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The present invention relat¢e to a proocess of
syﬁthesizing.hydrocarbona from carbon monoxide and hydrogen.

The reactlon bgtween carbon monoxide and hydrogen
18 well known and ha&s been carrled out under varlous reaction
conditions not only to produce hydrocarbons df mofe than one
carbon atom per molecule but also, where steam ls reacted in
conjunction with the process, to produce oxygenated'organic com—
pounda as well, The reactlon méy be carried out under vacuum,
atmospherle pressure or superatmespherlc pressures, but in
general for the production of hydrocarbons, and more particu-
lﬁrly the production.of normally liguld hydfocarbons,.atmos—
pheri¢ pressuree or slightly above are generally employéd.

The reaction pemperatures heretofore employed have
been exfremely brit;cal,.with varlations as much as 5 to 10
degyeea from a deslred temperature causing considerable
fluctuation in the'type of products and yields of normally
liquid hydrdoarboha_prqduhed. Furthermore, this has beeh a

. dlffloult'problem becaﬁse of the fa¢t that the reduction of

" oarbon monoxide with molecular hydrogen la a highly éxothermic

reaction and is a coneiderable obgtacle in effecting methods
for lte control, The catalyats employed are the usual

Flsoher-Tropsch catalyats such as, for example, mlxtures of

‘lron or cobalt with magnesia, thorla and the llke,

It has noﬁ been discovered that a novel catalyst may
be employed in accomplishing the reduction of carbon monoxlds
with molecular hydrogen without the necessity for such
accurate temperature control measures since the novel catalyat
for.caﬁrying out this type of reduction 1s not so sensitive to

temperature changes as ;hose satalysta herétofore employed for
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. tﬁe process, The novel catalyet comprises & nickel chromlte
which may, if desired, be subjected to a reductlion with
hydrogen prior to 1lte use in the synthesls reaction, although
this 18 not necessary Af it 1s desired for reasona of-

economy to employ the freshly prepared nickel chromite directly
in the catalyet, Another methpd of 1dentifying the ca%alyat

ig to consider 1t as a mixture of nickel oxide and chromium
oxide, The cataljét may be prepared 1n & number of ways, one

method of preparing the same belng g8 follows;

Example 1.
1163 grems of nickel nitrate oryatals were dlssolved

in 3200 cc. of water end the solution brought to a temperature
of about 165°F. Separately, 504 grame of ammonium dlchromate
wepe digseolved in 2400 cc. of water and to this there was
added 550 co, of concentratad ammonium hydroxide; This
aeoond golution was then pdded 1n B thin gtream and with
continued atirrlng to the nlckel nitrate sclution which was
neld at about 165°F, throughout the mddition, The resultent
precipitate was filtered dbied at }OO°F. and heated to about
700°F, ; wheré 1t was calcined for about 1 hour, The resuls~
taht datalyst wes then pilled end employed as the catalyat
mass in the reduction of catbon medoxlde with hydrogen in
accordance with the examples hereinafter set. forsth,

Other methode may be employed %o prepare the catalyst.
Thus, for example, 1t ie not necessary to employ nickel nltrate
" aa the source of 'the nickel since the sulfate, chloride,
,cérbonape and the like, of nickel may also be employed, Also,
In élaoe of using ammonium dichromate as the other component

of the ocatalyst, chwomio aclid and emmonium hydroxlde may be
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employed, ammphium chromate inatead of ammonium dlchromate may

