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SPECIFICATION
Pracess for the preparation of hydrocarbons

The invention relates to a process for the preparation of hydrocarbans having al least five carbon atoms paer
molecule.

Hydracarbons of at least five carbon atoms per molecule (hereinafter referred tu as “Cs ~ hydrocarbons™}
can he prepared from hydrocarbons having at most four carbon atoms per molecule (hersinafter referred to
as "G4~ hydrocarbons”) by a twe-step process in which in the first step the C4~ hydrocarbons are converted
by steam reforming into & mixture of carbon monexide and hydrogen, which mixure is contacted in the
second step at elevated termperature and pressure with a catalyst and thus converted into a mixture of
hydrocarbons consisting substantially of Cs* hydrocarbens, The reaction which takes place in the second
step of the process Is known in the literature as the Fischer-Tropsch hydrocarbon synthesis. Catalysts often
used for this reaction contain one or more metals from the iron group togathar with ane or mere promoters
and a carrier matarial.

A caialyst's usefulness for the preparation of Cg* hydrocarbons from H/CO mixtures Is mainly determined
by the catalyst’s activity, Cg* selectivity and stability, the catalyst being regarded as more useful according as
these parameters have a higher value. [n the praparation of C;* hydrocarbons from C,” hydrocarbons
secerding to the above-mantioned two-steps pracess the catalyst’s stability draws most emphasis. For
according as the catalyst has a higher stability, the process can be carried out far a longer period before it
bacomes necessary to replace the catalyst. It is true that, according as the catalyst has a lower aciivity, less of
the Ho/CO mixture will be converted per reactor throughput, and more G4~ hydrocarbons will be formed as
by-product according as the catalyst has a lowar Cy* selectivity, but by recycling unconverted Hz and CO and
also by recycling the Co~ hydrocarbons formed as by-product a high conversion of the HxCO mixture and a
high Cs' selectivity can be realised all the sarme. Thanks to the possibilities of compensating for lower
activity and Cs* selectivity offered by the two-step process, for carrying out the process an a technicat scale
preference will often be given to a catalyst for tha sacand step which, though nat having the highest activity
and C;' selectivity, is most stable.

Since the steam raformation of 4~ hydrocarbons leads to the formation of a H/CO mixture having a
Ho/CQ malar ratio higher than 2, whilst Flscher-Tropsch catalysts hava a Hy/CO consumption ratio of at most
about 2, the excess hydrogen formed during the process will have to be remaved in order to prevent Ha
build-up in the system when the two-step process is carried out with use of recycle. Besides, when carrying
out the two-step process using recycle, the part of the steam added during the steam reforming which has
remained uncanverted, as well as steam formed as by-product in the second step, should also be ramoved
during the process. Tha quantity of hydrogen o be removed is dependent on the H/C atomie ratio of the faed
for the first step, the CO-shifl activity of the catalyst used in the second step and the degree of CO, formation
during the steam refarming. On the assumption of & stofchiometric conversion of the feed during the staam
reforming according to the equation CoHansz + 1 Hz0 — 1 CQ + (2n + 1) Hy, the synthesis gas obtainad will
have a higher H2/CO molar ratio according as the feed for the first stap has a higher H/C atomig ratio, and
therefore mora hydragen will have to ba removed during the process. For instance, starting from mathane
{having n=1) as feed for the steam reforming, a synthesis gas can be obtained by the reaction given above
which has a H»/CO molar ratio of

2n+1=3.
n

Accotding as the catabyst used in the sscond step has higher CO-shift activity, a larger part of the amount of
€0 present in the synthesis gas will react with the water formed as by-product in the hydrocarbon synthesis
according to the equation CO + HzD— COs + H, leading to an Increase of the Ho/CO molar ratio, and
tharafore mare hydrogen will have to be removed in the process. As regards the formation of carbon dioxide
during tha steam reforming, the following may be cbserved. As described hereinbefore, when the steam
raforming reaction proceeds stoichiometrically, there will be formed from each g atem C presentin the feed,
ona g mol CO. However, in actual practice it is seen that depending on the conditions under which the steam
raforming is carried out, part ofthe carbon present in the fead is converted into carbon dioxide. On aceount
of this side reaction the synthesis gas obtained has a H/CO maolar ratio which is highser than at a
stoichiometric development of the steam reforming. In the process more hydrogen will therefore have to be
rernoved according as more carbon dioxide is formed in the steam reforming.

