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METHOD OF MAKING HYDROGEN
Preniiss S. Viles, Baytown, Tex., assignor, by Ene‘sne‘ as-
- signments, to Esso Rescarch and Enginecring - Com-
* pany, Elizabeth, N.J., a corporation of Delaware
‘Application May 28, 1956, Serial No. 587,566
11 Claime. (CL 23—212)

The present invention is directed- ta a method for pro-
- ducing hydrogen. More particularly, the invention is
concerned with the production of hydrogen from hydro-
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- range of 1100° to about 1400° F. Quite satisfactory re-
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carbons. In its more specific aspects, the invention is .

directed to the production of hydrogen from hydrocar-
bons in the presence of a mixture of cobaltous oxide
and molybdic trioxide. . ;
The present invention may be briefly deseribed as in-
~ volving the -production- of hydrogen from hydrocarbons
by contacting a-hydrocarbon with a mixture of cobaltous
" oxide and: molybdic trioxide at a temperature within the
range of 850° to 1600° F. to form a product containing
a major or substantial amount of hydrogen and. there-
after recovering the product. .
Steam inay’ be admixed with-the hydrocarbon and
sometimes it will be very desirable to mix steam with
the hydrocarbon since when steam is present in the hy-
drocarbon feed stock of the present invention a product
is formed comprising a major- portion of hydrogen and
a minor-portion of carbon monoxide. Furthermore, it
is advantageous to: employ steam because carbon is-zot

deposited on the catalyst during ' this reaction and the -
catalyst retains its activity in forming hydrogen and car-’

bon monoxide,

The amount of steam -employéd when steam is-included
in. the hydrocarboni feed may-range downwardly from
- the theoretical amount of one mol of water per, mol of
»carbon- present in. the hydroearbon feed, since-the addi-
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range from about 1.0 to-25.0 weight percent with a pre-
ferred amount of approximately 15.0% by weight of the
total catalyst.

The supports for the catalyst mixture may suitably be
alumina, zirconia, magnesia, silica, silica-alumina,. Filtrol,
kieselguhr, Floridas, and the like, Preferred supporis
are pure alpha and gamma alumina.

The temperatures employed in the practice of the pres-
ent invention may snitably fall within the range of about
$50° to about 1600° F. with a preferred temperature.

sults have been obtaiged at about 1300° F.
" Low pressures are desirable in' the practice of the pres-
ent invention. The pressures may raoge from about 0
pourids absolute to ‘aboit 3000 pounds per square inch
gaiige with a preferred .pressure of about atmospheric.
“The feed stock may be contactéd with the catalyst at
a suitable feed rate which may be in the range from
about 1 to about 500 volumes of feed per voluiite of
catalyst per hour with & preférred v./v./hour from
about 50.to about 100, The reaction may be conducted

"~ in either the vapor or liquid phase but vapor phase is to
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be preferred.

The invention may be practiced in various types of
equipment; For example, the reaction zone may have
a catalyst bed arranged  therein ds a fixed. bed or the
reaction may be conducted in the so-called fluidized
powder technique wherein the.catalyst mixture is sus-
pended in vaporized hydrocarbons. Furthermore, the
reaction may be conducted in a suspension or in a slurry.

The present invention 'will be further illustrated by
reference to the drawings in which:

Fig. 1 is a flow diagram of a preferred mode; and

Fig. 2-is a flow diagram representing another mode
of practicing the invention.

Refeiring now to the drawing and particularly to Fig.
1, numeral 11 designates o charge line. through. which

_a light hydrocarbon, for example, methane or natural
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tion -of more than the theoretical would. result:in the . .

. formation of some. undesired carbon dioxide. : The pre-
ferred amount-of added steam is-one mol of steam for
each mol of -carbon present in-the hydrocarbon feed.
Tt 'may.-be-stated that the’ amount of steam employed
may vary downward. from the theoretical depending on
the concentration - of .carbon monoxide desired in. the

_product in the range from about 0.25 to about  mol of
stearn for each mol of carbon. ) E -

The feed hydrocarbon may be 2 normally gaseous
saturated-hydrocarbon having 1 te 3 carbon atoms.in the
molecule. Preferred feed stocks will include methane,
ethane, and propane, natural gas, and normally gaseous

. components of natural gas. It will be desirable not to
employ the Cy, Cs,-and Cg hydrocarbons.

