
REPLACEMENT SHEET Substitute sheet - 21 August 2000 2 2 FEB 2000 - 1 - A
PROCESS FOR THE PRODUCTION OF ISOPARAFFINS The invention relates to a
process for the production of isoparaffins having 4 to 7 carbon atoms per
molecule from synthesis gas. It is known in the art to prepare heavy
paraffins- containing hydrocarbon mixtures by means of the Fischer- Tropsch
Synthesis. Recently, it has been found advantageous to subject the
hydrocarbons so-roduced to an isomerization/hydrocracking treatment to
yield hydrocarbon components valuable as fuels. Thus, United Kingdom patent
No. 2,077,289 discloses a process comprising contacting a mixture of carbon
monoxide and hydrogen, also known as synthesis gas, with a catalyst active
in the Fischer Tropsch synthesis and thereafter cracking the  resulting
paraffinic hydrocarbons in the presence of hydrogen to yield middle
distillate fuels. A similar process scheme is disclosed in European patent
No. 0 147 873. A most interesting class of hydrocarbons, finding particular
use as components in gasoline blending, are isoparaffins having from 4 to 7
carbon atoms Surprisingly, a process has been found allowing isoparaffins
in this class to be prepared from synthesis gas in high yields.
Accordingly, the present invention provides a process for the preparation
of isoparaffins having from 4 to 7 carbon atoms per molecule from synthesis
gas, which process has been described in the claims.    Substitute sheet
-21 August 2000 - 2 - Fischer-Tropsch hydrocarbon synthesis catalysts
usually contain one or more metals of the iron group, preferably cobalt,
together with one or more promoters and a carrier material. 



In the process of the invention it is preferred to use in the first step
the cobalt catalysts which form the subject matter of European patent
application publication No. 0 127 220. These catalysts contain 3-60 pbw
cobalt and 0.1-100 pbw of at least one other metal chosen from the group
formed by zirconium, titanium, rhenium, ruthenium and chromium per 100 pbw
silica, alumina or silica-alumina and/or titania. These catalysts have
advantageously been prepared by kneading and/or impregnation. They
preferably satisfy the relation: L (3+4R) > - > (0.3+0.4R), S wherein L is
the total quantity of cobalt present on the catalyst, expressed as mg Co/ml
catalyst, S is the surface area of the catalyst, expressed as m[err]/ml
catalyst, and R is 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 in the
first step of the process of the invention is preferably carried out
according to one of the three    - 3- procedures mentioned hereinafter: 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 cobalt per 100 pbw 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, preference is given
to catalysts containing 0.1-5 pbw other metal per 100 pbw 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 of the other metal per 100 pbw carrier. Preference is
given to zirconium as the other metal and to silica as carrier material. In
order to be suitable for use the cobalt catalysts should first be reduced.
This reduction may suitably be carried out by contacting the catalyst at a
temperature between 200 and 350 [err]C with a hydrogen-containing gas. In
the process of the invention the hydrocarbon synthesis of the frist step is
preferably carried out at a temperature of 125-350 [err]C and in particular
of 175-275 [err]C. The first step of the process is preferably carried out
at a pressure of 5-100 bar and in particular of 10-75 bar. H[err]/CO
mixtures which are eligible to be used for the preparation of isoparaffins
according to the invention    can very suitably be obtained, starting from
a heavy carbonaceous material such as coal, or starting from light
hydrocarbons such as natural gas, by steam reforming or partial oxidation
or a combination of these processes. Since the H[err]/CO consumption ratio
of the preferred cobalt catalysts is about 2, in the process according to
the invention, in those cases where the highest possible CO conversion is
aimed at, it is preferred to use H[err]/CO mixtures having a H[err]/CO
molar ratio higher than 2. Very suitable for carrying out the first step of
the present process is a feed which can be obtained in the steam reforming
of natural gas, which yields H[err]/CO mixtures having a H[err]/CO molar
ratio of about 3, as is well-known. If the feed for the first step of the
process of the invention available is a H[err]/CO mixture 



