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resulting rn an e-contalning secon uent stream
15  atmospheric residue, gasoline obtained by alkylation is essentially free of contaminants
such as sulphur and nitrogen and so has clean burning characteristics. Its high anti-
knock properties, represented by the high octane number, lessen the need to add
environmentally harmful anti-knock compounds such as aromatics or lead compounds.
Also, unlike gasoline obtained by reforming naphtha or by cracking heavier petroleum
20 fractions, gasoline obtained by alkylation contains few, if any, aromat(e”é or olefins,

which, environmentally speaking, is a further advantage.

US 5,523,503 discloses the alkylation of saturated hydrocarbons, i.e. isobutane, in a
cascade of at least three reactors. During operation, at least two of these reactors are
25 used for the alkylation reaction, in the other at least one reactor the catalyst is
regenerated. The alkylation reaction is performed by passing alkylatable compound
and alkylation agent to the first reactor, reacting at least a portion of the alkylatable
compound with at least a portion of the alkylation agent, thereby forming an alkylate-
containing first effluent stream, passing this first effluent stream together with
30 alkylation agent through the second reactor, resulting in an alkylate-containing second

effluent stream.



WO 03/ 078360 PCT/ EPO3/ 02367 2 The quality of the alkylate resulting from
this prior art process - as characterised by the octane nunber - still
needs i npwowafesst) however. The present invention provi de®CarErad/isbat i on
process which facilitates an inproved 5 quality of alkylate. In this
process an al kyl atabl e conpound is reacted with an al kylation agent to form
an al kylate, said process being perforpged in an apparatus conprising a
series of at least two reactors, which process conprises the foll ow ng
steps: a) the al kyl atabl e conpound and the al kyl ati on agent are introduced
into the fThelqualt) of &RE bylateMUIEhd frai thisasrior ArPerbtéssn- @ chactbrisgd ayabl e
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downst ream reactor enpl oying, instead of said al kyl atabl e conpound, a
stream co i sin aid product, stre during which process the prodyct
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By way of this interstage distillation, the alkylate concentration is kept at a relatively low
level in the entire process. In this way, the amount of undesired by-products that can
20  be formed by, e.g., degradation of alkylate or condensation of degradation products is

minimised.

The interstage distillation can be performed by any kind of distillation unit. Preferably,
the distillation is performed in a simple way, preferably by using 1-40, more preferably
25 1-30, even more preferably 1-20, and most preferably 1-10 theoretical plates. This
offers a quick and cost-effective way to separate alkylate from the product stream. A
specifically suitable distillation technique is flash distillation, which involves only one
theoretical plate.
Such a simple distillation will result in an alkylate stream (i.e. the stream containing the
30 alkylate removed from the product stream) also containing at least 5 liquid volume
percent (LV%) of alkylatable compound, generally about 5-30 LV%. In other words, the
resulting stream of removed compounds preferably contains at least 5 liquid volume

percent of alkylatable compound.



resulting stream of renoved conpounds preferably contains at least 5 |iquid
volume percent of al kyl atable compound. WO 03/078360 PCT/EP03/02367 3 In
order to wbtoaiorssam al kyl ate stream suitably pure for stor&ge/Er3/Ad3endi ng,
i.e. an alkylate streamcontaining up to about 0.1 LV% of alkylatable
conpound, distillation over about 80-100 theoretical plates is required.
Such a distillation involves higher co8ts and is nore time consum ng than
distillation over fewer, e.g. 1-40, theoretical 5 plates. Hence, for
interstage distillation, such a profound distillation over 80-100
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i nvent i on. 3%BYf WRYiniGhl sampbealkylates figure d| spl ays only tvvo reactors with
the distillation unit in between. Naturally, it is also possible to use
nore 25 than two, e.g. three or four, reactors. |If only one distillation
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from isobutane and C, olefins, removal of Cs'-product compounds is desired. If flash
distillation is applied for this purpose, the preferred distillation temperature range is 50-
100°C, more preferably 70-80°C, at a corresponding pressure range of 7-15,

20  preferably 10-12 bar.