“The catalyst employed in the present invention is a-

mixture of cobaltous oxide and ‘molybdic trioxide pref-
erably on a support. Within the purview of the present
invention; the' catalyst is 4 mixture of cobaltous oxide
(Co0) and molybdic trioxide (MoO;). The cobaltous
oxide and molybdic trioxide may be employed in a
preferred ratio of mol per mol as the catalyst but the
ratio-of-cobalious oxide to molybdic trioxide may range
- from 0.1:1 to 1:0:1 mol of cobaltous exide per:mol of
molybdic trioxide.

- The amount of the catalyst mixture on.the support may
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gas, may be.introduced into:the. system from a.source
‘not shown.. Line I1:is.controlled. suifably.by valve 12
for reasons which. will be indicated further. hereinafter.
Under some situations, it may. be- desirable to.admix

_steam with .the feed:hydrocarbon . and. branch Line 13

controlled by valve 14 is provided. for that purpose. The
hydrocarbon in line. 11 passes into a heater or furnace 15
which may suitably be provided with gas. burners 16
wherein .the hydrocarbon is heated to a temperature
within the range indicated in coil 17. It is to be moted
that.line 11 is provided with a second control valve 18
to allow bypassing of heater 15, as may be desired. The
heated hydrocarbon is discharged from.heater 15 by way
of line 19 acd then may be introduced by branch lizme
20 controlled by valve 21 into a reaction zone, such as
22, which may be a plurality of reaction zones.
Reaction zones 22 are provided with beds 23 of cata-

.lyst mixture supported on alumina, for example, for con-

. ducting the reaction. .On passage of the feed hydrocarbon -
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into contact with the bed 23 the feed hydrocarbon is sub-
stantially completely converted to hydrogen, This prod-
uct is withdrawn from reaction zone 22 by way of line
24 controlled by valve 25 and then ‘may be discharged
by way of manifold 26 and line 27 controlled by valve
28.. Since all of the methane on hydrocarbon may not
be converted in a single pass to hydrogen, it may be de-
sirable. to recycle all or part of the produci and to this
end ‘branch-line 29:controlled: by vaive 30 is provided.
Branch line 29 connects into line 31 which, in turn, con-
nects into line 19.
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Suitably the hydrogen may be separated from the un-
converted hydrocarbon and provision is made to dis-
charge at least a portion of the product in line 29 by
way of ling 32 controlled by valve 33 into a separation
zone 34 which suitably may be an adsorption zome. In
separation zone 34 the hydrogen-containing gas is con-
tacted with a solid adsorbent, which may be of the mo-
lecular sieve type or amy suitable adsorbent for hydro-
carbons, introduced by line 35 into zome 34 such that
the adsorbent contacts the hydrogen-containing gas
counter-currently. Under the conditions prevailing in
zone 34, which suitably may encompass temperatures in
the range of —150° F. to 600° F, and pressures from
15 to 500 p.s.i.g., the methane is selectively absorbed cn
the adsorbent while: the hydrogen remains unabsorbed
and is discharged from zome 34 by line 36. The cn-
richéd adsorbent is- discharged from zone 34 by line 37
and is discharged thereby into a stripping zone 38 pro-
vided with a heating means ilfustrated by steam coil 39
for “adjustment of temperature and pressure. The
stripped adsorbent is discharged from zone 33 by line
35 and re-introduced into zome 34 while the stripped
méthate is removed overhead by line 40 controlled by
valve 41 and returned thereby to line 31 for re-use in
the progess. It may be desirable to discharge part of
the methane from the system and means thérefor are
provided by line 42, controlled by valve 43. The ad-
sorbent miay suitably be employed as a fixed bed and may
be stripped free of adsorbed hydrocarbon by use of a
suitable stripping gas readily separable from the methane.
Other methods may be employed for purifying hydrogen,
such as described in Chemicel Engineering Progress, Sep-
tember 1955, pages 399 to 402, inclusive,

