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SPECIFICATION _
A process for the preparation of middle distillates

The invention relates to a process for the preparation of middle distillates from a mixture of carbon
manaxide and hydrogen.

The praparation of hydrocarbons from an H,/CO mixture by contacting said mixture at elevated
temperature and prassura with a catalyst is known in the literature as the Fischer-Tropsch hydrocarbon
synthesis process. Catalysts frequantly usad for this purpose contain one or more metals of the iran
group together with one or more premoters and sometimes a carrier material. The preparation of
Fischer-Tropsch catalysts can in principle be carried out in three manners, namely by precipitation,
melting or impregnation, Both the precipitation route and the malting route are net very attractive
preparation methods for the Fischer-Tropsch catalysts since their reproducibility is faw, The
precipitation route is mereover very time-consuming, and the melting route requires much energy. Also,
the catalytic properties of the catalysts prepared by melting and precipitation, in particular activity and
stability, are often not entirely satisfactory. A much more attractive preparation method far the Fischer-
Tropsch catalysts is the impregnation route. This is simple to carty out, yields weli-repraducible resuits
and generally leads to catalysts having high activity and stability. Briefly, the impregnation route
amounts to Impregnating a porous carrier with one or more aqueous solutions of salts of one or mora
metals of the fron group and of one or more promotors, followed by drying, calcining and reducing the
campuosition, As promaotors for the catalysts prepared by impregnation, many elsments are suitable,
such as alkali metals, alkaline earth metais, metals of Group VIB, Ti, Zr, Th, V, Mn and Cu. As carrier
matatlais for tha catalysts prepared by impregnation both amorphous and crystalline matarials are
suitable. Sultabla carriers are, for example, silica. alumina, zirconia, thoria, boria and combinations
thereof, such as silica-alumina and sillca-magnesia, and zeolites such as mordenite, faujasite and
zeoliteomega. ' -

The Applicant hes carried out an extensive invastigation into the preparation of hydrocarbons from
H,/CO mixtures using Fischer-Tropsch catalysts prapared by impregnation. This investigation revealed
that the behaviour of these catalysts in said conversion greatly depends on the fallowlng factors:

1) the nature of the metai of the iron group and the load used,

2) the nature of the promotor and the load used,

3) the nature of the carrfer and

4) the temperature treatment used.

It was further found that the use of these catalysts usually résults in a product having a very broad
malacular weight distribution and that only a small part of said product consists of middla distillates. 'n
addition to the vield, the pour point of said middle distillates is aiso unsatisfactary. In this connactlon tha
direct convarsion of H,/CO mixtures by the Fischer-Tropsch process is a not very attractive route for the
preparation of midd!e distliiates on a tachnical scala.

By “middle distillates” are meant in this patent application hydracarbon mixtures the boiling range
of which mainly corresponds with that of the kerosine and gasoi! fractions obtained in the conventional
atmospheric distillation of crude oil, In said distitlation the following fractions are consecutively
separated from the crude oil: one or maore gasoline fractions with a boiling range between 30 and
200°C, one or more kerosine fractions with a boiling range between 140 and 300°C and one or more
gasoil fractions with a boiling ranga between 180 and 370°C.,

Further investigation by the Applicant into the preparation of middle distillates from H,/CO
mixturas revealed that in the convarsion of H._,/CO mixtures with the use of catalysts prepared by
impregnation, a praduct [s ohtainad which is very valuable for the preparation of middie distlllates, if the
cetalysts contain 10—40 parts by weight of cobalt and 0.25--5 parts by waight of zirconium, titanium
or chromium per 100 parts by weight of silica and have bean calcined at a temparature of 350—700°C
and reduced at a temperature of 200—350°C. For it has been found that the high-bailing part of tha
product thus obtained can be converted in high vieid inta middle distillates by a catalytic
hydrotreatment. The feed chosen for hydrotreatment is &t least that part of the reaction product the
initial boiling point of which is higher than the final boiling point of the heaviest middle distillate
required as final product. The hydrotreatment which is characterized by & very low hydrogen
consumption yietds middie distilates having a considerably better pour point than those obtained
in the direct conversion of an H,/CQ mixture by the Fischer-Tropsch process.

