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i54) Process forthe preparation of hydrocarbons

(57) Inthe preparation of hydrocarbans fram syngas over a catalystwhich has been prepared by impregnation and/or
kneading, the catalystis applied in the form of a fixed bad which meets a specified reiation between its external {S,) and
internal {S;) surface.

In orderto show a high C} selectivity the catalyst bad should have an S, {between 5 and 70cm*mi) and an S,
{between 10 and 400 m?/mi} such thatthe following relatlon |s satisfiad:

108 S2 x 5;» 2.5 x 10%

The catalyst contains 3-60 parts by weight of cobalt and 0.1-100 parts by weight of at least one other metal selected

from Zr, T: and Cr per 100 parts by weight of silica, alurina or silica-alumina.

VLLL LOL 2 8D

SPECIFICATION these catalysts by kneading and/or impregnation

. reference is made to the Netherlands patent applica-
Process for tha preparation of hydrocarbons tion No. 8301922 recently filad in the name of the
Anniicant
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SPECIFICATION
Process for the preparation of hydrocarbons

Theinvention retatesto a process for the prepara-
tion of hydrocarbons by catalytic reaction of carbon
monoxide with hydrogen.

The preparation of hydrocarbons froman Hy/CO
mixture by contacting this mixture at elevated termper-
ature and pressure with a catalyst is known inthe
literature as the Fischer-Tropsch hydrocarbon synth-
esis process, Catalyst frequently used forthis purpose
contain one or more metals ofthe iron group together
with one or more promotesrs and a carrier, For the
preparstion of these catalysts the known preparation
technigues such as precipitation, impregnation,
kneading and srmelting are suitable. The products
which can be prepared with these gatalysts usually
possess a very wide maolecular weight distribution and
in addition to branched and unbranched paraffins
often ¢contain considarable quantities of olefins and
oxygen-centaining organic compounds. As a rule only
aminor partion of the resultant products consists of
middle distillates. Besides the yield, the pour point of
these middle distillates also leaves something to be
desired. in view of this, the direct conversion of Hy/CQ
mixtures by the Fischer-Tropsch processisnota
particularly attractive route forthe preparation of
middle distillates on the technieal scale.

Inthis patentapplication, the term “middie distll-
lates” is understood as hydrocarbon mixtures having
a boiling range principally corresponding to that of the
kerosine and gas ofl fractions which araobtained in
tha conventianal atmospheric distillation of crude
patroteum. The middle distillate range extends princi-
pally betwasn approx. 150 and 360°C.

Recently a class of Fischar-Tropsch catalysts wes
discovered which possass the property of vielding a
product cantaining only very few olefins and oxygen-
containing organic commpounds and consisting virtual-
Iy completaly of unbranched paraffins a substantial
propaortion of which have a boiling point abave the
middie distiilate ranga. It has been found that the
high-beiling portion of this product can be converted
at high yield into middle distillates by means of
hydrocracking. The fesdstock chasen for the hydroe-
racking treatment is at ieast that portion ofthe product
afwhich the initial boiling peint is above the final
boiling pointofthe heaviest middie distillate desired
as end product, The hydrocracking treatment, which
features a very low hydrogen consumption, yields
middle distillates with a considerably better pour
pointthan those obtained in the direct conversion of
an Hy/CO mixture by the Fischer-Tropsch process.

The Fischer-Tropsch catalysts belonging to the
above-mentioned class contain silica, alumina or
silica-alumina as earrier and cobalttogetharwith
zirconium, titanium and/ar chromium as catalytically
active metals in such propaortions that the catalysts
contain 3-60 paris by weight of cobalt and §.1-100
paits by weight of zirconium, titanivum and/or chro-
mium per 100 paris by weight of carrier. The catalysts
ara prapared hy applying the metals cancernad ta the
carrier by maeans of kneading and/or impregnation.
For furtherinformation concerning the preparation of
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these catalysts by kneading and/or impregnation
reference is made to the Netherlands patent applica-
tion No. 8301922 recently filed in the name ofthe
Applicant.

Afurther Invastigation into the usa of abave-
mentioned cobalt catalysts in tha form of a fixed bed
has now disclosed that their performance intarms of
Cs™ selactively isinJarge measure depandent anthe
external and internal surface area ofthe catalyst bed.

{thas been found that an aptimum performance in
terms of C5* selectively can be obtainedifthe catalyst
has an external surface ares (S.} between 5 and 70
cm?/mland an internai sutface area (S} between 10
and 400m?3fm! such asto satisfy the relationship
1085, 2% > 2.6 10%.

