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SPECIFICATION
Process for the preparation of hydrocarbons

The invention relatas o a process forthe prepara-
tion of hydrocarhons by catalytic raaction of carbon
monoxidewith hydrogan.

The preparation of kydrocarbons from an H/CO
mixture by contacting this mixtura at elevated temper-
ature and pressura with a catalystis knowninthe
litarature as the Fischer-Tropsch hydrocarbon synth-
esis process. Catalysts frequentty used forthe pur-
pose contain one or more metals of the iron group
together with one or more promoters and a carrier
material. Suitable techniques for the praparation of
these catalysts are such known tachniques as pra-
cipitatian, impregnation, kneading and meiting. The
products that can be prepared by using thess catalysts
usually have a very wide range of molecular weight
distribution and, in addition to branched and unbran-
ched paraffing, oftan cantain considaerahle amounts of
olafins and oxygen-containing organic compounds.
Usuaslly onty a minor portion ot the products obtained
is made up of middle distillates. Of these middie
distillates not only the yield but also the pour pointis
unsatisfactory. Therefore the diract conversion of
Hz/CO mixtures according to Fischer-Tropsch isnot s
very atlractive route for the production of middle
distillates on a technical scele.

Inthis patent application by “middle distillates’ are
meant hydrocarbon mixtures whose boiling range
corresponds substantially with that ofthe kerosine
and gas i} fractions obtained in the conventional
atmospheric distiltation of crude mineral oil. The
middle distiliate range lies substantially between
about 150 and 360°C,

Recently a class of Fischer-Tropsch catalysts was
found which have the property of yielding a productin
which only very minor amounts of olefins and
axygen-containing organic compounds occur and
which cansists virtually completaly of unbranched
paratfins, a considarable portion ofwhich paraffin
boils above the middia distillata ranga. it has been
found that the high-bolling part of this product can be
converted in high yietd into middle distillates by
means of hydracracking. As feedstack forthe hydroc-
racking at least at part afthe productis chosen whose
initial boiling point lies abova tha final boiling point of
the heaviest middle distillate dasired as end product.
The hydracracking, which typically procesds at a vary
low hydrogen consumption, vields middle distillates
with a considerably better pour pointthan those
obtained in the direct conversion of an Hx/CO mixture
according to Fischer-Tropsch,

The Fischer-Tropseh catalyst belonging to the
above-mentioned class contain silica, alumina or
siffca-alurmina as earrier matarial and, In specific
quantities, cobali togetherwith zirconium, titanium,
chramiurn and/or ruthenium as catalytically active
metals. The catalysts are prepared by depuositing the
metals involved on the carrier material by kneading
and/orimpregnation. Forfurther information on the
praparation of these catalysis by kneading and/or
impregnation reference may ba mada to Natherland
palent application No, 8301922,
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Further investigation into the use ofthe above-
mentioned ¢cobalt catalysts in the form of a fixed bed
has now shown that the C3* selectively of these
catalysts is improved whan during the process a liquid
which boils above 100°C and cansists substantially of
one or more hydrocarbons is passed thraugh the
catalystbed in a downward direction tagether with the
feed gas, in particularwhen applying atthe inlet of the
catalyst bad a certain detarmined minimum superfi-
cial liquid flow velacity (V) which should be higher
according as the external surface area {Sg) ofthe
catalyst bedis smaller. The relation betwaan V. {in
cm/s) and Sg {incm®ml) is renderad by V, ¥ S > 1{in
sec™),

Theinvantion therefora relatad to a process far the
preparation of hydrocarbons by catalytic reaction of
carbon monoxide and hydraogan, in which a mixture of
carbon monoxida and hydrogan is contacted at
elevated tamperature and prassura with a catalyst
comprising 3-60 parts by weight of cobalt and 0.1-100
parts by weight of at feast ane ather metal chosen
from zirconium, titanium, chromium and ruthenium
per 100 parts by weight of silica, alumina ar silica-
alumina, which catalyst has been prepared by knead-
ing andfor impregnation, inwhich the catalyst is
presentinthe form of afixed bed having an extarnal
surface area Sg, and inwhich during the process a
liquid which buila above 100°C and consists substan-
tially of one or more hydrocarbons is passed through
the catalyst bed in a downward direction together with
the feed gas, at such a superficial liquid flow rata V, at
theinlet of the catalyst bed that V, x Sg > 1.

