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PROCESS AND APPARATUS FOR REMOVING METAL 

CARBONYLS AND MOISTURE FROM A GAS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a process and apparatus for removing 

a metal carbonyl composition and moisture from a gas. More 

particularly, this invention relates to a process and apparatus for 

removing from a gas a metal carbonyl composition and moisture 

present in a gas to be treated, as well as moisture formed during 

. removal of metal carbonyl composition from the gas. 

2. Description of Prior Art 

At the present time, numerous industries require the use of 

purified gases in their processes. Even parts per million {ppm) or parts 

per billion (ppb} levels of contaminants can have deleterious effects on 

>· . the appearance or performance of certain products. The 1994 

Semiconducto~ Industry Association {SIA) recommendation for 

semiconductor processing established key impurity level specifications 

in bulk and specialty gases for 0.25 µm processing of 0.1 -1.0 and 1 -

100 ppb, respectively. The individual metal on silicon wafer 

specification for the same device geometry was set at 2.5 X 1010 

· . atoms/cm2
. Because of these requirements and other observed 

adverse effects of using unpurified gases, the purification of process 

.: · and purge gases in the microelectronics industry has found 

.... .' =·· .. widespread acceptance and usage. The ideal purification material 

vL wquld remove the unwanted impurities without generating volatile 

:r;~ by-products that would contaminate the gas. Also, the purification 

. :· .· .~ ~:material ~hould not be volatile under vacuum or pressurized process 

: flow conditions. It would additionally be desirable for the purification 

material to chemically convert any toxic impurities into Jess toxic, 
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nonvolatile by-products. Ideally, the purification material would operate 

at room temperature and not require electrical power for operation. 

Lindley, et at Solid State Technol. 1997t 40 (8). 93 describes the 

enhanced selectivity for dielectric etch when CO is incorporated in the 

etch chemistry. This selectivity is required for production of 

semiconductor devices with geometries s0.35 µm. Unfortunately, the 

reaction of CO with certain metals, e.g., iron and nickel, is 

thermodynamically favored to form volatile metal carbonyls that can 

·deposit on the wafer resulting in undesired metal contamination. This 

_-was observed in Cooper, G. Semiconductor Intl. 1997, 20 (8), 301 that 

describes experimental results showing increased levels of metals, 

e.g., iron, chromium and nickel, contamination on silicon wafers when 

CO is packaged in steel vs. aluminum gas cylinders. However, there 

was stilt observed an increase in nickel contamination using the 

- ,_-aluminum cylinder versus the unetched control silicon wafers that was 
. .\l. . 

·thought to be due to reaction of CO with the nickel in the Hastel1oy 
. . 

tubing and nickel gaskets used in the study. Xu, et al J. Mo/. Cata/. 

1·993, 83, 391 describe the ready formation of iron pentacarbonyl. 

-· -Fe(C0}5, from the reaction of CO and the stainless steel surface of a 

. FTIR cetl. In addition, both Fe(C0)5 and nickel tetracarbonyl (Ni(C0)4) 

are very toxic with Threshold Limit values (TL V) of 100 and 50 ppb, 

respectively. 

Golden, et al Ind. Eng. Chem. Res. 1991, 30 (3), 502 describe 

-,- the adsorption of trace levels of Fe(C0}5 and Ni(C0)4 using five 

commercially available adsorbents, i.e., activated carbon, silica gel, 

:i::'aCtivated alumina, a methanol catalyst and HY zeolite. The activated 

r.)
1carbon and zeolite showed the largest adsorption capacities for the 

n..r¥t·.".•:.·(2 ·'.' • . 
-o;v·carbonyls and were further investigated for carbonyl desorption at 

~:::·):"elevated temperatures. The desorption of Fe(C0)5 was observed from 

., .. _ r··t~'e zeolite and only a slight amount {<0.1%) from the carbon; however, 

Ni(C0)4 was completely desorbed from the carbon at elevated 

temperatures. In addition, the presence of other impurities, e.g., 
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carbon dioxide (C02), in the gas was shown to reduce the adsorption 

capacity of the adsorbents towards the metal carbonyls. The removal 

of these metal carbonyfs via physisorptive processes with the 

concomitant concentration of these toxic impurities within a purifier will 

result in a safety and health hazard when the time comes to replace 

the purifier. 

