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PURIFICATION OF GASES 

FIELD OF THE INVENTION. 

The present invention relates to a method for removing gaseous impUrities 

from feed gas streams in a temperature swing adsorption pre-purification unit. More 

particularly, the present invention provides for a method to remove H2, H20, CO, C02 

and additionally hydrocarbons and oxides of nitrogen from gas feedstreams such as 

air.· 

BACKGROUND OF THE INVENTION 

High purity gases such as nitrogen in which impurities are present in amounts .· 

well below part per million levels are required in the manufacture of integrated 

circuits to prevent defects in chips of increasing line densities. Cryogenic distillation 

is typically u~ed for the production of highly purified nitrogen gas. 

Removal of impurities from the feed gas for cryogenic distillation is required 

for the production of high purity nitrogen. When air is used as the feed gas, 

impurities, such as H20 and C02, have to be removed to prevent freeze~up in the low 

temperature sections of the plant while other impurities, such as H2 and CO, have to 

be removed to prevent contamination of the nitrogen product. 

A two-step procedure has been employed for the removal of these impurities 

from air in a nitrogen production process. In the first step, a compressed feed gas is 

heated to temperatures between 150° to 250°C. and then contacted with a catalyst to 

oxidize CO to CO£ and H2 to H20. Noble metal catalysts, typically based on . 

platinum, are commonly used for the oxidation step. In the second step, the 
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oxidization products, C02 and H20, are removed from the compressed gas stream 

either by a temperature-swing or pressure swing adsorption process. 

These processes, although effective, are disadvantageous for the commercial 

scale production of highly purified gases, particularly nitrogen gas due to their high 

cost of operation. The cost of operation is high because ·of the extensive use of 

expensive noble metal catalysts. In addition, separate vessels must be used for the 

catalytic treatment step and the adsorption step to remove the impurities. In addition, 

heat exchangers ate required to both heat the gas as it passes into the catalyst vessel 

and cool the effluent therefrom. This poses additional costs, both in terms of 

equipment and energy. 

Low temperature processes for removing parts per million levels of impurities 

from inert gas streams are also known in the art. · 

The present inventors have discovered that the use of a multi-layer bed where 

the trace impurities, primarily C02, are removed prior to contacting the gaseous 

feedstream with the Hi catalyst will improve the perfom1ance of the H2 catalyst. Tills . 

not only improves overall performance but also reduces the amount of H2 catalyst 

necessary in the process. 

SUMMARY OF THE INVENTION 

The present invention provides for a process for producing a gaseous product 

substantially purified from impurities comprising the steps of: 

a) removing water vapor from a gaseous feedstream containing 

impurities; 
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b) contacting the gaseous feedstream with an oxidation catalyst to convert 

COtoC02; 

c) removing C02 from the gaseous feedstream of steps (a) and (b); 

d) contacting the gaseous feedstream of step ( c) with an oxidation catalyst 

to convert~ to H2Q; and 

e) removing H20 from the gaseous feedstream of step (d}, thereby 

obtaining the substantially purified gaseous product. 

Optionally, an additional stage can ~e added between steps ( c) and ( d) 

whereby hydrocarbons and oxides of nitrogen are removed from the gaseous 

feedstream. 

In another embodiment of the present invention, a gaseous product 

substantially purified from impurities is obtained by: 

a) removing water vapor from the gaseous feedstream containing 

impurities; 

b) removing C02 from the gaseous feedstream of step (a); 

.· .... 

c) contacting the ga8eous feedstream of step (b) with an oxidation catalyst 

to convert CO to C02; 

d) contacting the gaseous feedstream of step ( c) with an oxidation catalyst 

to convert H2 to H20; 
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e) removing H20 and C02 from the gaseous feedstream of steps ( c) and 

( d), thereby obtaining the substantially purified gaseous product. 

Optionally,·the additional stage to remove hydrocarbons and oxides of 

nitrogen from the gaseous feedstream may be added between steps (b) and ( c ) .. 

Typically, the gaseous produ~t obtained is air in a temperature swing 

adsorption (TSA) process prior to the air being fed to a cryogenic distillation unit in 

an air separation unit (ASU). The regeneration gas employed in a typical TSA 

process needs to be free ofH2, CO, C02, H20, oxides of nitrogen and hy~carbons .. 