having a H[err]/CO molar ratio of 2 or less, then the H2/CO molar ratio of
said feed can be increased preparatory to contacting the feed with the
cobalt catalysts. Such an increase of the H[err]/CO molar ratio may be
brought about by, inter alia, addition of hydrogen, removal of carbon
monoxide, mixing with a hydrogen-rich H2/CO mixture or by subjecting the
low-hydrogen feed to the CO-shift reaction. Optionally the CO-shift
reaction can be carried out in situ by addition in the first step of the
process of a physical mixture of a CO-shift catalyst and the cobalt
catalyst. It is also possible to subject low- hydrogen synthesis gases to
the process according to the invention without raising their H[err]/CO
molar ratios. Unconverted hydrogen and carbon monoxide remaining in the
effluent or the first step may be recirculated to once again contact the
catalyst.  In  this way, the gas contacting the catalyst may have a
H[err]/CO ratio substantially lower than that of the feed gas. The first
step of the present process is followed by a second step in which at least
part of the naphkha    fraction produced in the first step is hydrocracked
and isomerized. In the second step a catalyst is used which preferably
contains a catalytically active metal component. This metal component can
be deposited on any acid carrier having cracking and isomerization
activity, for example a chlorided alumina or zeolitic carrier. A zeolitic
carrier is preferred. The catalyst used in the second step of the process
according to the invention may contain as catalytically active metal
components one or more metals selected from Groups VIB, VIIB and/or VIII of
the Periodic System. Examples of such metals are molybdenum, tungsten,
rhenium, the metals of the iron group and the metals of the platinum and
palladium groups. Catalysts with a noble metal as catalytically active
metal component generally contain 0.05-5 parts by weight and preferably
0.1-2 parts by weight of metal per 100 parts by weight of carrier 



material. Very suitable noble metals are palladium and platinum. Catalysts
with a non-noble metal or a combination of non-noble metals as
catalytically active metal component generally contain 0.1-35 parts by
weight of metal or combination of metals per 100 parts by weight of carrier
material. Very suitable hydrocracking catalysts contain a combination of
0.5-20 parts by weight and in particular 1-10 parts by weight of a
non-noble metal of Group VIII and 1-30 parts by weight and in particular
2-20 parts by weight of a metal of Group VIB and/or VIIB per 100 parts by
weight  of carrier material. Particularly suitable metal combinations are
combinations of nickel and/or cobalt with tungsten and/or molybdenum and/or
rhenium. Likewise very suitable as hydrocracking catalysts are catalysts
which contain 0.1-35 parts by weight and in particular 1-15 parts by weight
of nickel per 100 parts by weight of carrier material.    -6-
hydrocarbon-conversion processes, it is preferred to replace at least part
of the alkali-metal ions present therein by other cations, in particular by
hydrogen ions and/or ammonium ions and/or ions of the rare-earth metals.
For use as carrier for catalysts in 5    the hydrocarbon conversion process
of step (b), the preference is for zeolites with an alkali-metal content of
less than 1% by weight, in particular of less than 0.1% by weight. The
metals can be applied to the zeolite in any conventional manner such as by
impregnation, percolation or ion exchange. After 10     the catalytically
active metal components have been applied to the carrier, the catalyst is
usually dried and subsequently calcined. Hydroconversion catalysts are
usually employed in the form of particles with a diameter of 0.5-5 mm.
However; zeolites suitable for use as carrier material for the present
hydroconversion 15     catalysts are often available as a fine powder. The
zeolites may be shaped into particles of larger dimensions, for example, by
compression and extrusion. Shaping is preferably carried out after the
catalytically active metal components have been applied, but before the
calcination during which the metals are converted into 20     the
corresponding oxides. During shaping the zeolite may, if 



desired, be combined with an inorganic matrix or binder. Examples of
suitable matrices or binders are natural clays and synthetic inorganic
oxides. Prior to the formation of the shaped particles the zeolite and the
matrix or binder should first be homogeneously 25     mixed. The shaped
particles may have any desired form, such as pearls, spheres, pellets,
tablets, briquettes and granules. If, in the preparation of the present
hydroconversion catalysts, use is made of a matrix or binder, it is
preferred to prepare shaped particles which contain 10-90% by weight of the
30     matrix or binder and by preference use is made of a matrix or binder
that does not contain any alkali metals or whose alkali metal content is
very low. If desired, mixtures of zeolites may be used as carrier material
for the present hydroconversion catalysts. Such zeolitic mixtures may also
be used in combination with a 35     matrix or binder.    -7- Suitable
conditions for the hydrocracking/isomerization of the heavy
paraffins-containing hydrocarbon mixture according to the second step of
the process according to the invention are a temperature of 250 [err]C-450
[err]C, a pressure of 5-50 bar, an hourly 5    space velocity of 0.2-20 kg
of hydrocarbon feed per kg of catalyst per hour and a hydrogen/hydrocarbon
feed molar ratio of 1-50. It is preferred to carry out the
isomerization/hydrocracking step (b) at a temperature of 250 [err]C-350
[err]C and a pressure of 7-15 bar. Advantageously at least part of the
effluent of the 10     isomerization/hydrocracking step (b) is passed to an
additional separation step in which a hydrogen-containing gas and a
hydrocarbon effluent are separated from each other. Suitably, in this
separation step a hydrogen-containing gas and a hydrocarbon effluent are
separated off by flash distillation. Suitably the 15    flash distillation
is carried out at a temperature between -20 and 100 [err]C, and a pressure
between 1 and 50 bar. Preferably at least part of the. liquid hydrocarbon
product of step (b) of the process according to the invention is separated
by fractional distillation to obtain a C[err] fraction and a C[err]+ 20
fraction. At least part of the C[err]+ fraction is advantageously recycled
to step (b). At least part of the C[err]- fraction is passed to step (c). 



