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and alcohols as well as aromatics such as benzene. When the carbon dioxide is
intended for use in an application that requires the carbon dioxide to be of high
purity, such as in the manufacture and cleaning of foodstuffs and beverage
carbonation, medical products and electronic devices, the sulfur compounds and
other hydrocarbon impurities 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 and aromatic hydrocarbons need to be below 0.02 ppm. For electronic
cleaning applications removal of heavy hydrocarbons to below 0.1 ppm is
required.

[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
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[0005] It is known to directly remove sulfur compounds, such as H,S from
a gas stream by contacting the gas stream with metal oxides, such as copper
oxide, zinc oxide or mixtures of these. It is also known to remove suifur
impurities such as COS by first hydrolyzing COS to H,S over a hydrolysis catalyst
and then removing H.S by reaction with metal oxides. Removal of H2S 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
H.S and other sulfur impurities such as mercaptans and dimethyl sulfide are
desired to reduce CO. purification cost. Lower cost removal of other impurities

such as acetaldehyde, alcohols and aromatics such as benzene is also required.



inmpurities such as COS by first hydrolyzing COS to H2S
over a hydrolysis catal yst and then renoving H2S by

w0 e@coiwme Wi t h met al oxi des. Renoval of H2S byPCPHES100€080916
with nmetal oxi des can becone expensive, since the

[0086F! VSt Sificd AHrEaaEn s ©f 2acb@XfipRRIc@quiBeRe carbon dioxide
inpurities such as COS and H2S are present in nore

thehase to bhe substantielly freevad sufaseompeendsi hydresarbhe and other

mpRRRE et RIS BT ReRi Pardit bishidsr B By
mamefde ré@Rambon dibgidel sftercasitainlsufer angHydredmseh cBmpounds,
other inpurities such as acetal dehyde, al cohols and

ecanefue pod efidentavevdsdaeeiiectiicsy! trSé@anaﬂwonm@a removal of
suﬁhrn% 'ﬁgﬂyoc%?gorfﬁgﬁ]?)o%dg% Ear%gﬂ)ﬁlgﬁdéﬁ% '%treeatr#se without

car bon droxide use stantia

congbimitantty iMmduding @fyléf‘ impuritiys iatedthet deeboh divKidd,i e,
and because natural sources of carbon dioxide and

configuaysly PRGNl AerRIEeeMIdBVEoRaRONidsRi iainttie endcdficiant
d d
m%ﬂgﬁ%r Q@qe{?%ﬂqgg&% BB}%C é’gJoun s, econom c an

I'clen or e ectl ng substanti al | y conpl ete
renoval of sulfur and hydrocar bon conpounds from

on di_gxi strearrs Wi t .conco
[q%ﬁ%?oducﬂﬂba nNﬁl]F@'% [seRurt aﬁreo*‘ ﬁ'&%’&r% Ff&?i'e@ of
t

calidh, SRR RO o J MR BIREANng PYAA' 4 BRveraoe
digpessenglocation sash afGodrntaiher pnedectronioy srarnudenctigng location.

suitable for the on-site purification of carbon

di oxi de at | ocations such as a beverage filling plant,

a beverage di spensing | ocation such as a fountain or
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nmeans for on-site purification of carbon dioxide by
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sulfide and oxygenates and a bed containing an impregnated activated carbon
for the removal of aromatics and sulfur compounds. All the beds may be
contained in a single vessel or a heater can be used after the Y zeolite bed to
improve removal of sulfur compounds.

[0009] In an embodiment, this invention is directed to a method for
purifying a gas stream comprising passing an impure gas stream for treatment
through at least one adsorbent bed containing at least two adsorbents selected
from the group consisting of a desiccant; a zeolite or a zeolite in its ion exchange
form, and an activated carbon.

[0010] In an embodiment, the gas stream is a carbon dioxide gas stream.
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better understood when taken in connection with the accompanying drawing in

which:
FIG. 1 is a description of the purification of carbon dioxide according to this

invention.

DETAILED DESCRIPTION OF THE INVENTION

[0014] 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.