The gaseous feedstream is treated in a single treatment zone, preferably in a 

single vessel which includes two catalyst sections and three adsorbent sections. The 

first section contains one or more beds of a water-removing adsorbent such as 

activated aluniina, silica gel, zeolites, or combinations thereof. ·The first catalytic 

layer for converting CO to C02 may be a mixture of manganese and copper oxides or 

nickel oxides. 

The second adsorbent section contains an adsorbent for removing C02 from a 

gaseous feedstream. This adsorbent may be zeolites, activated alumina, silica gel and 

combinations thereof. 

The section of the vessel used for converting H2 to ~O contains an oxidation 

catalyst. This catalyst is preferably a noble metal catalyst such as supported 

palladium. The last layer contains an adsorbent for removing water and/or carbon 

dioxide which may be zeolites, activated alumina, silica gel and combinations thereof. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawing. is merely illustrative of the invention and should not be 

construed as limit the scope thereof. 

Fig. 1 is a- schematic view of one embodiment of the invention showing a 

process for the production of highly purified gas. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides for a process for producing a purified gaseous 

product. The impurities removed are H20, H2, CO and C02• In optional embodiments 

of the invention, oxides of nitrogen and trace hydrocarbons are also removed from the 

finished gaseous product 

Referring to the drawings, in particularly Fig. 1, there is shown a process for 

production of purified gas. A feed gas stream, for example atmospheric air, is passed 

via a line 2 to a compressor 4 wherein the gas is compressed to about 50 to 300 psig; 

The compressed gas stream is sent via a line 6 to a heat exchanger 8 wherein it is 

cooled prior to introduction via line 10 into a water separator 12 to remove liquid 

water therefrom. The effluent from the water separator 12 is a temperature of from 

8:bout 5°C to about 70°C and is·preferably in the range of about 20°C to about 45°C. 

The gas is sent via line 14 through valve 16 and a line 20 to a treatment zone 

25 within a single vessel 30 which contains a first adsorption zone 32, a first catalytic 

zone 34, a second adsorption zone 36, a second catalytic zone 38 and a third 

adsorption zone 40. In the alternative embodiment, zones 34 and 36 are switched 

such that the second adsorption zone follows the first adsorption zone 32. 
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The first adsorption zone 32 contains at least .one bed of water-removing 

adsorbent material such as activated alumina, silica gel, zeolites and/or combinations 

thereof. Most of the water vapor present in the compressed gas must be removed in 

order to prevent deactivation of later catalytic layers. The adsorption zone 32 

preferably comprises. a layer of activated alumina or silica gel and a layer of zeolite 

such as zeolite 13X or SA available from UOP, Inc. 

The gas stream then enters the first catalytic zone .34 wherein carbon 

monoxide is converted to carbon dioxide. Preferably the catalyst material is a metal 

oxide such as nickel oxide or a mixture of the oxides of manganese and copper. Most 

preferably, a hopcalite-type catalyst is employed such as Carulite-300 manufactured 

byCarus. 

The thus treated gas enters the second adsorption layer 36 whereby C02 is 

removed from the gas stream. The adsorbent is selected from activated alumina, silica 

gel, zeolites and/or combinations of them. Preferably the treated gas contains no more · 

than about 1.0 ppm carbon dioxide. This treated gas thus enters the second catalytic 

zone 38 wherein the hydrogen present in the gas is converted to water vapor. The 

catalysts useful in this layer include supported palladium and other noble metal 

catalysts !mown in the art. Preferably, this is an eggshell type Pd catalyst such as that 

available from Engelhard. 

The last layer 40 comprises the third adsorption zone wherein water vapor is 

removed from the treated gas stream. In the embodiment where layers 34 and 36 are 

exchanged, it is also necessary to have a carbon dioxi.de adsorbent present in layer 40. 

Accordingly, the adsorbent can be activated alumina, silica gel, zeolites and/or 

mixtures thereof. 
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In an alternative embodiment, an additional adsorbent layer may be added 

after the carbon dioxide adsorption step. This layer may be an adsorbent such as a 

zeolite. 

