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COMPLETE SPECIFICATION
Process for the Catalytic Conversion of Carbon Monoxide
with Hydrogen into Hydrocarbons

I, Hinorp BErwmy Forrs, Chartered
Patent Ageni, of 13, Church “Strees,
jdverpoul, in the County of Lencaster,
Subjeet of the King of Gureat Britain, do

§ hersby declare the nature of this inven-
tion whieh has been communicated to me
by N. V. Internafionale Koolwaterstoffen
Syuthese Maatschappij (International
Hydrocarhon Synthesis C&mpany’ﬁ of 20,

10 Wassenearscheweg, The Hogue, Holland,
a Dutcl: Company, and ia wheb manner
the same is to J]J:le perlozmed, to be particu-
larly deseribed and ascertained i and by
the follewing statercent:—

15 The preseni invention relajes fo o pro-
cess for the production of hydrocarbons
with more than one carbun atom in the
molecule by vonversion nf carban mone
oxide with hydrogen in the presence of

20 catalysts.

It is already kuvwn to carey out this
conversion under atmaspherie pressure,
reduaced pressurs or inereased Pressure, in
the presence of catelysts containing

25 wefuls of the izon group or their com-
pounds, espacially ecafalysts eontaining
cobalt together with sdditions of activat-
ing substances. These catalysty are
wenerally employed on carriers, such as

80 dintomaceons earth and the ke, In the
preparation of cobals catalysts the cobalt
Lus usually besn rapidly precipitated af
elevated temperalure in the form of a re-
durible compound frem o solution of ons

a5 of itz salts, which precipitete was subse-
quently subjected to a reducing treatment
wit hydrogen or ases confaining
hydrogen.

It has also heen proposed to prepere

40 cotulysts which ran be employed for
hydrogenising processes by preciprating
nickel or 2 mixture of nickel and a mem-
her of the iron group er silver group of
the periedie elassification of the elcmcats

45 iu the form of a erystalline hydroxide nr
carbonate which is then veduced, by
miging an uguccus solution of 2 wnickel
salt together with a salt of cobalt and a
sult of ecopper, with the caleulated

50 guantity of a dilute solution of sodimn
carhonate over & period of 8 hours with
stivring at 2 temperature of 70° C. and to

[Prios 1/-]

wasgh and dry the resulting precipitate and
redues the same by heating o o tempera-
ture of abont 400° ¢, in a stream of 55
hydrogen,

My forcign correspondents have now
found that in the conversinn of earbon
monoxide with hydrogen inte hydro-
curbons with more thun one carbon atom 60
in the mwolecule inrproved results are
chtained when working in the presence of
cobalt containing catalysts, in the pre-
paration of which a redueible cobalt com-
pound is graduelly precipiiaied from o 65
solulivn of a cvbplt salt during a periad
of at least 3 hours,

Ireferably the gradual precipitation
takes at least 12 hours, and periods of 24,

48 or mome hours are advantagecusly 70
employed.

In the preparation of the catalysis
according to the preseni inyenijon tho
precipituting agent is added to the soln-
tion of a cobali salt gradually and slowly 7
and preferably continwously, for example,
drop by drop.  The solution is advan-
tageously agitaied during the precipita-
tion, for exumple, by stirring, and is pre-
ferably maintained at ronm fempersiure. 50
The preeipitation may also be carried out
in the reversed way by adding the cobalt
salt solution drop by drop to the solution
of the precipitating agent.

The precipitate obfained is separated 8B
and washed, praferably with cold water,
und dried, for example, at 110° Centi-
srade, while expased to the atmosphere or
1 a.stream of carbon dioxide or any other
inegt gas. The dried materizl is subse- 90
quently subjected to a reduring treatment

<

with hydrogen or guses containing
hydrogen.
Apart  from eobalt the catelysts

employed according to the present inven- 95
lion may wlsv contain iron andfor nickel.

