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This invention rélates to'HY'drOcafbon synthesis and has T

more particular reference to a hydrocarbon synthésis

‘process employing an -improved catalyst. ‘Hydrocarbon

synthesis is a weli-known process consisting:essentially .of
reacting carben monoxide and hydrogen in-ratios befween
about 2:1 and 1:3 and usudlly at temperaturés between
about 200° and 700° F. and pressures from one to forty
atmospheres in the presence of a catalyst, separating piod-
uct oils from the effluent gas stream, and recovering pre-
dominantly normally liquid hydrocarbons and :some oxy-

genated ‘hydrocarbons from the.prodiict :0ils, The proe-

ess is described in considerable detdil in Phinney et al.
2,527,846. ) N
Well-known catalysts in the -development of hydrocar-
bon synthesis have been the Fischer-Tropsch -catalyst,
which is a cobalt-thoria catalyst, and an iron catalyst
which is usually promoted with an alkali metal compound
and is especially suitable for obtaining high .conversioiis
and good selectivity at the pressures and temperatures
listed above. While many improvements have been made

in these catalysts which consist-of such-expedients as-the

addition of promoters, the provision-of strengthening sup-
ports, and the goveraing of the size and shape of the cat-
alyst particles, a requirement of operation” when émploy-
ing these catalysts has been the removal of ‘the catdlyst
at intervals from the reaction zote and the regeneration
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tage i comminuted form in :moving -bed or :fluid bed

iFeACtOrs. -

The relative proportions .of metals-in-the aloy catalyst
are-defined -by -atomic percentages. in order to provide a

& _measure applicable to all the disclosed metals and par-
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of the catalyst by method and miedns which include re-

moving deposited carbon or waxes or the Tike from  the
catalyst with preoxidation and subsequént reduction; and
other pretreatment of the catalyst. Provision must also
be made for maintaining the promoter coritent of the ifon
catalyst because it appears to lose active promioter during
reaction.

A primary object of the present invértion is the pro-
vision of & process of hydrocarbox synthesis employiig
a new and improved catalyst. Another object of the in-
vention is the provision of a ‘hydrocarbon ‘syrithesis’ cat-
alyst which remains throughout even prolonged syntheésis
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periods relatively free of inhibiting deposits and does not -

require frequent regeneration. Yetanother object of the:
vention is the provision of a hydrocarbon synthesis ¢atalyst
that is resistant to reduction in particle size during syn-
thesis and consequently is well adapted-t6 moving bed or
fiuid bed processes where stability of “particle size is imi-
portant, and is also well adapted to fixed bed operation
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ficulatly to ‘€mphasize .the .fact that the catalyst.is not
"simply :a-mixfure-but-a-erystalline. alloy.having the metals
distributed as.atoms .in & crystal structure. An example

-of ‘the propertion of metals by weight in.a typical alloy

hyd;'ocarbon synthesis catalyst as herein disclosed is one
having thirty-eight percent by weight manganese, eighteen
_percent-by weight.aluminum, and forty-four percent by

1ethod- of preparing the improved catalyst
¢ a mixture of the several metals, sinter-
-ing the mixture-and thereafter fusing the same in a reduc-
ing atmoesphere. It is preferred carefully to anneal the
so-formed alloy :so that the crystalline structure of the
alloy -can -be -well' formied. The alloy is ferromagnetic

Tefe

-and it-appéars to beé miost active catalytically at the Curie

temperature, the temperature at which the alloy loses its
magnetic properties. For the manganese-aluminum-cop-
-per:alloy this temiperature is about 650° F.

Anether.method-of preparing the catalyst is to form a
solution -of salts of ‘manganese and the selected other
netals, for example ‘of the nitrates of these metals, and
thereafter to precipitate from these solutions compounds
contaitiing the metals, preferably upon a support. There-
after, the precipitated compounds are fused and reduced
in a reducing atmosphere of, for example, hydrogen.
While it is believed that substantially complete reduction
-of :the manganeése .and selected metal compounds is ob-
tained- by :the:foregoing reducing treatment and that it is
the reduced alloy which is effective catalytically, the cat-
-alyst niay -contain-oxides of ‘the metals.of ‘a Tow valenice
or low degree of oxidation.

