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PROCESS FOR THE PREPARATION OF LOWER OLEFINS

The present invention relates to a process for preparing lower
olefins from a hydrocarbon feed having at least a fraction boiling
above the boiling point range of the lower olefins, which process
comprises thermal cracking of the hydrocarbon feed.

5 Lower olefins, that is, olefins having from 2 to 4 carbon
atoms, are particularly suitable starting materials for use in a
large number of chemical processes, such as, alkylation,
oligomerization and polymerization processes. The preparation of
lower olefins from a hydrocarbon feed by thermal cracking of that

10 feed is a well known process and is commercially applied at a large
number of petrochemical complexes. Typically, a distillate fraction
of a crude oil, commonly a naphtha fraction of a crude oil, is used
as a hydrocarbon feed in the thermal cracking process.

For commercial reasons, there is a demand for a thermal

15 cracking process having a high selectivity towards lower olefins
and avoiding as much as possible the formation of methane. To
minimize the formation of methane, the thermal cracking process is
carried out at conditions of relatively low severity. However, a
fairly large proportion of the hydrocarbon feed remains uncracked.

20 . In contrasﬁ. if the theérmal cracking process is carried out at
relatively high severity conditions, thereby increasing the
hydrocarbon conversion, a fairly large proportion of the
hydrocarbon feed is cracked to methane. Accordingly, an optimum
thermal cracking process would combine a high conversion of the

25 hydrocarbon feed with a high selectivity to lower olefins.

It has been disclosed in European Patent Application
publication No. 161705 (EP 161705) that a fraction of the product
of a Fischer-Tropsch synthesis process may be used as a hydrocarbon
feed in the thermal cracking process. EP 161705 relates to a

30 process for the preparation of linear C,,-C,, olefins, comprising

converting, at elevated temperature and pressure and using a
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using.this C19- fraction as a feed for a thermal cracking process,
10 the selectivity towards lower olefins was increased, as compared
with a naphtha fraction of a crude oil.

It has now been found that the selectivity of the thermal
cracking process towards lower olefins can be further and
significantly increased when use is made of a synthetic oil

15 fraction, such as a Fischer-Tropsch product, as hydrocarbon feed in
the thermal cracking process, which synthetic oil fraction has been
hydroprocessed.

Accordingly, the present invention provides a process for
preparing lower olefins from a hydrocarbon feed having at least a

20 fraction boiling above the boiling point range of the lower
olefins, which process comprises therﬁal cracking of the
hydrocarbon feed, wherein at least part of the hydrocarbon feed is
a hydroprocessed synthetic oil fraction. _

For the purpose of this specification, the term

25 *hydroprocessed synthetic oil fraction" is used to indicate that
the o0il fraction is derived from a synthesis process, such as a
Fischer-Tropsch process or an oligomerization process, and
subsequently treated in a process in the presence of hydrogen.

The amount of the hydroprocessed synthetic oil fraction

30 present in the hydrocarbon feed is not critical and may vary within
wide limits. Typically, the hydrocarbon feed may further comprise a
suitable distillate fraction of a crude oil or a synthetic oil
fraction. The more hydroprocessed synthetic oil fraction present in
the feed, the higher the selectivity of the thermal cracking

35 process towards lower olefins. The hydroprocessed synthetic oil

Thls Sheet Has Been Rei

A




with hi gh selectivity to | ower ol efins. It has been disclosedin
Eur opgan Pat ent Application

publidation No. 161705 (EP 161705) that a fraction of
Fi schgr-Tropsch synthesis process nmay be used as a hy
thermgl cracking process. EP 161705 relatgs to a proce
prepafati on of Iinear Clerr]-Cerr] olefirs] corrpr|S| ng converti ng at

ol erated LemEALLS, §A7 ARERANe ANdoUNN0,RLSPRG LECata Mualin g M Xt T e
of cafbon monoxXide and )ﬁ rogen I ntto re o% drocarb

substgntially f@@ﬁsﬁbﬂbﬂﬁngr.ofitlmayem C}?ﬁ#&#d‘ |tnst15(eFF§UI¢éPcarb°n feed

comprising, for example, 5% by weight of a hydroprocessed synthetic

y ocar BERLAGED in th

e

oil fractiop, depending, amongst others, on the market prices of
5 the lower olefins, the hydroprocessed synthetic oil fraction and
the other components in the hydrocarbon feed. Preferably, the
hydrocarbon feed comprises at least 20%, more preferably at least
50% by weight, of the hydroprocessed synthetic oil fraction. Even
more preferably, the hydrocarbon feed comprises at least 90% by
10 weight of the hydroprocessed synthetic oil fraction.

The boiling point range of the hydrocarbon feed may vary
within wide limits. Typically, the hydrocarbon feed has a 96% by
weight boiling point of at most 560 °C. It will be understood that
beiling points and boiling point ranges are those at atmospheric

15 pressure. Preferably, the hydrocarbon feed has a boiling point
range of from 30 °C to 350 °C. More preferably, the hydrocarbon
feed has a boiling point range of from 30 °C to 200 °C. It is to be
understood that the hydroprocessed synthetic oil fraction may
constitute the higher boiling fraction or the lower boiling

20 fraction of the hydrocarbon feed. Typically, the hydroprocessed
synthetic oil fraction may have a hoiling range lying in
substantially the same range as the boiling range of the total
hydrocarbon feed.

. The severity of the thermal cracking process depends to some

. 25 extent on the heaviness, that is the boiling point range, of the
hydrocarbon feed. Thus, a hydrocarbon feed having a relatively low
boiling point range, may require less severe thermal cracking
conditions as compared to a hydrocarbon feed having a relatively
high boiling point range. Accordingly, the thermal cracking

30 conditions may vary within wide limits. Typically, the thermal
cracking is carried out at a temperature of from 500 °C to 1200 °C,
preferably of from 700 °C to 1000 °C, more preferably of from
750 °C to 900 °C. The thermal cracking is typically carried out at

a pressure of from 0.1 to 15 bar abs., preferably of from 1 to 5

35 bar abs.  —————
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process conpri S€ghe thermal cracking of the hydrocarbon feed is typically

carried out in the presence of an inert gaseous diluent, preferably
nitrogen or steam, more preferably steam. The amount of inert

10 gaseous diluent to be applied, is not critical and may vary within
wide limits but typically, the inert gaseous diluent is present in
an amount of from 20 to 100 parts by weight per 100 parts by weight-
of the hydrocarbon feed.

In one embodiment, the hydroprocessed synthetic oil fraction

15 present in the hydrocarbon feed to the thermal cracking process,
may be prepared by hydrogenation of a synthetic oil fraction, at
elevated temperature and pressure in the presence of hydrogen and a
hydrogenation catalyst. The action of the hydrogenation stage is,
for example, to hydrogenate any unsaturated hydrocarbons and

20 oxygenates present in the synthetic oil.without substantial
hydrocracking occurring. Preferably, the hydrogenation is carried
out at a temperature of from 100 °C to 300 °C, more preferably at a
temperature of from 150 °C to 275 °C, in particular of from 175 °C
to 250 °C. The hydrogenation may be carried out at a relatively

25 wide range of pressufes, but preferably, the hydrogenation is
carried out at a hydrogen partial pressure of from 5 bar to 150
bar, more preferably of from 20 bar to 120 bar.

The hydrogenation may be carried out using any type of
catalyst bed arrangement, such as a fluidized bed, moving bed,

30 slurry phase bed or a fixed bed, each type of catalyst bed having
its own characteristic advantages and disadvantages. However,
preferably a fixed catalyst bed is applied. It is to be understood
that the reaction conditions, such as temperature, pressure and
space velocity, may vary according to the specific type of catalyét

35 bed being used. If a fixed catalyst bed is being used, the
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weight hourly space velocity of from 0.25 kg/l/h to 2.5 kg/1/h.
Hydrogen may be applied to the hydrogenation stage at a gas hourly
] space velocity in the range of from 100 to 10000 N1/1/hr, more
preferably from 250 to 5000 N1/1/hr. The ratio of hydrogen to the
feed may range from 100 to 5000 Nl/kg and is preferably from 250 to
2500 N1/kg.
Hydrogenation catalysts are well known in the art and are

10 commercially available in a large variety of compositions.
Typically, the hydrogenation catalyst comprises as catalytically
active component one or more metals selected from Groups VIb and
VI1I of the Periodic Table of the Elements, in particular one or
more metals selected from molybdenum, tungsten, cobalt, nickel,

15 ruthenium, iridium, osmium, platinum and palladium. Preferably,
the catalyst comprises one or more metals selected from nickel, 
platinum and palladium as the catalytically active component. A
particularly suitable catalyst comprises nickel as a catalytically
active component. .

20 Hydrogenation catalysts typically comprise a refractory metal
oxide or silicate as a carrier., Suitable carrier materials include
silica, alumina, silica-alumina, zirconia, titania and mixture;
thereof. Preferred carrier materials for inclusion in the
hydrogenation catalyst are silica, alumina and silica-alumina.

25 The hydrogenation catalyst may comprise the catalytically
active component in an amount of from 0.05 to 80 parts by weight,
preferably from 0.1 to 70 parts by weight, calculated as metal(s)
per 100 parts by weight of total catalyst. The amount of
catalytically active metal present in the catalyst will vary

30 according to the specific metal concerned. A particularly suitable
hydrogenation catalyst comprises nickel in an amount in the range

of from 30 to 70 parts by weight, calculated as metal per 100 parts

by weight of total catalyst.
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hydroconversion catalyst.
Generally, the synthetic oil fraction used as feed for the
10 preparation of the hydroprocessed synthetic oil fraction by
hydroconversion, will have a higher boiling point range as compared
to the synthetic oil fraction used as feed for the preparation of
the hydroprocessed synthetic oil fraction by hydrogenation.

The conditions at which the hydroconversion is carried out

15 depend upon the boiling point range of the feed and the desired
boiling point range of the product of the hydroconversion process.
The major reactions occurring during the hydroconversion process
are a hydrogenation of the feed, a hydroisomerization of the feed
and a hydrocracking of the heavier components in the feed. The

20 extent to which one reaction may prevail over the other reactions
is dependent upon the particular conditions being applied and the
particulﬁr catalyst being used.

