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Suitably the process further comprises step e), In which at least part of
the heavy fraction is catalytical- The present invention is concerned with
produc-  ly reformed. ing gasoline components from a hydrocarbonaceous
In an embodiment of the present invention, the feed containing hydrocarbons
comprising 4 carbon   5   processfurthercomprises isomerizing atleastpart
of atoms and higher boiling hydrocarbons.            the intermediate
fraction, before the Intermediate In US patent specification 3,761,392 a
process is  fraction is separated in separation step c) together described
for the production of gasoline components.  with effluent of step b). In
this process a hydrocarbonaceous feed is separat-  In the process according
to the presentinvention, ed into a first fraction containing hydrocarbons
com-  10  the heavy fraction which can be subjected to catalytic prising 5
carbon atoms and a second fraction contain-  reforming has a lower content
of compounds which Ing hydrocarbons comprising at least 6 carbon atoms.
will be present in the product stream as benzene, The first fraction is
subjected to catalytic isomeriza-  such as (cyclo)hexanes and benzene
Itself, in com- tion. The second fraction Is subjected to catalytic re-
parison with a conventional Isomerization process. forming. By reforming
the second fraction containing   15  However, the intermediate fraction of
the process ac- 6 carbon atoms, a considerable amount of benzene is
cording to the present invention contains relatively formed. In German
patent specification 1,125,102 a  heavy compounds which enhance coke make
In con- prior art process Is acknowledged for reducing aro-  ventional
Isomerization, resulting in deactivation of matics formation in gasoline
reforming by separating  the catalyst. In the process according to the
present hydrocarbons comprising 5 and 6 carbon atoms by   20  invention the
amount of hydrocarbons comprising 7 means of fractional distillation from a
gasoline frac-  carbon atoms present in the intermediate fraction, is tion,
Isomerizing the separated hydrocarbons and  reduced by passing the fraction
containing mainly hy- combining the Isomerisate with the gasoline refor-
drocarbons comprising 6 and 7 carbon atoms to the mate. The process of the
German patent 1,125,102  separation step before isomerization. As the
branch- relates to an improved process wherein by employing   25  ed as
well as the cyclic hydrocarbons comprising 7 molecular sieves a further
separation is achieved of  carbon atoms are removed in the separation step,
the normal paraffins comprising 5 and 6 carbon atoms,  amount of
hydrocarbons comprising 7 carbon atoms which normal paraffins are
isomerized, from isopar-  sent to the isomerization step, Is reduced.
Preferably, affins comprising 5 and 6 carbon atoms, which isopar-  the
Intermediate fraction is isomerized before being affins are combined with
the isomerisate and gaso-  30  sent to the separation step, resulting in an
increased line reformate. It is nowforeseen thatforenvironmen-  amount of
branched [err]hydrocarbons. tal reasons the allowed benzene content of
gasoline   In order to prevent coke formation and subse- - will have to be
reduced. On the other hand, benzene  quent catalyst deactivation, the
isomerization of the has a relatively high octane number. Hence, it will
be-  intermediate fraction is preferably carried outatlower come
increasingly necessary to replace benzene by  35  temperature than applied
In conventional isomeriza- other less harming, high octane components. Such
tion. components are produced In accordance with the        The feed which
is sent to fractionation step a) present process.
contains hydrocarbons comprising at least 4 carbon Therefore, the present
invention relates to a proc-  atoms. Generally, the feed contains mainly
hydrocar- ess for producing gasoline components from a hydro-  40  bon
comprising at  least 5 carbon atoms. Small carbonaceous feed containing
hydrocarbons corn-    amounts of lighter hydrocarbons can in some cases
prising at least 4 carbon atoms, which process com-  be present. For
economic reasons, It can be advan- prises the following steps:
tageous that the separation carried out in the frac- a) separating the feed
by fractional distillation  tionation step is not carried out very
strictly, which into a heavy fraction containing hydrocarbons  45   makes
that some lighter and/or heavier compounds comprising at least 7 carbon
atoms, an intermedi-  are also present In the heavy, the intermediate
and/or ate fraction containing mainly hydrocarbons    the light fraction.