The present patent application thereforerelates to a
process forthe preparation of hydrocarhons by
catalytic reaction of carbon monox|de with hydragen,
inwhich a mixture of carbon monoxide and hydrogan
Is contacted at elevatad temperature and pressure
with a catalystwhich contains 3-60 parts by waight of
cobaltand 0.1-100 parts by weight of at |least ona other
metal selectad from zirconium, titanium and chro-
mium par 100 paris by weight of silica, alumina or
sllica-alumina, and which catalyst is prapared by
kneading and/or impraegnation, the catalyst baing
prasent in tha form of a fixed bed and tha catalyst bed
having an extarnal surfaca araea {S;) batween 5 and 70
em%mland an internal surface area (S;) batwean 10
and 400 m%mi such as to satisfy the relationship
10%>5.2 X §>2.5 x 10%

Theexternal surface area (S.) of the catalyst bed can
befound for a representative sample with a given
volume expressed in ml by determining the external
surface area expressed in cm?® of each of the catalyst
particles present therein, summing the external sur-
face areas found and dividing the surm by the volume
ofthe sample. The internal surface area S; of the
catalyst bed is determined by means of nitrogen
adsorption.

Inthe process according to the invention, use is
preferentially made of the cobalt catalysts which are
the subject of the Netheriands patent application No.
8301922, These are catalysts which satisfy the rela-
tionship

L
{3+4R}>—>>(0.3+ 0.4R), wherein

8
L = the total quantity of cobalt present onthe catalyst,
expressed in mg of Co/mi,
S; = the internal surface area of the catalyst, expressed
inmml, and
R = the weight ratic between the quantity of cobalt
applied to the catalyst by kneading and the total
quantity of cobalt presenton the catalyst.

Inthe process according to the invention, preferen-
tial useis further made of cobalt catalysts prepared by
any ona of tha three following procedures:

a) cobaltisfirstapplied by impregnationinoneor
more steps and subseyuently the other metal is
likewise applied by impregnation in one or more
staps,

b} the othar metal is first applied by impregnation in
one or more steps and subsequently cobaltis likewise
applied by impregnation in one or more steps, and
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¢} cobalt isfirstapplied by kneading in one or more
steps and subseguently the other matal isappliad by
jmpregnation n ona or moresteps.

In the process aceording to the Invention, preferan-
tial use isfurther made of cobalt catalysts containing
15.50 parts by weight of cobalt per 100 parts by waight
of carrier. The quantity of the other metal preferantial-
ly presentin the cobalt catalysts depends onthe
manner in whichthis metal is applied. Inthe case of
catalysts where firstthe cobaltand then the other
metal is applied to the carrier, prefarence isgiven to
catalysts containing 0.1-bparts by weight ofthe othar
matal per 100 parts by weight of carrier. inthecasa of
catalysts where first the other metal and then ths
cobaltis applied to the carrier, preference isgivento
catalysts containing from 5to 40 parts by weightof the
other metal per 100 parts by weight of carrier. Forthe
other metal itis preferred to usezirconium and farthe
carrier itis preferred to usesilica.

Accordingtothainvention, in orderte achieve
optimum performance in terms of C5* selectively, the
5, and 5, of the catalyst bed must gatisfy the following
raquirements:

Se=5-70 cm?/ml

S, = 10-400 m*/mi, and

105>5,2%5>2.6x10%
Itis preferred to uss acatelystbed which satisfiee:
. = 10-50 cm2/mi,

5, =15-200 m%¥mt, and

25X 1056, X §>3x 10%,

Before becoming suitable for utilization in the
preparation of hydroecarbonsfrom an H./CO mixture,
the cobalt catalysts have to be activated. This activa-
tion can suitably be carried out by contacting tha
catalysts at aternperature betwaen 200 and 350°C with
hydregenora hydrogen-containing gas.

The conversion of the Hy/CO mixture into hydracar-
bons according to the inventionis preferentially
carried out at a temperature of 125 to 350°C, andin
particular of 17510 275°C, and a pressure of 5 to 500
bar, in particular of 1010 25 bar.

H./CO mixtures which are suitable for convarsion
aceording totheinvention into hydrocarbonscan be
very suitably obtained starting from {ight hydrocar-
bons such as methan by maans of steam reforming or
partial oxidation. Special praference is glventothe
use of natural gas asfeedstack forthe preparation of
the Ho/CO mixture.

