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[57] ABSTRACT

A catalyst for conversion of carbon monoxide in water
gas reaction, which comprises iron oxide, chromium
oxide and magnesium oxide in the proportions of the
from 40 to 85% by weight computed as Fe;O3, from 12
to 45% by weight computed as Cr,Os and from 3 to
15% by weight computed as MgO, respectively.
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CATALYST FOR CONVERSION OF CARBON
MONOXIDE

The present invention relates to a catalyst of an iron
oxide-chromium oxide system for conversion of carbon
monoxide. More particularly, the present invention
relates to a catalyst useful for catalytically reacting
carbon monoxide with steam for the production of hy-
drogen, which is effective for suppressing side reactions
and yet has improved catalytic activities which are less
susceptible to deterioration.

The reaction which converts carbon monoxide and
steam to hydrogen and carbon dioxide is known as the
water gas reaction. This reaction is an important pro-
cess in the chemical industry and has been known a long
time. The reaction may be represented by the following
formula:

CO-+H;0=H;+CO,

As the catalyst for this reaction, it is usual to e.mploy'

a catalyst of an iron oxide-chromium oxide system hav-
ing excellent poison resistance and having a long life at
high temperatures. Such a catalyst is used at a tempera-
ture of from 350° to 500° C. under a pressure of from 10
to 35 kg/cm? for an industrial operation. It is known
that under such conditions, undesirable methane is pro-
duced as a by-product by a Fisher-Tropsch reaction.

The amount of the by-product methane is extremely
small and negligible at the initial stage in the use of the
catalyst, but it gradually increases thereafter, and after
about 2 months from the initiation, such by-product
methane tends to form constantly.

If hydrogen produced by such a process is used for
the synthesis of ammonia in a usual manner, the by-pro-
duct methane accumulates in the tower for the ammonia
synthesis, thus leading to undesirable results.

As a method for controlling the by-product methane,
it is effective to increase the ratio of steam to carbon
monoxide, but such a method is economically disadvan-
tageous.

On the other hand, it has been proposed to incorpo-
rate aluminum oxide or magnesium oxide to the iron
oxide-chromium oxide catalyst to improve the proper-
ties such as the strength, heat resistance and poison
resistance.
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Japanese Unexamined Patent Publication No.

216845/1985 -(which corresponds to EP No. 0126425
and U.S. Pat. No. 4,598,062) discloses that a catalyst
prepared by adding magnesium oxide to an iron oxide-
chromium oxide for the purpose of improving the me-
chanical strength of the catalyst, is effective to substan-
tially suppress the formation of methane. The catalyst
disclosed in this publication has a composition compris-
ing from 80 to 90% by weight of iron oxide, from 7 to
11% by weight of Cr;03 and from 2 to 10% by weight,
preferably from 4 to 6% by weight, of MgO.
However, according to the experiments conducted
by the present inventors, a catalyst prepared by adding
magnesium oxide to an iron oxide-chromium oxide cata-
lyst tends to reduce catalytic activities although the
formation of methane can thereby be suppressed. A
commercially available iron oxide-chromium oxide cat-
alyst for the conversion reaction usually has a chro-
mium oxide content of from about 9 to about t1% by
weight. If magnesium oxide is added to such a catalyst,
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2
the catalytic activities deteriorate, such being practi-
cally disadvantageous.

The present inventors have conducted extensive re-
searches for the improvement of the iron oxide-
chromium oxide system catalyst. As a result, it has been
surprisingly found that by adjusting the composition of
the iron oxide-chromium oxide-magnesium oxide to a
certain range, not only the formation of by-product
methane can be suppressed, but also it is possible to
obtain a catalyst for conversion of carbon monoxide
having catalytic activities higher than the commercially
available catalyst containing no magnesium oxide. The
present invention has been accomplished on the basis of
this discovery. Namely, it is an object of the present
invention to provide a catalyst for conversion of carbon
monoxide which has a high catalytic activity without
substantial production of undesirable methane.

The present invention provides a catalyst for conver-
sion of carbon monoxide, which comprises iron oxide,
chromium oxide and magnesium oxide in the propor-
tions of from 40 to 85% by weight computed as Fe;O3,
from 12 to 45% by weight computed as Cr03 and from
3 to 15% by weight computed as MgO, respectively.

Now, the present invention will be described in detail
with reference to the preferred embodiments.

In the catalyst for conversion of carbon monoxide
composed of iron oxide-chromium oxide-magnesium
oxide, the contents of chromium oxide and magnesium
oxide are important.

The content of chromium oxide in the catalyst of the
present invention is from 12 to 45% by weight, prefera-
bly from 14 to 45% by weight, more preferably from 14
to 30% by weight. If the content is too small, it is diffi-
cult to obtain a catalyst having high catalytic activities.
On the other hand, if the content is too high, the forma-
tion of by-product methane tends to be substantial.

