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This invention relates to catalytic gas-
phase redctions and particularly te a process
of producing hydrogen from steam and car-
bon monoxide-contalning gases. .

5 One of the principal difficulties heretofore
encountered in processes involving carbon
_monoxide or hydrogen arises from the fact
that the least expensive sources of carbon
monoxide or hydrogen, such as water-gas,

10 producer gas, etc., invariably contain sulfur
in the form of hydrogen sulphide, carbon
bisulphide, - thiophenes, ‘mercaptans, thio-
ethers, ete. Moreover, the more desirable a
given gas is from the standpoint of cheap-

1§ ness, the higher its sulfur. content is likely

to be. This, in the case of water-gas thé.

principal item of cost is the cost of the fuel

_from which it is made, and in general the

cheaper the fuel the higher its sulfur con-
ag tent. o : .-

Tt is known that catalysts of the iron oxide
type rapidly suffer loss of activity in the
presence of small quantities of sulfar. The
original activity of catalysts of the iron oxide

25 type can be restored in part.by reactivation,
" but the usual metallic catalysts, such as co-
balt, ‘undergo cumulative and permanent
poisoning. .- S
In order to maintain the activity of the cat-

50 alyst in gas-phase reactions it has been néc-
essary, therefore, to submit the gases going

to the reaction ﬁpparatus to a sulfur remov-

al operation.” Hydrogen sulphide can be re-
moved by rather simple but, nevertheless,

35 somewhat costly methods. No practical
means-has been devised, however, for satis-
factorily eliminating the organic sulfur com-
pounds. : Moreover, the fact that most of the
processes for hydrogen silphide remoyal are

" 40 best carried out at low temperatures has made-

it impossible in the past to employ such proe-
esses, and at the same time to utilize, in the

thain process ‘itself as may be desireble, the -
. heat available in the hot gases leaving the-

45 furnace, producer, or other apparatus in
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which they are %ener'af,ed. These considera-
tions point to the very great desirability of’
being able to conduct catalytic processes in-
volving hiydrogen or carbon monoxide with-
out the necessity for preliminary removal
of sulfur compounds present therein,

Tt isthe object of the present invention ‘to

avoid the effect.of sulfur in catalytic gas-

phase reactions and to provide an improved
process of conducting such reactions, espe-
cially for the production of hydrogen by the
catalytic rezction of steam and carbon mon-
oxide-containing gases. The process has &

further advantage in that the carbon mon-

oxide-steam conversion changes the organic
sulfur compounds, which are removable only
with great difficulty, into hydrogen sulphide,
This [atter, of course, can be easily removed
from the hydrogen (along with the hydrogen
sulfide originally present and in the same op-

eration as the carbon dioxide produced by

the reaction of steam and earben monoxide)
in the event that it is necessary to produce
hydrogen free from sulfur, as is the case if it
is to be used in the synthesis of ammonia or
the hydrogenation of oils. . -
Other objects and advantages will be gp-

. parent as the invention is better uriderstood:

by reference to the following specification,

in which its preferred embodiments are de-.

seribed.

I have discovered that magnesium oxide is
a catalyst for the carbon monoxide-steam con-
version and that in this as well as other re-
actions involving carbon’monoxide or hydro-
gen in which it functions catalytically, it is
insensitive to the poisoning influence of sul-
fur; that is to say, magnesium oxide can be
used to catalyze the reaction in the presence
of sulfur compounds for long periods with-
out substantial deterioration. Thus, in the
production of hydrogen by resction of

‘gases of as much as 5% hydrogen sulfide does
not affect the activity of the chromium oxide:
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The use of magnesium oxide as a catalyst
in reactions involving carbon monoxide is
especially advantageous in_view of the fact
that it causes little or no deposition of car-
bon under conditions where catalysts such as
iron, nickel and cobalt became rapidly coated
with carbon produced by decomposition of
ezgrbon monoxide. .

The magnesium oxide may be prepared in

any convenient way, for example, by precipi-

tation from its salts, by ignition of the m-
trate, or by oxidation or calcination of suit-
able compounds. It may be prepared with
or without the use of supporting materials,
such as pumice or the like.

