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PROCESS "FOR REDUCING THE CONTENT OF METAL CARBONYLS IN GAS
STREAMS

BACKGROUND OF THE INVENTION

Technical Field of the Invention

This invention relates to a process for removing, or
at least substantially reducing, metal carbonyls in a gaseous
stream, such as a synthesis gas stream, by making use of a

lead oxid&,; PbO, on a gamma-alumina sorbent.

Background of the Invention and Prior Art

Metal containing catalysts are used to catalyze many important
industrial processes, such as ammonia synthesis, methanol syn-
thesis, and Fischer-Tropsch synthesis of hydrocarbons and oxy-
genated hydrocarbons. The metal catalysts are susceptibie to
catalyst poisoning by even minute amounts of metal carbonyls,
such as iron carbonyl, cobalt carbonyl and nickel carbonyl,
when found in the gas streams used in these processes. When
carbon monoxide is present in any appreciable ‘amount in the
gas stream under conditions of relatively low temperatures
(about 25 to 100 °C) and particularly at elevated pressure,
contact with iron, nickel or cobalt metals will cause the
formation of metal carbonyls. Iron carbonyl is often formed by
the reaction of carbon monoxide with steel materials in the
process equipment. Also, metal carbonyls can form when the
gases are transported in steel containers.

During synthesis processes, the process catalysts
themselves are not usually vulnerable because the processes
are run under conditions which are not conducive to the for-
mation of metal carbonyls. Problems arise, however, in the
stages of the process preceding the reaction zones. At this
stage, conditions often permit the formation of metal car-
bonyls upstream of the reaction steps. When these carbonyls
reach the reaction zone, they poison the process catalysts,
notwithstanding the proper control of the conditions in the

reaction zones.
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) The synthesis of ammonia involves the use of a syn-
thesis.éas from which the carbon monoxide has been removed and
which has been adjusted to a ratio of 3 parts of hydrogen and
1 part of nitrogen. Processing with a catalyst at high tempe-
ratures and pressures yields ammonia.

Methanol is a major petrochemical product having a
great variety of uses and is considered by many to become an
important energy carrier in the future. The most important
source for methanol production nowadays is natural gas. When
natural gas is used as a feed in methanol production, the
natural gas feed is freed from any sulphur impurities by
catalytic or adsorption processes before entering one or
several reformer stages in which the natural gas is trans-
formed into a synthesis gas of suitable composition for
methanol production. Mefhanol is produced at pressures of
about 60 to 100 bar and temperatures of about 200 to 300 °C in
the presence of a catalyst. Even relatively small amounts of
iron carbonyl, Fe(CO),, of about 5 ppm in the feed gas have
been found to poison the catalysts used in the methanol syn-
thesis. The third process of particular interest is the Fis-
cher-Tropsch synthesis of hydrocarbons and oxfgenated hydro-
carbons. The hydrocarbon product from this process is trans-
formed into hydrocarbon fuel, in particular high quality
diesel fuels and blending components for other fuels. This
process has therefore been in the focus of interest for quite
a number of years, but due to technical and economical reasons
has nét until now been deemed economically viable, except
under particular economic and political conditions. Due to
technical developments in recent years, the Fischer-Tropsch
synthesis is now on the brink of being declared economically
feasible in situations where, for instance, large supplies of
natural gas are available at low costs in remote areas and an
effective method is needed for converting the natural gas into
a synthetic crude capable of being transported to facilities
located near larger fuel markets and refineries.

As for the production of methanol, natural gas for

the production of Fischer-Tropsch products is first converted
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into a synthesis gas containing hydrogen and carbon monoxide
in a suitable ratio. The synthesis gas is produced by one of
several processes, some depending on the source of the hydro-
carbon. Both natural gas and clean coal are now sources for
synthesis gas.

The processes used to synthesize syngas from natural
gas are (1) steam-methane reforming, (2) partial oxidation
using oxygen and methane feed, and (3) autothermal reforming
of methane with oxygen or air or combinations thereof. The
coal-source synthesis gas is produced from partial oxidation
of coal using oxygen.