On the other hand, the content of magnesium oxide is
from 3 to 15% by weight, preferably from 5 to 15% by
weight more preferably ffom 5 to 12% by weight. If this
content is too small, no adequate effect for suppressing
by-product methane will be expected. If the content is
too high, the catalytic activities tend to deteriorate.

Thus, chromium oxide and magnesium oxide have
mutually opposing effects. However, when the molar
ratio of magnesium oxide to chromium oxide is adjusted
to a level of from 1 to 2, preferably from 1.1 to 2, within
the above composition, it is possible to obtain a catalyst
having high catalytic activities and being capable of
suppressing the formation of by-product methane.

" For the preparation of the catalyst of the present
invention, various methods may be employed which are
commonly used for the preparation of catalysts of this
type. Iron oxide, chromium oxide and magnesium ox-
ide, or precursors thereof are used as starting materials,
and they are mixed by a conventional method such as
precipitation, impregnation or kneading to have prede-
termined proportions of iron, chromium and magne-
sium, and if necessary, converted to oxides by a usual
means such as calcining.

For example, it is possible to employ a precipitation
method wherein an aqueous solution containing a
water-soluble iron compound such as iron nitrate, iron
sulfate, iron chloride or iron acetate as an iron source, a
water-soluble chromium compound such as sodium
dichromate chromium nitrate, chromium sulfate or
chromium acetate as a chromium source and a water-
soluble magnesium compound such as magnesium ni-
trate or magnesium sulfate as a magnesium source in the
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desired proportions of iron, chromium and magnesium,
is precipitated by means of an aqueous solution of e.g.
sodium hydroxide or sodium carbonate. An impregna-
tion method wherein an aqueous solution of a water-sol-
uble magnesium compound such as magnesium nitrate
or magnesium acetate is added or sprayed to iron-
chromium precipitates obtained by using the above
starting materials or to a dried product of such precipi-
tates, or a kneading method wherein iron-chromium
precipitates or a dried product of such precipitates is
kneaded with magnesium oxide or 2 magnesium com-
pound such as magnesium hydroxide or magnesium
carbonate are also employed.

In either one of these methods, if a component added
in a form other than its oxide is present, it is necessary
to convert it to its oxide by e.g. calcining or blowing air
thereto before the catalyst is actually used.

The catalyst of the present invention obtained as
described above is usually molded without a carrier, or
together with a carrier or a molding assistant such as
graphite, followed by drying and, if necessary, calcin-
ing. Otherwise, it is possible to support a solution of the
above-mentioned catalyst components on a carrier such
as alumina, silica, glass or ceramics, followed by drying
and calcining. -

The drying may be conducted at a temperature o
from 200° to 220° C. for a few hours. When calcining is
conducted, it may be carried out at a temperature of
from 400° to 500° C. for from about one to about 3
hours.

Further, the catalyst of the present invention may
contain metals other than the above-mentioned metal
components, for example, a transitional metal such as
titanium, ‘vanadium or manganese, an alkaline earth
metal such as calcium or barium, yttrium and a rare
earth metal such as lanthanum or cerium, as the case
requires. ,

Thecatalyst of the present invention may be used in
a conventional manner, for example, at a temperature of
from 300° to 500° C. under a pressure of from atmo-
spheric pressure to 50 kg/cm?, or under a pressure of

from 10 to 35 kg/cm? for an industrial operation.

Now, the present invention will be described in fur-
ther detail with reference to Examples. However, it
should be understood that the present invention is by no
means restricted to such Examples. In the following
Examples, the composition of the catalyst is represented
by % by weight in each case.

EXAMPLE 1

An aqueous solution having 1,000 g of ferrous sulfate
FeS04.7TH70, 111.0 g of magnesium sulfate MgSO4.7-
H>0 and 114.0 g of sodium dichromate Na>Cr,07.2H,0
dissolved in 2,370 g of water, was poured into a 15%
sodium hydroxide aqueous solution containing 385 g of
sodium hydroxide. The solution containing formed
precipitates, was lieated at 60° C. for 3 hours while
blowing air thereinto. The precipitates were subjected
to filtration, and the cake thereby obtained was sus-
pended and washed a few times with deionized water of
60° C. At the final suspending operation, 13 g of graph-
ite was added and suspended, and the suspension was
subjected to filtration. The cake thereby obtained was
dried at 220° C. for a few hours, then pulverized and
molded into tablets having a diameter of 6.5 mm and a
length of 6.4 mm.

