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PROCESS FOR GAS PURI FI CATI ON CROSS REFERENCE TO
RELATED APPLI CATI ONS [0001] This application clains
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OF THE I NVENTI ON [ 0002] This invention
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froma carbon nonoxi de stream by adsorption at
cryogeni c tenperatures. [0003] Carbon nonoxide (CO is
a maj or building block for the chem cal industry.
Besi des use as an internediate in the production of
acetic aciCROSORAFERENGE HARELABEBAPPLIGARHINS t o
nane a few, COis also a key raw material in the
producti on of phosgene. Phosgene is a key internediate
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phosgene, a CH4 concentration in the CO of nore than
100 ppmis detrimental to the overall process froma
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em ssions. Current industry/custoner purity
requirenents are for a methane concentration around
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[0003] Carbon monoxide (CO) is a major building block for the chemical
industry. Besides use as an intermediate in the production of acetic acid,
formic acid, and dimethyl formamide to name a few, CO is also a key raw
material in the production of phosgene. Phosgene is a key intermediate in
many chemical industries, namely polycarbonates, polyurethanes, agricultural
chemicals and fine chemicals (pharmaceutical). During the production of
phosgene, a CH,4 concentration in the CO of more than 100 ppm is
detrimental to the overall process from a standpoint of purity, recovery and
environmental emissions. Current industry/customer purity requirements are

for a methane concentration around 20 ppm or less.

[0004] The production of carbon monoxide involves conventional
techniques such as steam methane reforming, partial oxidation of
hydrocarbons, methanol cracking, and CO; reforming. In the steam reforming
process, hydrocarbons such as methane are converted to syngas, a mixture
of carbon monoxide, carbon dioxide, hydrogen and water, through the
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of carbon nonoxi de, carbon di oxi de, hydrogen and
water, through the 1T EETETEETEEETEEEEEErrErererentl
*000002* 2 reaction of hydrocarbons with steam In
the partial oxidation step, hydrocarbons are reacted
wi th oxygen to give syngas, a mxture of carbon
nmonoxi de, hydrogen, carbon di oxi de and water. The
product fromboth steam refofym ng and partia

oxi dati on steps, as well as the other nethods, can

t | i t h t
Ao RO b MR teA Jn JHE Rtk BRRBEOR S8R
g?bﬁﬁdr@éné’\@#&@acféﬂjwﬁﬁ PGB0 GivE @yﬁé émé Gre of carbon

hane, etc in the product froms ane
mwmﬁlmgwydrogefe cpshan dioxidexanthwatsn. érthegsrodaot framdmoth steam
between 0.1 t9. 5. 0..mpl % . In order to
FebHRed RydieT of@leg Higr. 86 Wl A sk S, can
Rohtdin aatitioRabihiFities Sugh asaifré8cteB $8dRd"PBons and unreacted
tenperat ure SW nmdsor ption, vacuum sw ng

A¥GRDt AT moleguarveight Bydr@{ag@@gﬁ, guch as methane,

B, AL %F: floBlct b uaah fdRank el 6l Ptia

@dmmlswpspuam fange betweshep] todtEmol%. Iheimeeld) itolatd the
? a tenperature sw ng adsorption step. The dry. gas
i‘ié BN theoPXngas: e evgsasrstigas Paeergwerv(@élapswgﬂcatlon steps

QRGO TomBRRALle S ddsB Ry abuftiwing .

adsorgiient merhiglangeeipayatioar toeryogeniz idistillagompyinduderdto achieve
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conpressed before it can be sent to the end user's

process. Due to the conplexity of vacuum sw ng
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mixture containing carbon dioxide, hydrocarbons, hydrogen and carbon
monoxide is then sent to an adsorbent bed containing a carbon monoxide
selective adsorbent. High purity carbon monoxide is produced during
evacuation of the adsorbent beds. Since carbon monoxide comes out at low
pressure, it needs to be compressed before it can be sent to the end user's
process. Due to the complexity of vacuum swing adsorption process and
compression needs after the process, this approach can become quite
expensive, particularly when the amount of carbon monoxide produced is
small.

[0006] For the final purification using cryogenic distillation, the gas mixture
exiting the steam methane reforming or the partial oxidation step is purified in
a temperature swing adsorption step or amine wash column wherein both
water and carbon dioxide are removed. The gas mixture is then cooled to
cryogenic temperatures and impurities such as hydrocarbons, hydrogen and

nitrogen are removed in a series of cryogenic distillation columns. Such



expensi ve, particularly when the anpbunt of carbon
nmonoxi de produced is small. [0006] For the fina
purification using cryogenic distillation, the gas

m xture exiting the steam nethane reform ng or the
partial oxidation step is purified in a tenperature
sSW ng adsorption step or am ne wash col um wherein
both water and carbon dioxidg are removed. The gas
m xture is then cooled to cryogenic tenperatures and
i mpurities such as hydrocarbons dr ogen and
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devel op inexpensive and efficient processes for the
renoval of hydrocarbons from carbon nonoxi de streans.
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containing low levels of hydrocarbons, continuous efforts are being made to

- develop inexpensive and efficient processes for the removal of hydrocarbons
from carbon monoxide streams. The present invention provides such a
process.

SUMMARY OF THE INVENTION

[0009]  High purity carbon monoxide, i.e., carbon monoxide containing no
more than about 100 ppm by volume of hydrocarbons, is produced by
subjecting a carbon monoxide stream containing hydrocarbon impurities to
cryogenic temperature swing adsorption (TSA). The adsorption is generally
carried out in the gaseous phase at temperatures between the dew point of
the carbon monoxide-hydrocarbon mixture at the pressure prevailing in the
adsorption vessel and about -75° C. Operating pressures are in the range of
about 1.0 to 40.0 atmospheres, absolute. In preferred embodiments the
adsorption is carried out at temperatures in the range of about -175°

to -125°C.



