Processes for regenerating and maintaining the activityof an ionic liquid
catal yst and for producing alkylate Field of the invention The present
invention is related to a process for regenerating catal yst, nore
specifically to a process for regenerating and nmaintaining the activity of
an ionic liquid catalyst so that producing continuously al kylate. The
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for producing clean high-octane gasoline bl ending conponent. The al kyl ate
obtained fromsaid al kylation process is a fuel product, i.e. aliquid
product BElduwetiHer grveihmcat al ytic reacti on between C4 al kene and al kane by
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are inportant to evaluate the quality of alkylate product. .
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bet ween 1soal kane and al kene, there are already”lots of reports, which
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di scl osed the processes for catal yzing the alkyl ation reaction between

i sobut ang lagdidpredectsierdved dooposh¢ eatahitic reqeiidn bétweeelC4 hdkaneon is
derived fromtwo or nore netallic conpounds, as catal yst, wherein the yield
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al kene feed by selecting the structure of the conposite ionic [iquid, C8
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cat al yst bei an not be ed..The fe

eagti vat ed. VoI . d processed by .the

Con ¢ 1 qui d udEuprinacidAad ShaCiaRat S aloC A BRRSRR edalon; ¢
liquid, thus, the ionic |iquid ga St ld. b .ace e rated
frequentF%&%ﬁﬁﬁﬂh%a%%Y?%%E%ﬁE?ﬂéu?ﬁg%§gk§gﬁ%pEX&@&éﬁ&gﬁﬁdgﬁgggpki?ﬁgﬁ
apparent |y .4 Ther rg:.al e pr.ovidi ng .tee i | ytions
regardin8¥tﬂggﬁe§§®%§ﬂtﬁggsgﬁg§5¥t§g§98{$§§i%h¥%g#?qSgdaggﬁgﬁigﬁybgpﬁg
deactiva i e i je ARRMrC k! et
disclosegsgng§%%§§ﬁ¥gggﬁ?gggﬁg ﬁﬁgﬂgg$2§9st f#fgh%gqﬁégﬂg ne?gﬁﬁﬁgﬁe

al uni nu 'SR 44 bRVAIIAENER POHERMD SRAHPIHeAR COBSNSRGE WhE
aluninu?????gﬁﬁg??ggg%ost dﬁ% to ent?ginnenf I Eil phase and hydrolysis of
i onic |igyi ghénpeheoRigisenapubs Wat@r sifhatAnvEmlgr stials t the an@dhiteail on
found that the primary reason for chloroalunm nate as ionic |liquid catalyst
bei ng deactivated is the loss of the active alum numtrichloride therein
decreases the reaction activity, and the loss of alumnumtrichloride is

rimarily due to the hydrolysis of alufinumtrichloride caused by the
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i nevitable water in the reaction feed and further possibly due to that
alumnumtrichloride my be entrained into oil phase by sone strong
el ectron-donati ng species, which may be present in the reaction system
Thus, said patent application provided a process for producing al kyl ate,
wherein the ionic liquid catalyst is regenerated on |ine continuously by
using netallic alum numor alum numtrichloride as al um num source to
conpensate the alumnumtrichloride lost due to entrainnent in oil phase
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The maj or technical problemto be solved by the present invention is to
provide a process for effectively regenerating and nmaintai ning the
catalytic activity of ionic liquid catalyst based on the mechani sm of
catal yzing al kylation reaction by an acidic ionic liquid, so as to
effectively prolong the useful life of the acidic ionic |liquid catalysts.
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be used comercially. The present invention provides a ﬁrocess for
regener atiengradrdct asi wedl as rigpineraratcdegtatchagh iratd,ysofthabhio chéd¢emieda
catal yst used as catalyst in alkylation reaction for producing alkyl ate,
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acidic ionic liquid catalyst or reaction feed during alkylation reaction.
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acidity o ronste he 1onic |iquid. as been denonstrated to
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Based on the”above facts, the process according to the present invention
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hydr ocarbon within a reasonabl e range based on the produced al kyl at e,
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of the hal ogen contained therein. The above nentioned process according
to the ppeséntt--alkgiatomay ruupao ¢70et 80%gbyevalumg ohthaailkene ifeaic
liquid catal ysts used in a variety of alkylation reactions, especially the
aci di c i byi selechingl thet sirpstungsed” the siokypasiteniqrie Havddci(y fEpgtivase.
Therefore , the present iinvention further provides a, process for producing
al kyl at entay Hek§P=t@%not she @ilkylate; Hosprrmanen Mdr@eahxﬁ}@tager@a&i on
feed and,acidic ionicg liquj s. cat.al yst, sai rocess, i s characteri zed by
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sai d aci &Y i%n? Fé id catal yst. Produci ng al kyl ate by al kyl ati on