Further, It can be advantageous to comprising 6 and 7 carbon atoms, and a
lightfrac-  carry out the separation such that the non-cyclic hy- tion
containing hydrocarbons comprising at most  drocarbons present In the
Intermediate fraction are 6 carbon atoms,                           50
mainly hydrocarbons containing 7 carbon atoms. b) isomerizing at least part
of the light fraction,  The catalytic reforming can suitably be carried c)
combining at least part of the effluent of step  out at a temperature of
between 400 and [err] and b) with at least part of the intermediate
fraction,  a pressure of between 1 and 50 bar. Preferably, the and
separating off a stream containing normal  heavy fraction Is catalytically
reformed by contacting hydrocarbons and a stream containing branched   55
with a reforming catalyst containing platinum and op- hydrocarbons, and
tionally at least one other metal. d) passing at least part of the stream
containing  For product finishing, effluent from reforming normal
hydrocarbons to Isomerization step b).  step e) is suitably distilled and
separated into at least 2    



3                   EP 0 463 679 B1                 4 a stream containing
hydrocarbons comprising at most  ably the molecular sieve which is applied
is selective 4 carbon atoms and a stream containing hydrocar-   with
respect to the degree of branching of the hydro- bons comprising at least 4
carbon atoms.           carbons app led, i.e. unbranched hydrocarbons A
further enhancement of the octane number of   5   should be substantially
adsorbed, whereas branched the gasoline components finally obtained In the
proc-  and cyclic hydrocarbons should not be retained In any ess according
to the present Invention, can be ob-  substantial amount in the molecular
sieve. The selec- tained by further processing at least part of the efflu-
tivity is dependent to a large extenton the pore diam- ent of the reforming
step to the separation step c),  eters of the molecular sieve. Suitably, in
the separa- with or without previous Isomerization. Preferably, at  10
tion step use is made of a separatory molecular sieve least part of the
effluent of reforming step e) is distil-  having a pore size which is
sufficient to permit entry led and separated Into a stream containing
hydrocar-  of normal hydrocarbons containing 4-7 carbon atoms, bons
comprising at most 4 carbon atoms, a reformate  but restrictive to prohibit
entry of such cyclic, mono- stream containing mainly hydrocarbons
comprising 5  methyl branched and dimethyl branched hydrocar- to 7 carbon
atoms and a stream containing hydrocar-  15  bons. Suitable pore diameters
are in the range from bons comprising at least 7 carbon atoms, at least
part  0.3-0.8 nm, and preferablyfrom 0.4-0.6 nm. Synthet- of which
reformate stream is passed to separation  ic or natural zeolites can be
used as molecular sieve; step c), with or without previous isomerization.
preferably zeolite 5A is used. The particles which Isomerization step b) is
suitably carried out at a  comprise molecular sieve material may in
addition temperature between 100 and [err] and a pressure  20  comprise a
binder material such as alumina, silica or between 10 and 60 bar. The
catalyst present in the  silica-alumina, In order to Improve the crushing
isomerization step suitably is catalytically active in  strength of the
particles; said particles may also be somerization of hydrocarbons
comprising 5 to 7 car-  mixed with particles which do not contain molecular
bon atoms.                                         sieve material. The
intermediate fraction Is suitably isomerized   25  The process of the
present invention can be car- at a temperature between 50 and [err] and a
pres-  ried out in a number of alternative ways, and some sure between 10
and 60 bar. Suitably, this isomeriza-  process schemes according to the
present invention tion is carried out at a lowertemperature than isomer-
will be elucidated more fully hereinafter, with refer- ization step b).
Suitably the Isomerization is carried  ence to the accompanying figures.
out by contacting with a catalyst which is catalytically  30  The processes
of the figures are carried out with active In isomerization of hydrocarbons
comprising 6  the helpof a fractionation unit (10), a first isomeriza- and
7 carbon atoms. Preferably, the catalyst is cata-  tion unit (20), a
separation unit (30) a reforming unit lytically active in Isomerization of
hydrocarbons com-  (40) and optionally a distillation unit (50) and/or a
sec- prising 6 and 7 carbon atoms and in hydrogenating ar-  ond
isomerization unit (60). omatic compounds.                             35
In the process schematically shown in figure 1 a The catalyst employed In
the isomerization      feed (1) Is passed to fractionation unit (10). In
frac- step(s) suitably Is a heterogeneous hydrolsomeriza-  tionation unit
(10) the feed is separated into a heavy tion catalyst having an acid
activity and a hydrogen-  fraction (9), containing hydrocarbons comprising
at ation activity and comprising one ormore metals from  least 7  carbon
atoms, an intermediate fraction (5), Group VIII of the Periodic Table of
the Elements on a   40  containing mainly hydrocarbons comprising 6 and 7
carrier material. The carrier material has acidic prop-  carbon atoms and a
light fraction (2). containing hy- erties and may suitably consist of
silica-alumina, in  drocarbons comprising at most 8 carbon atoms. Light
particular zeolites (e.g. mordenite, faujasite or zeolite  fraction (2) is
sent to first Isomerization unit (20) to- Y) in the hydrogen form or
exchanged with rare earth  getherwith recycle stream (7), discussed
hereinafter. ions, or of alumina rendered acidic by combination   45
Effluent of the isomerization unit (4) is sent to sepa- with halogen (e.g.
chlorine). Preferably, the employed  ration unit (30) together with
intermediate fraction catalyst comprises at least one noble metal from
(5). Separation unit (30) comprises a separatory mo- Group Vill (In
particular platinum) on mordenite as  lecularsieve, with the help of which
normal hydrocar- carrier material. Most preferably, a catalyst Is used
bons are separated from cyclic and mono- and multi- containing H-mordenite
which is prepared by treating   50  branched hydrocarbons, thereby
producing a stream mordenite one or more times with an aqueous solu-  (8),
mainly comprising cyclic and branched hydrocar- tion of an ammonium
compound (e.g. ammonium ni-     bons and a stream (7), mainly comprising
normal hy- trate), followed by drying (e.g. at 100-[err]) and cal-
drocarbons. Stream (7) Is combined with stream (2) cining (e.g. at
400-[err]) of the treated mordenite.  and sent to the isomerization unit
(20). The heavy The catalyst can comprise a binder material such as  55
fraction (9) is sent to reforming unit (40), where the alumina, silica or
silica-alumina.                 fraction is contacted with a reforming
catalyst at re- Suitably in separation step c) use is made of a  forming
conditions. separatory molecular sieve capable of separating a     The
process schematically shown in figure 2 re- hydrocarbon species via
selective adsorption. Suit-  sembles the process schematically shown in
figure 1. 3    



5                  EP 0 463 679 B1                  6 The processes differ
in that In the process shown In  which feed had afinal boiling pointof
200Cwas split figure 2 the effluent of the reforming unit (40) is sent  by
fractional distillation Into a heavy fraction boiling to  distillation unit
(50) In which stream (10) is sepa-  above [err] and containing 52 pbw of
hydrocarbons, rated into a stream (11) containing hydrocarbons   5   mainly
hydrocarbons comprising at least 7 carbon comprising at most 4 carbon
atoms, a reformats   atoms, and an intermediate fraction, boiling between
stream (12) containing mainly hydrocarbons compris-  [err] and [err] and
containing 20 pbw of hydrocar- ing 5 to 7 carbon atoms and a stream (13)
containing  bons, mainly hydrocarbons comprising 6 and 7 car- hydrocarbons
comprising at least 7 carbon atoms.   bon atoms, and alight fraction
boiling below [err] The reformats stream (12)is sent, possibly together  10
and containing 28 pbw of hydrocarbons, mainly hy- with streams (4) and/or
(5) to separation unit (30).  drocarbons comprising at most 6 carbon atoms.
