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COMPLETE SPECIFICATION

Improved Process for the Catalytic Synthesis of Normally
Liquid Hydrocarhons - : :

W, Staxpanrn O, DuvEroransr Cox-
pANT, a corporation duly organised and
exigting under the laws of the State of
Delaware, United Slates of America, hav-

b ing an office at Tinden, Now Jersay,

‘United Sintes of Ameriea, dv hereby
declare the nalure of this inventinn, an
iy what manner the same iz to he per-

formed, fo be particularly deseribed and:

10 ascertained in and hy the following state-
ment : — .
The prucsss of the present invention
velates to the production of normally
liquid hydrocarbons by reducing earbon
5 wonoxide with hydrogen in the prescnece
of a eatalyst, This proeess is kmown as
the Fischer-Tropsch synthesis and has
been carried out extensively, particularly
where the produetion of motor fnels from
20 crude oil is limited,

The conventional Fischer-Tropsch syn-
thesis js carried vut using a satalysh ench
as 4 hydrogenation wmelal of the Bighth
Group ¢f the Pertodic System in combina-

25 tion with a promoter, usually 2 diﬂicultl%
redueible metal oxide, in promotiona
amounts, and this miziure of metal and
meta]l exide is supported.on a suiiahle
currier such as kieselpuhr.  The proocess

30 lias been curried out using various earpders
sueh ns, for example, charcoal, fuller'’s
earth, glass wool, kaolin, pumice, siliea
gel, kieselgubr and a carzier knowz under
the Registered ‘I'rade Mark * Filter-Cel 77,

35 These curricys arve suitable for wse in 2
Tischer-Tropsch synthesis where a bed
type catalysh mass is employed and where-
in the synthesis gas mixture of carbon

0 monoxide and hydrogen iz passed thivagh

pussible cxeception of silica gel, not guit-
able for use where the Fischer-synthesis is
sarried out using u powdersd or fuid eatu-

45 lyst and maintaining the catalyst particles-

iu a moving suspended siale in the gas
stream eniering the reaction zone while
maintaining the reaction. conditiony end
effarting the reduction of earbon moenpxide
with hyirogen.
impregnation of the preformed dried gel
with the desired metal and metal oxzide

50

the hed under guitable reaction conditions..
These ocarriers are, however,- with the

Even with siliea gel, the.

doss nof produce = -WI.I.U].-}.:{ egtisfaetory

catalyst for nse in the fluid catalysé opere-
tion. Tho chief ohjections of the various
carriers above wmentioned when smploying
fluid-solid catalyst -operabions is thal the
pariicles tend to exhibit excessive gbbri-
tion and tend te break off tiny particles of
active metul wnd metal oxide from thae
earvier, these -malerials Deing then
removed from the sysfem as fines. Thus
it ig-seen that the active components of
the eatalyst mass ave almost wholly lust
becanse of their removel from the system
as flnes. :

- The' preparation of Fischer-Tropsch
catalysts in (he past Lias invelved the pre-

593,940

355

55
60

65

paration of aqueony solutions of water-

soluble metal salts, the metals being of
the hydrogenaling type nnd of the Wighth
(roup of the Periedic System, for
example, iron cobalt or nickel, and of the
promoter salts, for axample, salls of mag-
nesium, thorium, cerium, wranium, man-
ganesa and the like, or othep diffieulily

redueible metal. oxides, in each caso the-

salts being capahle of thermal dscomposi-
tion to 1he corféspomding rxides. Thus,
for example, colmlt nitrete in aqueons
golution is admized with thorium nitrate
in ngqueens solution and to this agqueous
golulion of mixed salts there 1s added
sufficient -quantitics of sodium or polas-
stum ecarbunate o alkalize the same and
precipitate the metols as their carhonates,
Tq the slurry or precipitote in water there
is ndded a suitable earrier such as ome of
the above-identified eorviers and the mix-
ture is apitated for a very short fime, usu-
ally from thirty seconds o a minuie and
a half. The mass is thep fillered and
washed a3 quickly as possible fv wvoid the
formation of silicates hy the reaction of
the alleali nitrate with the silicenus carrier.
MThe sagremated solids ure then dried until
the moisture content is between 6 and
10%%. The carbonates deposited on these
éarriers and coafine the same are then
subjected to & ealcining operafion at .2
temperature of betwesn ubont 400° F. and
ahout 600° F. fo convert the metal salts
sueh- as, for example, ths metal nitrates,
into the corresponding medal oxides. The
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catalyst is then-subjected to a stream of
hydrogen to reduce the irom, cobalt or
_nickel oxides to the correspunding [ree
metal and the catalyst iz then ready for