" Cehnorony MR TRRIESe Nt O OURR U B AR B 3 £
Pechnol ogy s SREIAIRES CORDo T oubdist e e o TR SRS 18 ub s tbeyseq
t her ei n. cﬁg{t@fg{{gﬂh% c{@gyﬁ@m hiigdh AAGUIBAL ﬁl@!i’%‘ﬁe ExB%uPrtHEf&ftgﬁs{]t‘e’;

produci ng uti ng composite ionic 1iquid as catalys
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al kyl ati ween C4 al kene and i sobutane based oh those discl osed prior

art. In flﬁfﬁid bﬁ%l?é?&%{'ﬁ Hatd Bt ©mnbse Rhaposed baped @mmhesehdi fehiesed
prior art telated to alkylation reaction as well "as preparation of

al kylate, and is primarily related to regenerating and mai ntaining the
catalytic activity of acidic ionic liquid catalysts used in the art by

sui tably suppl yi ng hydrogen hal i de or Hal ogenated hydrocarbon during the
wel I known al kyl ati on process. No further descriptions are nentioned herein
regarding the preparation of ionic liquid catalyst as well as the

al kyl ation reaction conditions and apparatuses. The disclosures of United
States Patent 7285698, 20040133056A1 and Chi nese patent 02149296.4 are

i ncorporated herein by reference in their entirety. Preferably, during
the al kyl ation reaction according to the present invention, the acidic
ionic liquid has a cation derived from hydrohalide of al kyl am ne,



The present invention provide a process, which may carry out al kyl ation
reacti on continuously, wherein isobutane and C4 al kene bei ng used as feed
and any suitable acidic ionic |liquids as above nentioned being used as
catal yst, during the catalytic al kylation reaction, the ionic liquid
catal yst is regenerated and the al kylate is produced continuously by
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acidic i c liquid catalyst or the reaction"feed may conprise the
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reaction using the acidic ionic liquid is proceeding for a period;
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ionic liquid catalyst and intensively m xing the sane; (rii)
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wi th hydrogen halide or hal ogenated hydrocarbon supplieéed thereinto and
repeat i nglwh&psm( oy @tEninun. trichldiédergl abuininahoweureattioovethpaisie
process, considering about the regeneration of the acidic ionic liquid, the
al kyl ati the rglaghimmnmayichéosideppest tdeortet i araynmbrh ivheil ophasé¢i gudd gets
deactivated partly or fully, or the alkylation reaction nmay be stopped
prior tohydeolyms ofl ioqic digetds iniéhe pireacece af wetent The tnyentasrstoiethishe
catal yst may be regenerated. However, in practical_ production, in order to
ensur e thppil@a@@m oupdothatgthier peimarns repsendon «jlarogluminataiag ionic

i ntroducing.the al kenes, the regeneratjo be carried out prior to the
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the aci di € ioni catal'yst o reaction feed nmay conprise t

follow ngiblfibise by SWTheNsRese ILPROH B8nRYM0apR A, dhich ahogpeat ed

hydr ocar bon Ic1toni¢ liquid catalys the reaction feed while
the al ky:p%éém_ [P @ed ireBctionPipaeadi Thus, saidyatést hpplitbikidrbretiddd khe
present invention, supplying hydrogen halide or hal ogenated hydrocarbon to
the aci dipgob@i cfori gmbdu@ﬁisgl yiktylete,t hehdredat il joeed Mgunidoontdlgst tike

foll owi ng steps: (i) Separating a part of the acidic ionic [iquid

cat al yst rebeherdtbd aat aliyei caltkytiatslon byaatsing wsetadlichealasiidivmi ani ¢

| iquid catal yst is proceeding; (ii) Supplying hydrogen halide or

hal ogenaadamhygdnodsichdoride ahelenpanm sduace dioccovyiensatedhe slamainsn and
intensively mxing the sane; . (1ii) Reinjecting the acjidic ionic liquid
wi t h hydttigblotidei Wst atuh b oxpematteny dnoeidriparses apgl hpdrehysisiaft wmsck to
the reactjon system and repeating, steps (i,) and, (ii). V\her(fi B al | of steps
(i), (ii)igad 89ids) torayakeupalamisrmgeitingaysly and extend the catalyst

life. Said patent application further stated that the process can also
reduce the amount of HCI present in the catalytic reaction system, thus
maintaining the selectivity of the targeted isooctane in the product at