[ 0009] High purity carbon nonoxide, i.e., carbon
nonoxi de containing no nore than about 100 ppm by

vol une of hydrocarbons, is produced by subjecting a
car bon nonoxi de stream cont ai ni ng hydrocar bon _
impurities to cryogenic tenperature sw ng adsorption
(TSA). The adsorption is generally carried out in the
gaseous phase at tenperatures,between the dew point of
t he carbon nonoxi de- hydrocarbon m xture at the
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[ 0010] The hydrocarbons that are preferably renoved
fromthe carbon nonoxide-containing gas stream are
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sel ect egwfrom activated carbon, nodified activated
cpélb%SHC @ pillared clays. [0012] The adsorption is
preferably carried out in a battery of two or nore
adsorption beds arranged in parallel and operated out
dPOd2hseThe @dshentioatis prefesably narrieddbiitsn artsttegp bhtwo or more

HRBF A B b En RPN SaraliS aun%dgpgegrg{ergigout of phase, so that at
least one bed is undergoing adsorption while another is undergoing
regeneration. The process of the invention is effective for the removal of up
to about 5% total by volume of one or more hydrocarbons from the carbon
monoxide product stream.

[0013]  Upon completion of the adsorption step, flow of the feed gas
through the adsorption bed is terminated and the bed is regenerated by
passing a warm hydrocarbon-free purge gés therethrough. The purge gas
preferably is at a temperature of about —20° to 250° C. The preferred purge
gas is gaseous N with the high purity carbon monoxide being produced
during the adsorption step being used as a final purge gas.

[0014] In a different embodiment of the invention, a carbon
monoxide-containing stream is produced by either a reforming process or a
partial oxidation process. This stream is successively purified in gas

separation membrane units, and a further process unit which is selected from



regeneration. The process of the invention is

effective for the renoval of up to about 5% total by

vol une of one or nore hydrocarbons fromthe carbon
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stream which is then compressed and sent to additional, optional units for the
removal of oxygen, hydrogen and carbon dioxide impurities and finally to a
cryogenic adsorption unit for the removal of hydrocarbon impurities.

[0016] In yet another embodiment of the present invention, a stream
containing carbon monoxide is purified in a temperature swing adsorption unit
to remove water and carbon dioxide impurities. Hydrocarbon impurities are
removed in a cryogenic adsorption unit either before or after a cryogenic

distillation system which is used to remove light impurities such as hydrogen
and nitrogen.

[0017]  The apparatus aspects of the invention comprise a cryogenic
temperature swing adsorption system either alone or in combination with a
membrane separation unit, a DeOxo/methanizer unit and a carbon dioxide

adsorption unit. Other apparatus embodiments include cryogenic adsorption



[0015] In a further enbodi ment of the present

i nvention, a stream containing carbon nonoxide is
purified in a tenperature swi ng adsorption unit and a
vacuum swi ng adsorption unit to produce a carbon
nonoxi de-rich streamwhich is then conpressed and
sent to additional, optional units for the renoval of
oxygen, hydrogen and carbon dioxide inpurities and
finally to a cryogenic adsorption unit for the
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BRIEF DESCRIPTION OF THE DRAWINGS
[0020] The invention is illustrated in the drawings, in which:

[0021] FIG. 1 depicts a cryogenic adsorption system for recovering
substantially pure carbon monoxide from a carbon monoxide feed stream in
accordance with the principle of the invention;

[0022] FIG. 2 illustrates a first embodiment of a system in accordance
with the invention for producing high purity carbon monoxide showing
membrane purification followed by cryogenic adsorption;

[0023] FIG. 3 illustrates a second embodiment of a system in accordance
with the invention for producing high purity carbon monoxide showing carbon
monoxide VSA followed by cryogenic adsorption; and



pillared clays, carbon nol ecul ar sieve,
clinoptilolites and nodified clinoptilolites, smal
pore nordenites and mi xtures thereof, and in preferred
enbodi nents, an adsorbent selected from activated
carbon, nodified activated carbon and pillared clays.
BRI EF DESCRI PTI ON OF THE DRAW NGS [0020] The
invention is illustrated in the drawi ngs, in which:
[0021] FIG | depicts a cryogenic adsorption system
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purity carbon nonoxi de show ng nenbrane purification
foll owed by cryogenic adsorption; [0023] FIG 3
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cordance, with the invention for producing high
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accordance wth the invention for producing high

purity carbon nonoxi de show ng cryogenic adsorption
either before or after cryogenic distillation. [0025]
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throughout the several views. Auxiliary va ves l'i nes
and equi pment not necessary for an understanding of
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npurities i s passed through a bed of a ent
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temperatures, thereby removing substantial quantities of the hydrocarbons
from the gas stream. The adsorption process operates on a temperature
swing adsorption (TSA) cycle. This aspect of the invention can be carried out
in the apparatus illustrated in FIG. 1. The adsorption system 30, illustrated in
FIG. 1 is depicted as comprising two parallel arranged beds; however, the
invention is not limited to a two-bed system. A single bed adsorption system
can be used, or the system can comprise more than two parallel-arranged
adsorption beds. The number of adsorption beds in the system is not critical
to the operation of the invention. In the two bed system illustrated in the
drawings, one bed is in the adsorption mode while the other bed is in the
regeneration mode.