In order to keep the amount of hydrogen ta be removed as small as possible when carrying outtha
two-step process with use of racycle starting from a feed with a given H/C stomic ratio, preference is given in
the first place to the use in the second step of 8 catalyst with the highest possible H»/CO consumption ratio. It
is also preferred to add carbon dioxide to the feed for tha first step in order to suppress carbon dioxide
formation during the stearn reforming. With a view to eptimum utilization of the carbon present in the fead
for the formation of carbon monoxida, it is preferred to use carben dioxIde present inthe reaction product of
the first step for this purposs. This product can be scrubbed to separate the carbon dioxide, which can be
recycled to the steam reforming. This pracedure is atiended with serious drawbacks. Apart from the fact that
the removal of carbon dioxide from & gas stream by the use of scrubbing, in which often an amine-solution is
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used from which the carbon dioxide must be separated afterwards, is a rather costly process when carrled
out on a technical seale, It Is a consequence of this mode of carbon dioxide removal that the carbon dioxide
which ariginally was at the pressure tevel required in the process, is at an atmospheric pressure after
separation and has to ba repressurized to the pressure level of the process before it can be introduced into
the steam raforming.

it wauld of course be much more attractive if it were possihle to keap the carbon dioxide formed in the
reaction product and not to separate it until after the second step, By dividing the reaction product of the
second step Into a liquid fraction substantially consisting of Cs* hydrocarbons and watar and & gaseous
fraction substantially consisting of unconverted hydrogen and carbon manaoxide, G~ hydrocarbons and
carbon dioxide, and recycling the gaseous fraction to the staam reforming, there could be created a carbon
dioxide recycle without there being the need to depressurize and then again to pressurize the carbon
dioxide. However, the usa of such & process on a technical scale Is to a great extent dependant on the
infiuence which carbon dioxide has on the catalyst in the second step. As stated herelnbefore, in the
two-step process with usa of recycle stability is a parameter of partloular importance; howsver, this doas not
imply that any nagative influence which carbon dioxide may have on the activity or Cs™ selectivity is
regarded unimportant.

in order to get a fair knowledge of the influence of carbon diexdde on the parformanca of Fischer-Tropsch
catalysts, an investigation was carried out in which these catalysts were used for the conversien of gas
mixtures, some containing carbon dioxide in addition to Hz and CO, same not. It was found that the presence
of carbon dioxide in the Hx/CO mixture lessens the activity of thase catalysts, the decrease becoming larger
as the mixture contained more carbon dioxide. It is true that by increasing the severity of the reaction
conditions - notably raizing the temperature and/or pressure - In the presence of carbon dioxide an activity
level could be attained which corresponded with that of a carbon dioxide-free operation, but this was

attended with a loss of the catalysts’ stability, which became targer as severer reaction conditions were used.

[twas further found that the Cg' selectivity of these catalysts was barely influenced by the presence of
carban dicxide in the Hy/CO mixture. As regards the stability the investigation yielded a surprising finding. In
contrast with other Fischer-Tropsch vatalysts whose stability - as wall as C5™ selectivity - was barely
influenced by the prasence of carbon dioxide, there was a certain group of cobalt catalysts whose stability
was found to be considerably increased by the presence of carbon dioxide, the Increase being larger
accarding as the mixture contained more carbon dioxide. The Fischar-Tropsch catalyst displeying this
surprising behaviour comprise silica, alumina or silica-alumina as carrier materiai and cobait together with
zirconiurm, titanium, ruthenium andfor chramium as catalytically active metals in such quantities that in the
catalysts there are present 3-60 pbw cobalt and 0,1-100 pbw zirconium, titanium, ruthenfum and/or
chromium per 100 pbw carrier material. The catalysts are prepared by depositing the metals concerned by
kneading and/or impregnaticn on the carrier materfal. For further information on the preparation ofthese
catalysts by kneading andfor impregnation reference is made to Netherlands patent application no. 8301822,
recently filed in the name of the Applicant.