It is to be noted that two reactors 22 are provided. It
is possible to operate these two reactors in parallel or
to employ one reactor while the other is undergoing re-
generation to remove the carbon which is laid down on
the catalyst mixture when the feed stock is only the
hydrocarbon. This carbon may be removed from the
catalyst by cutting out the hydrocarbon feed by closing
valve 12 and allowing steam only to contact the catalyst
mixture in either of the reaction zones by opening valve
‘14 in line 13. Of course, it is to be understood that for
economy’s sake it will be desirable to operate the other
reactor while the fouled reactor is nndergoing regenera-
tion and separate lines will have to be provided to con-
‘duct such. operations. For simplicity’s sake these lines
-are not shown but it is to be clearly understood that
such lines would ordinarily be provided.

In operating the mode of Fig. 1 where steam and hy-
drocarbon form the feed stock, valve 14 in line 13 and
valve 12 in line 11 wonld both be open to form the de-
sirable mixture of steam and hydrocarbon. Under these
conditions, the product rather than being substantially
hydrogen or unconverted feed hydrocarbon will be sub-
stantially hvdrogen and carbon monoxide. This product
may snitably be withdrawn by opening valve 28 in line
27. A suitable use for this product is as a feed gas for
the Fischer-Tropsch synthesis of hydrocarbons or as @
feed gas to the so-called oXo process.

It may be desirable under some copditions to bypass
‘the heater 15 at least in part with the feed stock. Pro-
vision is, therefore, made to bypass either all or part of
the hydrogen and/or steam from lipe 11 to line I9 by
way of branch line 44 controlled by valve 45. Such by-
passing may suitably be done to provide a contro} of
temperatures to the reaction zones 22.

‘ Whil_e, an adsorption zone 34 has been shown as a
means for separting hydrogen from methane, it is to he
u.nd.q:rstyod that adsorption zone 34 may be a fractional
distlll‘auon zone, a combination of adsorption and com-
Pression zones and any separation means by way of which
hydrogen may be separated from methane as desired.
Adsorption zone 34 is shown merely for illustratien pur-
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poses and is not to be comstrued as confining the in-
vention to this illstrated mode of separating hydrogen
and methane.

It will be seen from the foregoing description of Fig.
1 that a simple and readily effective mode of practicing
the present invention has been provided which utilizes
equipment readily available in the modern petroleum
refinery.

Referring now to Fig. 2 wherein a flnidized powdered
technique will be described, a reaction zome 50 and a
regeneration zone 51 are provided for conducting the
reaction. Reaction zone 50 has a feed line 52 leading
thereto controlled by valve 53 by way of which patural
gas or other hydrocarbon feed stock is introduced. A
heat exchanger 54 iz provided in line 52 for heating the
natural gas to reaction temperature. The heated natural
gas is then introduced into inlet line 55 wherein it is
admixed with regenerated catalyst mixture introduced
thereby by line 56 controlled by valve 57. In reaction
zone 50 which may suitably operate at 2 temperature
of approximately 1300° F. and a pressure of 25 psi.g.,
the nmatural gas eomponents are converted substantially

-completely to hydrogen. The reaction takes place princi-

pally in a dense bed indicated by the shaded portion 58
and the hydrogen and unreacted hydrocarbon are sepa-
rated from the catalyst mixture in a suitable separation
zone, such as 59, which may be a plurality of cyclone
separators arranged in the upper portion of the reaction
zone 50. Separation zone 59 is provided with a dip leg
60 by way of which the catalyst mixture is returped to
the dense bed 58. The scparated hydrogen from scpa-
ration zone 59 is discharged by line 61 and passes in
heat exchange with the feed gas through heat exchanger
54 to allow preheating the natural gas feed.