[0027] Adsorbers A and B are identical and each is packed with a bed of
particulate adsorbent which adsorbs hydrocarbons in preference to carbon
monoxide. Adsorbers A and B include adsorbents selected from activated
carbon and modified activated carbon, pillared clays, carbon molecular sieve,

clinoptilolites and modified clinoptilolites, small pore mordenites and mixtures



hydrocarbons fromthe carbon nonoxide-enriched gas
stream at cryogenic tenperatures, thereby renoving
substantial quantities of the hydrocarbons fromthe
gas stream The adsorption process operates on a
tenperature sw ng adsorption (TSA) cycle. This aspect
of the invention can be carried out in the apparatus
illustrated in FIG 1. The adgorption system 30,
illustrated in FIG 1 is depicted as conprising two
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adso@@r 20 hadcbcaﬁ)mmaneqbreférenﬁélmds‘ormd tHdreflomariaan
hydrocarbon-depleted carbon monoxide stream, now usually containing no
more than about 100 ppm by volume of hydrocarbons, passes through
valve 20 and leaves the adsorption system through line 24. In the
embodiment illustrated in FIG. 1, the purified carbon monoxide is sent to
unit 26 which represents user equipment, a storage tank or a downstream
process wherein carbon monoxide can be reacted further with other

chemicals.

[0030] While high purity carbon monoxide is being produced in

adsorber A, the bed of adsorbent in adsorber B is being regenerated. During
regeneration, a warm purge gas is introduced into adsorber B through line 18
and open valve 16. Initial bed heating can be accomplished with a dry gas
such as argon, carbon monoxide or nitrogen. It is preferred to use high purity
carbon monoxide as the final purge gas to avoid contaminating the adsorption
beds. The preferred regeneration direction is countercurrent to adsorption



nonoxi de product gas from adsorbers A and B
respectively. [0029] The operation of the adsorption
systemw || first be described with bed Ain the
adsorption node and bed B in the regeneration node. In
this half of the cycle, valves 8, 10, 16 and 20 are
open and valves 6, 12, 14 and 22 are closed. Feed gas
enters the adsorption systemghrough |ine 2, passes

t hrough val ve 10 and enters adsorber A As t he gas
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the systemthrough |line 24 can be used as the
%iér alPHERg Hhe secqukhaf of the adaogetiareydie adsopbérdd is put

er é%% %ﬁbn J%elce ELH&elnﬁ%dssoP@écfsf % feeREMe 8 Dulbing this

esorbi ng and sSweepli
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are closed. Feed gas now enters the adsorption system through line 2 and
passes through adsorber B through valves 12 and 22 and line 24.
Meanwhile, the bed in adsorber A is being regenerated. During regeneration
of the bed in adsorber A, the warm purge gas passes through the adsorber A
via line 18, valve 14, valve 6 and line 4. When the adsorption front in the bed
in adsorber B reaches the predetermined point in this bed, the second half of
the cycle is terminated, and the cycle is repeated.

TABLE |
Typical Cycle Sequence for the Cryogenic TSA Process of the Invention

- Step Time, Hr.

Pressurize Bed A, purify using Bed B 0.5



hydr ocar bons therefrom The desorbed hydrocarbons are
renmoved fromthe systemthrough open valve 8 and |ine
4. This gas nay be conpletely vented to the

at nosphere, used as a fuel or a part of it can be
reintroduced into the systemto recover the carbon
nmonoxi de used as purge gas. [0031] During the course
of the adsorption step, the adgsorbed gas front in
adsorber A progresses toward the outlet end of this
unit. When the front reaches a predeterm ned point in
the bed, the first half of the cycle is termnated
aRdrifyhesing BeadA hedrft Bezl BegatmobSistd] Duripg the second
hal f of the adsorption cycle, adsorber Bis put into
adsorption service and the bed in adsorber Ais

I PAERAL r j -Of e cyc val ves 6,
12, 14 ﬁ*n‘%gfé’q’é'r“gﬁgsé’?‘%ﬁ&g%w@sw UETY 49 wad'5o
aPdrgel @?ed. Feed gas now enters the adsorption system
through Iine 2 and passes through adsorber B through
val ves 12 and 22 and line 24. Meanwhile, the bed in
adarfyh&ling\Bed A& I r neration
of the bé@ in agggggggQﬁﬁ&pﬁ%ﬁﬂ ?ﬁ#ﬁ%#ge Eg passes

t hrough the adsorber A via line 18, valve 14, valve 6

' . dhe adsorption front in the bed in
Zﬁ%g'rsggge éep\ggﬂg&yﬁﬁ@gﬁ%ﬁét erm ned poi M-Sin this
bed, the second half of the cycle is term nated, and
the.cycle | s repeated. TABLE | Typical Cycle Sequence
fo‘rmft)c'ﬁ@'r@b%@@uiV@nﬁ'gAdlﬂ&@tﬁ@Sﬂherme | nveh6i on  Step
Time, H. Pressurize Bed A purify using Bed B 0.5 10
Purify using Bed A, vent Bed B to atnosphere 0.5