B use az a Fischer synthesis catalyst. As
before menlicned, howover, this catalysh
is" not snitable for wse in the fluld-solid
technique Tbecause of the fucl thal
the coating of active metal and mefal
10 oxide counstituents tends to  flake off
and be removed with the fines,
dateriovating the catulyst so far as
ity activity is comcerned, Furthermore,

~ the earrier itself iz generally much too
15 friable and tends {o disintegrate, produc-
ing -an undue amount of fines which must
be ramoved from the system. In general,
it is desired in the operation of fuid-salid
catalyst lechnigue {o remove from fthe
system -all particles having o mieron dia-
metay size betiveen ( and 20 for the reason
that the density of these particles is not

20

sufficiently great to afford snitable fluidiz- .

ing characteristics to them. .
28 1t is an ohject of the present invention
to propare highly artive Pischer synthesia
catolysts having  improved  atirilion
churacteristics and having the proper
densities to maintain fluid catalyst condi-
80 tiong in the reaction zone. It is & further
object of the invention o prepare Fischer
syathesis eatalysts which are resistant fo
witrition, 1hat Is, which zvefain thsir
original form and are not easily broken
up end which alse vetain within and om
the carriers the aetive cafalytic com-
ponents os above stated. Tt is o further
ohject of the invention to prepare 8 eata-
- lyst mass for use iu the fluidizcd technigue
40 of redueing earhon menozide with hydro.
gen and invelving finely divided or
powdered catalyst particles and fo main-
tuin the catalylic activity throughout the
lifs of the carrier and so long as the
- earrier remains unchenged in physical
struoture. Tt is an objert of the luvention
to prepare highly comminnied ecatalysh
wasses of the desived apparent dersilies
und particle sizes suitable for use in flnid
catalyet units invelving the reduction of
carhon monoxide and bhydrogen and te
winimize the praduction, either before or
during the reaction, of fines of the order
pf- [ to 20 microns in diameter withowt
sacrificing a high catalytic activity in the
patalyst mass.. Other. objects will he
apparend upon a fuller understonding of
e invention to he hereinafter more fully
deseribed. - - ]
60 The catalysts wuitable for use in thia
fuidized techmiyue as applied fo the
Fischer synthesis reaction and which
retain - their highly active state while
catalysing the reduction of carbon mon-
66 oxide with hydrogen under these fAuidiz-

50

thua

ing eonditions constitute the mineral
acid activated bentoniiic clays as the
parrier or -hass thereof. Highly active
Mscher synthesia ecatalysts may be
prepared using the carriers heretnfore
employed aznd as disclosed in the prior art,
but their great disadveniage is that the
carriers Theretofore employed readily
gorafoinnte by the collision of one particla
with another end they do not retain ten-
nciously the active cafalytic components
impregnated in and coated on the carrier
massss, On the other hand, it has besn -
discovered that the bentonitic fype of
clays, upon being trepted with mimcral 80
acids form highly adserptive siliceous
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75

_eartievs which are not readily hroken up

or comminuted in fivid catalyst operations
ang which upon being impregnated
and/or voated with the active catalytic
constifuents readily retain those con-
stifuents even though the resulting cata-
lysl compositions may be cmployed in
fluid catalysk operabions ewydoying space
velocities as high as 8000 V][V /H

85

our.
-w'’he preferred earriers employed involvae
fhe-use of mineral neid-treated ** Filirol *”
(FoFilteol ** iy o Registered Trade Meark)
sold under the ifrade name ¢ Buper
Filtrol ”’, mineral aeid-treated Pilirel
which has been subsequenily sithjzeted to
an independent freatment with HS8iF, or
HF, ilis latter chemical symbol being
employed to denote the use of either
paspous hydrogen finoride or aqucous
hydrofluoric acid; o modified Filizol
whick is prepared by irealing bentonite
with 75 per cent. sulfuric acid of 12%
concentration for a period of six hours,
followed hy ireatment of the meterial
with eluminum sulfate and then ammonis
to-give a precipitaie on the treated elay
of about 6% alumina. when dried and

