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PROVISIONAL SPECIFICATION..

Improvements in and relating to the Preparation of Catalytic
Masses for Hydrocarbon Synthesis o

-, L Ksuretsnea Monaw Cmaxmavarey,
D.Be(Dae.), F.Iust.F. (London), of 26,
Hatkholw Road, P.0, Waxi, Dacea, British
India, of Yndian Nationality, do hereby
derlare the nature of this invention to be
as follows : —

This invention relates to the prepora-
tion of catalytic massos gmitwble for pro-
woting the reaction of curbon monoxids

10 and hydrogen for the synthesis of hydro-
carbong by the Pischer-Tropsch method.
Bueh catzlytic masses comprise ag catalyst
metallic nickel or other suitebla metal
produced by the reduction with hydrogen

15 of o compound of the metal obtained as a
precipitate by freating a solution of o sali
of the metal with an alkall. -Suek metal
catalysts, however, are not all equally
sitable for promoting the formation of

20 higher hydrocarbuns, Thus, according to

TPischer (Brennstoff Chemdie, 193% Vol.

1€, page-1) nicke] has & considerable tend-

eney fo promote the formation of methane,
whereas eobalt has a greater tendency to
rromote the formation of the .higher
hydrocarbons and it retains ifs activity
for a comsiderably lenger time. Tt is
thought, therefure, thaf cerfain processes
for the production of higher hydrocarbous
30 which are in operation commereially at the
present time mac catalytic masses’ whick
contain eobalt instead of nickel, and
which arg thevefors relatively nostly.
Aeccording to the present invention the
eapueity of such catalviio mosses, espevi
ally those containng nickel, for promoting
the formation of higher hydrocarbons is
improved and their pediod of activity is
prolonged, by removing alkali therefrom

40 after raducfion or by using as the ulkali

- for precipitation ammonivm carbonate or
other volntilisable or decomposable alkali,
The beneficial effect of removing the
alkali from the eatalyst after ils reduce
tion, and the advantage arising fromi the
presence of alkall during the provess of
: reduetion. have mot hitherto heen recoa-
nised. ‘Thus, Fischer ang Meyer (Bronn.
stoff Chemie, 1981, Vol. 12, pages 25—

30 232y considered a nickel eatalyst to be
more astive when the potussinin carhon-
ate, nsed as the alkali for precipitafion,
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wag net entirely removed from the pre- |
cipitate by woshing; whereas af a later °
date the same anthors (Brennstoff Chemic, 55
1988, Val. 14, pages 86—81) staled that
thy addition of potagsivm carbonste o the
finished catalyst bad s deleterious effect, .

The activity of the catalyst can be stifl —
further prolonged, and its capacity for 60
promoting thc]??prmatian of higher hydro-
carbons still further impruved by lower-
ing the femperalure reyuired for the re-
duction. Tn the preparation of catalytic
masses in aeccordance with the invention
the reduction ean be conducted at o lower
temperaturc by subjecting the preeipitate
to reduction in admixture with a guantity
of 5 ke catalytic mass which has been
previously reduced. _

In the coge of a catalytic mass compris-
ing wnickel and thorivm oxide (ThO,) on
w support of kieselguhr, fhe temnperature
at which the mass remainsg active and
steady in its action ¢un be raised by incor- 75 *
porating cerium oxide {Ce,0,) therewith.
Such a catalytie mass confaining cerium

b

. oxide 8 especially snitable for promofing

the formation of hydrocarhons in the final
stages of the reaction when the gases from 80
fke earlier sfapes of the ropetion have
atlaized a relatively high temperafiure
owing to the exethermic character of the
reaction. ©  Anvudvantageous proeeduze,
therctore -is to conduct the early stages of 85
the reaction with the aid of the eatalytic:™
mess free-from -eerium oxide and to use
the catalytic massconiaining cerivm oxide
to ecomplete $he reaction,

The alkali-frse eatalytie masses of the
inventon remain:steady in acfion’ and
give very good résulis whien the remction
5 condueted under a moderately raised
Pressure of the orfler of about 5 to 18 utmo-
apheres. Purthermore, it is possible to 0§
freat gas miwtures. for example, ‘pupified -
blup waler gus, which contain approxi-
mately equal parts by volume of carhom
monoxide and hydrogen. since the custe .
mary dilution with further Lydrogen to 110
bring the rafic of carbun monoxideto
hydrogen to 1:2 by volume, in order to
prevent premafure loss of adtivity with
the known catalysts, is unnecessary,
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Tt is alsp possible by the invention fo
re-activate a cotalytic” mass whieh shill
contains allkali by removing the alkali in
accordance with the invention.

