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{54) Process for the preparation of hydrocarbons

{57} Syngas with a Hy/CO mol.ratio between 0.26 and 1.0 s converted into hydrocarbons by contacting it with a
mixture of 8 cubalt-containing Fischer-Tropsch catalyst and a Cu- and Zn-containing CO-shift catalyst. In this mixture
the two catalysts ara present in such amounts that the following relation is mat:

O.EXEL[fe;Mﬁng_—

m

1+ 1+F "’

# being tha {Cu + ZnkCo atomic ratio in the catalyst mixture and F being he Hx/CO moi.ratio in the syngas. The
Co-containing vatalyst comprises 3-60 pbw Co and 0.1-100 pbw Zr, Ti and/or Cr par 100 phw silica and/or alumina.
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SPECIFICATION
Process for the preparation of hydrocarbons

§ The invention reiates to a process for the praparation of hydrocarbons by catalytic conversion of a mixture of
carbon monoxide and hydrogen.

The preparation of hydrecarbans from a H./CO mixture by contacting this mixture at elevated tamperature
and pressure with a catalyst Is known in the literature as the Fischer-Tropsch hydrocarbon synthasis.
Catalysts often used for the purpose comprise ona or mare metals from the iton group, together with one ar

10 more promotors, and a carrier material. These catalysts can suitably be prepared by the known tachniques,
such as precipitation, impregnation, kneading and metting. The produets which can be prepared by using
these catalysts generally have a vary wide melecular weight distribution ranga and. in addition ta branched
and unbranched paraffing, they otten contain considerable amounts of alafins and oxygen-containing
crganic compounds. Usually only a minar portion of the products obtained is mede up of middie distillates.

15 Ofthese middla distillates not anly the yield but also the pour point is unsatistaciory, Therefore the direct
conversion af Hy/CC mixtures according to Fischer-Tropch is not a very attractive route for the praparation of
middle distillates on a technical scale.

In this patant application “middle distillates” shoutd be taken to be hydrocarbon mixtures whose boiling
range carrespands substantially with that of ths kerosine and gas oil fractions obtained in the convantional

20 atmospheric distillation of crude mineral oil. The middle distiliate range lies substantially between about 150
and 360°C.

Recently there was found a class of Eischer-Tropsch catalysts having tha property of yielding a productin
which anly very minor amounts of ofefins and oxygen-containing compounds occur which cansists virtually
campletely of unbranched paraffins, a considerabie port:on of which paraffins boils above the middle

26 distillate range. it has bsen found that by hydroeracking the high-boiling parl ufthis product can be
converted in high yield into middle distillates. As faed for the hydrocracking at least the part of the product is
chosen whose initial bailing point lies ahove the final boiling point of the heaviest middle distiltate desired as
end product. The hydrocracking, which is characterized by a very low hydrogen consumption, feads 1o
middle distillates which heve a considerably better pour point than those obtained in the direct conversion of

30 a Hp/CO mixture according to Fischer-Tropsch.

The Eischer-Tropsch caialysts belonging to the above-mentloned class contain silica, alumina or
silica-alurmina as cartiar material and cohalt 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 zircaniun, titaniurn or chromium. The catalysts are prepared by depositing

45 the metals involved on the carrier materiat by kneading and/or impregnation. For further information on the
preparation of these catalysts by kneeding and/or impregnation reference may be made to Netheriahds
Patent Application Na. 8301922 recently filad in tire name of the Applicant.

When the prasent cobult catalysts are used {or the Fischer-Tropsch hydrocarbon synthesis starting from
H,/CO mixtures having a Hz/CO molar ratio of about 2, very high Hz+C0 conversions can be achicved.

40 However, whan feeds with lower H/CO molar ratios are usad, the Hz+CO canversion is insufficient. The
H,+ CO conversion is seen to be lowar according as the feed has a lower Ha/CO molar ratia.

Since nature provides large amaunts of material with a ralatively iow H/C ratlo such as ceal, which whan
canverted into Hx/CO mixtures yields praducts having HZ/CO molar ratios lower than 2, it would naturatly he
very welcome if a way could be found to solve the afore-mentioned problem of low Hy 11 CO conversions.

45 During an investigation into this subject twa measures werq faund which have made it possible tc realise
high Hx+C0 conversians in the hydrocarbon synthesis starting from Hz/CO mixtures having H;/CO molar
ratios between 0.25 and 1.75 and by using the present cobakt catalysts. In addition the application of these
measures leads to a high Cg~ selectivity. By the first measure tha HfCO mixture is converted overa mixtura
of two catalysts, ana of which is the cohalt catalyst and the other a copper- and Zinc-containing compositien.

