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BACKGRClJND OF THE | NVENTI ON Gases that occur in nature %TM V%F@Fl
are produced in industrial processes often contain carbon dioxide in smal
anounts. For exanpl e atnospheric air generally contains about 300 or nore
parts per mllion (ppm carbon dioxi de. Because of certain process
constraints or a particular end use that the gas is intended for, it may
soneti mes be desirable or necessary to renove the carbon dioxide fromthe
gas. For exanple, air that is separated into various conponent products by
cryogenic distillation (cryogenic air separation) nust be substantially
free of both carbon dioxide and noisture. Cryogenic air separation is
carried out at tenperatures well bel ow the freezing point of carbon dioxide
and water. Consequently, if these conponents are not renpved prior to
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separation process equi pnent

Gases that occur in nature or which are produced in industrial processes
often contain carbon dioxide in small amounts. For example atmospheric air
generally contains about 300 or more parts per million (ppm) carbon dioxide.
-Because of certain process constraints or a particuiar end use that the gas is
intended for, it may sometimes be desirable or necessary to remove the carbon
dioxide from the gas. For example, air that is separated into various component
products by cryogenic distillation (cryogenic air separation) must be substantially
free of both carbon dioxide and moisture. Cryogenic air separation is carried out
at temperatures well below the freezing point of carbon dioxide and water.
Consequently, if these components are not removed prior to cooling of the air they

will freeze in and eventually clog the air separation process equipment.

Small amounts of carbon dioxide and moisture are removed from gas

streams by various techniques, such as condensation, reversing heat exchange



Smal li=anmpunts of carbon di oxi de and noisture are renoved from gas streans
by various techni ques, such as condensation, reversing heat exchange

2 freezing and adsorption. A particularly preferred nethod is adsorption
usi ng an adsorbent which adsorbs carbon di oxi de (and water vapor) nore
strongly than it adsorbs other conmponents of the gas stream For exanpl e,

it is common to renove carbon dioxide f2Zoman air streamthat is to be
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: adsorbent being a zeolite having a SiO,/Al,0, molar ratio of from 2 to 100 and
containing at least 20 equivalent percent of one or more cations selected from
zine, rare earth, hydrogen and ammonium cations and not more than 80 equivalent

percent of alkali metal or alkaline earth metal cations.

Zeolite 13X efficiently removes small amounts of carbon dioxide {and water
vapor) from air streams at low temperatures, i.e. temperatures of about 5°C or
lower, because it more strongly adsorbs these components than it adsorbs
nitrogen, oxygen or argon. However, the carbon dioxide selectivity, and, to a
greater extent, the adsorption capacity of zeolite 13X diminish rapidly as the
temperature of the gas being separated increases, and the separation process
becomes infeasible at temperatures above _about 20°C. Since ambient
temperatures are often above the preferred 5°C adsorption temperature, and
since, because of the heat of adsorption, there is a tendency for adsorption bed
temperatures to increase considerably during the course of an adsorption process,
it is usually necessary to cool air fed to a adsorption-based air prepurification plant
by means of external refrigeration to maintain the gas at temperatures below
20°C. This reduces the overall efficiency of the air separation process, since

energy must be consumed to provide the necessary refrigeration.



hecomes infeasible at tenperatures above about 20[err]C  Since anbient
tenperatures are often above the preferred 5 err] C adsorption tenperature,
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SUMVARY OF TEE | NVENTI According to the invention, a gas stream
is purified® Sgecrﬂ'étsr'é@a?s the &8PBSn di oxi de fromthe gas stream by passing

the gas streamthrough a bed of clinoptilolite at a tenperature in the
range of about -50 to about 80[err].C. The

SUMMARY OF THE INVENTION

According to the invention, a gas stream is purified by the removal of
carbon dioxide from the gas stream by passing the gas stream through a bed of
clinoptilolite at a temperature in the range of about -50 to about 80°.C. The
process of the invention can be used to purify any gas that is less strongly
adsorbed by clinoptilolite than carbon dioxide and which contains not more than
about 1000 parts per million {ppm) levels of carbon dioxide as an impurity. Typical
of gases that can be purified by the'process of the invention are air, nitrogen,

oxygen, argon, methane, etc.