The catalyst from dense bed 58 drops into the lower
part of reaction zone 50 and is withdrawn therefrom
by line 62 and discharged into a siripping zone 63 pro-
vided with an inlet line 64 by way of which a stripping
gas, such as steam, may be introduced. to remove volatile
bodies from the catalyst mixture. This volatile material
is introduced by line 65 into zone 51. The stripped cata-
lyst mixture discharges by line 66 controlled by valve
67 into regeneration zone 51 wherein a combustion re-
action takes place by means of a free oxygen-containing
gas introduced thereto by line 68 containing a blower
€9. Temperature conditions in zone 51 may suitably
range from about 1100° F. to 1800° F. and pressures
from sbout 0 to about 750 p.s.ig. A suitable tempera-
ture in zone 51 may be approximately 1400° F. and a
suitable pressure may be about 25 psig. Subatmos-
pheric pressures may be snitable. . The combustion reac-
tion in zome 51 causes carbonaceous bodies to be re-
moved by combustion from the catalyst mixture and
results in the formation of flue gas which is withdrawn
from zone 51 by line 70, The regenerated catalyst mix-
ture flows into a funnel-shaped’ miember 71 which con-
nects by line 72 to line 56 for return to reaction zone 50
as has been described.

The bydrogen after passage through heat exchanger
54 passes through a cooler 73, thence through a trap 74
andra‘ filter 75 to remove any solid particles which may
have beén entrained with the hydrogen. The hydrogen
is then withdrawn by line 76 and may be suitably used

a3 a supply of hydrogen in thermal or catalytic opera-

tions requiring a supply of hydrogen. As typical of such
operations may be mentioned hydrogenation, hydrode-
sulfurization, hydrocracking, hydrodealkylation and the
like, Many operations requiring hydrogen will suggest
themselves to the skilled workman.

In order to illustrate the practice of the invention
further, runs have been made in which a substantially
methane feed stock was contacted with cobalt melybdate
at 1300° F. to show the yields obtainable from feed
stocks of this mature. The catalyst employed was cata-
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1yst mixture supported on aliming, The results of these
rans are shown in Table It

6 .
the hydrogen contained subistantial amounts of methane
which will require recycling to the operation. At higher

TABLE 1

Charge (as, Run Oharge . Effluent | Hydrogen

Total Volume, | Length, QGas !'Peme., Pressyre, Gae, | Froduced,
Liters Hrs. Rate, ¢ F, padg. Total Totsl

V.V.JHr. . Volumes | Volumes

2 48. 1,800.| Atmospheris, .|. 43 7.4

3 37 1,300 | Atmospharls. _ 34 26,0

1 84 1,300 | 200 ocuemm- 16 6.8

1 63 1,300 | 0o oermmeee 16 6.8

. Tt will be seen from an examination of the data- in
Table I that substantial quantities of hydrogen were pro-
duced from the feed stock. The results here appear more
desirable at atmospheric pressure than at the higher pres-
sure.

The analyses of the products recovered: from: the runs

temperature; however; at the charged gas rate the pro-
pane was_ substantially completely converted to hydro-
gen, ’ .

Additional ‘runs were made with & substantially pure
methane feed stogk at varying temperatures {o illustrate
effective temperatures. in the production of pure hydro-
gen. Pressures were atmospheric and the catalyst mix-

shown in Table I are produced in Table II: a0
TABLE II ture was supported: on alumina, The results of these
; _operations are shown in Table IV:
Product Gas From— Charge Gag TABLE IV
Hydrogen Sample. .. coccemmemmeaerrmm oo Charge | Produet | Product | Freduct
Mﬁthsne-- Cas Goa Qas. Gas
Ethylene.
Ethzne
Propylen Reaction Temperature; °F. .. |-«
Propane Mol percent
Isabutane. drogen. (1]
n-Butane.. ethana. 0D. 84
Butylénes: Ethylen 0.02
Isopentane. 0;11
n-Fentane. Propylare 002
Pentylenes : Propane. . 0.04 ¢
Oyclopentane and Heavier. . Isghutane. Q02
: - X n-Butine. 002
— " — - 35 Butylenes. 0.08
Column 2 is the product from the rua of two honrs' dura- Isopentans. . 0.05
P . . . - : n-Peni 0.02
tion, whereas columns 3, 4 and 5 are the analyses from Pantylenes o0
Cyclopentane:and Heavler.[-.......