Typically, the hydroconversion is carried out at a temperature
of from 175 °C to 400 °C, preferably of from 250 °C to 375 °C.

25 Typical hydrogen partial pressures range from 10 to 250 bars and
are preferably in the range of from 25 to 150 bars.

The hydroconversion may be carried out using any type of
catalyst bed arrangement, such as a fluidized bed, moving bed,
slurry phase bed or a fixed bed, each type of catalyst bed having

30 its own characteristic advantages and disadvantages. However, a
fixed catalyst bed is preferably applied. It is to be understood
that the reaction conditions, such as temperature, pressure and
space velocity, may vary according to the specific type of catalyst
bed being used. If a fixed catalyst bed is being used, the

35 synthetic oil feed is preferably provided at a weight hourly space
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to 10000 N1/1/hr, preferably from 500 to 5000 N1/1/hr. The ratio of
hydrogen to the feed may range from 100 to 5000 Nl/kg and is
preferably from 250 to 2500 N1l/kg.

Typical hydroconversion catalysts comprise as catalytically
active component one or more metals selected from Groups VIB and
VIII of the Periodic Table of Elements, in particular one or more
10_ metals selected from molybdénum, tungscten, cobalt, nickel,
ruthenium, iridium, osmium, platinum and palladium. Preferably,
the hydrocopversion catalyst comprises one or more metals selected
from nickel, platinum and palladium as the catalytically active
component. Hydroconversion catalysts cdmprising platinum as the
15 catalytically Active component have been found to be particularly

suitable.

Hydroconversion catalysts typically comprise a refractory.
metal oxide or silicate as a carrier., The carrier material may be
amorphous or crystalline. Suitable carrier materials include

20 silica, alumina, silica-alumina, zirconia, titania and mixtures
thereof. The carrier may comprise one or more zeolites, either
alone or in combination with one or.more of the aforementioned
carrier materials. Preferred carrier materials for inclusion in
the hydroconversion catalyst aré silica, alumina and

25 silica-alumina. A particularly preferred catalyst comprises
platinum supported on a silica-alumina carrier.

The catalyst may cbmprise the éatalytically active component
in an amount of from 0.05 to 80 parts by weight, preferably from
0.1 to 70 parts by weight, calculated as metal(s) per 100 parts by

30 " weight of total catalyst. The amount of catalytically active metal
present in the catalyst will vary according to the specific metal
concerned, A particularly preferred hydroconversion catalyst
comprises platinum in an amount in the range of from 0.05 to 2
parts by weight, more preferably from 0.1 to 1 parts by weight,

K} calculated as metal per 100 parts by weight of total catalyst.
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and a hydrocracking catalyst. Generally, the synthetic oil feed for

the preparation of the hydroprocessed synthetic oil fraction by

10 hydrocracking, will have a ﬁigﬁer boiling point range as compared
to the synthetic oil feed for the preparation of the hydroprocessed
synthetic oil fraction by hydrogenation.

Typically, the hydrocracking is carried out at a temperature
of from 250 °C to 500 °C, preferably of from 300 °C to 450 °C.

15 Typical hydrogen partial pressures range from 10 to 300 bars and
are preferably in the range of from 25 to 200 bars.

The hydrocracking may be carried out using any type of
catalyst bed arrangement, such as a fluidized bed, moving bed,
slurry phase bed or a fixed bed, each type of catalyst bed having

20 its own characteristic advantages and disadvantages. However,
preferably a fixed catalyst bed is applied. It is to be understood
that the reactioﬁ conditions, such as temperature, pressure and
space velocity, may vary according to the specific type of catalyst
bed being used. If a fixed catalyst bed is being used, preferably,

25 the synthetic oil feed is provided at a weight hourly space
velocity of from 0.1 kg/l/h to 10 kg/l/h, more preferably at a
weight hourly space velocity of from 0.2 kg/l/h to 5 kg/1/h. The
ratio of hydrogen to the feed may range from 100 to 5000 Nl/kg and
is preferably from 250 to 2000 Nl/kg.

30 Typically, the hydrocracking catalyst comprises a zeolitic
carrier. Preferred carriers include zeolites of the faujasite type,
in the presence of an inorganic oxide binder. Examples of zeolites
of the faujasite type include synthetic zeolite Y as described in
United States patent specification No. 3,130,007, ultrastable Y as

35 described in United States patent specification No. 3,536,605, and
Thriiﬁm]iiiﬁmenRii
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publication No. 2,014,970. Typically, the carrier of the

hydrocracking catalyst comprises 5-90% by weight of a faujasite
type zeolite and 10-95% by weight of an amorphous or crystalline
inorganic oxide binder. Examples of suitable binders comprise
alumina, magnesia, titania, clays and mixtures thereof, optionally
in the presence of other inorganic oxides such as, zirconia and
silica. Alumina is a preferred binder.

Typically, the hydrocracking catalyst further comprises one or
more metal component(s) of Group VIb and/or VIII of the Periodic
Table of the Elements, preferably one or more components of nickel
and/or cobalt and one or more components of molybdenum and/or
tungsten. Preferably, the metal component(s) in the hydrocracking
catalyst range from 0.05 to 10% by weight of Group VIII metal
component(s) and from 2 to 40% by weight of Group VIb metal
component(s), calculated as metal(s) per 100 parts by weight of
total catalyst, The metal component(s) in the hydrocracking
catalyst may be in the oxidie and/or sulphidic form, in particular
in the sulphidic form.'If a combination of at least a Group VIb and
a Group VIII metal component is present as (mixed) oxides, ir will
normally be subjected to a sulphiding treatment prior to proper use
in hydrocracking. |

Suitable hydrocracking catalysts are available commercially,
or may be prepared by methods well known in the art, for example
impregnation or precipitation of the metal component(s) on the
carrier.

It will be understood that any combination of the above
mentioned processes may be applied to prepare the hydroprocessed
synthetic oil fraction. Accordingly, the hydroprocessed synthetic
oil fraction may be prepared by hydrogenation and/or
hydroconversion and/or hydrocracking of'a synthetic oil fraction.
In a preferred embodiment of the present invention, the
hydroprocessed synthetic oil fraction is prepared by hydrogenation
and hydroconversion and/or hydrodracking of a synthetic oil

fraction. More preferably, the hydroprocessed synthetic oil
\\
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carbon monoxide and hydrogen by contacting the mixture at elevated

10 temperature and pressure with a suitable catalyst. Catalysts for
use in the Fischer-Tropsch synthesis process frequently comprise,
as the catalytically active component, a metal from Group VIII of
the Periodic Table of Elements. Particular catalytically active
metals include ruthenium, iron, cobalt and nickel. Especially

15 preferred synthetic oils are those prepared by a Fischer-Tropsch
synthesis process employing a catalyst comprising cobalt as the
catalytically active component.

The catalytically active metal is preferably supported on a
porous carrier. The porous carrier may be selected from any of the

20 suitable refractory metal oxides or silicates or combinations
thereof known in the art. Particular examples of preferred porous
carriers include silica, alumina, titania and mixtures thereof.
Silica is a particularly preferred carrier material for the
catalyst used in the preparation of the synthefic oils,

25 The amount of catalytically active metal on the carrier is
preferably in the range of from 3 to 100 pbw per 100 pbw of carrier
.ﬁaterial. more preferably from 10 to 80 pbw, especially from 20 to
60 pbw.

If desired, the catalyst may also comprise one or more metals

30 or metal oxides as promoters. Suitable metal oxide promoters may
be selected from Groups IIA, IIIB, IVB, VB and VIB of the Periodic
Table of Elements, or the actinides and lanthanides. 1In
particular, oxides of magnesium, calcium, strontium, barium,
scandium, yttrium. lanthanum, cerium, titanium, zirconium, hafnium,

35 thorium, uranium, vanadium and chromium are most suitable

]
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rably at a weight hourly space velocity of fromaO0.2 _ =
h. Hydrogen may be applied to the hydrogenation st ageTatS SHERISHAD BEEN
velocity in the range of from 100 to 10000 N /I /hr
250 to 5000 NI/I/hr. The ratio of hydrogen to the fee

At hourly space velocity of fromO0.1 kg/l/h to 5 kg/l/h, nore

. 2

nor eREPLAGERD|

X -z:#:
L W s }

may tang

100 Yo 5000 NI/ kg and is preferably frarh 250 to 2500 NI /kg.

Hydrpgenati on catal ysts are wel |

par th cul ar ofitegp

known in the art and are comrercially

abl e i reremetetfe vArpastycdartnmyesétednnetatypriciel Pyomothe feydrlpgenati on

cat of yst CONIda3$Se Qée&aé@bﬁ aal tne Ghenee i & YINONL R r 8K Ul o iIe et al's _

sel ekt ed from_Groijﬁs VIb and VII1 of the _Periodic Table Q,f[ t he glﬁmants, in
éa IB Of I .

10

15

20

25

30

QpQters may be selected from Groups
of the Periodic Table. Rhenium and Group VIII noble metals are
particularly suitable, with platinum and palladium being especially

preferred. The amount of promoter present in the catalyst is

- preferably in the range of from 0.1 to 150 pbw per 100 pbw of

carrier. .

A particularly suitable catalyst for use in preparing the
synthetic oil is a cobalt/zirconium/silica catalyst. Examples of
suitable catalysts which may be used are disclosed in European
Patent Applications publication numbers EP O 104 672, EP 0 110 449,
EP 0 127 220, EP 0 167 215, EP 0 180 269 and EP 0 221 598.