The adsorbent may be natural clinoptilolite, or it may be cation-exchanged
with one or more of the various monovalent, divalent or trivalent ions selected
from Groups A, IIA and IllA of the Periodic Table, lanthanide series ions, chromium
(i), iron (11}, zinc (11) or copper (). Preferred adsorbents are clinoptilolite having
as exchangeable cations one or more of sodium, potassium, lithium, calcium,
magnesium, barium, étrontium, aluminum, scandium, galli'um, indium, yttrium,
lanthanum, cerium, praseodymium and neodymium ions. The most preferred
cations are sodium, lithium, calcium, magnesium, aluminum, cerium and lanthanum

and mixtures of these.



process of the invention can be used to purify any gas that is |ess
strongly adsorbed by clinoptilolite than carbon di oxi de and which contains

not nore than about 1000 parts per mllion (ppn) |evels of carbon dioxide
as an inmpurity. Typical of gases that can be purified by the process of the
I nvention are air, nitrogen, oxygen, argon, nethane, etc. The
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The carbon dioxide-concentration of gas streams purified by the process of
the invention is preferable not more than 600 ppm, and most preferably not more
than 350 ppm.

The process of the invention can comprise the single operation of carbon
dioxide adsorption, or it may comprise a combination of purification operétions,
including carbon dioxide adsorption and one or more of air separation, hydrogen
oxidation, carbon monoxide oxidation, etc. In a preferred procedure carbon dioxide
is removed from air by the above-described adsorption method and the purified air
is separated by cryogenic distillation into nitrogen, oxygen, argon or combinations

of two or more of these.

The carbon dioxide adsorption step with the clinoptilolite adsorbent can also
be used to remove moisture from the gas stream, if present. In a preferred
embodiment, moisture is removed prior to carbon dioxide adsorption by, for

- example, passing the gas stream through a desiccant, preferably alumina, silica

gel or mixtures of these.

DETAILED DESCRIPTION OF THE INVENTION
The process of the invention is particularly useful for removing carbon

dioxide at low concentrations i.e. parts per million (ppm) levels, from gas streams



is a+'TSA process. The carbon di oxi de concentration of gas streans
purified by the process of the invention is preferable not nore than 600
ppm and nost preferably not nore than 350 ppm The process of the
i nvention can conprise the single operation of carbon dioxide adsorption,
or it may conprise a conbination of purification operations, including
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The adsorbents useful in the process of the invention are the natural and

synthetic clinoptilolites and their chemically modified derivatives. Natural
clinoptilolite generally has as exchangeable cations one or more of potassium ions,
sodium ions, calcium ions and magnesium ions. Cation-exchanged natural or
synthetic clinoptilolite may also be used in the invention. Included among the ions
that may occupy exchangeable cation sites on the clinoptilolite adsorbent are.ions
of Groups |A, HIA, HIIA, IIIB of the periodic table, trivalent ions of the lanthanide
series of elements, zinc (ll) ion, copper (ll} ion, chromium (1li} ion, iron {lll} ion, the
ammonium ion, the hydronium ion or mixtures of two or more ions from any of
these categories. Preferred Group IA ions are sodium, potassium and lithium ions;
preferred Group lIA ions are magnesium, calcium, strontium and barium ions;
preferred Group I1A and IlIB ions are aluminum, scandium, gallium, indium and
yttrium; and preferred trivalent lanthanide ions are lanthanum, cerium,
praseodymium and neodymium. The most preferred clinoptilolites are the natural
and synthetic clinoptilolites having as exchangeable cations one or more ions

selected from: sodium, potassium, lithium, calcium, magnesium and barium ions.

The process of the invention may be carried out in a single adsorption vessel
or a battery of two or more beds arranged in parallel and adapted to be operated
in a cyclic process comprising adsorption and desorption. In such systems the
beds are cycled out of phase to assure a pseudo-continuous flow of purified gas

from the adsorption system.



R at tenperatures above about 20[err]C. Although the process can be
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used in the process. This feature makes the process advantageous for use in warm
weather climates where the temperature during the adsorption step is above about
20°C, or even above about 40°C. Although the- adsorption process can be carried
| out at temperatures up to about 80°C, it is preferable that the temperature not
exceed about 60°C and most preferable that it not exceed about 50°C.