90

9%

100

108

- caleined ; and, lastly, a minerval acid-

activated benfonitie ty}iﬁ clay such as 110
“ Buper Filtrol ** which - has Theen
extruded in wet condition, caleined and
ground to a fine particle size followed by
a reforming from the fine pazticles of
larger sized particles with the uid of a 115
suitable binder to give a particle size of
from 2{ to 0 microns in diameter: The
raw benfonite may be obfained from
variows sources and is readilv availuble
in - the TUnifed  8isfes. The Filtrol 120
Corporation constitutes a ready source of
supply. Subsequent sxperiments were
carried out with bath Cheto and Chisholm
hentonites, and in general sny bentoaitiv
elay may be cmployed. The acid activa. 125
tion of fhe bentonite is carried out gener..
ally with sulfurie aeid, althongh other
mineral acids sueh as hydrochlozie. or
niirie, may alse be employed. Thie
lréaiment rerves to leach out the acid- 130
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soluble impurities and gﬁves a highly
porous structure to the remaining
eiliceous skeleton. Qne form of this
mineral acid-activated meferial is sold,
f under the name “ Super Filirol ”* and in
one modification of the present inventiun
the carrier iz further trcated with HF or
H.SiT, of sbout 10% conceniration for
about 1/2 howr, after which it is separated
10 from the treating solution and dvied,

Twa methods are gencrally employed in
the preparation of the ca‘calysli?s “when
atilizing the minaral acid-activaied
bentonitic type clays as carriers. In the
first method, waler-soluble salts of irom,
eobult and nickel, such sy the nitrates,
oxalates and the like are admized with
squeots sotwtions of water-soluble sults of
metals such as thorium,. magnesivm,
wraninm, manganese, and aluminum, e.g.
the nitrates, acelates, or oxalates of these
raetals, and the resnliant agueous mizture
ia talen up in the suspended particles of
the acid-activaled Dentonitic type clay
which is added te thissolution, The clay
i3 then freed of waier, calcined af a {om-
perature bebween ahaut 400° F. and about
800° F. for between about 4 and abont 16
hours, rare being laken that the temperg.
ture does nof exceed B00° F. since this
destroys to some exfent the subseguent
uctivity of the catalyst for catalyzing the
Fischer synthesis reaction. This calein-
ing treatment converls the metal salts to
the corresponding oxides. The mpgs 18
then heated at a terperature ranging
betwesn sbout G00° F. and about 500° F,
for a period bebween about 2 and ahout 8
hours while molecular hydrogen at a
40 linear velocity of between mbout 1000 and

ahout 1500 meters péx hour and at 3 spaco
valoeity between about 3000 -and about
8000 V/V/Hour is passod thersover to
reduce the Eighth Group melal oxidey o
45 the curresponding free metal. Generally
gpeaking, the amount of waler-soluble
matal szlbs of the Bighth Group of the
Peviodie System and the metal salts whoso
oxides are dificultly reducible are propor-
tioned so that the final composition con-
taing bebween abont 25% and about 40%
of the frae Eighth Group metal and the
Eromoter. that is, the metal oxide of tl}a
ifficulily reducible metal, is present 1n
hetwean about 3% ond about 10%. A
typical composition, eomprises 32% cobalt
end 5% thoria or magnesia, or 2 %
cobalf and 4% thoria or magnesia. Prior
to the reduction of the melal oxides e
give the final catelyst, the same may, lie
comminuted .and pliled fo give particle
siges having apparent demsities between
about 10 and ahout 85 pounds per eibic
foot when used in the reaction chamber in
86 the fuidized operating procedurs,
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The sceond method of preparing the
catulyst invelves not only the impregue-
tion method above deseribed but also a
combination of impregnation and presipi-
fation. The . respective vwater-scluble
metal salts ure Dmpregnated inte the sua-
pension of the particular mineral acid-
activoted bentonitic fype clay employed
and of the {ype heretofore described. The
golution is then made ulkaline through the
addition of an alkaline-reacting enrbonate
such ag ammontum, potassium or sodium
carbonate whieh presipitates the waber-
soluble netal salts in the form of the metal
carhonates, although at times a portion of
the mitrates, pariicularly those deeply
imbedded within the pores of the clay,
may remupin unchenged and unconverbed.
The combined serbomates and nitrates, if
aty, ure then retained on and in the (f[ay
carrier which is drained of execss golution
and_ cnloinéd - at temperatures above
defined. This Tanferial may then De
pilled sither before or after the heat treat-
ment of -the carbonates and the same
reduced as betore deseribed. Generally,
the catolysts which hava been heated {o 2
temperature at-which the carbonates are
decomposed o vxides before fgilling give