In the prepuration of these mixed cata-
lysts advantageously a solution is pre.
pared containing a cobalt salt together
with an iron salt and/or a nickel salt from 100
whieh solution reducible compounds of
the spid metals are precipituted in the
game manner aw deseribed above for
cobalt, :
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Subsfances having an activating action
“may also be added To the outalyst before,
during or after the precipitetion, fox
pxample, thorium oxide, magnesium
5 vxide, aluminium oxide and other metal
oxides which are not redueible under the
reaction conditions of the comversion of
carhon moencxide with hydrogen o hydro-
carbons, The beneficial effect obtained
10 by the method of siow and gredual pre-
cipitation according o the present inven-
tion 13, however, puazticularly evident
when erploying catalysts which are free
from the said activating substances, Baid
15 activating substances, when msed et all,
are preferably used only In o total
amount of nef more than § per cent by
waight advantageously not more than 3
per eant hy welght of the cobalt or the
20 mixiures thereof with iron andfoer nickel,
present in fthe eatalyst.

The ovatalyste may, if desived, he
smployed on parriery such as diatomaceous
earth and the like, '

25 With the colalysls employed in
accordance with the present invention the
total yield of liquid and solid: products is
equal to the hirhest yislds which can be
obtained with the Imown eatulysty, - Tn

80 addifion the caielysis prepared according
tu the present invention ratain a high
activity for a considerably longer time
than the cobalt cotalysts prepered os
hitherte known., Even. afler weeks of

85 operation a regencraiion is not yet neces-
sary, ‘The . regeneration of catalysts
which, after s long peried of operaiion,
have bacome less astive may be effected in
Imowa manner, for exa.-mpﬁe, by a treat-

40 ment with hyd,mg-an or hy an extraction
with solvenis.

The catalysts prepared according to the
present invention are rather soft wlheuw
compared with catalysts having the same

45 composition cbiained by rapid precipita-
tion as hitherto known and therefore they
are preferably pressed into pills, pellets,
tablets ar any other suituble form. Thig
iz preferably cazried ouwt hefure tha

50 redueing treatment, The hulk density of
the catalyst is increased by pressing so
that e considerably larser weight of
catalysts can De srrunged in the conver-
sion chamber and, asithe pmsm‘ngi- does noi

55 impair the ackivity of the patalysi, ihe
antpih per unit of catalyst space end per
poit of time iy considersbly improved
comnpured with the cutput oblained when
using calalyste which -have not under

80 goné a pressing operafion.

The ponversion of the carhon montixide
with hydrogen is usually carvied out af
temperatures  belween 160° and 2507
Centigrode, adventegeously between 130°

85 to 213? Centigrade,

When carrying out tha conversion with:
the intention of producing low hoiling
hydvoearbons the present Invention gives
particularly becefeinl results in that
when working under atmospheric pres- 70
sure or slightly increased pressurey, up to
ahout 2 afmospheres, the reaction pro-
ducits obtained consist for abouk 79 per
cent by weight of hydrocarbons boiling
below 200" Centigrade, whereas when 75
employing catalysts prepared as hitherio
usual vuly abous 60 per cent by weight of
the reaction products have a boiling point
aeithin ths seid range. Undey these eon-
ditiong hardly any pacaffie wax is formed, 80

The life of the catalyst prepared acrord-
iug to the present iuvenlion is consider-
ably longer than that of the catalysts
prepared ag hitherte known, ie, they
rétain their high activity for tho produc- 85

-tiow of low boiling hydrocarbons for a

considerably lodger time. This is pro-
bably due to the fact that the catalysts
acporging to the presend invention, even
after an “cperafion. period of geveral 90
weeks, only contedn about 1& fo 80 per
cent.of puraffin wax based on the catalyst
weight, whereas the catalysts hitherto
¥nown after the same period of operation
would eontain about 300 per cent by 85
weight of paraflin wax, . .

< Also when it iy desired to. produce
heavier hydrocarbons which are solid ab
roony tempersiure as parafic wax, the
presenl invention allows of elfecting o 100
marked improvement in yields. Tn, this
cage preferably hipher pressures are
employed in general between 5 and &f
stmospheres, advantageously bebween 10
and 23 slmospheres and meinly hydro- 104
cathons which are solid at room fempera-
ture, particularly paraffin  wax, are
chtained.