In separation step (c), preferably a separatory molecular sieve is used
capable of adsorbing normal hydrocarbons. Suitably, 25    unbranched
hydrocarbons are substantially adsorbed, whereas branched hydrocarbons are
not retained in any substantial amount by the molecular sieve and are
separated off as a product stream. This selectivity is dependent to a large
extent on the pore diameters of the molecular sieve, which diameters are
preferably in the range 30    from 0.3-0.8 nm, and most preferably from
0.4-0.6 nm. Suitably the hydrocarbon separation step comprises a separatory
molecular sieve having a pore size which is sufficient to permit entry of
normal hydrocarbons containing 4-7 carbon atoms, but restrictive to
prohibit entry of such mono-methyl branched, and dimethyl branched 35
hydrocarbons.    -8- Suitably, synthetic or natural zeolites, erionite and
offretite are used as molecular sieve, and preferably zeolite 5A. The
particles which comprise molecular sieve material may in addition comprise
a binder material such as alumina, silica or 5     silica-alumina, in order
to improve the crushing strength of the particles; said particles may also
be mixed with particles which do not contain molecular sieve material. The
adsorption in step (c) is advantageously carried out at a temperature in
the range from 100 to 300 [err]C and at a pressure in 10     the range from
5 to 25 bar. The hydrocarbons which are adsorbed on the separatory
molecular sieve in step (c), can be desorbed therefrom by contacting the
sieve with a liquid solvent or with a gas. Preferably, in step (c) adsorbed
normal hydrocarbons are desorbed 15     by passing a hydrogen-containing
gas over the molecular sieve and advantageously at least part of the
hydrogen- and normal hydrocar- bons-containing effluent of step (c) is
passed to step (b). Hydrocarbons which are adsorbed on the separatory
molecular sieve, can be periodically desorbed therefrom by interrupting the
20     stream of hydrocarbon effluent and passing a hydrogen-containing gas
over the separatory molecular sieve. After desorption of a substantial
amount of the adsorbed hydrocarbons, the stream of hydrogen-containing gas
is interrupted and the stream of hydrocar- bon effluent from the
isomerization step is contacted again with 



25     the sieve. It is possible to carry out the process such that a
continuous stream containing normal hydrocarbons is obtained, e.g. by using
several vessels. The hydrogen-containing gas which can be used for
desorbing the adsorbed hydrocarbons, need not be completely pure and may
contain a certain amount of other compo- 30     nents, suitably up to 40
mol % and preferably not more than 20 mol % of other compounds such as
hydrocarbons, e.g. reformer off-gas, provided that these compounds are
substantially inert with respect to the feed and the separatory molecular
sieve applied. The hydrogen-containing gas is suitably passed over the
molecular sieve    -9- at a temperature of between 200 and 450 [err]C and a
pressure of between 1 and 25 bar. The invention also relates to
isoparaffins having 4 to 7 carbon atoms per molecule and obtained in a
process as described 5    hereinbefore. The process according to the
present invention can be carried out in a number of alternative ways, and
some preferred process schemes according to the present invention will be
eluci- dated more fully hereinafter, with reference to the accompanying
figures, to which the invention is by no means restricted. The 10
processes depicted in the figures are carried out with the help of an
isomerization/hydrocracking reactor (10), a product separator (20), a
fractionator (30), a recycle gas compressor (40) and three iso/normal
paraffins separators (501), (502) and (503). In the process schematically
shown in figure 1 gasoline-range 15     isoparaffins are produced by
converting the effluent from a Fischer-Tropsch hydrocarbon synthesis step
(not shown). To this end the Fischer-Tropsch effluent is introduced into
the process via a line (1). It is combined with a C[err]+ recycle stream
obtained via a line (2) from the fractionator (30), and with a normal
paraffins 20     and hydrogen-containing recycle stream obtained via a line
(3) from the separator (501). The combined streams (1), (2) and (3) are
introduced via a line (4) into the isomerization/hydrocracking reactor (10)
wherein higher boiling normal paraffins are at least in part hydrocracked
and lower boiling normal paraffins are at 25     least in part isomerized
in the presence of hydrogen. The effluent from the reactor (10) is passed
via a line (5) to the product separator (20) where it is separated into a
hydrogen- 



