EP 0 1563 7380 A2

Europaisches Patentamt

a’ European Patent Office

Office européen des brevets

®

@ Application humber: 85200182.5

@ Date of filing: 12.02.85

@ Publication number:

A2

EUROPEAN PATENT APPLICATION

& inecis: C 07 C 1/04
B 01 J 23/80, B 01 J 2326

(®) Priority: 28.02.84 NL 8400609
@ Date of publication of application:
04.09.85 Bulletin 85/36

Designated Contracting States:
AT BE DE FR IT NL SE

@ Applicant: SHELL INTERNATIONALE RESEARCH
MAATSCHAPPIJ B.V.
Carel van Bylandtlaan 30
NL-2596 HR Den Haag(NL)

@ Inventor: Post, Martin Franciscus Maria
Badhuisweg 3
NL-1031 CM Amsterdam(NL)

@ Inventor: Sie, Swan Tiong
Badhuisweg 3
NL-1031 CM Amsterdam(NL}

Representative: Aalbers,Onno et al,
P.O. Box 302
NL-2501 CH The Hague(NL)

Process for the preparation of hydrocarbons.

’ @ Syngas with a H,/CO mol.ratio between 0.25 and 1.0 is

converted into hydrocarbons by contacting it with a mixture
of a special cobalt-containing Fischer-Tropsch catalyst and a
Cu- and Zn-containing Co-shift catalyst. In this mixture the
two catalysts are present in such amounts that the following
relation is met:

2-F 2-F
X <M< b X TTE

05 15F

M being the {Cu + Zn)/Co atomic ratio in the catalyst mixture
and F being the H,/CO mol.ratio in the syngas.
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K 5723
PROCESS FOR THE PREPARATION OF HYDROCARBONS

The invention relates to a process for the preparation of
hydrocarbons by catalytic conversion of a mixture of earbon mon-
oxide and hydrogen.

The preparation of hydrocarbons from a Ho/CO mixture by
contacting this mixture at elevated temperature and pressure with
a catalyst is known in the literature as the Fischer-Tropsch
hydrocarbon synthesis. Catalysts often used for the purpose com-
prise one or more metals from the iron group, together with one or
more promotors, and a carrier material. These catalysts can suit-
ably be prepared by the known techniques, such as precipitation,
impregnation, kneading and melting. The products which can be pre-
pared by using these catalysts generally have a very wide mole-
cular weight distribution range and, in addition to branched and
unbranched paraffins, they often contain considerable amounts of
olefins and oxygen-containing organic compounds. Usually only a
minor portion of the products obtained is made up of middle dis-
tillates. Of these middle distillates not only the yield but also
the pour point is msétisfaetor*y < Therefore the direct conversion
of Hp/CO mixtures according to Fischer-Tropsch is not a very
attractive route for the preparation of middle distillates on a
fechnical scale.

In this patent application "middle distillates" should be
taken to be hydrocarbon mixtures whose boiling range corresponds
substantially with that of the kerosine and gas oil fractions
obtained in the conventional atmospheric distillation of crude
mineral oil. The middle distillate range lies substantially be-
tween about 150 and 360°C.

Recently there was found a class of Fiécher—Tropsch catalysts
having the property of yielding a product in which only very minor
amounts of olefins and oxygep-containing compounds occur which
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consists virtually completely of unbranched paraffins, a consider-
able portion of which paraffins boils above the middle distillate
range. It has been found that by hydrocracking the high-boiling
part of this product can be converted in high yield into middle
distillates. As feed for the hydrocracking at least the part of
the product is chosen whose initial boiling point lies above the.
final boiling point of the heaviest middle distillate desired as
end product. The hydrocracking, which is characterized by a very
low hydrogen consumption, leads to middle distillates which have
a considerably better pour point than those obtained in the direct
conversion of a Ho/CO mixture according to Fischer-Tropsch.

The Fischer-Tropsch catalysts belonging to the above-mentioned
class contain silica, alumina or silica-alumina as carrier material
and cobalt together with zirconium, titanium and/or chromium as
catalytically active metals, in such quantities that per 100 pbw
of carrier material, the catalysts comprise 3-60 pbw of cobalt and
0.1=100 pbw of zirconium, titanium or chromium. The catalysts are
prepared by depositing the metals involved on the carrier material
by kneading and/or impregnation. For further informatioﬁ on the ‘
preparation of these catalysts by kneading and/or impregnation re-
ference may be made to Netherlands Patent Application No. 8301922
recently filed in the name of the Applicant.

When the present cobalt catalysts are used for the Fischer-
Tropsch hydrocarbon synthesis starting from Hp/CO mixtures having
a Hy/CO molar ratio of about 2, very high Hp+CO conversions can
be achieved. However, when feeds with lower Hp/CO molar ratios
are used, the Ho+CO conversion is insufficient. The Hp+CO con-
version is seen to be lower according as the feed has a lower
Hp/CO molar ratio.