U.S. Patent No. 4,608,239 describes a process for removing 

Fe(C0)5 from CO containing gases using a scavenger consisting of an 

alkali metal hydroxide in conjunction with a high boiling hydroxylic 

solvent. The use of solvents is undesirable because the vapors from 

these solvents will contaminate the downstream products with carbon 

and oxygen impurities under vacuum or pressurized flow conditions. 

International Patent Application Publication No. WO 94/25142 

describes a scavenger of lead oxide, PbO, dispersed upon a support to 

remove metal carbonyls from a gas. In this application there is some 

uncertainty as to whether the carbonyls are removed by chemical or 

physical means. However, from the data, it may be simply by 

physisorption since black deposits were only observed when the 

temperatures were >100°C, i.e., decomposition of the carbonyl. 

Irreversible removal of the toxic carbonyls by chemisorption is desired 

from a safety standpoint. While PbO has sufficient reduction potential 

to oxidize iron and nickel carbonyls to their respective salts, the PbO 

will concomitantly be reduced to lead metal with the generation of 

moisture impurity as shown below in the case of Fe(C0)5: 

Fe(C0)5 + 2Pb0 + 2H+ = FeO + 2Pb + H20 + 5CO 

· · · ·· .. i Ttie hydrogen ion is commonly found present in support materials and 

gases as a contaminant. The release of moisture impurity into the 

purified gas stream is not desirable since moisture can have 

deleterious effects in certain manufacturing processes, e.g., 

·.'semiconductor manufacturing. 
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Czech. Patent No. CS 187947 8 describes a scavenger for 

Fe{C0)5 and sulfur compounds from gas mixtures consisting of a 

catalyst having as· its principal components, Cu and/or CuO and ZnO. 

These scavengers have the same undesirable characteristics, i.e., 

release of moisture impurity, as do the scavengers described in 

International Patent Application No. WO 94/25142. 

U.S. Patent No. 4,853, 148 describes scavengers for removing 

water impurity consisting in one case of a metal halide compound 

dispersed in a support having formula MXy, where M is a y-valent metal 

selected from the group consisting of lithium (J), beryllium {II), 

magnesium (II), calcium {II). strontium (II), barium (ti), cadmium (11), 

nickel (I), iron (II}, iron (Ill), zinc (II), and aluminum (Ill); and y is an 

integer whose value is from one to three. This scavenger has the 

advantage over other adsorbents, e.g., zeotites and alumina, in that 

· - there is no competition for adsorption of moisture with the gas to be 

· ' purified or other gas impurities, e.g., C02• The scavenger disclosed by 

this patent is only capable of removing moisture and not other 

"impurities, e.g., metal carbonyls and sulfur compounds. 

It would be desirable to provide a composition suitable for 

removal of volatile metal carbonyls either alone or together with other 

impurities such as sulfur compounds from a gas while avoiding release 

of moisture into the gas. It would additionally be desirable to reduce 

the moisture concentration of the gas. It would also be desirable that 

such removal is accomplished by chemisorption and not physisorption 

mechanisms to prevent reversible release of the sorbed composition. 

·. · Furthermore, it would be desirable to provide such a composition which 

L i~ effective for use at normal operating pressure and room 

temperature. 

SUMMARY OF THE INVENTION 

The present invention provides a process and apparatus for 

removing metal carbonyJs from a feed gas while avoiding the release 

of moisture into the gas. In addition, the present invention provides 

SUBSTITUTE SHEEr(RULE 26) 



W099/22848 PCT/US98/18846 

5 ' 
such a process and apparatus which also removes moisture present in 

the initial feed gas. The apparatus of this invention comprises a 

housing containing a particulate composition which is an active 

scavenger for removing metal carbonyls and moisture from a gas. The 

housing includes an inlet for a feed gas and an outlet for treated gas. 