The H,/CO mixture converted according to the
invention into hydrocarbons preferentially possesses
an H,/CQ molar ratio of morethan 1.5. fthe feedstock
possessas an Hy/CO molar ration ofless than 1.5,1tis
preferentialiy raisedto avalue between 1.5and 2.5
and in particular to a value between 1.78and 2.25
before being contacted with the cobalt catalyst.
Raising of the H,/CO malar ratio of hydrogen-lean
H./CO mixtures can be performed, intar alia, by the
addition of hydrogen, removal of carbon monoxide,
admixture of a hydrogen-rich Hz/CO mixture or by
applylng the CO shift reactionto the hydrogen-lean
H/CO mixture.

As has alreacly besn mentioned above, when used
for the conversion of an Hy/CO mixture the present
cobalt catalysts vield a substantially pa raffinic product
of which the high-boiling partion can be convertad at
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highyleld into middle distillates bymeansofa
hydrocracking treatment. The feedstock chosen jor
the hydrocracking treatment is at leastthat portion of
the ptaduct of which theinitial boiling pointis above
the final boiling point of the heaviest midtdle distillate
desirad as end product.

Although in the preparation of middie distillates the
praductobtained over the cobalt catalystitis sufficient
to usa as faedstock for the hydrocracking treatment
that portion of the product ofwhich the initial boiling
pointis above the final boiling point of tha heaviest
middla distillate desired as end product, forthis
purposeitis preferred touse the total Cs* fraction of
the product prepared aver the cobalt catalyst because
it has been found thatunder the influence of the
catalytic hydrogen traatment a quality improvement
takes place in the gasaline, kerosine and gas oil
fractions present therein.

The hydrocracking treatmentis ca rriad oul by
contacting the fraction to be treated, at elevated
temparature and pressure and inthe presence of
hydrogen, with a catalyst containing one or more
noble metals of Group Vlilon a carrier. The hydroc-
racking catalyst used s prefere ntially acatalyst
contatning 0.1-2% by weight and in particular 0.2-1%
by weight of one or more noble metals of Group Vil on
acartiar. Preference is given to catalysts containing as
Group Vil nobel metal platinum or palladium, and
silica-aturnina as carrier. The hydrocracking treatment
is praferentially carried out at a temperature of
200-400°C and in particular of 260-350°C and a
pressure of 5-200 bar and in particular of 10-75 bar.

The invention will now be etucidated with referenca
ta the following Example.

EXAMFLE

Nine Cof21/5i0; catalysts {catalysts 1-9) were pre-
pared by impregnation of six spherical silice carriers
{silicas A-F}with solutians of cobalt and zirconium
compounds. Ateach impregnationstapa guantity of
solution was used of which the volume substantially
corrasponded to tha pore volume of the carrier
cancerned. After each impregnatlon step the solvent
was removed by heating and the material was
calcined at BOO°C. After the final calcination the
compositions wers activated in hydrogen as follows:
catalysts 1-3, 6,8 and 9 at 260°C and catalysts 4, 5and7
at 250°C. Catalysts 1-9 were prepared as follows.
Cotalysts1.2,3,6,8and 9

One-step or multi-step impregnation of asilica
carrier with a sofution of zirconium tetra-n-propoxide
in @ mixture of n-propanol, toluene and acetyl acetone,
foltowed by one-step impregnation of the zirconium-
loaded carrierwith an aqueous solution of cobalt
nitrate. In the praparetion of catalysts i and 3, tha
zirconium impregnation was carried out in threa
steps; catalysts 6, 8 and 9wara prepared viatwa-step
zirconium impregnation; inthe preparation of catalyst
2, zirconium impregnation tock ptace in one step.
Catalysts 4, 5and 7

One-step impragnation of a silica carrier with an
agueous solution of cobalt nitrate, followed by one-
stepimpregnation of the cobalt-foaded casrierwith an
aqueaus solution of zirconlum nitrate.

Further particulars of catalysts 1-9 are shawnin
Tablel.
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Catalysts 1-9were used in nine expariments (exparl-
ments 7-3 in the preparation of hydrocarbans from a
mixture of carbon monoxide and hydrogen having an
H./CO molar ratio of 2, The experiments wers carried
outata pressure of 20 barin a reactor inwhich there
was a fixed catalystbed. The othaer conditions under
which these experiments wera carried out, together
with the results of the experimenits, as shown in Table
I

10

15

Of the experiments shown in Table I, only experi-
ments 7-9 are experiments according to the invention.
Inthese experiments the catalyst bed satisfied the
refationship 10°>8,.2% 8,>2.6% 10% and a high Cg*
selectively was achieved. Experiments 1-6 come
ocutside the scope of the invertion. They are included
Inthe patent application for purposes of comparison.
Inthess experiments using a catalyst bed satisfying
5.24+8;<2.6%10% a relatively low C; ' selectively was
observed.