All of these processes have the potential for pro-
ducing syngas which can be contaminated with iron carbonyl in
downstream pipe, vessels, and other process equipment. The
Fischer-Tropsch synthesis is carried out in a subsequent step
in which hydrogen and carbon monoxide react at pressures of
about 10 to 50 bar and temperatures in the range of about 150
to 300 °C, in the presence of a suitable catalyst, which
normally comprises iron or cobalt dispersed on a suitable
support.

In order to eliminate or reduce the fisk of catalyst
poisoning by metal carbonyls in the above-mentioned processes
and similar processes, it would be desirable to effectively
remove or substantially reduce the metal carbonyl from the
respective feed gas streams to the lowest possible level
before converting the feed gas streams as described.

‘ Suggestions have been made in the art to pretreat
synthesis gas to remove metal carbonyls by making use of
materials including molecular sieves, alumina, Cu, Cu0O, and
Zno.

Thus, Dvorak, L. et al. (Chemical Abstracts, Vol. 96
(1982), Abstract No. 164.903e) have attempted to remove resi-
dual quantities of sulphur compounds and/or iron pentacarbo-
nyl, Fe(CO),, from gas mixtures by contacting the gases with
spent catalysts, the main components of which were Cu and/or
Cu0 and ZnO. Only small amounts of iron carbonyl were sorbed

from the gases.
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The problems with these suggestions are two fold.
First, fhe adsorbents, such as, molecular sieves and alumina
have a low adsorption capacity, and second, the Cu and CuO
sorbents have the drawback of being hydrogenation catalysts.
When used, they can convert some of the syngas to methane and
alcohols. This of course is undesirable.

It has also been proposed to use copper coated tubes
in the process plant to avoid reaction of the synthesis gas
with iron and nickel with formation of iron and nickel carbon-

1 yls. However, such a solution to the problem is unpractical
and expensive. The normal procedure to reduce the potential
formation of Fe(CO); in syngas streams is to use austenitic
(18/8) stainless steel pipes and vessels. But this option may
not be practical.

e U.S. Patent No. 3,782,076 to Norman L. Carr et al.,
which issued on January 1, 1974, teaches the use of an oxide
of lead dispersed on an alumina support in a process for
reducing the arsenic content of a gaseous hydrocarbon stream.
While the feed gas described in the Carr et al. patent might

* typically contain relatively small quantities of carbon mon-
oxide (0.2 to 3.4 vol%), there is no teaching‘that metal car-
bonyls would be formed. Further, it is believed that detec-
table levels of metal carbonyls would not be formed with the
low levels of carbon monoxide described in the Carr e* al.

z patent. The levels of carbon monoxide are greater in the feed

streams used in Fischer-Tropsch, methanol and ammonia syn-

theseé than those described in the Carr et al. patent. Thus,
the formation of metal carbonyls, while not a problem in the
method described in the Carr et al. patent, is a serious

30
problem in other processes.

SUMMARRY OF THE INVENTION
It has now surprisingly been found that lead oxide, .

PbO, is capable of effectively removing metal carbonyls from

35
gas streams such as synthesis gas streams used in the Fischer-
Tropsch, ammonia or methanol synthesis processes.

Thus, according to the present invention there is
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provided a process for reducing the metal carbonyl content of
a gas stream which contains appreciable proportions of carbon
monoxide, for example, a synthesis gas stream, in which pro-
cess the gas stream is contacted with a metal oxide dispersed
on a support. The characteristic feature of the process con-
sists in there being used as metal oxide a lead oxide, PbO,
dispersed on a high surface area support.

Aithough the process is primarily intended for
removal of iron carbonyl, related metal carbonyl compounds

* such as nickel and cobalt carbonyls are also removed by the
process.