Since nature provides large amounts of material with a rela-
tively low H/C ratio such as coal, which when cbnver'ted into
Hp/CO mixtures yields products having Hp/CO molar ratios lower
than 2, it would naturally be very welcome if a way could be found
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During an investigation into this subject two measures were
found which have made it possible to realise high Ho+CO convers-
ions in the hydrocarbon synthesis starting from Ho/CO mixtures
having H»/CO molar ratios between 0.25 and 1.75 and by using the
present cobalt catalysts. In addition the application of these
measures leads to a high Cst selectivity. By the first measure

the Hy/CO mixture is converted over a mixture of two catalysts,

one of which is the cobalt catalyst and the other a copper- and
zine-containing composition. By the second measure the Hy/CO
mixture is first partly converted over the cobalt catalyst, and
subsequently the unconverted Hp and CO is converted over a bi-
functional catalyst or catalyst combination which, in addition to
activity for the conversion of a H»/CO mixture into hydrocarbons,
has activity for the conversion of a mixture of H20 and CO into

a mixture of Hy and COs. ‘

Conditional upon the Hp/CO molar ratio of the feed to be
converted it is either exclusively measure 1, or exclusively
measure 2, or either one of the two measures that is eligible for
use. For feeds with a Hp/CO molar ratio between 0.25 and 0.75
only measure 1 is applicable. If the feed has a Hp/CO molar ratio
between 1.0 and 1.75, it is only measure 2 that is eligible. For
feeds with a Hy/CO molar ratio between 0.75 and 1.0 either
measure 1 or measure 2 can be used at choice.

The present patent application relates to the use of measure
for feeds with a H»/CO molar ratio between 0.25 and 1.0. The use
of measure 2 for feeds having a Hp/CO molar ratio between 0.75
and 1.75 forms the subject matter of Netherlands Pa{:ent Applicat-
ion (K 5733).

In the catalyst mixture which according to measure 1 is used
for the conversion of the Hp/CO mixture the copper- and zinc-con-

taining composition should have a Cu/Zn atomic ratio in the range

between 0.1 and 10. In addition the ratio in which the two cata-

lysts are present in the catalyst mixture should be such as to

satisfy the relation
2-F 2-F

0,5 x— <MK
2 R LF > X

?
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wherein F represents the Ho/CO molar ratio of the feed and M
the (Cu+Zn)/Co atomic ratio in the catalyst mixture.

The present patent application therefore relates to a process
for the preparation of hydrocarbons by catalytic reaction of car-
bon monoxide with hydrogen, in which a Hp-and CO—éontaining feed
having a Hy/CO molar ratio (F) in the range between 0.25 and 1.0
is contacted at elevated temperature and pressure with a mixture
of two catalysts, the one being a catalyst which comprises 3-60 pbw
of cobalt and 0.1-100 pbw of at least one other metal chosen from
the group formed by zirconium, titanium and chromium per 100 pbw
of silica, alumina or silica-alumina and which has been prepared
by kneading and/or impregnation, and the other catalyst being a
copper- and zinc-containing composition having a Cu/Zn atomic ratio
in the range between 0.1 and 10, and in which the two catalysts
are present in the catalyst mixture in such a ratio as to satisfy

. the relation
0,5x2E ¢mM<5x2E,
1+F 14F

wherein M represents the (Cu+Zn) /Co atomic ratio in the catalyst
In the process of the invention it is preferred to use the
cobalt catalysts which form the subject matter of Netherlands

patent application No. 8301922. These are catalysts which satisfy
the relation

(3 +LR)> -g— > (0.3 + 0.1 R), vherein

L = the total quantity of cobalt present on the catalyst, expressed
as mg Co/ml catalyst,
S = the surface area of the catalyst, expressed as m2/ml catalyst,
and .
R = the weight ratio of the quantity of cobalt deposited on the
catalyst by kneading, to the total quantity of cobalt present
on the catalyst.
The preparation of the cobalt catalysts which are used accord-
ing to the invention is ,preferabiy carm.ed out according to one of
the three procedures mentioned hereinafter: )
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a) first cobalt is deposited in one or more steps by impregnation
and subsequently the other metal is deposited in one or more
steps, also by impregnation, -

b) first the other metal is.deposited in one or more steps by
impregnation and subsequently the cobalt is deposited in one
or more steps, also by impregnation, and

c) first cobalt is deposited in one or more steps by kneading and
subsequently the other metal is deposited in one or more steps
by impregnation.