For brevity's sake catalysts containing 10—40 parts by weight of cobalt and 0.25—5 parts hy
weight of zirconium, titanium or chromium per 100 parts by weight of silica and prapared by
impregnating a silica carrier wilh one or more agueous solutions of salts of cobalt end zirconium,
titanium or chramium, followed by drying the composition, calcining at 360—700°C and reducing at
200~-350°C, will be further referrad to in this patent application as "Co-impregnration catalysts”,

If the feed to be convertad over tha Co-impragnation catalyst has an H,/CQO molar ratio of lass than
1.5, water has to be added to said feed and the Co-impregnation catalyst must be used in combination
with a CO-shift catalyst,

The presant patent applicatlon tharefore relates to a process for the praparation of middie
distillates from a mixture of carbon monoxide and hydrogen, in which pracess an H,/CO-containing feed
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is contacted in a first stage with a Co-Impregnation catslyst at elavated temperature and pressure, with
the proviso that if the fead has an H,/CO molar ratio of less than 1.5, water s added 1o said feed and
that the Co-impregnation catalyst is used in combination with a CD-shift catalyst, and that of the
reaction product of the first stage at least that part of tha initial bolling point of which is higher than the
final boiling point of the heaviest middle distillats reguired as final produst is subjected in a second t b
stage 1o a catalytic hydrotreatmant.
If the feed for the first staga of tha process according to the invention has an H,/CO molar ratio of
less than 1.5, water has to be added to this faad and the Co-impregnation catalyst must be used in -
comblnation with a CO-shift catalyst. Preferanca is given to the use of CO-shift catalysts containing .
copper and zine ln which the Cu/Zn atomic ratio lias between 0.25 and 4.0. The excellent propertias of 10
the Co-impregnation catalysts used in the first stage of the process according to the invention, which
catalysts can among othar things be used at substantially highar prassures than the usual Fischer-
Tropsch cobalt catalysts, snabie a reaction product obtained by contacting an H,- and CO-cantaining
feed to which water is added with a CO-shift catalyst, to be convarted over the Co-impregnation
catalyst without CQO, being ramoved from said product. Feeds with an H./CQ molar ratio of less than 1.5 1§
and, if desired, also feeds having an H,/CO molar ratio of at least 1.5 can also be processed in the first -
stage of the process of the invention by comtacting them after the addition of water with eithar a
catalyst bed built up of several layers of consecutively a CO-shift catalyst and a Co-impregnation
catalyst, or a physical mixture of 8 CO-shift catalyst end a Co-impregnation catalyst.
If in the process according to the invention, either as feed for the first stage or In the preparation of 20
the feed for the first stage, use is made of an H,- and CO-containing mixture to which water has been
added and which mixture is centacted with a catalyst or catalyst combination possassing CO-shift
activity, the guantity of water to be added to the H,- and CO-containing mixture is mainly datermined by
the H,/CO molar ratio of the mixture, the CO-ghlft activity of the catalyst or catalyst combination and the
desired H,/CC molar ratio of the product that is canverted over Co-impregnation catalyst. The H,- and 25
CO-containing mixture used as feed for the first stage of the process according to the invention can, for
example, be obtained by steam gasification of carben-cantaining material, A very suitable feed for the
first stage of the process according to the invention is a carbon monoxide- and hydrogen-containing
fraction which can be separated from a reaction product that is obtained if an H,/CO mixture {1) with an
H,/CO molar ratio of less than 2.0 is contacted with a bifunctionai catalyst combination containingona 30
or mare metal components having catalytic activity for the conversion of an H,/CO mixture into acyclic
hydrocarbons and/or acyclic oxygen-containing hydrocarbons and a crystalline silicate having the
capacity of catalysing the conversion of acyclic hydrocarbons and acyelle oxygen-containing
hydracarbons into aromatic hydrocarbons, with the proviso that if the H,/CO mixture {1) has an H,/CO
melar ratio of less than 1.5, a trifunctional catalyst combination is used containing one or more metal 35
components with cetalytic activity for the conversion of an H,/CO mixture into acyclic hydrocarbons
and/or acyclic oxygen-containing hydracarbons, one or more metal components with CO-shift activity
and a crystaliine silicate having the capacity of catalysing the conversion of acyclic hydrocarbons and
acyclic axygen-containing hydrocarbons inta aromatic hydrocarbons. Said crystalline silicatas are
characterized in that they possess the following propeities after one hour's calcination in air at 500°C: 40
a) therrally stable to a temperature above 800°C,
b) an X-ray powder diffraction pattern containing tha four lnes stated in table A as strongest lines.