The advantages of using a PbO on gamma alumina sor-
bent are many. The removal is fast. It may involve a chemical
reaction and/or a strong physical adsorption. The loading of

* Fe deposited from Fe(CO); removal can be very high, up to about

5 wt% iron on the sorbent trap. These factors are conducive to

commercially attractive performance: a high capacity for Fe

capture, the long life of the sorbent and the ability to use
small removal reactors because of fast rates of removal.

* Another advantage of using a supported PbO sorbent is
that it is noncatalytic for synthesis and hydfogenation reac-
tions while used for treating synthesis gases for metal car-
bonyl removal. It is therefore deemed a selective agent for
removal of metal carbonyl contaminants from syngas.

25
DETAILED DESCRIPTION OF THE INVENTION

Any gas stream containing metal carbonyls can be

treated by the process of the present invention. The gaseous

streams that can particularly benefit from treatment by the
* process of the invention are various synthesis gases for use
in processes such as ammonia synthesis, methanol synthesis,
Fischer-Tropsch synthesis and similar syntheses.

The synthesis gas to be treated will typically con-
tain major proportions of carbon monoxide and hydrogen, and
* for some purposes also nitrogen. An appreciable proportion of
carbon monoxide will be a part of these gas streams. Appreci-

able proportion, as used herein, shall mean that the gas
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streams will be comprised of at least 5 mol% carbon monoxide,
énd preferably at least 10 mol% carbon monoxide. The precise
composition of the synthesis gas, however, may vary within
wide limits. Typically, it will contain about 10 to about 90 %
by volume of carbon monoxide, about 10 to about 50 % by volume
of hydrogen, and 0 to about 80 % by volume of nitrogen, the
balance being made up of other gaseous components such as
carbon dioxide, methane, higher hydrocarbons and oxygenated
hydrocarbons, hydrogen sulphide, water, argon and traces of
other noble gases.

It is known that sulphur compounds, such as H,S, will
poison the catalysts used in processes downstream of the metal
carbonyl trap. It is also known that certain sulphur compounds
will compete with the removal of metal carbonyls from the gas
stream. Accordingly, the gas stream is preferably free from
sulphur compounds. Various sulphur compounds may be removed
from the gas stream by any of the methods well known in the
art. Such methods include, for example, the use of zinc oxide
for H,S removal, the use of liquid solutions of amines or the
use of caustic solutions when H,S is present in large amounts,
e.g., sodium hydroxide solutions. Preferably, Sulphur will
already have been removed from the gas to be treated prior to
contact with the metal carbonyl trap. If only trace levels of
H,S exist in the syngas, e.g. < 1 ppm, then PbO dispersed on
alumina can be used effectively to remove H,S also.

The metal carbonyl content of the synthesis gas
streaﬁs to be treated will typically be of the order of 5 ppm
or higher. Lower levels of carbonyl can also be effectively
removed by this process. Following contact with a properly
designed sorbent reactor, the metal carbonyl content of the
gas stream is reduced to a value lower than 1 ppm and typi-
cally less than 0.1 ppm. The terms removal, remove, effective
removal and the like, as used herein, mean substantial removal
or substantial reduction to levels that are either not detec-
table by current detection methods or to levels that have been
shown to eliminate catalyst poisoning downstream. In this
application the term "ppm" means "parts per million" and such
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parts are parts by volume unless otherwise indicated. For the
purpose-of this application the lead oxide will be termed a
"sorbent".

The support on which the lead oxide is dispersed is
preferably selected from refractory metal oxides having a
large surface area or mixtures of such metal oxides. Gamma
alumina having a surface area in the range of 150 to 350 m?/g
is particularly suitable.

The amount of lead oxide dispersed on the support is
suitably in a range of about 5 to about 50 wt%, and preferably
in a range of about 10 to about 30 wt%, of the total sorbent
plus support, and most preferably about 20 wt%.

