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FLUI D CATALYTI C ALKYLATI ON PROCESS The instant invention relates
to a fluid catalytic "isoparaffin-olefin al kylation process in which a
circulating fluidized-bed reactor is enployed and catal yst is

conti nuously 5 regenerated. As a result of the curtailnment in the
use of tetraethyl | ead as an octane-inproving additive for gasoline, not
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_dlsposal of QEﬂéﬁgiyféff§er&fﬁfla¥!&ﬂ 59@en involves the reaction of C,-Cs
- : olefins with isobutane -in..the presence of.an acidic catalyst. .
Alkylates are valuable blending components for the manufacture
of premium gasolines due to their high octane ratings.

20 In the past, alkylation processes have included the use
of hydrofluoric acid or sulfuric acid as catalysts under
controlled temperature'conditiohs. Low temperatures are
utilized in the sulfuric acid process to minimize the
undeéirable side reaction of olefin polymerization and the

25 acid strength is generally maintained at 88 to 94% by the
continuous addition of fresh acid and the continuous
withdrawal of spent acid. The hydrofluoric acid process is
less temperature-sensitive and the acid is easily recovered
and purified.

30 The typical types of alkylation currently used to produce
high octane gasoline blending component, that is, the
hydrofluoric acid and sulfuric acid alkylation processes, have
inherent drawbacks including environmental concerns, acid
consumption and disposal of corrosive materials. With the

35 increasing demands for octane and the increasing environmental
concerns, it has been desirable to develop an alkylation
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2 process based on a solid catalyst system The catal yst of the

present invention offers a refiner a nor® environmental ly accept abl e
~alkylation process than the currently used hydrofluoric and sul furic
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Crystalline metallosilicates, or zeolites, have been
widely investigated for use in the catalysis of isoparaffin-
20 olefin alkylation. For example, U.S. Patent No. 3,251,902
describes the use of a fixed bed of ion-exchanged crystalline
aluminosilicate having a reduced number of available acid
sites for the liquid phase alkylatioh of C,-C,, branched-chain
paraffins with C,-C,, olefins.  The patent further discloses
25 that the C,-C,, branched~-chain paraffin should be allowed to
substantially saturate the crystalline aluminosilicate before
the olefin is introduced to the alkylation reactor.
U.S. Patent No. 3,450,644 discloses a method for
regenerating a zeolite catalyst used in hydrocarbon conversion
30 processes involving carbonium ion intermediates. _
U.S. Patent No. 3,549,557 describes the alkylation of
isobutane with C,~C; olefins using certain crystalline
aluminosilicate zeolite catalysts in a fixed, moving or
fluidized bed system, the olefin being preferably injected at
35 various points in the reactor.
U.S. Patent No. 3,644,565 discloses the alkylation of a
paraffin with an olefin in the presence of a catalyst
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t he catalys% When It has “becone par deacji1vated. 20
Patent No. 359Baraffim andLlefin are introduced | ta?.she ﬁkziy&tan . ne
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di scl 0s8 anot heP.Soo/Batent Noyatdi892xP42 siescribes canf inopargffinoelefin
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as Udex containing zeolite which is periodically hydrogenated with
* hydrogen in the gas phase to reactivate the catalyst when it
has become partially deactivated.

20. U.S. Patent No. 3,236,671 discloses the use, in
alkylation, of crystalline aluminosilicate zeolites having
silica to alumina mole ratios above 3 and also discloses the
use of various metals exchanged and/or impregnated on such
zeolites. .

25 U.S. Patent No. 3,706,814 discloses another zeolite

- catalyzed isoparaffin-olefin alkylation process and further
provides for the addition of C;+ paraffins such as Udex
- raffinate or C:+ olefins to the alkylation reactor feed and the
use of specific reactant proportions, halide adjuvants, etc.

30 U.S. Patent No. 3,624,173 discloses the use, in isoparaffin-
olefin alkylation, of zeolite catalysts containing gadolinium.

U.S. Patent No. 3,312,615 discloses an alkylation
catalyst comprising crystalline aluminosilicate particles
having pore openings of between 6 and 15 Angstroms. These

35 catalysts can be based exchanged with rare earth metals. An
Alkylation process is also claimed wherein at least one
hydrocarbon stream is contacted with an olefinic streanm.
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pref er abl gatalyst so that a controlled amount of olefin is adsorbed
onto the catalyst before the combination of reactants and
catalyst is introduced into an alkylation zone. This _
"20 controlled olefin adsorption is said to prevent polymerization
of the olefin during alkylation.

U.S. Patent No. 4,377,721 describes an isoparaffin-olefin
alkylation process utilizing, as catalyst, 2ZSM~-20, preferably
stu-zo or rare earth cation-exchanged 2ZsSM=-20.

