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This invention relates to a method of pro-
ducing hydrogen from gaseous mixtures of
steam and cax%mon n:onoxide with the aid of
a chromium oxide catalyst.

5 - Because of the rapidly increasing con-
'sumption of hydrogen, particularly in such
processes as the hydrogenation of oils and
the synthesis of ammonia, the development
of an abundant supgly of hydrogen at rela-

10 tively low cost is of great economic¢ impor-
tance. ' :

" It is known that gaseous mixtures con-
taining steam and carbon monoxide will re-
act in the presence of suitable catalytic

15 agents to produce hydrogen and carbon di-

oxide in _ accordance with the reaction:
CO + Hzo = COz + Hg.

. This reaction is particularly adapted for ap-
20 plication to the commercial production of
hydrogen because it is possible thereby to use
as raw materials coke oven gas, water gas,
producer gas and the like, which are com-
paratively cheap and available in large quan-

25 tities.

148,114 it is shown that chromium oxide is
an active catalyst for the above reaction and
that its use is especially advantageous, since

30 it has been discovered to be unaffected by sul-
fur compounds which act as poisons for most
catalysts. Thus, by using chromium oxide as
a catalyst, hydrogen may be produced from
steam and commercial carbon monoxide—

35 containing gases such as the above-mentioned
without necessity for the preliminary re-
moval of sulfur compounds therefrom. Fur-
thermore, chromium oxide appears to be a
poor cataﬁy‘st for the reaction: -

w0 200=C0,+C.

~ so that it may be used to catalyze the pro-
- duction of hydrogen from carbon monoxide
and steam without deposition of carbon upon
45 the catalyst, under conditions which in the
case of iron, nickel or cobalt would result in
the deposition of considerable and very ob-
jectionable quantities of carbon. :
The co-pending application of Roger Wil-

50 lams, Serial No. 148,105, describes a new:

In my co-pending application Serial No..

Application filed November 12, 1920. Serial No. 148,113,

form of chromium oxide for catalytic pur-
poses which is particularly useful in the
manufacture of hydrogen from gaseous mix-
tures of steam and carbon monoxide. This

catalyst; prepared by precipitating chromi- 5

um oxide in the form of a gel, is character-
ized by a greater activity than chromium
oxide prepared by ordinary methods of pre-

' cipitation or by calcination. It has also been

discovered: that the catalytic activity of 60
chromium oxide gel can be imncreased if after
washing and drying it is ground. and then
formed into briquettes or pellets, for ex-
ample, by compression in a machine such as

is used in the preparation of pharmaceutical 65 -
tablets. : - ' ‘

According to the method. described in the
application last referred to, a solution of
chrome alum is added rapidly to a solution of
potassium hydroxide. The resulting colloid- .70
al solution yields on standing for some time a
firm jelly which is broken up, washed, fil-
tered and heated for several hours at about
130° C. The black, glassy product is then
crushed into fragments of suitable size which 75
are placed in the apparatus in which the con- -
version of carbon monoxide is to be effected.
The temperature. is thereupon ‘gradually- -
raised to about that at which the reaction is
to be carried out and a mixture of steam and 80
carbon monoxide is conducted over the cata-
lyst, the gaseous mixture reacting to form
hydrogen and carbon dioxide. .

Tt is the object of the present invention to
provide a further improvement in the proc- 83
esses described in the co-pending applica-
tions above referred to, by following a novel
method of operation which favors the main-
tenance of a higher activity on the part of
chromium oxide catalysts, thus facilitating 90
the production of hydrogen from steam and *
carbon monoxide-containing gases.