FrRutrify yising Bed B dedeneratgeBed A WitPofrR Wi t g gar m 8. 0
purge gas

Purify using Bed B, cool Bed A with cold purge gas 15.0

Total 48.0 hr

[0033] The feed to adsorbers A‘and B is typically at a temperature
between the dew point of carbon monoxide at the prevailing pressure and
about -75° C, and preferably at a temperature in the range of about -175°
and -125° C. While the feed to the adsorbers will typically be at its dew point
or warmer in some cases the feed can contain small amounts (up to 10%) of
liquid to overcome the heat losses and heat of adsorption. The prevailing
pressure in adsorbers A and B during the adsorption step is generally in the
range of about 1.0 to 40.0 atmospheres, absolute. The rate of flow of the
regeneration gas through the system is typically between 5 and 15% of the
feed flow rate. The regeneration gas temperature is in the range of

about -20° and 250° C. The concentration of hydrocarbon impurities in the

feed gas is between 100 ppm and 5%. Prior to the initial start of carbon



purge gas Purify using Bed A cool Bed Bwth cold
purge gas 15.0 Pressurize Bed B, purify using Bed A
0.5 Purify using Bed B, vent Bed A to atnosphere 0.5
Purify using Bed B, regenerate Bed A with warm 8.0
purge gas Purify using Bed B, cool Bed Awth cold
purge gas 15.0 Total 48.0 hr [0033] The feed to
adsorbers A and B is typically at a tenperature
between t he dew point of carbon nonoxide at the
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sses and heat of adsorption. The
&%g&é?{%r%verb‘neg%mpi in adsorbers A and B during the
adsorptl on step is generally in the range of about
to 40.0 at rmspheres, absolute. The rate of flow of
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stream exiting the compressor unit 36 enters a first membrane separation
unit 38 wherein almost all the water and majority of hydrogen and carbon
dioxide and some oxygen are removed in the permeate stream 40.

Stream 40 can be recycled further upstream of the purification process in
order to reclaim chemical or fuel value for its components. Stream exiting
membrane unit 38 is sent to a second membrane unit 42 wherein more
hydrogen and carbon dioxide and some oxygen is removed. The permeate
stream exiting the second membrane unit, stream 44, is recycled to

compressor 36 to maximize carbon monoxide recovery.

[0035] Membrane units 38 and 42 include conventional gas separation
membranes made from polymers such as polysuifones, polycarbonates,
polyimides, cellulose acetates and their modified forms. These membranes
are more permeable to gases such as hydrogen, water, carbon dioxide and
oxygen in comparison to carbon monoxide.

[0036] The carbon monoxide-enriched stream exiting membrane unit 42 is
heated in a heater 46 to temperatures between 100 and 400° C and sent to a
DeOxo/methanizer unit 48. In unit 48 any remaining oxygen is removed by



[0034] In a different enbodi ment of the present
invention illustrated in FIG 2, a streamof carbon
nonoxi de 34 froma partial oxidation or a o
steam net hane reform ng process containing inpurities
such as hydrogen, carbon dioxide, water, oxygen and

I i ght hydrocarbons is purified in successive steps to
produce carbon nonoxi de contajyning |ow | evels of
hydrocarbons. If the strean134 is not at high enough
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remal ni ng oxygen
by coollng to close to ambient temperatures. Two or more beds are used for

close to continuous operation.

[0038]  The stream exiting unit 54 is cooled to cryogenic temperatures,
between —175° and -125° C, in heat exchanger 58 using liquid or gaseous
oxygen, nitrogen, argon, mixed hydrocarbons or mixtures thereof as
cryogens. The stream exiting unit 58 is purified in the cryogenic adsorption
unit 30 to produce high purity carbon monoxide stream 60 containing less
than 100 ppm total hydrocarbons. The operation of unit 30 has been
described earlier in connection with FIG. 1.

[0039] If a stream containing CO and H; is to be purified then membrane
units 38 and 42 can be omitted. Unit 48 will contain a catalyst only for
reaction of O, with CO or H, and unit 54 will contain adsorbents for both water
and carbon dioxide removal.



reaction with hydrogen or carbon nonoxi de over a noble
nmetal (platinum palladium rhodium or rutheniun) or
a base netal (nickel, copper) or copper/ mnganese

oxi de catal yst. Hydrogen is also renoved in unit 48 by
reacti on of hydrogen with either carbon nonoxi de or
carbon di oxide over a nethanation catalyst such as

ni ckel . The stream exiting unit 48 contains

hydr ocar bons such as net hane and et hane and carbon

yuL . . Cties. h I .
InpébhG AJulBer embpbinsnsst the brasert inventian is shown i FIG, 3.
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TESRIT yallich art] o hhoffasrSttn S 9 Debli€or other adsorbents
such as activated alumina and activated carbon. The adsorption is typically
carried out at temperatures between about 20 and 100° C and at pressures
between about 0.5 to 10 bara. High pressure product from unit 64 is removed
as stream 66 and contains hydrogen, carbon dioxide, hydrocarbons and
some carbon mohoxide. Carbon monoxide product 70 is obtained during
evacuation of the adsorbent beds using vacuum pump 68 at pressures
between 0.05 to 0.3 bara and may contain impurities such as hydrocarbons,
carbon dioxide and hydrogen at low levels. Recovery of carbon monoxide

from unit 64 increases as the impurity level in stream 70 increases.

[0042]  Carbon monoxide product stream 70 is typically at a pressure close
to atmospheric and is compressed using compressor 72 to pressures
between 5 and 20 bara. If needed, impurities such as hydrogen and carbon
dioxide from this stream can be removed by heating the gas mixture in
heater 46, removing hydrogen in unit 48, cooling the stream in unit 50 and
removing carbon dioxide in unit 54. Operation of these units has been



reaction of 02 with COor H2 and unit 54 wll contain
adsorbents for both water and carbon di oxi de renoval .
13 [0040] A further enbodi nent of the present
invention is shown in FIG 3. In FIG 3 the carbon
nonoxi de- cont ai ni ng gas stream 34 from a steam

nmet hane reformng unit or a partial' oxidation unit is
sent to a tenperature sw ngdsorption unit 62. Unit
62 renoves either water or both wat er and carbon
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64 contains one or nore beds wherein carbon nonoxide
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adsorption unit 30. This can be done to reduce the refrigeration load on
downstream cryogenic distillation system. It can also be done to delete

methane removal column from the system.