50 By the second measure the H/CO mixture is firsi partly converted over the cobalt catalyst, and subsequently
the unconverted Ha and CO is convertad over a bifunctional catalyst or catalyst combination which, in
addition to activity for the conversion of a Hz/CO mixture into hydrocarbons, has activity for the conversion
of a mixture of Ha0 and £O inta a mixture of B, and CO».

Conditional upon the Hz;CO molar ratio of the feed ta be converted itis eithar exclusively measure 1, ar

55 exclusively measure 2, or cither one of the two imoasures that iz eligible for use. For feeds with a H,/CO molar
ratio hetween 0.25 and 0.75 only measurs 1 is applicable. If the feed has a H.,/CQ molar ratio between 1.0 and
1.785, it iz only measure 2 that is eligible. For feads with a H,/CO molar ratio between 0.76 and 1.0 either
meusure 1 or measure 2 can be used at ¢hoica,

The prasant patent application relates to the use of measuts 1for feeds with a H/CO molar ratio between

80 0.26 and 1.0. The use of measure 2 for feeds having a H./CO molar ratio betwean 0.75 and 1.75 forme the
subject matter of Netherlands Patent Application (K 5733}

in the catalyst mixture which accerding to measure 1 is used for the conversion of the Hp/CO mixture the
copper- and zing-containing composition should have a Cu/Zn atomic ratio in the range between 0.1 and 10,
In additian the ratio in which the two catalysts are present in the catalyst mixture shou!d be such as ta satisfy

@5 tha relation
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2—F 2—-F
0,5Xm(M‘~’-5x1+F:

§ wherein F represents the Hp/CQ molar ratio of the feed and M the (Cu +Zn)/Co atomic ratio in the catatyst
mixture.

The present patent application therefore relates to a process for the preparation of hydrocarbons by
catalytic reaction of carbon monoxide with hydrogen, in which a Ha-and CO-containing feed having a Hy/CO
molar ratic {F) in the range between 0.25 and 1.0 is contactad at elevated temperature and pressure with a

10 mixture of two catalysts, the one heing s catalyst which comprises 3-60 pbw of cobalt and 0.1-100 pbw of at
laast one other metal chosen from the group formed by zirconium, titanium and chromium per 100 pbw of
siliea, alumina or silica-alumina and which has been prepared by kneading andfor impregnation, and the
other catalyst being a copper- and zine-containing composition having a Cu/Zn atemic ratlo In the range
betwaen 0.1 and 10, and in which the two catalysts are presentin tha catatyst mixture in such a ratic as to

15 satisfy tha relation

2—F 2~F
O,SX:I‘—_;_—F{M<5Xm,
20
wherein M represants the (Cu+Zn)/Co atomic ratia in the catalyst mixiure.
In the process of tha invention it is preferred to use the cobalt catalysts which form the subject matter of
Netherlands patent appilcation No, 83019822, Thess are catalysts which satisfy tha relation

25 L
{3+4R} > = ={0.3 + 0.4 R}, wherein

L = the total guantity of cobalt present an the catalyst, expressed as mg Co/mi catalyst,

ag S = tha surface area of the catalyst, exprassed as m?ml catalyst, and
R = the weight ratio of the quantity of cobalt deposited on the catalyst by kneading, te the total quantity of
cobalt present on the catalyst.

Tha preparation of the cobalt catalysts which are used according to the invention is preferahly carried out
according to one of the three procedures mentioned hereinafter:

35  a)first cobalt is deposited in one or more steps by impragnation and subsequently the other metal is
deposited in one or mare steps, also by impregnation,

b} first the other metal is deposited in one or more steps by impregnation and subssquentiy the cobaltis
depositad in one or more staps, alse by impregnation, and

¢) first cobalt is depositad in one or more steps by knaeding and subsequently the other meta! is deposited

4¢ in one or more steps by impregnation.