high level and reducing the corrosion due to the presence of HCL



Simlarly, said process may be referred as sem conti nuous process. Wth
regard to the catal yst separated fromthe reaction system a "part" of
catal yst separated fromthe reaction system may be theoretically of 1-99%
of the total catalysts in the reaction systemw th respect to various feed
rate, and in the practical process design, the catal yst separated fromthe
reactio and : g e bl yd oh.f ot al
catal yst™in %ﬁée}]’ r e%ac%é}(%%?s?gt ?r%%%{ri gPeggﬁsﬁtlgpts?{Jgr?ogét hbeﬁ%rég\?\n r%dsienﬁzi gure
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and mai ntaining the activity of the tonic liquid catalyst by supplying in
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to the present invention. Figure 2 is a schematic representative

depi cti nﬁb%ﬁﬂheﬂ'ﬁh@@ niyiticf diquidgenandydtog vaed nai rdlkiyhatignt heaationvity of
the ionic Tiquid catalyst by supplying sem continuously hydrogen halide or
hal ogenatedolytg onaxbdnpalanert hgchasehi j betictvednvkat ithe. iobet aliguid
Descri ption Now the present invention and the advantageous effects

t her eof oatlalyfts fanet hdeadtivatedr aded 19 ftheinowimiprdgamsimeponghithbehagl d not
be construed as limtations to the scope of the present invention. The
aci di ¢ | deqetivampd bycthicamyzed nelydneis.t he exanpl es are synthesi zed
according to_the processes described i nited States Patent 7285698,
200401330561 HTe erR,négs IpAReHENbbe APesive b Ogﬁﬂ%ﬁ?faﬁg‘ddééﬁﬁéfﬁ&ﬁ% Py. The

conposition.of ,the al kyl.ate product is determ ned,by gas chr.omat ograph and
Che acti Ui youic diunidsy s SpECsdings bl BroMRbiN tbiecdBRVERGRb e OEhe
exanpl es. The,.but ene conversion . is defjined asfqg]low ng: Conversion=((the
Tnitlal HRSHAmAL s Analiist dnahfuo H“Pééﬁhwﬁ the initial butene
mass) x 100% 1. Supplyi ng hydrogen halide or hal ogenated hydrocarbon in
batch to carry out alkylation reaction for producing al kyl ate Exanple 1:

Catal yti g al kvl ation I eacdiion,0f isobutane is carried out in a continuous
appar at ug—mgﬁaci—g}-t“r-om—c&gi quid as catal yst, wherein the cation is

rovided b ; nj i ' ionic
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liquid is added at “an anount o he reacti ure is 0.5MPa and

the reacyq e ﬁﬁ%‘%’&éaé PEScdSs ?&Cefﬁ*&iﬁ&?drége@rﬁ'tihtguéﬁd%aﬁﬁﬁbﬂi@%ﬂQh@n_d
2-butene with a nolar ratio between al kane 'and al kene of 20:1. Collecting

the al kykatdl9ficPaetivity ot abmed lfqid thealgat Badede oal khik ateehanéaat odn by
fresh catal yst and anal ysi ng conposition thereof, and the results are shown
in tabl ecatalyzingsaledatioromdazition lbywaen ddidid erdhipr dixpsisled sby apertogr am
of the ionic liquid catalyst is up to 50 g, the gat_alf(st_acti vity declines
si gni fi cafifdogivelyemrdalbagf tedupe ddstedf bhe peidyr oomiof lighed icatalysts.qui d
catalyst is up to 60 g, the butene conversion is alnmost of 0, whjich

i ndi cat es t hél' ket plegent gisrve ndeore t further rrrovige s Thepusnessnéer Hrodusisg.

product is of 1120g in all. Table 1Continuous, .eval u_atll,on_ n catal ytic
al kyl at i @hkylate neyf plgHatiom deprtignd using acidic lonic liquid as catalyst,

wherein during the alkylation reaction by supplying hydrogen halide or
halogenated hydrocarbon, the useful life of the acidic ionic liquid
catalyst may be prolonged effectively and the amount of the feed to be
processed by per mass of the ionic liquid may be increased, and said
process can easily be operated without negative effects on the quality of
the alkylate, thus may be used commercially.

The present invention provides a process for regenerating and



Processed feed, gig ionic liquid Butene conversion, % Selectivity of C8
fractions, w% TMP/DVH 10 100 85 12 20 100 86 14 30

maintaining the catalytic activity of ionic liquid catalyst used as catalyst
in alkylation reaction for producing alkylate, characterized by supplying
hydrogen halide or halogenated hydrecarbon to acidic iomic liquid
catalyst or reaction feed during alkylation reaction.