The In the process schematically shown In figure 3 a  light fraction was
combined with stream (7) and Iso- feed (1) is passed to fractionation unit
(10). In frac-  merized at a temperature of [err] and a pressure of
tionation unit (10) the feed is separated into a heavy  25 bar In the
presence of a catalyst containing 0.3 fraction (9), containing hydrocarbons
comprising at  15  pbw of platinum on mordenite, amount of metal on least 7
carbon atoms, an intermediate fraction (5),  amount of mordenite
Hydrocarbons comprising at containing mainly hydrocarbons comprising  6 and
7    most 4 carbon atoms were removed from the effluent carbon atoms, and a
light fraction (2), containing hy-  obtained  and the remaining effluent
was combined drocarbons comprising at most 6 carbon atoms. Light  with the
intermediate fraction and separated in a sep- fraction (2) is sent to first
Isomerizaton unit (20) to-  20  aration unit with the help of 5A zeolite as
separatory getherwith recyclestream(7),discussed hereinafter.  molecular
sieve,  by which a stream  containing Intermediate fraction (5) Is sent to
second isomeriza-  branched and cyclic hydrocarbons was separated off, tion
unit (60). The effluent of the second isomeriza-   containing 45 pbw of
hydrocarbons and 2.1 % by tion unit (14) is sent, togetherwith the effluent
of the  weight (%wt) of benzene, and a stream containing isomerization unit
(4)  to separation unit (30). Sepa-  25  normal hydrocarbons containing 14
pbw of hydrocar- ration unit (30) comprises a separatory molecular  bons.
The stream containing normal hydrocarbons sieve, with the help of which
stream (8), mainly com-  was combined with the light fraction. prising
branched and cyclic hydrocarbons, and a       The heavy fraction was
reformed at a tempera- stream (7), mainly comprising normal hydrocarbons,
ture of [err] and a pressure of8 bar in the presence are produced  Stream
(7) is sent to the isomerization   3o  of a catalyst containing 0.3 pbw of
platinum on alumi- unit (20). Heavy fraction (9)is sent to reforming unit
na (amount of metal on amountof alumina). Hydrocar- (40), in which the
fraction is contacted with a reform-  bons comprising at most 4 carbon
atoms were re- ing catalyst at reforming conditlons. The effluent of
moved, and effluent containing 47 pbw of hydrocar- the reforming unit (40)
is sent to distillation unit (50),  bons and 0.8 % by weight of benzene was
obtained. in  which  stream (10) is separated into a stream (16)  35  In
the above process In total 92 pbw of hydrocar- containing hydrocarbons
comprising at most 4 carbon  bons comprising at least 5 carbon atoms was
pro- atoms and a product stream (17).                   duced, which
hydrocarbons had a benzene content of The process shown In figure 4 differs
from the  1.4 %wt and a RON of 90. process of figure 3, In that the
effluent of reforming unit (40) Is sent to distillation unit (50), in which
40  EXAMPLE 2 (according to the process scheme of stream (1O) is separated
into a stream (11) containing  figure 2) hydrocarbons comprising at most 4
carbon atoms, a reformate stream (12) containing mainly hydrocar-     A
feed containing 100pbwofhydrocarbonswhich bons comprising 5 to 7 carbon
atoms and a stream   hydrocarbons comprise at least 4 carbon atoms, (13)
containing hydrocarbons comprising at least 7   45  which feed had afinal
boiling pointof [err], was split carbon atoms. Reformate stream (12) is
sent, togeth-  by fractional distillation into a heavy fraction boiling
erwith streams (2) and (7), to the first Isomerization  above [err] and
containing 52 pbw of hydrocarbons, unit (20).
mainly hydrocarbons comprising at least 7 carbon The Invention will now be
further illustrated with  atoms and an Intermediate fraction, boiling
between the aid of the following examples, In which hydrogen   5o  [err]
and [err] and containing 20 pbw of hydrocar- addition and removal have not
been indicated. The  bons, mainly hydrocarbons comprising 6 and 7 car-
hydrocarbon feed used had a RON of 58 and a ben-   bon atoms, and a light
fraction boiling below [err] zene content of 1.1 % by weight.