The lead oxide employed in the process of the inven-
tion is most easily converted to a high surface area form by
dispersion onto a suitable high surface area support. The man-
ner of dispersing the lead oxide on the supports is not criti-
cal and_may be accomplished by means well known in the art.
Briefly, the technique involves the deposition of lead from a
solution, preferably aqueous, of a suitable lead salt such as
lead nitrate followed by calcination in the presence of air to
produce a sorbent comprising PbO. The lead salt which is
employed must be one which will decompose to the desired lead
oxide form on calcining or which can be oxidized to the desi-
red lead oxide form under conditions which will not impair the
desired surface area characteristics of the support.

Suitable high surface area supports are those well
known-in the art as catalyst supports. Examples of suitable
supports are the usual porous naturally occurring or syntheti-
cally prepared high surface area, i.e. greater than about
50 m*/g, refractory metal oxides well known in the art as

catalyst supports, e.g. alumina, silica, boria, thoria,

- magnesia or mixtures thereof. Preferably, the support is one

of the partially dehydrated forms of alumina. More preferably,
the alumina is one having a surface area in excess of 50 m’/g,
preferably a surface area of 150 to 350 m?’/g. Suitable forms of
the higher surface area aluminas and their methods of prepara-
tion are described in the Kirk-Othmer Encyclopedia of Chemical
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Technology, Second Edition, Volume 2, pages 41 et seq. Other
éuitablé supports include clays, zeolites and crystalline
silica aluminas.

The influence of the pressure on the uptake of metal
carbonyl in the process of the invention is not critical, and
operable pressures may range from 0.1 to 1000 bar. Approxima-
tely identical results were achieved in comparable tests at 30
and 50 bar pressure at temperatures of 25 °C to 110 °C.

The temperatures to be employed in the process of the
invention can suitably be at about 100 °C or below. Under
suitable conditions, temperatures above 100 °C may be employed
also. However, the recommended temperature is usually within
the range of about 0O °C to about 100 °C, preferably 0 °C to
about 50 °C, and is more preferably in the range of 25 °C to
about 50 °C. Temperatures below O °C are usually undesirable
from a commercial point of view because of high cooling costs.
Temperatures above 100 °C may be undesirable because the
sorbent may tend to form carbon deposits from the CO, especi-
ally in the absence of hydrogen.

At temperatures above 70 °C, and with a CO feed, a
black deposit begins to form in increasing amdunts as the
temperature increases. The deposits may clog the pores of the
sorbent and reduce its capacity for uptake of metal carbonyl.
The black deposit also forms to some extent at lower tempera-
tures (around 70 °C) if iron has been deposited on the sor-
bent.

. The performance of the sorbent for carbonyl removal
per se can be effective at temperatures of 100 °C, but is
optimal at temperatures around 25 °C. At such temperatures,
the service life is long and the energy consumption is mini-
mized. Furthermore, when carbon monoxide is the feed gas, the
lower temperature operation is preferred in order to reduce
carbon formation in the carbonyl reaction zone. Since the
performance of the trap is not sensitive to pressure varia-
tions, the trap may be operated at pressures that are useful
for synthesis gas treatments ahead of Fischer-Tropsch reac-

tors.
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' The invention is illustrated by the following, non-
limitiné examples.

In all the examples, gases containing Fe(CO), were
purified by meahs of iron carbonyl traps containing sorbent
particles comprising PbO dispersed on gamma-alumina. The
amounts of Fe(CO), adsorbed by the PbO/gamma-alumina particles
were determined by measuring the amounts of Fe trapped on the
sorbent, in the following manner: to 1 g of a finely divided
sample there was added 10 ml of 50 % hydrochloric acid, and
the solution was gently heated for about 30 min. The solution
was then transferred to a 100 ml graduated flask and diluted
with distilled water to 100 ml. The flask was shaken at reg-
ular intervals to dissolve the iron contained in the precipi-
tation formed. The precipitation was allowed to form a sedi-
ment and the iron content of the clear solution was determined
by atomic absorption. Standard iron solutions having the same

acid strength as the samples were used as reference solutions.