When a cobalt catalyst belonging to the afore-mentioned class is used for the conversion of a Hy/CO
mixture containing no carbon dioxide, this catalyst is saen under the given reaction conditions to have not
anly high stability and C., * selectivity, but alse very high activity. When the same catalystis used under
similar reaction conditions for the conversion of a gas mixture which, in addition to H; and CQ, contains
carbun dioxide, a derease in activity Is seen, as was remarked hereinbefore, The decrease is smaller, by the
way, than the decrease observed for other Fischer-Tropsch catalysts when the same amount of carbon
dioxide is added io the gas mixturs ta be converted. However, in addition to the decrease in activity the
cobalt catalysts show a considerabla increase in stability. In view of the very high activity leve! of the prasent
cobalt catalysis same loss of activity in return for a considerable increase in stablility [s quite acceptable for
an operatian carriad out on a technical scale. Anather option is to raise the activity to its original level by
increasing the severity of tha reaction conditions; this is coupled with some loss of stability. However, it has
surprisingly basn found that this loss of stability is amply compensated for the increase in stability due to the
nresence of carbon diexide. This means that when the cobalt catelysts belonging ta the above-mentioned
class are usad for converting a carbon dioxide containing Ho/CO mixture, a degree of activity can be realised
which is vary similar to that seen in the carbon dioxide free operation, whilst the stability is higher. These
special properties combinad with a very high H2/CO comsumption ratlo of about 2 rander the cobalt catalysls
erinently suitable for use in the second step of said two-step process carried out with use of recycle.

The present patant application therefore relates to a process for the preparation of Cg* hydrocarbons for
€4~ hydrosarhans, in which in the first step C,~ hydrocarbons are converted by steam reforming into &
mixture of carbon monexide and hydrogen, which mixtura is subsaquently converted in a second step into a
mixture of hydrocarbons consisting substantially of Cg* hydrocarbons by contacting it at elevated
temperature and pressura with a catalyst comprising 3-80 pbw cabalt and 0.1-100 pbw of at least one other
metal chosen from the group formed by zirconium, titanium ruthanium and chromfurm per 100 pbw silica,
alumina or sitica-alumina, which catalyst has been prepared by kneading end/or irmpregnation, in which the
reaction product of the second step is devided Into a gasecus fraction substantially consisting of
unconverted hydrogen and carbon monaxide, C;~ hydrocarbons formed as by-product and carbon dioxide
farmed as by-product, 2nd a liquid fraction substantially consisting of Cs™ hydrocarbons and water at least
part of which was formed as by-product in the second step, in which tha gaseous fraction is recycled to the
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first step and in which the excess hydrogen formed and also the part of the water added durlng the steam
reforming which has remained unconverted are separated off during the process.

in the process according to the invention the slarting matsrial is a feed consisting substantially of one or
more G, hyrocarbons, Examples of Ca™ hydrocarbons which may accur in the feed individually or in
admixiure are mathane, ethane, propane, butane and isobutane. Preference is given 1o carrying out the
process with afeed in which the G4~ hydrotarbons consist mainly of methane. Special preference is given to
natural gas as feed.