elliots whinh are mechanicully stronger
g.um those in which tha carbonates were
decomposed by heat treatment after the
pilling operation: - Lt is bolicved that the
evolution of the czrbon dioxide from the
pellets gave 2 much weaker mechanical
structure, but this iz purely theoreticel
and if care is (aken either alternative may
be amployed in the hent decomposition of
the metal earboiates.”

The Wischer synthesis is carried oud
when employing s hydrogen to earhon
monoxide ratio of between about (.5:1
and about G:1, preferably betwecn aboud
1:1 and shout 2.5:%1; with nickel and
cobalt catilysts the. temperature is main-
{ained between about 325" T, and about
B0 ¥.; preferably hetween about 875"
T, and abous 475° . If an iron catalyst
iz employed, the: femperature ranpges
between ahout 875" . and about 700° F.,
preferably betwesd. about 476" F. and
about 625° F. - Atmospherie pressure may
he empiloyed, bui pressures up o a8 high
ae 50 abmospheres may he employed.
Particularly tliehigher pressures, thai is,
those zbove ulmivsgherio, are employed
where iron catalysts constitute the activats
ing agent for effecting the reaction of
carbon monoxide. with hydrogen. Tu
carrying out the fluid catalyst techniqus,
the feactor employed may be denoted as
a hindered settler in which the incoming
reactant gases are passed upflow throngh
the reaclor st .such g space veloeity as to
cause the finely divided catalyst particlea 180
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to ba mainfsined in a continnous state of

motion and furbulence but to be relatively

stationary so far as their removal from
the reaction chamber is concerned.

5 other words, the catalyst partieles remain

" gnspended within the reaction zone aand

" the lincar vedosity of the operation, if

conducied dowaflow (i.e., the catalyst be- -

ing withdrawa by gravity from fhe bottom

10 of the reaction =ome, while the renetant.

gases flow upweardly throngh i), is
etween about 0.3 and about 1.5 feet per.
second, while upflow is between ahont 1
and about 5 fest per sscond. The epace
veloeity of the feed pas is generally
bettreen 100 and 3000 V]V /Henr, prafer-
obly between 800 axd 1000. The catalyst
perbicle size depends v some extent upon
the other reaction condifions but generally
it varies bebween 20 and. 160 microns, with
care being tuken in preparing the cata-
1yst to aveid i so far as possible the pro-
duclion of catalyst particles below 20
microns in dizmeter sinee in general the
reachion condifivns above specified eannci
be maintained and sfill refuin the bulk of
‘the catalyst within the reaciion some if
particle sizes much below 20 micrens are
present in any substantial gquuntibies.
These particle sizes are usually denoted as
““ fines 7 and are withdrawn' from the
system by mesns of a cyclone _scli)amtor,
Cottrell precipitator or other suitable gas
‘solids separating means, .
36 Specific catalysts were prepared as
follows: -
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Exsiwery 1.
A sulfuric acid-treafed bentonite wus
- further treated with HF _as hefore
40 described. The carrier was then finely
: ground to a :
approximately microns in diameler
and This material wag added to an agusous
solution containing cobalt mnilretc and
- 48 thorivm nitrate, the cohali aitrate con-
taining as- an impurity 2 very small
ameount of nickel nitrete., The amounis
of the respective nitrates employed ‘were
such thet the final catalyst preparation
contained 329% ecobalt, 5% thoria aund
0.379% mnickel, The HF-treated sulfuric
acid-aetivated . benlonite, prior fo the
semoval from the agueous nitrate golution,
was further treated by adding to the sus-
pension ip solution sufficient sodinm
carhonate to convert the major portien of
_the nitrates present into the correspond-
ing carbonates. . The material was then
- drained of li
60 perature of about 500° P. for a period of
zbomt 8 hours. 'The mnass wag then pilled
into 1/87 diameter pills for further treat-
inent.. Thess pills were then charged to 2
reduction furnace and- contected with a
88 sfream of nitrogen while the {emperaiure

