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The present inventicn relates to a process for the pro-
duction of hydrocarbons with more than one carbon atom in the mclecule
by oconversion of carbon moncxide with hydrogen in the presence of cata-
lysta.

It is already kncwn to carry sut this conversion under
atmospheric pressure,reduced pressure or incréaaed pressure, in the pre-
sence of catalysts containing metals of the iron group or their com-
pounds, eapecially catalysts containing cobalt together with additions
of activating substances., These catalysts are generally emplnyed on
carrilers, such as diat-macecus earth and the like. In the preparaticn
of cobalt catalysts the Eobalt has usually been rapidly precipitated
at elevated temperature in tﬁe form of a reducible compound from a go-
lution of one of its salts, the preclpitate being subsequently subjected
to a reducing treatment with hydrogen or gaseé containing hydrogen,

We have now found that in the conversion of carbon mon-

oxlde with hydrogen into hydrocarbons with more than one carbon atom
in the molecule impfoved results are cbtained when working in the pre-

gence of cobalt containing catalysts, in the preparation of which a re-

ducible cobalt compound is gradually precipitated from a solution of

a cobalt salt during a geriod of at legot 3 hours.
Preferably the gradual precipitation takes at least
12 hours, and periods of 24, 48 or more hours are advantageously em-

Ployed.
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In the preparation of the catelysts according to the pre-
sent invention the precipitating agent is added to the solution
of a cobalt salt gradually and slowly and prererably continuvus-
1y, for exemple, drop by drop. The solution is advantageously
agitated during the precipitation, for example, by gtirring, and
is preferably maintained at room temperature, The precipitation
may algo be carried zut in the reversed way by adding the co-
balt salt solution drop by drop ta the solution of the preci-
pitating agent.

The precipitate obtained is separated and washed, pre-
ferably with cold water, and dried, for example, at 110°¢,
while exposed t0 the atmosphere or in a stream wf carbon dioxide
or any other inert gas. The dried materiel is subsequently sub-
jected to a reducing treatment with hydrogen or gases containing
hydrogen.

Apcrt from cobalt the catalysts employed according to
the present invention may als» contain iron and/>r nickel.In
the preparation of these mixed catalysts advantageously a 80—
lution is prepared containing a cobalt salt together with an
$ron salt and/or & nickel salt from which solution reducible
compounds of the said metals are precipitated in the same manner
ag described above for cobalt.

Substances having an activating action may alss be
added to the cetalyst befsre, during or after the precipitation,
for exsmple, thorium cxide, magnesium cxide, aluminum oxide
and other metal nxides which are not reducible under the re-
action conditions of the ccnversi~n of carbon mon-xide with hy-
drogen to hydrocpmrbons. The beneficial effect obtained by the

method of slow and gradual precipitation according to the pre-
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sent invention 1s, however, particularly evident when employing
catalysts which are free from the sald actlvating substances.
8a1d activating substances, when used at all, are preferably
used only in a total amount of not more then & per cent by
welght, advantageously not more than 3 per cent by welght of
the cebalt or the mixture thereof with iron and/or nickel, pre-
sent in the catalyst.

The catalysts may, 1f deslred, be employed on
carrlers such ag diatomaceons earth and the llke.

With the catalysts employed 1n accordance with the
present inventlon the total yield of ligquid and solid products
le equal to the highest ylelds whlch can be cbtained with
the known catalysts. In addition the catalysts prepered accor-
ding to the present lnventlon retain a high activity for a
conslderably longer tlme than the cobalt catalysts prepared
as hitherto known. ZEven after weeks of operation a regenerate
lon )s not yet necessary. The regeneration of catalysts which,
after & long perlod of operation, have become less active
may be effected Iln known manner, for example, by a treatment
wlth hydrogen or by an extraction with solvents.

The catalyste prepared according to the pregent
inventlon are rather goft when compared with catalysts having
the same ocomposition obtained by rapid precipltation as
hitherto known and therefore they are preferably pressed
Into pllle, pellets, tablets or any other suitable form. This
1s in practlce carrled out before the reducing treatment.

The bulk denslty of the catalyst 1ls Increased by pressing
so that a conslderably larger welght of catalysts can be

arranged in the converslen chamber and, as the pressing

-3 -
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doep not impair the activity of the catalyst, the output per
wnit of catalyst space and per unit of time is considerably
improved compared with +the sutput sbtained when using cata-
lyats which have not undergone a pressing operation.

The conversion of the carbon monoxide with hydrogen
is usually carried out at temperatures between 160° and 250°¢,
advantageously between 180%ana 210°C.