[0044] Carbon monoxide stream 80, with or without hydrocarbons, is sent
to a distillation column system 82 wherein an overhead product containing
light impurities such as hydrogen and nitrogen are removed as stream 84 and
a carbon monoxide stream 86 is produced as the bottoms product. If the
hydrocarbons have been previously removed in unit 30 prior to cryogenic
distillation unit 82 stream 86 is high purity carbon monoxide product and can
be sent to a downstream process or to storage. If the hydrocarbons have not
been removed prior to distillation stream 86 containing hydrocarbon impurities
is sent to a cryogenic adsorption unit 30 and the stream 60 exiting this unit is

the high purity carbon monoxide product.



fromunit 64 increases as the inpurity level in stream
70 i ncreases. [0042] Carbon nonoxi de product stream 70
is typically at a pressure close to atnospheric and

i s conpressed using conpressor 72 to pressures

between 5 and 20 bara. If needed, inpurities such as
hydr ogen and carbon dioxide fromthis stream can be
renoved by heating the gas ni&;ure in heater 46,
renmovi ng hydrogen in unit 48, “cooling the streamin

unit 50 and renoving carbon dioxide in unit 54.
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Undicafg®l.and hydrocarbons from this streamare renoved
in cryogenic adsorption unit 30 to produce a high
purity carbon nonoxi de stream 60. Operation of unit 30

t@ﬁagﬁq escribed earlier. [0043] A further
enbo |mr=.\En[j of the invention is shown in FIG 4. A

carbon nonoxi de-contai ni ng product stream 34 is
ressor 74 and the conpressed stream
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EXAMPLE Il

[0047] The column of Example | was used and the experiment was run at
a feed pressure of 50 psig. The rest of the conditions were same as in
Example I. Methane concentration in the bed outlet remained below 1 ppm

for a period of 340 minutes.
EXAMPLE 1

[0048] The vessel with an internal diameter of about 1” was filled with
about 250 grams of 6x8 mesh commercially available activated carbon. The
feed contained 1% methane in carbon monoxide and was sent to the bed at a
flow rate of 5 std liters/min at 50 psig and —173° C. Methane concentration at
the bed outlet was monitored and methane concentration of less than 1 ppm
was seen for a period of about 217 minutes.



[ 0044] Carbon nonoxi de stream 80, with or w thout

hydr ocarbons, is sent to a distillation colum system

82 wherein an overhead product containing |ight

i mpurities such as hydrogen and nitrogen are renoved

as stream 84 and a carbon nonoxide stream 86 is

produced as the bottons product. If the hydrocarbons

have been previously renoved %g unit 30 prior to

cryogenic distillation unit stream 86 i s high

purity carbon nonoxi de product and can be sent to a
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s used and the experinment was run at



a feed pressure of 50 psig. The rest of the conditions

were sane as in Exanple |I. Methane concentration in
the bed outlet renmined below 1 ppm for a period of
340 m nutes. EXAVPLE 111 [0048] The vessel with an

internal dianmeter of about 1" was filled with about
250 grans of 6x8 nesh commercially avail able activated
carbon. The feed contained ]! % et hane in carbon
monoxi de and was sent to the bed at a flowrate of 5
std liters/mn at 50 psig and -173 C. Methane
Havihthustdeseribed theninvestiomuvhattwevakaimuosti t or ed and

net hane concentration of less than 1 ppm was seen for
a period of about 217 mnutes. 16 [0049] These

exanpliemethddifarremevingampusities frof altafysh AraoRieR-containing
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include <catalytic partial oxidation, carbon dioxide
ref orm ng, nethanol cracking and other waste streans

o el B BB V5B Fynd B i et
\Wweedehtbe typical for a syngas feed. The scope of the

invention is limted only by the breadth of the
appended clainms. 17 Having thus described the

I3V entih AN oMY ad Blafth&d A LiSim 1 wherein said adsorbent material is

selected from the group consisting of activated carbon, modified activated
carbon, pillared clays, carbon molecular sieve, clinoptilolites, modified
clinoptilolites, small pore mordenites and mixtures thereof.

4. The method as claimed in claim 3 wherein said adsorbent is selected
from the group consisting of activated carbon, modified activated carbon and

pillared clays.
5. The method as claimed in claim 1 wherein said carbon monoxide gas
stream free of impurities is directed to an end user process, downstream

process or storage tank.

6. The method as claimed in claim 1 wherein the said carbon monoxide
stream is synthesis gas.

7. The method as claimed in claim 1 wherein said method is cyclic.



1. Anethod for renoving inpurities froma carbon
nonoxi de-containing gas stream by a tenperature sw ng
adsor ption process having an adsorption step and a
regeneration step, the adsorption step conprising
passing said gas streamthrough a bed containing an
adsorbent material selective for hydrocarbons,

t her eby produci ng a carbon nopoxi de gas stream free of
hydrocarbons. 2. The nmethod as clained in claiml

wherein two or nore beds are greser]t. 3. The net hod
& cl al hemathod paichimedtie claim 2 wherein snethad ismertarming
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carbon nol ecul ar sieve, clinoptilolites, nodified
clinoptilolites, small pore nordenites and m xtures

té‘ler egﬁ;e methr?fiaﬁ@[%%&dag c@in hwherein spid ragenaratios step uses
SRhenMARSRRHON cona®ii nthe group consisting

of ac?ﬁ@ated carbgn,Iﬁggggfggégglivated car bon and
pillared clays. 5. The nethod as clained in claim1l
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claimed in claiml wherein the said carbon nonoxi de

streamis synthesis gas. 7. The nethod as clained in

im ' ' t, s, cycli.c., 1 8. The
o nod e PR 8 BB e EREraiF e asmberallfe of he
rezrbon mor@xidedeerntpinirggas gtream i eBolib—RF5PQ to about -75°C.
regenerated. 9. The nethod as clained in claim1l

wherei n said regeneration step uses
12.  The method of claim 11 wherein the temperature of the carbon

monoxide stream is about —175°C to —125°C.

