'ltee carbon di oxi de gas stream 14. The

met hod of claim1l wherein the gas streamis froma | ow
pressure inmpure carbon dioxide source. 15. A nethod of
13 emditiengethdd of clajpediveisereinciteyasi straane id avoww pesssure impure
car ban %&é(l de gas streamin a carbon dioxide
$ih€a%onpri si ng:

14.  The method of claim 1 wherein the gas stream is from a low pressure

impure carbon dioxide source.

15. A method of removing sulfur species from an impure low pressure carbon
dioxide gas stream in a carbon dioxide production plant comprising:
a) heating a carbon dioxide gas stream to above ambient
temperature;
b) passing the heated carbon dioxide gas stream to a sulfur removal
unit;
c) cooling the heated carbon dioxide gas stream from the sulfur
removal unit to form a purified carbon dioxide gas stream; and

d) compressing the purified carbon dioxide gas stream.
16.  The method of claim 15 further comprising adding oxygen to the carbon

dioxide gas stream prior to heating the carbon dioxide gas stream to above

ambient témperature.
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a) heating a carbon dioxide gas streamto above
anbi ent tenperature; b) passing the heated carbon
woelk@giotesygas streamto a sul fur renoval unit; BQT/US2006/030859

ool 4 Loxi.de qas [ fr.omthe
BTt i iR BF e B A b p e bR B B alifer
hegted startsamdiozide ghs stoegm diem tige Siiturpefidvapdnie ahB Passing the

di oxjde gas stream 16. The nethod of claim 15 further
fUEthiRh PPSienchaRBRn AIPXAE gem STBARHE % Easiar Reckidl lenayesmpurities
bybkigaesri or to heating the carbon di oxi de gas stream

}?o aéove' anbi ent tenperature.17. The nethod of claim

15 further conprising additional heating of the Iheat ed

arhon di oxi de.gas stre fromthe sul fur renmoval unit
1&nd m%%@oqd ﬂEg'PUPt1f(é‘+lﬁg1@at:@apeanamoam@mea@rﬁwg heated
: ve inpurities by
Cazi)?gglﬁ)%dr? ﬁ{éé@ﬁ%(@ﬁ#@?ﬂ%édﬂgéﬁﬁ?ai m 17 further
conprising cooling the further heated carbon di oxide

t mfromthe reactor bed. 19. The nethod of claim
155" 114 ST QbAbe PR e THEREC FormPieINg FamoViliMaisae and other
impupidest i es. 20. The nethod of claim 15 further

conprising purifying the conpressed carbon dioxi de gas
stream 2 1. The nethod of claim 15 further conprising

2 sl e Tastil il s RHBSatmBAbing riffiRd Vil fhroPufived

catbon diokideigaspesams i s selected fromthe group
consi sting essentially of H2S, COS, dinethyl sulfide

and nercaptans. 23. The nethod of claim 15 wherein

2521 S RSP 835 SR 538 e Bur carvon

dioxide gas stream to a reaction process.

22.  The method of claim 15 wherein said sulfur species is selected from the
group consisting essentially of H,S, COS, dimethyl sulfide and mercaptans.

23.  The method of claim 15 wherein said carbon dioxide gas stream is heated
to a temperature of about 50°C to about 150°C.

24.  The method of claim 15 wherein said sulfur removal unit comprises a

sulfur reactor bed.