As mentioned, the synthetic oil may be prepared by the
Fischer-Tropsch synthesis, in which a mixture of carbon monoxide
and hydrogen is contacted with a catalyét as hereinbefore
described. The synthesis is typically conducted at a temperature
of from about 125 to about 350°C,-preferab1y from about 175 to
250°C. Typical operatiﬁg pressures for the synthesis are in the
range of from about 5 -to 100 bar, more preferably from about 10 to
50 bar. During the synthesis process, the catalyst is typically
contacted with a gaseous mixture comprising hydrogen and carbon
monoxide in a ratio of less than 2.5, preferably less than 1.75.
More preferably, the hydrogen to carbon monoxide ratio of the
mixture is in the range of from 0.4 to 1.5, especially from 0.9 to
1.3. _ '

Accordingly, in a preferred embodiment, the hydroprocessed
synthetic oil fraction for use as a feed to the thermal cracking
process according to the present invention, is prepared by
preparation of a synthetic oil from a synthesis gas mixture by a
Fischer-Tropsch process as described hereinbefore, followed by
hydroprocessing in the way as described hereinbefore, and
optionaliy intermediate (vacuum) distillation.

It may be Qesirable to operate the process according to the

present invention in an energy-efficient way. Therefore it is

This Sheet Has Been Reﬁaced .
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*-6- selected from nol ybdenum tungsten, cobalt, nickel, ru
osmum platinumand palladium Preferably, the catalyst c
nore, netals selected fromnickel, platinumand palladium a
‘catalytically active conmponent. A particularly suitable cat conpri ses
ni ckel as a catalytically active conponent. Hydr ogenati on catal ysts
typically conprise a refractory netal- d%ide or silicate as a carrier.
Suitable carrier materials include silica, alumna, silica- alum na,
zirconia, tideaffablanthah kheiPagcesfepetArdipg doeFhe@Tesny drvardierild s for

i nclusion i rbpbhecémydﬁqgﬁnaaﬁeomo@ﬁlahyﬁ tRé q;rsi:ééy:aor adhanpPepaBelici bEca-

al um. na. dro enati on I.se the catal ytlcal |y
active conpoﬁ‘@n‘efy §ﬁ5lm ®o S%%s%%gé‘\ 3)’% S&F (R OFS e g nehe
preferably fproress fot cxﬁOpmatrstivp méltgnhtbydrabmdeatseﬂli sasthmsilal Qsl) per 100
parts by VW”ﬁ}QEtfuh. In this way optimal use can be made of any waste heat

streams and/or any waste streams of steam or nitrogen. In a
particularly preferred embodiment of the present invention, the
heat produced upon cooling of a synthesis gas stream derived from a
synthesis gas production unit, is used in the thermal cracking unit

10 for carrying out the procgsé'of”the present invention. Typically,
the synthesis gas stream is cooled from about 1200 °C to about
500 °C, prior to introduction in a Fischer-Tropsch synthesis
process reactor, by heat exchange of the synthesis gas stream with
the hydrocarbon feed to the thermal cracking unit. More preferably,

15 the synthesis gas stream is first coocled from about 1200 °C to
about 1000 °C to provide heat for driving the cracking reaction in
the thermal cracking process of the present invention, and'secondly
cooled from about 1000 °C to about 500 °C to provide heat for
vaporization and heating of the hydrocarbon feed to the thermal

20 cracking process. In a further embodiment of the invention, any
excess steam produced in, for example, a Fischer-Tropsch synthesis
reactor may be used in the thermal steam cracking process according
to the present invention. Hydrogen in tail gas from the thermal
cracker may be used to adjust the HZ/CO ratio of the synthesis gas

25 to be used in the Fischer-Tropsch synthesis reactor, or in the
hydroproﬁessing of a synthetic oil fraction to produce a
hydroprocessed synthetic oil fraction.

The invention will now be illustrated by means of the

following Examples.

30 Experimental conditions of the thermal cracking process were
varied in experiments using different feeds, so as to arrive at a -

e

comparable methane make. e ——
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‘total catal yst. The anobunt of catalytically active netal preseat

catalyst will vary according to the specific metal concerng
particul arly suitable hydrogenation catalyst conprises nic}
in the range of from30 to 70 parts by weight, calcul ated a

BEEN
0.0

parts by weight of total catalyst. Sui t abl e hydrogenati on catalysts are
avail abl e commercially, or may be prepased by methods wel|l known in the
art, for exanple comulling, inpregnation or precipitation. I n anot her

enbodi ment EXAMBLE bresent invention, the hydroprocessed synthetic oi

fraction is prepnaessrdiioRYsH QGAEISI AR Blacdigynthetic oil fraction, at

el evat ed tenperéFUg5"5ﬁH"EF§§%UT§‘Tﬁ—rﬁ§‘ﬁr€§Ence of hydrogen and a

hydr oconver si on ‘t SYRfRASES 8as migEe g Haying [peHs Retiocobil.-lfrerst ifed used as
feed for theopseparait ednedinifig ¥ dkaPbes &FS .G atUMy e lcbhipising cobalc

5 (18.3 swt., calculated as cobalt oxide), zirconium (8.5 swt.,
calculated as zirconium oxide) and silica. The catalyst was
prepared By a process as described in European patent application

. publication No. 428 223, The reactor was operated under the

following conditions:

10 Temperature 210-225 °C
Pressure 36 bar
Space velocity 1125 Nl.l']'.h-1
The C5+ yield was 90 % wt.
EXAMPLE 2
15 Preparation of hydroprocessed synthetic o0il fraction

The CS-C9 fraction of the product of Example 1, was
hydrogenated in a reactor containing a fixed bed of a nickel
containing catalyst commercially available from Harshaw. The

reactor was operated under the following conditions:

20 Temperatire 220 °cC
Hydrogen partial pressure 30 bar
Space velocity 1 kg.l'l.h.l
Hydrogen/feed ratio 1000 Nl/kg

The hydrogenation resulted in little cracking and the yield of
25 hydrogenated CS+ was 99.2 swt.
EXAMPLE 3

Preparation of lower olefins

The CS+ produét of Example 2 was cracked in the presence of
nitrogen, as inert diluent, at an average temperature of 840 °C, an
30 average pressure of 2.25 bar, a residence time of 0.2 seconds and a
nitrogen/hydrocarbon feed ratio of 0.8. The C,-C, olefins yield

_ 2 74
amounted to 71.3 swt., of which 47.0 $wt. ethene, 15.2 swt. propene

and 8.1 swt. Ca-olefins. The methane make amounted to 13.7 $wt. The

il

remaining 15.0 wt% boiled in the 05+ range.



» -7- fraction by hydroconversion, wll have a higher boilj poi Nt
compared to the synthetic oil fraction used as feed for [{Re pre
t he ,hydroprocessed synthetic oil fraction by hydrogenati
“conditions at which the hydroconversion is carried out :
boi ling point range of the feed and the desired boiling point
product of the hydroconversion process- 1&he mgj or reactions occurring
during the hydroconversion process are a hydrogenation of the feed, a
hydr oi somer i ZXAMBLE 6f t he feed and a hydrocracking of the heavier

conponents in thepregsganmeo@m&smgﬁogemdchmec{'ce%q&imc@m prevail over
t he ot her reacti ons afpen en upon e partl cular conditl ons bei ng
applied and the part Fg@ul raggon| ?/%tthﬁe?‘r?g‘“ﬁ%é’(f Example 1, was

hydroconverted in a reactor containing a fixed bed of a catalyst

I

SH -'EhyAs BEEN
A aéACEDe

5 comprising 0.8 parts by weight of platinum per 100 parts by weight
of silica-alumina carrier. The catalyst was prepared by a process
described in British patent specification No. 1 451 617, The

reactor was operated under the following conditions:

Temperature :rhtungq;£.335~i“;
10 Hydrogen partial pressure 30 bar
Space velocity 1.33 kg.l-l.h-l
. The hydroconverted product was distilled to obtain a,Cs-C9
i fraction.
EXAMPLE 5
P15 Preparation of lower olefins

The CS-C9 fraction of the product of Example 4 was cracked in
the presence of nitrogen at an average temperature of-820 °C, an
average pressure of 2.25 bar, a residence time of 0.2 seconds and a
nitrogen/hydrocarbon feed ratio of 0.8. The C2 4 olefins yield

20 amounted to 66.4 gwt., of which 35 swt. ethene, 18.4 $wt. propene
and 12.1 swt. C, -olefins. The methane make amounted to 13.3 swt.

4
The remaining 20.3 wt% boiled in the C *

5 range.
COMPARATIVE EXAMPLE A
- | Preparation of lower olefins
25 A straight-run C_-C, fraction of a Crude 0il, was cracked

579
under the conditions of Example 5. The Cz- 4 olefins yield amounted

to only 56.7 swt., of which 27.6 twt. ethene, 17.2 %wt. propene.and

11.4 swt. Ca-olefins. The methane make amounted to 12.9 swt. The

remaining 30.4 wts boiled in the C5+
30 COMPARATIVE EXAMPLE B

Preparation of lower olefins

range.

LR N T

CS-C9 fraction of of the synthetic o0il of Example 1, was
cracked under the conditions of Example 3. The C2-C4 olefins yield
amounted to only 63.2 %wt., of which 40.1 swt. ethene, 13.9 swt.
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,Typleally, t he hydroconver5|on is carried out at a tenperature of fron1175
[err]C to 400 [err]C, preferably of from250 [err]C to g&b=lel :
hydr.ogen partial pressures range from 10 to 250 bars an
"the range of from 25 to 150 bars. The hydr oconver si
out using any type of catalyst bed arrangenent, such as—e=fw=gh '—-;a—um-
novi ng bed, slurry phase bed or a fixedsbed, each type of catalyst bed
having its own characteristic advantages and di sadvant ages. However, a
fixed catal yrorersl apd prleher alf), yolafphs eFhe Inethene gidbe amederest cod t hat the
reaction congi bi @RS, TEYGREE{EMPELALLY o1 NLIFUR 8N ,SRgee velocity, may
vary according to the specific type of catal yst bed Belng used. If a fixed
cat al yst bed‘*“berﬁg~used—_Lhe_synthetlc oil feed is preferably provided

at a wei ght éﬁé ce velocity of fromO0.1 kg/l/h to 5 kg/l/h, nore
preferably at asﬂdspace velocity of fromO0.25 kg/l/h to 2
kg/ 1/ h. Fwdrog lied at a gas hourly space velocity of from 100

to 10000 N /1/ fron1500 to 5000 NI/I/hr. The



--8- rat i...o___QLDMQMCZ’St he feed may range from 100 to 5000 NI/kg and is
preferably from 250 to 00 NI/ kg. Typi cal hydroconversi on catal ysts

conpy i sm"mmm'm |y active conponent one or nore netals selected from
‘Groups ’ﬂllﬁﬂ the Periodic Table of Elenents, in particular one or
nore net'al § skl etted #rom nol ybdenum tungsten, cobalt, nickel

rut heni um

iridium osmum platinumand pall adi um 1pref erabl y, the hydroconversion

catal yst conprises one or nore netals selected from nickel
pal | adium as the catal ytically active conponent. Hydroconve

conprising platinumas the catalytically active conponent

num and
catal ysts

CLAIMS

1. Process for preparing lower olefins from a hydrocarbon feed
having at least a fraction boiling above the boiling point range of
the lower olefins, which process comprises thermal cracking of the

hydrocarbon feed, wherein at least part of the hydrocarbon feed is

5 a hydroprocessed synthetic oil fraction.