25 U.S. Patent No. 4,384,161 describes a process of
alkylating isoparaffins with olefins to provide alkylate
employing as catalyst a large pore zeolite capable of
adsorbing 2,2,4-trimethylpentane, e.g., ZSM-4, ZSM~20, ZSM~-3,
ZSM-18, zeolite Beta, faujasite, mordenite, zeolite Y and the

30 rare earth metal-containing forms thereof, and a Lewis acid
such as boron trifluoride, antimony pentafluoride or aluminum
trichloride. The use of a large pore zeolite in combination
with a Lewis acid in accordance with this patent is reported
to greatly increase the activity and selectivity of the

35 zeolite thereby effecting alkylation with high olefin space
velocity and low isoparaffin/oclefin ratio.
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- 'zeolite; suitable for adsorbing branched materials. - There-is . - .

also no teaching of the reaction occurring in a riser reactor
20 vand no. teaching of the use of internal recycle, as in the.
- instant invention. :
U.S. Patent No. 4,939,314 discloses a process for
regenerating at relatively low pressure a catalyst comprising
a medium pore zeolite which has been used in a high pressure
25 fluidized bed oligomerization reactor. There is no teaching
of a riser reactor or of the use of a large pore zeolite in
this patent. This patent is not directed to isoparaffin-
olefin alkylation.
This invention relates to an improved process of reacting
30 an isqparaffin with olefin molecules in the presence of a
composite catalyst comprising a large pore zeolite to produce
a high octane alkylate. The reaction occurs in a fluidized
bed reactor with internal reactor effluent recycle and
- continuous catalyst regeneration.
35 The fluid catalytic alkylation process of this invention
is conducted by alkylating isoparaffin with olefin in vapor
phase in a fluidized bed riser reactor with a solid catalyst.
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‘Unreacted isobutane is recycled from- the fractionation tower
to the feed stream.' ) _ _ . f L

20 The preferred embodiment of the instant invention
involves isobutane alkylation with light olefins, i.e.
propylene and butene. These reactants are contacted in vapor
phase in a fluidized bed reactor with a rare-earth exchanged
faujasite catalyst, as described above.

25 The alkylation of isobutane with light olefins is
important in the manufacture of high octane gasoline blending
stocks. Alkylate typically comprises 10 to 15% of the
gasoline pool. It has high RON and MON, is low in sulfur
content, contains no olefins or aromatics, demonstrates

30 excellent stability and is clean burning.

Figure 1 illustrates the alkylation process of this
invention if the reaction occurs in the absence of hydrogen.
The feed to the riser reactor, cyclone separator and the
vessels for steaming, purging and regeneration of catalyst are

35 depicted, as well as a fractionation tower for recovery of the
alkylate product.
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Figure 14|l ustrat t al kyl ati.on process of this I nvention 1f
reaction g’occ s %?&r}g‘&'@%@%ft ‘ogen. ~ The feed to the riser
reactor, cydeesk separator and the vessel s for steaming, purging and -
regeneration of eni.c fractionati on tower
for recovery of %ﬁ%ﬁ%s@%ﬁpﬂ&@% &seé’ﬂﬁl. %tl‘.ﬁ%%a%rocess
PCT/ US97/ 08Afrlude at least one isoparaffin and at least one olefipur eTHe
il ustrates jisupaidefial readtateused ihithe prddrtd PRy 14t VN PEE8es
enpl oyeg.t? Héijaro n_enter t4het riger rerg%[por al ong %}1 t{% fggg,ea%d S
recover et f sr%%?& é’% ° ﬁi’é’%ﬁor“? niakPuse RePreRentabiveor
prior to thexampltes) of5 surh Hsdpayafifimat i inclwerisobutdned %SOpentane,
Feedst ocks usgidinvih I &Gt | 0N Proc | ude at |east
one isoparaffin aﬁ@' %%éegs?ionehﬁlggl’%&i#heﬁ30%&2%%%&#?e ‘%a#t used
in the presdimeblpglihesaiie .process 10 has from about 4 to about 8 carbon
at oms. Represent e/ @lefirtcbiiplotent! ofUdhd SHAdAIOSI SRS éé.ofééége’
| sopentq{%‘e, o o‘?l'erﬁ:[ h)ﬁl h(ixan% 2- r;ettréyl exane, 2, 3-di met hyl butane and 2, 4-
di met hyHPex She n having from 12 carbon atoms. epresentative
examples of such olefins include butene-2, isobutylene,
butene-1, propylene, ethylene, pentene, hexene, octene, and
- heptene, merely to name a few .. The .preferred olefins include
the C, olefins, for example, butene-1, butene-2, isobutylene ’
20 or a mixture of one or more of these C, olefins, with butene-2
being the most preferred. Suitable feedstocks for the process
of the present invention are described in U.S. Pat. No.
3,862,258 to Huang et al. at column 3, lines 44-~56, the
disclosure of which is incorporated by reference. _
25 Hydrocarbon streams containing a mixture of paraffins and
olefins such as FCC butane/butene stock may also be employed.
The isoparaffin/olefin weight ratio in the feed may range from
1:1 to over 1000:1. Although a ratio of over 100:1.is
desirable, a ratio of over 500:1 in the reactor is more
30 desirable and a ratio of over 1000:1 is most desirable. A high
isoparaffin/olefin ratio may be achieved by recycle of part of
the reactor effluent or by back-mixing of the reactor content.
Catalyst
. The feed, discussed above, is contacted with an
35 alkylation catalyst which comprises a large pore zeolite,
optionally in the presence of hydrogen. The catalyst further
comprises one or more rare-earth elements. The zeolite
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The a6t aBy203f,19%hand LZ-Qipdesy ibel din Mbr . rPatentdrid., eheaaat,ssthe