Other objects and advantages of the inven-
tion will be apparent as it is better under-
stood by reference to the following specifi- 98
cations in which the preferred embodiments
are described. . :

I have discovered that in manufacturing
hydrogen by the reaction of steam and car-
bon monoxide in contact with a chromium

-
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. usually occurs at about 400°
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. developed at a temperature as low as 200° C
In this case the initiation of the phenomenon -

30

35
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oxide catalyst prepared by a wet method,
the catalyst may. be caused to exhibit and
maintain a greater activity if it is brought
to reaction temperature in a non-oxidizing
atmosphere. It has been found that when a
freshly prepared catalyst is gradually heated
in air, a spontaneous development of heat
If the cata-
lyst has previously been used in producing
hydrogen so ‘that it may:be considered to
contain adsorbed hydrogen, carbon monoxide
or both, the temperature at which the spon-
taneous evolution of heat begins may be even

lower, for example, as low as about 200° C.

This may be due to the catalysis of the éxo-
thermic reaction of oxygen of the air with
the adsorbed reducing gas, the heat thereby
produced being sufficient to raise the temper-
ature rapidly to the point at which the spon-
taneous heating takes place in the case of a
freshly prepared catalyst. Also, if a cata-
lyst has Eeep heated in air, but not to the tem-
perature at which the spontaneous heating
effect occurs, on permitting it to cool and
subsequently heating it in an atmosphere of
reducing gas (a mixture of steam and car-
bon monoxide, for example), heat may be

at a lower temperature appears to be caused
by the catalysis of the reaction between ad-
sorbed oxygen and the reducing gas. In any
event, the evolution of heat may be sufficient
to raise the temperature of the catalyst 100°
or more, or even to produce incandescence.
A subsequent examination of the catalyst

- shows that it has assumed a much lighter
~color and has undergone partial disintegra-

40

45

tion. No explanation is offered as to the na-
ture or mechanism of the change that occurs
but it appears to result in a decrease in the
activity of the catalyst. - For, if in accord-
ance with the present invention the catalyst

15 in the first place heated to reaction tem-
perature in a non-oxidizing atmosphere, no -

spontaneous development of heat is observed,
the catalyst retains substantially its original
form, and its subsequent activity in the pres-

+ ence of a mixture of steam and carbon mon-

50
55
60

“

oxide is greater than that exhibited by a cata-
lyst that has been heated under such condi-
tions as to produce the spontaneous thermal
effect. R ‘
Hydrogen, steam, carbon monoxide,. car-
bon dioxide, nitrogen and other so-called
inert gases or mixtures of two or more of
these may be employed for the non-oxidizing
atmosphere in which the catalyst is heated.
- It has also been discovered that a gas which
would otherwise be unsuitable for the pur-
pose because of its content of free oxygen
may be employeéd if there be mixed with it a
sufficient proportion of a reducing gas such

:as hydrogen or carbon monoxide. The re-

ducing gas is preferably present in an amount

)

-stituted for t

at least chemically equivalent to the free oxy-
gen. For example, commercial nitrogen
containing only 0.3% of oxygen is not suit-
able for use alone but if 0.6% or more of
hydrogen be added, the mixture may be sat-
isfactorily employed. Similarly, air mixed
with carbon monoxide in the volume ratio of
10:3 is adapted for the purpose. Conse-
quently, gaseous mixtures comprising an oxy-
gen-containing gas and a suflicient quantity
of a reducing gas are to be considered as in-
cluded in the term “non-oxidizing gases.”

I have observed that the deleterious effect, -

of free oxygen may be encountered not only
during the preliminary heating of the cata-
lyst to reaction temperature but also during
interruptions of the operation when there
may be an opportunity for air to contact with
the hot catalyst. - That is to say, the chro-
mium oxide is not to be considered as stabil-
ized against the action of free oxygen by an
initial use, for if thereafter it be permitted
to contact in a sufficiently heated condition
with free oxygen in the a{)sence-of adequate
quantities of reducing gas, it may undergo
the deterioration previously referred to. It
occasion arises, however, for allowing the
catalyst to cool, this may be done satisfactor-
ily and without loss in activity by maintain-
ing a non-oxidizing atmosphere, preferably
until a temperature of about 200° C. or less is
reached. The mnon-oxidizing atmosphere
may be constituted as hereinbefore indicated.