2. Process as claimed in claim 1, wherein the hydrocarbon feed
has a 96 swt, boiling point of at most 560 °C.

3. Process as claimed in claim 1 or 2, wherein the hydrocarbon
feed has a boiling point range of from 30 °C to 350 °C, preferably,

10 of from 30 °C to 200 °C.

4, Process as claimed in any preceding claim; wherein the
hydrocarbon feed comprises at least 20 %, preferably at least 50 %,
more preferably at least 90 %, of the hydroprocessed synthetic oil
; fraction.
: 15 5. Process according to any preceding claim, wherein the thermal
cracking of the hydrocarbon feed is carried out in the presence of
an inert gaseous diluent, preferably nitrogen or steam, more .
‘preferably steam.
6. Process according to claim 5, wherein the inert gaseous

20 diluent is present in an amount of from 20 to 100 parts by weight
per 100 parts by weight of the hydrocarbon feed.

7. Process aécording to any preceding claim, wherein the thermal
cracking is carried out at a temperature of from 700 °C to 1000 °C,
preferably of from 750 °C to 900 °C.

25 8. Process according to any preceding claim, wherein the thermal
cracking is carried out at a pressure of from 0.1 to 15 bar abs.,
preferably of from 1 to 5 bar abs..

9. Process according to any preceding claim, wherein the thermal
. cracking is carried out at a residence time of from 0.01 to 1.0
30

seconds, preferably of from 0.04 to 0.5 seconds.

/i



- have been found to be particularly suitable. Hydr oco

typi caly i i\af ractory nmetal oxide or silicate §
carei er“”ﬂﬁmil ﬁ“mlml anor phous or crystalline. Sui tab
"materials Incliude sslixca, alunmna, silica-alumna, zircok=a .
m xtures thereof. The carrier may corrpr_if one or nore zeolites,- either

al one or in conbination with one or nore~of the aforenentioned carrier
materials, Prgber beg Al LLELJFRE Gl Bl Lol dihg! HSLRN LI ydr oconversion
catal yst are Silica, Al um na and sifica-arum Ra, A particul arly preferred
cat al yst conpbydreprptensedusinshpplsr edl fyaceiosi hat Rean (rreparehbyi er. The
catal yst may gpdiigeafcilonCof d ahiiHeedd |di1aEtdc ot OBROMRNE e d) Rfp&RURL  Of
- from0.05 to 80 parts by weight, preferaalg/ fromQ.1 to 70 par_?s by wei ght,
cal cul at ed as2®RBPIPERYTHAR FEoPIRAePSe IRf REITPBED Snd; Bhydresgiatier . The
anmount of5 cat ahydliyeal |y active netal present in the catalyst will vary
according 10 4he $RGLLdJ Golllathe GANGRS NGY: of BRI §Ub ALhY- HLLLRI TS

hydr oconver si on catal yst conpriSes platinumin an anou
hydroprocessed synthetic oil fraction has been prepared by

hydroconversion of a synthetic oil fraction, at elevated
temperature and pressure in the presence of hydrogen and a

10 hydroconversion catalyst.

12. Process according to any one of claims 1-9, wherein the
hydroprocessed synthetic oil fraction is prepared by hydrocracking
of a synthetic oil fraction, at elevated temperature and pressure
in the presence of hydrogen and a hydrocracking catalyst,

15 13. Process according to any preceding claim, wherein the
hydroprocessed synthetic oil fraction has been prepared by
hydrogenation, followed by hydroconversion and/or hydrocracking of
a synthetic oil fractionm.

14, Process according to any preceding claim, wherein the

20 synthetic oil fraction is prepared by a Fischer-Tropsch synthesis
process, comprising contacting at elevated temperature and pressure
a synthesis gas with a catalyst, comprising a metal selected from
Group VIII of the Periodic Table.

15. Lower olefins produced by a process according to any preceding

25 claim.
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in the range of from0.05 to%ﬂﬁﬁu%s?%@ wei ght, nore preferably fromO0.1 to

L part

byreelLSOEMENT! SHtRtsed &6 -9-

Jhetal  pewB&Rri ;{spggydveltgkﬁagea igotlal catalyst. - Suitable

nmet hod

precip ta |on

Turt iid éibqdi ment, the hydroprocesseg ggnthetic
hb&%hp% reoa;nglﬁﬁéssdrocrccklng of a synthetic oi _ , at

oil fr
el evat &d

gxanpl¢ comul.l'ing, inpregnation or

fydr oc nlemai ) Catiplo¥@t S. thogaghe i | Pr eiSubstitute sifédthel 6 Bdpogmberd 986
synt he |g}9;a é@cié Qdar%agd%

égable commercially, or may be prepared by

jhe

re ifg the

PROCESS FOR THE PREPARATION OF LOWER OLEFINS

The present invention relates to a process for
preparing lower olefins from a hydrocarbon feed having at
least a fraction boiling above the boiling point range of
the lower olefins, which process comprises thermal
cracking of the hydrocarbon feed.

Lower olefins, that is, olefins having from 2 to .
4 carbon atoms, are particularly suitable starting
materials for use in a large number of chemical
processes, such as, alkylation, oligomerization and
polymerization processes. The preparation of lower
olefins from a hydrocarbon feed by thermal cracking of
that feed is a well known process and is commercially
applied at a large number of petrochemical complexes.
Typlcally, a distillate fraction of a crude oil, commonly
a naphtha fraction of a crude oil, is used as a -
hydrocarbon feed in the thermal cracking process.

For commercial reasons, there is a demand for a
thermal cracking process having a high selectivity
towards lower olefins and avoiding as much as possible
the formation of methane. To minimize the formation of
methane, the thermal cracking process is carried out at
conditions of relatively low severity. However, a fairly
large proportion of the hydrocarbon feed remains
uncracked. In contrast, if the thermal cracking process
is carried out at relatively high severity conditions,
thereby increasing the hydrocarbon conversion, a fairly
large proportion of the hydrocarbon feed is cracked to -
methane. Accordingly, an optimum thermal cracking process
would combine a high conversion of the hydrocarbon feed
with a high selectivity to lower olefins.

It has been disclosed in European Patent Application




presence of hydrogen and a hydrocracking catal yst. Generally, the synthetic
oil feed for the preparation of the hydroprocessed synthetic oil fraction

by hydrocracking, wll have a higher boiling point range as conpared to the
“synthetic oil feed for the preparation oSubIsHtmtysoBImatoc‘b&wtsmbehéta% oi |
fraction by hydrogenation. Typically, the hydrocracking is carried out

at a tenperature of from 250 [err]C to,5qp_lerr]C preferably of from 300

[err]C to 450 gerr]c Typi cal h%drogen partial pressures range fron110 to
300 bars andPH élﬁla’éf‘-@lna Py L8RS r&ERgd 637 HorkhEF 1 BXRFHEeR. of thepe

hydrocracklt ngraaﬁcleeo@aflalr Imgcmtr-q&b@acﬁmsyrms?ﬂs Tt /Sd rb@flbb%
arrangemen as _a,fluidiz mVi ase bed or
flxedgbed e¥EAt §Fe 2P YLELTAT gfmbgg'%\ﬁnn %3W%a¢/%£$é’r?%uc
advantages apdodessdvaﬁta@é§05Hmwdm¢es weefaepadtloesss fioedthvat al yst bed is
applied. |t biebdraeiuaderctandathet (e 1 eadidion condh %gangnqsuch as

t efper at ure, space vary acc o the
specific typ§°§V9€§ﬂaﬁysﬁtb@deBé¢ﬁ§ &ﬁﬂ@enthiqléﬁﬂjR%ﬁﬁﬁgﬁﬂ i s being

using a specific catalyst, a mixture of carbon monoxide
and hydrogen into a mixture of hydrocarbons,
substantially consisting of linear pafaffins (Fischer-
Tropsch product), and converting a heavy fraction of the
.mixture of hydrocarbons, substantially consisting of Cpgt
paraffins, into linear'Clo-CZQ olefins by mild thermal
cracking. The C19™ fraction of the mixture of
hydrocarbons, substantially consisting of linear
paraffins, may be converted into lower olefins by thermal
steam cracking. It was found that, when using this C;g~
-fraction as a feed for a thermal cracking process, the
selectivity towards lower olefins was increased, as
compared with a naphtha fraction of a crude oil.

It has now been found that the selectivity of the
thermal cracking process towards lower olefins can be
further and significantly increased when use is made of a
s&nthetic 0il fraction, such as a Fischer-Tropsch
product, as hydrocarbon feed in the thermal cracking
process, which synthetic oil fractidn has been
hydroprocessed.

Accordingly, the present invention provides a process
for preparing lower olefins from a hydrocarbon feed
having at least a fraction boiling above the boiling
point range of the lower olefins, which process comprises
thermal cracking of the hydrocarbon feed, wherein at
least part of the hydrocarbon feed is a hydroprocessed
synthetic oil fraction.