[0015] The impure carbon dioxide which can be obtained from any

available source of carbon dioxide will typically contain as impurities sulfur
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used will depend on the impurities in the feed. Typically, an adsorbent such as
activated alumina (AA), a zeolite such as 4A , 5A, 13X or NaY, or silica gel will be
used for moisture removal. Additionally, for the purposes of this invention the
adsorbent bed will contain a zeolite such as NaY or its ion-exchanged forms such
as KY or KNaY for the removal of impurities such as aldehydes, alcohols such as
methanol and ethanol, acetates such as methyl and ethyl acetates and some of
the trace sulfur compounds such as dimethyi sulfur compounds. For these
impurities Y zeolites have significantly higher capacity than other zeolites and
non-zeolitic materials. For aromatics such as benzene and toluene, other

adsorbents such as activated carbon or dealuminated Y zeolite can be used.

[0018] The sulfur purification materials according to this invention include

carbonates and hydroxides such as sodium and potassium hydroxides or



sul fide, and nercaptans at the point of use. [0017]

The stream at close to anbient tenperatures is sent to
wapooatssibent bed for the renoval of water andPOI/82006/030916

impurities. The adsorbents used will depend on the

carionutes oRsadtivatdiecdrben; méw 'o&ﬁiés&‘sucﬂ%@é’@ﬁfé?eﬂhcsél%mlum or
as activated al um na (AA), a zeolite such as 4A ,

ironaxide eftasr, alone GrisupROGed onia Migeporws adﬁOTh@‘ltsQUﬂh@S

I I p
ack KA YRR o T br MiEa PULORRER, Matd B 5yep 2o a cuy
zeslitchareseffitiverfort the reaovekehedrbedyif ailfitke ané BuHsr d¥xide
KNaY for the renpval_ of inpurities such as al dehydes,

impLBHeD FyoYek Feaione Remryal aheardonyheifide aad Tyesogarcstiltide by
t f

B b A6 RN AR o e e

For these inpurities Y zeolites have significantly

[ ity th th ljt d [iti

RAERTT o 2t P e e 0o e
mglnfies SaPaS PRURA RS B 4G SATINAY e remeygd atan
elguated teraperaturenbdempesatace of 80htp 180%hi s i nventi on

include carbonates and hydroxi des such as sodi um and
pot assi um hydr oxi des orcarbonates on activated carbon;
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oxide or copper-zinc oxide may be needed.

[0021] In addition to the impurities discussed above, the impurities such as
ammonia and sulfur dioxide will also be removed in the adsorbent bed. The
adsorbent bed can be used in once through mode where the adsorbent material
is replaced after it has been used up or it can be regenerated. A thermal
regeneration at temperatures between 150 and 300°C with a stream relatively
free of impurities will typically be carried out. Part of purified carbon dioxide may

be used as the regeneration gas.

[0022] For point of use purification such as purification of carbon dioxide
prior to beverage fill or electronic manufacturing the impure carbon dioxide will be

transported from a storage tank into the purification equipment at flow typical of
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regenerated. A thermal regeneration at tenperatures
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sulfur compounds. The third layer in the bed, layer 240, contains materials for
the removal of aromatics such as benzene and sulfurs such as carbonyl sulfide,
hydrogen sulfide and mercaptans. If an impregnated activated carbon containing
copper oxide/chloride or sodium and potassium hydroxides/carbonates is used
then this layer can remove both the aromatics and sulfurs. If a material such as
zinc oxide is used for the removal of sulfurs then either activated carbon or
dealuminated Y zeolite (DAY) would be needed for the removal of aromatics and

mercaptans.

[0024] To improve the efficiency for the removal of sulfur compounds
these impurities can be removed in a separate bed operated at a higher
temperature. In this case layer 240 would be either be a DAY zeolite or non-

impregnated activated carbon for the removal of aromatics. The stream exiting
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tenperature. In this case layer 240 woul d be either be

a DAY zeolite or noni npregnated
[0026] The same feed was passed through a bed containing 0.345 kgs of

1/8” activated alumina, commonly used adsorbent for methanol removal from
CO,. The breakthrough time was reduced to less than 63 hours and an

equilibrium capacity for methanol of 5.8 wt% was obtained.