rich gaseous stream which is withdrawn via a line (6), and a
hydrocarbons-containing liquid stream which is passed through a 30     line
(7) to the fractionator (30) where it is separated into a light
hydrocarbons (predominantly C[err]-) stream which is withdrawn from the
fractionator (30) via a line (8), a C[err]-C[err] iso/normal
paraffins-containing stream which is transferred via a line (9), a line
(91) and a line (92) to the iso/normal paraffins separators 35     (502)
and (503), and a C[err]+ hydrocarbons-containing recycle stream    - 10 -
more than 20 mol % of other compounds such as hydrocarbons, e.g. reformer
off-gas, provided that these compounds are substantially inert with respect
to the feed and the separatory molecular sieve applied. The
hydrogen-containing gas is suitably passed over the molecular sieve at a
temperature of between 200 and 450 C and a pressure of between 1 and 25
bar. The process according to the present invention can be carried out in a
number of alternative ways, and a prererred process scheme according to the
present invention will be elucidated more fully hereinafter, with reference
to the accompanying figures, to which the invention is by no means
restricted. The processes depicted in the figures are carried out with the
help of an isomerization/hydrocracking reactor (10), a product separator
(20), a fractionator (30), a recycle gas compressor (40) and three
iso/normal paraffins separators (501), (502) and (503).      (not according
to the invention) In the process schematically shown in figure 1 (not
according to the invention) gasoline-range isoparaffins are produced by
converting the effluent from a Fischer-Tropsch hydrocarbon synthesis step
(not shown). To this end the Fischer-Tropsch effluent is introduced into
the process via a line (1). It is combined with a C[err]+ recycle stream
obtained via a line (2)  from the fractionator (30), and with a normal
paraffins and hydrogen-containing recycle stream obtained via a line (3)
from the separator (501). The combined streams (1), (9) and (3) are
introduced via a  line (4) 



into the isomerization/hydrocracking reactor (10) wherein higher boiling
normal paraffins are at least in part hydrocracked and lower boiling normal
paraffins are at least in part isomerized in the presence of hydrogen.
and tertiary butyl alcohol. These products are also excellent motor
gasoline blending components. N-butane can also be blended into the
gasoline up to the limits set by vapour pressure specifications. In figure
2 a process is schematically shown for the 5    production of a
C[err]-C[err] isoparaffins-containing gasoline blending component, a C[err]
and C[err] olefins-containing chemical feedstock, a kerosine fraction and a
gas oil fraction. To this end the effluent from a Fischer-Tropsch
hydrocarbon synthesis step i.e. a heavy paraffins-containing hydrocarbon 10
mixture is introduced into the process via a line (1) and passed to a high
temperature separator (19) operating at a temperature in the range from 200
to 350 [err]C and a pressure in the range from 20 to 40 bar. In this
separator (19) the Fischer-Tropsch effluent is separated into a gaseous
stream containing hydrogen and light (e.g. 15    C[err]-) hydrocarbons and
a heavy liquid fraction boiling above 150 [err]C and containing C[err]+
hydrocarbons. The gaseous stream is cooled and partially condensed in a
cooler (not shown) and passed through a line (21) to a low temperature
separator (22) wherein it is separated into gas containing hydrogen and
mainly C[err]-C[err] hydrocar- 20    bons, a liquid aqueous stream which is
withdrawn from the system via a line (24) and a liquid hydrocarbon stream
comprising mainly C[err]+ paraffins. The gas is highly olefinic and
therefore a desired feedstock for the chemical industry or for the
production of highly branched iso-paraffins by alkylation. It is withdrawn
from the 25    system via a line (23). The liquid hydrocarbon stream
comprising paraffins is passed through a line (25) and a line (4) to an
isomerization/hydro- cracking reactor (10). The heavy liquid stream
obtained from the separator (19) and 30    comprising C[err]+ hydrocarbons
is combined via a line (26) with a bottoms recycle stream passed via a line
(2) from the fractionator (30) and containing C[err]+ paraffins. The
combined streams are further combined via a line (27) with a
hydrogen-containing gaseous stream transferred via a line (6), a 