For the purpose of this spec1f1catlon, the term
"hydroprocessed synthetic oil fraction" is used to




used, preferably, the synthetic oil feed is provided at a weight hourly
space velocity of fromO.1 kg/l/h to 10 kg/l/h, nore preferably at a wei ght
hourly space velocity of fromO0.2 kg/l/h to 5 kg/l/h. The ratio of hydrogen
to the feed may range from 100 to 5000 N Substitude sheet - 16 September 1996
--10 - is preferably from 250 to 2000 N /Kkg. Typically, the _
hydrocracking catal yst conprises a zeolijig carrier. Preferred carriers

i nclude zeolites of the faujasite type, in the presence of an inorganic

oxi de bi nder. i1pRafFpites thatzdbie pdd Sraard omujsaslard ¥l ramiade synt hetic

zeolite Y as ggnthields iprddeisis§d stich @5 a Fischer-Tropsch process or
an oligomerization process, and subsequently treated in a
process in the presence of hydrogen.

The amount of the hydroprocessed synthetic oil _
fraction present in the hydrocarbon feed is not critical
and may vary within wide limits. Typically, the
hydrocarbon feed may further comprise a suitable
distillate fraction of a crude oil or a synthetic oil
fraction. The more hydroprocessed synthetic oil fraction
present in the feed, - the higher the selectivity of the
thermal cracking process towards lower olefins. The
hydroprocessed synthetic oil fraction may constitute up
to 100% by weight of the hydrocarbon feed. However, it
may be desired to use a hydrocarbon feed comprising, for
example, 5% by weight of a hydroprocessed synthetic oil
fraction, depending, amongst others, on the market prices
of the lower oléfins, the hydroprocessed synthetic oil
fraction and the other components in the hydrocarbon
feed. Preferably, the hydrocarbon feed comprises at least
20%, more preferably at least 50% by weight, of the
hydroprocessed synthetic oil fraction. Even more
preferably, the hydrocarbon feed comprises at least 90%
by weight of the hydroprocessed synthetic oil fraction.

The boiling point range of the hydrocarbon feed may
vary within wide limits. Typically, the hydrocarbon feed
has a 96% by weight boiling point of at most 560 °C. It
will be understood that boiling points and boiling point
ranges are those at atmospheric pressure. Preferably, the
hydrocarbon feed has a boiling point range of from 30 °C
to 350 °C. More preferably, the hydrocarbon feed has a
boiling'point range of from 30 °C to 200 °C. It is to be
understood that.the hydroprocessed synthetic'oil fraction
may constitute the higher boiling fraction or the lower
boiling fraction of the hydrocarbon feed. Typically, the




patent specification No. 3,130,007, ultrastable Y as described in United
States patent specification No. 3,536,605, and ultrahydrophobic Y as
described in British patent application publication No. 2,014, 970.
Typically, the carrier of the hydrocracki S8gbstitute stieet e Septerob@0J90%
wei ght of a faujasite type zeolite and 10-95% by wei ght of an anorphous or
crystalline inorganic oxide binder. Examplhes of suitable binders conprise

| um na, ' ' ' I d m xt th f, ti | I,y .in th
bresence of ouRseRIds R Sufiell SLL e R B2k n8 Ao think na'i s
a preferred biangre .1ying Titpisubsdtant il hydeber sakengangeabgsthieur t her
conpri ses On%oqufirﬁerééﬁﬁ@'ofw éf%ﬁx@ér&?k‘ﬂox\ﬂ BegQd/or VIII of the
e

Periodic Table o enents, prefera one or_ nore conponents of nickel
and/ or cobalt andtéheS®reridre Torpgvhdmernal neryektRdnPEAgess Fergadsn.

o 1 5"ty 57 A BOTED s wt el Enac iy O By
wei ght of G S8 FARSR0 SoiRmeNIEIcatarRurarea Setne: &1 pfTosATRes
parts by wei dlgedthawirng xatealasivelnelomtladitbngopebhfsyange, may
i require less severe thermal cracking conditions as
compared to a hydrocarbon feed having a relatively high
boiling point range. Accordingly, the thermal cracking
conditions may vary within wide limits. Typically, the
thermal cracking is carried out at a temperature of from
500 .°C to 1200 °C, preferably of from 700 °C to 1000 °C,
more preferably of from 750 °C to 900 °C. The thermal
cracking is typicaily carried out at a pressure of from
0.1 to 15 bar abs., preferably of from 1 to 5 bar abs.
The residence time of the hydrocarbon feed in a
thermal cracking unit, may vary, depending, for example,
on the heaviness of the hydrocarbon feed and the thermal
cracking conditions applied. Typically, the thermal
cracking is carried out at a residence time of from 0.01
to 1.0 seconds, preferably of from 0.04 to 0.5 seconds.
The thermal cracking of the hydrocarbon feed is
typically carried out in the presence of an inert gaseous
diluent, preferably nitrogen or steam, more preferably
steam. The amount of inert gaseous diluent to be applied,
is not critical and may vary within wide limits but
typically, the inert gaseous diluent is present in an
amount of from 20 to 100 parts by weight per 100 parts by
weight of the hydrocarbon feed.
" In one embodiment, the hydroprocessed synthetic oil
fraction present in the hydrocarbon feed to the thermal
cracking process, may be prepared by hydrogenation of a
synthetic oil fraction, at elevated temperature and '
pressure in the presence of hydrogen and a hydrogenation




in the hydrocracking catalyst may be in the oxi'dic and/or sulphidic form
in particular in the sulphidic form |f a conbination of at |east a G oup

VIb and a Group VIIl netal conponent is present as (m xed) oxides, it wll
normal |y be subjected to a sul phiding treggﬁgﬂht@rsheéttqaose mberc1996
hydr ocr acki ng. Sui tabl e hydrocracking catalysts are available

comercially, or may be prepared by nethogs -well known in Con I

component (). SAEEREsEar frar 2cELoRBR KRR ByaRRRErBiRR Bha¥et o iR nat i on

of the example, to hydrogenate any unsaturated hydrocarbons and
oxygenates present in the synthetic oil without _
substantial hydrocracking occurring. Preferably, the
hydrogenation is carried out at a temperature of from
100 °C to 300 °C, more preferably at a temperature of from
150 °C to 275 °C, in particular of from 175 °C to 250 °C.
The hydrogenatlon may be carried out at a relatlvely wide
range of pressures, but preferably, the hydrogenation is
carried out at a hydrogen partial pressure of from S bar
to 150 bar, more preferably of from 20 bar to 120 bar.

The hydrogenation may be carried out using any type
of catalyst bed arrangement, such as a fluidized bed,
moving bed, slurry phase bed or a fixed bed, each type of
-catalyst bed having its own characteristic advantages and
disadvantages. However, preferably a fixed catalyst bed
is applied. It is to be understood that the reaction
conditions, such as temperature, pressure and space

. velocity, may vary according to the specific type of
catalyst bed being used. If a fixed catalyst bed is being
used, the synthetic oil feed is preferably provided at a
weight hourly space velocity of from 0.1 kg/l/h to
5 kg/1/h, more preferably at a weight hourly space
velocity of from 0.25 kg/l/h to 2.5 kg/l/h. Hydrogen may
be applied to the hydrogenation stage at a gas hourly
space velocity in the range of from 100 to 10000 N1/l1/hr,
more preferably from 250 to 5000 N1/1l/hr. The ratio of
hydrogen to the feed may range from 100 to 5000 Nl/kg and
is preferably from 250 to 2500 Nl/kg.

Hydrogenation catalysts are well known in the art and
are commercially available in a largé variety of
compositions. Typically, the hydrogenation catalyst
comprises as catalytically active component one or more
metals selected from Groups VIb and VIII of the Periodic
Table of the Elements, in particular one or more metals
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above nentioned processes nmay be applied to prepare the hydroprocessed
synthetic oil fraction. Accordingly, the hydroprocessed synthetic oi
fraction may be prepared by hydrogenati on and/ or hydroconversi on and/ or

hydrocracking of a synthetic oil fractiorsubstitateshéer + ¢6 Segrediber 9926 t he
present invention, the hydroprocessed synthetic oil fraction is prepared by
hydr ogenati on and hydroconversion and/ er éhydrocracki ng of a synthetic oi

fraction. More, prefer r.opr cess d _synthetd.c ail_Jfraction is
prepar ed by i?hgﬁgsﬁa? * mPEVP?%@HmEy H?gﬁ 88H¥&ﬁ§(ﬁ$%ﬂ&ﬁ%#e dr ocr acki ng
of a synt hetketbenitmactirédium, osmpumal py;atu.n@nsmmqta]da;dium: action,
LS. Br CPBEE L DERDY T SREOESRATY ST BLBELG Y Lrld A6l Wik e PRl o4 bY

Fi scher - Tropsc g pr.ocess prepar e sy nthetlc 0|I owed by
(vaccuum d|§@l¢¢ edoﬁrps BBF&ieﬁrapéé@lﬁéal gm mhka@qm faadihon.

Fi scher - Tropggbasy8ibBasly hetibe @amBoaenkRNnl w a‘t&&dﬂﬁl%ﬁ%ﬁ@@aﬂlré whi ch -
hydr ocarbons are p rom a ure of car .nonaxi de .and hydrogen by
contacting tHRt ﬁ%gﬁg EogpréF§§aPénginﬁér§tGP§a§ WY a suitable
cat al yst. Catedyshentor usé in the Fischer-

i Hydrogenation catalysts typically comprise a
refractory metal oxide or silicate as a carrier. Suitable
carrier materials include silica, alumina, silica-
alumina, zirconia, titania and mixtures thereof.
Preferred carrier materials for inclusion in the
hydrogenation catalyst are silica, alumina and silica-
alumina.

The hydrogenation catalyst may comprise the _
catalytically active component in an amount of from 0. 05
to 80 parts by weight, preferably from 0.1 to 70 parts by
weight, calculated as metal(s) per 100 parts by weight of
total catalyst. The amount of catalytically active metal
present in the catalyst will vary according to the
specific metal concerned. A particularly .suitable
hydrogenation catalyst comprises nickel in an amount in
the range of from 30 to 70 parts by weight, calculated as
metal per 100 parts by weight of total catalyst.