B The invention may be earricd ouf as
follows : Kieselguhr, preferably the white
variety, is suspended in a solution econ~
taiming the requisite quantities of pure
salty of nickel and thorium, preferably

10 nickal nitrate and thorium nitrate, and o
golution of polassium ecarbonate or spdium,
carbonate is added in sufficient quantity
to precipitate the nickel and {horitm eom-
plefely in the form of their carbonafes.

15 The nsoluble material iy separated. and

_ washed with dislilled, oz mreferably
doubly distilled, waler until it is only
Jightly allcaline. T{ is then dried and
heated in a current of hydromen in order

20 1o reduee the nickel carbonate fo the free
metal. Tt will he understood that a1l the
materinls used vhovld he free from sub-
stances baving a poisoning effect on {be
¢t talyst,  The slight amoent of alkeli

25 present, which I3 peressary during  +he
process of reduction, is then removed, The

* more thorough the remeval of alkali {bw
more eficient and steady in action will
be the resulfine eatalytic mass. and the

80 lower ifs tendency tn promote the farma-
ton of methane. The ratalvhic mass so
obtainad is alse less subisct fo lose of
activify due to changes in temperature
{han ® similer eatalvtic mass from which

85 allali has not been removed, - -

- Befors subjecting the material to ve-
duetion it is of advantage to mix with it

2 small quantity of a powdered catalyiic
mass which hag previously been prepared
and reduced in the manner described 40
above. The resuliting mixlure is then
subjerted to reduction in hydrogen ut o
Jower temperature, and alkali is {here-
affer removed as described above. ‘The
catalytic mass so obfained possesses the
ahove mentioned advantageons properties
in an even grester degree.

By using in the above procedure ammo-
ninm carhonate, instend of potassinm
garbopote or sedium carbonate, o jre-
cipifate ike metnl carbonales the remaoval
of allall subsequently fo reduction be-
Golles UNTEeCessary.

Although the inveulion is applieable in
aceneral to all catalytie masses of fhe kind 55
ahove referred to for the synthesls of
hydrocarbons from mixtures of carboi
monoxide and hydrogen, it is of especiul
importance in its apnlication o the pre-
paration of caialytic mosses containing
ickiel, simee they are remdered suitable
for-the preduction of higher hvidracurbons,
and -can therefore be uved in place of the
more costly eafalytic musses containing
cabalt.

Diated this Tth day nf Julv, 194L

; ABET, & TMRERAY,
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. Agents for the Anpplicant,
© - Quality House, Quality Court,
..Chaneery T.one, London, W.C.2.

COMPLETE SPECIFICATION

Improvements in and rélating to the Preparation of Catalytic .
Masses for Hydrocarbon Synthesis

- T, Esurroipna Momaw CEARRAVARTY,
.8c(Dac.), F.Tost. F. (London), of 26,
Hatkhola Road, P.0. Wari, Dacea, British
' Tndia, of Indian Nationalily, do hereby
70 Jeelare the nature of this invenlion and in
what manner the same is to be performed,
to be particulariy  described snd aseer-
tained in and by the following state-
‘mendi i — .

This fnvention relates %o the prepara-
tion nf catalylic masses eomprising as
catalyst metallie nickel or cobalt or other
metal suitable for promofing the reaction
oF carbon monoxide and hydrozen for the
synthesis of hydrocarbuns by the Fischer-
Trapsch process. Such catalytic masses
which may contain the metal eatalyt vn &
~ support, for instence of kieselguhr. are

" prepared by the redunetion, for examide,
8% with hydropen, of a compound of the
metal ohiained as a precipitate by treat
ing a solution of a salt of the metal with

75

80

an_alkali carbonate, Such medal enialysts,
however, ure not all equally suitable for
rromoting the formation of higher hvirs- 80
carhons. Thus, aecording io  Fiseher
(Brennstoff Chemie, 1935, Vul, 16, page 1)
nickel hag a4 greater tendency than cobalb
to. promote the formation of methane, and
cobalt has a preater teudency than nickel 95
to. promote the formation of higher
hydroearbons. Moreover, cobalt relains its
aetivity for a conriderably longer {ime
when used for promating the formation
of hicher hydrovarbons. Tt is thouglt,
therefore, that cerluin proeesres for the
preduetion of bigher hydrocazbons which
are in operafion rommercially at the Dre-
sent fime use catelyile masses which con-
tain cubalt instéad of nickel, and which
are therefore relatively eostly.