in the process accarding to the invention [n the first step steam refarming is used to convertthe Cy~
hydrocarbons into a mixture of carbon monoxide and hydrogen. The steam refarming is usually carried out
by contacting the hydrocarbons to be convartad together with steam at a temperature of 500-1200°C, &
pressure of 2-40 bar and a steam/hydrocarbon ratio of 1-10 g mot Ha0/g atom C with a catalyst comprising
one or more metals from the iron group supported on & carrier. The steam reforming is preferahly carried
out at a temperature of 700-1000°C, a pressura of 2-25 bar and a steam/hydrocarboen ratio of 1.5-6 g mal
H,G/g atom € and by using 8 nickel-containing catalyst. in order to prevent deposition of coke on the catalyst
and also to remove coke already depositad fram the catalyst by conversion into CO, itis preferrad to use a
catalyst containing an alkali metal, in particular potassium. Moreover, in order to avoid sinteting ofthe
catalyst, it is preferred to use a catalyst containing an alkaline earth metal, in particular calcium. [ftha C,~
hydrocarbons in the feed consist completaly or to a considerabie extent of hydrocarbons contalhing twe or
maore carbon atoms per molacule, it is preferred to use a catalyst having cracking activity. The catalyst can be
invested with cracking activity by the use of a silica-alumina as carrier material.

Steam which in the process according to the invention isto be separated from the reaction product has
landed therein mainly in two different ways. In the first place steam finds its way into the reaction product on
account to of the fact that the steam reforming reaction is not a comptete raaction, so that even when a
stoichiometric quantity of steam is used, a minor portion of the amount used will be found in the reaction
product in its original form. Usually the steam reforming is carried out by using excess steam. n that case
not only the miner quantity mentioned before, but also the excess quantity used will appear in the reaction
product. in the secend place steam finds its way into the reaction product because ft1s formed as &
by-product in the hydrocarbon synthesis in the second step, according to the equation:

CO+2 Hg—" — {CHz) -+ H20

The carban dloxide which in the process according 0 tha Invention is recycled 1o tha first step has been
formed substantialty as by-product in the first step. In addition minar guantities of carbon dioxide may find
their way into the reaction product by the cccurrence of a side reaction in the second step.

The C4~ hydrocarbons which in the process according to the invention are recyclad to the first siep have
been formed substantially as by-products in the second step. [n addition minor quantities of Cy~
hydrocarbons may find their way into tha reaction product because e miner portion of the C,~ hydrocarbons
used as fesd remains unconverted or is only cracked to form €y~ hydrocarbons with a smaller number of
carbon atoms.

In the process of the invention it is preferred to use in tha second step the cabalt catalysts which farm tha
subject mattar of Netherlands patent application No. 8301922, These are catalysts which satisfy the relation

{3+ 4R) _‘>-}-'S» = (0.3 + 0.4 R), wherein

L = tha total quantity of cabalt present on the catalyst, expressed as mg Co/m| catalyst,

g = the surface area of the catalyst, expressed as m2/ml catalyst, and

R = the weight ratic of the quantity of cobalt depositad on the catalyst by kneading to the total quantity of
cobalt present on the catalyst.

The praparation of the cobalt catalysts which are usad in the second step of the process of the invention is
praferably carried out according to one of the three 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 mora steps, also by impregnation,

bj first the other metal is deposited in one or mora steps by impragnation and subsequently the cobaltis
deposited in one or more steps, aiso by impregnation, and

¢} first cobalt is daposited in one or more steps by kneading and subgegquently the other metai is depusited
in one or more steps by impregnation.

In the process according ta the invention preference is given to the use inthe second step of cobalt
catalysts containing 16-50 pbw cobalt per 100 pbw carrier. The preferred quantity of other metal prasentin
the cobalt catalysts depends on the way in which this metal has been daposited. In the case of catalysts
where first cohalt has been deposited on the carrier, foliowed by the other metal, preference is given to
catalysts cantalning 0.1-5 pbw.other metal per 100 pbw carriar. In the case of catalysts where first the other
metal has baen deposited on the carrier, followed by the cobalt, preference is given to catalysts containing
5-40 phw of the other metal per 100 pbw carrier. Prefarence is given to zirconium as other metal and to silica
as carrier material. In order 10 be suitabie for use the cobalt catalysts should first be reduced. This reduction
may suitably ba carried out by contacting the catalyst at a temperature between 200 and 350°C with a
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hydrogen-containing gas.

In the process of the invention the second step [s preferably carried out at a temperatura of 125-350°C and
8 pressure of 5-100 bar. Special preference is given to a temperatura of 175-275°C and a prassure of 10-75 bar
for the second step.