Itis highly surprising thatthe favourable influence
which is exercised an the cataiyst selectivity by
passing the liquid through the catalysts bed is not
observed with iron catalysts prepared by impregna-
tion andfor kneading, which catalysts are closely
relateto the present cobalt catalysts. On the contrary,
comparative experiments with iron ¢atalysts have
shownthatthe C; " selectively ofthese cataiysts
decreases when said liquidis passed through the
catalyst bed.

Passing the Hquid through the catalyst bed hasthe
additional advantage of facilitating temperature con-
tral during the highly exothermal hydrocarbon synth-
asis,

The external surface area (Sg) of the catalyst bed can
bafound by taking a reprassntative sampla of a given
votums expressad in ml and detarmining the external
surface area sxpressad in cm? of sach of tha catatyst
particles presant therein, adding up the found external
surface areas, and dividing the sum by the volume of
the sample. Forall prectical purposes 8 maximum
valueforV, x Sgof 200is applicable.

Forthe liquid which is passed through the catalyst
bed during the process according to the invention use
may very suitably be made of a portion of 3 heavy
fraction which has been separated by distillation from
the product obtainad in the hydrocarbon synthests,
and/orwhich has been separated from the product
obtained in the hydrocracking ifthe hydrocarbon
synthesisis followed by a hydrocracking treatment for
the preparation of middle distillates. Said fraction
which is partly used ta he passed through the catalyst
bed, may be either a distillete or & residual fraction. For
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instance, starting from the product obtainedinthe
hydrocarbon synthesis orinthe hydrocracking treat-
ment, said product may be divided by distiliation into
adistillation frection and a residuai fraction boiling
above 100°C, upon which a portion of the residual
fraction Is passed over the catalyst bed. Or, starting
from the praduct obtained in the hyd rocarbon synth-
esis or in the hydrocracking treatment, said product
may be divided by distillationinto a light distillation
fraction, 2 middle distiflation fraction boiling above
100°C and a residual fraction, upon which a portion of
the middle distillation fraction is passed ovarthe
catalyst bed. Preferenceis giventothe use ofa portion
of a heavy fraction which has been separated by
distitlation from tha product obtained in the hydrocar-
bon sunthesis and in particular a pertfon of a residual
fraction which has been separated fram this product.
inthe process according to the Tavention itis
preferred to usa a catalyst bed of such an external
surface area (Sg) betweenband 70em?®/ml and such an
internal surface ares (S;) between 10 and 400m%/mi as
to satisfy tha relation 10° > Sg% x 5;> 2.5 X 1¢°. The
hydrocarbon synthesis using a catalyst bed which
meets this raguirement forms tha subject matter of
Netherlands patent application No. 8402149.

Inthe process according to the invention use is
prafarably made ofthe cobalt catalysts which form
the subject matter of Netherlands patent application
No. 8301922, Thase are catalysts which satisfy the
relation
{3+ 4R) >4 > (0.3 + 0.4R), whare
L= thetotal quantity of cobaltpresenion thacatalyst,
expressed inmg of Co/ml,

5, = the internal surface area of the catalyst,
expressedin m%ml, and

R = the weight ratio betwean the quantity of cobalt
appliedto the catalyst by kneading and the total
guantity of cobaltpresenton the catalyst.

Inthe process according o the invention itis further
preferred to use cobalt catalysts which have been
prepared by any ana af thefollowing three proce-
dures:

a} cobaltisfirstapplied by impregnation in one or
more steps and subsequently the athermstal iz
likewise applled by impregnation inone ormare
steps,

b) the other metalisfirstapplied by impragnation
in ane or mora steps and subsequently cobaltis
likewise applled by impregnation in one armore
steps, and

¢} cobaltisfirstappiled by kneading in one or more
steps and subsequently the other metal is appiied by
impregnation in one or mora steps.