The catalytic alkylation reaction by acidic ionic liquid catalyst is
following the positively charged carbon ion mechanism, wherein both
the Lewis acid and Bronsted acid of the ionic liquid function together
during the catalytic reaction, the acidity of Lewis acid of the ionic
liquid primarily determines the product selectivity, and the acidity of
Bronsted acid of the ionic liquid primarily determines whether or not
the positively charged carbon ion may be generated. The present
inventors found that the alkylate product, comprising no isobutane at
excessive amount, normally comprises 0.01 ~ 1wt% of halogen during
the catalytic alkylation by ionic liquid, resulting in gradual loss of
Bronsted acid with the reaction proceeding, thus, the ionic liquid being
deactivated. Therefore, the process according to the present invention
comprises regenerating the acidity of Bronsted acid of the ionic liquid.
It has been demonstrated to be an effective approach to extend the
lifetime of the ionic liquid.

Based on the above facts, the process according to the present
invention requires controlling the supplied amount of hydrogen halide
or halogenated hydrocarbon within a reasonable range based on the
produced alkylate, preferably being 0.01-1wt% of the produced alkylate
calculated as the mass of the halogen contained therein.

The above mentioned process according to the present invention is

suitable for regenerating the acidic ionic liquid catalysts used in a
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100 86 14 40 100 86 14 50 76 80 13 60 O As shown in Fig.1, after
confirmng that the catalyst is fully deactivated, stopping feeding to the
al kyl ation reaction. Separating the ionic liquid fromthe al kyl ation
product and reinjecting the sane back to the reactor, and supplying 15g of
2-chl oro- 2-net hyl hexane to the reactor sinultaneously and intensively

the. apoverieht PERIRTIAIERTEL ARG, FhBRLmILy Fhe aRid R EORUR EelalSRFT o
regener 1t cBf o UH A" Slokr roRheR BUYIRE: TTLBLERE, RS ERFY s are
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changed flkylation reaction using isobutane and C4 alkene as reaction feed and
acidic ionic liquid as catalyst, said process is characterized by
supplying hydrogen halide or halogenated hydrocarbon to the ionic
liquid catalyst or the reaction feed during the alkylation reaction to
regenerate said acidic ionic liquid catalyst.
Producing alkylate by alkylation reaction has already become a
highly concerned and intensively investigated technology in the art.
There are lots of related patents published prior to present invention
regarding the studies and improvements of this technology, especially
the improvement of the ionic liquid catalysts used therein. For example,
the above cited documents about the processes for producing alkylate
utilizing composite ionic liquid as catalyst further described the effect
of said composite ionic liquid catalyst’ on the alkylation between C4
alkene and isobutane based on those disclosed prior art. In fact, the
present invention is proposed based on these disclosed prior art related
to alkylation reaction as well as preparation of alkylate, and is primarily
related to regenerating and maintaining the catalytic activity of acidic
ionic liquid catalysts used in the art by suitably supplying hydrogen
halide or halogenated hydrocarbon during the well known alkylation
process. No further descriptions are mentioned herein regarding the
preparation of ionic liquid catalyst as well as the alkylation reaction
conditions and apparatuses. The disclosures of United States Patent

7285698, 20040133056A1 and Chinese patent 02149296.4 are



little. Table 2Conti nuouseval uati ononcat al yti cal kyl ati onbyt he regener at ed
lonic liquid Processed feed, gig ionic |iquid Butene conversion, %
Selectivity of C8 fractions, wt% TMP/ DVH 10 20 30 40 50 60 70 100 100 100
100 100 54 0 85 85 87 87 87 77 14 14 15 15 15

incorporated herein by reference in their entirety.

Preferably, during the alkylation reaction according to the present
invention, the acidic ionic liquid has a cation derived from hydrchalide
of alkyl amine, hydrohalide of imidazole or hydrohalide of pyridine and
an anion derived from one or more metallic compounds.

