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This invention relates to a pm tor syn-

thesizing hydrocarbons; more particularly the in- -

vention relates to a process for synthesizing
normally liquid hydrocarbons from carbon mon-
oxide and steam.

The reaction between carbon monoxide and

steam has been employed in the past for the .
reaction has
been carried out in the presence of catalysts, at .

manufacture of hydrogen.

a temperature in the neighborhood of 900° to
950° F. and at substantially atmospheric pres-

10

sures. The products of reaction consist of hy- -

drogen and carbon dioxide, together with un-
converted steam and carbon monoxide.

We have now discovered that carbon monoxide
and steam can be reacted so as to produce
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among the products of the reaction an important . .

yield of normally liquid hydrocarbons; i e, hy-
drocarbons that are liquid at atmospheric tem-
perature and pressure conditions. ‘Thus, we have

found that such liquid hydrocarbons can be
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produced by reacting carbon monoxide and steam -

in the presence of a solid catalyst and at a
temperature of about 400° to about 700> F. and
a pressure of above 100 pounds per square inch.
This process is advantageous in that the raw

materials for the process are relatively inex- .

pensive and the products include not only the
valuable liquid hydrocarbons, but also a pro-
portion of hydrogen which is available for nse
in hydrogenation processes such as the Fischer-
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Tropsch synthesis process involving the reaction . .

between carbon monoxide and hydrogen.

In carrying out the process of the invention,
the charge mixture of carbon monoxide and
steam is preferably prepared before being brought
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The reaction between carbon monoxide a.nd
steam as accomplished in the present process
is highly exothermic and therefore it is im-
portant that the reaction zone be effectively
cooled. If the reaction temperature is permitted

‘to rise above about 700° ., the products of the

reaction are substantially entirely hydrogen and
carbon dioxide. When the reaction is carried
‘out by passing the charge mixture in contact
with a fixed bed of catalyst, the temperature

‘should be controlled by the use of suitable heat

exchange means such as cooling coils, tubes and
reactor jackets or by high recycle ratios. The
process may also be-carried out by using the
catalyst in fluidized state or by passing the
-catalyst through the reactor as a moving bed.
In these cases the temperature control may be
effected by the use of heat exchange means or by
using high catalyst circulation rates or both. We
have found that the production of hydrocarbons

-is most. efficient when the temperature is main-

tained .between about 500° .and about 600°-F.,

and preferably between ebout 550° and .about

600° P, .

- The reaction pressure is an important reature
of the process. 'We have found that when re-
acting carbon monoxide and steam at_atmos-
pheric pressure normally liquid hydrocarbons are
not obtained eyen though all of the other con-
ditions of the process are optimum. To produce
reasonable yields of hydrocarbons, the pressure

-should be maintained above 100 pounds .per
"square inch, and preferably between about 150
-and about 300 pounds per square inch. Although

higher pressures do not appear to have an ad-

" verse effect, the use of such .pressures intro-

in contact with the catalyst. ‘The ratio of carbon -

monoxide to steam in the charge mixture hasan
important effect upon the results - achieved
‘While the reaction produces hydrocarbons when
using carbon monoxide and steam in mol ratios

from about 0.5:1 to about 3:1, we have found
that the most effective results are obtained when

using ratios from about 1:1 to about 2:1.- When
a lesser amount of carbon monoxide is used, the
vield of hydrocarbons falls rapidly, and when a
greater quantity of this reactant is included
in the charge mixture; carbon is produced which
is deposited in the pores of the catalyst, resulting
in the rapid destruction of the physical form of
the catalyst. This physical' decomposition of
the catalyst causes, in a fixed bed operation,
rapid increase in pressure drop across the cata-
Iyst bed, and in operations where the catalyst
Is caused to move through the reaction cham-
ber, the production of catalyst fines which are
lost from the system.
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duces operating difficulties and, therefore, pres-
sures above about 600 pounds per square inch are
undesirable,

"Any suitable solid catalyst may be employed
in the process. We have found that the reac-
tion is especially sensitive to the specific nature

_‘of the -catalyst. Thus, in accordance with &
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preferred embodiment of the invention, a mix-
ture of carbon monoxide and steam is contacted,
under the conditions described above, with an

--iron catalyst which is from about 50 to about
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100 per cent reduced from the oxide. We have
discovered that by proceeding in this way good
yields of the desired normally liquid hydrocar-

: bons are obtained. In accordance with another

preferred embodiment of the invention, we have
found that a cobalt catalyst which is from about

' 40 to about 80 per cent reduced, and is prefer-.
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ably about 50 to about 75 per cent reduced, from
the cobalt oxide, is an effective catalyst for this
reaction. The particular effectiveness of catae
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1ysts of these types for the reaction is somewhat
surprising because related catalysts, such &8s a
completely oxidized iron catalyst.or a com-
pletely reduced cobalt catalyst, have been found,
under the conditions employed in the research

work leading to the development of this inven--

tion, to produce at best only very small yields
of the desired hydrocarbons.