In the process according to the invention preference is given
to the use of cobalt catalysts containing 15-50 pbw of cobalt per
100 pbw of carrier. The preferred quantity of other metal present
in the cobalt catalysts depends on the way in which this metal has
been deposited. In the case of catalysts where first cobalt has
been deposited on the carrier, followed by the other metal, prefer-
ence is given to catalysts containing 0.1-5 pbw of the other metal
per 100 pbw of carrier. In the case of catalysts where first the
other metal has been deposited on the carrier, followed by the
cobalt, preference is given to catalysts containing 5-40 pbw bf
the other metal per 100 pbw of carrier. Preference is given to
zirconium as other metal and to silica as carrier material.

. The copper- and zinc-containing composition which in the
process according to the invention is used as a component of the
catalyst mixture preferably has a Cuw/Zn atomic ratio in the range
between 0.25 and 4. Preparatory to being suitable for use the
catalyst mixtures should be activated. This activation can suit-
ably be carried out by contacting the catalyst mixture with hydro-
gen or a hydrogen-containing gas, first at a temperature between
150 and 250°C and subsequently at a higher temperature, between
200 and 350°C.

The process according to the invention is preferably carried
out at a temperature of 125-350°C and a pressure of 5-100 bar.
Special preference is given to a temperature of 175-275°C and a
pressure of 10-75 bar.
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As explained hereinbefore, the present cobalt catalysts when
used for the conversion of a Ho-and CO-containing feed yield a
product which is substantially waxy and whose high-boiling part
can be converted in high yieid into middle distillates by using a
hydrocracking treatment. This is also true when, instead of the
cobalt catalysts alone, the cétalyst mixtures proposed here are

Although in the preparation of middle distillates from the
product obtained over the catalyst mixture the part of the product
whose initial boiling point lies above the final boiling point of
the heaviest middle distillate desired as end product will do as
feed for the hydrocracking, it is preferred to use for this pur-
pose the total Cg* fraction of the product prepared over the
catalyst mixture, since it has been found that the catalytic
hydrotreatment leads to enhanced quality of the gasoline, kerosine
ard gas oil fractions present therein.

The hydrocracking is carried out by contacting the fraction
to be treated at elevated temperature and pressure and in the pre-
sence of hydrogen with a catalyst containing one or more noble
metals from Group VIII supported on a carrier. The hydrocracking
catalyst used by preference is a catalyst containing 0.1-2 %w and
in particular 0.2-1 %w of one or more noble metals from Group VIII
supported on a carrier. Preference is given to catalysts compris-
ing platinum or palladium as Group VIII noble metal and silica-
alumina as carrier. The hydrocracking is preferably cari'ied_ out at

~ a temperature of 200-400°C and in particular of 250-350°C and a

pressure of 5-100 bar and in particular of 10-75 bar.

The invention is now illustrated with the aid of the follow-
ing example. '
Example .
Starting from three catalysts (1-3) five catalyst mixtures
(I-V) were composed by mixing.
Catalyst 1 _
Co/Zr/Si0o catalyst which comprised 25 pbw of cobalt and0'9 pbw
of zirconium per 100 pbw of silica and had beén preparéd by
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single-step impregnation of a silica carrier with a solution of
cobalt nitrate in water, followed by single-step impregnation of
the cobalt-loaded carrier with a solution of zirconium nitrate in
water. The catalyst had a value for L of 98 mg/ml and for S of

96 m?/ml and therefore for L/S of 1.02 mg/me.

Catalyst 2 _
Co/Zr/Si0p catalyst which comprised 25 pbw of cobalt and 12 pbw
of zirconium per 100 pbw of silica and had been prepared by three-
step impregnation of a silica carrier with a solution of zirco-
niumtetra n-propoxide in a mixture of n-propanol and benzene,
followed by impregnation of the zirconium-loaded carrier with a
solution of cobalt nitrate in water. The catalyst had a value for
L of 97 mg/ml and for S of 100 m2/ml and therefore for L/S of
0.97 mg/m?. .
In the preparation of Catalysts 1 and 2 a quantity of solut-
ion was used in each impregnation step which corresponded sub-
stantially with the pore volume of the carrier and the material
was dried after each impregnation step and then calcined at 500°C.
Catalyst 3
Cu/Zn/A103 catalyst which comprised 24.3 %w of copper and
38.0 %w of zinc and therefore had a Cu/Zn atomic ratio of 0.66.
Catalyst 3 was mixed with Catalyst 1 or Catalyst 2 to prepare
the catalyst mixtures I-V having (Cu+Zn)/Co atomic ratios (M)
ranging from 0.19 to 21.8. The mixing components of which each
catalyst mixture was composed as well as the value for M of each

. catalyst mixture are given in Table I.