Figure 1 shows a schematic lay-out of an apparatus suitable for carrying out the
process according to the invention. By way of example, this figure displays only two
reactors with the distillation unit in between. Naturally, it is also possible to use more
25 than two, e.g. three or four, reactors. If only one distillation unit is used, it can be
positioned between the first and the second reactor, the second and the third reactor,
or the third and the fourth reactor, etc. Alternatively, two distillation units can be used,
which can be placed between the first and the second reactor and the second and the
third reactor, or between the first and the second reactor and between the third and the
30 fourth reactor, etc. If more than distillation units are used, they can, for instance, be
placed between every two reactors. So, in case of four reactors, between the first and
the second, between the second and the third, and between the third and the fourth

reactor.



30 fourth reactor, etc. If nore than distillation units are used, they can,
for instance, be placed between every two reactors. So, in case of four
react ors,wbasmessno t he first and the second, between the ®eTmpd3/en3drt he
third, and between the third and the fourth reactor. W 03/078360

PCT/ EPO3/ 02367 4 The reactors contain a catalyst and are equi pped with
standard equi prent known in the art fod neasuring tenperature, pressure,
and flow. Wen the reactors contain a solid acid catalyst, this catalyst
can for instance be present in a fluidised bed, a fixed bed or suspended
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unit 12. stream) and a vapour phase rich in alkylatable compound (the product stream).
The alkylate-rich phase leaving the distillation unit is transported via duct 6B to
separation unit 12. The rest of the product stream, which is in the vapour phase, is led
via duct 6A to condenser 7. Via duct 8 the product stream enters surge drum 9. Losses
20  of alkylatable compound during this separation step can optionally be compensated for
by subsequent addition of alkylatable compound to the product stream.
The product stream is transported to reactor 3B, through duct 10. To this reactor
alkylation agent is fed through inlet 2B. The alkylation agent can (partially) react with
the alkylatable compound present in the product stream. The resulting effluent is

25 transported via duct 11 to separation unit 12.

Separation unit 12 may comprise one or more devices. This separation unit serves to
separate alkylatable compound from the effluents fed to the unit. The alkylatable
compound can be recycled through duct 13. This stream and, therefore, the alkylatable
30 compound introduced into reactor 3A, may contain minor amounts of other
compounds, such as alkylate. Other streams leaving the separation unit comprise the
alkylate and usually also comprise a stream containing “lights”, such as hydrogen

and/or propane, and an n-alkanes-containing stream.



Separation unit 12 rmay conprise one or nore devices. This separation unit
serves to separate al kyl atable conpound fromthe effluents fed to the
unit. Thewalokptssb@bl e conpound can be recycl ed t hrough d®ct/EP83/03Bhi s
stream and, therefore, the al kylatable 30 conpound introduced into reactor
3A, may contain mnor anounts of other conpounds, such as al kylate. O her
streans | eaving the separation unit conprise the alkylate and usually al so
conprise a streamcontaining "lights", such as hydrogen and/or propane,
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Platinum, palladlum and mlxtures thereof are especially preferred. The amount of

hydrogenating metal component will be dependent on its nature. When the
hydrogenating metal component is a noble metal of Group VIII of the Periodic Table,

20 the catalyst generally will contain in the range of 0.01 to 2 wt.% of the metal, preferably
0.1-1 wt.%, calculated as metal.

Examples of solid acid constituents are zeolites such as zeolite beta, MCM-22, MCM-
36, mordenite, X-zeolites and Y-zeolites, including H-Y-zeolites and USY-zeolites, non-
zeolitic solid acids such as silica-alumina, sulphated oxides such as sulphated oxides

25  of zirconium, titanium, or tin, sulphated mixed oxides of zirconium, molybdenum,
tungsten, etc., and chlorinated aluminium oxides. The presently preferred solid acid
constituents are zeolites, including mordenite, zeolite beta, X-zeolites and Y-zeolites,
including H-Y-zeolites and USY-zeolites, sulphated oxides, and chlorinated aluminium
oxides. Mixtures of solid acid constituents can also be employed.