Tabie A

Relative
di{A) intansity

11,102 VS
10,0+0,2 VS
3.84 £ 0.07 5

3,72+ 0,08 S

where the letters have the following meanings:
VS = very strong; S = strong, and - ) " 45
¢} in the formula representing the composition of the silicate expressed in moles of axidas and
containing in addition to oxides of hydrogen, alkali metal and/or alkaline earth metal and silicon, one or
mere oxides of a trivelent matal A chosen from the group consisting of aluminium, iron, gallium,
rhodfum, chromium and scandium, the Si0,/A_ O, molar ratio is more than 10.
The bi- and trifunctional cetalyst combinations referred to above contain, in addition to metal 5Q
components with cataiytic activity, a erystalline metat sllicate characterized by the properties stated in
a) to cl. Preference is given to & silicate containing only one of said metals and in particular to silicates
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containing as metal alurminium, iron or gallium. The complate X-ray powder diffraction pattern of a
typicel example of a silicate az dascribad above is shown in tabla [3,

Tabie B

dlA) Relative intensity did) Relative intensity
11,1 100 4,00 3
10,0 70 3,84 57
] 8,93 1 3,72 31
7.99 1 3.64 10
7,42 1 344 5
6.68 7 3,34 3
8.35 11 3,30 5
5,97 18 3,25 2
5,70 7 3,05 5
5,56 10 2,98 12
5,35 2 2,96 3
4,98 6 2.86 2
4,60 4 2,73 P
4,35 5 2,60 2
4,25 7 2,48 3
407 2 2,40 2