A manganese alloy catalyst prepared by, for example,
one of the above methods, will exhibit catalytic activity
in hydrocarbon §ynthiesis at teinperatures as low :as 140°
F. Reaction can be carried on as high as 1200° -F.; but
a more--effective- operating range is between about 300°
and 1000° F. dnd preferably between about 400° and
800° F. _Suitdble operating pressures are from about at-
mospheric to about 600 pounds per square inch gauge,
.and- preferred pressures- fall within the range of gbout
250 pounds per ‘square inch to about 500 :pounds per
square inch gauge. As is usual in hydrocarbon syithesis,
the ratio of ‘carbon mosioxide to hydrogen .can vary be-
tween about 2:1 to 1:3, and space velocity between .about
50 to 1000 volumes of gas -per volume of catalyst per
‘hour :are -suitable. (Gas volurties measured at 60° F.
and atmospheric :pressure.)

. I ‘the following-specific e¢xamples, - which are supplied
for purposes .of illustration, the improved catalyst js illus-
tratéd under pilot plant conditions in two different atomic

" ratios, as solid alloy catalyst, and as catalyst dispersed

where contamination of product by thespallirig 6f catalyst. 60

is substantially completely avoided, The idvention ‘has .

for other objects such othier advantages or results as will
be §ound in the specification and'the clairns héreinsfter
made.

I have found that an alloy, which comprises essertially
from about five to thirty atomic percent of rianganese,
from about forty to seventy afomic pércent of a mietal
selected from the group consisting of copper and-silver,
and from about fifteen to forty-five atomic percént of a
metal selected from the group consisting’ of aluminum and
tin, will provide- an immproved hydrocarbon synthesis proc-
ess in which, at a selected temperature, no decrease in
catalyst activity nor disintegration of the catalyst wis'ob-
served, even after four weeks’ operation. The catalyst
alloy is a fused reduction product of & mixture of the
foregoing metals or of a mixture of compounds contain-
ing the foregoing metals. The catalyst can be distributed
at spaced intervals upon a support such as carbon, kiesel-
guhr, clay, or the like. The catalyst can also be used in
unusually large size, for example dbout 4-mesh -sized
pieses, in .4 fixed bed reactor, or it ¢an be used to .advan-
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upon a support.
EXAMPLE I

‘The catalyst that was ‘used in the example was pre-
pared by heating copper to-its melting point if-an- induc-
tion furnace and then adding aluminum. After the alumi-
num was added the heat was shut off and manganese was
stirred under the'tiquid. The liquid alloy wds:thén poured
-out -upon an‘iron pldte arid -was dllowed to cool: and so-
1idify, and ‘thus to-freeze-in-the desired crystal structire.
“The crystal structure ‘was stabilized by mieans of aging. at
‘150 -C. for about forty-eight hours. It was then.cooled
‘to Toom temperatiire- and broken: into small pieces varying
from 80:mésh to about 4 mesh. The catdlyst-was reduced
in-a stream-of hydrogen gas-dt-a temperature of 450° . F.
“for twenty-fiing’hours:

“Acfixed bed reactor was-charged with the prepared-cat-
-alyst which: consisted of - twenty-five atomic percent .of
-dluminum; fifteen atomic percent of mangarese, and sixty
atomic percent of copper, as determined-by emission:spec-
troscopy. The alloy catalyst was’ foritied by fusing the
-three metals in the given proportion in' a reducing atmos-

-phere and’ thereafter annealing the dlloy to remove strain.

Jlinies and allow the formatior-of the' proper crystalline
-structure, The catalyst.particles were: relatively large,:the -
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longest dimension of each particle being between about

one half and three quarters of an inch.
Synthesis gas consisting “essentially of hydrogen and
carbon monoxide in a mol ratio of 2:1 was flowed at a

‘rate of 200 volumes of gas per volume of catalyst per

hour over the alloy in the reactor under three hundred

-pounds per square inch gauge pressure. The temperature

in the reactor was raised from about 300° to about 600°
F. in a preconditioning step, during which the rate of con-
version of the carbon monoxide was low. Thereafter the
synthesis was continued at temperatures between 625°
and 700° F. It will be observed that an average conver-

sion of carbon monoxide of better than eight-five percent

2,608,862
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ved to increase with increase in length of time of the
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catalyst in the reactor and increased reaction tempera-
ture. It can be seen from the yields reported in Table II
below that raising the reaction temperature to tempera-
tures above about 750° F., while continuing to increase
the percentage of conversion, does not result in adequate
yields of liquid hydrocarbons. It is preferable therefore
to-effect reaction at temperatures between about 650°
and 750° F. with the type of alloy employed in the spe-
cific example. Results obtained at higher temperatures,

‘that is, at 800° F., 900° F., and 975° F., are included in

Table II; it will be noted that CO conversion is higher,
but the amount converted to Cz+- is greatly reduced.