“50

ab

‘_]_'E-);u'ﬁc.le size averaging

‘oversd period of 185 hours,

id and caleined at o tem-

was raised to between ahmit 6560° F. and
about 900° T. When this temperature
-wag reached, hydrogen replaced the nitre-
gen stream and was passed fhrough the
catulyst at a space velocity of ahout 5000 70
V[V [Hour for abuul 4 Lours while main-
tatning the temperature us above speoified.
T'l‘.;é pitls produced had a density of aboud

0.95 -

" Exsaerm 2,

" Another catalyst mass was Erepared
wsing as lhe carrier 2 modified Filfrol or
bentonitic clay, this being a bentonite
wihich had heen previously freated and
activated with suil_{-uric acid as beiere

746

80

“degeribed in the amount of 76 weight per

vent. and of 12% concentraiion for «
period of 6 howrs. This acid-activated
material waz then impregmated with
aluminivm gulfate and then made alkeline
with ammonia to precipitate upon finel
Hediing about 5% of alnmina in the elay.

85

“This hase was then added fo a mized soln-

tion of thorivm nifrate und cobalt nitrate,
and here again the eobalt nitrate contained
a small amount of nickel nitrate. The
amounis of the solutions and the amound
of the final composition on the carrier
were the same as deseribed in Esample 1.
The precipitation with sodium earbonule
and the subsequent omidatign-reduction
were as described in Exzemple 1. The
cotalyst pills produced had a density of
about ].-.FU. : L :

o0

Exanmrrs 8. 100

The . catalyst produced according io

‘Exgimple 1 was charged in the amount of

100 ¢G. o a reastion vessel to which wasg
fod. a2 mixture of carbin monoxide and
hydrogen in the ratio of 1:2 at a rate of 10
dhout 100 V|V {Hour while mainiaining
sn average temperature of about 300° ¥.
The maxi-
miin yield of normally lignid hydro..
otrhons was ahout 142 ce. of liquid hydro
garhgn per rubie meter of gas fed under
slaridard temperature and pressure condi-
tions, with an average yiald being about
132 ce. per cubic meter, T :

118

" Bxamprm 4 - - 116
- The entalyst produced it FExsample 3 '
was charged o a reaction zone in the
amount of about 100 cc. and under the
tame temperature conditions sad wsing

the asame fead stock as deseribed " in 120

“Exmnple 3. A reduetion of cazbon mon-

oxide with hydrogen was carried cut with

the following resulis: The maximum
yield of normally lignid hydrocarbons
wig about 144 ec. per cuble meter of feed 125
gas, with an average heing 182 ec. per
enbic meter, The total length of time of

the test was 185 hours.

« & comparison of the results obtained in -

e :
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5 hase

Bxumples 8 und 4, nsing  the catalysts
prepared as deseribed in Exemples 1 and
¥, with the results obinined where {he
cutalyst was prepared on » bentonitic clay
by the straighl conventiona
carbonate precipitation method previcusly
deseribed would indieate . the superiority
of the novel catalyst, Thus, for example,
by the conventional carbonate precipita-

10 tien method the eatalyst, renction condi-

ia

fions being in all other respects com-
parable o the data presented in Hxample
8, produred a_yield of only 107 ce. per
cubic matar with an average yicld of 96
ce, per cubic meter as compared with an
average yield of 182 cc. per cubiv meler
in Example 3. A catalyst prepared T

the wethod of and identical with that use

in Bxample 4 bui differing in iis prepara-
tion ounly in that the convenlional
carbonale precipitetion method previgusly
deseribed was employed, produced only
112 co. per cubic mefer as againsh 141
regorted in Example 4, The average

25 vield in the case of the carbonate pre
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vipitation method alone wos 97 cc. per
cubic meter as compared with 132 ce. pex
cubic meter in Example 4.