_ Suitable hydrogenation catalysts are available
commercially, or may be prepared by methods well known in
the art, for example comulling, impregnation or
precipitation. '

In another embodiment of the present invention, the
hydroprocessed synthetic o0il fraction is prepared by
hydroconversion of a synthetic oil fraction, at elevated
temperature and pressure in the presence of hydrogen and
a hydroconversion catalyst.

Generally, the synthetic oil fraction used as feed
for the preparation of the hydroprocessed synthetic oil
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Tr.opsch synthesis process frequently conprise, as the catalytically active
conponent, a netal from Goup VIII of the Periodic Table of Elenents.
Particular catalytically active netals include ruthenium iron, cobalt and

ni ckel . Especially preferred synthetic oi ISubstieutesissetpr ©§ Seplempen 1996
Frscher-Tropsch synthesis process enploying a catalyst conprising cobalt as
the catalytically active conponent. Jhe catalytically active netal is

DLt o ¥ ERR bRy LS A o IS RS, £ L4 B Peng
- 12 - point range as compared to the synthetic oil fraction
' used as feed for the preparation of the hydroprocessed
synthetic oil fraction by hydrogenation.

The conditions at which the hydroconversion is
carried out depend upon the boiling point range of the
feed and the desired boiling point range of the product
of the hydroconversion process. The major reactions
occurring during the hydrocoﬁvefsion process are a
hydrogenation of the feed, a hydroisomerization of the
feed and a hydrocracking of the heavier components in the
feed. The extent to which one reaction may prevail over
the other reactions is dependent upon the particular
conditions being applied and the particular catalyst
being used. o

Typically, the hydroconversion is carried out at a
temperature of from 175 °C to 400 °C, preferably of from
250 °C to 375 °C. Typical hydrogen partial pressures range
from 10 to 250 bars and are preferably in the range of
from 25 to 150 bars. .

The hydroconversion may be carried out using any type
of catalyst bed arréngement, such as a fluidized bed, -
moving bed, slurry phase bed or a fixed bed, each type of
catalyst bed having its own characteristic advantages and
disadvantages. However, a fixed catalyst bed is
preferably applied. It is to be understood that the
reaction conditions, such as temperature, pressure and
space velocity, may vary according to the specific type
pf catalyst bed being used. If a fixed catalyst bed is
being used, the synthetic oil feed is preferably provided
at a weight hourly space velocity of from 0.1 kg/l/h to S
kg/1l/h, more preferably at a weight hourly space velocity
of from 0.25 kg/l/h to 2 kg/l/h. Hydrogen may be supplied
at a gas hourly space velocity of from 100 to '
10000 N1/1/hr, preferably from 500 to 5000 N1/l1/hr. The
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or- silicates or conbinations thereof known in- the art. Particul ar exanpl es
of preferred porous carriers include silica, alumna, titania and m xtures
thereof. Silica is a particularly preferred carrier material for the

catal yst used in the preparation of the sypubstitute §idet.- 16 SephembepdRO6of
catalytically active nmetal on the carrier is preferably in the range of
from3 to 100 pbw per 100 pbw of carrier-nhiterial, nore preferably from 10

to 80 pbw, espgéial b hydPcden QQGQhQ:bVi*eed mdy ©ERid Sfrorh NEOG LS YST MRY
al so conprlseﬁaﬁg ﬁ}gnnrenggtals or_ netal oxides as pronmpters. , Suitable
t

netal oxide p ISe P& teF Aty IR0 T 190 439®B N14kg- B and
VIB of the Peri odlrgpIelallehgrfdrBIcemmlow datalagtis itk | &t hani des. I n

Detrium 1 ant RavaY SeeRLEY Athus Gt es R AT B HRES am ur ani um
vanadi.um and §hﬂ-sm“-9m FromGroups VAR @ns didtleref Uhqaaﬁ’ermnlml'yam)lef erred
metal oxi de paerrﬁ&@hemrs,t & wﬁﬂeﬁla&s%é Pl %éﬁﬁ t&gol! is
zi rconi um oxi d Sui tabl e netal pronoters may se rom & oups VIIB
of VIII of thgrpgrpgéypdpgyme.tungsten, cobalt, nlckel, ruthenium,

; iridium, osmium, platinum and palladium. Preferably, the
hydroconversion catalyst compriSes one or more metals
selected from nickel, platinum and palladium as the
catalytically active component. Hydroconversion catalysts
comprising platinum as the catalytically active component
have been found to be particularly suitable.

Hydroconversion catalysts typically comprise a
refractory metal oxide or silicate as a carrier. The
carrier material may be amorphous or crystalline. '
Suitable carrier materials include silica, alumina,
silica-alumina, zirconia, titania and mixtures thereof.

The carrier may comprise one or more zeolites, either
alone or in combination with one or more of the
- aforementioned carrier materials. Preferred carrier
materials for inclusion in the hydroconversion catalyst
. are silica, alumina and silica=-alumina. A particularly
preferred catalyst comprises platinum supported on a
silica-alumina carrier.

The catalyst may comprise the catalytically active
component in an amount of from 0.05 to 80 parts by
weight, preferably from 0.1 to 70 parts by weight,
calculated as metal(s) per 100 parts by weight of total
éatalyst. The amount of catalytically active metal
present in the catalyst will vary according to the
specific metal concerned. A particularly preferred
hydroconversion catalyst comprises platinum in an amount
in the range of from 0.05 t6 2 parts by weight, more
preferably from 0.1 to 1 parts by weight, calculated as
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Rheni um and Group VIII noble netals are parti-cularly suitable, with
pl ati num and pal | adi um bei ng especially preferred. The anmount of pronoter
present in the catalyst is preferably in the range of fromO0.1 to 150 pbw

per 100 pbw of carrier. A parti cul ar |SubstitutbEbleett 4BySéptenibersto96
preparing the synthetic oil is a cobalt/zirconiunisilica catal yst. Exanples
of suitable catalysts which nay be used-aBe-di scl osed i n European Patent

i cations o} P 6 4 EP 0 127 220,
ER°0 To7 15 Wb Hbh o8 BREEE Y 9siB8gdf cbEqd Libatile,
synt hetic oil rnnﬁQkiihkﬁthQFQSpnY¢ﬁﬁ¥¢%c%@ia#Y§5§cﬁ°§yH§ﬁe§Fs, |n whi ch a
mxture of GardHrARIOXi gl e KYdrSselceéSse@NsPAERELILt Bid Eahalish

are available commercially, or may be prepared by methods
well known in the art, for example comulling,
impregnation or precipitation.

In a further embodiment, the hydroprocessed synthetic
oil fraction is prepared by hydrocracking of a synthetic
0oil fraction, at elevéted tempefature and pressure in the
presence of hydrogen and a hydrocracking catalyst.
Generally, the synthetic o0il feed for the preparation of
the hydroprocessed synthetic oil fraction by
hydrocracking, will have a higher boiling point range as
compared to the synthetic oil feed for the preparation of
the hydroprocessed synthetic o0il fraction by
hydrogenation.

Typically, the hydrocracking is carried out at a
temperature of from 250 °C to 500 °C, preferably of from
300 °C to 450 °C. Typical hydrogen partial pressures range
from 10 to 300 bars and are preferébly in the range of
from 25 to 200 bars.

The hydrocracking may be carried out using any type
of catalyst bed arrangement, such as a fluidized bed,
moving bed, slurry phase bed or a fixed bed, each type of
catalyst bed having its own characteristic advantaqes'and
disadvantages. However, preferably a fixed catalyst bed
is applied. It is to be understood that the reaction
conditions, such as temperature, pressure and space
velocity, may vary according to the specific type of
éatalyst bed being used. If a fixed catalyst bed is being
used, preferably, the synfhetic oil feed is provided at a
‘weight hourly space velocity of from 0.1 kg/l/h to
10 kg/1l/h, more preferably at a weight hourly space
velocity of from 0.2 kg/l/h to 5 kg/l/h. The ratio of
hydrogen to the feed may range from 100 to 5000 Nl/kg and
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-~ 13 - as hereinbefore described. The synthesis is typically conducted at
a tenperature of fromabout 125 to about 350[err]C, preferably from about
175 to 250[err]C. Typical operating pressures for the synthesis are in the
range of fromabout 5 to 100 bar, nore pr&dtestitote/ sheem dBBeptétier FEOGar .
During the synthesis process, the catalyst is typically contacted with a
gaseous m xture conprising hydrogen and ck® bon nonoxide in a ratio of |ess

t han 2-5,l”§¥é”§¥$fef§ﬁﬁ tPﬁ&mlzgé-t&bﬁéoﬁrﬁi¢k§b|y, the hydrogen to
carbon nonoxide ratip o ¥he mxture is ipn,the range of from 0.4 to 1.5,

especial |y from Ot¥P1e24ly, the hydrperagking; GakajysfeFPRBTeSESdeent, the
hydr opr ocessetesyithet carpiérirpcéforvédr caseigassaihedddeo zebd itther vdl