zeolite 2583
PCT/ US97 Pa:gff?, sui@ad? ites include ZsM-3 (desc:g:.bed incgh% dnent

| ar ge- poPAtEEH Noe Bhiddi5 /%3 Qap A8M-4f (moTe by dgscribed in U.s.
trimet hybﬁwwostha,mrle giaEeEra ol o07), Zewlise(aéstpinga thdn 6 A

pref er ably) o AeTarkh, A By, 25T, SRS TRECLETE, BLoplRunES! L7,
in UlS. No. B39, 983) ,2 iidetvite HalesnrimedsinfUt $i sPatentht Nos, zeolite
Y includgs ‘§O|§4t7ea¥1d% 'ztlgl.eal lﬁy”tdlﬂi-li‘fd Qéég-(ieédwﬂ'uaé F?r“’*‘% vari ant

forms incl'u r amewor 'nated zeollite astable Y
(USY), d8O8ri é@?,%qgssaxﬁat?brﬁowsll), MCM-36 (éescribe in u.s.

Patent Nos. 5,310,715 and 5,296,428), MCM~49 (described :in -
U.S. Patent No. 5,236,575), MCM~56 (described in U.S. Patent

20 No. 5,362,697), zeolite-L. (described in U.S. Patent Nos.
4,908,342 and 5,063,038), zeolite beta (described in U.S.
Patent Nos. 5,164,170 and 5,160,169). Faujasites are
preferred in the instant invention. The entire disclosures of
the patents referred to in this paragraph are expressly

25 incorporated by reference.

The zeolites are preferably partially or fully exchanged
with at least one rare-earth cation, such as cations of
lanthanum or cerium. Mixtures of rare-earth cations may also
be used. Other cations, such as Ca'’, may also be used. The

30 large pore 2zeolite can be one in which the sodium content is
no more than 1.0% wt.

Prior to its use as an alkylation catalyst in the process
of this invention, the catalyst must be at least partially
dehydrated. This dehydration can be accomplished by heating -

35 the catalyst to a temperature in the range of from 200°C, to
595°C, in an atmosphere such as air, nitrogen, etc., and at
atmospheric, subatmospheric or superatmospheric pressures for

is a
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(described in U S. Patent 15 No. 3,972,983), nordenite (described in U S
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Prior .to its use_as .an al Kyl ati.on cat al ft i n the g;ogeis gf this
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air, nitrogen, efc., and at _ - at'nospherrc, subatospheric or i
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PCT/ US97/ O8}Ader, which is resistant to the tempePaturesafal ofle®l from