Accordingly, while the invention includes In its
broader aspects the use of any suitable solid
catalyst, particularly a suitable synthesis cata-
lyst, it will be understood that these catalysts
will vary greatly in respect of their effectiveness
in the present process depending upon the degree
of oxidation or reduction of the catalyst. In
referring to synthesis catalysts we intend to in-
dicate the catalysts that have been employed or
proposed for use in thésynthesis of hydrocar-
‘bons by the Fischer-Tropsch process, preferably
catalysts comprising metals of group VIII of the
periodic table; especially the iron group metals,
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iron, cobalt, and nickel. The catalysts may be

supported on any suitable supports such as di-

atomaceous earth, silica gel, slumina, activated

clays, bauxite, activated carbon and kieselguhr,
‘and they may contain promoters, examples of

which are alumina, potassium oxide, magnesium

oxide, calcium oxide, copper and thoria.

In order that the invention may be under-
stood more fully reference should be had. to the
following specific examples.

. EXAMPIE I

... A series of reactions were carried out using

an iron.catalyst in several stages of reduction.
*This catalyst was a pelleted precipitated iron
oxide which analysis indicated was essentially
‘FesOs although it contained traces of other
metals. To prepare this catalyst for use as a
reduced oxide, it was first drled at 750° F. and
then was reduced by passing hydrogen over it at

30
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a pressure of about one atmosphere while main- -

taining temperatures of about 750° F. The per-
centage reduction was determined by using the
ratio between the water formed in the reduction
of the catalyst and the theoretical amount of
water that would be produced by complete re-

duction. As an example, complete reduction of -

100 grams of dry Fe:0; will produce 33.8 grams
of water. If the reduction is carried out in the
above manner so as to produce 22 grams of water,
then the percentage reduction is 22/33.8X100 or

-'7The reactor employed contained a fixed bed of
the catalyst and was provided with heat ex-
_change.means to maintain the. {emperature of
the catalyst bed fairly constant throughout the

run. The products of the reaction were col-
lected and analyzed as shown. B
' Table 1

BN NOwmeermsmeomaneme] 1 2 3 4 H
Per Cent Reduction of . -

P L R ‘986 | ™ 20} o '} 100 -
Mol Ratio CO/HiO of R PR

B oo e b m e m e “L73] L9 -.1e3| 186 20 .

charg
S8pace Velocity ol |

chargeat 8. T. P./Vol. 1

Catalyst/Hour)........| 483 | 483 463 | 478 498
Reactor Tem . )

|55 (& jovs 575

.| 150 150 150 0
COs.. 2.6 656 | 6.7 .42 20.9.
CO..... 43 8.2 4.4 8.1 38.9
| < P —— 25.7 19.7 17.6 | 9.6 26.4°
C 28, 3.0 3.8 | Trace 0.6
N o P 2.3 3.9 3.3 |..-do. 6.7

‘Yield-1bs. liquid hydro- R

carbons per MCF CO.{ 232] '20 | 23.} Nome None

It will be seen from this table, Run No. 5, that
although all of the other conditions were sub-
stantially optimum, the use of atmospheric pres-
sure resulted in an -operation in which no liquid
hydrocarbons were formed. Also, comparison of
runs Nos. 1 and 4 will show the relation between
the effectiveness of a substantislly completely

- reduced iron catalyst and an unreduced or oxi-

dized iron catalyst. .