Inthe process according to the invention itis further
preferredto use cobalt catalysts comprising 10-50
parts by weight of cobait per 100 parts by weightof
carrier. The quantity of the other metal{s} preferably
present inthe cabalt catalyst depends on tha manner
in which the said metal{s} hasthave beenapplied.n
the case of catalysts wherefirstthe co balt and then the
other metal is applisd tothe carriar, preference is
givanta catalysts comprising 0.1-5 parts by weight of
the other metal par 100 paris by weight of carrier.1n
the ease of catalyst whera first the other metal and
then the cobaltis applied to the cartier, preferenceis
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givento catalysts comprising 5-40 parts by weight of
the other metal per 100 parts by weight of carrier. For
the othar metal it is preferred to use zirconium and for
the carrier itis preferred to use silica.

Preparatory to becoming eligible for use in the
preparation of ydrocarbons from an H,/CO mixture,
the cobalt catalysts should ba activated. This activa-
tioh may suitably be carried outby gontacting the
catalysts at a ternperature between 200 and 350°C witlh
hydrogan or & hydrogen-containing gas.

The conversion of the H/CO mixture into hydrocar-
bons according to the invantion is preferabty carried
out at atamperature of 125-350°C and in particular of
175-275°C and & pressure of 0.5-10 MPa and in
particular of 1-7.6 MPa.

The process according to the inventionis suitably
carried out in one ofthe reactors describad
hareinafter.

1. Areactorconsisting of a preseure vessel in
which are present vertical tubes containing the
catalyst, In order towithdraw the raaction heata
caolant is passed along the exterior ofthe tubinga.

2 Areactor substantially as that described
hereinabove, hut withthe cataiystonthe putside of
the tubings and the coolant passing th rough the
tubes. Thatubes may be placed parallei to the Tlow
direction oftha synthesis gas as well as perpendicular
tothe flow diraction, in the form of straight pipes or
cooling spirals.

3. Areactorconsisting of a pressure vessel con-
taining the catalystin a plurality of horizontal layers.
After eachtransition of a catalyst layer the tempara-
ture of the reaction mixture, which has risen owing to
the reaction heat, is cooled down, and subsequently
the reaction mixture is passed through tha following
catalystiayer. Cooling can be achieved by means of
heatexchangers or by admixture of cold synthesisgas
and/or cold liquid.

H,/CO mixfures which are guitable for conversion
according tothe invention into hydrocarbons canbe
very sultably obtained starting from light hydrocar-
bons such as methane by means of steam reforming
ar partial oxidation. Specizl preferenca isgiventothe
use of natural gas asfeedstock forthe preparation of
the Ho/CO mixture.

Tha H./CO mixturawhich is converted according to
tha invention into hydrocarbons prafarably has an
H+/CO molar ratio higherthan 1.5 andin particularan
Ho/CO molar ratia between 1.75and 2.25,

As has already haen observed hareinbefore, when
used for the canversion of an Hy/CO mixture the
present cobalt catalysts yieid a substantially paraddi-
nic product whoea nigh-beiling partcan be convertad
in high yield into middie distiltates by the use ofa
hydrocracking treatment. The feedstockchosen for
the hydrocracking treatmentis at leastihe partofthe
productwhaose initiat boiling point lies above the final
baoiling point of the heaviest middle distillate desired
as end product.

Although inthe preparation of middie distillates
frorm the product obtained over the cobalt cata lysttha
partofthe product whose initial boiling pointlies
above tha final boiling point of the haaviest middla
distillate desired as end product will do as feedforthe
hydrocracking treatment. the tatal Cs* fraction of the



GB 2169919 A 3

product prepared over the cobalt catalyst may also be
used forthe purpose, if desired.

The hydrocracking treatmentis carsied cut by
gantacting the fracticn to be treated at elevated

& temperature and pressure and in the presence of

10

hydrogen, with a catalyst containing one or more
noble metals from Group Vill supperted on a cerrier.
The hydrocrecking catalystused preferably is a
catalyst comprising 0.2-1%w of platinum or palla-
dium an silica-alumina as carrier. The hydrocracking
treatment is preferably carried out at atemperature of
280-350°C and a pressure of 1-7.6 MPa.

The invantion is now illustrated with the aid ofthe
foitowing example.
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Thrae catalysts (catalysts -3} were preparad by
single or two-step impregnation of three spharical
stlica carriars {gilicas A-C) with aqueous solutions of
metal scompounds. Silica Abad a specific surface area
of 260 m%/g and an internal surface area of 117 m%/mi,
for silica B these values were 235 m%/g and 93 m¥ml
and for silica C 250 m%g and 112 m¥ml. At each
impregnation step a quantity of solution was used of
which the volume corresponded substantially with
the pore volume of the carrier cancarned. Aftereach
impregnation step the material was dried at 120°C
and calcined at 500°C. After the final calcination step
the compositions were activated in hydrogen:
catalysts 1 and 2 at 260°C and catalyst 3 at 280°C. More
details regarding catalysts 1-3 and thair preparation
follow here.