bet neen 130, BendiE o SRt 4 ikl aSBararth ahGBEBE bRETREe" b
time will bé&hisqinvehttion. Sditable bimdebl mategiatsofindidhddr actdiwe anad
The catal ysGan i0% ARGAATE BN &8 dPAYE! YePlica and/or metal oxides
Lo e such as alumina. ‘These . can be either naturally occurring or. -
provided in the form of gelatinous precipitates or gels
20 including mixtures-of silica and metal oxides. Use of a
binder material in conjunction with the catalytically active
crystalline material, i.e., combined therewith, which itself
is catalytically active may change the conversion and/or
selectivity of the catalyst. Inactive materials suitably
25 serve as diluents to control the amount of conversion so that
products can be oﬁtained economically and in a controlled
fashion without having to employ other means for controlling
the rate of reaction. These materials can be incorporated
into naturally occurring clays, e.g., bentonite and kaolin, to
30. improve the crush strength of the catalyst under commercial
operating conditions. Good crush strength is an advantageous
attribute for commercial use since it prevents or delays
breaking down of the catalyst into powder-like materials.
Naturally occurring clays which can be composited with
35 the present catalyst crystals include the montmorillonite and
kaolin family, which families include the subbentonites, and
the kaolins commonly known as Dixie, McNamee, Georgia and
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cat al yst ‘upder conmer Ci operating conditions: Ccr Strength is
an advant 84¥B&Ba.  5ttrjbute for. conmercial use since it prevents or
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alumina~thoria, silica-alumina-zirconia, silica-alumina- :. -
. magnesia, silica-magnesia-zirconia, etc. It may be B
20 advantageous to provide at least a part of the foregoing
matrix materials in colleidal form so as to facilitate
extrusion of the catalyst component(s).
The relative proportions of'finely divided catalyst
crystals and inorganic oxide matrix can vary widely with the
25 catalyst crystals content ranging from about 1 to 95% by
weight and more usually, particularly when the composite is
prepared in the form of beads, in the range of 2 to 80 wt.% of
the composite.
OPERATING CONDITIONS
30 A, Riser Reactor
The operating temperature of the alkylation process
herein can extend over a fairly broad range, e.g., from
temperatures lower than 483°C (900°C), preferably lower than
'~ 316°C (600°F) and more preferably below 149°C (300°F). The
35 practical upper operating temperature will often be dictated
by the need to avoid an undue occurrence of undesirable side
reactions.

~or others®
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the operating conditions employed. I N .
The isoparaffin reactant used in the present alkylatlon
20 process may be one possessing up to 20 carbon atoms and
preferably one having from 4 to 8 carbon atoms as, for
example, isobutane, 3-methylhexane, 2-methy1butane, 2,3~
dimethylbutane and 2,4-dimethylhexane.
The olefin reactant employed herein generally contains
25 from 2 to 12 carbon atoms. Representative examples are
ethene, propene, butene-l, butene~2, isobutene, pentenes,
hexenes, heptenes and octenes. Particularly preferred are C,
and C, olefins and mixtures thereof.
In general, the mole ratio of total isoparaffin to total
30 olefin alkylating agent in the hydrocarbon feed can be from
1:1 to 100:1 and is preferably in the range of from 5:1 to
50:1. An internal isoparaffin/oclefin ratio of above 500 in
the reactor is desirable. The internal recycle ratio of the
reactor effluent hydrocarbon stream to the combined feedstream
35 (alkylation feed plus externally recycled isobutane) can range
from 1:1 to 500:1, preferably from 10:1 to 100:1. The
isoparaffin and/or olefin reactants are in the vapor phase in
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20 catalyst is unacceptably deactivated. The most preferred |
stripping conditions are chosen to provide the highest
temperature and lowest economic pressure at which the catalyst
will not be affected deleteriously. .

2. Purging Zone

25 The gas purger. is employed to purge hydrocarbons from the
catalyst that ﬁer_e not removed by the stripper. Excess water
is also removed from the catalyst in the purging zone.
Suitable conditions include a temperature range from 250°F to
900°F. The temperature raxige could be from 0 to 100 psigqg,

30 preferably 25 to 40 psig, as in the riser. The gas purger is
pressurized with gas before the catalyst is allowed to flow
into the purger from the stripper. Typically the pressure is
high enough to avoid damaging the valve in the recirculation
line due to too high a velocity, though below sonic, of the

35 recirculation catalyst stream. The recirculation line returns
some catalyst to the bottom of the riser after purging but
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12 this ihvention. The reactants can be neat, i.e., free from

i ntentional adnixture of dilution with other material , or the reactants
can be brought into contact with the catal ygt conposition with the aid
of a carrier gas such as hydrogen. 5 B. Regeneration Procedure 1.
Strippi ng Zone The conditions used in stripping the catalyst are

preferably 3gsrigvwEs ¢ Sl WH pieyOR$ tpPdcess CDEPA €§6hiEnGblisPped
gas to be returned to t e process. It is 10 generally beneficial to operate
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recircul ati on catal yst stream The recirculation line returns sone

cat aI yst to . e he prerated semircont %xﬁpgybutnecause of the

- process conditions under which: the catalyst is stripped of-:
hydrocarbons, and under which it is coked up, it may be
20 actividted by air alone; a flue gaé recycle being unnecessary
t£0 doctor the air and keep the regenerator outside the
explosive limits of its contents.
The preferred embodiments of the instant invention are
illustrated in the figures in simplified form. Figure 1
25 1illustrates the flow diagram for isoparaffin alkylation with
olefins in the absence of hydrogen. The preferred reaction is
isobutane with butenes, in the presence of REUSY catalyst.
Preferred conditions are disclosed.
Figure 1 shows the simplified process flow diagram for .
30 isobutane alkylation with butenes in the absence of hydrogen
with a commercial FCC (fluid catalytic cracking) catalyst
containing RE-USY. The average particle size of the FCC
catalyst is 70 micron. Alkylation feed (line 1) with a
' isobutane/butene (I/0) mole ratio of 1:1 is mixed with the
35 externally recycled isobutane stream (line 8) from the
fractionation tower to form a combined feed stream (line 2)
which has a increased I/O ratio of 20:1. After preheating,
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Q7743383 egeneration. The purging process is a conftSHUSYHL843 one,
3 Regeneratlon Zone The conditions for regenerating coked up
catalyst are 5 generally substantially the sane irrespective of the node of
operation of the reactor, and again, ar &4i ct at ed by the econom cs of
operating the chosen process enbodi rrent under pressure The preferred