[0027] Use of NaY zeolite for methanol removal as per the teachings of
this invention results in more than 180% increase in methanol removal capacity.

Example 2

[0028] A feed containing 50 ppm acetaldehyde in carbon dioxide at a
pressure of 14.6 bara and a temperature of 25°C was passed through different
beds containing 0.054 kgs of Alcoa Selexsorb CD, Alcoa Selexsorb CDX and a

NaY zeolite, respectively at a flow rate of 19.8 std liters/min. Adsorbent sizes
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whearor195260 to about 50- 150 OC and sent to an BOBUR1ME6030916
ayer 270 contained in vessel 260. Adsorbent [ayer 270
wers' grduiad B inat isdicthenases Mps elgradbdCidi SeleaboxCDXsare the

or sodi um or potassi.um hydroxi des or, carbgnates for .
COfTBOPkYHAPS| Ao RIRL" §rsﬁwvgﬁp?%¢efﬁwﬁbw3%?@§n seipnadoxide.
TRUAQIRTH b HdolRREROR5 S dexanm) o b
foun(?gi nlusg, hea?@;ei 25 |Cg§g+llic$ng§§te (ggdgté%gg&% and
Naigeolifeswdrayied,st.020d DBCharabp2tively e Thernisa ofddaY izealite

singl e, vessel ., For e in bevera il l.ant both . .
acthifndin B Basnadh o M i Ebn sagelo sibiMEatt Bibrareibent in
reffeNaFBafeenatiedior ackiaRichy@et he efficiency of the

removal of sul fur conmpounds. Purified carbon dioxide

stream 290 can be optionally analyzed prior to use in
E%é%ge or in electronic applications. Exanple 1
" A feed containing 145 ppm net hanol in carbon

di oxi de at a pressure of 14.6 bara and a tenperature

of 250C was passed through a bed containing 0.295 kgs
[0929%x8 nésfeadconiaibing @ pam &GS buearhes dirxideaBagressure of

146 S e PP oS RUB foheRETR 37 SR .12
kgeeif ativhtedapaioon yomkinkey 20Wt% pemseiindcagbnai®aeallohheite of
was, passed t hrough a bed containi ng O.

sane fe%7 g 0. 345
198 stditers/min. LU 08 PPN GhPRYIeE WaRGKIopd e dbe fRrbr HBnt
K v.al ., i
e i OO b R 5| S W e gPincl BE e IAHEANET The
saoupiseidtwas passad traoogh tfe Sarfe et atasterhp erahed.of 2302 7And an
e .of zeoli.te for nmethanol renoval .as . per the
eopBRERM DS FaRay o e TRO 1 A4tk Vi8S PAIBRe’  han 180%
i ncrease in nethanol renoval capacity. Exanple 2
[0028] A feed containing 50 ppm acet al dehyde in carbon
[0836%i de dthessame 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/min. About 100 ppm oxygen was added to the
feed. An equilibrium H2S capacity of 18 wt% was obtained. The same feed was
passed through the same bed at a temperature of 25°C and an equilibrium HyS
capacity of around 10 wt% was obtained.

[0031] Both these experiments indicate that a significant improvement in
the removal capacity for COS and H,S is possible by operating the sulfur removal

at an elevated temperature.

Example 4

[0032] A multilayer bed was assembled according to teachings of this
invention. The bed contained a first layer of 0.133 kgs of UOP NaY zeolite in 3



pressure of 14.6 bara and a tenperature of 250C was
passed through different beds containing 0.054 kgs of
web@oal1tes exsorb CD, Al coa Sel exsorb CDX and aP®®EW¥S2006/030916
zeolite, respectively at a flowrate of 19.8 std
mii $iee,d sBeondidyor bR 2§|kgssoimciavamedwaﬂb6n impiegnatéd With