and containing 28 bw of hydrocarbons, mainly hydro- carbons comprising at
most 6 carbon atoms. The light EXAMPLE 1 (according to the process scheme
of    55  fraction was combined with stream (7) and isomer- figure 1)
ized at a temperature of [err] and a pressure of 25 bar in the presence of
a catalyst containing 0.3 pbw Afeed containing 100 pbwof hydrocarbons which
of platinum on mordenite (amount of metal on amount hydrocarbons comprise
at least 4 carbon atoms,   of mordenite). Hydrocarbons comprising at most 4
4    



7      .           EP 0 463 679 B1                    8 carbon atoms were
removed from the effluent ob-   carbons and 0.0 %wt of benzene, and a
stream con- tained and the remaining effluent was combined with  taining
normal hydrocarbons, containing 12 pbw of the intermediate fraction and
reformats stream (12),  hydrocarbons. The stream containing normal hydro-
discussed hereinafter, and separated In a separation   5   carbons was
combined with the light fraction. unit with the help of 5A zeolite as
separatory molec-  The heavy fraction was reformed at a tempera- ular
sieve, by which a stream containing branched  ture of [err] and a pressure
of 8 bar In the presence and cyclic hydrocarbons was separated off,
contain-  of a catalyst containing 0.3 pbw of platinum on alumi- ing 53 pbw
of hydrocarbons and 2.5 %wt of benzene,  na (amount of metal on amount of
alumina). Hydrocar- and a stream containing normal. hydrocarbons, con-  10
bons comprising at most 4 carbon atoms were re- taining 17 pbw of
hydrocarbons. The stream contain-  moved, and effluent containing 47 pbw of
hydrocar- ing normal hydrocarbons was combined with the light  bons and 0.8
% by weight of benzene was obtained. fraction.
In the above process in total 92 pbw of hydrocar- The heavy fraction was
reformed at a tempera-  bons comprising at least 5 carbon atoms was pro-
ture of [err] and a pressure of 8 bar In the presence  15  duced, which
hydrocarbons had a benzene content of of a catalyst containing 0.3 pbw of
platinum on alumi-  0.4 %wt and a RON of 90. na (amount of metal on
amountof alumina). Hydrocar- bons comprising at most 4 carbon atoms were
re-  EXAMPLE 4 (according to the process scheme of moved, which stream
contained 3 pbw of hydrocar-  figure 4) bons; a reformate stream containing
hydrocarbons  20 comprising 5 to 7 carbon atoms, which stream con-    Afeed
containing 100 pbw of hydrocarbons which tained 9 pbw of hydrocarbons; and
a stream contain-  hydrocarbons  comprised at least 4 carbon atoms, Ing
hydrocarbons comprising at least 7 carbon atoms,  which feed had a final
boiling point of [err] was split which latter stream contained 38 pbw of
hydrocar-  - by fractional distillation Into a heavy fraction boiling bons
and 0.0 %wt of benzene.                26  above [err] and containing 52
pbw of hydrocarbons, In the above process In total 91 pbw of hydrocar-
mainly hydrocarbons comprising at least 7 carbon bons comprising at least 5
carbon atoms was pro-  atoms and an intermediate fraction, boiling between
duced, which hydrocarbons had a benzene content of  [err] and 93and
containing mainly hydrocarbons 1.5 %wt and a RON of 91.
comprising 6 and 7 carbon atoms, and a light fraction 30  boiling below
[err] and containing 28 pbw of hydro- EXAMPLE 3 (according to the process
scheme of    carbons, mainly hydrocarbons comprising at most 6 figure 3)
carbon atoms. The light fraction was combined with stream (7) and stream
(12) discussed hereinafter, Afeed containing 100 pbw of hydrocarbons which
and were together isomerized ata temperature of 260 hydrocarbons comprised
at least 4 carbon atoms,  35  [err] and a pressure of 25 bar in the
presence of a cat- which feed had a final boiling point of [err] was split
alyst containing 0.3 pbw of platinum on mordenite, by fractional
distillation into a heavy fraction boiling  amount of metal on amount of
mordenite. The Inter- above 93 C and containing 52 pbw of hydrocarbons,
mediate fraction was isomerizedat a temperature of mainly hydrocarbons
comprising at least 7 carbon  [err] and a pressure of 25 bar in the
presence of a atoms and an Intermediate fraction, boiling between  40
catalyst containing 0.3 pbw of platinum on mordenite. [err] and [err] and
containing 20 pbw of hydrocar-  Hydrocarbons comprising at most 4 carbon
atoms bons, mainly hydrocarbons comprising 6 and 7 car-  were removed from
the effluents obtained, and the bon atoms, and a light fraction boiling
below [err]  remaining effluents were combined and separated In and
containing 28 pbw of hydrocarbons, mainly hy-  a separation unit with the
help of 5A zeolite as sepa- drocarbons comprising at most 6 carbon atoms.