The particulate composition is formed of a mixture of particles 

comprising particles formed from a support coated with a scavenger for 

metal carbonyls and/or particles of a metal carbonyl scavenger as well 

as particles formed from a support coated with a scavenger for 

moisture and/or particles of a moisture scavenger. 

Metal carbonyl removal from gas is effected by passing the gas 

through a bed of the particles under conditions to effect oxidation of 

the metal carbonyl and release of carbon monoxide derived from the 

. metal carbonyl. Any moisture formed during the oxidation, such as 

when hydrogen ion is present in the gas or in the apparatus for treating 

the gas, is retained by the moisture scavenger. 

Since hydrogen ion is normally present in most gases, it will 

, readily react even in low concentrations with oxygen atoms produced 

during the oxidation reaction to form moisture. Thus. the moisture 

scavenger is positioned either downstream of the scavenger for metal 

carbonyl or in admixture with the scavenger for metal carbonyls in 

order to remove moisture formed during the oxidation reaction. 

BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 is a schematic drawing of an apparatus of this invention. 

fl,:::: . . Fig. 2 shows the absorption spectra of CO gas containing nicket 

rcarbonyf and of purified CO gas free of nickel carbonyl produced in 

· · , . ' · : . accordance with this invention. 
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Fig. 3 shows the difference in absorption spectra of CO gas 

treated to remove iron carbonyl and moisture in accordance with this 

invention vs. the prior art. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

In accordance with the process of this invention, a gas 

containing a metal carbonyl is contacted with a mixture of particles 

which include a scavenger for a metal carbonyl and a scavenger for 

moisture or sequentially with a scavenger for a metaJ carbonyl followed 

by contact with a scavenger for moisture. 

The scavengers for metal carbonyls according to the present 

invention consist of: 

a) an active scavenger having a reduction potential greater than 

'about 0.175 volts comprising a metaf oxide, organometallic oxide or 

' .. ·: miXtures thereof: 

b) an active scavenger for removing moisture from the gas 

· ''passing through the apparatus of this invention; and 

c) a high surface area support material that can consist of either 

(a)· and/or (b). 

The oxidizing reagents are selected such that the reduction 

potential is sufficient to effect oxidation of the metal carbonyl 

compounds. Representative suitable metal oxides include oxides of 

manganese, chromium, copper, silver, iron, vanadium, titanium, 

antimony, bismuth1 lead, and mixtures thereof or the like. 

; ,. Representative organometalfic oxides include species such as 

pyridinium chlorochromate (PCC), pyridinium dichromate, and 

· i': .. :·;:\ tJ'<?hromium (VI) oxide-3,5-dimethoxypyrazole complex or the like. 

ni hiTfiese scavengers also are useful for removing sulfur containing 

species including H2S, 502 and CH3SH. The preferred scavengers for 

metal carbonyls are CuO, Fe20 3, Mn02 or C5H6CICrN03 (PCC). 

The moisture removal capacity or efficiency of the active 

scavenger for removing moisture is not affected by the presence of 
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other impurities that would preferentially compete with moisture for 

binding to the support. The active scavenger for removal of moisture 

impurity either present in the feed gas or generated as a by-product 

from the reaction of the metal oxide or organometallic oxide species 

with the metal carbonyl impurity includes species such as anhydrous 

magnesium halide species on a support. 

The active moisture absorber can be: 

(i) metal halide compounds dispersed in the support, of 

the formula MXy; 

(ii) metal halide pendant functional groups, of the formula 

-MXy_1, covalently bonded to the support, wherein 

M is a y-valent metal selected from the group consisting of 

lithium (I). beryllium (II), magnesium (ti), calcium {IJ), 

strontium (II), barium {II), cadmium {II), nickel (l), iron (II), 

iron (111), zinc (II). and aluminum (Ill) and mixtures 

thereof; 

y is an integer whose value is from 1 to 3; and 

the activating scavenging moiety metal halide compounds 

and/or metal halide pendant functional groups have been 

· formed by reaction of corresponding partially or fully 

alkylated compounds and/or pendant functional groups, 

with the gaseous hydrogen halide, to form the active 

scavenging moiety metal hatide compounds and/or metal 

halide pendant functional groups; 

th~ vapor pressure of the support is less than f ppm; 