The absolute pressures at which the ads'orption step is carried out generally
ranges from about 0.2 to about 20 bar, and preferably ranges from about 1 to
10 bar '

When the adsorption process is PSA the regeneration step is generally
carried out a temperature in the neighborhood of the temperature at which the
adsorption step is carried out and at an absolute pressure lower than the
adsorption pressure. The pressure during the regeneration step of PSA cycles is
usually in the range of about 200 to about 5000 millibar, and preferably in the 8
range of about 100 to about 2000 millibar. When the adsorption process is TSA,
bed regeneration is carried out at a temperature higher than the adsorption

temperature, usually in the range of about 50 to about 250° C, and preferably in



6 . The process of the invention is generally practiced as a cyclical
process, such as tenperature sw ng adsorption, pressure sw ng adsorption,
vacuum swi ng adsorption, or conbinations of these. The process is .
particularly useful for renoving small anpbunts of carbon dioxide fromair
by tenperature swi ng adsorption. The carbon di oxi de renoval process is
ideally coupled with an air separation/ process, such as cryogenic
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dsses through the bed of adsorbent carbon dioxide is adsorbed and a substantially
carbon dioxide-free nonadsorbed product gas passes out of the adsorption vessel
through the nonadsorbed gas outlet. As the adsorption step proceeds, a carbon
dioxide front forms in the adsorbent bed and slowly moves toward the
nonadsorbed gas outlet end of the bed. When the adsorbed carbon dioxide front
traveling through the adsorption vessel(s) in which the adsorption step is being
carried out rea-ches the desired point in the vessel(s), the adsorption process in
these vessel(s) is terminated and these vessel(s) enter the regeneration mode.
During regeneration, the carbon dioxide-loaded vessels are depressurized, if the
adsorption cycle is pressure swing adsorption; heated, if a temperature swing
adsorption cycle is employed; or both depressurized and heated, if a combination

pressure swing-temperature swing process is used.

The method of regeneration of the adsorption beds depends upon the type
of adsorption process employed. ' In the case of pressure swing adsorption, the
regeneration phase generally includes a countercurrent depressurization step during
which the beds are vented countercurrently until they attain the desired lower
pressure. If desired the pressure in the beds may be reduced to subatmospheric

pressure by means of a vacuum inducing device, such as a vacuum pump.

In some cases, in addition to the countercurrent depressurization step(s), it

may be desirable to countercurrently purge the bed with the nonadsorbed product



carrired out a tenperature in the nei ghborhood of the tenperature at which
the adsorption step is carried out and at an absol ute pressure |ower than

t he adsorption pressure. The pressure during the regeneration step of PSA
cycles is usually in the range of about 200 to about 5000 mllibar, and
preferably in the 8 range of about 100 to about 2000 mllibar. When the
adsorption process is TSA, bed regenergtion is carried out at a tenperature
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process in these vessel(s) is termnated and these vessel (s) enter the
regener at i daprassurize the adsorption bed in multiple steps, with the first depressurization
product being used to partially pressurize another bed in the adsorption system.
This will further reduce the amount of gaseous impurities in the nonadsorbed

product gas.

According to a preferred embodiment of the invention, a gas stream, such
as air, is introduced into an adsorption vessel containing a clinoptilolite of the type -
described above. The gas stream may be at a temperature as low as -50°C, or
less, or as high as 80°C. Provided that the concentration of carbon dioxide in the
gas stream is not significantly greater than about 1000 ppm, substantially all of
the carbon dioxide will be removed from the gas stream, and the substantially
carbon dioxide-free product gas will issue from the nonadsorbed product gas outlet
of the adsorption vessel. When the carbon dioxide adsorption front reaches a
predetermined point in the adsorption vessel, usually near the nonadsorbed product
gas outlet, the adsorption process in the vessel is terminated, and the adsorbent
bed contained in the vessel is regenerated in one of the methods described above.
If the a'dsofption plant is a multiple bed system, adsorption will immediately begin
in a second bed, so that the continuity of the purification process will not be
interrupted. The prepurified gas can be subjected to further processing. For

example, in cryogenic air separation operations, the prepurified air is sent to a



Duri.ng regeneration, the carbon dioxide-|oaded vessels are depressurized,
if the adsorption cycle is pressure swing adsorption; heated, if a
tenperature swi ng adsorption cycle is enployed; or both depressurized and
heated, if a conbination pressure swi ng-tenperature swi ng process is used.
The net hod of regeneration of the adsorption beds depends upon the type of
adsorption process enployed. In the cage of pressure sw ng adsorption, the
regenerati on phase generally includes a countercurrent depressurization
step duri eyyegenic distillation (ar adsenption) planttfer nactienationintd one tosymare high
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that is inf NS phase, when the adsorption system conprises

mul tiple adsorbers arranged in parallel and operated out of phase.