The thus treated gas exits the treatment vessel through line 42 and a valve 44 

wherein it may be sent for storage via line 46 or through line 48 where it is sent for 

further processing as by a cryogenic distillation unit through line 48 to a heat 

exchanger 50 then through line 51 which leads to a typical feed for a cryogenic 

distillation unit. 

The invention will now be described with respect to particular ex~ples 

thereof which should not be construed as limiting the scope thereof. 

EXAMPLES 

Example 1. H6 breakthrough experiment with COa free dry air feed (Run No. 1) 

An l" ID vessel packed with 13X/Pd-AA/Carulite/AA (from top to bottom) 

was used to evaluate the H2 removal performance of Pd/ AA catalyst. The adsorbents 

and catalysts were first regenerated at 200 °C with a dry air stream free of H~, CO and 

C02, followed with cooling to ambient temperature with the same regeneration gas 

stream. A dry air feed stream containing 3186 ppb H2 and 232 ppb CO was then 

introduced to the reactor at 18 °C and 180 psia from the bottom of the bed. H2 and 

CO co~centrations exiting the Pd/ AA catalyst layer were measured by a RGA-5 

analyzer to determine the breakthrough time for both H2 and CO. 

Example 2. Ha breakthrough experiment with C06 containing dry air feed (Run No. 2) 

A similar Hi breakthrough experiment as described in Example 1 was carried out with 

C02 containing dry air as feed to demonstrate the C02 effect on catalyst performance. 

The feed air stream contains about 400 ppm C02, 3128 ppb H2 and 214 ppb CO. 
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Similar H2 and CO breakthrough curves were measured. The results obtained in both 

experimental runs are summarized in Table I below. 

Table I 

H2 Catalyst Performance 

RunNo.1 RunNo.2 

Feed Pressure (psia) 180 180 

Feed Temp. (°C) 18 18 

Feed Velocity (ft/s) 0.47 0.47 

H20 in Feed (ppm) <5 <5 

CO in Feed (ppb) 214 232 

H2 in Feed (ppb) 3128 3186 

C02 in Feed (ppm) -400 <0.1 

Analyzer LDL for H2 (ppb) 2 2 

H2 Breakthrough Time (min.) 75 400 

As demonstrated in Table I, hydrogen breakthrough time is much lOnger when 

carbon dioxide has been removed from the feed gas. 

While this invention has been described with respect to particular 

embodiments thereof, it is apparent that numerous other forms and modifications of 

the invention will be obvious to those skilled in the art. The appended claims and this 

invention generally should be construed to cover all such obvious forms and 

modifications which are within the true spirit and scope of the present invention. 
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Having thus described the invention, what we claim is: 

1. A process for producing a gaseous product substantially purified from 

impurities comprising· 

a) removing water vapor from a gaseous feedstream containing 

impurities; 

b) contacting said gaseous feedstream with an oxidation catalyst to 

convert carbon monoxide to carbon dioxide; 

c) removing carbon dioxide from said gaseous feedstream of steps (a) and 

(b); 

d) contacting said gaseous feedstream of step ( c) with an oxidation 

catalyst to convert hydrogen to water vapor; and 

e) ·removing water vapor from said gaseous feedstream of step ( d), 

thereby obtaining said substantially purified gaseous product. 

2. The process as claimed in claim 1 wherein said gaseous feedstream is air. 

3. The process as claimed in claim 1 wherein said impurities are selected from 

the group consisting of hydrogen, water vapor, carbon monoxide and carbon dioxide. 

4. The process as claimed in claim 1 wherein said process is a temperature swing 

adsorption system. 

11111111111111 11111 1111111 1111 
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5. The process as. claimed in claim 1 wherein step (a) comprises contacting said 

gasoous feed stream with a water vapor removing adsorbent. 

6. The process as claimed in claim 5 wherein said water vapor removing 

adsorbent is selected from the group consisting of activated alumina, silica gel, 

zeolites and combinations thereof. 

7. The process as claimed in claim 1 wherein said oxidation catalyst of step (b) is 

a mixture of manganese and copper oxides. 