Although the trifunctional catalyst combinations ara daseribed In the present patent application as
5 catalyst combinations gontaining one or more metal components with catalytic activity for the 5
canversion of an H,/CO mixture into acyclic hydrocarbons and/or acyclic oxygen-containing
hydrocarbons and one or mare metal components with CO-shift activity, this by no means implies that
separate metal components each individually possessing one of the twao catalytic functions must be
present in the trifunctional catalyst combinations. It has in fact been found that metal components and
10 combinatlons of metal companents baving catalytic activity for the conversion of an H,/CO mixture inte 10
substantially acyclic axygen-containing hydrocarbons usually also have sufficient CO-shift activity, so
that in this case it will usually suffice to introduce one metal companent or ane combination of metal
components into the trifunctionai catalyst combinations, Metal components and combinations of metal
cemponents having catalytic activity for the converslon of an H,/CO mixture into substantially acyclic
15 hydrocarbons usually possess no or insufficient CO-shift activity. Conseguently, when such metal 1B
componsgnts or metal component combinations are used in the trifunctional catalyst combinations one
"ot more separate metal components with CO-shift activity must mostly be introduced into the catalyst
combination.
The orystalline silicate-containing bi- and trifuncticnal catalyst combinations referred to above
20" preferably consist of two or thres separate catalysts that are indicated for the sake of convenience as 20
catalysts X. Y and Z. Catalyst X is the catalyst containing the metal componsnts with catalytic activity
for the conversion of an H,/CO mixture into acyelic hydrocarbons and/or acyclic oxygen-containing
hydrocarbons. Catalyst Y is the crystalline silicate. Catalyst Z is the catalyst containing the metal
components with CO-shift activity. As explainad in the foregolng, in the case of the trifunctional catalyst
25 combinations the use of a catalyst Z can be dispensed with in 8 number of casas. 75
If as catalyst X use is made of a catalyst which is capable of converting an H,/CO mixture into
substantially acyclic oxygen-containing hydracarbons, preference is given to a catalyst capable of
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converting the H,/CO mixture Into substantially methanol and/or dimethyl ether. Vary suitable catalysts
for this purpose are ZnQ-—Cr, 0, compaositians, in particular such compositions In which the atomic
percentage of zinc based on the sum of zinc and chromlum is at (east 60% and preferably 60—80%. If
the catalyst X used is @ ZnQ—Cr,0, compositian, the use of a catalyst Z can be dispensed with in the
trifunctional catalyst combinations. 5
The following iron catalysts are also very suitable as catalysts X:
a) catalysts contalning 30—75 parts by weight of iron and 5—40 parts by welght of magnesium
per 100 parts by weight of alumina and prepared by impregnating an alumina carrlar with ane or more .
aqueous solutions of salts or iron and of magnesium followed by drying the composition, caleiningitata
ternperature of 700—1200°C and reclucing it. Particularly preferred ara catalysts of this type that 0
contain in addition te 4080 parts by weight of iron and 7.5—30 parts by weight of magnesium,
0.5-—b parts by weight of copper as reduction promoter and 1—35 parts by weight of potassium as
selectivity promoter per 100 paris by weight of alumina and which are caleined at 750—850°C and
reduced at 250—350°C.
b} Catalysts containing 10—-40 parts by weight of iron and 0.26—10 parts by weight of 15
chromium per 100 parts by waight of silica and prepared by impregnating a sitica carrier with one or
more aqueous solutions of salts of iran and of chromium followed by drying and calgining tha
composition and raducing it at a temperature of 360—750°C. Particular preference is given to
catalysts of this type that contaln in addition to 20—386 parts by weight of iron and 0.5—6 parts by
weight of chramium, 1-—5 parts by welght of potassium as selectivity promater and which are calcined 20
at 350—700°C and reducad at 350—500°C. _
When the iron catalysts mentioned undar a) and b) are used as catalyst X, the use of catalyst Z
can be dispensed with in the trifunctional catalyst combinations.
In the erystalline silicate-containing bi- and trifunctional catalyst combinations the catalysts X, Y
and possibly Z are preferably present as a physical mixture. When a fixed catalyst bed is used, the bad 25
can alsc be built up of alternating layers of particles of catalysts X, Y and possibly Z. .
}f in the process accerding to the invention the fasd used for the first stage is a carbon munoxide-
and hydrogen-centaining fraction separated from the reactian product that can be obtained by

contacting an H,/CO mixture (1) with the above-mentioned crystaliine sliicate-containing bi- or :

trifunctional catalyst combinations, for said purpose a fraction is prefarably chasen such as is separated 30
from a raaction produst prepared under the following conditions: a temperatura of 200—800°C, in

particular 260—450°C, a pressure of 1~—160 bar, in particular 5—100 bar, and a spaca velacity of

50—5000, in particular 300—3000 NI of gas/l of ¢atalyst/h.

Another very suitable fead for the first stage of the process aceording to the invention is a carbon o

monoxide- and hydrogen-containing fraction that can be separated from a reaction product that is a5
obtained if an H,/CO mixture with an H,/CO molar ratlo of less than 1.0 is contacted with an iron-
containing bifunctional catalyst or catalyst combinatlon possessing CO-shift activity in addition to
activity for the conversion of an H,/CO mixture into substantially hydrocarbons. For this purpose use is
preferably made of a bifunctional catalyst prepared by impregnation and containing iron on a cartier.
Examples of such catalysts are the iron catalysts described In the foregoing under a) and b). 1€ in the 40
process according to the invention the feed for the first stage is a carbon monoxide- and hydrogen-
contgining fraction separated from the reaction product that can be obtained by cantacting an H,/CO
mixture (2} with the above-mantioned iron-containing bifunctional catalyst or catalyst combination, for
said purpose a fraction is preferably chosen such as is separated from a reaction product prepared undar
the following conditions: & temperature of 200—350°C and in particular of 250—350°C, a pressure of 45
10--70 bar and in particular of 20—50 bar and a space velocity of 500—5000 and in particular of
500—2500 Ni of gas/t of catalyst/h.
' If in the process according to the invention the feed used for the fisst stage is an H,- and CO-
containing fraction separated from the reaction product obtained either by contacting an H,/CO mixture
(1) with the abova-mantioned crystalline silicate-containing bi- or trifunctianal catalyst combinations, or B0
by contacting an H,/CO mixture (2) with the above iron-containing bifunctional catalyst or catalyst
combinations, said fraction can contain, in addition to carbon monoxide and hydrogan, also other -
components of the reaction product. It is possible, for example, to use as feed for thae first stage of the
process according to the invention the C,~ fraction or C,~ fraction of the reaction product or even the
complete reaction product. The above-mantloned H,/CO mixtures (1) and {2} are preferably obtained by .55
steam gasification of coal at @ temperature of $00—1500°C and a pressure of 10—100 bar.