Example 1. Removal of Fe(CO). from a CO gas.

The capacity of PbO/gamma-alumina for removal of iron
carbonyl from a CO gas was determined. The irdn carbonyl trap
was constituted by two tubes of stainless steel of type 316
connected in parallel, each tube having a length of 1 m and an
inner diameter of 9.65 mm and being filled with spherical
particles of PbO dispersed on gamma-alumina (21.4 % by weight
of PbO, the balance being gamma-alumina, obtained from Mal-

linckrodt, Inc.), having a diameter of about 3 mm.

=)

o\

The CO gas was supplied from a gas cylinder (99.0
CO obtained from Norsk Hydro a.s.). In order to achieve the
desired concentration of iron carbonyl in the CO gas, the gas
was passed through an iron carbonyl generator constituted by a
tube filled with iron filings before the gas was admitted to
the tubes containing PbO. Tests were performed to determine
the characteristics of the PbO/gamma-alumina using a Carlo
Erba porosimeter model 1500 and a Carlo Erba Sorptomatic model
1800. Prior to testing the specimens were exposed to vacuum at

pressures less than 10 mmHg and a temperature of 250 °C for 1
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hour. The employed PbO/gamma-alumina had the following charac-

teristics:

Specific surface area 272 m’/g
Macropore surface r > 50 A 16 m?/g
Micropore surface r < 50 A 256 m?/g
Pore volume 0.42 cm®/g
Macropore volume 0.15 cm®/g
Micropore volume 0.27 cm®/g
Porosity 61 %

Particle density 1.46 g/cm’
Skeleton density 3.81 g/cm’

Before each run, 0.07 to 0.08 kg of PbO/gamma-alumina
was introduced in each of the steel tubes of the reactor. To
remove moisture in the pores of the PbO/gamma-alumina par-
ticles the iron carbonyl trap was purged with nitrogen for a
period of 4 hours. The temperature was then stabilized at the
desired level, whereupon the introduction of nitrogen gas was
discontinued and carbon monoxide gas was introduced in a
desired amount via the iron carbonyl generator:

Runs were conducted at three temperatures, 25 °C,

70 °C and 110 °C, at pressures of 30 bar and 50 bar. The ex-
perimental conditions and the results are presented in the
following Table 1. The amounts of Fe trapped on the PbO/gamma-
-alumina are expressed in % by weight, based on the amount of
PbO/gamma-alumina.

The analysis of the data in Table 1 shows that shar-
per Fe removal rates (gradients) occur within the first three
zones. The data also show that higher loadings occur in the
first zone at 25 °C, and the lowest at both 70 °C and 110 °C.
The highest gradients were evident at 25 °C. One interpreta-
tion of these data is that a chemical reaction between Fe(CO),
and PbO occurs, and another is that physical adsorption is
responsible for- trapping the carbonyl.

The uptake of iron carbonyl was evident at all
temperatures, but black deposits were observed when the
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Example-z. Removal of Fe(CO). from a synthesis gas.

A synthesis gas consistingvessentially of H, and CO
in a ratio of 2:1 by volume and containing about 7 ppm Fe(CO),
was purified in an iron carbonyl trap constituted by two tubes
of acid-resistant stainless steel of type 316 connected in
series, each tube having a length of 2 m and a diameter of
25.4 mm. The tubes were filled with PbO/gamma-alumina pellets
of the type used in Example 1. The synthesis gas contained
about 7 ppm of Fe(CO); and the gas flow rate was 31.25 Nl/min.
The run was conducted at 25 °C, a pressure of 20 bar and a gas
hourly space velocity of about 1000 GVHSV. The duration of the
run was 20 days.

The results are set out in Table 2 below. The amounts
of Fe trapped on the PbO/gamma-alumina are given in % by
weight, based on the amount of PbO/gamma-alumina. Samples 1 to
5 were taken from zones of the iron carbonyl trap, regularly
spaced along the whole length of the trap, starting from the
inlet end thereof. Sample 6 was a metal carbonyl free, pure

sample serving as a reference.