be used, and &lso the sodium and potassium chromates and
dichromates mey be employed., If desired, the catalyet may aleo
be prepared from mixtures of nickel oxide and chromlc oxide
independently prepared and admixed, Various other modlflcatlons
may be employed 1n tbe preparation of the nickel chromite. If
the nickel sulfate ls employed, special procedures may be 1n-
atituted for insuring the removal of the'last traces of the
sulfate lon through the use of large quentities of ammoniacal
chromate and wlth the repeated washing of the preclpltate,
including the re-~dlssolving of the same in sdmixture with
chromic mold, dllutien with dlstilled water and rew-precipitation
with aqueous smmonia. This procedure for the removal of sulfaté
48 already knoﬁn but since the catalyst is tc some exXtent
poisoned by the presence of sulfur, precautions ghould be taken,
1f nickel sulfate ie employed, to remove as completely ae
posslble any sulfate lope present in the precipitated catalyst,
Rreoautiohs should be taken to insure the removal of
gulfur and aulfur compounds from the feed stocks employed‘in the
hydrocerbon preparation;' Suiltable sources of supply of the
feed stock include most any source of carbon monoxide and,
likeW}ae; any aourceluf hydrogen. Sultable sources include water

gta, gases cbtelned through the cofltrolled hydrogeration of coal

“or by -any other gasificatlion of solld earbonaceous fuel such es

coke, brown. coal, miheral coal, etc,, by the converslon of
natural gas, by the reactlon of methane with eteam and/or

earbon dioxlde, or by subjectling hydrocarbon gases to controlled

and incomplete combugtions, Care should be teken, however, to

treat these crude gaseous mixtures with caustic or with $rl-

gthanolamine or qther sultasble baslc acting materials to remove

- 4 -



499581

thepefrom the sulfur and sulfur~contalinlng produets since they

have a tendency to polson the catalyst 1n the subsequent con-
version operation, CGenerally speaking, the ratlo of molecular
hydroéen to carbon monoxlde should be adjuated between about
1:8:1 end about 2,5:1 on the volume basis, although equal
volumes of hydrogen and carbon monoxlde may be employed, The
through~put 1in the reductlon of carbon monoxide with moleculsr
hydrogen in the catalyst chamber may range between about 50 and
about 150 volumes of gas per volume of catalyst per hour,
preferably between about 100 and about 135 volumes of geseous
synthesls mixture per volume of catalyst per hour,

Although 1t is not essential In gecuring excellent

‘ylelds of hydrocaybons contalning more than one carbon atom

per moleocule, the cetalyet gometimes 1is benefited in 1lts

‘desired activity if it ie oxldized and then reduced bhefore

: Uainé placed on streanm, This procelure very ~ften 1a helpful

where the catalyst has begun to lose its initlal activity after
belng on stream for some tiﬁe. The controlled oxldation of

the catalyst tends toc free it from carbonacecus impurltles

such 28 nigh melting point par&ffih wax and the like, and

once it has been ox;dized 1t 18 negesgary that it be peduéed
again before belng placed in atream, Fresh catalyst, on the
other hand, need be anly reduced with molecular hydroger

under contrulled conditions to give a highly active catalytic

&material of metailic nickel and chromium. The gonditlons

for the contralled reductlon of the mixture of nilckel oxlde

and chromlum are well known and need not be repeated here.

Example 2,

The cetalyst prepared in accordance wlth the procedure

outlined in Example 1 was reduced by passing in contact
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‘therewith about 2000 volumes of nolegcular hydrogen per Volume

of catalyst per hour at a temperature of about 760°F; for a
period of abeout 5 houra. This catalyst was then placed in e
reactor maintained at a temperature of about 360°F. and at &
throughput of about 118§ v/v/hr,, and a mixture of meolecular
hydrogen and carbon monoxlde in th: volume ratio of about 1,97:l
was pagsed therethrough., There wan obtained from thls reactlon
a yield of abéut 179 c¢c, of normally ligquid hydrocarbone per

om, measured under standaird temperature and pressure condltlions.