The composition of the catalyst was as follows:
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Fe;03 (%) Cr03 (%) MgO (%)
79.0 16.0 5.0

COMPARATIVE EXAMPLE 1

A catalyst was prepared in the same manner as in
Example 1 except that the amount of magnesium sulfate
was changed to 39.4 g, the amount of sodium dichro-
mate was changed to 57.0 g, the amount of water dis-
solving the entire catalyst components was changed to
2,100 g, and the amount of sodium hydroxide contained
in the 15% sodium hydroxide aqueous solution was
changed to 360 g. The composition of this catalyst was
as follows.

Fe;03 (%) Cry03 (%) MgO (%)
89.0 9.0 2.0

COMPARATIVE EXAMPLE 2

A catalyst was prepared in the same manner as in
Example 1 except that the amount of magnesium sulfate
was changed to 101.7 g, the amount of sodium dichro-
mate was changed to 57.0 g, and the amount of water
dissolving the entire catalyst components was changed
to 2,170 g. The composition of this catalyst was as fol-
lows:

Fe;03 (%)

Cry03 (%) MgO (%)
86.3 8.7 5.0
EXAMPLE 2

A catalyst was prepared in the same manner as in
Example 1 except that the amount of magnesium sulfate
was changed to 181.5 g, the amount of sodium dichro-
mate was changed to 155.2 g, the amount of water dis-
solving the entire catalyst components was changed to
2,580 g, and the amount of sodium hydroxide contained
in the 15% sodium hydroxide aqueous solution was
changed to 360 g. The composition of this catalyst was
as follows.

Fe203 (%) Cry03 (%) MgO (%)
72.5 20.0 7.5
EXAMPLE 3

A catalyst was prepared in the same manner as in
Example 1 except that the amount of magnesium sulfate
was changed to 270.0 g, the amount of sodium dichro-
mate was changed to 216.4 g, and the amount of water
dissolving the entire catalyst components was changed
to 2,880 g, and the amount of sodium hydroxide con-
tained in the 15% sodium hydroxide aqueous solution
was changed to 450 g. The composition of this catalyst
was as follows.

Cr203 (%) MgO (%)
25.0 10.0

Fey03 (%)
65.0
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By using the catalysts .prepared in the foregoing Ex-
amples and a commercially available catalyst, carbon
monoxide conversion reactions were conducted under
the following conditions, whereby the conversion and
the amount of by-product methane were measured, and
the rate constant K was calculated. The results are

shown in Table 1.

Reaction conditions
Amount of catalyst: 150 cc
Reaction temperature: 360° C.
Reaction pressure: .29 kg/cmy
H30/gas ratio: . 0.6

Gas composition: CO 14%, CO; 10%, Hj 54%, N2 22%
(% by volume)

Space velocity: 5100 hr—! (as dry gas)

As the commercially available catalyst, the following
product was used.

Catalyst for high temperature conversion (G-3L)
manufactured by Nissan Gardler Co.

Fe;03-Cr03: 80-8

The rate constant was calculated by the following

_equation.

K=dry gas space velocity log.{1/(1 - conversion-
. -

/equilibrium conversion)}
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TABLE 1

(Results upon expiration of 8 hours from the
initiation of the reaction)

Catalyst composition
MgO/ By-
Cr03 Rate product
FesO3 Cr03 MgO (molar constant  methane

Catalyst (%) (%) (%) ratio) K(hr—1) (ppm)
Compara- 89.0 9.0 2.0 0.84 4,700 30
tive

Example 1

Compara- 86.3 8.7 5.0 2.17 3,200 2
tive

Example 2

Example 1 79.0 16.0 5.0 1.18 5,200 4
Example 2 725 20.0 7.5 1.41 6,300 2
Example 3 65.0 250 100 1.51 6,000 2
Commer- 90 10 0 0 5,300 30
cially

available

catalyst

By-product methane: Gas concentration after the reaction

We claim:

1. A catalyst for conversion of carbon monoxide,
which comprises:

from 40 to 85% by weight of iron oxide, computed as

Fe 03, from 14 to 45% by weight of chromium
oxide, computed as Cr;Q3 and from 3 to 15% by
weight of magnesium oxide, computed-as MgO, the
molar ratio of magnesium oxide to chromium oxide
in the catalyst ranging from 1 to 2.

2. The catalyst according to claim 1, wherein the
content of chromium oxide is from 14 to 30% by weight
as Cry0;.

3. The catalyst according to claim 1, wherein the
content of magnesium oxide is from 5 to 15% by weight
as MgQO.

4. The catalyst according to claim 1, wherein the
content of magnesium oxide is from 5 to 12% by weight
as MgO.

5. The catalyst according to claim 1, wherein the
molar ratio of magnesium oxide to chromium oxide is

from 1.1 to 2.
* * * %* *