the product of the other runs of liree, one and one-half
Hours™ duration; respectively. It will be seen that the
proditct from the runs of two-and three hours’ duration
comprises a major amount of hydrogen and minor
amounts of the feed stock and' other hydrocarbons. It
will e noted from the data in Fable Xl that: the runs
at-the: higher pressure had decreasing amounts of hydre-
gen. It is to be understood that when operating at the
higher pressures within the range indicated, it may be
desitable to recycle the product to insure the production
of a major amount of hydrogen in the product.
Other cperations were conducted with a catalyst mix-
. ture supported cn alumina with methane, ethane and pro-
pane with temperatures of 1300° F. for methane, ethane

and propanc in one instance and & temperature of 15507 °

F. for the propane in the second instance. Pressures were
atmospheric. The results of these operations are shown-
in Table Hi:
’ TABLE IIT

Product gas analyses

Charge Gas Methape:] Ethane|: Propans:| Propane.
Cuarge Gas Rate, V./V./Hr .| 80 80 80 80
Temperature, °F___ ... 1,800 | 1,300 1,300 {1,560
Mol Pereent: )
Hydrogen - eovmmammeee- 97.5 | 97.91 43.46 | 80. 86
Methano. . ’ 1.4 0. 30 40,28 (- - 10,02
Ethylene_ 0.3 0. G5, 2.62 . 0.02
Ethane. 0.6 0. 65 1.6 D008
Propylene. ceueeenccceccme|ammccmasn [ e 0.83 .08
Propane. 0. I8 )} G.01
Tsobutane ..o ane e - [
n-Butane. - 0.11 0.67 .04
Butylkenes. -
Tsopcntane. 3 i , 04 -
- n-Pentane. .. 0.02 0.03 0,01
- Pentylenes.._ . 0.02 0.0L —emea
Cyclopentane and Heavier. .| 0.068 4. ... 0.05

It will be ciear from the data in Table III that with
methane and ethane at 1300° F. substantially pure hy-
drogen was obtained, whereas with propane at 1300° F.

40
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It will be seen from- the. analyses presented in Table 1V
that best- results were obtained at 1380° F., the product
being substamtially completely pure hydrogen. At lower
temperatures of approximately 1100° F. the hydrogen
was it a minor amount indicating the necessity for
recyeling. .

In order to show the effect of varying the pressure,
operations were conducted at atmospheric and 200 p.sd.g.
pressure employing substantially pure methane as the feed
stock. These data are shown in Table V:

TABLE V
Gas analyses

(91110, € T N ——— Methane | Methane | Methane | Methane
Charge Rate, V./V.J/Hr . |ccaouien 80 80 200
Reactor Pressure...-—--w----|--=---ve-mi Almos- 200 200
. heric | p.s.).8. :8.1.¢.
Sample. oo caraeae . Oharge. | Produot. | Product. duct
Gas Gas Gas Gas
0 ™, 78 5173 44.25
99,04 181 47.68 52,86
0,02 |.-..
0.11 |. 0.13
Q.02 0. 16
0.04 0.02
0.02 Jooooaceunl 004 [
0.08 0.04
0.0% 0.10
0: & 0.6
. 0 02 0.28
FPentylenea. .- o.o2 0. 02
Cyclopentans and Heav-
[ O SN 0.06

It will be =seen that -a consiant charge rate of B0
v./v./hr. at atmospheric pressure_gives the best: results,
the temperature in both imstances being 1300° F. At
higher charge rates at 200' p.s.i.g. pressure the hydrogen
production was affected adversely. ’

Additional Tuns were made to iflustrate the effect of
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-
varying charge pas rates and to this end runs were made
of a substantially pure methane at a temperature of
1300° F. and atmospheric pressure employing catalyst
mixture supported on alumina as a catalyst. The results
of runs at varying charge rates are shown in Table VI:

TABLE VI
Product gas analyses

After | After | After | After | After
FT:V117.2) £ N, Okarge; Total | Total | Total | Total | Total
- Gas ofl of 1.5 of2 | of4 ] o475
Hour { Hows { Hours | Hours | Hours

Considering the data in Table VI, it will be seen that
best results are obtained at a charge gas rate of about
80 v./v./hr. although desirable results are obtained at
the higher charge gas rates.