Catalyst 1

Single-step impregnation of silica Awith a solution
of cobalt nitrate in water, fallowad by single-step
impregnation ofthe cobalt-loaded carrier with a
solution of zirconium nitrate in water. Catalyst 1
comprised 26 parts by waight of cobalft and 0.9 parts
by weight of zirconium per 100 parts by weight of
gilica and had an 5g of 24 cm*/ml.

Catalyst2

This catalyst was prepared starting from silicaBin
the same mannar as catatyst 1. Catalyst 2 comprised
25 parts by weight of cobalt and 0.9 parts by weight of
zirconium per 100 parts by waight of silica and had an
Spofddem?ml.
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Catalyst3

Single-step impragnation af silica C withan
aqueous solution comprising iron nitrate, copper
nitrate and potassium nitrate. Catalyst 3 comprised
25 parts by weight of iron, 1.26 parts by weight of
copperand 1 part by weight of potassium per 100
parts by weight of silica and had an S of 27 cm?/ml.

Catalysts 1-3were applied in nine experiments in
the preparation of hydracarbons from a mixture of
carbon manoxide and hydrogen. Tethisend the
Hg/CO mixture was passad in downward direction
through a vertically arranged raactor containing a
fixed catalyst bed. In some of the experiments the
reaction product was separated by means of distilla-
tion into a distillation fraction and a residusgl fraction
having an initial boiling point of 150°C, and part of the
residual fraction was reclrculatad over the catalyst
bed. The conditions under which the experiments
were garried out and their results are given in Tables
and 1.

Of the experirments namad in the tables only
experiments 3, 6 and 7 ars experiments according to
the invention. Inthasa experiments such a liquid
recirculation was applied as to satisfy the require-
mentV, % Sg > 1, and a considerable increase in Cy '
selectively was obtained. Experiments 1, 2,4, 5, 8and
9 falioutsida tha scope of the invention. They have
heen includad inthe patent application for compari-
son. Inexperimants 1, 4and 8 no liguid was passed
overthe ¢atalyst bed. In experiments 2 and 5 liquid
recirculation was applied, but without meeting the
requirement Vg X Sg > 1. In these experiments only 2
minorincraasein Cy* selectively was attained. In
experlment 9, which was carried out using an iron
catalyst, a liquid recirculation was applied which did
maetthe requirement Vs % Sg > 1; nevertheless the
C3* selectivity was seen to fail.

TABLE X
Beperiasat No. 1-3 4= -9
Cacalyat Mo, 1 2 3
Ha/t0 molar ratie of the fmed 2 135 2
Temperarure, "¢ il 221 770
Preswure, bar Fi) @ n
Spaca welocity, Ni.171.h-1 850 B50 Ll

Experimenc Veu o0 oenvergiee, Ca* malmctivity, ¥, & Bp | Liguid apece
velecity,
Hu. cle X X 1/1.h
1 1] 15 TS 4] ]
2 0.0 15 75.5 0,72 0.27
0,133 15 g 1 124
4 L &7 Bl 1] /]
5 o.na% 1 Bl1.% 2 0,35
& Q.01 111 85 1.2 716
7 0.3 65 &t 12 1.6
B 4% 0 o ]
- .l 45 ::] .7 1.7
—_
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CLAIMS
1. Aprocessforthe preparation of hydrocarbons

by catalytic reaction of carbon monoxide with hyd-
rogen, charactsrized inthat a mixture of carbon
monoxide and hydrogenis contacted at elevated
temperature and pressure with acatalyst which
comprises 3-60 parts by weight of cobaltand 0.1-100
parts by weight of at least one other metal chosan
from Zirconium, titanium, chromium and ruthenium
per 100 parts by weight of silica, alumina or
silica-alumina and which has been preparad by
kneading and/or impregnation, thatthe catalystis
present inthe form of a fixed bed having an external
surface area Sg {in cm¥ml), and thatduring tha
process a liquid which boils above 100°C and consists
substantiaily of one or more hydrocarhons is passed
through tha catalyst bed in a downward direction
togetherwith thefeed gas, atsuch a superficial liquid
flow valacity V. {in cm/s) atthe inlet of the catalyst bed
asto satisfy the relation V, ¥ Sg>-1{ins").