The invention is further illustrated by the following example in which, unless

otherwise indicated, parts, percentages and ratios are on a volume basis.

EXAMPLE 1

Equilibrium adsorption isotherms for carbon dioxide were measured using a
Cahn _microbalance at a series of pressures in the range of 2 to 300 mbar at
temperatures of 5°C, 35°C and 50°C for a conventional sodium X zeolite (NaX)
having silicon-td-aluminum atomic ratio of 1.25, and for an Indonesian natural
clinoptilolite which was first beneficiated by washing with hot water, and then
extensively ion-exchanged with calcium chloride solution of 80°C. Chemical
analysis of the clinoptilolite sample {(Indonesian natural clinoptilolite} showed its
weight percentage composition to be: 64.7% SiO,; 13.8% ALO;: 3.9% CaO;
2.5% K,0; 1.0% Fe,0,; 0.8% MgO; 0.26% TiO,; 0.23% Na,0; and 0.01% MnO.
Each sample of adsorbent {about 60 mg) was activated by being evacuated at
350°C for 1.5 hours in situ in the Cahn microbalance before the first run and
between the isotherms taken at each temperature. Each test was conducted until
equilibrium was achieved, which required up to 3 hours for the lowest partial
pressures of carbon dioxide. The results of the experiments are recorded in the

table.
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Ca Clino. 50 0.64 0.1 }1.07 1.34 | 1.48
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' calcium clinoptilolite

——

From the table it is clear that at moderately high CO, partial pressures (e.g.

300 mbar) the calcium clinoptilolite used in this example has a much lower CO,

capacity than does conventional sodium X adsorbent. The unexpected nature of

this invention is exemplified in the results obtained at less than or equal to 5 mbar

of CO,, which is typical of air at a pressure of about 15 atmospheres, and at a

temperature greater than 20°C. The capacities of tl’_\e adsorbents of this invention

are more than 20% greater, and in some cases more than twice. those of the

conventional type X adsorbent under the same conditions.

Although the invention has been described with particular reference to

specific equipment arrangements, to specific adsorption cycles, and to specific

experiments, these features are merely exemplary of the invention and variations

are contemplated. For example, the adsorption cycle may include more than two

bed equalization steps,'and-the purge step and/or the nonadsorbed product backfill

step may be included or eliminated, as desired. Furthermore, the duration of the



puri,ty gases. If desired, a waste gas streamfromthe air separation plant
can be recycled to the prepurification plant for use a purge gas during bed
regenerati on. It will be appreciated that it is within the scope of
the present invention to utilize conventional equipnment to nonitor and .
automatically regulate the flow of gases within the systemso that it can

be fully automated to run continuouslyllin an efficient nmanner. The
invention is further illustrated by the follow n exanpl& in which, unless
ot her wi se iNAyid4Alstepp and the opeesling condiipns ey e varied: ol hgsaree Risthe

EXAMPLE 1 inventionég H‘ii{édjﬁhw;kgqﬁgrﬂ?%&{h bEid'EhFENdeY clafthBon di oxide vere

measured using a n'mcro nce at a series of pressures in the range of
2 to 300 nbar at tenperatures of 5[err]C, 35[err]C and 50[err]C for a
conventional sodium X zeolite (NaX) having silicon-to-alumnumatomc ratio
of 1.25, and for an Indonesian natural clinoptilolite which was first
beneficiated by washing with hot water, and then extensively ion-exchanged
with calciumchloride solution of 80[err]C. Chem cal analysis of the
clinoptilolite sanple (Indonesian natural clinoptilolite) showed its weight
percentage conposition to be: 64.7% SiJerr]; 13.8%[err]; 3.9% CaQ 2.5%
K20; 1.0% Fe203; 0.8% MgO 0.26% TiJerr]; 0.23% Na[err]G and 0.01 % WMnhO.
Each sanpl e of adsorbent (about 60 ng) was activated by being evacuated at
350[err]C for 1.5 hours in situ in the Cahn m crobal ance before the first
run and between the isotherns taken at each tenperature. Each test was
conducted until equilibriumwas achi eved, which required up to 3 hours for
the | owest partial pressures of carbon dioxide. The results of the
experinments are recorded in the table.