25.  The method of claim 24 wherein said sulfur bed contains a catalyst that
reacts with H,S and COS.

26. The method of claim 25 wherein said catalyst is selected from the group
consisting of carbonates and hydroxides, carbonates on activated carbon or
activated alumina, metal oxides, metal oxides supported on a microporous

adsorbent, and CuY zeolite.
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24. The nethod of claim 15 wherein said sulfur renoval
unit conprises a sulfur reactor bed. 25. The nethod of

wW@e k@149 wherei n sai d sul fur bed contai ns a CBCHU§ENG6/030859
that reacts with H2S and COS. 26. The nethod of claim
25 wherein said catalyst is selected fromthe group

2% onsA sihethad of rembbingaiuifar speciey dofxhfAl aHpuRAERBBAINSKIA8 gas
activated carbon or activated alum na, netal oxides,

St%ﬂ”&l‘“ aycaiken divxistsrrredugipnplant comerising: adsor bent, and

geol i v ci es
fr om)an |@§esga9bonngﬁom %ée ggsd@g?%g%g:éﬁegnﬁar bon
di oxb)de prasding thercophpressedimpin® cgboadicddPyas stragm to a
the i npure car bon di oxi de gas stream b) passing the

HIE EIMPHAHNEL car bon di oxi de gas streamto a

suI f [

o SRR HShbai) oA LRATBBSHLER FAPARD s

for n'emqwai uhit éol farar bpnruﬁe@madmm@sx;ﬂérmmtrwmd ahd

conpressing the purjfied.c di oxj de gas stream

e e (RIS SNONE PRESS CATARA NSRS ABad ng

oxygen to the conpressed i nmpure carbon di oxi de gas

stream prior to passing the conpressed i nmpure carbon
28i oxihemgdisod of elaim 126’ futieescomprising rmoidirlg oxygen t2dhe The

nmet hod of cIaimé urt her co r|S|n heating .of the
cofBirassed mBui i Bon S e SRa CAiotaf Fsitg R copipressed
impass cAbd GiokBRIRSHRGM wm@smﬂrrb@mo%%.ﬂe gas

streamto the sulfur renoval unit. 30. The nethod of
claim 27 further conprising additional heating of the

215 e PRSP S 2200 e &he e A healibg 2 e Gtk Pssed
imporng cefmddioRide ashHt@dnt Brigp® FadsdfitHeOcamprRRSEA TMBaEL

to repove i npurities by oxidation.
carbon dioxide gas stream to thé sulfur removal unit.

30.  The method of claim 27 further comprising additional heating of the
heated compressed carbon dioxide gas stream from the sulfur removal unit and
passing the further heated compressed carbon dioxide gas stream to a reactor

bed to remove impurities by oxidation.

31.  The method of claim 27 further comprising removing moisture and other

impurities.

32.  The method of claim 27 further comprising purifying the compressed

carbon dioxide gas stream.

33.  The method of claim 27 further comprising passing the purified carbon

dioxide gas stream to a reaction process.

34.  The method of claim 27 wherein said sulfur species is selected from the
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3 1. The nethod of claim27 further conprising
renmovi ng noi sture and other inpurities. 32. The nethod
wo@tooclosi4ge 27 further conprising purifying the PCT/US2006/030859

AP EPEP A SPRP < Eler L ey e rbcﬁm'%aeoﬁgns

car bon di oxi de gas streamto a reaction process.
The nethod of claim 27 wherein said sul fur speci es |s

3% el ediemethemhot daiin 2dpvieyel said ggrkensdioxidel gas greamss heated

to GRS AR ROT R T ovi e gas stroamis

heated to a tenperature of about 5C0C to about 15C0C.

36. The nethod of claim 27 wherein said sul fur renoval
3&uni tTheomsithekef glain27urhereitsaid spllr resovat it rommRisesra

L@Hgﬁg&& rein said sul fur bed contains a catal yst
reacts with H2S and COS. 38. The nethod of claim

37 wherein said catalyst is selected fromthe group

conS|st| ng of carbonates and hydroxi des, carbonates an
Sact i ViR BPTRQH BOACER BN PRiTLsAIN SRS ﬁ@ﬂam%alca@ys? that

: rted on a m croporohs adsor bent, and
A Sz eees ‘

38. The method of claim 37 wherein said catalyst is selected from the group
consisting of carbonates and hydroxides, carbonates on activated carbon or
activated alumina, metal oxides, metal oxides supported on a microporous

adsorbent, and CuY zeolite.
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