The flrst step of the process according to the Invantion is preferably carried out at 8 temperature of
125—350°C, In particular 175—275°C, and & pressurs of 1—150 bar, in particular 5—100 bar. *

In the process according to the invention at least that part of the reection product of the first stage
the initial balling point of which is higher than tha final bailing point of the heaviest middle distillate 60
required &s final preduct must bo subjected to a catalytic hydratreatment in a second stage. The
catalytic hydrotreatment is carried out by contacting the relevant fraction of the reaction product of the
first stage with a catalyst containing ane or more metals with hydrogenation activity on a carrier, at
elavated temperature and pressure and in the presencge of hydrogen. Examples of suitable catalysts are
sulphidic catalysts containing nickel and/or cobalt and moreaver melybdenum and/er tungsten on a 65
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carrier such as alumina or silica-alumina. In the cataiytic hydrotreatment use is preferably made of a
catalyst containing one or more noble metals of Group VIl on a carrier, The quantity of noble metal
present on the carrier may vary within wide limits, but is usually 0.05~—5% by weight. The noble metals
of Group VIHl, which may be supported on the carrier, are platinum, pafladium, rhodium, ruthanium,
iridium and osmium, of which platinum is preferred. If desired, two or more of said metais may be
present in the catalysts. The quantity of noble metal of Group VIl present in the catalyst is preferably
0.1—2% by weight and in particular {.2—1% by weight. Examples of suitable carriers for the noble
metal catalysts are amorphous oxides of the slemeants of Groups I, Il and IV, such as silica, alumina,
magnasta, zirconla as well as mixtures of said oxides such as silica-alumina, silica-magnesia and silica-
zirconia and zaolitic matertals such as mordenite and faujasite. As carriers Tor the noble metal catalysts
alumina and silica-alumina are preferred. A very suitable noble metal catalyst for the present purpose is
a catalyst containing one or more noble metals of Group VI on a carrier, which carrier comprises
13—15% by weight of alumina, tha remainder being silica. Suitable conditions for carrying cut the
catalytic hydrotreatment are a temperatura of 175—400°C, a hydragen partial pressure of 10-—250
bars, a space velocity of 0.1—5 kg. [7".h™" and a hydrogen/oil ratio of 100—5000 NlL.kg™\. The
catalytic hydrotreatment is preferably carried out undar tha following conditions: a temperature of
2B0—350°C, a hydrogen partial pressure of 25—150 bars, a space velocity of 0.25—2 kg.l"".h™" and
a hydrogen/oil ratio of 250~-2500 NLkg™*. By making a correct choice of the catalyst and tha treating
gonditions in the second stage it is possible in the process according to the invention to prapare, in
addition to middie distillate, high-viscosity index lubricating oil from a heavy fraction of tha product of
tha first stage.

The inventlon will now be illustrated with reference 1o the following Example.

EXAMPLE
In the investigation use was made of the followlng catalysts:

Catalyst 1
Co/Zr/8i0, catalyst containing 25 parts by weight of cobatt and 1.8 parts by weight of zicconium

per 100 parts by weight of silica, which was prapared by impregnrating a silica carrier with an aquecus
solution containing a cobalt and a zirconium salt, followed by drying the composition, calcining at
500°C and reducing at 280°C.

Catalyst 2
P¥/8i0,—Al, 0, catalyst, containing 0.82 parts by weight of platinum per 100 parts by weight of

carrier, which carrier consisted of 14.6% by waight of slumina and 85.4% by weight of silica.