· M is selected such that the heat of formation of its hydrated 

J:lalide, MXy·(H20)0 is greater than or equal to 10.1 kilocalories per mole 

· ··" ~;;' of such hydrated halide compound for each hydrated water molecule, 

• .: li'l :r. wherein n is the number of water molecules bound to the metal halide 

··in the metal hafide hydrate as diselosed in U.S. Patent 4,853, 148 

which is incorporated herein by reference. Representative alternative 
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moisture scavengers which can be utilized include scavengers such as 

Bao, MgS04, CaCl2, CaS04 , or the like. 

When not employing particles consisting of the metal carbonyl 

scavenger or the moisture scavenger, a support for the metal carbonyl 

scavenger or moisture scavenger can be utilized to form the particles. 

Suitable support materials according to this invention include 

any materials that are compatible with the fluid being purified and any 

by-products produced during the purification reactions. They typically 

have the characteristics of: 

a} high surface area, generally greater than 50 m2/g; 

b) high porosity; and 

c) good thermal stability. 

Representative support materiafs include alumina, silica, 

· carbon, titania, magnesia, zeolites, and highly crossJinked polymers. 

The preferred support material is alumina. 

The active chemistries utilized in the scavengers of this 

invention may be deposited on the same or different high surface area 

· support materials. The support material itself may function as one of 

· -· · the active chemistries. In the case of utilizing different support 

materials for the active chemistries, the separate materials can exist 

within the purification vessel as a homogeneous mixture or layered 

beds. 

Representative gases which are purified by removing metal 

carbonyls and moisture impurities include carbon monoxide and inert 

gases such as argon, helium, nitrogen or the like. Any other gases can 

·::· 6e'treated ·provided they are compatible with the· described 

· · ~::··~cavengers. 

·· ~ .. .1:1;~ : ; · Fig. 1 illustrates the use of the present inventron. Referring to 
• '·, • • .../} ~~ • of. 

1 Fig. 1, ah apparatus of this invention 10 includes an inlet 12, an outlet 
..... "'\ 

·~ 14 and·a housing 16. Particles 18 can comprise a mixture of metal 

' carbonyl scavenger particles and moisture scavenger particles. 

Alternatively, the metal carbonyl scavenger particles can be positioned 
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adjacent the inlet 12 while the moisture scavenger particles are 

separately positioned adjacent the outlet 14. In a third alternative, the 

metal carbonyl scavenger particles can be positioned in a separate 

housing in an upstream position while the moisture scavenger particles 

can be positioned in a separate housing downstream of the housing for 

the metal carbonyl scavenger particles. 

The following examples illustrate the present invention and are 

not intended to limit the same. 

EXAMPLE 1 

A chromium (VI) oxide on alumina support is prepared 

according to the following procedure: To a slurry of aluminum oxide 

(50.0 g) in deionized water (50 ml) is added with overhead mechanical 

stirring a solution of chromium (VI} oxide (12.0 g) in deionized water 

(25 ml). The resulting mixture is stirred for one hour, transferred to a 

round-bottomed flask and concentrated on a rotary evaporator. 

r.:: .-. Additional drying is done at 120°c under vacuum for four hours. 

EXAMPLE2 

:., . . .. . A pyridinium chlorochromate on zeolite support is prepared 

according to the following procedure: To 2 N HCI solution (66 ml) is 

added at room temperature chromium (VI) oxide (12.0 g) with magnetic 

stirring. Pyridine (9.2 g) is added dropwise with stirring over ten 

:_minutes. The resulting solution is stirred for 15 minutes. NaY zeolite 

' ~r. (50.1 g) is added to the solution resulting in a temperature increase of 

the mixture. The resulting mixture is allowed to stand for 1.5 h, then 

the mixture is filtered providing orange-colored zeolite. Drying of the 

PCC/NaY mixture is effected at 130°C under vacuum for four hours. 