According to the process of the present invention, said acidic
ionic liquid may have anion derived from two or more metallic
compounds, of which at least one metallic compound is aluminum
chloride or aluminum bromide and the other metallic compounds are
halide, sulphate or nitrate of copper, iron, zinc, nickel, titanium or silver.
Within the anion portion the molar ratio between aluminum compound
and other metallic compounds is in the range of 1:100-100:1, preferably
in the range of 1:1-100:1, more preferably in the range of 5:1-50:1.
According to the process of the present invention, the reaction feed for
the alkylation reaction essentially is a mixture of isobutane and C4
alkene, wherein C4 alkene comprises various iso- and n-alkenes such as
2-butene, iso-butene, l-butene or mixture thereof, and in practical
production the feed may comprise propylene at a minor -amount; the
isobutane is normally required at an excessive amount during the
preparation and may also comprise propane, pentane and alkane with
other carbon number at a minor amount, i.e. the molar ratio between
alkane and alkene in the feed should be more than 1, normally 1:1-40:1;
the reaction temperature may be in the range of 20-100°C, preferably in
the range of 0-50°C; the reaction pressure should maintain the reaction
feed as liquids under the reaction conditions, normally in the range of

0.1-1.6MPa; and the ionic liquid is regenerated in such manners that the

e



13 After repeating above step 10 tinmes using the ionic |iquid,

eval uating the al kylation reaction under the sane reaction conditions, and
the results are shown in table 3. Both the activity of the
re-generated ionic liquid catalyst and the selectivity of C38 fractions
changed a little. It can be anticipated that the ionic liquid catalyst
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eval uatioh on cataly ation by the ronic 1'iquid bel"ng regenerated
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86 87 87{ yA&1d4l of the products may be improved according to the present
invention.

According to the present invention, in order to regenerate the
acidic ionic liquid and maintain the activity thereof, the supplied
hydrogen halide is hydrogen chloride or hydrogen bromide, and the
halogenated hydrocarbon is chlorohydrocarbon or bromohydrocarbon
comprising at least 4 carbons. Preferably, in the structure of the
halogenated hydrocarbon, the carbon having halogen atom attached
thereto may be secondary or tertiary carbon, preferably tertiary carbon.
Preferably, the halogenated hydrocarbon is halogenated alkane having
the above mentioned structure, especially the halogenated alkane having
4-8 carbons, for instance, 2-chloro (bromo)-2-methyl-propane, 2-chloro
(bromo)-2-methyl-hexane, 2-bromo-butane and 2-chloro-butane etc.
may be used.

The present invention provide a process, which may carry out
alkylation reaction continuously, wherein isobutane and C4 alkene
beihg used as feed and any suitable acidic ionic liquids as above
mentioned being used as catalyst, during the catalytic alkylation
reaction, the ionic liquid catalyst is regenerated and the alkylate is
produced continuously by supplying hydrogen halide or halogenated
hydrocarbon to said acidic ionic liquid catalytic system. According to
practical production the hydrogen halide or halogenated hydrocarbon
may be supplied in batch, semicontinuously or continuously.

During the alkylation of the present invention, supplying hydrogen



14 15 15 15 15 12 - Exanple 2: Catal ytic al kyl ation reaction of

I sobutane is carried out in a continuous apparatus using acidic ionic
liquid as catal yst, wherein the cation is provided by [bmmd (butyl

met hyl im dazole chloride) and the anion is provided by Al Br3 and Cu504.
The ionic liquid is added at an anmount of 200g. The reaction pressure is

sobut ane e BRI (ehCHRRESRAESH o HHE. ol SERRG 1R AT NS O

o d b d f
S, PRI Sty SR 08, K QU ALhr P o e from
composi t1 on &Q SEGhpisRE Febltns oL ke @aﬁcﬂ?‘(‘i‘& aflc) Bl6h deactionhspag b

seen, when t cesse by per gramof the ionic liquid catalyst |s

up to 10fhe hbﬁh@%@ﬂw%%@@t {vprocetatinenks sipgridd,cantly. Wen the feed
processed by per gramof the 1onic liduid catal yst s up to 110 grans, the

catal yst get giigappiinednf it yen dndiddorb e ted ky diceapborut thes  of

1121g in all abl'e 4Continuous eval uation on catalytic alkylation by the

fresh iogéglitijounid liquidcesedst ead, mga!zgswehy enixdiayi theBsd@ee conversion, %
Selectivity of C8 fractions, wt% TMP/ DVH 20

(iii) Continuing the catalytic alkylation reaction using the acidic
ionic liquid with hydrogen halide or halogenated hydrocarbon supplied
thereinto and repeating steps (i) and (ii).

Regarding to above mentioned batch process, considering about
the regeneration of the acidic ionic liquid, the alkylation reaction may
be stopped theoretically when the ionic liquid gets deactivated partly or
fully, or the alkylation reaction may be stopped prior to the ionic liquid
gets deactivated at least partly and then the catalyst may be regenerated.
However, in practical production, in order to ensure the selectivity of
C8 fractions of the alkylate and avoid introducing the alkenes, the
regeneration may be carried out prior to the ionic liquid gets deactivated
based on the production process. According to the present invention,
whether the ionic liquid getting deactivated or not is determined based
on the alkene conversion during the alkylation reaction, i.e. the catalyst
is believed being deactivated fully if the alkene conversion is 0, the
catalyst is believed being active if the alkene conversion is 100%, and
the catalyst is believed being deactivated partly if the conversion is
between 0 and 100%.