In the process according to the invention steam shauid he removed from the reaction product. This can be
done in a simple way by cooling the reaction product, so that tha steam condensates. As stated hereinbefore,
the reaction product contains both steam fram the first step and steam from the secand step. Steam can be
separated from the reaction product at various stages. Steam from the first step can be separated after the
first step and subsequently the steam from the second step can be separated after the second step together
with the C* hydrecarbons. Another option is to separate the steam from the first step after the sceond step,
together with the steam from the secand step and the Cs* hydrocarbons.

In the progess according to the invention the axcess hydrogen formed should be removed from the
reaction praduct. For the removal of hydrogen from the reaction product the known techniques for removing
hydrogen from gas mixtures are eligible. For instance, in the present process the removal of part of the
fivdregen from the reaction product can very suitably be carried out by using what is called pressure swing
adsorption. This involves contacting the gas mixture from which hydrogen is to be removed under pressure
with a solid adsorbens, such as a molecular sieve, active carbon or a mixture thereof, leading to selective
adgorption of the components present in the gas mixture beside hydrogen. The components adsorbed from
the gas mixture by the adsorbens can ba desorbed by reduction of pressure and re-pressurized 10 the
original pressure level by compression. in the present process the remaval of part of the hydrogen from the
reaction product by using pressure swing adsorption can very suitably be realised by applying this technique
to a partial stream of the reaction praduct, after hydrogen removal and cempression, feeding this partial
stream back into the head stream. In the presant process the removal of part of the hydrogen can also very
suitably be carried out by membrane separation. To this end the reaction product js passed along a
membrane, often consisting substantially of a polymer material which has the property of being more
permeable to hydrogen than ta the other componenis of the reaction mixture. !f desired, the reduction of the
hydrogen content of the reaction preduct by using membrane separation can be carried out in more than
one step. Separation from tha reaction product of the excess hydregen formed can be carried out at various
stages. Since at the present state of the art the removal of hydrogen from gas mixtures by using membrane
separation or pressure swing adsorption is still problematic when the gas mixtures concerned contaln
steam, it is preferred in the present process to remove the hydrogen after the stearn separation. If the steam
separation is conducted after the first step and in addition after the second step, the hydrogen separation can
he carried out optionally after the condensor following the first step or after the gas/liquid saparator
fallowing the secand stap. If the steam separation is carried cut exclusively after the second step, it will be
preferrad ta carry out the hydrogen separation after the gasfiquid separator following the second step.

Tha cobalt catalysts used in the second step, in addition 1o the afore-mentlonad surprising increase in
stability in the presence of carbon dioxide, display the special property of yielding a product which contains
only vary minor guantities of olefins and oxygen-containing organic compounds and whose organic part is
constituted virtually completely of unbranched paraffing, a considerable percentage of which boils above the
middle distillate range. In this patent applicatiion middle distiliates are taken to be hydrocarbon mixtures
whasze hoiling range corresponds substantially with that of the kerasine and gas oll fractions obtained in the
conventional atmospheric distiliation of crude mineral oil. The midd!e distillate range lies substantially
batween about 150 and 380°C, the fractions boiling between about 200 and 360°C usuzlly being referred to as
gas oils. On account of the high normal paraffinsfisoparaffins ratio and the low content of olefins and
axygen-containing orgaric compounds of the product preparad ovar the cobalt catalysts, the gas oil present
therein has a very high cetane number. it has been found that by hydrecracking in the presence of a catalyst
containing one or more noble metals of Group VIH supportad on a carrier the high-boiling part of said
product can be converted in high yield into middle distiliate. As faed for the hydrocracking at ieast the past of
the product is chosen whose initial boiling point lies above tha final boiling peint of the heaviest middle
distillate desired as end product. The hydrocracking, which is characterized by & very low hydrogen
consumplion, yields a product in which, owing to the high normal paraffinsfiscparaffins ratio, the gas oil has
a very high eetane number. Although in the preparation of middle distillates from the product ebtained over
the cobalt catalyst the part of the product whoss initial boiilng point lies above the final boiling point of the
heaviest middle distillate desired as end product will do as feed for the hydrocracking, it is preferred to use
for this purpose the total Cs* fraction of the praduct prepared over the cobalt catalyst, since it has been found
that the catalytic hydro-treatment leads ta enhancad quality of the gasoline, kerosine and gas oil fractions
prasant therain.