Table 2

Sample No. Fe, wt%
1 (inlet end) 1.49

2 1:33

3 0.268

4 0.154

5 (outlet end) 0.0042
6 (pure) 0.0033

As shown by the Fe values in Table 2, an effective
removal of Fe(CO). by the Pb0O/gamma-alumina was achieved during

the 20 days on stream.
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The embodiments of this invention which are exempli-
fied above are intended solely as illustrations of the inven-
tion and should not be interpreted as limiting the scope of
the invention to just those features which are exemplified.
Those skilled in the art will appreciate that modifications
may be made in the specific arrangements described herein
without departing from the scope of the present invention as

expressed in the appended claims.
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What is claimed is:

1. A process for substantially reducing the metal carbonyl
content of a gas stream comprised of appreciable proportions
of carbon monoxide, the process comprising:

contacting the gas stream with lead oxide dispersed on a
support.

2. The process recited in claim 1 wherein the metal carbonyl

is iron carbonyl.

3. The process recited in claim 1 wherein the metal carbonyl

is nickel carbonyl.

4. The process recited in claim 1 wherein the metal carbonyl

is cobalt carbonyl.

5. The process recited in claim 1 wherein the content of
metal carbonyl in the gas stream before the contact with the

lead oxide is in excess of 5 ppm.

6. The process recited in claim 5 wherein the content of
metal carbonyl after contact of the gas stream with the lead
oxide is lower than 1 ppm.

7. The process recited in claim 1 wherein the support is a
porous refractory metal oxide having a surface area greater

than about 50 m?/g.

8. The process recited in claim 1 wherein the support is

gamma-alumina having a surface area of 150 to 350 m?/g.

9. The process recited in claim 1 the gas stream contains at

least 5 mol% carbon monoxide.

10. The process recited in claim 9 wherein the gas stream is

synthesis gas containing an additional amount of hydrogen.

SUBSTITUTE SHEET



WO 94/25142 PCT/NO94/00078

10

15

20

25

30

35

16

11. The-brocess recited in claim 1 wherein the gas stream is
contacted with the lead oxide at a temperature within a range
of 0 °C to about 100 °C.

12. The process recited in claim 1 wherein the gas stream is
contacted with the lead oxide at a temperature within a range
of 0 °C to about 50 °C.

13. The process recited in claim 1 wherein the gas stream is
contacted with the lead oxide at a temperature of about 25 °C
to about 50 °C.

14. The process recited in claim 1 wherein the amount of lead
oxide dispersed on the support is from about 5 to about 50 wt%
of the lead oxide and support combined.

15. The process recited in claim 1 wherein the amount of lead
oxide dispersed on the support is from about 10 to about 30

wt% of the lead oxide and support combined.

16. A process comprising: ‘

contacting a stream of gas comprised of about 10 to about
90 $% by volume carbon monoxide, about 10 to about 90 % by
volume hydrogen, 0 to about 80 % by volume nitrogen, and con-
taining amounts of metal carbonyl, with a sorbent comprised of
lead 6xide dispersed on a porous refractory metal oxide sup-
port having a surface area of at least 50 m?/g and at operating
conditions sufficient to substantially reduce the metal car-

bonyl content of the gas stream.

17. The process recited in claim 16 wherein the support is an

alumina support.
18. The process recited in claim 16 wherein the content of

metal carbonyl in the gas stream following contact with the

sorbent is lower than 1.0 ppm.
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19. The process recited in claim 16 wherein the amount of lead
oxide dispersed on the support is from about 5 to about 50 wt%
of the lead oxide and support combined.

20. A process comprising:

passing a stream of gas which includes amounts of
metal carbonyls sufficient to poison a metal catalyst through
a trap comprised of lead oxide on a support to effectively

remove the metal carbonyl content of the gas stream.
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