8. The process as claimed in claim 1 wherein step (c) comprises contacting said· 

gaseous feedstream with a carbon dioxide removing adsorbent. 

· 9. The process as claimed in claim 8 wherein said carbon dioxide removing 

adsorbent is selected from the group consisting of zeolites, activated alumina, silica 

gel and combinations thereof. 

10. The process as claimed in claim 1 wherein said oxidation catalyst of step ( d) is 

a noble metal catalyst. 

11. The process as claimed in claim 10 wherein said noble metal catalyst is 

supported palladium. 

12. The process as claimed in claim 1 wherein step (e) comprises contacting said 

gaseous feedstream with a water vapor removing adsorbent. 

13. The process as claimed in claim 12 wherein said water vapor removing. 

adsorbent is selected from the group consisting of activated alumina, silica gel, 

zeolites and combinations thereof. 

111111111111111111111111111111 
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14. The process as claimed in claim 1 further comprising contacting said gaseous 

feedstream with an·adsorbent to remove hy~carbon and oxides of nitrogen. 

15. The process as claimed in claim 1 further comprising the step of cryogenically 

separating the components of step (e). 

16. The process as claimed in claim 4 wherein the regeneration gas for the thermal 

swing adsorption process is free ofH2, CO, C02, H20, oxides of nitrogen and 

hydrocarbons and is obtained from a cryogenic separation unit. 

17. A process for producing a gaseous product substantially purified from 

impurities comprising 

a) removing water vapor from a gaseous feedstream containing 

impurities; 

b) removing carbon dioxide from the gaseous feedstream of step (a); 

c) contacting said gaseous feedstream of step (b) with an oxidation 

catalyst to convert carbon monoxide to carbon dioxide; 

d) contacting said gaseous feedstream of step ( c) with an oxidation 

catalyst to convert hydrogen to water vapor; and 

e) removing carbon dioxide and water vapor from said gaseous 

feedstream of steps ( c) and (d), thereby obtaining said substantially 

purified gaseous product. 

18. The process as claimed in claim 17 wherein said gaseous feedstream is air. 

111111111111111111111111111111 
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19. The process as claimed in claim 17 wherein said impurities are selected from 

the group consisting of hydrogen, water vapor, carbon monoxide and carbon dioxide. 

20. The process as claimed in claim 17 wherein said process is a temperature 

swing adsorption system. 

21. The process as claimed in claim 17 wherein step (a) comprises contacting said 

gaseous feed stream with a water vapor removing adsorbent. 

22.· The process as claimed in claim 21 wherein said water_ vapor removing 

adsorbent is selected from the group consisting of activated alumina, silica gel, 

zeolites and combinations thereof. 

23. The process as claimed in claim 17 wherein step (b) comprises contacting said 

gaseous feedstream with a carbon dioxide removing adsorbent. 

24. The process as claimed in claim 23 wherein said carbon dioxide removing 

adsorbent is selected from the group consisting of zeolites, activated alumina, silica 

gel and combinations thereo£ 

25. The process as claimed in claim 17 wherein said oxidation catalyst ofstep (c) 

is a mixture of manganese and copper oxides. 

26. The process as claimed in clajm 17 wherein said oxidation catalyst of step ( d) 

is a noble metal catalyst. 

27. The process as claimed in claim 26 wherein said noble metal catalyst is 

supported palladium. 

111111111111111111111111111111 
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28. The process as claimed in claim 17 wherein step ( e) comprises contacting said 

gaseous feedstream with a car}?on dioxide adsorbent and a water vapor adsorbent. 

29. The process as claimed in claim 28 wherein said water vapor and carbon 

dioxide removing adsorbent is selected from the group consisting of activated 

alumina, silica gel, zeolites and combinations thereof. 

30. The process as claimed in claim 17 further comprising contacting said gaseous 

feedstream with an adsorbent to remove hydrocarbon and oxides of nitrogen. 

31. The process as claimed in claim 17 further comprising the step of 

cryogenically separating the components of step (e). 

32. The process as claimed in claim 20 wherein the regeneration gas for the 

thermal swing adsorption process is free of~, CO, C02, H20, oxides of nitrogen and 

hydrocarbons and is obtained from a cryogenic separation unit. 
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