EXAMPLE3 

A commercially available copper oxide on afumina scavenger is 

dried according to the following procedure: A sample of CU-0226 S (50 
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cc) from Engelhard Corporation contained within a 50-cc stainless steel 

sample cylinder using metal frits inserted into the compression fittings 

is dried at 100°C and 3 slpm flow of purified nitrogen for 16 hours. 

EXAMPLE4 

A mixture of copper oxide on alumina and anhydrous 

magnesium halide on alumina is prepared according to the following 

procedure: Within a nitrogen-filled gfove box a sample of CU-0226 S 

(ca. 4 cc) prepared in Example 3 is used to partially fill a small sampre 

vessel constructed from a 2.5 inch section of %-inch OD stainless steel 

tubing, compression fittings, metal frits in the fitting to contain the 

scavenger and valves. To this scavenger is added anhydrous 

· magnesium chloride on alumina scavenger (ca. 0.5 cc; Millipore 

Waferpure® Reactive Micro Matrix for chloride and oxide gases). 

EXAMPLES 

This example demonstrates the use of the chromium (Vf) oxide 

on alumina scavenger for the removal of hydrogen sulfide (H2S) from 

an inert gas stream. A 4.5-cc sample tube is filled with the 

CrOafalumina scavenger prepared in Example 1. A test gas mixture of 

950 ppm H2S in helium is passed through the sample tube initially at a 

flow rate of 375 seem which is later increased to 750 seem. The 

downstream H2S concentration is measured using a residual gas 

analyzer {RGA). After consuming 146.25 L of challenge gas, H2S 

': · breakthrough is detected by the RGA to provide a H2S· capacity for the 

· ~;~·inorganic scavenger of 31 L H2S/L bed. 

EXAMPLES 

This example demonstrates the use of the pyridinium 

chlorochromate (PCC) on NaY zeolite scavenger for the removal of 

· ·. Ni(C0)4 from carbon monoxide. 
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A 50-cc sample cylinder is filled with PCC/NaY zeolite sample 

prepared in Example 2. The sample cylinder is installed on a gas 

manifold with an optional by-pass loop around the sample. An 

unknown concentration of Ni(C0)4. is generated by heating a nickel 

filter in carbon monoxide to 130°C to provide the. challenge gas 

mixture. This test gas mixture is either passed through the sample 

cylinder or optionally by-passed (to provide background level) at a flow 

rate of 48 seem. The downstream by-passed and purified CO gas is 

measured using a FTIR and RGA. 

Table 1 shows the observed results with values given in amps 

and ND is the abbreviation for none detected. 

Table 1 
60Ni(C0)4 

58Ni(C0)4 
60Ni(COh 18Nl(C0)3 

80Nl(C0)2 saNi(C0)2 

171 169 143 141 115 113 

By-passed 0.20E-12 0.52E-12 0.56E-12 1.47E-12 0.35E-12 0.83E-12 

Purified ND ND NO ND ND ND 

. , 

The overlayed FTIR spectra of by-passed vs. purified CO gas is shown 

in Fig. 2. As shown in Fig. 2, the purified CO is free of Ni(C0)4 as 

shown in the dotted trace. 

EXAMPLE? 

This example demonstrates the difference in downstream 

moisture impurity level through the use of anhydrous magnesium 

halide on alumina scavenger with the copper oxide on alumina 

scavenger in the removal of Fe(C0}5 vs. solely using the copper oxide 

on alumina scavenger. A 4.5-cc sample tube is filled with copper oxide 

on the alumina scavenger prepared in Example 3. A sample of 

Fe(C0)5 is contained in a small section of tubing with valve that is 

connected to a tee on a manifold upstream of the scavenger sample. 