13.  The method as claimed in claim 1 wherein the pressure of said bed is
about 1.0 to about 40 bar absolute.

14.  The method as claimed in claim 10 wherein the temperature of said
regeneration gas is about —20°C to about 250°C.

15.  The method as claimed in claim 1 wherein said hydrocarbons are
present in said carbon monoxide containing gas stream in an amount of less

than about 5% by volume.

16. A method for removing impurities from a carbon monoxide containing
gas stream comprising passing said gas stream sequentially through a first
membrane separation unit, and a process unit selected from the group
consisting of a second membrane separation unit, a deoxo/methanizer unit, a
temperature swing adsorption unit, a cryogenic adsorption unit, and
combinations of these process units.



a non- hydrocarbon containing gas stream 10. The
method as clained in claim9 wherein the flow of said
regeneration gas is countercurrent. 11. The nethod as
claimed in claim1 wherein the tenperature of the
carbon nonoxi de containing gas streamis about - 175C
to about -75C. 12. The nethod of claim 11 wherein the
tenperature of the carbon noqpxide streamis about
-175C to -125C. 13. The nmethod as clainmed in claiml
wherein the pressure of said bed is about 1.0 to
about 40 bar absolute. 14. The nethod as clained in

cl@ai m Tife wiethed astdMmeanTRAnH 6 isd; eration
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method for renmoving inpurities froma carbon nonoxi de
cqnt aini n as stream conprising passing said gas
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adsorption unit, a cryogenic adsorption unit, and
conbi nations of these process units. 19 17. The

gk, hod s metidd'BE ciaimed 3h Rlahf 1‘@\%?@% §§iidgcaq‘}6{u§ﬁ$onoxide

monoxi de-contai ning gas streamis froma
SRNERRINGrgas Yeass ineompressedprive td pagsing tiwolighGaid first

%%Bf%peur%e?%ﬂgﬁgﬁh'md as claimed in claim 16 wherein

20.  The method as claimed in claim 16 wherein said first membrane

separation unit removes hydrogen, carbon dioxide, water and oxygen from
said carbon monoxide-containing gas stream.

21.  The method as claimed in claim 16 wherein said second membrane
unit removes hydrogen, carbon dioxide and oxygen from said carbon
monoxide-containing gas stream.

22.  The method as claimed in claim 16 wherein said carbon

monoxide-containing gas stream is compressed after leaving said second
membrane separation unit.

23. The method as claimed in claim 16 wherein said first membrane
separation unit and said second membrane separation unit are made of
materials selected from the group consisting of polysulfones, polycarbonates,
polyimides, and cellulose acetates.



sel ected fromthe group consisting of hydrogen, carbon
di oxi de, water, oxygen, niitrogen and hydrocarbons.

19. The nmethod as clainmed in claim16 wherein said
carbon nonoxi de containing gas streamis conpressed
prior to passing through said first nenbrane
separation unit. 20. The nethod as clainmed in claim 16
wherein said first nenbrane afparation unit renoves
hydr ogen, carbon di oxi de, water and oxygen from said
car bon_nonoxi de-cont ai ni ng gas stream 21. The net hod
as4c| al e ethod agi dleinedinelaim1 & wihérain saitidesdimatisanizer unit
Uk r aon, di oxi de and oxygen from
sgk?'ga'é]g?g)\ﬁé n#n%%loé(%?goé(eg-ec@%fagicﬁﬁ%?gas stream 22. The
method as clained in claim16 wherein said carbon

oxi de-co hai ni ng .gas streamis conpressed after
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the group consisting of pol ysul fones, polycarbonates,
pol yi m des, and cellul ose acetates. 20 24. The net hod
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unit contains noble neta ase meta
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platt num and pal | adi um and said base netal catalyst

is copper. 26. The nethod as clained in claim 16

vg]ier ei_H_‘ sai d deoxo/ net hani zer unit ’
. e method as claimed in claim 16 wherein said carbon

monoxide-containing gas stream leaving said deoxo/methanizer unit is cooled
to ambient temperature.

28. The method as claimed in claim 16 wherein said temperature swing
adsorption unit contains an adsorbent selective for carbon dioxide.

29. The method as claimed in claim 28 wherein said adsorbent is selected
from the group consisting of 5A zeolite and 13X zeolite.

30.  The method as claimed in claim 28 wherein said temperature swing

adsorption unit contains two or more beds.

31.  The method as claimed in claim 30 wherein said temperature swing
adsorption unit is regenerated at a temperature of about 100°C to about
250°C.