Having now particularly deseribed and
ascertained the nature of our said inven-
tiof and in what manner the same is to
be performed, we declare that what we
claim is:—

1. A vprocess for the production of
normally Hyuid hydrocarbons which com-
Erisus reacting carbon menoxide with

vdrogen in the presence of s hydrogena-
tion catalyst and under hydrogenation
conditions of temperabure and pressure,
the catelyst being prepared by impregnat.
ing a mineral scid-activated benfonitie
type clay in agueous suspemsion with a
major portion of a water-soluble galt of
an Eighth Gromp hydrogenation metal
and a minor portion of a water soluble salt
of a metal which forms a {ifficultly redu.
cible oxide, both said sulfs heing
thermally decomposable to the correspond-
ing oxides, draining and drying the
impregnated clay, henfing the lupreg-
nafed cloy enly sufficiently fo eonvert the
solte to the metal oxides, and redueing the
Eighth Group metal omide to the free
metal.

2. A process . according 1o CGlaim 1,
wherein  watez soluble alluline reacting
carbonate is added {o the clay suspension
after impreomation with the metal salts,
thus partially converting the said salts fo
metal corbonates.

3. A provess according fo Cluim 1 er
(laim 2, wherein the Bighth Group mctal
is iron, eobalt or nivkel, and the uther

metal 15 thoriun- megeesinm, wraninm.
minganese or aluminium.’

4. A provess sccording to Claim 3.
wherein the acid radicle of the salts i
aeetate, oxalate or nitrate.

5. A process aceording to any of {he
preceding Claims, wherein the dried
impregnated eluy 1s hewted io a tempern-
sure between 4 T. and 6007 ¥, {v con-
vert the walts to oxides and then hewled at
a tempemtwre between 600° F. and 9007
I in o streurn of hydrogen to redure the
Eighth Gronp metal oxide.

6. A process necording to ang of the
preceding * Cloims; - wherein the wmouwnts
of metal salts present are so adjusted fhay
the eatalyst containg from 235 to L0% of
the Bighth Growp wwtal, and from 3 to

69
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109, of the dflﬁf_i-{-.il_ltly reducible mefal

oxide.

7. A process sccording to any of the
preveding Claims, wherein the bentonitic
type cluy is activated with hydrochlorie,
nitrie ov preferably sulfurie acid.

8. A process according to Claim 7
wherein the acid-activated clay is suob-
sequently treated “with HESH{, or HTF
before the suspensivn In water.

9, A vprocess according i Claim T,
wherein the acid-activaled clay is impreg-
nated with & minor portion of a wafer
soluble sluminium = salt, treated with
ammonia whereby aluminium hydroxide
is precipitated, and dried and caleined
hefore the suspension in water.

10. A process according to Claim 7,
wherein, the wucid-activated clay is
exiruded wet, grouiid to 2 fine particle size
and relolmed with *the aid of a bindey to
larmer particles of ‘frim 20 fo 80 micruns
diameter, - 7

1L, A procest acéording to any of the
preceding Claitis, wWherein the catalyst is
employed in finely divided condition,
fluidised by the reactants, .

12, A provess udeonding fo sny of the
preceding Olaims, wherein the veuction
temperature is from 326—0450° 1. when
using a nickel oricobalt eatalyst, or from
375—700° F. when using an iron catalyst
and the reaction pressure Is from 1 to 50
atmospheres,

i3. A prouvess sccording fo Claln 11
wherein the partiele sive of the catulyst
is [rum 20 to 150 micruns,

14. A process according to any of the
preceding Cluimy, wherein the salts are
cobalt utrate and therium nitrate.

15. A provess according to Claim 14,
wheysin the catalyst contning 32% cobalt
and 5% thoria or 28% coball wud 4%

thoria.
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Chancery Lens, London, W.C.2,

"Agenis for the Applicants.