Table I

Catalyst: 15 Wt. percent Al, Mn, Cu applied as an aqueous solution of the nitrates to coconut charcoal in the
ratio of 45 At. percent Al, 5 At. percent Mn, and 50 At. percent Cu -
Run Conditions: 2:1 Hs/CO Synthesis Gas, 200 Vg/Ve/Hr., 300 p. s. i. g. pressure

RN Period.eoeeeeeoeoeeeemmanne S A B c|! D /| ®B|F ¢ | 75|71
Time, Hours ... oo oaoo_lil 120 120 120 120 120 120 120 120 120
Temp. © F.)oooooooe | so0-650| @50| 675 o0 | 7oo| 700 | so0| 900 | 675

Percent Contraction 1.
Product Yield: !

- ——- 1L5] 2.4 240§ 30.1| 241 21.4| 39.6 49.4| 485
Percent CO Conversion3____.__ ... 19.2 | 44.7| 451 648 | 522 44.7| 87.9| 885 92.6

Grams Oyt CU Moo 12] 28] es| se| o3| 83| 2| 25| 2

H:4+CO Consumed.__...o.__.._..__
Product Distribution—Mol Percent

Carbon Converted to: 2

45.6 | 38.1| 44.0| 34.2| 36.0| 345 20.2| 30.6| 257

25.3| 43.0| 182 26.8| 256 | 25.7( 4.4} 49.1| 5.8

21.5 5.4 6.3 6.7 5.7 5.3 10.8 9.0} 13.3

6.3} 1.3 20.6( 3117 30.8| 322! 181 11.0 8.9

1.3 2.2 L9 L2 19 2.3 0.5 0.3 0.3

Total. .l 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0

1 Based on observed weight balance.
2 Based on 1009, carbon balance on an output basis:

3 Calculated as ethanol.
and an average yield of normally liquid hydrocarbons of
about twenty to thirty-five percent was obtained.

’ ‘ Table 1

Catalyst: 25 At.percent Al4+15 At.percent Mn+-60 At.percent Cu-Alloy
Run Conditions: 2:1 Hy/CO Synthesis Gas, 200 Vg/Ve/Hr., 300 p. s. L. 2.
pressure

Run Periof. - ooeeeeeeeaone A B c | o | =&

84.8| 92.0| 91.8| 79.8 | 850

Product Yields:

Grams Cy-/Cu.m_ ...
Hz+CO Consumed.- } 33 4 49 58 39

Percent Carbon Conver

O, 28.2 1 27.2 5.5 | 32.8| 25.8
CH;- 30.81 38.0| 37.5| 35.2| 4.2
- 51| 10.3 | 16.7 8.9 10.6
Cad oo 35.9 | 23.4| 19.3| 20.1; 17.7
Water Soluble Chem.2____....| coe_.. 1.1 1.0 3.0 4.7
N3] 7 ) D 100.0 | 100.0 | 100.0 | 100.0

1 Based on 100% carbon balance on an output basis.

2 Calculated as ethanol.

It is observed that no substantial decrease in catalyst
activity with respect to carbon monoxide conversion oc-
curs throughout the prolonged test.

EXAMPLE II

A fixed bed reactor was charged with a catalyst con-
sisting of a coconut-charcoal support and fifteen percent
by weight of an alloy deposited thereon consisting of
about forty-five atomic percent aluminum, five atomic
percent of manganese, and fifty atomic percent of copper
as determined by emission spectroscopy. The charcoal
pellets were about one quarter of an inch in their longest
dimension and were prepared by depositing upon the char-
coal particles a nitric acid solution of the aforesaid alloyed
metals in the proportions there recited. . The catalyst was
then treated at an elevated temperature in-a reducing
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atmosphere of hydrogen and the metals of the salts were -

formed and fused. .

Synthesis gas in a mol ratio of 2:1 was passed through
the reactor at a rate of 200 volumes of gas per volume of
catalyst per hour and at a pressure of three hundred
pounds per square inch gauge. After an initial induction
period, reflected in the yields reported below for period
A, the extent of conversion of carbon monoxide contin-
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In preferred operation, unreacted carbon monoxide can
be separated from product gases and be recycled. Im-
proved yields of liquid product can also be obtained by
contacting reaction gases and alloy catalyst first at a
temperature near or above the Curie temperature point
of the catalyst (about 1000° F. for the foregoing catalyst)
to effect high conversions of carbon monoxide and then

.at a lower. temperature, usually about 300 to 600° F., that

is optimum to produce liquid hydrocarbons.