30 The preferred solid acid catalyst comprises a hydrogenating metal component on a
carrier which comprises 2-98 wt.% of solid acid constituent and 98-2 wt.% of a matrix
material, calculated on the carrier. Preferably, the carrier comprises 10-90 wt.% of
matrix material, and 90-10 wt.% of solid acid constituent. More preferably, the carrier
comprises 10-80 wt.% of matrix material and the balance is solid acid constituent.
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constituent, the preparation process may comprise, say, shaping the solid acid
constituent, after mixing it with a matrix material, to form particles, followed by
calcination of the particles. The hydrogenating function can, e.g., be incorporated into

20 the catalyst composition by impregnating the carrier particles with a solution of a

hydrogenation metal component.

If the alkylation reaction is performed using a solid acid catalyst, this catalyst may have
to be regenerated regularly with hydrogen. The regeneration can be conducted
25 together with the alkylation reaction in the same reactor. It is also possible to separate
the alkylation and regeneration steps by switching each reactor between an alkylation
and a regeneration mode.
Preferably, two types of regeneration are used: mild regeneration and high-
temperature regeneration. Mild regeneration is generally carried out at a temperature
30 in the range of 233 to 523 K and a pressure from 1 to 100 bar, whereas high-
temperature regeneration is usually effected at a temperature of at least 423 K,
preferably in the range of 423-873, more preferably 473-673 K.
Mild regeneration of the solid acid catalyst is performed by contacting the catalyst with
hydrogen in the presence of hydrocarbon, e.g. the product stream, alkylatable



calcination of the particles. The hydrogenati ng function can, e.g., be
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nearly constant composition in a high yield. Typically, the mild regeneration frequency
is in the range of once per 10 hours to 10 times per hour, preferably once per 3 hours

to 3 times per hour, and even more preferably once per 2 hours to 2 times per hour.

Q

20 To effect a long-term process on a commercial scale one can carry out a high-
temperature regeneration after every 50, preferably after every 100 mild regenerations.
Pilot plant experiments have shown that it is possible to effect a long-term process
when the catalyst is subjected to a high-temperature regeneration after every 200-400
mild regenerations. Depending on the exact process variables on a commercial scale,

25 this value may be higher or lower in actual practice.

In a preferred embodiment the process is performed using a solid acid catalyst and at
least four reactors. During operation at least two of these reactors are used for the
alkylation, like reactors 3A and 3B in Figure 1. These reactors are said to be in the
30 alkylation mode. In the other at least two reactors the catalyst is mildly regenerated.
These reactors are said to be in the regeneration mode. Regularly, the at least two
reactors are switched from alkylation mode to mild regeneration mode and vice versa.
Therefore, the invention is also directed to an alkylation process wherein an alkylatable

compound is reacted with an alkylation agent in the presence of a solid acid catalyst to
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More preferably, the interstage distillation is performed between every two reactors in

the alkylation mode. This results not only in a reduction of the amount of alkylate

20 present in the downstream reactor(s), but also serves to obtain an almost constant
alkylate concentration throughout the entire system. With such an almost constant

alkylate concentration, the catalyst in all reactors will deactivate at almost equal rate.

Additionally, the apparatus may comprise one or more reactors which can replace one
25 or more of the at least two reactors in zone A and zone B. Preferably, the apparatus
contains one such additional reactor. The availability of such additional reactors makes
the process very flexible. If, owing to circumstances, the catalyst in one or more of the
reactors deactivates to an unacceptable extent during the process, these one or more
reactors can be replaced with one or more additional reactors. The deactivated
30 catalyst can then be regenerated by contacting it at high temperature with hydrogen in
the gas phase to recover its original activity without affecting the ongoing alkylation
process. After this high-temperature regeneration, the reactor containing the high-

temperature regenerated catalyst can serve as said additional reactor.
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as i sobut ane, isopentane, isohexane, or mxtures thereof. Preferred

al kyl at i onb%fg@r@f@a*élyét@l“*@fqaﬁ@W&Hr?fﬁrafylﬁ e8GR atons, preferably 2-6 5
carbonjatons, nore preferably 3-5 carbon atons, e. g propene but ene,

pentene. The alkylation of isobutane with buteng e of, but enes
constit ut e naild poeparation ds performed, it is generally carrie out at a emperature in the

range of 233 to 523 K and a pressure from 1 to 100 bar. Although regeneration and
alkylation steps can be performed at different temperatures and pressures, it is
preferred for the regeneration temperature, expressed in K, and the regeneration
20 pressure not to differ from the reaction temperature and pressure by more than 20%,
more preferably not by more than 10%, still more preferably not by more than 5%.
Most preferably, the regeneration temperature and pressure and the reaction

temperature and pressure are essentially the same.