35    recycle gas compressor (40), a line (14) and a line (28). The    -
12    - adsorption and desorption. In this way normal C[err]-C[err]
paraffins are desorbed from the content of separator (501) by passing the
hydrogen-containing gas supplied via the line (14) thereover. The normal
C[err]-C[err] paraffins and hydrogen-containing mixture is withdrawn from
the separator (501) and recycled via the lines (3) and (4) to the
isomerization/hydrocracking reactor (10) C[err]-C[err] isoparaffins and
normal C[err] paraffins ns not being adsorbed by the zeolite beds in
separators (502) and (503) pass through these separators and are withdrawn
as a product from the system via a line (16), a line (17) and a line (18)
respectively. This C[err]-C[err] isoparaffins and C[err] normal paraffins
mixture is preferably separated into normal butane and iso-butane and a
C[err]-C[err] isoparaffins mixture. The latter is an excellent motor
gasoline blending component having a high octane number and a desired
volatility. The iso- butane can be used for the production of C[err] and
C[err] isoparaffins by alkylation, and of methyl tertiary butyl ether and
tertiary butyl alcohol. These products are also excellent motor gasoline
blending components. N-butane can also be blended into the gasoline up to
the limits set by vapour pressure specifications. In figure 2 a process
according to the invention is schematically shown for the production of a
C[err]-C[err] isoparaffins-containing gasoline blending component, a C[err]
and C[err] olefins-containing chemical feedstock, a kerosine fraction and a
gas oil fraction. To this end the effluent from a Fischer-Tropsch
hydrocarbon synthesis step i.e. a heavy paraffins- containing hydrocarbon
mixture is introduced  nto the process via a line (1) and passed to a high
temperature separator (19) operating at a temperature in the range from 200
to 350 [err]C and a pressure in the range from 20 to 40 bar. In this
separator (19) the Fischer-Tropsch  



- 13 - the system via a line (32) and a line (33) respectively. Because
these products consist mainly of paraffins they are of excellent quality.
The light naphtha stream is passed via a line (9), a line (91) 5     and a
line (92) to the iso/normal paraffins separators (502) and (503) where an
isoparaffins (C[err]-C[err]) and normal butane-containing stream is
separated therefrom which is an excellent gasoline blending component. It
is withdrawn from the system via the lines (16), (17) and (18), while
normal C[err]-C[err] paraffins are being 10     adsorbed on the zeolite
beds contained in the separators (502) and (503). In a following desorption
cycle the normal paraffins are desorbed from the zeolite beds as is the
case with the normal paraffins having been adsorbed in separator (501) in a
former 15     adsorption cycle (not shown). In the scheme shown in Fig. 2
hydrogen-containing gas is passed through the lines (14) and (15) and
adsorber (501) thereby desorbing normal paraffins from the zeolite bed(s)
contained in the adsorber (501) which normal paraffins are recycled through
the lines (3) and (4) to 20     isomerization/hydrocracking reactor (10).
In figure 3 a process is schematically shown for the production of high
octane C[err]-C[err] isoparaffin gasoline components, high cetane gas oil
and low smoke point kerosine from a heavy paraffinic synthetic hydrocarbon
product. The latter is introduced 25     into the process via a line (1)
and combined with a heavy paraffins (C[err]+)-containing recycle stream
transferred from a fractionator (31) through a line (26). The combined
streams are passed through a line (27) and combined with a hydrogen and
light (mainly C[err]-C[err]) hydrocarbon-containing gas supplied via a line
(28). The combined 30     streams are passed via a line (29) to a heavy
paraffins hydro- cracking reactor (60). In this reactor the heavy paraffins
are hydrocracked using a similar catalyst and reaction conditions as
described hereinbefore with reference to the reactor (60) of figure 2.    -
14 - 



The effluent from the reactor (60) is passed via a line (21) to a product
separator (24) where it is separated into a hydrogen and light hydrocarbons
(mainly C[err]-C[err])-containing gas and a higher boiling
hydrocarbons-containing liquid stream containing hydrocar- 5    bons from
C[err] upward. The gas is in part recycled through a line (61), a recycle
gas compressor (41) and the lines (28) and (29) to the reactor (60),
make-up hydrogen being supplied via a line (25). The remaining part of the
gas is withdrawn from the system as a bleed stream via a line (22). 10
The liquid stream is passed via a line (11) to the fractionator (31) by
means of which it is separated into a paraffinic naphtha (C[err] to
C[err]), a kerosine (boiling in the range from 150 to 250 [err]C and having
a smoke point of at least 40 mm), a gas oil (boiling in the range from 250
to 370 [err]C and having a 15     cetane number of at least 60) and a heavy
paraffins-containing bottom product (boiling above 370 [err]C). The
kerosine and the gas oil are withdrawn from the process as final products
via a line (32) and a line (33) respectively. The bottom product is
recycled to the reactor (60) via the lines (26), (27) and (29). 20
The paraffinic naphtha is passed via a line (34) to a line (4) wherein it
is combined with a hydrogen and normal paraffins- containing recycle stream
supplied via a line (2). The combined streams (34) and (2) are introduced
via the line (4) into the isomerization/hydrocracking reactor (10) wherein
higher boiling 25     normal paraffins are at least in part catalytically
hydrocracked and lower boiling normal paraffins are at least in part
catalyti- cally isomerized in.the presence of hydrogen. The effluent from
reactor (10) is passed via a line (5) to product separator (20) where it is
separated into a hydrogen and 30     light hydrocarbons (mainly
C[err]-C[err])-containing gaseous stream and a higher boiling hydrocarbons
(C[err]-C[err])-containing liquid stream. The gaseous stream is withdrawn
via a line (6). It is partly removed from the system via a line (12) and
partly recycled to an iso/- normal paraffins separator via a line (13), the
recycle gas com- 35    pressor (40) and a line (14).    The liquid stream
is passed through a line (7) to the frac- tionator (30) wherein it is
separated into a light hydrocarbons (mainly C[err])-containing gas stream,
a C[err]-C[err] iso/normal paraffins- 