According fo the present invention the
ca{:aci{y af such catalylls masses, espeei-
ally thnse eontaining nickel, for promot-
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" ing ths formation of higher hydrocarbons
is improved and their period of activity
is prulogﬂwed, by conducting at least &
pary of the reduction in presenca of resi-

B dual alkali, and removing substentially
tho whole of the residual alkali from the
mass &fter or during the reduction.

The ‘henefleial effect of removing the
residual alkell, and the advantage arising
1y irom the presence of alkali dnring the

» whole or u part of the process of redue-
tion, have not hitherto heen recoguised.
Thus, Tiseher. and Mever (Branmginf
Chemie, 1681, Vol. 12, pages 225 23%)

1b considsred a nickel catalyst to be more
uctive when the potassiom carbenate,

- vsed ag the alkali for precipitafion, was
not entirely removed from the precipitaie
by washing; wherens al » luter date the

20 sama aulthors (Brennstoff Chemie, 1933
Vol 14, pages 86—R89) statfed that the od-
ditien of potassium carbonste to the
fimished catalyst had & deleterious effect.

In order to remove substantially the
whole of the residual alkali from the mass
aftor reduction, the mass muy he washed
- with water, preferably nccompanied by
hoiling, until the washings have a pll
value of substantially 7. Tor removing
the alkali from the mass during $he redun-
tion there may be msed for the presipita.
tion an alkeli earbenois, for exammle, am-
monium carbonate, which volatilises dur-
ing the reduetion with or without decom-
25 1ostton. Tf, in this case, it is found that

_ the alkali hag not been emtirely removed
during the reduction, any traces of alkali
whick remain may he subsequently re-
moved, for example, by washing with

40.water pa desoribed nbove. It will ha
understood that exidation of the reilnced
muogy should be substantially aveided dur-
ing and after the washing, and especially
during the drying or partizl drying of the
mass which {ollows the washing. T¥, how.
ever, some slight oxidation has eecurred
the mess may be subjected to subsequent
redutlion.

As will be undezstoed from the fore-

b0 poing deseription, it is necessary thatf
snmg allkali should be present during at
least a pari of the reduction, and it is
preferable that the guantily of allali
should be eqnivalent to that which Te-
if maing atter washing the previpifate with
woter until the washings have a pH
value of about 10,
The 1nvention alko comprises subject-
ing the precipitated metal cavhonate to
80 the raduection process in sdmixénre with a
. previously reduced cafalytic mass com-
- prising a mete]l suitable for the Fischop-
Tropsch proesss, and from which moss the
regidyal alkali may op may not have been
65 praviously vemoved., The pressnce of the

30

previously reduced catnlytic mass seceler-
ates the reduction process, and this advan-
fags can be utilised to improve still fur-
ther the capacity of the catalyst for pro-
mofing the formation of higher hydro- 70
carbong. - Thus, this acteleralion eninbles
the reduetion to be conducted under
milder conditions, for example, at a lower
ternperature or for o shorter pericd, whick
vonditions favour the formation of cata- 75
lyst particles hiaving sm enhanced eapa-
city for promoting higher hydroearbon
formation. Allernatively, without elter-
ing the eonditions of reduction, the redue-
tion can be brought more nearly to com- 8D
pletion and tha capacity of the catalyst
for promoting higher hvdrocarbon forma-
tiwmn correspondingly enhanced. A cont
venient guantity of the added catalytic
amass ig such that the final catalytic mass 85
will tontain 0.5—5.0 per cent. by weight

of the added mass.

It is known that catalytic wmasses suit-
abls for the Fischer-Tropsch process may
eontain thoriuw vxide (TRO,) and/or an- 99
ather oxide or oxides in addition te the
metal eatalyst, and in the ease’of thése
cntalytic masses the removal of residual
alleali as destribed abuve ulen leads to the
improvements hereinbefore referred to. 95
In the case of catalytic masses containing
thorium oxide. for example, one com-
prising nicke] 'and thoriwm oxide on o
suppart, for oxaraple of kieselgohr, the
invention alse coliprises incorporating in 100
the mass & small proportion of cerinm .
oxide (Ce 0. velatively to the thorinm
oxids, the ccriim oxide having thé effect
of raising the femperature a4 which lhe
eatalytic mus§ remains active for long 103
periods.  An ad¥untagepus: propovtion is .
substantially 1 per eent. of cerinm oxide
based on the combined weights of the
oxides of cerium and thorium. Sueh a
cafalytic mass may be prepared by treat- 110
ing a solution of o salt of the catalvst
metal, for instance nickel or cobalt, ulse
containing » thorium salt end o cerigm
salt in ithe prasence of kieselguhr with an
alkali ecarhonate to precipitate a mixture 115
of the metal carbonates, and reducing the -
precipitate with hydrogen to vield the
metallic cafalyst together with the cxides
of thoriumi 4nd ferium. The residual
alkali in the massis removed after op dur- 1920
ing the reduction in asccordance with the
nvention.: & i