The  45  ratory molecular sieve. by which a stream containing light
fraction was combined with stream (7) and iso-  branched and cyclic
hydrocarbons was separated off, merized at a temperature of [err] and a
pressure of  containing 51 pbw of hydrocarbons and 0.0 % by 25 bar in the
presence of a catalyst containing 0.3 pbw  weight (%wt) of benzene, and a
stream containing of platinum on mordenite, amount of metal on amount
normal hydrocarbons, containing 13 pbw of hydrocar- of mordenite. The
Intermediate fraction was isomer-  50  bons. The stream containing normal
hydrocarbons ized at a temperature of [err] and a pressure of 25  was
combined with the light fraction. bar In the presence of a catalyst
containing 0.3 pbw  The heavy fraction was reformed at a tempera- of
platinum on mordenite. Hydrocarbons comprising  ture of [err] and a
pressure of 8 bar In the presence at most 4 carbon atoms were removed from
the efflu-  of a catalyst containing 0.3 pbw of platinum on alumi- ants
obtained, and the remaining effluents were com-  55  na (amountof metalon
amount of alumina). Hydrocar- bined and separated in a separation unitwith
the help  bons comprising at most 4 carbon atoms were re- of 5A zeolite as
separatory molecular sieve, by which  moved, which stream contained 3 pbw
of hydrocar- a stream containing branched and cyclic hydrocar-  bons; a
reformat stream containing hydrocarbons bons was separated off, containing
45 pbw of hydro-  comprising 5 to 7 carbon atoms, which stream con- 5    



9               EP 0 463 679 B1                     10 tained 9 pbw of
hydrocarbons; and a stream contain-      a) separating the feed by
fractional distilla- ing hydrocarbons comprising atleast7 carbon atoms,
tion into a heavyfraction containing hydrocar- which latter stream
contained 38 pbw of hydrocar-        bons comprising at least 7 carbon
atoms, an bons and 0.0 % wt of benzene.                 5
intermediate fraction containing mainly hy- In the above process in total
90 pbw of hydrocar-    drocarbons comprising 6 and 7 carbon atoms bons.
comprising at least 5 carbon atoms was pro-        and a light fraction
containing hydrocarbons duced, which hydrocarbons had a benzene content of
comprising at most 6 carbon atoms, 0.0 %wt and a RON of 91.
b) isomerizing at least part of the light frac- 10        tion, EXAMPLE 5
(not according to the present                  c) combining at least part
of the effluent of invention)
step b) with at least part of the intermediate fraction, and separating off
a stream contain- A feed containing 100 pbw of hydrocarbons corn-      ing
normal hydrocarbons and a stream con- prisingatleast4carbonatoms,
whichfeedhadafinal  15      taining branched hydrocarbons, and boiling
point of [err], was split by fractional distil-  d) passing at least partof
the stream contain- lation into a heavy fraction boiling above [err] and
ing normal hydrocarbons to isomerization containing 72 pbw of hydrocarbons,
substantially all     step b). of which hydrocarbons comprised at least 6
carbon atoms and a light fraction boiling below [err] and   20  2. Process
according to claim 1, which process fur- containing 28 pbw of hydrocarbons,
substantially all  ther comprisesstep a) in which atleastpartof the of
which hydrocarbons comprised at most 6 carbon      heavy fraction is
catalytically reformed. atoms. The light fraction was isomerized in a first
iso- merization step at a temperature of [err] and a   3. Process according
to claim 1 or2, which process pressure of 25 bar in the presence of a
catalyst con-  25  further comprises isomerizing at least part of the
taining 0.3 pbw of platinum on mordenite (amount of   intermediate
fraction, before the intermediate metal on amount of mordenite).
Hydrocarbons com-     fraction Is separated in separation step c) togeth-
prising at most 4 carbon atoms were removed from      er with effluent of
step b). the effluent obtained and the remaining effluent was separated
with the help of zeolite 5A as separatory  30  4. Process according to any
one of claims 1-3, molecular sieve. A stream containing branched and
wherein the intermediate fraction mainly con- cyclic hydrocarbons was
separated off, which stream   tains hydrocarbons comprising 7 carbon atoms.
contained 26 pbw of hydrocarbons and 0.0 %wt of benzene, and a stream
containing normal hydrocar-  5. Process according to any one of claims 2-4,
bons, which latter stream contained 9 pbw of hydro-  35  wherein at  least
part of the effluent of reforming carbons.
step e) Is distilled and separated Into a stream The heavy fraction was
reformed at a tempera-      containing hydrocarbons comprising at most 4
turn of [err] and a pressure of 8 bar, with the help carbon atoms, a
reformats stream containing of a catalyst containing 0.3 pbw of platinum on
alumi-  mainly hydrocarbons comprising 5 to 7 carbon na (amount of platinum
on amount of alumina). The   40  atoms and a stream containing hydrocarbons
effluent obtained was distilled to give a stream con-  comprising at least
7 carbon atoms, at least part taining hydrocarbons comprising at most 4
carbon      of which reformats stream Is passed to separa- atoms, which
stream contained 4 pbw of hydrocar-      tion step a). bons, and a stream
containing hydrocarbons com- prising at least 4 carbon atoms, which latter
stream   45  6. Process according to any one of claims 2-4, contained 66
pbw of hydrocarbons and 9.7 % by         wherein at least part of
theeffluent of reforming weight of benzene.
step e) is distilled and separated Into a stream In the above process in
total 92 pbw of hydrocar-  containing hydrocarbons comprising at most 4
bons comprising at least 5 carbon atoms was pro-      carbon atoms, a
reformat. stream containing duced, which hydrocarbons had a benzene
contentof  5o  mainly hydrocarbons comprising 5 to 7 carbon 6.9 %wt and a
RON of 93.                              atoms and a stream containing
hydrocarbons comprising at least 7 carbon atoms, at least part of which
reformate stream is passed to isomeri- Claims
zatlon step b). 55 1. Processforproducinggasolinecomponentsfrom       7.
