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COMPLELE SPEGIFICA_.TION .
Improved Process for the Catalytic Synthesia of Hydrocarbons

from Carbon Monoxide and Hycfrogen_

(A commumication from Staxpans Om
DeveroruENT Company, a Corporation
duly organized snd existing wmnder the
laws of the Sthte of Deleware, Uniied
Btates of America, haviag an office ab
Linden, New Jersey, United States of
America). )
i, Jomn Commin Amworn, a Brilish
Subject, of 29; Southatpton. Buildings.
10 Chancery Lane, London, W.(.2, do
tereby declars the mabure of this nven-
tiom and in what manner the same is to
be performed, to be partionlarly deseribed
_ and ascertained in and by the following
15 statement ; —

The present invention relates to a tpru-
‘oess of synthesizing hydrocarbops from
carbons mongxide and . hydrogen, .

The reaction between earbon monuxide
20 ued hydrogen is well known and has heen
carried out under various renction condi-
tiors not only 4o produce hydrocarbons of
more fliny one warbon ators per moelecule
but also, where steam is rescted in con-
o4 junctivy with ths process, to produge
oxygenated organic compounds ag well.
The reaction may be carried out tunder
vaouuw, atfaospheric pressure or super-
atmospheric pressires, but in, general for
.80 the production of bydrocsrbons, and
more parieularly ihe production of
normally liguid = hydrocerhons, atmo-
spherle pressures or. slightly above. arve
penerally employed., '
g5 The reaction {emperatures héretofore
amployed have been exiremsly oritical,
with varintions as much as b to 1{) degrees
from 5 destied temperature causing bon-
siderable flugtuation in the iype o B.f‘o“
40 duets ang yields of nommally liguid hydro-
earbons produced. - Furthermore, thiy bas
been g difficult problemn beenuse of the
Lael that the reduction of carbon mone
oxide with wmolecular hydregen is a
45 highly exothermic resction and this is o
consiclerable obstacle in eficoting riethods
for its eonirel, = The cutalysis normallg
emyployed nre the usual Fischér-Tropse.
catalysts, e.g., mixtures of iron o» dobalt
50 with magnesta, thoria and the like,

It has mow heen discovered that a
novel éatalyst may be employed in
caThon

accomplishing the reduction of

-

metallic nickel and chrominm

monoxide with molecular hydrogen with-

out the necsssity for such aceurazie tow- 65
perature control measures sines the novel .
catalyst for carrying out this type of
reddetion is not so sensitive io tempera-
ture changes as those catalysts heretofare -
employed  for "the process. The movel
catalyst comprisey niokel chromite which
muwy, if desired, be sibjectsd to a reduc-
tion with liydrogen prior to its mse in the
synthesis reaction, elthéugh this 19 net
necessary if it is desired for reasons of 6b
eapnomy. to. exploy the freshly prepared
nickel chromite dueetly in the catalyst.
Thus, the present invention comprises o
process for- the production, of hydro-
carbons containing more ihan oze carbon 7@
atom. per molecule, which comprises
rencting corbon momoxide and hydrogem

at temnperatures of 300—450° F. and &t
atmospheric or elevated pressures.in the
presence of & catalyst comprising nickel 75
chromite andfor - nickel” chromite pre-
viousty ‘vedmced by hydrogenm. %)I.‘he
reduced vatalyst vomiains metallie hickel
und- chromjum. Cwtalysis consisting of
ve hesm 80
proposed in the past. ‘When prepared by

G0

“the reduction of nickel chromits, how-

wver, they are found fo be of an exogp- -
tionally high degrco of aotivity. -The -
chromite catalyst may be prepared im a 85
number of ways, one mefhod of prepar-
ing tlie same being illustraied below :—
. 1168 grams of nickel nitrale crystals |
wers dias‘ulv:& in 8200 cc. of water and :
the solution. brought to a temperaiure of 90
about 165" F. Separately, 504 grems of
gmmonium dichromete were disgolved in
2400 cp. of water and to this there was .
added 550 cc. of concentrated smmonium
bydrozide. - This seéond splution” wes 95
then added in a thin stream and with con-
tinued stirring to the nickel nifrats solu- -
fion which was held ot abouf 165° }:é
throughout the addition.  The resultant
pracipitate was filtered, dried at 300" 1. 100
and heated to about 708" F., where it was
caleined for about { hour. The resultant
catolyst wos then pilled and ergpluyed 8y
the catalyst. masgs in -the reduction of
darbum mbnoxide ' with hydrogen in i{n
accordanes with. the exanxpies hereinafter
——
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-sat farth, .
Other methods may be einployed to pre-

pare the catalyst. 'Mhua, for example, it

is not neeessary to employ mickel-niirate

§ ns the source of the nickel since the

sulfate, chlorids, carbonate end the like,
of nieke] may-also be employed. Algo,

. 1 place of using ammounium dichromate.