I have found that the activity of magne-
sium oxide. as & carbon monoxide-stéam con-

_version catalyst may be improved by the ad-

dition of suitable substances lgereinaf’oer re-
ferred to #s promoters, and this may be done
without substantial decrease in the sulfur-

iinsensitiveness of the catalyst. Among the

substances adapted for this purpose are zir-
conium oxide, vanadium oxide, uranium ox-
ide, silicon oxide, and boron oxide. The pro-
moted catalysts may be prepared by any suit-

og; for example, by mixing or-co-
precipitating the oxides, ignition of mixtures

of nitrates, or by preparing a chemical com-

pound of magnesium oxide and the promot-
ing ingredient. Also, a catalyst contaiming
two or more promoter ingredients may be
employed. I have found that uranium oxide
is especially valuable as apromoter, a mag-
nesia-uranium oxide catalyst being active for

.the conversion of steam and carbon monoxide
‘to hydrogen gnd substantially unafiected by

such quantities of sulfur compounds as are
ordinarily present in commercial water-gas.
" The following examples will serve to indi-

cate the preferred prosedure in.carrying out

the invention as it relates to the catalytic pro-
dugction of hydrogen from steam and carbon
monogide, although it will be understood
that the invention is not limited to the details
of the operafion hérein described. _

. Ezample 1—Add-an excess of potassium

" hydroxide solution to a 5% solution of mag-

i

nesium nitrate. Thoroughly wash the precip-

-itate by decantation with. distilled. water,

filter and dry at 110° C. Break up.the dried
product and screen to a suitable particle size.
Place the material in a silica tube disposed in
an electric furnace. .Jeat the catalyst to a
terperature of about 500° C, and while man-
taining that temiperaturs pass-over it a mix-
ture of four volumes of steam and one volume

of commereial water-gas containing, for ex-

ample, 48% hydrogen,44% carbon monoxide,
and 1% sulfur compounds, calculated as hy-
drogen sulphide. In my experiments I have
found that under these conditions I was able

to attain.a conversion yieldin a.b_dut 60%

hydrogen (on a dry basis) in the exit gases
with a space velocity of 50. (The space ve-

‘heat necessary for maintaining t
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locity is the honrly volume of gas flowing
through the apparatus per unit volume of
catalyst, under standard conditions of tem-
perature and pressure.) The activity of the
catalyst was not eppreciably affected by the
presence of sulfur.

The magnesium oxide may be prepared by
other methods than that described, for ex-
ample, by ignition of the nitrate or by depo-

sition upon & support, e. g., pumice.

Ezample 2.—Dissolve 10 grams of uranyl
nitrate mn 500 ce. of distiled water. Add
ammonium hydroxide until precipitation is
complete and thoroughly wash the precip-
itate by decantation with distilled water.
Add an excess of potassium hydroxide solu-

80

tion to a solution of 340 grams of magnesicm

nitrate in 6 liters of water. Thoroughly wash
the precipitate by decantation with distilled
water. -Mix intimately the two washed pre-
cipitates,. filter and dry at 130° C. Breik
up the dried material and screen to suitahle
size. ‘This may be used as a catalyst for pro-
ducing hydrogen, under the conditions de-
scribed in Example 1.

The steam-conversion reaction may be ef-
fected under pressure above atmospheric
pressure, with an advantageous decrease in
size of the apparatus required and in heat
losses by radiation. Also, oxygen may be in-
jected with the steam-carbon monoxide mix-
ture to furnish by combusticn a Eart of the

e reaction
tempernture, if the hesat evolved by the re-
action ig insufficient to. compensate for the
losses by radiation, ete.

No explanation or theory is offered as to
what changes may occur in the physical form
or chemical composition of the catalyst in
the course of its preparation or during its
actual use. The term “eatalyst” as employed
in the claims is intended, therefore, to includs

the contact mass a3 prepared as well as any.
modified form in which it may-exist during

the reaction. _ .

‘The process as hereinbefore described pro-
vides a satisfnctory and economical method
of carrying out processes involving hydrogen
or carbon monoxide, and particularly the
catalytic manufacture of hydrogen, with-
out preliminaty removal of sulfur com-

pounds ‘from the gaseous raw materials. -
“Various changes may be made in the opera-

tion as deseribed without departing from
the invention or gacrificing any of the advan-
tages therzof. '
© Iclaim:— _ .

1. The process of manufacturing hydro-
gen, which consists'in subjecting a mixture of
steam and carbon monoxide to the action of
a catalyst containing magnesium. oxide and
uranium oxide. '

2. The_process of manufacturing hydro-
gén, which eonsists in subjecting a sulfur-

conteining mixture of steam and carbon
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monoxide to the action of a catalyst contain-
ing magnesium oxide and uranium oxide.
‘3. The process of manufacturing hydro-
gen, which consists in subjecting & mixture
5 of steam and carbon monoxide to the action
of a catalyst consisting principally of mag-
nesium oxide and a promoter selected from
the group consisting of zirconium oxide,
venadium oxide, uranium oxide, siticon ‘oxide,
10 and boron oxide, - ]
In testimony whereof I affix m s&%lature. '
. JOHN S. BE EY,

16

30
a%
40

45

5%