o opar ati on oia SSETREHEE bibdy Tul ERE heRatREe 8 als o BpEaRpts Skice
Fi scher - Tr opszingeoceExampleesefi bedl heeei nbetheefanjrsdned thpe
hydr opr ocessifig-{Raé "gyNee BSc I£8611 PE0y gL einBetob8d 2RIUARLEA"SlthY o5
patent specification No. 3,130,007, ultrastable Y as
déscribed in United States patent specification
No. 3,536,605, and ultrahydrophobic Y as described in
British patent application publication No. 2,014,970.
Typically, the carrier of the hydrocracking catalyst
comprises 5-90% by weight of a faujasite type zeolite and
10-95% by weight of an amorphous or crystalline inorganic
oxide binder. Examples of suitable binders comprise
alumina, magnesia, titania, clays and mixtures thereof,
optionally in the presence of other inorQanic oxides such
as, zirconia and silica. Alumina is a preferred binder.
3Typically, the hydrocracking catalyst further
' comprises one or more metal component(s) of Group VIb
and/or VIII of the Periodic Table of the Elements,
preferably one or more components of nickel and/or cobalt
and one or more components of molybdenum and/or tungsten.
Preferably, the metal component(s) in the hydrocracking
catalyst range from 0.05 to 10% by weight of Group VIII
metal component(s) and from 2 to 40% by weight of Group
VIb metal component(s), calculated as metal(s) per 100
parts by weight of total catalyst. The metal component(s)
in the hydrocracking catalyst may be in the oxidic and/or
sulphidic form, in particular in the sulphidic form. If a
combination of at least a Group VIb and a Group VIII
metal component is present as (mixed) oxides, it will
normally be subjected to a sulphiding treatment prior to
proper use in hydrocracking.
Suitable hydrocracking catalysts are available
commercially, or may be prepared by methods well known in
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I At ermedi ate (vacuun) distillation. - It may be desirable to-operate the
process according to the present invention in an energy-efficient way.
Therefore it is desirable that the process according to the present
invention is operated on the sanme |ocati oBubstitulbe sheete16 Septeniiver 1996
preparation of the synthesis gas, the Fischer-Tropsch synthesis process and
the process for the preparation of the -hyldkoprocessed synthetic oi

fract.on. I|1gﬁg5%g%»/f64l§§%m e fﬁﬂr QE?Sn % agiépar?lcur&q'%In et?{Hr;red

and/ or any waste Sstreans eam or ro en. arIy pre
enbodi nent oﬂnQ¢R;pﬁ@ﬁ@ﬁﬁe$%0%ht¢@nth?h@aﬁéaﬁrproduced upon cooling of a

synthesi s gas st rp@mﬁprlwed;ﬁdém@oédnemﬁléngaéoiabmae&banolfmthe i's used

in the thermal, cracking. unit for car out cess of the esent
hventi on | ARG eRTiaRed piRcseed a8y Cbs PE1EE ER PR oREARRo RS 500

[err]C to abdgdisdifroeessédl pyntheticioil ofimatkdoni nAacbirsdinelyir aghch
hydroprocessed synthetic oil fraction may be prepared by
hydrogenation and/or hydroconversion and/or hydrocracking
of a synthetic o0il fraction. In a preferred embodiment of
the present invention, the hydrdproéessed synthetic oil
fraction is prepared by hydrogenation and hydroconversion
and/or hydrocracking of a synthetic oil fraction. More
preferably, the hydroprocessed synthetic oil fraction is
prepared by hydrogenation, followed by hydroconversion
and/or hydrocracking of a synthetic oil fraction.

_ Typically, the synthetic oil fraction, used to
prepare the hydroprocessed synthetic oil fraction, is
prepared by a Fischer-Tropsch synthesis process to
prepare a synthetic o0il, followed by (vaccuum)
distillation to obtain a desired synthetic oil fraction.
Fischer-Tropsch synthesis is the name commonly giwven to
processes in which hydrocarbons are prepared from a
mixture of carbon monoxide and hydrogen by contacting.the
mixture at elevated temperature and pressure with a
suitable catalyst. Catalysts for use in the Fischer-
Tropsch synthesis process frequently comprise, as the
catalytically active component, a metal from Group VIII
of the Periodic Table of Elements. Particular
catalytically active metals include ruthenium, iron,
;obalt and nickel. Especially preferred synthetic oils
are those prepared by a Fischer-Tropsch synthesis process
employing a catalyst comprising cobalt as the
catalytically active component.

The catalytically active metal is preferably
supported on a porous carrier. The porous carrier may be
selected from any of the suitable refractory metal oxides
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-- 14 - synthesis process reactor, by heat exchange of the synthesis gas
streamw th the hydrocarbon feed to the thermal cracking unit. Mre
preferably, the synthesis gas streamis first cooled fromabout 1200 [err]C

to about 1000 [err]C to provide heat for Slistitote &hgetcs 76/QditenfRpligYE i N
the thermal cracking process of the present invention, and secondly cool ed

from about 1000 [err]C to about 500 [ert]X2t® provide heat for vaporization

and heating of, {01 IgEO6a0Po0aiEat 0ohREhUSERD! \EAEKIIR0 diPSES, 1N @

further enbo nventi on, any excess steamp uce for
exanpl e, a Fi %%Wémtrl@pseha@gh@ﬂe@f spre&etsednﬁyrgé5u§édrlﬁrt5néwd@a|

Stea”‘cracm'Ehfiéﬁfsﬁlaﬁﬁﬂéﬂ'ﬂﬂté@l&hénarﬁiﬁﬁhrbBVQﬂhkéﬁf Hyériggess iy tail
gas fromthe ther i t ma ed to adhy%t thi @%er%k’lco rati o of
the synt hesi 2 R&Ftb°Hedt %dp’r"ﬁ ’ﬁ’ée Seheter eria

catalyst used in the preparation of the synthetic oils.

The amount of catalytically active metal on the
carrier is preferably in the range of from 3 to 100 pbw
per 100 pbw of carrier material, more preferably from 10
-to 80 pbw, especially from 20 to 60 pbw.

If desired, the catalyst may also comprise one or
more metals or metal oxides as promoters. Suitable metal
oxide promoters may be selected from Groups IIA, IIIB,
IVB, VB and VIB of the Pefiodic Table of Elements, or the
actinides and lanthanides. In particular, oxides of
magnesium, calcium, strontium, barium, scandium, yttrium.
lanthanum, cerium, titanium, zirconium, hafnium, thorium,
uranium, vanadium and chromium are most suitable
promoters. A particularly preferred metal oxide promoter
for the catalyst used to prepare the synthetic oil is
zirconium oxide. Suitable metél promoters may be
'selected from Groups VIIB of VIII of the Periodic Table.
‘Rhenium and Group VIII noble metals are particularly .-
suitable, with platinum and palladium being especially
preferred. The amount of promoter present in the
catalyst is preferably in the range of from 0.1 to
150 pbw per 100 pbw of carrier. '

A pafticularly suitable catalyst for use in preparing
the synthetic oil is a cobalt/zirconium/silica catalyst.
Examples of suitable catalysts which may be used are
disclosed in European Patent Applications publication
numbers EP 0 104 672, EP 0 110 449, EP 0 127 220,

EP 0 167 215, EP 0 180 269 and EP 0 221 598.

As mentioned, the synthetic oil may be prepared by
the Fischer-Tropsch synthesis, in which a mixture of
carbon monoxide and hydrogen is contacted with a catalyst

e
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Tropsch synthesis reactor, or in the hydroproocessing of a synthetic oi
~fraction to produce a hydroprocessed synthetic oil fraction. The

i nvention will now be illustrated by nmeans of the followi ng Exanpl es.
Experimental conditions of the thermal cSabklmgeﬁhostass1Gmﬁﬁstambe%deBﬁ
experinments using different feeds, so as to arrive at a conparabl e net hane
make. EXAMPLE 1 Prepar ati on of synth&8ic oil fraction A synthesis

gas thure’aEaﬁéi‘glﬁbE‘%?Q aakkeigbgl- 1frh\é.-a§yh%%efsqsa ILAGEPLcLPIY & ning a
fixed bed of cat al yst COHEFISIH coba ated as cobal t

cu
oxi de), Z|rcﬁﬂPGHFF8 5agye. e@HPEEF5F§d°§s%£PFCGPHH§(%éﬁi &30 ARPEE i ca. The
cat al yst Was390‘&p,arpflebyrabwm #sowestvbbed 280ty opefapwalent

appt [ cat | on BHBLLERRLOB-M8su S #8% ef0°SLRRRLYL S ATLRH Uik MR 4P
from about 5 to 100 bar, more preferably from about 10 to
50 bar. During the synthesis process, the catalyst is .
typically contacted with a gaseous mixture comprising
hydrogen and carbon monoxide in a ratio of less than 2.5,
preferably less than 1.75. More preferably, the hydrogen
to carbon monoxide ratio of the mixture is in the range
of from 0.4 to 1.5, especially from 0.9 to 1.3.
Accordingly, in a preferred embodiment, the

hydroprocessed synthetic oil fraction for use as a feed

" to the thermal cracking process according to the present
invention, is prepared by preparation of a synthetic oil
from a synthesis gas mixture by a Fischer-Tropsch process
as described hereinbefore, followed by hydroprocessing in
the way as described hereinbefore, and optionally
intermediate (vacuum) distillation. o

It may be desirable to operate the process according

to the present invention in an energy-efficient way.
Therefore it is desirable that the process according teo
the present invention is operated on the same location as
the process for the preparation of the synthesis gas, the
Fischer-Tropsch synthesis process and the process for the
preparation of the hydrdprocessed synthetic oil fraction.
In this way optimal use can be made of any waste heat -
streams and/or any waste streams of steam or nitrogen. In

a particularly preferred embodiment of the present
invention, the heat produced upon cooling of a synthesis
gas stream derived from a synthesis gas prdduction unit,
is used in the thermal cracking unit for carrying out the
process of the present invention. Typically, the
synthesis gas stream is cooled from about 1200 °C to
about 500 °C, prior to introduction in a Fischer-Tropsch’




--15 - Tenperature 210-225 [err] C Pressure - 36 bar Space
vel ocity 1125 Nl . 1[err].h[err] The Cerr] yield was 90 % wt .
EXAMPLE 2 Preparati on of hydroprocessed synthetic oil fraction The

Clerr]-Cerr] fraction of the product of Sybstiekhevts 16/ SeptPnBécobB a
reactor containing a fixed bed of a nickel containing catalyst comrercially

avai | abl e from Harshaw. The reactor was-opérated under the follow ng

N o oTSTRERER S Corarass, peactor, ne?Rekt GO0 gy 1 o
synthesis gas stream with the hydrocarbon feed to the
thermal cracking unit. More preferably, the synthesis gas
stream is first cooled from about 1200 °C to about 1000 °C
to provide heat for driving the crackihg reaction in the
thermal cracking process of the present invention, and
secondly cooled from about 1000 °C to about 500 °C to
provide heat for vaporization and heating of the
hydrocarbon feed to the thermal'cracking process. In a
further embodiment of the invention, any excess steam
produced in, for example, a Fischer-Tropsch synthesis
reactor may be used in the thermal steam cracking process
according to the present invention. Hydrogen in tail gas
from the thermal cracker may be used to adjust the.Hz/CO
ratio of the synthesis gas to be used in the Fischer-
Tropsch synthesis reactor, or in the hydroprocessing of a
synthetic oil fraction to produce a hydroprocessed
synthetic oil fraction.