(500 Lo 1T Atidoit FERS' 8t¥08m T5, surRnbdcmiRRll wiell i) drtbornaidy,
(20 to 50rqyarqj)ed reaqtrerregﬁh@eatohydmcwbopesmmddemslim & hough

stripped yolunelFlesd &8 ils’ﬁ‘eéotfoth eHkY rblbepH iferal 's"brdhafm t(*ﬁné?ftf)e
make" angql}qhﬁgate of fl recircul ated catal yst are eac

enough ratip R %&sbﬁeﬁﬁtaﬁulfﬁgdsl Fepme 185 thei apprasti-unt j |
t her e 5 s meartmalgh X000 fngenemis féed streamoffidnkl 3. Hmewwwne%aﬁ:ed

%222&203%%%13&“9%#@%2% T e FRYAKR BReCRBER o, o2 Ry iU | o

of sremmbnnﬂbinqmthwhtchs isobpéramedr atmep lpsiz_ﬁ act i vat ed
by air alszrﬁa aaﬂd L)ﬂ(&b?écéfsdﬁ &P&aag u&aes‘éfﬁi-@eed my[ he 4

and keep the r tor outsjde tE | 0sive |1 |ts conten S.
The pref S9RAF cﬁ Lcafalygst §t‘&ﬁ?“ﬁ99€ﬁﬁflowlar éme 1|q t@s & Ataam

t he fliogurstrippest Mhere eldydmmrliogsr aré Qﬁrubbhgt oFifcat! h@o?bﬁ\déﬂ W amTh
for iso ffin Y, t e nce ydr.agen e
preferrgg;ae{dct |§$\éréﬁﬁf€i§% le‘ 85 %Egitlg% ig %P‘?ﬁ‘ 10‘%‘ usy
catal yst .11 to & gas rmcmenowemsaurbeasgcpas&dof the watea gnr d'.h:b shows
the sinplddftaad ¥ %&%ﬁém daegraavi-oanao Saaygngepa yé&hg&% yagﬁ

but enes in the, abse ce o dro a co rcla

cat al yt i PHIRkiSRSab¥R ne 2):0?1?aFﬁFH§“RE véa lipesyddr 298 & i e
si ze 1& ttihe FeEtom a:ﬁtﬂhqstiser?ﬁeactbnr,l ahlikphat of thedgals-parbeav th a

i sobut anq{ﬁgﬁ;& (ié Qeﬁ@_l 'Eoréﬁé OrQée;l'e}ajtﬁrnwggew“tc%ktehe is burned off
by air at 1000°F and 25 psig. The oxidatively regenerated
catalyst'is-returned via lines:'14 and 15 to.the bottom of the
riser reactor. Heat exchanger may be employed toc adjust the

20 catalyst temperature. ©Part of the reactor effluent hydro-
carbon stream (line 5) is recycled via line 6 to the combined
feed stream (line 2) as stated above. Part of the effluent
hydrocarbon stream is sent via line 7 to the fractionation
section where C;+ alkylate (line 9) is separated and isobutane

25 is recycled via line 8 to the alkylation feed (line 1).

Figure 2 shows the preferred simplified process flow
diagram for isobutane alkylation with butenes in the presence
of hydrogen with a commercial FCC (fluid catalytic cracking)
catalyst containing Re-USY. The average particle size of the

30 FCC catalyst is about 70 micron. The process scheme and the
operating conditions for the riser reactor, the steam
stripper, the gas purger and the regenerator are all the same
as those described in Example 1, except the following:
Hydrogen (line 16) is mixed with the feed stream (line 3) to