1Q .- Pressure., nbar 2 5 10 50 100 300
Adsor bent Tenp., [erTH€—E€ar bon Di oxi de Uptake, mmol/gm of adsor bent NaX

5 1. 3.53 4.11 4.79 Ca dino.[err] 5 ;
1.13 mﬂm m&m@”ﬂ' ’Diusg 2.04 2.18  NaX 35 0. 45
0.87 1.26 ¢ . S Wikl 3 73 Ca d i no. 35 0.81 1. 04
1.17 1.47 1.65 1.93 NaX 12 50 0. 25 0.55 0.87
1.83 2.27 3.14 Ca dino. 50 0. 64 0.91 1.07 1.34 .
1.48 1.76 calciumclinoptilolite Fromthe table it is clear

that at nodgrately, high CJerr] partial pressures (e.g. 300 nmbar) the

cal ciumcl i ti‘f"é‘?’[’%du'ggj in this exanple has a nuch | ower CJerr]

capacity than does conventional sodium X adsorbent. The unexpected nature

of this invention is exenplified in the results obtained at |ess than or

equal to 5 irbar Afmetad of relricMing €atlyqn didxidé feom sapas streams WRichf comeitis 1

5 at nospheres arHi at, a . . .. . . . ]
carbon dioxide as an impurity, comprising subjecting said gas stream to adsorption

using clinoptilolite at a temperature in the range of about -20 to about 80°C.

2. The method of claim 1, wherein the adsorption is part of a process selected
from temperature swing adsorption, pressure swing adsorption, vacuum swing

adsorption and combinations of these.

3. The method of claim 2, wherein said adsorbent is clinoptilolite whose
exchangeable cations are selected from ions of Group 1A, Group 2A, Group 3A,

Group 3B, the lanthanide series and mixtures of these.

4. The method of claim 2, wheréin_ said adsorption step is carried out at a
temperature in the range of about 20 to about 80°C.

5. The method of any one of claims 1, 2 or 4, wherein said adsorbent is
selected from natural clihoptilolite, synthetic clinoptilolite, sodium-exchanged
clinoptilolite, potassium-exchanged clinoptilolite, lithium-exchanged clinoptilolite,
calcium-exchanged clinoptilolite magnesium-exchanged clinoptilolite, barium-

exchanged clinoptilolite, and mixtures of these.

6. The method of any one of claims '1, 2 or 4, wherein the concentration of

carbon dioxide in said gas stream is not greater than about 1000 ppm.

7. The method of any one of claims 1, 2 or 4, wherein said gas stream is

oxygen, nitrogen, argon or mixtures of these.



tenperature greater than 20[err]C. The capacities of the adsorbents of this
invention are nore than 20% greater, and in some cases nore than tw ce

t hose of ype X adsorbent under the sane conditions.

Al t hough mmnﬂmm““ﬂm ltbeen described with particular reference to
speci fic edui preht 'arrfandenents, to specific adsorption cycles, and to
specific experiments, these features arg merely exenplary of the invention
and variations are contenpl ated. For exanple, the adsorption cycle may

i ncl ude nor8. t hafhe woetreat! efuzlhiraal,i wherempﬂ)e adslonphu@npmeg:eottsam @mkte:srs ishe

nonadsor bed product backfill ste be incl,uded eI|
desi r ed. Fu?gﬁ'(? i teat ?ﬁ@”lﬂ?t’%wrgrﬂ“(}%etrﬁﬂge of a °”t%q T’ﬂjP éﬁ gl'eps and

the operating conditions may be varied. The scope of the i nvent i on | S
limted only by the breadth of the appended cl ai ns.
12 9. The method of claim 8, wherein said gas stream is air.

10. The method of claim 7, additiénally comprising, prior to removing carbon
dioxide from said gas stream, removing water vapor from the gas stream by
passing the gas stream through an adsorbent selected from alumina, silica gel, and

mixtures of these.

11. A method of separating air comprising the steps:

(a)  prepurifying air by subjecting the air to a temperature swing
adsorption process using clinoptilolite as adsorbent, thereby adsorbing carbon
dioxide from the air; and _

(b) subjecting'the brepurified air to cryogenic distillation, thereby
producing high purity nitrogen, high purity oxygen or both of these.

12.  The method of claim 11, wherein said adsorbent additionally adsorbs water

vapor from said air.

- 13. The method of claim 11, additionally comprising, prior to step (a), the step
of removing water vapor from the air by passing the air through an adsorbent

selected from alumina, silica gel and mixtures of these.

-14. The method of claim 11, wherein the adsorption phase of step (a) is carried

~out at a temperature in the range of about 20 to about 80°C.

15. The method of claim 11, wherein the concentration of carbon dioxide in said

air is not greater than about 500 ppm.