In order to show the effect of regenerating the cata-
lyst mixture after deposition of carbon thereon in the
production of hydrogen in accordance with the present
invention, catalysts which have been regenerated by
burning were reused in the production of hydrogen em-
ploying a temperature of 1300° F. atmospheric pressure
and a charge gas tate of 26 v./v./hr. This catalyst was
regenerated catalyst mixture supported on gamma alu-
mipa. The data from the operations are presented in

10
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where the. product was obtained after varying times of
use of the regenerated catalyst:

TABLE VII

Product gas analyses

After [After Two
Charge | Three- [and Oxne-
Gas Fourths | Fourth
Hour Hours
Total Volums Product Gas, Liters...... 0 5.6 20. 55
Mol Percent:
Hydrogen. . caeecacemmmcmcnaccmmnne 0 85.3 98.8
ethane. . 909.0{ . DI 0.5
0.1 0.3
¢7 .15

It will be seen from the data in Table VII wherein
the results of these runs are presented that regeneration
does not affect the catalytic activity of the catalyst in
producing hydrogen from hydrocarbons.

11 order to show that the catalyst mixture is a desirable
catalyst in the practice of the present invention, runs
were made wherein the catalyst of the present invention
was compared with the support and the components of
the supported catalyst mixture. Comparisons gre also

40 made with other catalysts to show the nnexpected im-

provement effected in the practice of the present inven-
tion. The data in Table VIII which follows was ob-
tained with patural gas as a feed stock at a temperature
of 1300° F., atmospheric pressure and a charpe gas rate

Table VII wherein analyses of the product are given 45 of 60 v./v./hr.:

TABLE VIl

Gas analyses (mdass spectromeler)

{Operating conditions; Charge gas—natural gos from utillly system; pressure—atmospheric; charge rate—80 v.je.jhr.; eatolyst—es indicated.]

Sample. O](t}arge Product Gas | Product Gas | Produet Gias | Product Gas! Produet Ges | Prodauct Gas | Product Gas
88
Resotion Temp., ® Fovuaifaaneanss 1,300 1,300 1,300 1,300 1,300 1,300 1,300
Chatalyst Used. oo _cae]|an—memn Cotalyst Mix- | Gamms Ala- M niybdic Pure Cobalt | Iron Oxide Cobalt Oxids Bilica-
ture on ming Hupport | Oxide Bup- Oxide Type Bapported Alumina
(Gamma Teed for cata- ported on Without Ostalyst on Alpha Crechking
Alumina lyst A lpmina Buppoert Alumina Oatalyst
Mol Percont.
04. 21 36.79 40.77 80.20 108 30.33 8. 17
8. 81 83. 07 58.30 39.16 0721 60. 15 63.78
0.03 0.01 014 0.04 0.21 0.21 .15
0.03 0.03 0.08 0,28 131 0.12 0.0
0.08 Q.01 . 0.0 0.03 0. 24
0.02 9.08 |- 0.12 0.0 |cinmrramrecae
...... . 0.0 femmemom o cmaas 0.08
0.08 0.01 0.10 [VJR 7 —— .08 0.08
0.01 ;.. 0.03
. . 0.08 ... 0.02 0.11
n-Fentars | 0.00 0,01 0.30 0.13 Q.24
Pentylenes__ JE ORI PR —— 0.02 0.0 0.05 0.0
QOyciopentane and
(2% 21 . 0.21 0.28 [+.] 0.05 0.06
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It will be seen from Table VIII that in employing the
catalyst of the present invention very desirable results
are obtained, whereas thé support for the cadtalyst does
not give good results. Again comiparing the catalyst of
the presént inverition with the components thereof, speci-
fically molybdic oxide and eobaltous oxide, it will be
clear that a symerpistic result is obtained by employing
catalyst mixture rather than molybdic trioxide or cobalt-
ous oxide alone. Also it is to be noted that the present
invention gives vastly superior results over other catalysts
uiider the same conditions; for example; iron oxide does
aot effedtively convert and silica-aluriiiia is alsé sub-
staittially. inéffective. -