35 achieve a mole ratio of hydrogeﬂ to olefin of 20:1 at the
reactor inlet and the resulting mixture is fed into the riser
reactor. A high pressure separator is installed prior to the
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trower to forma c I ned feed stream (line 2) whi ch has a increased |1/0
ratio of 20:1. After preheating, WO 97/ 45383
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feed streamis further mxed wth the internally recycl ed reactor

ef fl uent hydrocarbon stream (line 6) in a volunme ratio of 1:50 to form
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fluidized- 16. bed riser reactor (l'ine 4) which is operated at 25 psig.
Solid and hydrocarbon streans are separ%w%ia cycl one. The separ at ed

solid catalyst is transported via |line steam 10 stri pper where

hydrocarﬁonﬁmﬁlm-i-l pped off at 450F and 25 psig. The resulting

stripped catal ysn nbbh}av&oitggb ﬂemenumﬂzled-cbédw@t gercaﬁeai
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6 to tho CORMFRBHSA stFeal of 290 Vmﬁaﬁ%ﬁ&%b%@g‘ B S oo

ef f | uent Thiy teactolro kemperature wast then I::re&nc?ed otd: h'eo‘rccacandmahénnthe
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particle S|§EL gt al‘iﬁs?’aq 3 ef% %?%PeﬁﬁaﬁFBEegg ?cheme

@and the: - liguiad pumping rate of 58.5 ml/hr._- After 10 minutes on P
stream, the reactor effluent was analyzed by gas chromato-

20 graph. The conversion of butene-2 was over 99 wt.%. _
The Cs+ alkylate showed the following composition:




operating I.bi.Qns for the riser reactor, the steam stripper, the gas
pgrger and&@%gh%ggenerator are all the sane as those de@gpﬁggﬂmpﬁ
Exanpl e 1, except the follow ng: Hydrogen (line 16) is mxed with the
feed stream (line 3) to 35 achieve a nole ratio of hydrogen to olefin of
20:1 at the reactor inlet and the ré§hlting m xture is fed into the
riser reactor. A high pressure separator is installed prior to the
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15 fractionation t .10 separate hvdrogen fromthe hydrocarbon
stream (line 7). The seggﬁgted yPeRENtS recycl pgdet 9 line 16. 5
Exanple 1 A | abgt-ertery—p - tHcH—2-06 | yst contai ni ng
50% al umi na and 50% REX| Asependaneh cont ai ni ng falj 82i28) {in t he
particle size range of pU L0 20U onsS_was enplpyeq tn this
f1ui di zed-bed catal yti c Al gﬁPEPng&§¥ﬁﬂPﬁmpnr ngﬂgvsio cc of this solid
catal yst was charged to 2~-methyDpefitanez -quiHizggsbec reactor. The
catal yst was fl uidized yrth—= mtroge—steanof—266—qc/ nin and dried
at 25 for 2 hours. Inmethydpentad@oerat ure whs 2h89 rleduced to
70[err]C, and then the Qi shut prt mj}l t aneously, an

| sobut ane/ 15 butene-2 3 dindeny %§§3§§ VIRV @ﬁnﬁ'§§hcxane (as an
internal standard for apal,2,Betrimethylbestanet h 3E i 90bgt gne/ but ene- 2
nolar ratio of 50:1 was[Te€qg ILNLO. LN reactor at Toqi d punping rate
of 58.5 m/hr. After 1 ?wsﬁﬂﬁgﬁtbxipe“%§PFeanl the #e2dtdr ef fluent was
anal yzed by gas chromat p3-gatfiiyaRexahe cConversi on oh Eytgne-2 was over 99

wt . % The ([ er| onposi tion:
10 2,2,4-trimethylpentane 4.92 ' )
2,5~dimethylhexane 1.30
2,4-dimethylhexane 0.78
2,2,3~-trimethylpentane '1.55
S 2,3,4-trimethylpentane 2.85
15 " |2,3,3-trimethylpentane | 3.63
2,3-diﬁé£hy1hexane 1 1.04
Total 100

The results show that C+ was formed in the fluidized-bed
operation even with a contact time of only 5.5 seconds.
20 Example 2 | | | |
The used catalyst from Example 1 was steam-stripped at
232°C for 30 minutes and then purged with nitrogen (220
cc/min) at the same temperature for 2.5 hours. Subsequently,
the catalyst was heated to 538°C in the presence of air at 80
25 cc/min and the oxidative coke burning was conducted at 538°C
for one hour. Then the reactor temperature was reduced to
70°C and the nitrogen flow was stopped{ The same isobutane/
butene-2 feedstock as used in Example 1 was then fed into the
reactor at the same pumping rate of 58.5 ml/hr. After 10
30 minutes on stream, the reactor effluent was analyzed by gas
chromatograph. The conversion to butene-2 was over 99% and
the C.+ alkylate showed the following composition:
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3- et hyl hexane .gﬂ&ﬁﬁﬁgk&v 2.2, &-Tr1netjhyl pent ane
4.92 D Seigs | hexane wt.g >,

2, , 4-di net hyl hexane 1s%p§&tane 18.88 3-tringt hyl pent ane
1.55 2 FS—A=trrrrethytpentae 28515

2,3, 3-tri net hyl pent ane n-pegtane 0253- di net hy|l hexane
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ef f | uent