TRRIE 1

Catalyst M 1 2 3

Silica caryiec A B B

Er load,

P Zc/100 ppw S10, 1B 6 18

0

.9 0.9

i2 0.9 12 12

Co boad,

gy Cofml catalyst 41 kk] 101

Kl

81 102 a7 94 Al

Si, ma /ml 28 EY] kL

29

107 104 0 97 a

5, , om?/ml 15 26 28

&

15

id 14 26 24 35

Szxs

e % 5 6300 MER

20280

6525

20072 0384 67600 55672 40176

THALE II

Expariment Mo, 1 2 3

Catalyst Ko, 1 2 3

Temperatura, °C 340 227 220

240

218 215 20 320

Space velocity,

AL hour 1000 800 B0

10y

oy 200 £ )]

Conversion of the H.‘,;‘CO

mixture, % by volune 37 o0 53

52

G 65 6l 62

101 103

100

109 114 102 101 1108

C; selectivity,

% by weight 50 72 61

52

64 0 76 ri ] 78

20 CLAIMS

1. Processforthe preparation of hydrocarbons by
catalytic reaction urcarbon monoxide with hydrogen,
characterized in that a mixture of carbon monoxide
and hydrogen is contacted at elevated temparature

25 and pressure with a catalyst which conteins 3-60 parts

by welght of cabalt and 0.1-100 parts by weight of at
least ona othar matal selected from zirconium,
titanium and chromium per 100 parts by weight of
silica, alumina or silica-alumina, the catalyst haing

30 prepared by kneading and/or impregnation, in that

the catalystis presentinthe form of afixed bed and in
thatthe catalyst bad has an external surface area (S,)
between b and 70 cm?ml and an imernal surface (S;)

35

40

45

between 10 and 400 m?/m! such as to satisfy the
refationship 1085 2% 5,>2 5% 10%,

2. Processasdiaimedin ¢laim 1, characterized in
thatthe catalyst bed has an S, between 10 and 50
cm?/ml and an S; between 15 and 200 m¥m| such as to
satisfy tha relationship 2.6 109>8,2x S, >3 x 10%

3. Processasciaimedinclaim 1or2, characte-
rized inthat the catalyst satisties the ralationship

L
(3+4R}>—>={0.3+ 0.4R), wherein
5
L = thetotal quantity of cohalt present on the catalyst,
expressed in mg of Co/mi,
5; = the internal surface area of the catalyst,
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R = the weight ratio between the quantity of cobalt
applied to the catalyst by kneading and the total
quantity of cobalt present onthe catalyst

4. Processasclaimedinany one ofclaims 1-3,
characterized in that the catalyst contains 15-50 parts
by weight of cobalt per 100 paris by weight of carrier
and sither0.1-5 parts by weight of the other metalisin
the preparation first cobaltand then the other metalis
appliad or5-40 parts by weight of the othar metal ifin
the preparation firsttha other metal and then cobaltis
appliad.

5. Processasclaimedin any one of claims 1-4,
characterized in that the catalystcontaing zirconium
as the other metal and silica as carrier.

6. Processasclaimedinanyoneofelaims1-b,
characterized in that it is carried out at a temperaiure
of 125-350°C and a pressure of 5-100 bar.

7. Process asclaimedin any one of claims 1-6,
characterized in that tha Hy/CO mixture has an Ha/CO
maoiar ratio between 1.76and 2.25.

8. Processasclaimedinanyoneofclaimsi-7,
charactarized in thatin ordarto prepare middle
distillates from the product prepared overthe cobalt
catalyst, at least that portion of whichthe initial
hoifing point is abave the final boiling point of the
heaviest middle distillate desired as end productis
subjected to a hydrocracking treatment by contacting
it at alevated temperatura and pressure with a
catalyst containing one or more noble metals of
Group Vill on 2 carrier.

9. Processasclalmedin claim 8, characterized in
thatinthe hydrocracking treatment acatalystis used
containing 0.1-2% by weight of one ormore noble
matals of Group VIIL

10. Process as claimedin anyone ofclaims8-9,
characterized in that the hydrocracking treatmenta
catalyst is used containing platinum or palladium as
noble metal of Group VIl and silica-alumina as
carrier.

11. Process forthe preparation of hydrocarbons
as claimed in glalm 1, substantially as described
hereinbefore and in particular with refarence to the
Example.

12. Hydrocarbons prepared in accordance witha
process as described inclaims 1-11.
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