- Alse in the preparation of hydro-
carbons solid at room temperziure the 110
catalysts preparad according to the pre-
sent invention retain their activity for a
very long ldme, ’

The following Exemples will furthern
illustrate the nature of the said invention 115
and in whai manner the game cem be
carried out in practice, bub iz should,
however, be wnderstood that the invention
is:not limited o the said Examples,

S - Hzameim 1. 120
A solution of 45 grams of potessium
carbonate in 800 cybic cembimcires of
water #s slowly and gradually added,
swhils stirring, during & period of
80 hours to a solution of 60 grams of 126
cobialt nitrate” Co(N(L), . 6 H.O in 800
cubie centimetres of waber whichk cdutaine
186 grams of diatomaceous esrth in sus.
peusion. The precipitate olbained. is
separated by fliration, washed and dried 180
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at 110" Centigrade. An amounf of the
resuliing product corresponding to 4
grams of cchalt, iy arranged In a tube
having o diameter of 14 millimetres,
§ After reduclion wih hydrogen a $50°
{entigrade and under atmospheric pres-
sure, the temperature is lowered to ahout
180" Centigrade and subsequently a mix-
ture of corbon monoxide end hydrogen
10 (C0 :Hy=1:2) is pussed over the cataFyst‘
at o rato of about 4 litres per hour, In
the course of some weeks the temperature
is 1aized to about 210° Centigrade. The
vields of liguid and solid preducts which

——

are obtained aré indicated in the follow- 15
ing table, in which the seid yields are
expressed in cubic centimetres per cubic
metra of the initia] mixture of carhon
monvxide and hydrogen {(measured af
yoom temperature and under afmospherie 20
pressure). The said yields are vompared
with the yields obtained uader similar
conditions with g catalyst which, apart
from cobalt, alse confeins thorinm oxide
and which has been obtained in known 2p
manner by rapid precipitation at boiling
temperaiure,

] {atalyst
40

diatomaceaus earth

Highest, yield with a throughput

Cobult ynd thorimm
vxide on
dintomarceous earth

Coliult on

of 1 litre of gas per hour and
per grem of coba{lt_in eom fm?

Period of oporation (days)

Yield in eemfm®

Deerease of the yield (per cent.)

35

Percentage of conversion pro-
duets hoiling up- 1o 200
Centigrade

Weight of the catalyst (grams)

Amount of paraffin wax in the

40

catalys( (grams)

45 -

108 .

118 .

after 108 days#
18.6

145
Ad
110
atter o4 days;
24.2

79 . B
10 11

1.7 12.8

ExamrzE 2.

A number of cohalt catalysts without

45 aetivating additions were prepared in the
manner ag indieated in Exemple L, tha
duration for the precipitatin being
extended to respectively 8, 6, 12 and 24
Lhours. Another catalyst wae prepared

50 hy rtapid yprecipitation, The ayerage
yields of solid and Iiyuid produets
obtained by the comversion of carbon
monoxide with hydromen in fhe presenec
of these cetalysts during a period of 14
days while working wnder gimilar condi-
tions (180 to 210° Centigrade, g througk-
put of 1 litre gas per hour per gram of
cobalt present in the eatalysd) are
indicated in the following table;— .
60 Drecipitation time Yield in eubie centi-

39

in hours metres per cubie
metre of pas
¢ 99
3 104
G5 B 111
12 128
o

24 132
With the catalyst obtained according
1o, Bxample 1 by precipitetion during 50
70 hours, an average yield of 138 cubia
centimetres per cuble metre of gas wag
obtained under the same conditions aud
within the same conversion period,

Exanreire 8.

A solutian of 45 grams of potessium
earbonate in' B00 - cubic centimeires of
water is slowly and gradually added,
while stirring, during a peried of 50
hours to o solntion of 60 grams of eobalt
ritrate  Co(NQ,).6H,0 in 800 eubic
centimetres of water, which contains 13
gramg of diatvizaceous earth in suspen-
gion, The précipitale -thiz formed is
separated by filiration, washed and dried
at 110" Centigrade; The resulting pro-
duct is pressed, without addition of
water, to pranules haviag » diameter of 1
to 2 millimetres ond then urranged in a
pressure tuhe having a diameter of 10
willimutres. After veduction with hydre-
gen al 350° Centigrade under apmos-

herip ‘pressure, - e femperature s
]ﬂ)wered to the temperature suitable for
the production of high hoiling hydrocar-
bong, which in the present cese iz between
180° and - 200° -Centigrade, and subse-
guently o mixtura of earbon monoxids
and hydrogen (CO:H,=1:2} under a
pressure -of 12 almospheres is passed
through the tube.