Catalyst testing

Catalyst mixtures I-V were used in eight experiments (1-8) in the
preparation of hydrocarbons from mixtures of carbon monoxide and
hydrogen. The experiments were carried out at a temperature of
250°C, a pressure of 20 bar and a space velocity of 400 N1 gas/1
catalyst mixture/h in a reactor containing a fixed catalyst bed.
Before they were subjected to the testing the catalyst mixtures
were activated by contacting them with a hydrogen-containing gas,
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first at 200°C and then at 250°C. The results of the experiments
and the Ho/CO molar ratios (F) of the feeds used in each one of
the experiments are given in Table II.
The parameters Ho+CO conversion and Cg* selectivity men-
tioned in Table II are defined as follows:
mol Hp+CO in feed - mol Hp+CO in product

Ho+CO conversion = x 100,
mol Ho+CO in feed

pbw Cst hydrocarbons in product
Cgt selectivity = x 100.
pbw hydrocarbons in product

Of the experiments mentioned in Table II Experiments 3, 5
and 6 are experiments according to the invention. These experi-
ments, in which the relation according to the invention of M of
the catalyst mixture to F of the feed was satisfied, yielded both
high conversions and high Cg* selectivities. Experiments 1, 2,

4, 7 and 8 fall outside the scope of the invention. They have been
included in the patent application for comparison. These experi-
ments, in which the relation according to the invention of M of
the catalyst mixture and F of the feed was not satisfied, yielded
too low conversions and/or too low Cs™ selectivities.

TABLE T
Catalyst Catalyst mixing M
mixture components
I 1+ 3 21,8
II 1+3 3,75
I1T 2+ 3 1,41
v 1+ 3 0,85

Vv 1T+3 0319
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TABLE II
Experiment Catalyst F Ho+CO Cg*
mixture conversion, selectivity,

No. No. $mol A
1 I 0,55 45 75
2 I 0,90 65 68
3 II 0,55 84 85
h II 0,90 82 70
5 IIT 0,55 91 86
6 v 0,90 91 77
7 v 0,55 54 87
8 v 0,90 T4 86
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K 5723
CLAIMS

1. A process for the preparation of hydrocarbons by catalytie
reaction of carbon monoxide with hydrogen, characterized in that
a Hp- and CO-containing feed with a Hp/CO molar ratio (F) in the
range between 0.25 and 1.0 is contacted at elevated temperature
and pressure with a mixture of two catalysts, the one catalyst
being a catalyst which comprises 3-60 pbw of cobalt and 0.1-100
pbw of at least one other metal chosen from the group formed by
zirconium, titanium and chromium per 100 pbw of silica, alumina
or silica-alumina and which has been prepared by kneading and/or
impregnation, and the other catalyst being a copper- and zinc-con-
taining composition having a Cu/Zn atomic ratio in the rahge be-
tween 0.1 and 10, and that the two catalysts are present in the
catalyst mixture in such a ratio as to satisfy the relation
0.5 x2E ¢ m<c5x2E

1+F 1+F
wherein M represents the (Cu+Zn)/Co atamic ratio in the catalyst
mixture. '

2. A process as claimed in claim 1, characterized in that the
cobalt catalyst satisfies the relation
L

(3 + 4 R) > -S—> (0.3 + 0.4 R), wherein

L

the total quantity of cobalt present on the catalyst, expres-

sed as mg Co/ml catalyst, '

S = the surface area of the catalyst, expressed as me/ml cata-
lyst, and .

R = the weight ratio of the quantity of cobalt deposited on the

' carrier by kneading to the total quantity of cobalt present

on the catalyst. '
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3. A process as claimed in claim 1 or 2, characterized in that
per 100 pbw of carrier the cobalt catalyst comprises 15-50 pbw of
cobalt and either 0.1-5 pbw of the other metal if during the pre-"
paration cobalt was deposited first and the other metal next, or

_5-U0 pbw of the other metal if during the preparation the other
- . 'metal was deposited first and cobalt next.
- h, A process as claimed in any one of claims 1-3, characterized

in that the cobalt catalyst contains zirconium as other metal and
silica as carrier.

5. A process as claimed in any one of claims 1-4, characterized
in that the copper~ and zinc-containing composition has a Cuw/Zn
atomic ratio in the range between 0.25 and 4.

6. A process as claimed in any one of claims 1-5, characterized
in that it is carried out at a temperature of 125-350°C and a
pressure of 5-100 bar.

7. A process as claimed in claim 6, characterized in that it

18 carried out at a temperature of 175-275°C and a pressure of

10~75 bar. ,
8. A process as claimed in any one of claims 1-7, characterized
in that in order to prepare middle distillates from the product
obtained over the catalyst mixture, at least the part whose initial
boil:’mg point lies above the final boiling point of the heaviest
middle distillate desired as end product, is subjected to hydro-
cracking by contacting it at elevated temperature and pressure with
a catalyst comprising one or more noble metals from Group VIII sup-
ported on a carrier.