25  The molar ratio of alkylatable compound to alkylation agent (I/O) in the total feed in the
reactors preferably is higher than 5:1, more preferably higher than 50:1. Higher molar
ratios are considered preferred for performance reasons, because they generally yield
an increase in octane number and stability. The upper limit for this ratio is determined
by the type of process applied, and by the process economics. It is not critical, and

30 may be as high as 5,000:1. Generally, figures of, e.g., 1,000:1 or lower are preferred.
These high molar ratios can be obtained in various ways known to the skilled person,
e.g., by multiple inlets for alkylation agent or internal recycling of reactor contents. At
this moment a molar ratio of alkylatable compound to alkylation agent of 150-750:1 is

considered most preferred.



enbodi ment of the process according to the invention. The process is
typically performed under conditions such that at |east a portion of the
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40 bar, nore preferably 15 to 30 bar. 15 If mld regeneration is performned,
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comes to the working of the engine. The product obtained in the process according to

the invention preferably has a RON of 90 or higher, more preferably of 92 or higher,

most preferably 94 or higher. The RON is obtained by determining, e.g., via gas

20 chromatography, the percentage by volume of the various hydrocarbons in the

product. The percentages by volume are then multiplied by the RON contribution and

added up.

Examples of compounds with a RON of 90 or higher are isopentane, 2,2-dimethyl

butane, 2,3-dimethyl butane, trimethyl butane, 2,3-dimethyl pentane, 2,2 4-trimethyl

25 pentane, 2,2,3-trimethyl pentane, 2,3,4-trimethyl pentane, 2,3,3-trimethyl pentane, and
2,2,5-trimethyl hexane.



of al kyl ation agent per gram of catalyst per hour. 5 Preferred alkylates to
be produced by the process according to the invention are C5+ al kyl ates

wi th a mwormanrssto CO+ al kyl ates. The C5+ al kyl at e obt ai ne@CwgPngj023be
process according to the invention preferably has a C9+ content of |ess
than 30 wt.% nore preferably of less than 20 w.% nost preferably of

|l ess than 10 wt. % The process according1ito the invention makes it possible
to obtain a Co+ alkylate yield 10 in excess of 200% cal culated on the

wei ght of the consunmed ol efin, preferably of 204% or higher. The quality
of the al kydxatriEduct obtained in the process according to the invention
can be neasured by the RON of the product. The RON is a neasure of the
anti-knock rating of gasoline and/or gasoline constituents. The higher the
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wer e conducted using an apparatus conprising two reactors in the al kylation
node and two in the regeneration node. |sobutane was used as the

al kyl at abl g tRercRBRONARE sHovirvtieRehaaikyhes abkosnattion iragerdppaiiies métactioon
tenperature was 70C, the WHSV wa (f) 19 hr' _anﬁl I(q%tvas 24,
reactors in the regeneration mode, two reactor$ in the alkylation’ mode, and a flash
15 drum between the latter two reactors gives a flat alkylate concentration profile
throughout the reactors.
A comparable result could be reached by using three reactors in the alkylation mode,
three reactors in the regeneration mode, and a flash drum between the first and the

second and the second and the third reactor in the alkylation mode.