It was demonstrated that individual metals, either sup-
ported or unsupported, of the alloys defined above do
not separately act with any substantial degree of success
as hydrocarbon synthesis catalysts. While manganese
alone demonstrated some activity, manganese supported
on cocoanut charcoal was substantially inactive, as was
also aluminum and copper employed alone. A copper,
tin and manganese alloy was tried and showed some ac-
tivity to.produce liquid hydrocarbons at 700° F.

Variations in atomic ratio within the catalyst and
variations of the secondary metals employed, in other
words, silver for copper and zinc for aluminum, will re-
quire different optimum values to obtain high conversion
yields. These can be selected within the general range of
ilydrocarbon synthesis operations to suit the selected cata-
yst.

On the other hand, the catalyst itself can be selected
to suit other desired conditions. If a higher rate of con-
version is desired, an alloy of the catalyst components
that will be less active at the lower temperatures and a
suitable activity at the higher temperatures should be
selected. :

In none of the above examples was any deposit of

-wax or hydrocarbon found on the catalyst at the con-

clusion of the runs. It is observed also that the activity of
the ‘catalyst does not substantially diminish during the
course of the reported runs. The catalysts in the fore-
going examples were of unusually large particle size, but
it is noted, nevertheless, that substantial yields of normally
liquid hydrocarbons were obtained.  Within the scope
of this invention, also, is the employment of the catalyst
in finely divided state in, for example, either moving bed
or fluid bed systems, in which it may be expected that
higher conversion rates can be obtained at lower tem-
peratures, which are more productive of liquid hydro-
carbons.

Having described my invention, I claim:

1. A process of preparing normally liquid hydrocar-
bons from hydrogen and carbon monoxide, which proc-
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ess comprises flowing the said gases in a mol ratio be-
tween about 2:1 and 1:3 mols of carbon monoxide per
mol-of hydrogen into a reaction zone at a pressure be-
tween about atmospheric and 600 pounds per square inch
gauge at a temperature between about 140° and 1000° F.,
and therein effecting reaction between the said gases in
the presence of a catalyst consisting essentially of an alloy
containing about five to thirty atomic percent of manga-
nese, about fifteen to forty-five atomic percent of at least
one metal selected from the group consisting of aluminum
and tin, and about forty to seventy atomic percent of at
least one metal selected from the group consisting of cop-
per and silver.

2. The process of claim 1 in which the catalyst con-
sists essentially of an alloy containing manganese, alumi-
num, and copper.

3. The process of claim 1 in which the catalyst consists
essentially of an alloy containing manganese, tin, and
copper.

4. The process of claim 1 in which the catalyst consists
essentially of an alloy containing manganese, aluminum
and silver.

5. The process of claim 1 in which the catalyst consists
eislsentially of an alloy containing manganese, tin, and
silver.

6. A hydrocarbon synthesis process for the preparation
of normally liguid hydrocarbons from hydrogen and
carbon monoxide, which process comprises the steps of
passing carbon monexide and hydrogen in a mol ratio be-
tween about 2:1 and 1:3 into a reaction zone under a
pressure between about atmospheric and 600 pounds per
square inch gauge at a temperature between about 650°
and 800° F., effecting reaction between the said gases in
the said zone in the presence of a catalyst that consists
essentially of an alloy containing about five atomic per-
cent of manganese, about forty-five atomic percent of
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aluminum, and about fifty atomic percent of copper,
withdrawing product and unreacted gases from the re-
actor in an effluent gas stream, condensing and separating
normally liguid hydrocarbons from the effluent gas stream
and recycling unreacted gases to the reactor.

7. The process of claim 6 in which the reactor tempera-
ture is maintained at about 700° F.

8. The method of effecting hydrocarbon synthesis from
carbon monoxide and hydrogen which method comprises
introducing carbon monoxide and hydrogen in a mol
ratio between about 2:1 and 1:3 into a reaction zone at
a pressure in the range of atmospheric to about 600
pounds per square inch gauge at a temperature in the
range of 140° F. to 1000° F. and therein contacting said
gases with a catalyst at a space velocity in the range of
about 50 to 1000 volumes of gas per hour (measured
at 60° F. and atmospheric pressure) per volume of cata-
lyst in the reaction zone, said catalyst consisting essen-
tially of an alloy containing about 5 to 30 atomic percent
of manganese, about 15 to 45 atomic percent of aluminum
and about 40 to 70 atomic percent of copper.

9. The method of claim 8 wherein said catalyst is dis-
posed at spaced intervals throughout a porous carrier.

10. The method of claim 9 wherein the carrier is an
activated carbon.
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