What:is cl wt hod of renoving carbon dioxide froma gas
Stream whi c nt ai ns carbon di oxi de as an inpurity, conprising subjecting
sai d gas staﬂ ”jmmw using clinoptilolite at a tenperature in the
range of ab JH'EO[err] C. 2. The nethod of claim1, wherein
t he adsorption |s par of a process sel ected fromtenperature swng
adsorption, pressure sw ng adsorption,t4acuum swi ng adsorption and

combi nati ons of these. 3. _ The net hod of claim2, wherein said adsorbent
is clinoptiboli Thewhettodwntictaiged| @vherteimsaidaadscs'ébétﬁsedetbcmd frons natural

G oup 1A, 3A,, Gou e | ant hani de,seri es,  and xtures
of “these.  clobtiahite, fHHuf-grehanga elindatliBenc s A ICsRROPS A SPRHOIRS an
carried Ouhlﬁfu 8sl#fResgt ure in the range of about 20 to about 80[err]C.

5. The net cf of any one of clains 1, 2 or 4, wherein said adsorbent is
sel ected from nat ural cI | nopt| lolite, synt het| c cli nopt| lolite,

sodi um exchangeq, clin IIIe OtaSSI.u han |not|IoI|te
lithium exgﬁanggae(ﬂ’? ? g?l’?é é"éh%’eﬂnﬁ ﬁ 8”(9 ;ﬁqtﬁl’l(?)e's carried

Tagnesi um B¢ bR B0 SdraRRR!in! thel fehge R At %qaadmﬁ gdegoptilolite, and
m xtures of these any one of claims 1, 2 or 4,
wherein the concentration of carbon dioxide in said -gas stream IS not
greater than about 1000 ppm 7. The net hod of any one of clainms 1, 2 or
4, wherein said gas streamis oxygen, nitrogen, argon or mxtures.of these.



13 & The nethod of claim7, wherein the adsorption step of said process

i's car thu}e in the'range of about 30 to about 60[err]C.

9. Theﬂnﬂhb@ﬁaﬁee m 8, wherein said gas streamis a| r. 10. The -
met hod of i’"ldonal l'y conprising, prior to oy Rg-earben

di oxi de f ﬁg’ﬂl’ ream renoving water vapor fr WéE aHA&tBEEHr by
passing t through an adsofgbent sel ect ed f r omREPLASEDR, silfi ca
gel, and m xtures of these. A met hod of separating arr conpristng
t he steps: (a) prepurlfylng air by subjecting the air to a
tenperature swi ng adsorption process using clinoptilolite as adsorbent,

t her eby adsorbing carbon dioxide fromthe air; and - (b) subjecting

the prepurified air to cryogenic distillation, thereby producing high
purity nitrogen, high purity oxygen or both of t hese. 12. The net hod of
claim1 1, wherein said adsorbent additionally adsorbs water vapor from

said air. ABSTRACT OF THE DISCLOSURE

Carbon dioxide is removed from a gas stream by passing the gas stream
through a bed of natural or synthetic clinoptilolite or their chémically-modified
derivatives. The process is particularly advantageous when applied to the removal

of ppm levels of carbon dioxide from gas streams at temperatures above 20°C.



#0

~tHe step of renobving water vapor fromthe air by passing REFEA@

18. The method ofs claim1 1, additionally comprising, prior—te—step—ta]
E}mm”sﬁﬁm- .

adsorbent selected fromalumina, silica gel and m xtureg t11es5E. -
The nmethod of claim1 1, wherein the adsorption phase off 4t (@% ,x;;g,
carried out at a tenperature in the range of about 20 td ebou? Eerr]C
1 5. The method of claim31 1, whereinsthe concentration dfcarbep—eoextd

in said air is not greater than about 500 ppm _
14 16. The.nmethod of claim 11, wherein said adsorbent -s—-seteTted 1T om
natural clinoptilolite, lithiumexchanged cllnoptllollte cal ci um exchanged
clinoptilolite and m xtures of these. fL.oClaim1l6,

wherein the adsorption p o gﬁa tenperature in
t he range of about 30 to about 60[err]C

ABSTRACT OF THE DISCLOSURE |

Carbon dioxide is removed from a gas stream by passing the gas stream
through a bed of natural or synthetic clinoptilolite or their chemically-modified
derivatives. The process is particularly advantageous when applied to the removal

of ppm levels of carbon dioxide from gas streams at temperatures above 20°C.