us the other coinporemt of the catalyst,
10 chromic acid und ammonitm hydroxide
may be employed, ammonium.chromate
instead of ammonium dichromate may be
nsed, and also the sodium and potassium
chromsafes and dichromates may be em-
15 ployed. If the nickel sulfate is employed,
. special procedures may he institutag for
insuring the removal of the last traces of
the. sulfnte jon through ihe use ol large

guantities of ammomiacal chromate ard’

Q0 with the repeated washing of the pre-
cipitate, including the' re-dissolving of
the same in admixiure with chromic acid,

dilution, +with distilled water and ve.

recipitation with agueous smmonia.

25 _%his' procedure for the removal of sulfals
ia already. known bui since ‘the catalyst

is to- some extent poisoned by the pre-

sence of sulfur; “precautions . should he

taken, if nickel sulfate is wmployed, to
30 remove as  compleiely as possible any
sulfate ions presenf in the precipiteted.
cutalyst, . ; E
Precaulions should be takem to insure
the removal of sulfur and suliwr. -com-
85 pounds from the feed stooks employed in
the hydrocarbon pr::-épamho_n.- “Suitable
sourees of supply of the féed glock in-
clude almost mmy source of carbon mon-
oxile “and, likewise, any source of
40 hydrogen. Buitable sources inelude water
as, gases obtainéd throdgh the con-
rolled hydrogeration of coul ur.by any
other pasification of solid carbonaceous
fuel such ug eoke, brown coal, mizerdl
45 coal, etc., by the conversion of natural
gas, by the reaclion of methane with
steam and for carbon dioxzide, 'a-r..b{ guhe
jecting hydrocarbon gases to contralied
and ineomplete combustipns, Care should
50 be ‘taken, however, to ireat those urude
geseous mixtures with eaustie atkali or
with tristhunclaming of other suilable
basic acting materials {o remove there-
frora the sulfur, and suliur-coniaining
&5 products since they have a tendeney to
" poison the catalyst in the subsequent con-
version, operation.  Gemerally speaking,
the ratio of melecular hydrogen to carbon
monoxige shonld be adjusted between
80 about 1.8:1 end shout 2.5:1 ou the
volume basis, sithough equal volumes of
bydrogen and carbon monoxide may ber
employed. The through-put in.the reduc-
tion of carbon monoxide with molecular
65 hydrogen in the calalyst chamber may

range hetween about 50 ‘end about 150
volumes of gas per volume of ca-talggt- per
hour, preferably between about 100 and
about 135 volumes of gageous synthesis -
aixture per yolume of satalyst per hour.

-Although’ it iz not esseniial in; sedur-
irig excellent yislds of hydroearbong con-
taining more than ome carbon alomr per -
molecule, the eatalyst somelimes iy
benefited in ite desired -activity if it.is
exidized and then redused before being
placed on stream. This procedure very
offen; is helpful where the catbalyet has
bhe, to loser its iInitial activily offer
bemmg on siream for some time. The con-
trolied oxidatiun of the catnlysl tends to
free 1% from carboraceous impurities such
as high melting peint paraflin wax. and .
the lile, and once it has been oxidized it
iy neeegsaxy thet it be reduced amain
befora being placed on stream. Fresh
catalyst, on the other hand, need be only.
reduced with -molecular hydrogen under
contrelled conditions io give d highly
active eatalytie material - of . metallic
nickel and chroipium. Convenfional re-
duetion temperstures of 500°—2000° F.
and high throuf_h—puts of Lydrogen are
usually employed.

Bramere L.

The catalyst prepsred in accordemcs
witli the procedure outlined above was
reduced by passing fn contact -therewiih
about 2000 volwmes of molecular hydro-
men-per volume of catalyst-per hour at a 100
teniperatnre of about 760" F, for u period
of about 5 hours, Thig ecatalyst was then
plaged in; a reactor maintained ag a tem-
peralure of sbout 360° T, and at a
through-put of about 118 v/v/hr., and a 105
miviura | of molecalar -h:{drugen and
carhon monoxide in the volume ratip of
abong 1.97:1 was passed . therethronph.
There was oblained from this reaction a