During the alkylation of the present invention, supplying hydrogen

halide or halogenated hydrocarbon to the acidic ionic liquid catalyst or
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the reaction feed may comprise the following step:

Continuously supplying hydrogen halide or halogenated
hydrocarbon to the acidic ionic liquid catalyst or the reaction feed while
the alkylation reaction is proceeding.

During the alkylation of the present invention, supplying hydrogen
halide or halogenated hydrocarbon to the acidic ionic liquid catalyst or
the reaction feed may comprise the following steps:

(i) Separating a part of the acidic ionic liquid catalyst while the
catalytic alkylation reaction using the acidic ionic liquid catalyst is
proceeding;

(ii) Supplying hydrogen halide or halogenated hydrocarbon to the
separated acidic ionic liquid catalyst and intensively mixing the same;

(iii) Reinjecting the acidic ionic liquid with hydrogen halide or
halogenated hydrocarbon supplied thereinto back to the reaction system
and repeating steps (i) and (ii).

Wherein, all of steps (i), (ii) and (iii) may be batch or continuous.

Similarly, said process may be referred as semicontinuous process.
With regard to the catalyst separated from the reaction system, a “part”..
of catalyst separated from the reaction system may be theoretically of
1-99% of the total catalysts in the reaction system with respect to
various feed rate, and in the practical process design, the catalyst
separated from the reaction system and to be regenerated preferably is

of 1-50% of the total catalyst in the reaction system.

Brief description of the Drawings

Figure 1 is a schematic representative depicting an embodiment for

-10-



80 13 110 O Same as that in exanple 1, after confirmng that the
fonic liquidis fully deactivated, stopping feeding to the al kyl ati on
reaction. Supplying 2g hydrogen brom de to the reactor and intensively
m xing with the deactivated ionic liquid therein. Wien the m xi ng being
conpl eted, keeping the above nentioned reaction conditions, continuing

f eedi ng : ' ' at1:90; I d
by the regensratify M@ ndiaRling iy SR (IR KR AL REL oy 21 vee
results 4 d i : , IR

oni'c. iSRS RE I hARH for gt e R R A bR et c

fracti Oﬂ%mﬁ@naaédéﬂdiﬁ thatHeepPe ettt ine@itiogval uation on catal ytic

al kyl ati on by the reg_eneraged ifonic liquid Processed feed, gig ionic

liqui d But enpigesw grisi Pechdmseleedprdseytativeddpietinigons embddiment for
regenerating and maintaining the activity of the ionic liquid catalyst by
supplying semicontinuously hydrogen halide or halogenated

hydrocarbon according to the present invention.

Detailed Description

Now the present invention and the advantageous effects thereof
will be further illustrated by following examples, which should not be
construed as limitations to the scope of the present invention.

The acidic ionic liquid catalysts used in the examples are
synthesized according to the processes described in United States Patent
7285698, 20040133056A1 and Chinese patent 02149296.4 or purchased
commercially. The composition of the alkylate product is determined by
gas chromatograph and the activity of the catalysts is based on the
butene conversions in the examples. The butene conversion is defined.

as following:

Conversion=((the initial butene mass - the butene mass after reaction)/

the initial butene mass)x100%

I. Supplying hydrogen halide or halogenated hydrocarbon in batch to
carry out alkylation reaction for producing alkylate

Example 1:

-11-
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Catalytic alkylation reaction of isobutane is carried out in a
continuous apparatus using acidic ionic liquid as catalyst, wherein the
cation is provided by Et;NHCI and the anion is provided by AICl; and
CuCl. The ionic liquid is added at an amount of 200g. The reaction
pressure is 0.5MPa and the reaction temperature is 25°C. The feed is a
mixture of isobutane and 2-butene with a molar ratio between alkane
and alkene of 20:1. Collecting the alkylation product obtained from the
catalytic alkylation reaction by fresh catalyst and analysing composition
thereof, and the results are shown in table 1.

As seen from table 1, when the feed processed by per gram of the
ionic liquid catalyst is up to 50 g, the catalyst activity declines
significantly. When the feed processed by per gram of the ionic liquid
catalyst is up to 60 g, the butene conversion is almost of 0, which
indicates the catalyst gets deactivated fully. The obtained alkylate
product is of 1120g in all.