Generally speaking, the minimumn temper-
ature at which the spontaneous heating effect
may be observed in the case of a given cata-
lyst and under given circumstances cannot be
definitely predetermined, the temperature be-
ing subject to some variation depending upon
the previous history of the catalyst, such as
conditions of precipitation, drying, the pres-

. ence of impurities, etc,

The following ‘example will serve to illus-
trate the preferred procedure in carrying out
the invention, it being understood, however,

. that the invention is not limited to the details

of the operation as herein described.

To one liter of & 2.6 normal solution of po-
tassium hydroxide add rapidly an equal vol-
ume of a solution containing 250 grams of
chrome alum while stirring the potassium hy-
droxide solution vigorously. (A three nor-
mal sodium hﬁdronde solution may be sub-

e same volume of potassium
hydroxide solution). Allow the clear, dark
green, colloidal solution obtained to set to
a firm jelly and break this up and wash by
decantation with water. Collect the washed
product on a filter and heat for 24 hours at
about 130° C. The material, which is black,
glassy and hard, but easily fractured, is then
crushed, ground to a fineness of 200 mesh
and formed into briquets or pellets by com-
pression in an apparatus such as is used in
the manufacture of pharmaceutical tablets.
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The catalyst briquets are broken into frag-
ments of suitable size and placed in a silica
tube disposed in an electric furnace. A mix-
ture of equal parts of hydrogen and steam
is now passed over the catalyst while the
temperature is gradually raised to 500° C.

- This temperature is maintained and a gas-

eous mixture of four volumes of steam and

~ one volume of commercial water gas contain-

ing 48% hydrogen and 44% carbon monox-
ide is passed over the catalyst at a space ve-
locity of 1000 (i. e. 1000 c. c. of gas per c. ¢. of

catalyst per hour, measured under standard

k4

conditions of temperature and pressure).
The gases issuing from the apparatus should
contain over 60% hydrogen with about 2%
carbon monoxide and 29% carbon dioxide,
all on a dry basis. If occasion arises for tem-
porarily discontinuing the operation, the
supply of water gas is cut off and steam alone
is passed over the catalyst until its tempera-
ture is reduced to about 120° C. The flow of
steam ‘may then be stopped and the catalyst
permitted to cool to room temperature in air.
On renewing operations the same pro-
cedure is followed as hereinbefore described,
i. e., the catalyst is gradually raised in tem-
perature while a mixture of equal parts of
steam and hydrogen is passed over it. When
the temperature has reached about 500° C. the
steam-hydrogen mixture is replaced by the
steam-water gas mixture that is to react and
the production of hydrogen goes on as before.

o explanation or theory is offered as to
what changes in physical form or chemical
composition may occur in the chromium ox-
ide gel in the course of its drying, during the
heating to reaction temperature or during the

“interaction of carbon monoxide and steam.

The term “chromium oxide catalyst” as em-

ployed in the claims is intended, therefore,.

to include the contact mass as prepared, as
well as any modified form in which it may
exist during the reaction.

Various changes may be made in the oper-
ation as described without departing from
the invention or sacrificing any of the ad-
vantages thereof. :

I claim:— .

1. The method of effecting gaseous reac-
tions employing a chromium oxide catalyst,
which comprises heating said catalyst to about
the temperature at which the reaction is to

. be carried out, in a non-oxidizing atmos-

56
- to react.

65

phere, and thereafter passing over it the gases

2. The method of effecting gaseous reac-
tions employing a chromium oxide gel cata-
lyst, which comprises heating said catalyst
to about the temperature at which the re-
action is to be carried out, in a non-oxidizing
atmosphere, and thereafter passing over it
the gases to react. :

3. The method of effecting gaseous reac-
tions employing a chromium oxide gel cata-

3

lyst, which comprises heatin% said catalyst
from about 200° C. to about the temperature
at which the reaction is to be carried out,
in a non-oxidizing atmosphere, and there-
after passing over it the gases to react.