- From these data, it may be concluded that a mixture of
cobaltéus oxide and molybdic trioxide, termed herein as
ciitalyst mixture, gives & synergistic result in the produc-
tiba of hydrogen from methane.

I8 order fo illustrate the production of a mixtare of
Hydrogeh and carbon monoxide, runs were made with a
dry natural gas from a commercial utility system and
with the natural gas plus 3 mol percent of water vapor
added thereto. These operations were conducted at a
temperature of 1300° F., at atmospheric pressure and at
a charge gas rate of 60 volumes of gas per volume of
catalyst mixture per hour.

The data in the following Table IX shows the hydro-
carbon and carbon oxide analyses of the feed gas and the
production gas from the two runs: :

TABLE IX

Product
Natural Produet | Qasfrom
Gasfrom | Gasfrom | Natural
Clas Sample Ttility Chazging | Gasplus
System ry Nat- | 2 percent

ural Gas ater

Vapor

Mol. percong:

Carbon Dioxide. .
Carbon Monoiids

P-entylenes_ R
Cyolo Cpand Hea

1t will be noted from the data in Table IX that where
water vapor was not present substantially pure hydrogen
was produced, but when water vapor was added hydrogen
in a major amount and carbon monoxide were produced
with minor and insignificant amounts of carben dioxide
and hydrocarbons. These data show that both hydrogen
and carbon monoxide may be produced and further show
that the amount of carbon monoxide may be controlled
by the amount of water added. :

The present invention, besides being very useful in
the production of hydrogen and mixtures of hydrogen
and carbon monoxide for use in various catalytic and
thermal processes, is also quite useful in producing maxi-
mum quantities of hydrogen from tke hydrocarbon
charged. This may be accomplished by charging the hy-
drocarbon as has been described with respect to the sev-
eral figures of the drawing to form hydrogen and deposit
carbon on the caialyst. Thereafter the catalyst mixture
is treated with steam, as has been described, at a tem-
perature of about 1300° F. to form hydrogen and carbon
monoxide. The hydrogen and carbon monoxide mixture
may then be passed over a supported iron oxide catalyst
to convert the carbon monoxide to carbon dioxide in the
presence of additional quantities of steam. The carbon
dioxide is removed by suitable means, such as absorption
in a solution of mono- or diethanolamine or the like, and
the purified hydrogen resulting therefrom may be com-
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bined from the hydrogen formed by initial decomposition
of a hydrocarbon. In other words, in this mode of prac-
ticing the present invention, hydrogen is obtained not only
from the hydrooarbon but also frem steam by reaction
with the carbort and carbon monoxide, This is quite
advantageous-in that the carbon which has been deposited
on the catalyst mixture not only is removed from the
catalyst mixture and the catalyst put into condition for
reuse but it serves as a means for producing additional
hydrogen. . i

"The present.invention is susceptible to many variations
all coming within the purview of the claims. It is in-
tended that the several examples are given by way of
illustration and not to be construed by way of limitation.

This application contains subject matter common to an
application entitled “Treatment of Hydrocarbons,” Serial
No. 587,699, filed May 28, 1956, for Prentiss 8. Viles.

The nature and objects of the present invention having
veen completely described aed illostrated, what I wish
to claim as pew and useful and to secure by Letters
Patent is: .