COPRRFBRIS c7sca 'HHLBYBEA & TarRist NlRE agfvated carbon. The
'“@%"g{ %ﬁ%ﬁé}%ﬁﬁ@%g@ bRk @Ig@? 'n‘i’(—?cer The equilibrium

acet yde capacity for exsor CD, Sel exsorb CDX

and NaY zeolites were 1.8, 4.0 and 9 wt%
NaY ze I|t accordl ng to the

g ot grtaming JRl0 R resentl 1 certoam sulide, 1
pdnﬁ‘ﬁ&@ﬁb@@ﬁ@ulﬁd& ?gﬁ?ﬁaﬁceﬁ’ﬁ&éﬁyd@é‘ﬁ@Of?ggﬁrc%e%%'\)éé’@gassed

3 10029 eed containing 9 In car
’fth@hltH@ kad at pflewgatecb?0 sl lEetsamin, wplreastmmﬁe'r’ btarﬂ end a

tepelliiat 25 it st it g TE G\ Palekripana Mdrogen
suﬁﬁfehﬂ'@ak@]r@ﬁgfﬁw@%%‘é!eh&i@m@fthé%ﬁ S\Vlé*thb'nbﬁ ra%’efﬁl@ehﬁn@é‘ﬁd

100 ppm of oxygen was added to the f

cagepnyl puliifa i aldipasighyafier sevaml d@% mlgisﬁmgh wagaaities for

o] o TP Tl o R, PSR e R,

caﬁéﬁtleametsynnér tbehesd maaxdmpledti%angg. obt ai ned. [0030]
The sane feed now contai ning 50 ppm H2S i n carbon

di oxi de at a pressure of 14.6 bara and a tenperature

OOOC
ot o M R n T S R IR BBt pected ina
fowstaimoorad be%ragefﬂlldwcaitiiim/vefe dsedbinsthis éxdrapiel rFdr-thélgiital
gpmo V\qg)r‘e;gdedtothefeed Anss(%wllbrlum
'e\‘ri‘so Tgca ioxigganshiyRicab How ratessBnatd fitara/miagh a
f lﬁ’rﬂéﬁﬁé i t
o anCequ'?“*?'%ﬁ%%@s’mégsiﬂ@?toyﬁ'a GRSt s eeral
madhai ned. [0031] Both these experinents indicate that
a significant inprovenent in
[0035] While the present invention has been described with reference to
several embodiments and examples, numerous changes, additions and
omissions, as will occur to those skilled in the art, may be made without

departing from the spirit and scope of the present invention.
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the renmoval capacity for COS and H2S i s possible by
operating the sulfur renoval at an el evated
w0 esopersiar e. Exanple 4 [0032] A nultilayer bePICTMES2006/030916
assenbl ed according to teachings of this invention.
The bed contained a first diaygrs of 0.133 kgs of UCP
NaY zeolite in 3mm size7a second | ayer of 0.123 kgs of
activated carbon inpregnated with copper oxide and a
Whdti is atldianedris:of 0.1 12 kgs of Norit RB4 activated
carbon. The internal dianmeter of the vessel was O. 075
nmeters. [0033] A feed contaning 100 ppm net hanol ,
PPMAC Ore gas
1 et TSR or PG e cho ey SRR b ﬁﬁé’ﬁ'@ S
strehivsfob éabment threwghr at least oz adsarbient eed/containiag at least two

BB A RO R AR ADAM S Bafcel e or

zeBFt@QK‘itBr@N@Qch’S;eSWm @Hﬂ'dWaét%té&§érboNEt hanol ,
acet al dehyde an carbonyl sulfide did breakthrough

after several days though high capacities for each of

2. 0= ey A€ BRAGLRS un i, I B Bliedftl = arbon

di hestréampnd 2 [0034] Much higher inpurity levels
(10-100 tines) than those expected in a fountain or a
beverage fill location were used in this exanple. For

theT‘t‘PéH’n%FH d|§§’ ﬁn%’@ in ?I%Hf)'1t\hﬁ§ré|rﬁ‘tl¥@89%??éﬁt%%Q%C?ébdfrom
“typical ow rates S ters/mni1n a fountain
the gratp cosisting of @4pebAed3XKamid Ma¥ertotlife.t hi s exanpl e

will last for several nonths. [0035] Wile the present

i nventi on has been described with reference to several

4, e”bqqife%@rﬁ)daé@cl%ﬁﬁ%"u?élelrﬁ U8 B PESIfe |§N@Méﬂf§lon

om ssions, as wll occur to those skilled in the
exahangm’ﬁynbléYrmdﬁ\la\)Yt hout departing fromthe spirit and
scope of the present invention. CLAI M5

5. The method as claimed in claim 1 wherein the activated carbon is an

impregnated activated carbon.