containing liquid stream and a C[err]+ hydrocarbons-containing liquid 5
stream. The gas stream is withdrawn from the system via a line (8) and a
line (12). The C[err]+ hydrocarbons-containing liquid stream is recycled
via a line (2), wherein it is combined with a normal C[err]-C[err]
paraffins- containing stream from a line (3), and the line (4) to the 10
isomerization/hydrocracking reactor (10). The C[err]-C[err] iso/normal
paraffins-containing liquid stream is passed via lines (9), (91) and (92)
to iso/normal paraffins separators (502) and (503). In these separators
normal C[err]-C[err] paraffins are adsorbed on 15     zeolite beds, while
C[err]-C[err] isoparaffins and C,  normal paraffins pass through these beds
and are withdrawn from the system as final products via lines (16), (17)
and (18). At the same time normal C[err]-C[err] paraffins are desorbed from
one or more zeolite beds con- tained in an iso/normal paraffins separator
(501) to which they had 20     been adsorbed during a former process cycle
(not shown). The desorption is effected by passing the light hydrocarbons
and hydrogen-containing stream in line (14) over the zeolite bed(s). Fresh
make-up hydrogen is introduced to the system via a line (15). A gaseous
mixture of hydrogen, light hydrocarbons and desorbed 25     C[err]-C[err]
normal paraffins is recycled via a line (3) and the lines (2) and (4) to
the isomerization/hydrocracking reactor (10). The invention will now be
further elucidated by means of the following Example, in which is
illustrated a typical process configuration. 30     EXAMPLE In a process as
shown in figure 1, 100 t/d of a hydrocarbon product from a Fischer-Tropsch
synthesis plant (not shown) are introduced via the line (1) together with
80 t/d of a recycle stream (2), mainly consisting of C[err]+ paraffins and
a gas comprising 35     15 t/d hydrogen and 25 t/d recycled normal
C[err]-C[err] paraffin supplied    - 16 - via the line (3), via the line
(4) to the isomerization/hydro- cracking reactor (10). The Fischer-Tropsch
product is obtained from synthesis gas having a H[err]/CO ratio of 2/1
using a catalyst consisting of 30 pbw 5    Co, 12 pbw Zr deposited on 100
pbw SiO[err] by impregnation. The 



conditions during the hydrocarbon synthesis are: Temperature      220
[err]C Pressure          30 bar 3   3 Space velocity:  600
nm[err]/nm[err]/hr. 10          The Fischer-Tropsch product consists mainly
of paraffins boiling in the range from 20 to 500 [err]C and for 80% by
weight of heavy paraffins boiling in the range from 150 to 500 [err]C. In
the isomerization/hydrocracking reactor (10) the Fischer-Tropsch effluent
is converted to a lower boiling iso/normal 15    paraffins-containing
mixture. In the reactor (10) a catalyst is used consisting of 0.4 pbw Pt
deposited on 100 pbw zeolite Y being in the hydrogen form and having a Na
content of 0.05% by weight. The reaction conditions are: Temperature
: 300 [err]C 20    Pressure                   :  20 bar Partial hydrogen
pressure:   15 bar Space velocity            :   1 kg/kg/hr. The
isomerization/hydrocracking product is separated in separator (20) in a
hydrogen-rich gas and 203 t/d condensate and 25    the latter is further
separated in fractionator (30) into 13 t/d of a light
hydrocarbons-containing bleed stream (12), 110 t/d of a C[err]-C[err]
iso/normal paraffins-containing stream (9) and 80 t/d of a heavy
paraffins-containing recycle stream (2). To the hydrogen and light
hydrocarbons-containing gas 2.5 t/d 30    fresh hydrogen make-up gas is
added via the line (15) and the resulting gas mixture is passed over a
zeolite bed contained in adsorber (501) to desorb 25 t/d normal
C[err]-C[err] paraffins which are recycled via the lines (3) and (4) to the
reactor (10). From the C[err]-C[err] iso/normal paraffins-containing stream
(9) 35    85 t/d of a C[err]-C[err] isoparaffins- and C[err]  normal
paraffins-containing    - 17- removed from the system via a line (12) and
partly recycled to an iso/normal paraffins separator via a line (13), the
recycle gas compressor (40) and a line (14). The liquid stream is passed
through a line (7) to the fractionator (30) wherein it is separated into a
light hydrocarbons (mainly C[err]) -containing gas stream, a C[err]-C[err] 