When carrying out the conversion with the intention
to produce low boiling hydrocarbons the present invention
gives particularly beneficial results in that when working
under atmospheric pressure Or glightly increased pressures,
up to about 2 atmospheres, the reaction products obtained
consist for akout T5 per cent by weight of hydrocarbons boi-
ling below 20000, whereas when emplcoying catalysta prepared
as hitherto ususl only about 60 per cent by welght of the re-
action products have & boiling point within the gaid range.
Unider these cunditions hardly any paraffin wax is formed.

The 1ife of the zatalyst prepared according to
the present invention ig considerably lenger than that of the
catalysts prepared as hithérto xn-wn, i.e. they retain their
high activity for the production of low boiling hydrncarbens
for a considerably longer time. This is probably due to the
faot that the catalysts according to the present invention,
even after an operation period ~f several weeks, only contain
about 10 to 30 per cent by wéight of paraffin wax baged on
the catalyst weight, whereas the catalygts hitherto known
after the same pericd of opefation would contain about 100
per cent Dby weight of ﬁaraffin wax,

o

Alsc when it is desired to produce heavier hyd»o-
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carﬁons which are solid at room temperature as paraffin wax,
the present invention avails of effecting a marked improvement
in yields. In thls case higher pressures are employed in prac-—
tlce which generally range between 5 and 50 stmospheres, advan-—
tagsously between 10 and 25 atmospheres and mainly hydrocarbons
which are solid at room temperature, particularly paraffin wax,
are obtained.

Also in the preparation of hydrocerbons solid at
room temperature the catalysts prepared according to the pre-
gent inventlon retaln thelr activity for a very long time.

The followlng Exemples willl further lllustrate the
nature of the sald invention and in what manner the same can
be carrlied out in practlce, but 1t should be understood, that
the lnventlon 1a not limited to the sald Examples.

Example 1.

A solutlion of 45 grams of potassium carbonate 1in
800 cublc centimeters of water 1s slowly and gradually added,
while stirring, durlng a perled of 50 houre to a solutlon of
60 grams of cobalt nitrate CO(NO3)2-6 H,0 in 800 cublc cen-
timeters of water whioh contalng 15 grams of dlatomaceous
earth 1ln suspension. The preclpltate obtained 1s separated
by filtration, washed and dried at 110°0. An amount of the
resulting product corresponding to 4 gfams of cobalt, is
arranged in a tube having a dilameter of 14 millimeters. After
reduction with hydrogen at 350°C and under atmospherle
preagure, the temperature 1s lowered to about 180°C and aub-
sequently a mixture of carbon monoxide and hydrogén (co H2=
1 : 2) is passed over the ocatalyst at a rate of about 4 1l

ters per hour. In the course of some weeks the temperature

e
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ig raised to about 210°C. The ylelds of liguld and solid pro-

ducts which are obtainéd are indicated in the following table,
in which the said ylelds are expressed 1in cublc centlmeters
per cuble meter of the jnitial mizture of carbon monoxide

and hydrogen {measured at room temperature and under atmos-
pherle prassure). The sald yields are compared with the
yields obtained under slmilar conditions with a catalyst
which, apert from cobalt, &also contains thorium oxlde and
¥hich has been obtained in known menner by rapld precipi~

tation at bolling temperature.

Catalyst Cobalt on dlatom—  Cobalt and thow
aceous earth rium oxlde on dl-
atomaceous earth

Higheat yleld with a
B throughput of 1 liter

of gas per hour and

per ggam of cobalt 1n

cem/m 145 145
Period of operatlon 108 5l
(days)
Yield in com/m’ 11% (after 108 days;) 110 (after 54 days;)
Decrease of the yield 18.5 oy, 2
(per cent)

. Percentage of conversion
products bolling up to
200°C 79 61
Weight of the oatalyst 10 11
(grams)
Amount of paraffln wax
in the catalyst (grams) 1.7 12.8

Example 2.

A number of cobalt eatalysts withou$ activating addi-

tions were prepared in the menner as indicated in Example 1,

- b -
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What we clalm is:

1. A process for the production of hydrocarbons with
more than one carbon atom in the molecule by conversion of
carbon monoxide with hydrogen in the presence of cobalt con-
taining catalysts comprising working in the presence of cobalt
containing eatalysts, in the preparation of which a reducible
cobalt compound is gradually precipitated from a solution of
a cobalt salt during a period of at least 3 hours.