6. The method as claimed in claim 1 further comprising heating the gas

stream after the gas stream passes through the zeolite bed.

7. The method as claimed in claim 1 comprising passing the impure gas

through a single vessel.

8. The method as claimed in claim 1 comprising passing the impure gas

through a plurality of vessels.

9. The method as claimed in claim 1 comprising purifying the carbon dioxide

gas stream in an on-site facility.

11



What is clainmed is: 1. A nethod for purifying a gas
stream conpri sing passing an i npure gas stream for
wo e@abnsné t hrough at | east one adsorbent bed PCT/US2006/030916
containing at |east two adsorbent |ayers selected from
10t he Agmetipodt forsiLsifying acfarBor efdxidaghs siedaddrhgrishg assing a
eolite jn its ion _exchange form and an activated
cafan,iexide oasaireRm ioHreatmentthiiohrat deastiang adeoraeni bed
i [ [ r .
coRlnAg L R A coBrf R SEELAE 6 BE 8D cdnoitlifo of o
desieicant, edzdaliterot hezeglitelp itsdos iexthaggeoform, 4Ad dactidted
nd NaY zeolite. 4. The nethod as clained in claim1l
ca ein the zeolite is NaY or its ion exchange form KY
or KNaY. 5. The nethod as clainmed in claiml1 wherein
the activated carbon is an inpregnated activated
11car dbwe. methothas eleired iraelairh di0nweiterien theadessicantig selected from

the GRRIEL SorlErbe 48,05, P38 BT 2ol e hod s

claimed in claim1 conprising passing the inpure gas
through a single vessel. 8. The nethod as clained in
12¢| ailheimetheskassclaignedinsclaim tiRevhensin thegzeslitehisdig¥i ca its ion

exal,éﬁgﬁ%}ft,% ®y YERRGLS. 9. The method as clained in
clai

conprising purifying the carbon di oxi de gas
streamin an on-site facility.10. A nmethod for
a carbon di oxi de 3as st ream conpri si ng

urifyin I ( [ ¢
13Sas§f égﬂ%ﬂv@gr%ﬂam&w@am Oswhessin theraativatadhearbon is an
i ; adsor bent bed contai ning at | east
PR Rolfar ottt .

ayers selected fromthe group
consisting of a desiccant; a zeolite or a zeolite in

itsjon exchan or nd gn .activated
14! " 5The met)ﬁlotgi asgc a{me in glaim qO further comprising heating the carbon
dioxide gas stream after the carbon dioxide gas stream passes through the

zeolite bed.

15. The method as claimed in claim 10 comprising passing the carbon dioxide

gas stream through a single vessel.

16.  The method as claimed in claim 10 comprising passing the carbon dioxide

gas stream in a plurality of vessels.

17.  The method as claimed in claim 10 comprising purifying the carbon

dioxide gas stream in an on-site facility.

18. A system for purifying a gas stream comprising at least one adsorbent bed
containing at least two adsorbent layers selected from the group consisting of a
desiccant; a zeolite or a zeolite in its ion exchange form, and an activated

carbon.