iso/normal paraffins-containing liquid stream and a C[err]+
hydrocarbons-containing liquid stream. The gas stream is withdrawn from the
system via a line (8) and a line (12). The C[err]+ hydrocarbons-containing
liquid stream is recycled via a line (2), wherein it is combined with a
normal C[err]-C[err] paraffins-containing stream from a line (3), and the
line (4) to the isomerization/hydrocracking reactor (10). The C[err]-C[err]
iso/normal paraffins-containing liquid stream is passed via lines (9),
(.9.1) and (92) to iso/normal paraffins separators (502) and (503). In
these separators normal C[err]-C[err] paraffins are adsorbed on zeolite
beds, while C[err]-C[err] isoparaffins and C[err] normal paraffins pass
through these beds and are withdrawn from the system as final products via
lines (16), (17) and (18) . At the same time normal C[err]-C[err] paraffins
are desorbed from one or more zeolite beds con- tained in an iso/normal
paraffins separator (501) to which they had been adsorbed during a former
process cycle (not shown). The desorption is effected by passing the light
hydrocarbons and hydrogen-containing stream in line (14) over the zeolite
bed(s). Fresh make-up hydrogen is introduced to the system via a line (15).
A gaseous mixture of hydrogen light hydrocarbons and desorbed C[err]-C[err]
normal paraffins is recycled via a line (3) and the lines (2) and (4) to
the isomerization/hydrocracking reactor (10) The following reference
example is given:    In a process as shown in figure 1, 100 t/d of a
hydrocarbon product from a Fischer-Tropsch synthesis plant (not shown) are
introduced via the line (1) together with 80 t/d of a recycle stream (2),
mainly consisting of C[err]+ paraffins and a gas comprising 15 t/d hydrogen
and 25 t/d recycled normal C[err]-C[err] paraffin supplied via the line
(3), via the line (4) to the isomerization/hydrocracking reactor (10) The
Fischer-Tropsch product is obtained from synthesis gas having a H[err]/CO
ratio of 2/1 using a 



catalyst consisting of 30 pbw Co, 12 pbw Zr deposited on 100 pbw SiO2 by
impregnation. The conditions during the hydrocarbon synthesis are:
Temperature   : 220 [err]C Pressure       :  30 bar Space velocity:  600
nm[err]/nm[err]/hr. The Fischer-Tropsch product consists mainly of
paraffins boiling in the range from 20 to 500 [err]C and for 80% by weight
of heavy paraffins boiling in the range from 150 to 500 [err]C. In the
isomerization/hydrocracking reactor (10) the Fischer-Tropsch effluent is
converted to a lower boiling iso/normal paraffins-containing mixture. In
the reactor (10) a catalyst is used consisting of 0.4 pbw Pt deposited on
100 pbw zeolite Y being in the hydrogen form and having a Na content of
0.05% by weight. The reaction conditions are: Temperature                 :
300 [err]C Pressure                    :   20 bar Partial hydrogen
pressure:   15 bar Space velocity              :    1 kg/kg/hr. The
isomerization/hydrocracking product is separated in separator (20) in a
hydrogen-rich gas and 203 t/d    C L A I M S 1.   A process for the
production of isoparaffins having.4 to 7 carbon atoms per molecule from
synthesis gas comprising the following steps: a)   Synthesis of a heavy
paraffins-containing hydrocarbon mixture over a Fischer-Tropsch catalyst;
hydrocracking at least part of the heavy paraffins-containing hydrocarbon
mixture in a hydrocracking reactor; separating the effluent of the
hydrocracking reactor into a hydrogen-containing gas which is at least in
part recycled to the hydrocracking reactor, a naphtha fraction which is at
least in part passed to step (b), a kerosene fraction and a gas oil
fraction which are withdrawn as products from the process, and a heavy
fraction which is at least in part recycled to the hydrocracking step; 