2. Aprocessasclaimed inclaim 1, characterized
inthatfarthe liguid which is passad through the
catalyst bad during the process use is made of partof
aheavy fraction which has been saparated by
distillation from the product abtained in the hydrocar-
bon syntitasis, and/orwhich has baen separated from
the product obtained in the hydrocracking treatment
ifthe hydrocarban synthesis is followed by a hydrog-
racking treatment for the preparation of middle
_distillates.

3. Aprocessasclaimedinclaim2, characterizad
inthatfor the liquid which is passed through the
catalyst bed during the process useismade of partof
arasidual fraction which has been separated from the
product obtalned in the hydrocarbon synthesis.

4. Aprocessasclaimed inany oneofclaims 1-3,
characterized in that the catalyst bed has suchan
extarnal surface area {Sg) batwaen & and 70 cm*/m|
and such an internal surfaca area {5;} hetween 10 and
400 mZ/mi asto satisfythe relation 10°> 8¢° X §;> 2.5
x 10%

5. Apracessasclaimedinany oneofclaims i-4,
characterized in that the catalyst satisfies tha relation
{3+ 4R) >+ > {0.3 + 0.4 R}, wharsin
L= thatotasi' quantity of cobalt prasent on the catalyst,
expressed in mg of Co/ml,

5; — thainternal surface area of tha catalyst,
axprassad in m*/mi, and

R = the waight ratio between the quantity of cohalt
applied to the catalyst by kneading and the total
quantity of cobalt presentonthe catalyst.

6. Aprocessasclaimed nany one of claims 1-5,
characterized in that per 100 parts by weight of carrier
thea catalyst comprises 15-60 parts by weight of
cabalt, and either 0.1-6 parts by weight of the other
metal if during the preparation cobalt was applied
firstand the other metal next, or 5-40 parts by weight
ofthe other metal if during the preparation the othar
metal was applied first and cobalt next.

7. Aprocess asclaimadin any ane of claims 1-6,
characterized in that the catalyst comprises zirconium
asthe other mistal and silica as the carrier.

8. Aprocass asclaimedin any one ofclaims 1-7,
characterized in thalitis carried out at a temperature
of 125-350°C and a pressura of 0.5-10 MPa.

9. Aprocessasclaimed in claim 8, characterized
inthatitis carried out at a temperature of 175-275°C
and a prassure of 1-7.5MPa.

10. A processasclaimedin any oneofclaims 1-9,

70 characterized in that the Hy/CO mixture hasbean
obtained by steam reforming or partial axidation
starting fram light hydrocarbons such as natural gas,

1%. Aprocessasclaimed in any one of claims
1-10, characterized in that the H,/CO mixture hasan

75 HZ/CO muolar rativ higherthan 1.5.

12. Aprocessasciaimed inclaim 11, characta-
rized in that the Ho/CO mixture hasan Ha/CO molar
ratio between 1.75and 2.25.

13. Aprocess asclaimedinany aoneofclaims

80 1-12,characterized inthatin orderto prepared middle
distitflates from the product prepared ovarthe cobalt
catalyst, at least the part whose initial boiling point
lies above the final boiling point of the heaviest
middle distillate desired as and product is subjected

25 toa hydrocracking treatment by contacting it at
elevated temperature and prassure with a catalyst
comprising one or more noble metals from Group VIl
supported onacareier.

14. Aprocess asclaimed in elaim 13, characte-

a0 rizedinthatinthe hydrecracking treatment a catalyst
is used which comprises 0.2-1%wv of platinum of
palladium on silica-alumina as carrier.

15. Aprocessasclaimedinclaim13or 14,
characterized inthatthe hydrocrackingtreatment is

95 carried outatatemparature of 250-350°Cand a
pressure of 1-7.5 MPa.

16. Aprocessforthe preparation of hydrocarbons
according to claim 1, substantially as described
hereinbafora and in particularwith reference to the

100 example.

17. Hydrocarbonswhenever prepared according

to a process as describedin claim 16.
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