Catalyst 3 .
Cu/Zn/Al,0, catalyst having a Cu/Zn atomic ratio of 0.58.

Catalyst 4
Zn0—LCr,0; catalyst in which the atemic percentage of zinc, based on the sum of zinc and

chromium, was 70%.

Catalyst 5
A crystalline silicate A was prepared by heating a mixture of Si0,, NaOH, {C,H,}, NOH and

Fa{NQ,); in water with the molar composition
1 Na,0. 1,6[(C;H,),N],0. 0,125 Fe,0,. 25 S5i0,. 468 H,0

at 150°C for 6 hours in an autoctave under avtegenous pressure. After the reaction mixture had been
cooled, the silicate A formed was filtered off, washed with water until the pH of the washing water was
ahbout 8, dried at 120°C and calcined at 500°C. Silicate A had tha following properties:

a) thermally stable to a temperature above 800°C,

b} an X-ray powder diffraction pattern mainly as stated in table B,

¢} an S10,/Fe,0, molar ratio of 200.

Catalyst B was prepared from silicate A by bolling silicate A with 1.0 molar NH,NO, solution,

. washing with water, reboiling with 1.0 molar NH,MO, solution, washing, drying and calcining.

g0

65

Catalyst 6

Fe/Mg/Cu/K/AlLO, catalyst containing 50 parts by weight of iron, 20 pars by welght of
magnesium, 2.5 parts by welght of copper and 4 parts by weight of potassium per 100 parts by waight
of alurina, which catalyst had been preparad by impregnating an alumina carrier with an aqueous
solution containing en iron, magnaslum, copper and patassium salt, followed by drying the
compesition, calcining at 800°C and reducing at 325°C.
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Catalyst mixture |
" Catalyst mixture | consisted of a layer of catalyst 3 and a layer of catalyst 1 in a volume ratic
of 1:2.

Catalyst mixtura Il

Catalyst mixture || consisted of a physical mixture of catalyst 4 and catalyst & in a volume
ratio 2:1.

The catalysts 1, 2, 3 and B and the catalyst mixtures | and U wera tested in the preparation of
middte distillates from H,~ and CO-containing mixtures.

Expertment 1

An H,/CQO mixture with an H,/CO molar ratio of 1.8 was passed through a 250-ml reactor
containing a fixed catalystbed cansisting of 45 ml of catalyst 1, at a temperature of 220°C, s pressure
of 30 bar and a space velocity of 500 NLI™.h™". The convarsion of the H,/CO mixture was 93% by
volume. The redction product prepared over catalyst 1 is indicated as product TA.

Experiment 2

An H,/CO mixture with an H,/CO molar ratlo of 0.5 was passed through a 50-ml reactor containing
a fixed catalyst bed consisting of 10 ml of catalyst 3, with tha addItlon of 268 ml of water/| of catalyst/h
at a temperature of 220°C, a pressure of 30 bar and a space velocity of 1000 NLI™'.b—*, The reaction
product prepared over catalyst 3, the H,/CO molar ratio of which was 2.0, was passed through a 50-ml
reactor containing a fixed catalyst bed consisting of 27 m! of catalyst 1, at a temperature of 220°C, a
pressurc of 30 bar and a space velocity of 500 NLITLA™, The conversicn of the H,/CO mixturs was 93%
by volume.

Tha raaction product prepared over catalyst 1 is indicated as product ZA.

Experiment 3

An H,/CO mixture with an Hy/CO molar ratio of 0.5 was passed through a 50-ml reactor containing
a fixed catalyst bed consisting of 15 ml of catalyst mixture |, with the addition of 268 m! of water/| of
catalyst/b at a temperature of 220°C, a pressure of 30 bar and a space valocity of 500 NL.I7'.h~". The
conversion of the H,/CO mixture was 90% by voluma. The reaction product prepared over catalyst
mixture | is indicated as product 3A.