Buch a cdtalyfic  mass conlalning
ceritm oxide is espesiaily suitable for pro-
moting the formation of hydrocarbong in 125
the final stages of the reaction when the -
gdses from the earlier stapes of the reac.
tion have atloined a relatively high tem-
perature owing' to the exefhermie eharao-
ter of the reaction. An advantageous 130
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procedurs, therefore, is to conduct ihe

early stages of the reaction with the aid

of the esetalvtic mass free from cerinm

oxide and to use the catalyiic mass con-
B taining ceriwm oxide fo complete the re-
action,

The alkali-free catalyfic masses of the
invention remain active for long periods
and give very good results when the re-

10 action is eonducted under a moderately
ruiged pressure of the oxder of about 3 to
16 atmospheres. Furthermore, it is pes-
sible to freat gas mixtures, for example,

_ purified blue waler gas, which contains

13 approsimately equal parts Ty volume of
carban woneside and hydrogen, the custo-
mary dilution with further hydrogen to

bring the ratio of earbon moenoxide fo

hydrogen to 1:2 by volume, in order fo
2y prevent premature loss of artivity with
the knawn catalystz, being unnecessary.
Tt ig also possible by the invention_ fo

ve.petivafe 2 used catalyfie mass which
sHll contains alkali, by washing it with.

95 water, preferably accompanied hy hoiling,
until the washings have a vH Talae of
gubstantially 7.

The following Fxamples illustrate the

inventicn.:

’ Bxauerr 1.

Rieselguhr, preferably the white
variety, is suspended In « solution con-
_ {aining pure salts of nickel and thorium,

" preferably mickel nitrale and  thorivm
85 nitrate, the guantities of the splte and

Tieselgubr being so chosen_that the ratio

by weight of nickel: thorium oxide:

ieselpubr in the final eatalyfic wags is
100:18:100. A solution of potassium
40 carbonate or sodium carhongpte is then
added to the mixture in sufficient quantity
to precipifate the nickel and thorivm com-
pletely in the form of thely carbonaies.

The insoluble material is separated, and
45 washed with distilled, or preferably

douhly distilled, water until ithe washings

have 2 pH value of aboub 10, 'The mate-

_1iad is then dried and heated 8t 400° C, in

o current of hydrogen in order
50 the nickel carbonate {o the fres etal, the
thorium being converted infy its oxide.

80

Tt will be understond that all the mate

vials used should be free from suhslanees
having & poizoning effret on the eatalyst.
The glight amount of alkali present,
which is necessary during the process o

veduction, .is then  sybstaniiaily com-
pletely removed by washing the material
with distilled op preferably doubl: dis-
alled water, while boiling, wntl _the
washings have o pI value of substantially
7. The more thorough the removal o

2Jkali the more elficient and prolonged
will he the activity of the resulting cotfa-

50
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o reduce .

~foregoing Esamples, the

iliv mass, and the lower its tendency to
proinate the formation of methane, The
Innss is sheu dried or brought to a low
oistire eonient by heating it under nen-
pxidising conditions, for example, in 2
evitrent of hydrogen. The catalytic mass
so ‘obtained s also less subject fo loss of
activity due te changes in temiperature
than & similar cafalyfic mass from which
the alkall has not heen subgtantially com-
pletaly removed,

Examrrs 2.

A solution of pure salis of niekel and
thorium containing kieselguhr suspended
therein is {veated with u solution of poias-
gum carbonate or sodinm csrbonate, the
insoluble materinl ds separated, washed
with distilled woter and dried, all In the
manner deseribed in Example 1. Befors
ity reduction in hydrogen, the resulbing
material is then mixed with a powdere
eatalytic mass which has been préviously
prepared and reduced in the manner de-
seribed in Example 1. except that the
wishhug operation after reduétion mav. i
dasired, be omitted, The quantity of the

added -calulytie mass is such that it will
constitute 0.5—5.0 per eent. of the weiaht
of the final catalyiic mass. The resuliing
waikure is then subjesled to rednurtion in
hydrogen nt a temperature of 330° C.. nnd
Hhe allali is thereafter substantinlly rom-
pletely removed in the manner deseribed
in Example 1. The eatalgtic mas< so ob.
fained possesses in an even greater degree
e advantageons proper{ios of the cataly-
#ic mass ohtained as deseribed in Example

Tn .order to produce catalytie masses
which ean ba used at higher temperaiures
thap the produets of Examples 1 and 2.
tha procedures of these Examples may be
repented with the addition of & cerimm smlt

Gd
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{0 the salntion of nickel and thorium salts, -

the quanfity of the cerium salt being s0
chosen that the ratio by waloht of
{horiim oxide to cerium oxide in the final
eatalytic mass is substuntially 95 1.