Process according to any one of claims 1-6, a hydrocarbonaceous feed
containing hydrocar-      wherein isomerization step b) is carried out at a
bons comprising at least 4 carbon atoms, which    temperature between 100
and [err] and a pres- process comprises the following steps:
sure between 10 and 60 bar.    9                   EP 0 463 679 B1
10 



tained 9 pbw of hydrocarbons; and a stream contain-      a) separating th e
feed by fractional distilla- Ing hydrocarbons comprising at least 7 carbon
atoms,     tion into a heavyfraction containing hydrocar- which latter
stream contained 38 pbw of hydrocar-        bons comprising at least 7
carbon atoms, an bons and 0.0 % wt of benzene.                 5
intermediate fraction containing mainly hy- In the above process in total
90 pbw of hydrocar-    drocarbons comprising 6 and 7 carbon atoms, bons
comprising at least 5 carbon atoms was pro-         and a light fraction
containing hydrocarbons duced, which hydrocarbons had a benzene contentof
comprising at most 6 carbon atoms, 0.0 %wt and a RON of 91.
b) isomerizing at least part of the light frac- 10        tion, EXAMPLE 5
(not according to the present                  c) combining at least part
of the effluent of invention)
step b) with at least part of the Intermediate fraction, and separating off
a stream contain- A feed containing 100 pbw of hydrocarbons com-      Ing
normal hydrocarbons and a stream con- prising at least 4 carbon atoms,
which feed had a final  15  taining branched hydrocarbons, and boiling
point of [err], was split by fractional distil-  d) passing at least part
of the stream contain- lation into a heavy fraction boiling above [err] and
ing normal hydrocarbons to isomerization containing 72 pbw of hydrocarbons,
substantially all     step b). of which hydrocarbons comprised at least 6
carbon atoms and a light fraction boiling below [err] and   20  2. Process
according to claim 1, which process fur- containing 28 pbw of hydrocarbons,
substantially all  ther comprises step a) in which at least part of the of
which hydrocarbons comprised at most 6 carbon      heavy fraction is
catalytically reformed. atoms. The light fraction was isomerized in a first
iso- merization step at a temperature of [err] and a   3. Process according
to claim I or 2, which process pressure of 25 bar in the presence of a
catalyst con-  25  further comprises isomerizing at least part of the
taining 0.3 pbw of platinum on mordenite (amount of   intermediate
fraction, before the intermediate metal on amount of mordenite).
Hydrocarbons com-     fraction is separated in separation step c) togeth-
prising at most 4 carbon atoms were removed from      er with effluent of
step b). the effluent obtained and the remaining effluent was separated
with the help of zeolite 5A as separatory  30  4. Process according to any
one of claims 1-3, molecular sieve. A stream containing branched and
wherein the intermediate fraction mainly con- cyclic hydrocarbons was
separated off, which stream   tains hydrocarbons comprising 7 carbon atoms.
contained 26 pbw of hydrocarbons and 0.0 %wt of benzene, and a stream
containing normal hydrocar-  5. Process according to any one of claims 2-4,
bons, which latter stream contained 9 pbw of hydrO-  35  wherein at least
part of the effluent of reforming carbons.
step e) is distilled and separated Into a stream The heavy fraction was
reformed at a tempera-      containing hydrocarbons comprising at most 4
ture of [err] and a pressure of 8 bar, with the help  carbon atoms, a
reformats stream containing of a catalyst containing 0.3 pbw of platinum on
alumi-  mainly hydrocarbons comprising 5 to 7 carbon na (amount of platinum
on amount of alumina). The   40  atoms and a stream containing hydrocarbons
effluent obtained was distilled to give a stream con-  comprising at least
7 carbon atoms, at least part taining hydrocarbons comprising at most 4
carbon      of which reformate stream Is passed to separa- atoms, which
stream contained 4 pbw of hydrocar-      tion step c). bons, and a stream
containing hydrocarbons com- prising at least 4 carbon atoms, which latter
stream   45  6. Process according to any one of claims 2-4, contained 66
pbw of hydrocarbons and 9.7 % by         wherein at least part of the
effluent of reforming weight of benzene.
step a) is distilled and separated into a stream In the above process in
total 92 pbw of hydrocar-  containing hydrocarbons comprising at most 4
bons comprising at least 5 carbon atoms was pro-      carbon atoms, a
reformats stream containing duced, which hydrocarbons had a benzene content
of  50  mainly hydrocarbons comprising 5 to 7 carbon 6.9 %wt and a RON of
93.                              atoms and a stream containing hydrocarbons
comprising at least 7 carbon atoms, at least part of which reformate stream
is passed to isomeri- Claims
zation stap b). 55 1. Processforproducinggasolinecomponentsfrom       7.