32.  The method as claimed in claim 16 wherein said cryogenic adsorption
unit is a second temperature swing adsorption unit.



removes oxygen and hydrogen from said carbon nmonoxide
containing gas stream 27. The nethod as clainmed in
claim 16 wherein said carbon nonoxi de-contai ni ng gas
stream | eaving sai d deoxo/ met hani zer unit is cool ed

to anbient tenperature. 28. The nethod as claimed in
claim 16 wherein said tenperature swing adsorption
unit contains an adsorbent sejqective for carbon

di oxi de. 29. The nethod as clainmed in claim28 wherein
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ty LEoed nerated . at a tenperature
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nidt is a second tenperature swi ng adsorption unit. 21
%3'. rQ4RbRAR% hod as claimed in claim32 wherein said
second tenperature sw ng adsorption unit conprises an
adsorption step and a regeneration step, the
atfsor pfh%meﬂl@ga% claimediimglaim3S whesin te or hwre beds are
g éﬁj'tde contai ning gas streamthrough a bed
chgngai hing an adsorbent naterial selective for
hydr ocar bons, thereby produci ng a carbon nonoxi de gas
stream free of hydrocarbons. 34. The nethod as
A%ai nelde methad as gleimpe inciaimag whenein sailentisodsent material is

Refet 84 from the group consisting of activated carbon, modified activated
carbon, pillared clays, carbon molecular sieve, clinoptilolites, modified
clinoptilolites, small pore mordenites and mixtures thereof.

36. The method as claimed in claim 35 wherein said adsorbent is selected

from the group consisting of activated carbon, modified activated carbon and
pillared clays.

37.  The method as claimed in claim 33 wherein said carbon monoxide gas
stream free of impurities is directed to an end user process, downstream
process or storage tank.

38.  The method as claimed in claim 33 wherein said method is cyclic.

39. The method as claimed in claim 34 wherein one bed is performing
adsorption and one bed is being regenerated.

40.  The method as claimed in claim 33 wherein said regeneration step

uses a non-hydrocarbon containing gas stream.



35. The nethod as clainmed in claim32 wherein said
adsorbent material is selected fromthe group
consi sting of activated carbon, nodified activated
carbon, pillared clays, carbon nol ecul ar sieve,
clinoptilolites, nodified clinoptilolites, small pore
nordenites and m xtures thereof. 36. The nethod as
claimed in claim35 wherein gﬁid adsorbent is selected
fromthe group consisting of ‘activated carbon,
di fied activated carbon and pillared clays. 37. The
hod NE&smethachasiclaimed & aladB Afhwherein the ftow af baid

@Q%ﬁﬁgggﬁg i§E5l§fﬁg}cg{§Fe%t.°f inpurities is directed to

an-en r ocess, WNStream process or storage
tank. 38. The nethod as clained in claim33 wherein
i i 39. The nethod as clained in

s§|d thod.is, cyclic. . . C
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claimed in claim el n sai d regener
uses a non- hydrocarbon containing gas stream 22 41.

e od as clainmed in claimd40 wherein the flow of _
Egr dnerﬁ“gdﬂﬁ@}%c 95Hagaed inClagy BaNeTeinhe prassureral said bed is
aBblDY.05® Wit ¥BhdrabEbRite 33 wherein the tenperature
of the carbon nonoxide containing gas streamis about

- 175C to about -75C. 43. The method as clained in

ai [ SSur f said bed is about .
! e heHoR A B B OHR 3D Retpesdlors of saia
cegenerdtiomgas & abcft ~d0eCaorabidue 250rper at ure of said
regeneration gas is about -20C to about 250C. 45. The

met hod as clained in claim33 wherein said hydrocarbon
45€  The method as claimed in claim 33 wherein said hydrocarbon are

present in said carbon monoxide-containing gas stream in an amount of less
than about 5% by volume.

46. A method for removing impurities from a carbon monoxide-containing
gas stream comprising passing said gas stream sequentially through a
temperature swing adsorption unit and a vacuum swing adsorption unit, then
a process unit selected from the group consisting of O, and CO, removal

units, a cryogenic adsorption unit, and combinations of these process units

47.  The method as claimed in claim 46 wherein said carbon
monoxide-containing gas stream is from a partial oxidation process or a

steam methane reforming process.

48.  The method as claimed in claim 46 wherein said temperature swing
adsorption unit contains a bed which contains an adsorbent material which is
selective for water and carbon dioxide.



present in said carbon nonoxi de-containing gas stream
in an anount of |ess than about 5% by volune. 46. A
nmet hod for renoving inmpurities froma carbon
nonoxi de- cont ai ning gas stream conpri sing passing
said gas stream sequentially through a tenperature
SW ng adsorption unit and a vacuum swi hg adsorption
unit, then a process unit se£§cted fromthe group
conS|st|ng of 2 and CO2 renoVal wunits, a cryogenic
a orptlon uni t, and conbinations of t hese process
The methed gsigrimessinglaimd wherein siaid a@smbenmsrselected
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r 83X typenzpglites:ess. 48. The nethod as clainmed in claim
46 wherein said tenperature swing adsorption unit
contains a bed which contains an adsorbent materi aI
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activated alumna, silica gel, and 3A, 4A, 5A, and

13X type zeolites. 50. The nethod as clainmed in claim
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operat ed continuously and contalins two or

sAdsorpliomenih eantainscone pethdre bedai m 46 wher e| n said
vacuum swi ng adsorption unit contains one or nore
beds. 52. The nethod as clainmed in claimb50 wherein

$.d bResmetiddhs cmlméﬂhﬁﬁlalmm%hg? %E@fﬁéd’se%ojﬂam a carbon

adsorbent. 53. The nmethod as cl al ne
vRerexide sglegtive agsarbephoxi de sel ective adsorbent is
selected fromthe group consisting of Cu"* on Y type

53. The method as claimed in claim 52 wherein said carbon monoxide
selective adsorbent is selected from the group consisting of Cu® on Y type
zeolites, activated alumina and activated carbon.