The hydrocracking catalyst used by preference is a catalyst containing 0.1-2 %w and in particular 0.2-1 %w
of one or more noble metals fram Group VIl supported on a carrier. Preference is given o catalysts
comprising platinum or palladium as Group VIl nobel metal and silica-alumina as carrier. The hydrocracking
in which the feed, togsthar with added hydrogen, is passed over the noble metal catalyst is prefarably
cartiad out at a temperature of 200-400°C and in particular of 260-350°C and a pressure of 5-100 bar and in
particular of 10-75 bar,

If the two-step process according to the Invention is combined with a hydrocracking treatment as a third
step for the preparation of middle distillates, the second and third steps can be carried out in 'serfes-flow’,
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since the reaction product of the second step sijl contains sufficient unconvertsd hydrogen for carrying out
the hydrocracking. It is a matter of comman knowledge that carrying outa multi-step process In "serigs-flow’
comprises using the total reaction product - without any compongnts being removed therefrom or added
thercto - of a certain step as feed for the foliowing siep, which is carried out substantially at the same
pressure as the preceding step. The separation of the steam formed in the second step and the separation of
the excess hydrogen present are carried out in the third step, When the second and third steps are carried
out in ‘series-flow’, the steam present in the reaction product of the first step 7s preferably separated afterthe
firsi step. However, if desired the antire three-step process can ba carried out in saries-flow.

The invantion ig now illustrated with the aid of the following example.

example

This exampla relates to the preparation of Cg* hydrocarbons, starting from a natural gas substantially
consisting of mathane. The preparation was carried out by successively subjecting the natural gas, together
with a recycle stream, in the first step to steam reforming, removing steam from the reaction product by
cooling and part of the hydrogen by applying “pressure swing adsorption” using a molecular sleve,
subjecting the reaction product freed of steam and part of the hydrogen in a second step to hydrocarbon
eynthests, dividing the reaction praduct of the second step by caaling into a lfquid fraction comprising the
desired Gy hydrocarbons and the water formed in the second step, and a gaseous fraction comprising €4~
hydrocarbons, carbon dioxide and unconverted hydrogen and carbon monoxide, and recycling the gaseous
fraction to the first step. Further information on the conditions used for the preparation and the results
obtained is given hereinafter.

Steam reforming

The steam reforming was carried out at a temperature of850°C and a pressure of 22 bar and by using a
steam/hydrocarbon ratio of 3.70 ¢ mol H,0/g mol CHa presentin the fresh feed. The catalyst used was a
Ni/Ca/K/AlL D5 composition containing 13 pbw nickel, 12 pbw nicked, 12 pbw calcium and 0.2 pbw potassium

per 100 pbw alumina.

Hydrocarban synthesis

Tha hydrocarbon synthesis was carried out at a temperature of 220°C, a pressure of 20 bar and a space
velogity of 850 Ni{H, + COM ~1 -1 and by using a Co/Zr/Si0; catalyst which had previously been subjected
ta reduction at 250°C in a hydrogen-containing gas. Tha catelyst, which contained 25 pbw cobalt and 0.9 pbw
zirconiurn per 100 pbw silica, had been nrepared by single-step impregnation of silica carrier with a solution
ol cobalt nitrate in water, followed by single-step impregnation of the cobalt-loaded carrler with a solution of
Zivconium nitrate in water. In both impragnation steps there was used a quantity of solution whose volume
corresponded substantially with the pora of the carrier, After the two impregnation steps the material was
dried and then calcined at 509°C. Tha catalyst's L was 98 mg/mil and its S was 96 m%/m} and therefore the s
was 1.02 mg/m?.