Process according to any one of claims 1-6, a hydrocarbonaceous feed
containing hydrocar-      wherein isomerization step b) is carried out at a
bons comprising at least 4 carbon atoms, which    temperature between 100
and [err] and a pres- process comprises the following steps:
sure between 10 and 60 bar. 6    1                  EP 0 463 679 B1
12 



8. Process according to any one of claims 3-7,         miert wird. wherein
the intermediate fraction is isomerized at a temperature between 50 and
300C and a    3. Verfahren nach Anspruch I oder 2, welches Ver- pressure
between 10 and 60 bar.            5       fahren weiterhin ein
Isomerisleren wenigstens el- nes Telles der Zwischenfraktion umfa1t, bevor
9. Process according to claim 8, wherein the iso-      die
Zwischenfraiction in derTrennstufe c) zusam- merization of the intermediate
fraction is carried  menmitdemAbstromausStufeb) aufgetrenntwird. out by
contacting with a catalyst which is catalyt- ically active in Isomerization
of hydrocarbons   10  4. Verfahren nach einem der Anspriche 1 bls 3,
comprising 6 and 7 carbon atoms and in hydro-      worin die
Zwischenfraktion vorwlegend 7 Koh- genating aromatic compounds.
lenstoffatome aufwelsende Kohlenwasserstoffe enthilt. 10. Process according
to any one of claims 1-9, wherein In separation step c) use Is made of a
iS  5. Verfahren nach einem der Anspriche 2 bis 4, separatory molecular
sieve capable of separat-     worin wenigstens ein Teil des Abstroms aus
der ing a hydrocarbon species via selective adsorp-    Reformierstufe e)
destilliert und i einen Strom, tion.
der h5chstens 4 Kohlenstoffatome aufweisende Kohlenwasserstoffe enthalt,
denen Reformat- 11. Process according to claim 10, wherein the pore  20
strom, dervorwiegend 5 bis 7 Kohlenstoffatome size of the separatory
molecular sieve Is suffi-   aufwelsende Kohlenwasserstoffe enthilt, und in
cient to permit entry of normal hydrocarbons       einen Strom,
derwenigetens 7 Kohlenstoffatome comprising 4-7 carbon atoms, but
restrictive to    aufwelsende Kohienwasserstoffe enthalt, aufge- prohibit
entry of such mono-methyl branched, di-   trennt wird, wobel wenigstens ein
Tell des Refor- methyl branched and cyclic hydrocarbons.   25
matstroms zur Trennstufe c) gefflhrt wird. 6. Verfahren nach elnern der
Ansprulche 2 bis 4, Patentanspriche
worin wenigstens sin Tell des Abstroms aus der Reformlerstufe e)
destilliert und In einen Strom, 1. Verfahren zur Herstellung von
Benzhnkomponen-  30   de hochstens 4 Kohlenstoffatome aufweisende * f
ten aus einem kohlenwasserstoffhAltigen Eln-        Kohlenwasserstoffe
enthalt, einen Reformat- satzmaterial, das wenigetens 4 Kohlenstoffato-
strom, dervorwlegend 6 bls 7 Kohlenstoffatone me aufweisende
Kohlenwasserstoffe enthilt,         aufweisende Kohienwasserstoffe enthalt,
und in welches Verfahren die folgenden Stufen umfalt: -    sohen Strom, der
wenigstens 7 Kohlenstoffatome a) Auftrennen des Einsatzmaterials durch   3S
aufweisende Kohienwasserstoffe enthilt, aufge- fraktionierte Destillation
In elne schwere      trennt wird, wobe wenigestens eln Tell des Refor-
Fraktion mit einem Gehalt an Kohlenwasser-      matstroms zur
Isomerisierungsstufe b) gef0hrt stoffen, die wenigstens 7 Kohlenstoffatome
wird. *            aufweisen, eine mittlere Fraktion, die-vorwie- gend
Kohlenwasserstoffe mit einem Gehalt  40  7. Verfahren nach einem der
Anspr(iche I bis 6, an 6 und 7 Kohlenstoffatomen enthfilt, und ei-  worin
die Isomerisierungsstufe b) bei elner Tern- ne lelchte Fraktion, die
Kohlenwasserstoffe     peratur zwlsohen 1.00 und 320C und bei einem
enthilt, die h8chstens 6 Kohlenstoffatome        Druck zwlschen 10 und 60
bar ausgefflhrt wird. enthalten, b) Isomerlseren wenigetens sines Telles
der  45  8. Verfahren nach elnem der Ansprfche 3 bbs 7, lelchten Fraktion,
worin die Zwlschenfraktfin be! elner Temperatur c) Vereinigen wenigetens
eines Teiles des Ab-   zwlschen 50 und 300lCC und bel einem Druck zwi-
stroms aus Stufe b) mitwenlgstens ehnem Teil    schen 10 und 60 bar
Isomerisiert wird. der Zwischenfraktion und Abtrennen eines
Normalkohlenwasserstoffe   enthaltenden   5o  9. Verfahren nach Anspruch 8,
worin die Isomef- Stroms und eines verzweigte Kohlenwasser-       slerung
der Zwlschenfraktion durch Inkontakt- stoffe enthaltenden Stroms und
bringen mit elnem Katalysator, derzurlsomerisie- d) Fuhren wenigstens sines
Telles des Nor-      rungi vo;6 und 7 Kohlenstoffatomen aufwelsen-
malkohlenwasserstoffe enthaltenden Stroms       den Kohlenwasserstoffen und
zum Hydrieren zur Isomerisierungsstufe b).            ss      aromatischer
Verbindungen katalytisch aktiv ist, ausgefuhrtwird. 2. Verfahren nach
Anspruch 1, welches Verfahren welterhin elne Stufe e) umfalit, worin
wenigstens  10. Vefahren neach einem derAnspriche I ble 9, worin ein Tell
der schweren Fraktion katalytisch refor-  In der Treinstuife c) von einem
Molekulartrenn- 7    13                 EP 0 463 679 B1                 14
sleb Gebrauchgemachtwird, daszurAbtrennung     5. Proc6dg solon l'une
quelconque des revendica- 



elner Kohlenwasserstoffspezies Ober seiektive     tions 2-4, dcns lequsl au
moins une partie de l'ef- Adsorption befahigt ist.