Example 3,

& further batch of nickel. chromite catalyst was made
up in a manner similar to that stat.ed in Example 1 and this
wae reduced with hydrogen passed at a rate of 2200 v/v/hr. at
a Yemperature of ?SOOF. The catalyet was then placed on stream
and ocontacted wilth = synthesis gas mixture of hydrogén and
oarbag moncoxids ip & volume ratio cf about 2:1 at atmoephefic
preesgure and at a feed rate varylng, between about 1ll and about
113 v/v/hr. The temperature of the reaoctor varled between about
355°F, and about 363°F, and the run was carried out for a total
of 97 nourg, The yleld varied after the firat 25 houra of
operation between about 132 and about 168 cec. of normally liquid
hydrocarbene per cm., of ayntheels gre measured under standard
temperature and pressure conditions,

Varlous modifications may »e made in ocarrylng out the
ptboess of the preaentrinvention without departing from‘tﬁe
-8oape thersof. Thua,-for exanple, thernlckel chromite need not
be pelleted directly buf i1t nay be employed on a sultable carrler
such as, for example, silica gé;, alumina gel, diatomaceous earth,

kleselguhr, aotivated charcoal or other suitable porous carrier,
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The-incorporation 6f the nickel chromite into the carrler may
be done in a number of ways., Thus, fqr example, the catalyst
mey be actually preclipitated within the solution of the carrier
by impregnatiﬁg the nickel nitrate solution into the carrler,
followed by the mixing in solutién of the carrier with the
auitable ammonlacal chromate component of the catalyst mass
and then draining off excess solutlon, followed by the cal-
oining of the catalyst-impregnated carrier. The nickel chromlte
may likewlse be coated on the various carrier particles and
calcined and reduced as a coating on the carrier. Various ether
modifications in the use of thls catalyst 1n conjunctien with the
reduction ef carben menoxlde with molaéuiar hydregen mey also
be employed without departing rrpm‘the spirit ef the inventlen.

The nickel chromite prepared by caloinatlen eof the
niokel ammonium chromate compléx 1e sultable for use in *flula®
operation without rurther treatment, Nickel ohromite or nickel
oxlde-chromlum oxlde catalysta prepared by other metheds can be
ground %o a gize sultable for "fluld" operation, The catalyst
has also been found to fluidize readily when prepared on a
guitable carrier such as Bilica gel, alumina, clay, bauxite,
ellica~alumina gels, kieselguhr, and other porous or gelatinous
materiel,

Operatien on a fluld basis may be carried eut in any
gultable apparatuas, Several types of catalytic apparatus may
be employed such asg bed type catelytlc reactbrs preferably pro-
vided with means for rapldly removing the exothermlc heat of
#enotion such as tube bundles contacting a liquid medium which
may be withdrewn fram the reasctor, cooled and returned to the

reactor, coeollpng Jackets, etc,
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Having now fully described and illustrated the

nature of the invention, what 1s deslred to be secured by

Letters Patent is:
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! THE EMBODIMENTS OF THE INVENTION IN WHICH A SPECIAL PROPERTY OR
| PRIVILEGE 1S CLAIMED ARE DEFINED AS FOLLOWS:

1. The process for the production of hydrocarbons
containing more than one carbon atom per molecule which comprises
reacting carbon monoxide and hydrogen at a‘temperature of between
about”300° and Qbout 450°F. 1n the presence of a fluidized
catal&at.comprising nickel chromite prepared by comblning at an
ielevated temperature under agitafion an aqueous solution of a

nlckel salt with an ammoniacal solutlon of an ammonium chromate

and separatlng, drying and calelining the precipitate formed.

2. The procesg for the poduction of hydrocarbons
containing more than 1 carbon atom per molecule, which comprises
reacting carbon monoxlde and hydrogen at a temperatuﬁe of between
about 300°-U450°F. in the presence of a fluldized catalyst,
comprising reduced nickel chromite particles of fluldizable alze
prepared by a method conslating of comblning an aqueous Bolution
of & nickel salt with an ammoniacal solution of an ammonium
chromate at an eievated temperature under aglitation to form a
précipitate, geparating and drying the precipltate, and calcining
lthe dry precipitate for an extended time to form directly said
partiocles of fluldizable size.

3, The process of claim 2 in whlch sald elevated

temperature is about 165°F,