12



carbon. 11. The nethod as clainmed in claim10 wherein

the dessicant is selected fromthe group consisting of
w@2a01648¢ 13X and NaY zeolite. 12. The net hodPeE®EUS2006/030916

clainmed in claim 10 wherein the zeolite is NaY or its

19.0n Hic bgitgel dDEameY iroclaliNa¥. wHskeinlihe ¢a §teshrasSs a carbon
.cl.aimed in claim10 wherein the activated carbon is an
d'?’ﬂ‘g?@@ﬁ&tr@@”&ctivat ed carbon. 14. The nethod as
claimed in claim10 further conprising heating the
carbon di oxi de gas stream after the carbon dioxi de gas
2Gst r cbre pystemsad taonedh it Hainz d8lvherehethe ddssicEmt isredlboidd from

as clainmed jn clai risin assi ng the carbon
G REOBSS T PLa A Fho g ANCNAGI BN e | 16, The
method as clained in claim210 conprising passing the

carbon dioxide gas streamin a plurality of vessels.
2117. Tireesystemozb dgincedimeldin i 8olimreinlibecxatite i MaY or its ion

rifyin bgn di oxi de gas streamin an on-site
e"?ﬁéi‘ﬂ%{{?}?ﬂ}fgf’&e@?&em for purifying a gas stream
conprising at |east one adsorbent bed containing at

| east two adsorbent |ayers selected fromthe group
22z onsliha syfievfasclaimed bnelaim 4 8xdutreinetheraciivatesl ¢arbonris an

imigbéﬁia?ngd%)éﬁ@?ﬁ%&fﬂ%m and an activated carbon.19. The

as ¢ claim 18 wherein the gas stream
is a carbon dioxide gas stream 20. The system as
claired in claim 18 wherejin the dessicant is sel ected
2% r orhheneysiemas elaimed in elginafl 84udier epxnprgixg aneeatspurce to

. . i i i .
SrHFEIL 8 ot TN OB gk L Tt o
24.  The system as claimed in claim 18 wherein the at least one absorbent bed

is contained in a single vessel.

25.  The system as claimed in claim 18 wherein the at least one adsorbent bed

is contained in a plurality of vessels.

26. A system for purifying a carbon dioxide gas stream comprising at least one
adsorbent bed containing at least two adsorbent layers selected from the group
consisting of a desiccant; a zeolite or a zeolite in its ion exchange form, and an
activated carbon.

27.  The system as claimed in claim 26 wherein the dessicant is selected from
the group consisting of a 4A, 5A, 13X and NaY zeolite.

28.  The system as claimed in claim 26 wherein the zeolite is NaY or its ion
exchange form,KY or KNaY.

13



exchange form KY or KNaY. 22. The systemas clained in
claim 18 wherein the activated carbon is an

w0 pqgregsas ed activated carbon. 23. The syst em BGI/US2006/030916
claimed in claim18 further conprising a heat source

.....

200 del systemidseciginsedsin daim abtaierbinethgastivhiceiadarbas $€an
. throu%h the zeolite bed. 24. The systemas clained in
impregnalag aginated sathan.at | east one absorbent bed is
contained in a single vessel. 25. The system as
claimed in claim18 wherein the at | east one adsorbent
30bed Tihe ?fstEmiase(?aimiecairpd:la'mgIZBtf%rmér G(»j(HBﬁlEH;iBg alfeatAource to
syste or purifying a carbon di oxi de gas styeam
apEbfis heides e 28eT HiroavisEraBRA%sER GhOR the Agolie bed.
| east two adsorbent | ayers selected fromthe group
consisting of a desiccant; a zeolite or a zeolite in
31i. t s Thensyskerhasgdainuedrin caith 26 vdwrendhedtdeadiame @ysorbent bed
. The syst.em as Iaineg in claim26 wherein the
Is geatg] g gmgé ¥&3®6d from the group consisting of a
4A, 5A, 13X and NaY zeolite. 28. The system as cl ai ned
in claim26 wherein the zeolite is NaY or its ion
32e x c Hdvegey stern gskotaione kiaoraip 26 twhersipstheratagasticrienadsarhent bed
isclq%nmz mhere”q tFe acgivated carbon is an
P% gbqgalpeadpgﬁ %81 ¥85E¥bon. 30. The system as
claimed in claim26 further conprising a heat source
to apply to the gas stream after the gas stream passes
t hrough the zeolite bed. 3 1. The systemas clained in
claim 26 wherein the at | east one absorbent bed is
contained in a single vessel. 32. The system as

clainmed in claim26 wherein the at | east one adsorbent
bed is contained in a plurality of vessels.
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