In the process according te the invention preference is glven to the use of cohalt catalysts containing 15-60
pbw of cobalt per 100 pbw of carrier. The preferred quantity of other metal present In the cobalt catalysts
depends on the way in whigh this metai has been deposited, In the case of catalysts where first cobalt bas
been deposited on the carrier, followed by the other metal, prefarence is given 1o catalysts containing 0.1 -B

45 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 cabalt, preference is given o catalysts containing 5-40 pbw of 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-canteining composition which in the process according to the invention is used as a

50 component of tha catalyst mixture preferably has a Cu/Zn atomic ratio in tha range between 0.25 and 4.
Preparatory to being suitable for use the catalyst mixtures shoutd be activated. This activation can suitably
be carried out by contacting the catalyst mixture with hydrogen or a hydregen-containing gas, first ata
temperatura between 150 and 250°C and subsequently ata higher temperature, between 200 and 350°C.

The procass according to the invention is preferably carried out at & temperature ol 125-360°Cand a

£5 pressure of 5-100 bar. Special preference is given to a temperature of 175-275°C and a pressure of 10-75 bar.

As axplained hereinbefore, the presant cobalt catalysts when used far the conversion of a Hy-and
Co-containing feud yisid a product which is substantially waxy and whose high-boiling part e2n ba converted
ity high yieid into mlddie distilates by using a hydracracking treatment. This s also true when, instead of the
cobalt satalysts alone, the catalyst mixtures proposed here are used.

50 Although in the preparation of middle distillstes from the praduct obtained over the catalyst mixture the
part of the product whose Inltial boiling point lies above the final boiling point of the heaviest middle
distillate desired as end preduct will do as feed far the hydrocracking. itis preferred to use for this purpose
the total Cs* 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 and gas oil fractions presant

g5 therein.
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The hydrocracking is cartied out by contacting the fraction o be treated at glevated temperature and
pressure and in the presenceof hydrogen with a catalyst containing one ar more noble metals from Group
VIl supportad on a carrier. The hydrocracking catalyst used by preference is a catalyst containing 0.1-2 ow
and in particular 8.2-1 %w of one or more noble metals fram Group VIl supported on a carrier. Preference is
given to catalysts comprising platinum or palladium as Group Vil neble metal and silica-alumina as carrier,
The hydrocracking is preferably carried out at a temperature of 200-400°C and in particular ot 250-350°C and
a pressure of 5-100 bar and in particuiar of 10-76 har.

The invention is now illustrated with the aid of the following example.

Example
Starting from three catalysts (1-3) five catalyst mixtures {|I-V} were composed by mixing.

Catalyst 1
CofZt/Si0, catalyst which comprisad 25 pbw of cobalt and 0.9 pbw of zirconium per 100 pbw of sitica and

had been prepared by single-step impregnation of a sllica carrier with a solution of cobalt nitrate in water,
foltowed by single-stap impregnation of the cobalt-loadsd carrier with a solution of zirconium pitrata in
water. The catalyst had a value for L. of 98 mg/ml and for S af 98 m2ml and tharafore for L/S of 1.02 mg/m?,

Catalyst 2

CofZr/Si0, catalyst which comprised 25 phw of cobalt and 12 pbw of zirconium per 100 pbw of silica and
had been prepared by threestep impregnation of a silica carrier with a solution of zirconiumtstra n-propoxide
in a mixtura of n-propanot and benzene, followed by impregnation of the zirconium-loaded carrier with a
solution of cabalt nitrate in water, The catalyst had a value for L of 97 mg/m! and for S of 100 mZml and
therafore for L/S of 0.97 mgimZ,

In the preparation of Catalysis 1 and 2 a quantity of solution was used in each impregnation step which
corresponded substantially with the pore volume of the carriar and the material was dried after each
impregnation step and then calcined at BOO°C.

Catalyst 3
Cu/ZnfAl, 05 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 o7 Catalyst 2 to prepare the catalyst mixtures -V having {Cu+Znj/Co
atomic ratios [M) ranging from 0.19 10 21.8. The mixing components of which each valalyst mixture was
carmposed as well as the value for M of each catalyst mixture are given in Table .

Catalyst testing

Catalyst mixtures |-V were used in aight experiments {1-8) in the preparation of hydrocarbons from
mixtures of carbon monoxide and hydrogen. The experiments were carriad out at g temperature of 250°C, a
pressure of 20 bar and a space velocity of 400 NI gas/l catalyst mixture/h in a reactor containing a fixed
cotalyst bed. Bafore they were subjected to the testing the catalyst mixturas were activated by cantacting
them with a hydrogen-containing gas, first at 200°C and then at 250°C. The results of the experiments and the
H,/CO molar ratios {F} of the feeds usad in ezch one of the experiments are given in Table B,

The parameters H,+C0 conversion and Cs* selectivity mentioned in Tabla Il are defined as follows:

.ol Hp+COin feed - mol Hy+CO in product
Hy+ CO convarsian = ol Hpw GO i feed x 100,

phw Cs” hydrocarbons in product x 100
pbw hydrocarbons in preduct '

Cs* salectivity =

Of the experiments mentioned in Table il Experimenis 3,5 and & are experiments according to the
Invention. Thase experiments, in which the relation according to the invention of M of the catalyst mixtura to
F of the feed was satisfiad,yielded both high conversions and high Cs* selectivites. Experiments 1, 2, 4,7 and
8 falls outside the scope of the invantion, They have bsen included in the patent epplication far comparison.
These experiments, in which the relation according to the invention of M of the catalyst mixture and F of the
feed was not satisfied, yvialded too low conversians and/or too low Cg* selectivities.
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TABLE |

Catalyst Catalyst mixing M
mixlure components

[ 143 21,8
It 1+3 3,76
n 2+3 1,41
1 1+3 0,85
i 143 0,19

TABLE I
Experiment Catalyst F Ha+ CO Ot
mixtura conversion, selectivity,

Na. Fernol LAY

=2
&

I 0,58 45 75
i 0,90 85 68
il 0.55 84 86
11 (.90 82 70
i 0,55 91 86
v 0,90 91 77
v 0,55 54 87
v 0,20 74 86

[+« R

CLAIMS

1. A process for the preparation of hydrocarbons by catalytic reaction of carbon monaxide with
hydrogan, characterized in thata Hy— and CO-containing feed with a Hz/CO molar ratio {F} in the range
hatween 0.25 and 1.0 is contacted at elevated temperature and pressure with a mixtura of two catalysts, the
one catalyst being a catalyst which comprises 3-60 pbw of cobalt and 0.1-100 phw of at least one cther metal
chosen from the group formed by zircoriurm, titanium and chromium per 100 pbw of silica, alumina or
silica-alumina and which has baen prepared by kneading andfor impregnation, and the other catalyst being a
copper- and zine-containing composition having a Cu/Zn atomic ratio in the range between 0.1 and 10, and
that the two catalysts are present in the catalyst mixture in such a ratio as to satisfy tha reietion

2-F . . 2-F
05X TRF<M=8xF

wherein M represents the (Cu +Zn)/Co atomic ratia in the catalyst mixture,
2. A process as claimad in claim 1, characterized in that the cobalt catalyst satisfies the relatian

{3+4R) > Ié > {0.3 + 0.4 R}, wherein

L = the total quantity of cobalt present on the catalyst, expressed as mg Co/mn! catalyst,

S = tha surface ares of the catalyst, expressed as m%ml catalyst, and

R = the waight ratio of the quantity of cobalt deposited on the carrisr by kneading to the tota! quantity of
cobalt present an the catalyst. .

3. Aprocess as clalmed in claim 1 or 2, characterized inthat per 100 pbw of carrier the cobalt catalyst
camprises 16-50 pbw of cobalt and either 0.1-5 pbw of the other metal If during the preparation cobalt was
depositad first and the other metal next, or 5-40 pbw of the other metat if during the preparation the other
metal was deposited first and cobalt next.

4, A procass as claimed in any one cf claims 1-3, characterized in that the cobalt catalyst contains
zirconium as other metal and silica as carrier.

5. Aprocess as claeimed in any one of claims 1-4, characterized in that the copper- and zinc-containing
composition has 8 Cu/Zp atomic ratio in tha range between 0.25 and 4.
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6. A process as claimed in any one of claims 1-5, characterized in that it is cerried out at a temperature of
125-350°C and a pressure of 5-100 bar.

7. Aprocess asclaimed In claim 6, characterized in thatitis carried out at a temperature of 175-275°C and
a prassure of 10-75 bar,

5 & Aprocessas claimed in any ene of ¢laims 1-7, characterized in that in order to prepare middle 5
distillatas from the product obtained over the catalyst mixture, at lsast the part whose initial boiling point lies
above the final bolfing peint of the heaviest middle distillate desired as end praduct, is subjected to
hydroeracking by contacting itat elevatad temperatura and pressure with a catalyst comprising one or rore
nobla metals from Group VIII supported on a carrier.

40 9. Aprocessforthe preparation of hydrocarbons as ctaimed in claim 1, substantialiy as described 10
hereinbefore and in particular with referance to the example.
10. Hydrocarbons whenever prepared according to a procéss as describad in claims 1-2.

Printag in the UK for HMSO, Da§18935, 7/85, 7102,
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