4. The process of manufacturing hydrogen
by passing steam and carbon monoxide over
a chromium oxide catalyst, which includes
the step of preliminarily heating said catalyst
in a non-oxidizing atmosphere.

5. The process of manufacturing hydrogen
by passing steam and carbon monoxide over
a chromium oxide catalyst, which includes the
step of heating said catalyst to about the
temperature at which the reaction is to be
carried out, in a non-oxidizing atmosphere.

6. The process of manufacturing hydrogen
by passing steam and carbon monoxide over
a chromium oxide catalyst, which includes the
step of heating said catalyst from about 200°
C. to about the temperature at which the re-
action is to be carried out, in a non-oxidizing
atmosphere. : :

7. The process of manufacturing hydrogen
by passing steam and carbon monoxide over
a chromium oxide catalyst, which comprises
heating said catalyst in a non-oxidizing at-
mosphere and thereafter passing over it the
gases to react. ‘

8. The process of manufacturing hydro-
gen by passing steam and carbon monoxide
over a chromium oxide catalyst, which com-
prises heating said catalyst to about the tem-
perature at which the reaction is to be car-
ried out, in a non-oxidizing atmosphere, and
thereafter passing over it the gases to react.

9. The process of manufacturing hydrogen
by passing steam and carbon monoxide over

a chromium oxide catalyst, which comprises’

heating said catalyst from about 200° C. to
about the temperature at which the reaction

is to be carried out, in a non-oxidizing at-

mosphere, and thereafter passing over it the
gases to react. . '

10. The process of manufacturing hydro-
gen by passing steam and carbon monoxide
over a chromium oxide gel catalyst, which in-
cludes the step of preliminary heating said
catalyst in a non-oxidizing atmosphere.

11. The process of manufacturing hydro-
gen by passing steam and carbon monoxide
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over a chromium oxide gel catalyst, which in-

cludes the step of heating said catalyst to

about the temperature at which the reaction -

_is to be carried out, in a non-oxidizing at-

mosphere. ‘ :

12. The process of manufacturing hydro-
gen by passing steam and carbon monoxide
over a chromrum oxide gel catalyst, which
includes the step of heating said catalyst from
about 200° C. to about the temperature at
which the reaction is to be carried out, in a
non-exidizing atmosphere.

18. The process of manufacturing hydro- -

gen by passing steam and carbon monoxide
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over a chromium oxide gel catalyst, which
comprises heating said catalyst, in a non-oxi-
dizing atmosphere, and théreafter passing
over 1t the gases to react.

14. The process of manufacturing hydro-
gen by passing steam and carbon monoxide
over a chromium oxide gel catalyst, which
comprises heating said catalyst to about the
temperature at which the reaction is to be
carried out, in a non-oxidizing atmosphere,
and thereafter passing over it the gases to
react.

15. The process of manufacturing hydro-
gen by passing steam and carbon monoxide
over a chromium oxide gel catalfyst, which
comprises heating said catalyst from about
200° C. to about the temperature at which
the reaction is to be carried out, in a non-
oxidizing atmosphere, and thereafter passing
over it the gases to react.

16. A process of effecting a gaseous reac-
tion employing a chromium oxide catalyst
wherein the catalyst while at a temperature
at which a spontaneous heating effect may oc-
cur is always maintained in a non-oxidizing
atmosphere. .

17. A process of manufacturing hydrogen
by passing steam and carbon monoxide over
a chromium oxide catalyst wherein the cata-
lyst while at a temperature at which a spon-
taneous heating effect may occur is always
maintained in a non-oxidizing atmosphere.

18. A process of manufacturing hydrogen
by passing steam and carbon monoxide over
a chromium oxide gel catalyst wherein the
catalyst while at a temperature at which a
spontaneous heating effect may occur is al-
w}x;ys maintained in a non-oxidizing atmos-
phere.

In testimony whereof I affix my signature.

JOHN S. BEEKLEY.