CUITvVCI

hrometograpts—The
Bymetdydhexddna he fol |l o

DI UTI TU UUL CIlic=

hi n8-@8nposi tic

2 Wwas over
n:

' 2,2,4-trimethylpentane

9.59

2,5-dimethylhexane 1.04
2,4~dimethylhexane 1.80
2,2,3~trimethylpentane 3.37

| 2,3, 4-trimethylpentane | 13.73
2,2,3~trimethylpentane | 11.66 -
2,3-diméthy1hexane 5.96
3,4-dimethylhexane 3.37
Cy+ ' 3.10
Total 100.00

The results above show that the oxidatively regenerated
REX catalyst not only exhibited the same activity but also
improved the selectivity of the isooctanes.
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COVPONENT | sopent
16. 58 n- pent ane 0.52
2, 3-di nmet hyl but ane 10.62 5 2- met hyl pent ane
3. 63 3- et hyl pent ane 18 4.15
2, 4- di et hyl pent ane 4.92 2,2, 3-trinethyl butane
1.04 . 2- met hyl hexane 0.52 10
2,3-dinet$%ﬁq;§ﬁtane 3.63 3- net hyl hexane
0.78 2,2,4- trlnethylpentane 9.59

2, 5-di met hyl hexane an jisopafdffin-olefin alkylatZoﬂ proeeBy! Itamgne
1.80 15 |n§£e¥Ipentane 3. 37

.
2,3, 4-t r i GRUPTLSES the %E 9§£ng 2,2,3-trinmethyl pentane
11. 66 (a) introdidcingdfreshyfeedaneactants. e6mprising

3,
4 d' hyiQSé&PSfins aﬁd?’ébggﬁns into a f]rHidggﬁlr ibSEd iser reac or a[rﬁio’e .10

Tot al resu above show t
oxi dat i veiptreduaing: adparticakate; afjuidhgabdel gasrlystt comprdsinge a

activity Papgal gére zebmerﬁtéhﬁhéerQSErVrbicEBrEj_%heS 2e613RaS being
vo 97/453§§pab1e of absorbing 2,2, 4-tr1methylpentane,U§%5/%%%4%atalyst
particles having a particle size in the range of from 20 to
10 200 microns;
(b) reacting the isoparaffin and olefin reactants under .
alkylation conditions in the presence of the catalyst within
' the riser reactor to form a riser effluent comprising an.
alkylate product and unreacted isobutane, wherein the
15 isoparaffin and olefin reactants are in the vapor phase within
the riser reactor:;
- (e) separating the catalyst from the riser- effluent 4in a
cyclone; - _
(d) recirculating at least a portion of the riser
20 effluent to the riser reactor;
| (e) passing the catalyst to a strlpplng zone comprising a
fluidized bed, and stripping the catalyst with stream within
the stripping zone to remove hydrocarbons;
(£f) passing the stripped catalyst from the stripping zone
25 to a purglng zone comprising a fluidized bed, and contacting
the stripped catalyst with a gas for the removal of water and
hydrocarbons; :
(g) recirculating at least a portion of the purged
catalyst to the riser reactor, and passing another portion of
30 the purged catalyst to a regeneration zone comprising a
fluidized bed, and oxidatively regenerating the purged
catalyst within the regeneration zone to produce a catalyst
essentially free of deposited coke:; and -
(h) recirculating the regenerated catalyst to the riser

35 reactor.
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18 CLAI g@? 145 1. -An isoparaffin-ol efin al kyl ati opchns»9es145 hat
conprises the SRR ng steps: (a) introducing fresh feed
reactants conprising 5 isoparafins and olefins into a fluidized bed riser
reactor and i ntroducing a particul ate, 4§l ui di zabl e catal yst conpri sing
a . large pore zeolite into the riser reactor, the zeolite being

capabl e of absorbing 2,2,4-trinethyl pentane, and the catal yst particles

?g;/i ng a parti ﬁ' & Si #fhd ;};ﬁ&ﬁ’eéﬁr&@ cf@i_aixﬁom %éﬁeiﬁdeﬂa ﬁiEé?Eélfflpent is
reacting the 1 soparaffin and olefin reactants upde iQn
condi ti ons ?RFQ?%“FF s%rﬁ%piﬁa%% %%Efa trW?Yﬁf\ of aiml?FgeP¥P§§8%oPn[do
form a riserisdbutend, cehigrisokbutame beingl kgtyclhedr bdutheanisenr reecsor.

i sobut ane, wherein the 15 isoparaffin and olefin reactants are in the
vapor phase within the riser reactor; gc) separatin% t_.he

catal yst from thed+i sdPheiprogess iof «claim ) ¢ wherein’ the alkyjated
recircul & i NGrddudeaps & A Hikylfed.ne riser 20 effluent to the riser
reactor; (e) passing the catalyst to a stripping zone conprising a
fluidized bed, and stripping the catalyst with streamwthin t he
stripping zone to4renmhe pyocessrdapnslaim 1, whefréjinptbei ngachdont wiifhdon

Flurdl zed bl arHeehPaeRre (B e b e e R e 1 Oas for the

renmoval of water and hydr ocar bons; (g) recirculating at |east

a portion of the purgefhe présbssyst &Paihel]i fReregACthe, raagtiadnhs within
: P .
anot her portjon 30 the purged, cat a#%st to ? ﬁeaeneratlon zone conpri sing
a i g.