In this example the catalyst employed was &
familiar type of synthesis catalyst consisting of
cobalt impregnated on kieselguhr and promoted
with thoria having the composition by weight
of 45.9 per cent cobalt oxide, 8.2 per cent thorls,
and 459 per cent kieselguhr. -As obtalned the
catalyst was inh the substantially completely
oxidized state. To prepare reduced or partially
reduced catalysts, the catalyst was treated by
passing hydrogen over it at.a temperature of
about 650° to about 750° F. and at a pressure of
150 pounds per square inch gauge and- a space
velocity of 400 in some runs‘and at atmospheric

50 pressure and a space velocity of 4000 in other

65 per cent. 'This catalyst is referred to as a 65 .

per cent reduced iron catalyst. -
As shown in the following Table I, several lron
catalysts were used in which the conditions of

runs. The per cent reduction of each catalyst
was determined as described in Example L

The following Table II shows the results ob-
tained using various cobalt catalysts prepared by

58 reduction with hydrogen as described when re-

operation were varied as shown in the table.

acting carbon monoxide and steam as’ described
in Example I, PR =

. .. Tablel ...
Rumn No. : 1n aariheas | 18
SR “Per Cent Reduction of Catalyst.| 855 w5l 0
oI o : : Mol Ratio CO/H30 of charge....| - 1.43
: . Bpace Velocity (Vol. charge at

©

Average
F

12

3

1

8. T. P./Vol. Catalyst/Hour)..| 434~ | 544
-Reactor Temperature :

575

150

Pressure-pounds per sq. inch

1

3 e Mot BT I 04
- |
55
150

FaNge.
Gaseons Product Analysis Vol
Per Cent: .

00| 68| =2

CO: 5
- - Cco 21.9 43| 352 4 418
- . Hs 12.6 1L0 1901 7. 8.8
g . . CHy 6.3 11.4 4.0 17.8 ; 6.0
& Crt- 21 2.3 0.9 23 ~1.0
. Yield-Ibs, Hiquid hydrocarbons : S
: per MCF COueceeemeeee ‘1.0 0.8 | Trace | Trace | None 0.48
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It will be seen from the data given in Table 1T,
that while normally liquid hydrocarbons were ob-
tained when using a partially reduced catalyst
in runs 11 and 13, at best only a trace of such
hydrocarbons was obtained when using either
substantially completely oxidized or substantially
completely reduced catalyst. The data also
show that when using a cobalt catalyst, the best
results are obtained when the carbon monox-
ide/steam ratio is between 1.0 and 1.5.

The results obtained in the foregoing runs and
other runs carried out in the research work in
connection with the invention have indicated that
the space velocity need not be restricted to nar-
row limits. In general, we prefer to employ space
velocities of fresh feed within the range of about
200 to about 800 but both lower and higher fresh
feed space velocities may be used by eppropriate
adjustment of the other conditions of the process.

Obviously many modifications and variations
of the invention, as hereinbefore set forth, may

be made without departing from the spirit and’

scope thereof, but only such limitations should
be imposed-as are indicated in the appended
claims,

We claim:

1. A process for the production of normally
liquld hydrocarbons which comprises contacting
& mixture in which the reactants consist of car-
bon monoxide and steam in a mol ratio of carbon
monoxide to steam of about 2:1 with an iron
catalyst substantially completely .reduced from
the oxide at a pressure of about 150 to about 300
pounds per square inch and at an elevated con-
version temperature from sbout 550° to about
600° F., and recovering normally liquid hydro-
carbons from the resulting reaction products.

2. A process for the production of normally
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6
cent reduced from the oxide, at a pressure of
about 150 to about 300 pounds per square inch
and at an elevated conversion temperature from
about 550° to about 600° F., and recovering nor-
mally liquid hydrocarbons from the resulting re-
action products.

3. A process for the production of normally
liquid hydrocarbons which comprises contacting
& mixture in which the reactants consist of car-
bon monoxide and steam in a ol ratio of carbon

- monoxide to steam of about 1:1 to about 2:1
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with & catalyst selected from the group con-
sisting of an iron catalyst about 50 to about 100
per cent reduced from the oxide and a cobalt
catalyst about 40 to about 80 per cent reduced
from the oxide, at a pressure of about 100 to
about 600 pounds per square inch, and at an
elevated conversion temperature from about 500°
to about 600° F., and recovering normally lquid
hydrocarbons from the resulting reaction prod-
ucts,
4Aprowssaocordingtoclaim31nwhich

- said catalyst is an fron catalyst about 50 to about
: 100 per cent reduced from the oxide.:

- 5. A process In accordance with claim 3 in
which said catalyst is a cobalt catalyst about 40
to about 80 per cent reduced from the oxide.

WILLIAM I. GILBERT.
CHARLES W. MONTGOM:ERY
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