54.  The method as claimed in claim 51 wherein said vacuum swing
adsorption unit operates at a temperature of about 20°C to about 100°C.

55.  The method as claimed in claim 54 wherein said vacuum swing

adsorption unit operates at a pressure of about 0.5 bara to about 10.0 bara.

96.  The method as claimed in claim 46 wherein said vacuum swing

adsorption unit removes hydrogen, carbon dioxide and hydrocarbons.

57.  The method as claimed in claim 56 wherein said carbon monoxide

obtained from said vacuum swing adsorption unit contains further impurities.



zeolites, activated alum na and activated carbon. 54.
The nethod as clainmed in claimb51 wherein said vacuum
swing adsorption unit operates at a tenperature of
about 20C to about 100C. 55. The nethod as clained in
cl ai m 54 wherein said vacuum swi ng adsorption unit
operates at a pressure of about 0.5 bara to about 10.0
bara. 56. The nethod as claigged in claim46 wherein
sai d vacuum swi ng adsorption unit renoves hydrogen

cag bo i oxi.de and hydrocarhbons. 57. The nethod as

i nEH‘T’ ﬁ“%ﬁ%‘# ASHRINeS IBiGalaLS f whereip saitbiusied impurities are
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cont ai ns )ffurt her i npuri t UA! i rt%ég%é%o%wgg adsorption
cHap e dyiaryegenieragsonptionei n said further impurities
are renoved by a deoxo/ nethani zer unit, additional
tenperature swi ng adsorption step or by cryogenic
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a_carbon nonoxi de contai ning gas stream conprisin
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claimed in claimb59 wherein said tenperature sw ng
%g)sor i on %Ii re%ea_wa‘ter and carbon di oxi de. 61.

L et oeliod 8 ciavned in elaimmSgherein said temiperature swing
LeeIspAstiRr Gt Ftholbs RERRTERL AfbdliloxkRt & NS a bed
whi ch contains an adsorbent selecte romthe group

consisting of activated alumna, silica gel, 3A 4A

an 3 eol,tes. .6 The pethod as cl ai ned
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passing through said tenperature sw ng orption
GFPYP consisting of activated alumina, silica gel, 3A, 4A, 5A and 13 X type

zeolites.

62.  The method as claimed in claim 59 wherein said carbon monoxide
containing gas stream is cooled to cryogenic temperatures after passing

through said temperature swing adsorption unit.

63. The method as claimed in claim 59 wherein said cryogenic adsorption
unit is a temperature swing adsorption unit.

64, The method as claimed in claim 59 wherein two or more beds are
present.

65.  The method as claimed in claim 59 wherein said adsorbent material is
selected from the group consisting of activated carbon, modified activated
carbon, pillared clays, carbon molecular sieve, clinoptilolites, modified
clinoptilolites, small pore mordenites and mixtures thereof,



63. The nethod as clainmed in claimb59 wherein said
cryogeni ¢ adsorption unit is a tenperature sw ng
adsorption unit. 64. The nethod as clainmed in claimb59
wherein two or nore beds are present. 65. The nethod

as clainmed in claim59 wherein said adsorbent materi al

is selected fromthe group consisting of activated
carbon, nodified activated carbon, pillared clays,

car bon nol ecul ar si eve, cIino%%ilolites, nodi fi ed
clinnoptilolites, small pore nordenites and m xtures
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' i . is selected fromthe group
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c pillaoed alags. pi |l ared clays. 67. The nethod as cl ai ned

in claimb59 wherein said carbon nonoxi de gas stream
free of inpurities is directed to an end user process,
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wherein said regeneration step uses a non-hydrocarbon
cggtaining gas stream 71. The nethod as clained in

cP8i m Thewiethed estalaimacoin akins59 whereipesaid Aistisy BAG/dis,
countercurrent. 72. The method as clained in clai mb59
wherein the tenperature of the carbon
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70.  The method as claimed in claim 59 wherein said regeneration step
uses a non-hydrocarbon containing gas stream.

71.  The method as claimed in claim 70 wherein the flow of said
regeneration gas is countercurrent.

72.  The method as claimed in claim 59 wherein the temperature of the
carbon monoxide-containing gas stream is about — 175°C to about -75°C.

73.  The method as claimed in claim 59 wherein the pressure of said bed is
about 1.0 to about 40 bar absolute.

74.  The method as claimed in claim 70 wherein the temperature of said
regeneration gas is about —20°C to about 250°C.

75.  The method as claimed in claim 59 wherein said hydrocarbon are
present in said carbon monoxide-containing gas stream in an amount of less
than about 5% by volume.



about 1.0 to about 40 bar absolute. 74. The nethod as
claimed in claim70 wherein the tenperature of said
regeneration gas is about -20C to about 250C. 75. The
met hod as clained in claimb59 wherein said hydrocarbon
are present in said carbon nonoxi de-contai ni ng gas
streamin an anount of |ess than about 5% by vol une.
26 76. The method as clainmed.in claim59 wherein said
distillation colum renoves fydrogen and nitrogen
from said carbon nonoxi de-containing gas stream 77.
The nmet hod as clainmed in claim59 conprising passing

X fe- anLa lnl as. str. ough
sal d cr yo@gmigj%)glﬁﬂﬁ?ém B! rgéq""g‘:érfeﬁ} %aﬁé{ﬁtw'a ion Column
teyoges hgdastedrarid AfrogBh from said carbon monoxide-containing gas
stream.

77.  The method as claimed in claim 59 comprising passihg said carbon

monoxide-containing gas stream through said cryogenic distillation unit before
said cryogenic adsorption unit.