2. A process as claimed in claim 1, characterized in
that the gradual precipltation takes at least 12 hours.

3. A process as claimed in claim 1, characterized in
that the gradual precipitatlon is carried out at room tempera-
ture.

4. A process as claimed in clalm 1, characterized in
that the precipitated cobalt compound is pressed into a
sultable form after having been dried and prior to reduction
of the cobalt compound.

5. In the process as claimed Iln clalm 1, carrying out
the conversion under a pressure up to 2 atmospheres for the
preferred production of low boiling llquid hydrocarbons.

6. In the process as claimed 1n claim 1, carrylng out
the converslon under pressures between 5 and 50 atmoapheres
for the preferred production of soild hydrocarbons.

7. In the process as claimed in claim 1, carrying out
the converslon at temperatures between 160 and 250°C.

8. In the process as claimed in claim 1, employing
catalysts which contain besides cobhalt also a2 metal selected
from the class consisting of iron and nickel.

9. In the process as claimed in claim 1, employing

catalysts which contain carriers.

- 10 -
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the duration for the precipitation being extended to respecti-
vely 3, 6, 12 ond 24 hours. Another cabalyst wes prepared by
ropid precipitation. The average yields of seplid and liquid
products cobtoined by the conversion of carbon meonoxide with
hydrogen in the presence »f these catnlysts during o period
of 14 deys while working under similer conditions (180 to
21000, a throughput of 1 liter ges per hour per gram of co-

belt present in the catslyst) are indicnted in the following

table :
Precipitrtion time Yield in cubic centimeters rer
' in hours cubic moter of gas
0 99
3 104
6 111
12 128
1. S R 3 13

With the cntalyst obtoined according to Example 1 by
precipitntion during 50 hours, on averoge yield of 138 cubic
? centimeters per cubic meter of gas wes obtrined under the
pome conditions and within the ssme conversion poriod.

Example 3.

A solution of 45 grams of potasszium ccrbonete in
800 cubic contimeters of water is slowly and gradunlly added,
while stirring, during & period of 50 hours to o solution
of 60 grema of cobalt nitrate Go(NO3)2.6H20 in 800 cubic
centimeters of weter, which containgl5 grams of distomzceous
eerth in suspension. The precipitete thus formed is seprrated
by filtration, washed ond then dricd ot 1310°C. The resulting

product is pressed, without nddition of water, to grhnules

- 7 =
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having & dlameter of 1 to 2 millimeters and then arranged in

a pressure tube having a dlameter of 10 millimeters. After
reduction with hydrogen at 350°C under atmospheric pressurs,
the temperature is lowered and'subaequently a mixture of

carbon monoxide and hydrogen (CO : I—l2 = 1 ! 2) under & pressure
of 12 atmospheres 1g passed through the tube. The temperature
puitable for the productlon of high bolling hydrocarbons in the
present case ranges between 180° and 200°C.

The following ylelds of liquid'and 80l1d products
are obtained, which ylelds are expressed ln grems per cuble
meter of the initiaml mixture of carbon monoxide and hydrogen
measured under normal condlitlons of temperature and pressure.

IHL During 6 weeks of operation with a throughput of 1 liter of
gas per gram of cobalt per hour 140 grams of ligquid and solld
products are obtalned, of which 103 grams = 73.5 per cent
are solld at room temperature (bolling point above 300°C,)
while with a throughput of 2 llters of gas per gram of cobalt
per hour 113 grams of 1liquid and solid products are obtained
containing 65 grems = 57.5 per cent of hydrocarbons whlch are
solid at room temperature.

: On continuing the above experimente durling a perlod
of 5 montha without any regeneratlng treatment and with the
same catalyst, 130 grams of llquld and solid products, of
which 85 grams = 65.5 per cent are solld at room tempera-
ture (bolling point above 300°C) are obtalned at a through-
put of 1 liter of gas per hour per gram of cobalt. With a
throughput of 2 liters of gas during the geme perlod of ope-
ration st11l 116.6 grams of liguld and solld products are

obtained per cublc meter, containing 4Y4.3 grams = 38 per cent
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dfhydrocarbons which ares solid 2ot room tempercture.

If, however, o catolyst is employed having the
same composition but which hes been obtrined by ropid preci-
pitation, then in the course of 5 weeks with a throughput of
1 1liter of gas per hour per gram of cobalt an avercge yield
of 111 grems of liquid and solid products is obtoined con-
taining 58.5 groms = 52,7 per cent of hydrocarbons whioh
are solid ot room temperaiure and which have = boiling point

cbove 300°0.