By using  amzionium - carbonate, in-
font 0f potassium cnrbemnte op sodium

110

sarhonate, to precipitute the metal :arb- 115

onetes in the procedures deseribed in the
: allali will De

qubstantinlly campletely removed from the -

miss during the reduetion, buk if any
tvmces vemain after the reduction they
may be removed by washing with distilled
water, while boiling. until the washings
have a pH value of substanfially 7,
Whilst the advantages oblained by the
invention apply in genexal lu cotalytic
masses comprising as vatalyst o metal suit-
able for the Fischer-Tropsch process, the
tnvention is uf cepeeial Lmportance in s
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application to the preparation of catalyfic
masses eontaining nickel, since they zre
rendered suitable for the production of
kipher hydvocarbons, and can fherefore

5 bo used in place of the mora custly caio-
Iytie 1m2stey containing cohalt,

Ifaving now particularly deseribed and
ascertzined the naluwre of my said invens
tion and in what manner the sams is to

10 be performed, I-declars that what T claim
igr— -

1. A provess for preparing catalytic

masses comprising as catalyst e metal suit-

ahle for the Mischer-Tropsch process and - by

15 produced by the reduection of the meial
naThomate obtained as a precipitate by
treating u solution of a sulf of the metal
with an alkali carbonate, which comprises
conducting al least a part of the reduction

20 in presenes of residual alkeli, and remov-
ing subatantizlly the whole of the resi-
dual alkali fromi the mass after or during
the reduction. ]

2. A process as claimed In Claim 1,

25 wherein nickel is used as the eatalyst
mefal.

#. A process ag elaimed in Claim 1 or
2, wherein the residual alkali is-removed
{rom 1he mass affer the reduction dy

30 washing it with water. preferably accom-
. panied by boiling, until the washings have
a pH value of substantially 7.

4. A provess as alzimed in Olaim 1 or
9, wherein the residual ellali i3 removed

A% from the mass during the zeduction by
tging for the Dreecipitation an alkalj carb-
onate which voletilises during the redue-
tion with or without decomposition,

f. A process as claimed ix any of the

40 .preceding {laims, whereia the mass rom-
prising &a precipitated mefal earbonate ia

- subjected to the reduction process in ad-

mixiure with a provionsly reduced sata-

Iytic mass comprising n metal euitable
46 for the Flscher- m&)lsch rOeEss,
€. A process as clalmed ip sny of the
preceding (laims, wherein thorium oxide
and a small proportion “of cerium oxide
relatively to the thoriam oxide are also

incorporated in the catalytic mass, &0

7. A procesy 28 claimed in Claim G,
wherein the proportion of the cerium
oxide amounts tuv substantially 1 per cent.
of the comMbinad welghis of the oxides of
cerium and thorinm. -

8. A procesa for preparing a eatalvlic
niasy conducted sebstantially as descrtbed
in either of the Bxamples herein,

9. A process for preparing e catalylic
mass wherein a sed catalytic mass which 9
comprises 4 cafalyst o metal suitable for
the Fischer-Tropsch process and produced
the reduction of the metal carbonate
ohtained ns a precipitate by trealing =
solution of o salf of the mefal with an 65
alkali carbonate, and which still contains
residual alkali, is re-activated by washing
it with water, preferably accompanied by
boiling, wulil’ the washings hove o pIL
value of substanfially 7,

10, Catalytic masssgy whenever prepaved
or produced by the provess of manufactare
particularly described and  ascertained
herein. op by any provess which is an ob-
viemg eqyuivalent thereof. 15

11. A process for the synthesis of
hydrocarbens, which eomyprises subjecting
a paseous mixfure conteining carbon mon-
cxide and hydrogen to the acton of o
catalytic mass elaimed ix Cleim 10 80

12, A procesy ag claimed in Claim 11,
wherein the catalytic mass comprizes
metallic nickel. - ‘

18. A: process as claimed in Olaim 11,
or 12, wherein-the gaseous mixture is sub-
jected in the fnial stages of the reaction to
the action of a catalyiic mass prepared by
the process claiined in Claim: G, ’

14, A proesss ay claimed in Claim 11,

12 or 13, whérain the mpaseous mixture 90
gontains approximately equal parts by
volume of carbon monoXide and hydrogen,
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