Table 1 Continuous evaluation on catalytic alkylation by the fresh

ionic liquid

Processed feed, Butene conversion, Seiectivity of C8 TMP/DMH

g/g ionic liquid % fractions, wt%

10 100 85 12
20 100 86 14
30 100 86 14
40 100 86 14
50 76 80 13

60 0 - -

17



100 71 81 13 110 O After repeating above step 10 tinmes using the
lonic liquid, evaluating the al kylation reaction under the sane reaction
conditions, and the results are shown in table 6. As can be seen, both the
activity of the ionic liquid and the selectivity changed a little. It can
be anticipated that the ionic liquid catalyst can be repeatedly processed
and used in such manners. liquid being regenerated 10th tine Processed
feed, gig ionic liquid Butene conversion, % Selectivity of C3TMP/ DWVH

As shown in Fig.1, after confirming that the catalyst is fully
deactivated, stopping feeding to the alkylation reaction. Separating the
ionic liquid from the alkylation product and reinjecting the same back to
the reactor, and supplying 15g of 2-chloro-2-methyl hexane to the
reactor simultaneously and intensively mixing with the deactivated
ionic liquid therein. When completed, keeping the above mentioned
reaction conditions, continuing feeding reaction feed to the reaction
system, collecting the alkylation product catalyzed by the regenerated
catalyst and analysing composition thereof, and the results are shown in
table 2. As can be seen, the activity of the ionic liquid was regenerated

- and the selectivity of the targeted product (C8 fractions) changed a
little.

Table 2 Continuous evaluation on catalytic alkylation by the

regenerated ionic liquid

Processed feed, Butene conversion, Selectivity of C8 TMP/DMH

g/g ionic liquid % fractions, wt%

10 100 85 14
20 100 85 14
30 100 87 - 15
40 100 87 15
50 100 87 15
60 54 77 13

70 0 - -

13-
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After repeating above step 10 times using the ionic liquid,
evaluating the alkylation reaction under the same reaction conditions,
and the results are shown in tabie 3.

Both the activity of the regenerated ionic liquid catalyst and the
selectivity of C8 fractions changed a little. It can be anticipated that the
ionic liquid catalyst could be repeatedly processed and used in such

manners.

Table 3 Continuous evaluation on catalytic alkylation by the ionic

liquid being regenerated 10™ time

Processed feed, Butene conversion, Selectivity of C8 TMP/DMH

g/g ionic liquid % fractions, wt%

10 100 86 14
20 100 87 15
30 100 &7 15
40 100 87 15
50 100 87 15
60 39 71 12
70 . 0 - -

Example 2:

Catalytic alkylation reaction of isobutane is carried out in a
continuous apparatus using acidic ionic liquid as catalyst, wherein the
cation is provided by [bmim]Cl! (buty! methyl imidazole chloride) and
the anion is provided by AlBr; and CuSOy4. The ionic liquid is added at

an amount of 200g. The reaction pressure is 0.5MPa and the reaction

14



100 65 81 14 110 O - - Not ed: During the production of alkylate,
determ ning the feed anount based on the | oaded catal yst and regenerating
the catalyst prior to the catalyst getting deactivated, so as to ensure the
selectivity of C8 fractions in the alkylate product. Il. Continuously
suppl yi ng hydrogen hal i de or hal ogenated hydrocarbon to carry out the

al kyl ati L.on: f *B¥ O e | kyl t&iﬁﬂﬂki : nph g3

Ref erri n%%é@faﬁ@r?l %)Sw(ﬁ’é)l %r g'r{ﬁ%dg%fzgt g% al(an g. ", %(g@%%%él ;e/(flgtteingr’l
reaction; Qf L ' tmbhrdr £9H B AU AMRAHATAHR] WFkdge aci di c
oni ¢ 1140 9@@%??}5?“%@@?%%% cation is provided by [bmma and
the ani ogri 80pr. o\t §RECAN AR 3 alFPRiti O grbaam bbgisddedrah amtalmiot of
30kg. The_reactlon_press&re I's 0.5MPa an t he reaction temperature is 30C
The reachjlgflatiord reGctiof Hyurfeedh ¢sbystanmd 2uulyeie fheo-douhpositao
1-butene wi'th a nolar ratio between al kane and al kene of 10:1. The feed

f1 ow at ethiereof, 22Hahk, reshitsaddeysladwn & tableddiced at a rate of 2.4kg/h, and
t he hydrogen chloride is supplied to the reactor at a rate of 2g/h

conti nuous! y At chhebsarent iwker dheslgepl pracessedhby rpericgoamadt éhebeinmg ni xed
with the reaction feed). Collecting the alkylation product and_anal ysi ng