0

a f1ui di 78 PLECT GRS oiRi VREAPEGRAR ] FRE®Borged . catalyst

within the regeneration zone to produce a catalyst essentially free of

Sﬁgof: tsggo ggk(raéaac gr The procéQQ SECE1A AL, NgnkPEinCACRERBRCBC HAle/ST O
ratios of_ hydrogen to olefin ofl0.1:1 to 1000:1 is employed.

7. The proceés of claim '4, wherein a range of mole
ratios of.hydrogen:to olefin of 2:1 to 50:1 is employed.

15 8. The prbcess of claim 1, wherein the large pore
zeolite is selected from the group consisting of faujasites,
zeolite beta, 2SM-3, 2Z2SM~4 ,' ZSM-18, ZSM-20, mordenite, MCM-22,
MCM-36, MCM-49, MCM-56 and zeolite L.

20 9. The process of claim 8, wherein the faujasites are
selected from the group consisting of zeolite X, zeolite Y and
USY.

10. The process of claim 1, wherein the large pore
25 zeolite is partially or fully exchanged with a cation or
cations selected from the rare-earth metals.

11. The process of claim 10, wherein the large pore
zeolite is REY or REUSY. '

12. The process of claim 1, wherein the large pore
30 zeolite comprises no more than 1.0 wt.% sodium.
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19 . °9y453ﬁe process of claim1, wherein the riser %é?’ﬂg%.’fosil?
passed to a separator for the renoval of al kylate product and i sobut ane,
t he i sobutane being recycled to the ri sg% reactor. 3. The process
of cllaim1l, wherein the alkylated 5 pro 2t is a Clerr]+ alkylate.

4. The process of claim1, wherein the reaction within the riser occurs

in the presence of r ;ﬂ& apl vvherel n
t he reaction ? EXQ 9%%%esser°fo§clt?risn§| lC%sence 8% %%*o

6. The p¢%9§§séﬂgclt§ieml4r%m% ?é‘-‘r]a‘ﬁgﬂa rthae compyi $Q§ ?f Ji:.lp'énaﬁgen
to olefin of 0.1:1 to 1000:1 |s errpl oyed 7. The process of claim

4, wherein a range nol e Q efjnof 2:1 to 50:1
i s enpl oyed. i“iS the §r°°ﬁ?§ 0 leas“‘b 'cl%ﬁef{n M#’t% | arge pore
zeol i t® ieonéluartbné fino tehieh e igreau reamtwirs tingl ude fmssnra,in the evange

beta, ZS éﬁ?mﬂése bdtdG MCM 36, MCM 49,
MCM 56 a%gzeoﬁl te E.%%Nb%gg %%M e process of c a| m 8, wherein the
faujasites are sel ected from t he group consisting of zeolite X, zeolite
Y and USY. 15. The process of claim 1, wherein the catalyst

comprises particles which range in size from 20 to 200 microns
in size.
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10. The process of claim1l, wherein the large pore 25 zeolite is ¥y
or fully exchang@Cth a cat iWIRLDINTELLECTUAL FROPERTY, Ok@&IZaTON r om t he
rare-earth netals. The

11. lE)lgocess ol _claim 10, wherei n the :
| ar ge por NTERNAJIPNAL APELIGATIGN RYRIISHED UNDER THE PATENT|QOQRERATIQN FREATY| (PCT)
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(54) Title: FLUID CATALYTIC ALKYLATION PROCESS
(57) Abstract

The instant invention relates to a fluid catalytic isoparaffin-olefin alkylation process in which a circulating fluidized-bed reactor i
employed and the catalyst is continuously regenerated. A solid catalyst which comprises a large pore zeolite contacts the feed in the rise
of the reactor. Both the feed and the catalysts are maintained in vapor phase. Following recovery from the product, at least a portion of th
catalyst is recycled to the reactor following steam stripping and gas purging. The remainder is passed to the regenerator for the removal o
mﬁ; then is recycled to the riser. Cs+ alkylate product and isobutane are separated from the hydrocarbon effluent. Isobutane is recyclex
to the riser. .