Experiment 4

An H,/CO mixture with an H,/CO molar ratio of 1.3 was passed through a 50-mi raactar containing
a fixad catalyst bed consisting 0f3 75 mal of catalyst mixture I, at a temperature of 375°C and a
prasstre of 60 bar. The reaction product prepared over catalyst mixture {i, the H,/CO molar ratio of
which was 2.0, was passed through a 50-ml reactor containing a fixed catalyst bed consisting of 11.25
ml of the catalyst 1, at a temperature of 220°C and a pressure of 60 bar. In this experimant the space
velocity based on the total cetalyst system [catalyst mixture |l + catalyst 1} was BOO NI VLK. The
reaction product prepared over catalyst 1 is indicated as product 4A.

Expetlment b

An H,/CO mixtura with an HZ/CO molar ratio of 0.5 was passed through a 50-m! reactor containing
a fixed catalyst bed consisting of 5 ml of catalyst 6, at a temperature of 280°C and a pressure of 30 bar.
The reaction product praparad over catalyst 6, the H,/CO molar ratio of which was 0.41, was passed
through a 50-mi reactor containing a fixed catalyst bed consisting of 5 m! of catalyst mixture |, with the
addition of 241 m! of water/l of catalyst/h at a temperature of 230°C and 2 pressure of 30 bar. In this
experiment the space velucity based on the total catalyst systern (catalyst & + catalyst mixture ) was
1000 NII7.h~*, The reaction product prepared over catalyst mixturs 1 is indicated as product BA.

The composition of products 1A—5A was determinad by saparating samples of these products by
distillation into a 150°C" fraction, a 150-—250°C fraction, 8 250—2360°C fraction, a 360—400°C
fraction and a 400°C* fraction and separating the latter fraction by cooling to --207C in the preseace of
g mixtura of methyl ethyl ketone and toluene into a 400°C* il fraction and a 400°C* paraffin fraction.
The composition of tha products 1 A—GA is stated in 1able C, Of each of the products 1A—5A the Cg*
fraction was passad threugh a 50-m! reactor containing a fixed catalyst bed consisting of 8 mi of
catalyst 2, at a temperature of 346°C, a hydrogen partial pressure of 130 bar, a space velocity of 1.25
LI7.h"" and a hydragen/oil ratio of 2000 NI/I. Tha reaction praducts prepared over catalyst 2 are
indicated as praducts 18—5B, respectively. The composition of the products 1B—58, which was
determined in the same mannar as that of products 1A—BA, is stated in table C,
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Table C

Product composition, % by wt

Product No. 1A 1B 2A 2B 3A 38 46 4B BA

58

fraction 150°C~ 4,2 6.9 4.3 7.0 6.3 8,0 18,3 22,3 10
fractien  1B0—250°C 8,7 223 186 220 206 242 231 2886 223

fraction  250—360°C 248 447 260 446 270 466 186 320 231

fraction  360—400°C 104 11,0 103 109 9.2 89 7.8 1.5 9.3
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oil fraction  400°C* 31 108 31 108 29 9.0 2.3 6,2 28

paraffin 400°Ct 38,7 4,5 387 4.5 34,0 2.3 28,9 34 324
fraction '

13.2
27.8
39,3
82
6.8

4,7

Some properties of three fraclions of product 1B are stated below:

Fraction 150—250°C smoke point >5C mm
cioud point —356°C
pour point —32°C

Fraction 260—360°C claoud point —4°C
pour point —1°C
digsal indax 102

Olt fraction 400°C* Ve 31.3cS
0o

Viyp 62,205
vl 152,7

CLAIMS .
1. A procass for the preparation of middle distillates from a mixture of carbon monoxide and

hydrogen, characterized in that an H,- and CO-containing feed is contacted in a first stage at etevated
temperature and pressure with a catalyst containing 10—40 parts by weight of cobalt and 0.25—5
parts by weight of zirconium, titanium or chromium per 100 parts by weight of silica and prepared by
impregnating a silica carrier with one or mare aguenus solutions of salts of cobalt and zirconium,
titanium or chromium, foliowad by drying the composition, calgining at 350—700°C and reducing at
200-—350°C, with the proviso that if the feed has an H,/CO molar ratio of less than 1.5, water is added
to said faed and that tha Co-impregnation catalyst Is used in combination with a CO-shft catalyst, and
that of the reactlon product of thae first stage at least that part the initial boiling point of which is higher
than the fina! boiling point of the heaviest middie distillate required as final product is subjectad in 8
sacond stage to 2 catalytic hydrotreatment.