Tha synthesis gas used as feed in tha second step had a Hp/CO molar ratio of 2.1 and contained 24 %V
carhon dioxide. In the second step the synthesis gas conversion achieved was 90%, The Cg " selectively,
calculated on C, " was B4%,

CLAIMS

1. Anprocess forthe preparetion of Cg* hydrocarhons from C4  hydrocarbons, characterizad n thatin a
first step C4~ hydrocarbons are converted by steam reforming into a mixture of carbon monoxide and
hydrogan, which mixtura is subsequently convearted In a second step into a mixture of hydrocarbons
consisting substantially of Cs* hydrocarbons by contacting it at clevatad temperature and pressure with a
catalyst comprising 3-60 pbw cobalt and 0.1-100 phw of at least one other metal chosen from the group
formed by zirconium, titanium, ruthenium and chramium per 100 pbw silica, aiumina or silica-alumina,
which catalyst has baen prepared by kneading and/or impregnation, that the reactlon product of the second
step is divided into 8 gaseous fraction consisting substantially of uncenverted hydrogen and carbon
monaoxide, Cs~ hydrocarhons farmed as by-product and carban dioxide formed as by-product, and 4 liquid
fraction consisting substantially of C:* hydrocarbons and watar which was at least partly formed as
by-product in the second st&n, that the gaseous fraction Is recycled to the firet siep and that the excess
hydrogen formed and the part of the steam added during the steam reforming which has remained
uneanverted during the process are separated off.

2. Anprocess as claimed in ¢laim 1, cheracterized inthatitis appliedto a fead in which the Ca™
hydrocarbons consist substantially of methane.

3. Aprocess as claimed in claim 2, characterized in that it is applied to natural gas as feed.

4. A process as claimed In any one of claims 1-3, characterized in that the first step iscarrfedoulata
temperature of 700-1000°C, & pressure of 2-25 bar and a steam/hydrocarbon ralio of 1.5-6 g moi H.Q/g atom
¢ and using a nickelcontaining catalyst.
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5. A process 2s claimed in any one of claims 1-4, characterized in that in the second step a catalyst is used
which satisfies the relation

(3+4R) >% > (0.3 -+ 0.4 R), wharein

L = the total quantity of cobalt present on the catalyst, exprassad as my Co/ml catalyst,

S = the surface area of the catalyst, expressed as mZ/ml catalyst, and

R = the weight ratio of the guantity of cobalt deposited on the carrier by kneading to the total quantity of
cohalt present on the catalyst.

6. A process as claimed in any one of claims 1-8, characterized in thet in the second stap use is made of a
catalyst which per 100 phw carrier contains 156-50 pbw cobalt and aither 0.1-5 pbw of the othar metal if during
the preparation cobalt was first deposited and the other metal next, or 5-40 pbw of the other metal if in the
preparation the other matal was first deposited and cabalt next.

7. A process asclaimad in any one of claims 1-6, characterized In that in the second step use is made of a
catalyst containing zircontum as other metal and silica as carrier.

8. A process asclaimed in any one of clalms 1-7, characterized [n that the second stap [s carried out ata
tamperature of 125-350°C and a pressurs of 5-1 00 bar,

9. A process as claimed in any one of ciaims 1-8, characterized in that the remaoval of steam from the
reaction product is carried out by cooling and that the removal of part of the hydrogen from the reaction
product is carried out by membrane separation or by pressure swing adsorption.

10. A process as claimed in any one of claims 1-9, characterized in that the removal of steam from the
reaction product is executed exclusively in the gasfliguid separation carried out after the second step, and
that the removal of part of the hydrogen is applied to the gaseous fraction obtained after the second step in
the gasfliquid separation.

11. A protess for the preparation of Ce* hydrocarbans from Cs ™" hydrocarbons accerding to claim 1,
substantially as described hereinbefore with referenca to the example.

12, ©s* hydrocarbans whenaver prepared aceording to a process as claimed in any one of the preceding
claims.
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