The following yields of liquid and 100
solid produots are obfained, which yields
are expressed in gramy per eubie metre of
the iuitinl wixjure of carbon monoxide

75

80

an

o0

95
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aud hydrogen measured - under normal
condiilond of temperature and pressure,
During 6 weels of operation with a
. threoughput of 1 litre of gas per gram of
§ cobalt per hour 140 gramy of liguid sud
golid, prodacts ure obteined, of which 1038
groqus=78.0 per ceub. are solid at room
temperature (boiling point above IJ00°
Centigrade), while with w f-hrouwhlput of

30 2 litres of gus per gram of cobalk per
hour 118 grams of Iiquid and solid pro-
duets are obtained oontaining 65
grams=57.5 per eent. of hydrecarbony
which are solid af room temperature.

15  On coutinuing the above experiments
during a period of 5 menths without any
regenerating trestment and with the
sume cabalyst, IS0 grams of liguid and
sulid products, of which 85 grams=65.5

20 per cent, are zolid at room femperaturc

{boiling poinl above 300° Centigrade) are-

chtained ot o throughput of 1 litrd of
gus per Lour per gram of cobalt. With =
throughput of 2 litres of pas during the

25 same perind of operation still 116.6
grams of liquid and solid prodacts are
obtained per hour, econtaining 443
grams=38 per cend. of hydroearbons
which arc solid ab room, femperaiurc,

80 I, however, a cuatulyst 1z employed
having the gsame commposition but which
has heen obtsined hy rapid precipitetion,
then in the eoursc of 5 wecks with a
throughput of 1 lilkke of gus per Lour pen

85 gram of cohalt an average yield of 111
grams of liguid and sofid prodicts is
‘ohtained eontaining 685 grams=52.7
per cent, of hydrovarbons which are

“solld b room  femperatmre and which

40 havg a boiling peint shove 300" Centi-
rade.

. Having now particularly deseribed

and ascertained the nature of the suid

invention and in whet maoner the samie

45 s to he performed, an communicated to
me
declare that what T claim s:—

1. A process for the produciion of
hydrocarbons with mors than one carhon

£0 atom in the molecule by conversion of
carbon monexide with hydrogen in the

presence of cobalt containing catulysts

eomprising werking in the presense. of
eobalt containing catelysts, in the pro-

my foreign- correspondents, T

paration;of which a redueihle eobalt com- 35

pound in-graduslly precipitated froun &

solution of a cobalf salt. during u pericd
of ot least 8 hours,
2. A process mg elaimed in elaim 1,

characterised in thai the gradual precipi- 60

tutinn takes ab least 12 hours.

4. A process ag claimed in any of
clamns-1 and 2, charar;terised in that the
gradnal precipitation ix carried out at
room, ternperature, i)

4, A process as claimed in any of
cldims L to 3, characterised in that the
precipitated cobalt compevnd is pressed
into w suitable form affer huving heen
dricd and prior to reducilon of the cobalt 70

“eompound.

5. In the pracess ss efaimed in any of
claims } te 4, earrying out the conversion
under a pressure up i 3 atmospherss,
for example uonder stmospleric pressure, 75

6. In the process as claimed in any of
claims 1 to 4, earrying out the conver-
plon under pressures between 6 and 50
atmosphercs.

T, In the process as olaimed in any of 80
claims 1 te 6, carrying out {he conver-
sion at femperatures bweer 160 and
230 Centigrade,

8. In the proeess as claimed in of
claims 1 to 7, employving catalysts av];iich 85
contain besides cobalt also iron andfor ’
nickel,
= 0. In the process as claimed in any of
elaims 1 to 8, employing catalysis which
eontain  aclivading subsionces such as 9
thorinm oxide, magnesium oxide and
alumininm oxide, ) :

10. Tn the process as claimed in any of
elaima 1 1o 9, employing catalysis which
contain carrers, suwch zs diatomaceous gz
earth. :

1T1. A pracess for the conversion of
cirbon monoxide with hydrogen, sub-
slantiully us described in the forsguing
Excamyrles. . _

12, Hydroecarhonz when obtained in
proeesses as claimed in any of the preced-
ing claiming clamses.

Diited this 28rd day of Fanuary, 1940,
WL B, THOMPRON & Q0.

- 12, Church Straet, Liverpool, 1,

- Chartered Patent Agents.

100

Yeawington Spa: Printed for His Majesty's Stationery Office, by the Courier Press.——184].