The invention will now be illustrated'by means of the
following Examples.

Experimental conditions of the thermal cracking
process were varied in expériments using different feeds,
so as to arrive at a comparable methane make.

EXAMPLE 1

Preparation of synthetic o0il fraction

A synthesis gas mixture, having a Hy/CO ratio of 1.1, .
was fed to a reactor containing a fixed bed of a catalyst
comprising cobalt (18.3 $wt., calculated as cobalt
oxide), zirconium (8.5 %wt., calculated as zirconium
oxide) and silica. The catalyst was prepared by a process
as described in European patent application publication
No. 428 223. The reactor was operated under the following
conditions:
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Hydr ogen/feed ratio 1000 NI/ kg The hydrogenation resulted in little
cracking and the yield of hydrogenated Cerr] was 99.2 %w. EXAMPLE 3
Preparation of |ower olefins . The C(Jerr] product of Exanple 2 was
cracked in the presence of nitrogen, as i n®ibstituitd/ Shéet Al 6oBeeRibIC1 996
tenperature of 840 [err]C, an average pressure of 2.25 bar., a residence
time of 0.2 seconds and a nitrogen/ hydrocat®on feed ratio ﬁf 0. 8. The%gf-c4
olefins yield 71.3 - fohi ch 47.0 %M. ethene, 15.2

pr opene gnd 8.1 ggf?ggﬁ%glefinSQQthzﬁet ane make anounted to 13.7 % . The
remai ni ng 15. OP5®86BBRI ed i n the ([ ePP]PA&nge. EXAMPLE 4 Preparation of
hydr opr ocessedspaydéheelecotly fractipps w1, The grérr] fraction of the
product of Ex le.1l, was Hydroconverteg igea reactor containing a fixed
bed of a catal ¥8% CBnpYFEFdg"8Se parts BY elfht of plati num per 100 parts
by wei ght of SsEXAMBLEI 2ni na carrier. The catal yst was prepared by a process

described in BritisPePAL el o PEE! AL GREDPEEsed dontehRdficTRE 1M FRALY MBS
The Cg5-Cg fraction of the product of Example 1, was
hydrogenated in a reactor containing a fixed bed of a
nickel containing catalyst commércially available from
Harshaw. The reactor'was operated under the following

conditions: _

Temperature 220 °C
Hydrogen partial pressure 30 bar

Space velocity - 1 kg.1"1.n"1
Hydrogen/feed ratio 1000 Nl/kg

The hydrogenation resulted in little cracking and the.
vield of hydrogenated Cg* was 99.2 $wt.
EXAMPLE 3

Preparation of lower olefins

The Cg* product of Example 2 was cracked in the
presence of nitrogen, as inert diluent, at an average
temperature of 840 °C, an average pressure of 2.25 bar, a
residence time of 0.2 seconds and a nitrogen/hydrocarbon
feed ratio of 0.8. The Cy-C4 olefins yield amounted to
71.3 %wt., of which 47.0 %wt. ethene, 15.2 %wt. propene
and 8.1 %wt. C4g-olefins. The methane make amounted to
13.7 $wt. The remaining 15.0 wt% boiled in the Cs* range.
EXAMPLE 4 ' ' |

Preparation of hydroprocéssed synthetic oil fraction

The Cyo* fraction of the product of Example 1, was
hydroconverted in a reactor containing a fixed bed of a
catalyst comprising 0.8 parts by weight of platinum per
100 parts by weight of silica-alumina carrier. The
catalyst was prepared by a process described in British
patent specification No. 1 451 617. The reactor was
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~ 16 - operated under the follow ng conditions: Tenperature

335 [err] C Hydrogen partial pressure 30 bar Space velocity .

1.33 kg. 1[err].h[err] The hydroconverted product was distilled to obtain a
Cerr]- Clerr] fraction. EXAMPLE 5 PStibatifiteshedt -| PBVSeptében3996 The
CJerr]-Cerr] fraction of the product of Exanple 4 was cracked in the
presence of nitrogen at an average tenpet&ture of 820 [err]C, an average

pressure of g,2p,Pal uider the following conditions:

Temperature 335 °C
Hydrogen partial pressure 30 bar
Space velocity 1.33 kg.1"1.n-1

The hydroconverted product was distilled to obtain a Cg-
Cg fraction. '
EXAMPLE 5

Preparation of lower olefins

The C5-Cg fraction of the product of Example 4 was
cracked in the presence of nitrogen at an average
temperature of 820 °C, an average pressure of 2.25 bar, a.
residence time of 0.2 seconds and a nitrogen/hydrocarbon
feed ratio of 0.8. The C3-C olefins yield amounted to
66.4 $wt., of which 35 %wt. ethene, 18.4 %wt. propene and
12.1 ¥wt. Cg-olefins. The methane make amounted.to
13.3 swt. The remaining 20.3 wt% boiled in the Cs* range.
COMPARATIVE EXAMPLE A

Preparation of lower olefins

A straight~run Cg-Cg fraction of a Crude 0il, was
cracked under the conditions of Example 5. The C2-Cy4
olefins yield amounted to only 56.7 %wt., of which.
27.6 %wt. ethene, 17.2 %wt. propene and 11.4 %wt. Cy- ..
olefins. The methane make amounted to 12.9 %wt. The
‘remaining 30.4 wt% boiled in the Cs* range.
COMPARATIVE EXAMPLE B

Preparation of lower olefins

A Cg5-Cg fraction of of the synthetic oil of Example
1, was cracked under the conditions of Example 3. The Ca-
C4 olefins yield amounted to only 63.2 $wt., of which
40.1 $wt. ethene, 13.9 $wt. propene and 8.3 %wt. Cyg-
olefins. The methane make amounted to 12.9 %wt. The’
remaining 23.9 wt% boiled in the Cs* range.
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resi dence time of 0.2 seconds and a nltrogen/ hydr ocar bg@ feed ratio of 0.8.

l—?ﬁeg[eer r] mmm"mmunmmgl gzagp(l;g\; edCE gr ?]6 gl 0e/t:!vit ns. The hlg?hgﬁ!;d)@r:ﬂake

amounted to* 1% 3'wf. The' remmining 20.3 wt Bubsititett shedthe2Mardh 1998e.
COVPARATI VE EXAMPLE A Preparati on afqy}awer ol efins A straight-run
derr] -C[err] fraction of a Crude O, was cracked under the conditions of
Exanpl e 5. The 1Q2- Rdocdsaf adrordingl cb anpprécadity cdain, Deréifbvhe, of which

27. 6 %vvt et her dmlpzoze 4&\& synemea%ierﬂaééuﬂ r@ﬂbe&[ slerLgA) qb@.#efi ns. The

met hane make anount he remai ni ng 30. led in the
derr] range. %’ﬁi\?E ﬁXAWEEheéic °11pr@155+%%eb-rvaitew'neﬂrefms A
Clerr]-Cferr] fandairessuref imfthé peesspiot hefl hypdrogdn afid RXxBydrogerkcisds cracked
under the sondlcgtgggtof Exarrpl e 3. The C2- C4 oI efl ns yield anounted to
only 63.2 % . 11of 1,\/\,h d et hene, t ,_Propene and 8.3 % . N
C4- ol efins. The' nef %erfg i‘"ﬁa‘:l?é ié\‘fnﬂ’hf‘% M) °f2°’9‘i%vt THESFE M ng 23.9 W %
boiled in the @préyqp]rocpmg@.synthetic oil fraction has been prepared by

hydroconversion of a synthetic oil fraction, at elevated
temperature and pressure in the presence of hydrogen and a

10 hydroconversion catalyst.

12. Process according to any one of claims 1-9, wherein the
hydroprocessed synthetic oil fraction is prepared by hydrocracking
of a synthetic oil fraction, at elevated temperature and pressure
in the presence of hydrogen and a hydrocracking catalyst.

15 13. Process according to any preceding claim, wherein the
hydroprocessed synthetic oil fraction has been prepared by
hydrogenation, followed by hydroconversion and/or hydrocracking of
a synthetic oil fraction.

14. Process according to any preceding claim, wherein the

20 synthetic oil fraction is prepared by a Fischer-Tropsch synthesis
process, comprising contacting at elevated temperature and pressure
a synthesis gas with a catalyst, comprising a metal selected from
Group VIII of the Periodic Table.

25
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10. Process according to any'preceding claim, wherein the
hydroprocessed synthetic oll fraction has been prepared by
hydrogenation of a synthetic oil fraction, at elevated cemperacuté
and pressure in the presence of hydrogen and a hydrogenacion
catalyst.

11, Process according to any one of claims 1-9, wherein the
hydroprocessed synthetic oil fraction has been prepared by
hydroconversion of a synthetic oil fraction, at elevated
temperature and pressure in the presence of hydrogen and a
hydroconversion catalyst. .

12. Process according to any one of claims 1-9, wherein the
hydroprocessed synthecic oil fraction is prepared by hydrocracking
of a synthetic oil fraction, at elevated temperature and pressure
in the presence of hydrogen and a hydrocrackihg catalysec.

13. Process according to any preceding claim, wherein the
hydroprocessed synchetic oil fraction has been prepared by
hydrogenation, followed by hydroconversion and/or hydrocracking of
a synthetic oil fraction.

14, Process according to any preceding claim, wherein the
synthetic oil fraccion is prepared by a Fischer-Trppsch synthesis
process, comprising contacting at elevated temperature and pressure

a synthesis gas with a catalyst, comprising a mecal selected from

" Group VIII of the Periodic Table,
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