The scavenger sample tube is installed on the manifold with an 
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optional by-pass loop around the sample. A ppm-leveJ concentration of 

Fe(C0}5 in helium is generated by opening the valve to the diffusion 

tube containing the Fe(C0)5 to provide the challenge gas mixture. This 

test gas mixture is either passed through the sample cylinder or 

optionally by-passed (to provide background level} at a flow rate of 100 

seem. The downstream by-passed and purified CO gas is measured 

using a FTIR. Following this test a 4.5-cc sample tube containing a 

mixture of copper oxide on alumina and anhydrous magnesium 

chloride on alumina prepared in Example 4 is tested in a similar 

fashion on the manifold. The difference in FTIR spectra is shown in 

Figure 3. As shown in Fig. 3, the spectrum for the scavenger 

containing only copper oxide on alumina (the upper spectrum) shows 

many absorbencies corresponding to the presence of moisture. 

However, for the spectrum of the mixed purifier containing copper 

oxide and active moisture scavenger {magnesium halide), the moisture 

. '. ievel is. near the detection limit of the instrument. This result 

__ .;);:.·· 

· demonstrates the improved performance of utilizing an active moisture 

scavenger which forms hydrates upon reaction with moisture as 

compared to physisorptive dessicants. 

•. "'· · .... .. _.,. ........ · . 
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CLAIMS 

1. A particulate composition suitable for removing a metal 

carbonyl composition and moisture from a gas, as well as for removing 

a moisture by-product formed during removal of said carbonyl 

composition from said gas which comprises: 

a particulate mixture comprising first particles including a 

surface formed of a first composition having a reduction potential 

greater than about 0.175 volts selected from the group consisting of a 

metal oxide, an organometallic oxide and mixtures thereof and second 

particles including a surface formed of a second composition capable 

of removing moisture from said gas. 

2. The composition of claim 1 wherein said first composition is 

a metal oxide. 

3. The composition of claim 1 wherein said first composition is 

an organometallic oxide. 

4. The composition of claim 2 wherein said metal oxide is CuO. 

5. The composition of any one of claims 1, 2, 3 or 4 wherein 

said second composition is a metal halide of the formula MXy. wherein 

M is a y-valent metal selected from the group consisting of lithium, 

beryllium, magnesium, calcium, strontium, barium, cadmium, iron, zinc. 

aluminum and mixtures thereof and y is an integer from 1 to 3 . 

6. The process for removing metal carbonyls and moisture from 

a gas, including moisture formed as a result of removal of metal 

1 >~ carbonyls from said gas, which comprises intimately contacting said 

gas with the composition of claim 1 and recovering said gas after 

contacting with composition of claim 1. 
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7. The process of claim 6 wherein said first composition is a 

metal oxide. 

8. The process of claim 6 wherein said first composition is an 

organometallic oxide. 

9. The process of claim 7 wherein the metal oxide is CuO. 

10. The process of claims 6, 7, 8 or 9 wherein said secood 

composition is a metal halide of the formula MXy. wherein M is a 

y-vafent metal selected from the group consisting of lithium, beryllium, 

magnesium, cafcium, strontium, barium, cadmium, iron, zinc, aluminum 

and mixtures thereof and y is an integer from 1 to 3. 

11. The process for removing metal carbonyls from a gas which 

comprises contacting said gas sequentially with a first particulate 

composition having a reduction potential greater than about 0.175 volts 

selected from the group consisting of a metal oxide, an organometallic 

oxide and mixtures thereof and then with a second particulate 

composition having a surface composition capable of removing 

moisture from said gas. 

12. The process of claim 11 wherein said first composition is a 

metal oxide. 

13. The process of claim 11 wherein said first composition is an 

.- ~-.; ~· :'ofganometallic oxide. 
~ . ~ ·-. 

g;.i~p. Q~r;i; 14. The process of claim 12 wherein the metal oxide is CuO. 

15. The process of claims 11, 12, 13 or 14 wherein said second 

composition is a metal halide of the formula MXy, wherein M is a 
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y-valent metal selected from the group consisting of lithium, beryllium, 

magnesium, calcium, strontium, barium, cadmium, iron, zinc, aluminum 

and mixtures thereof and y is an integer from 1 to 3. 
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