2. A process as claimed in claim 1, characterized in that water is addad to the H,- and CO-
containing mixture that is available as feed for the first stage, that the water-containing mixture is
contacted with a CO-shift catalyst and that the mixture prepared over the CO-shift catalyst is converted
over the Co-impregnation catalyst without CO, being removed.

3. A process as claimed in ¢lalm 1 or 2, characterized in that an H,- and CQ-containing mixture, to

. which water has been added, is contactad in the first stage either with a catalyst bed built up of several
alternating layers of consecutively CQ-shift catalyst and a Co-impregnation catalyst, or a physical
mixture of a CO-shift catatyst and a Co-impregnation catalyst.

4, A process as claimed in any one of claims 1—3, characterized in that as feed for the first stage

" an H,- und CO-containing fraction is used which is separated fram a reaction product cbtzined by

contactirg an H,/CD mixture (1) with an Hy/CO molar ratic of less than 2.0 with a bifunctiona! catalyst
combination containing one or more metal components with catalytic activity for the convarsion of an
H,/CQ mixture into acyclic hydrocarbons and/or acyclic oxygen-containing hydrocarbons and a
crystalling silicate, which silicate possesses the following properties after one hour’s calcination in air at
500°C:

a) thermally stable to a temperature above 600°C, ;

b) an X-ray powder diffraction pattern containing the four lines stated in table A as strongest lines
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Table A

Relative
d(A) intensities

11,1402 Vs
100 +0,2 VS
3.84 +0.07 | 8
372 £ 0,06 S

where the letters used hava tha following meanings:
- V'S =very strong; 8 = strong

@) in the formula representing the composition of the sliicate expressed in moles of oxides and
containing in addition to oxides of hydrogen, alkali metal and/or alkaline egrth metal and silicon, ong or
more oxides of a trivalent metal A chosen from the group consisting of aluminium, iron, galliom,
rhedlum, chromium and scandium, the Si0,/A,0, molar ratic is more than 10, with the proviso that i
tha H,/CO mixture (1} has an H,CO molar ratlo of less than 1.5, a trifunctional catalyst combination is
used containing vne or mare metal components with catalytic activity for the conversion of an H,/CO
mixture inte acyclic hydrocarbans and/or acyclic oxygen-containing hydracarbons, ane or more metal
components with CO-shift activity and the crystalline silicate. _

5. A process as claimed In claim 4, characterized in that the H,/CO mixture (1) Is converted under
the following conditions over the crystalline silicate-coritaining bi- or trifunctional catalyst
combinations: a temparatura of 200—500°C, a pressure of 1-—150 bar and a space valocity of
50—B000 N! of gas/| of catalyst/h.

8. A process as claimed in anty one of claims 1-—3, characterized in that as feed for the first stge
an H,- and CO-containing fraction is used which is separated from a reaction product obtained by
contacting an H,/CO mixture {2) having an H,/CO molar ratio of lass than 1.0 with an iron-containing
bifunctional catalyst or catalyst combinatlon passessing CO-shift activity in addition to activity for the
conversion of an H,/CO mixture into substantfally hydrocarbons.

7. A process as claimed in claim 6, characterized in that use is made of 2 bifunctional catalyst
prepared by impregnation and contalning Iron supported or a carrier.

8. A process as claimed in any ons of ctaims 1—7, characterized in that the second stage is
carried out by contacting tha feed with a catalyst containing one or more metals with hydrogenation
activity supported an a carrier at alevated temperature and pressure in the presence of hydrogan.

9. A process as claimad in claim 8, characterized in that in the second stage a catalyst is used
containing one or more noble metals of Group VUl supported on a carrier.

10. A process as claimed in claim 9, characterized in that in the second stage a catalyst is used
containing 0.1—2% by weight of one or more noble metals of Group VIl supported on a carrier
comprising 13-—15% by weight of elumina, the remainder consisting of silica.
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