Wthout interstage distillation, the olefin conversion was 81% and the RON
of the produced alkylate was 95.3. Using a flash drum the olefin
conver si owoioporssased to 10 100% and the RON of the al kyl 2Ce/RRayo023ai sed to
96.2. This shows the positive effect of interstage distillation. Further
tests have shown that the al kylate concentration in an apparatus wth two
reactors in the regeneration node, two ri@actors in the al kylation node, and
a flash 15 drum between the latter two reactors gives a flat al kylate
concentration profile throughout the reactors. A conparable result could
be reached dpnimsi ng three reactors in the al kylation node, three reactors
in the regeneration node, and a flash drum between the first and the
second and the second and the third reactor in the al kylation node. WO
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al kyl ati on agdf¥ChRracesseawR MRS st reactor, wherein at least a
portion of the)ah&kykabmbleccornrmod imdi the aikglatierd agért lare ftrodaesd into ther firson of

the al kyl ati on agent t roduce a product,stre 10 b) st a) | .
perforned at | edS3Ciynibeiry) &t 'FﬁSt:f‘g %Pf@&nﬁ"?yi%%?'&mghﬁ% Fs‘nrg??acgel Wiead of
sai d al kyl at abl gt RasPOpHiton af Bira@MLcO aPertsoé podace d ppodudustteanst r eam  duri ng
whi ch process ihe product st r(gami S, subj ect ed atd Ieatst oncetto A ovi
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downstreamreactor. 2. A process according to claim1l wherein the
distillation i SSB%"T"’f‘orrred over 1-40 theoretical plates. 20 3. A process
according to glandwhicHpescss tdproduGtstrehmtis subjésteder Bastrde dv erdistildtibn

step to remove at least a portion of the alkylate from the product stream before the

15 product stream is introduced into a downstream reactor.

2. A process according to claim 1 wherein the distillation is performed over 1-40

theoretical plates.

20 3. A process according to claim 2 wherein the distillation is performed over 1-10

theoretical plates.
4. A process according to claim 3 wherein the distillation is flash distillation.

25 5. A process according to any one of the preceding claims wherein besides alkylate
also a portion of the alkylatable compound is removed from the product stream,
the resulting stream of removed compounds containing at least 5 liquid volume

percent of alkylatable compound.

30 6. A process according to any one of the preceding claims wherein the at least two
reactors contain a solid acid catalyst comprising a solid acid constituent and at

least one Group VIII metal.



theoretical plates. 4. A process according to claim3 wherein the
distillation is flash distillation. 25 5. A process according to any one of
t he precewDrg/oTdsed ns wherei n besides al kyl ate al so a por PCOEPO3/0I3HE

al kyl atabl e conpound is renoved fromthe product stream the resulting
stream of renoved conmpounds containing at least 5 liquid volunme percent of
al kyl at abl e conpound. 30 6. A process aggording to any one of the preceding
clainms wherein the at least two reactors contain a solid acid catal yst
conprising a solid acid constituent and at |east one Goup VIII netal. WO
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preceding clainms wherein g series of at |east four reactors is used. 8. A
process accor @PHJoWrdeasiorsdnEseft t he preceding cl ai ms wherein the apparatus
5 conprises a series of at |east two catal yst-containing reactors in a zone
A and a series of at |east two catal yst-containi re%ctor in a zone B,
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t he al kyl ati on node conpri ses steps a). and

| ) . b) of claim.l, drlngwhichthe
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iii. the nmild regjwaes akyvighompade apdpiid seaenemiPafqdsy the solid acid

catalyst in epcihe Skyldtt® Rlodb QREHpriEd® stepa @) @hd 1) oft d1ginz aneuihd vhithdihegen.
15 9. A process according to any one of the precedin vher ei gtgt he

d cl aj,
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al kenes. 10. A pinRB8SH 1855 Horfion lof tRMIkpBER Bémithe dpedeediragmChaibm@sthsher ei n
the process is 20 conducted at a pressure in ther ange of 5-40 bar.
product stream is introduced into a downstream reactor, and
iii. the mild regeneration mode comprises contacting the solid acid catalyst in each
of the at least two reactors of the zone with hydrogen.
15
9. A process according to any one of the preceding claims wherein the alkylatable

compound is isobutane and the alkylation agent comprises C;-Cs alkenes.

10. A process according to any one of the preceding claims wherein the process is

20 conducted at a pressure in the range of 5-40 bar.