fluent de i'etape do reformage e) eat distlle6e et 5      aeparee en nn
courant contenant des hydrocar- 11. Verfahren nach Anspruch 10, worin die
Poren-      burescomprenantaumaximum4atomesdecar- groMe des
Moleiculartrennsiebes ausreicht, urn     bone, un courantde reformat
contenant principa- ein Eintreten von Normalkohlenwasserstoffen
lement des hydrocarbures comprenant 5 it 7 ato- mit 4 bbs 7
Kohlenstoffatomen zu gestatten, hin-   mes de carbone et un courant
contenant des hy- sichtlich sines Entretens von derartigen mono-  1o
drocarbures comprenant au moins 7 atomes de methylverzweigten,
dimethylverzweigten und         carbons, au moains une partie du courant de
re- cyclischen Kohlenwasserstoffen aber restriktiv    format 6tant passbe
M igtaps de s6paration c). ist. . 6. Procbd6.selon lNune quelconque des
revendica- 1S     tlons 2-4, 4ans lequel au moins une partie de l'ef- *
Revend~catlonS                                -  fluent de i 6tape de
reformage 6) eat distillee et . shpar~e en un courant contenant des
hydrocar- 1. Proced6 pour produire des composants d'essen-      bures
comprenant au maximnum 4 atomes de car- ce A partir dune charge
hydrocarbon6e conte-       bone, un courant dQ reformatcontenantprincipa-
nant des hydrocarbures comprenant au moins 4   20  lement des hy rcc- bures
comprenant 5 a 7 ato- atomes de carbone, ce procede comprenant lea
,mes de carbons et un courant contenant des hy- etapes suivantes:
drocarbures cotp' Rnant au moins 7 atomes de a) on s6pare la charge par
distillation frao-   carbone, au  Moia& une partie du courant de re-
tionnee n une fraction lourde contenant dos    format btant pa   L A
I'etape dIsom6risation b). hydrocarbures comprenant au moins 7 ato-  25 mes
de carbone, une fraction intermndiaire   7. Procdd selon lune quelconque
des revendica- contenant principalement des hydrocarburs   .   tions 1-6,
dans lecqueI l Ntape d'isomerisation b) . .comprenant 6 et 7,atomes. do
carbone et une .st onduita. A une temp~raturn comprise entre fraction
l6gere contenant des hydrocarbures     100 et 3200C et une pression
comprise entre 10 : -  < : .   comprenant au maximum 6 atomes de carbo-  30
et 60 bars. no,. b) on isomerise au moins une.partie de la    8. Proced
solon iune quelconquede revendica- fraction lgbre;.
tions 3-7, dins lequel la fraction interm6dialre c) on combine .au moins
une partie de .1'f-     est isom6ris6e A une tempkrature comprise entre - -
-.-         fluent de I'6tape b) avec au moins une parte    5  -   50 et
3000C et une pres-son comprise entre 10 et de la fraction Interm6dlaire, et
on s6par.e un  60 bars .. courant contenant des hydrocarbures nor- maux et
un courant contenant des hydrocar-   9. Proced6 solon la revendication 8,
dans lequel bures ramifi6s, et                             .Iisom6risation
de la fraction interm6diaire eat of- d) on fait passer au moins une partie
du cou-  40  fectu6e per miss en contact avec un catalyseur -:.r  -
rant contenant des hydrocarbures normaux A  -    qui est catalytiquement
actif dans 'lisomerisation .:6tape d'isom6risatlon b).
d'hydrocarbures comprenant 6 et 7 atomes de carbons et dans l'hydrogenation
de composes 2. Proced6 solon la revendication 1, qui comprend
aromatiques. en outre une Mtaps e) dans laquelle au moins une   46 partie
de la fraction lourde est reform6e catalyti-  10. ProcWdh selon lune
quelconque des revendica- quement.
tions 1-9, dans lequel dans I'Atape de separation c) on utilise un tamis
moldculaire separateur ca- 3. Proc~dA solon la revendicatlon I ou 2, qui
pabe de s~parer une ispbce d'hydrocarbures comprend en outre 'lsom6risation
d'au moins  5o   par adsorption s6lective. une partie de l fraction
Intermedlaire, avant quo la fraction intermedlalre ne salt separA. ,dans.
11. Proced solon la revendication 10, dans.lequel la 1'Itape de separation
c) en meme temps quo l'ef-   grosseur dss pores du tamis moleculaire
separa- fluent de I'etape b).                             tour est
suffisante pour permettre lPentree des 55      hydrocarbures normaux
compronant4-7 atomes 4. Procede solon l'une quelconque des revendica-
deo carbons, mais ..easez restrictive pour empe- tions 1-3, dans lequel la
fraction interm~diaire    :  cher! Fentrfo do tels hydrocarbures monomethyl
contlent principalement des hydrocarbures         ramiflfs, dimethyl
ramifMl0 et cycliques. comprenant 7 atomes de carbons. :. :. :.: .S. ..  :
-,   : "  :'   l,  .'    :.   .  .   ,   ,':,    