eld of about-179 co, of normally liquid 130
tydrocsrbons ver cubic metre of synthesis
gas: nieasured wunder stendarzd tempera-
ture and pressure conditionas.
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A further batch of nickel shromite 115
oatalyst wos made up I & manner similar
to_that -already stated and this was
reduced with hydrogen passed at a rate
of 2200 v/v/hr. at a temperature of
750° F, e catalyst was then placed 190
on stroam and confacted with-a synihesis .
gas mixture of hydrogen and carhon mon-
oxidé in 5 volume ratic of about 2:1 at
atmospheric pressure and ai o feed rate
varying between about 111 and about 113 125
v[vihr. The femperature of the redctor
varied betwetn about 368° F. and sbout
363° ¥. and the run wag carried out for
a fotal of 97 homrs. The yield varied
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after the firat 25 hours of qperation be-
tween about 132 and about 168 ce. of
normally liquid hydrocarboms per cmbic
metre  of synthesiz gas measurcd under

5 standard temperaturs and = pressure
conditions,

Various modifications may be made in
carrying out the process of the' present
invention without departing from the

10 scope . thereof. Thus, for example, the
wicke! ohromite need not be 'pe]iefed
directly but it may be employed om
suiteble cerrier. sach as, ‘for example,
giliea gel, alumina gel, diatomaceous

15 eath, kiesnlgulr; gelivated charcoal or
ather suitahle porous curxier. The jncor-
poration: of the nickel cliromite info the
caryier may be dons i 4 nimber of ways.
Thus, for exalnple, the catalyst may be

20 actually precipitated within the carrier
by impregunating the nickel nitrate solu-
tion ivto the earvier, followed hy the
addition of a suitable @mmoniacal
chromate solutjon and.then draining off

95 excess solution, followed by {le palejning
of the natalyst-impreguated carrier, The
nickel chromite may Likewise he coated
on the varicts, carrier pariicles end
calcined and reduced -as a coating on the

80 carner.

The nickel clromite Trapared by
calcination of the nickel -anfmonium
chromats compléx is suitable for wse in
* fluid *’_operation without further {reat-

85 meni. Nickel chromite prepared by

other ‘methods can he ground to a size-

suitable for ° fluid” opergtion. T
cotelyst has also been founidl to fluidize
readify when prepared on a suitable

40 carrier such os silica gel, slumina, clay, .

beuxite, silicaralumina gl‘-:, Lieselgnhr,

anyg othar porous or gelatinous material.
Operation on a fluid basis may be

corried out’ in. any.- suitable apparatus:

The -

45 Several iypes of catalytic apparatis may

be employed; such as béd _
reactors preferably provided with means
for rapidly removing the exothermio
heat of 1e3gtion such as tube bundles

e catalytio

-nry forei
-what I ciadm is ;-

contacting a liquid medimn which may be

withdrawn from-the reactor, cooled amd
returnéd to the resctar, cooling
Jackets, ete. ’

Having now parficularly described and
ascertained the nature of the said inven-
tion and in whuat manner the same is to
be performed, as communicated to me by
correspondents, I declare that

1. The process for the production: of
hydrocarbone contafhing more than one
carbon atom per molecnle whieh com-
prises renoting carbon monoxide and
hydrogen at leanperatures of 300°—450° F.
and at almospheric or slevated pressures

_in the presence of g catalyst comprising

nickel chromite andjor Zugkel chromite
previously reduced by hydrogen,

2. A process according to Claim 1,
wherein the eatalyst js deposited on a
eparier.

8. A process according to Clim_Z2,.

wherein the process is carried out using
the catalyet in a fluidized stole.

. 4. A proecess .according to Claim 2,
whedein the carrier is kieselpuhr, or is

-silioa gel. .

5. A proeess according to Claim 1,
wherein the volume ratio of hydrogen to
carbon monoxide iz hetwsen about 1.8:1
and about 2.5:1, i

6. A process according to Claims 1
and {, wherein the reaction is carsied bub
under substantially atmospheric pressure
while " maintaining , a through-puj of
reactants of between about 100 and about
150 voluines of gaseous synthesis mixture
per volume of catalysé per hour,

7. A process according to any of the
preceding olaims; ; wherein the catalyat
compriges niclkel :ehromite particles of

fuidizable size prepared by calcieation

of niekel-ammonium-chromate complex,
Dated ilis 15th-day of January, 1945,
D, YOUNG & CO.,
29, Southampion Buildings
Chancery Lane, London, w.0.2.
Agents for.the Applicant.

Landon : Printed for His Majesty's Stabionery Cffice, by Chs:tr.lés_ & Read T4d, - 1948
The Patent Offica, 25, Scuthampton Buildings, London, W.C.E, from which coples,
price 1a. 0d, egch (ipland} 1s. 1d. (abrozd) may he obtained,
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