1. A method for preparing hydrogen which comprises
contacting a saturated hydrocarbon having 1 to 3 carbon
atoms in the molecule with a catalyst mixture of cobaltous
oxide and molybdic trioxide in a mol ratio in the range
of 0.1:1 to 1:0.1 at a temperature within the range
of 850° to 1600° F. at a pressure within the range from
about 0 pound absolute to about 1000 p.si.g. and at a
feed rate within the range from about 1 to about 500
volumes of hydrocarbon per volume of catalyst per hour
to form a product containing a substantial amount of hy-
drogen and recovering said product.

2. A method in accordance with claim 1 in which
water is admixed with the hydrocarbon.

3. A method in accordance with claim 1 in which
the catalyst mixture is supported.

4, A method in accordance with claim 1 in which the
hydrocarbon is methane.

5. A method in accordance with claim 1 in which
the hydrocarbon is natural gas.

6. A method in accordance with claim 1 in which

‘the hydrocarbon is ethane,

7. A method for preparing hydrogen which comprises
forming a bed of supported catalyst mixture of cobaltous
oxide and molybdic trioxide in a mol ratio in the range
of 0.1:1 to 1:0.1 inn a reaction zone, contacting said bed
with a saturated hydrocarbon having from 1 to 3 carbon
atoms in the molecule at 2 temperature within the range
of 850° to 1600° F. and at a pressure within the range
of 0 pound absolute to about 1000 p.sig. at a space
velocity in the range of about 1 to about 500 volumes
of hydrocarbon per volume of catalyst per hour to form’
a product containing a substantial amount of hydrogen,
and recovering said product.

8. A method for preparing hydrogen which comprises
forming a suspension of a catalyst mixture of cobaltons.

" oxide and molybdic trioxide in a mof ratio in the range

of 0.1:1 to 1:0.1 in a saturated bydrocarbon having from
1 to 3 carbon atoms in the molecule at a temperture
within the range of 850° to 1600° F. and at a pressure
within the range of ¢ pound absolute to about 1000
psig at a space velocity in the range from about 1
to about 500 volumes of vaporized hydrocarbon per
volume of catalyst per hour to form a product containing
a substantial amount of hydrogen, separating the prod-
uct from the catalyst, and recovering said product.

9. A method for preparing hydrogen which comprises
contacting a saturated hydrocarbon having from 1 to 3
carbor atoms in the molectle with a catalyst mixture

" of cobaltous oxide and molybdic trioxide in a mol ratio

in the range of 0.1:1 to 1:0.1 at a temperature within
the range of about 850° to 1600° F. and at a pressure
within the range from about 0 pound absolute to about
1000 p.s.ig. at a space velocity in the range of about
1 to about 500 volumes of hydrocarbon per volume of
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catalyst per hour to form a product containing a sub-
stantial amount of hydrogen, continuing the contacting
operation until the cobalt molybdate catalyst shows de-
creasing activity for forming said hydrogen product,
interrupting the contacting of the hydrocarbon with
said catalyst, contacting the catalyst with water vapor at
a temperature within the range of about 850° to about
1600° F. for a sufficient length of time to remove car-
bonaceous bodies deposited on said catalyst and to re-
generate said catalyst, and then resuming the contacting
of said hydrocarbon with said regenerated catalyst.

10. A method for preparing hydrogen which comprises
contacting a sataurated hydrocarben having from 1 to 3
carbon atoms in the molecule in the presence of water
vapor with' a catalyst mirture of cobaltous oxide and
molybdic trioxide in a mol ratio in the range of 0.1:1
to 1:0.1 at a tempercturz within the range of about
850° to about 1600° F. and at a pressure within the
range of 0 pound absolute to about 1000 p.s.ig. and at a
space velocity within the range of 1 to about 500 volumes

10
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of hydrocarbon per volume of catalyst per hour to form
a product containing a substantial amount of hydrogen
and unreacted hydrocarbon, and contacting at least the
unreacted hydrocarbon in said product again with said
cobalt molybdate catalyst. .-
11. A method in accordance with claim 1 in which
the hydrocarbon is propane. :
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