b)   Conversion of at least part of the naphtha fraction of step (a) over a
bi-functional isomerization/hydrocracking catalyst under
isomerization/hydrocracking conditions; c)   separation of normal paraffins
from at least part of the isoparaffins-containing product of step (b); d)
recycling at least part of the normal paraffins to step (b) and withdrawing
C4-C7 isoparaffins as a product from the process. 2.   A process as claimed
in claim 1, in which in step (a) a Fischer-Tropsch catalyst is used,
comprising cobalt.    - 20a - 3.   A process as claimed in claim 2, wherein
the catalyst comprises 3-60 pbw cobalt and 0.1-100 pbw of at least one
other metal chosen from the group formed by zirconium, titanium, rhenium,
ruthenium and chromium per 100 pbw silica, alumina, silica-alumina and/or
titania. 4.   A process as claimed in claim 2 or 3, in which the catalyst
satisfies the relation: L (3+4R) > - > (0.3+0.4R), S wherein L is the total
quantity of cobalt present on the catalyst, expressed as mg Co/ml catalyst,
S is the surface area of the catalyst, expressed as m2/ml catalyst, and R
is the weight ratio of the quantity of cobalt deposited on the catalyst by
kneading to the total quantity of cobalt present on the catalyst. 5.   A
process as claimed in any one of claims 1 to 4, in which in step (a), the
Fischer-Tropsch reaction is carried out at a temperature of 125-350 [err]C
and a pressure of 5-100 bar. 6.   A process as claimed in any one of claims
1 to 5, in which step (b) a catalyst is used comprising a catalytically
active metal component and a zeolite.   



- 21 - 7.   A process as claimed in claim 6, wherein the catalytically
active metal component comprises at least one metal of Groups VIB, VIIB and
VIII of the Periodic System. 8.   A process as claimed in claim 7, wherein
the catalytically active metal component comprises at least one metal from
the group consisting of Mo, W, Re, Fe, Ni, Co, Ru, Rh, Pd, Os, Ir and Pt.
9.   A process as claimed in any one of claims 6-8 in which the zeolite has
a pore diameter in the range of 0.5 to 1.0 nm. 10. A process as claimed in
any one of claims 6-9 in which the zeolite has a silica:alumina ratio in
the range of 5 to 200. 11. A process as claimed in any one of claims 6 to
10, in which the zeolite is zeolite Y, zeolite [err], mordenite, or ZSM-20.
12. A process as claimed in any one of claims 1 to 11, in which step (b) is
carried out at a temperature of 250- 450 [err]C, a pressure of 5-50 bar, an
hourly space velocity of 0.2-20 kg of hydrocarbon feed per kg of catalyst
per hour and a hydrogen/hydrocarbon feed molar ratio of 1-50. 13. A process
as claimed in any one of claims 1 to 12, in which step (c) is carried out
by contacting at least part of the effluent of step (b) with a separatory
molecular sieve capable of adsorbing normal hydrocarbons, whereby a product
stream containing branched hydrocarbons is separated off. 14. A process as
claimed in claim 10, in which the separatory molecular sieve has a core
diameter in the    - 22 - range from 0.3 to 0.8 nm. 15. A process as
claimed in claim 1, in which the heavy paraffins-containing hydrocarbon
mixture is separated into a heavy fraction boiling above 150 [err]C and a
light fraction containing C[err]-hydrocarbons, the heavy fraction is passed
to the hydrocracking step and the light fraction is passed 



to the step (b). 16.  A pocess for the production of isoparaffins having 4
to 7 carbon atoms per molecule from synthesis gas comprising the following
steps: a)   Synthesis of a heavy paraffins-containing hydrocarbon mixture
over a Fischer-Tropsch catalyst; separating the mixture into a heavy
fraction boiling above 150 [err]C and a light fraction containing
C10-hydrocarbons; passing the light fraction to step (b) and hydrocracking
the heavy fraction in a hydrocracking step; b)   Conversion of the light
fraction of the heavy paraffins-containing hydrocarbon mixture over a bi-
functional isomerization/hydrocracking catalyst under
isomerization/hydrocracking conditions; Combining the effluents from the
hydrocracking step and of the isomerization/hydrocracking step of step (b)
and separating the combined effluents into a hydrogen- containing gas which
is at least in part recycled to the hydrocracking step and/or the
isomerization/hydrocracking step of step (b), a naphtha fraction which is
at least in    - 22a - part passed to step (c), a kerosene fraction and a
gas oil fraction which are withdrawn as products from the process, and a
heavy fraction which is at least in part recycled to the hydrocracking
step. c)   Separation of normal paraffins from at least part of the
isoparaffins-containing naphtha fraction of step b); d)   Recycling at
least part of the normal paraffins to the isomerization/hydrocracking step
of step b) and withdrawing C4-C7 isoparaffins as a product from the
process.    