t he conphisjuiid aratahesteisf upated 100e thescatady st activdipn dealingls significantiyas can
be seen fromtable 7, when the feed proce%sed_by,pir kihﬁgr?n1oj the ionic
liqui d cihepsheifeedprosesoed wgper eapnphithsionic Squid ¢aialydastyRdPed and
the selectivity of the targeted product ractio keeps. ungchan . Table
7 Cont | ndb QLRSS GAZNSE £EhS ﬁ&tlaﬂam%afﬁ@n il the GEAIRCS iag]ﬁ?ﬁ‘qﬁi th
hyd hl. or | l.ied t i nt ti ly P d feed, kg/k
ign{ggf?ageﬁgéégfo?ﬂqgiﬁfulah?reln o continuously Processed fee o/ kg

Table 4 Continuous evaluation on catalytic alkylation by the fresh
ionic liquid

Processed feed, Butene conversion, Selectivity of C8§ TMP/DMH

g/g ionic liquid % fractions, wt%

20 100 81 13
40 100 | 83 13
60 100 84 14
80 100 85 14
100 42 80 13
110 0 - -

Same as that in example 1, after confirming that the ionic liquid is
fully deactivated, stopping feeding to the alkylation reaction. Supplying
2g hydrogen bromide to the reactor and intensively mixing with the

deactivated ionic liquid therein. When the mixing being completed,

15~



But ene conversion, % Selectivity of C8 fractions, w% TMP/ DVH 200 100 80 11
400 100 81 12 600 100 80 12 800 100

keeping the above mentioned reaction conditions, continuing feeding to
the reaction system, collecting the alkylation product catalyzed by the
regenerated catalyst and analysing-composition thereof, and the results
are shown in table 5.

As can be seen, the activity of the ionic liquid was regenerated and

the selectivity of the targeted product C8 fractions changed a little.

Table 5 Continuous evaluation on catalytic alkylation by the

regenerated ionic liquid

Processed feed, Butene conversion, Selectivity of C8§8 TMP/DMH

g/g ionic liquid % fractions, wt%

20 100 83 14
40 100 84 14
60 100 85 15
80 160 85 15
100 71 81 13
110 0 - -

After repeating above step 10 times using the ionic liquid,
evaluating the alkylation reaction under the same reaction conditions,
and the results are shown in table 6. As can be seen, both the activity of
the ionic liquid and the selectivity changed a little. It can be anticipated
that the ionic liquid catalyst can be repeatedly processed and used in

such manners.

Table 6 Continuous evaluation on catalytic alkylation by the ionic

BT



80 12 1000 100 80 12 Conparative Exanple 1: Also referring to the
flow diagram depicted in Fig.1l, catalytic al kylation reaction of isobutane
is carried out in a continuous apparatus using acidic ionic liquid as
catal yst, wherein the cation is provided by [bm nt1Cl and the anion is
provi ded by AIC13. The ionic liquid is added at an anount of 30kg. The
reacti Oriiﬁﬁﬁf%.%'iﬁ%irﬁggn@ﬁ%dammtt efeaction tenperature is 30C The

n

reactio eed i's xture of 1sobutane, 2-butene, iso-butene and 1-butene
with a Lafl et Weph Hekahey | ke Byl of T f aadpiiovikate i s
of 12kgm%@({ehsgeglﬁ?lgéte iseg‘ﬂreoduce%%g(t)ﬁb rgﬁé@%tflngal?g/ﬁ and t he hydrogen
chlori dﬁ%} ichHRPli gt ooghe reactor at a r fERtEas30we¥d continuously at the
same ti g(Sor supglied to the reactor after being mxed with the reaction
feed). Cpfhl ecting the ally) ati on product aBd anal ysing the ddnposition

t hereof, and the results are shown in table 8. As can be seen, when the
feed prog@ssed by per kiflg@gram of the ioni &4l iquid catal yst lis up to 1000
kg, the catalyst is not deactivated but the selectivity of the targeted
product €8 fractions is Idnificantly decl i8%ed conpared w t A5Exanmple 3.
Tabl e 8 Conti nuous evaluation on catalytic alkylation by the ionic liquid
wi th hyd8@gen chloride slifplied thereinto &ntinuously Pr ocddsed feed,

kg/ kg ionic liquid Butene conversion, % Selectivity of C8 fr%rcti ons, W %
TMP/ DM | 1860 65 81 1

110 0 - -

Noted: During the production of alkylate, determining the feed
amount based on the loaded catalyst and regenerating the catalyst prior
to the catalyst getting deactivated, so as to ensure the selectivity of C8

fractions in the alkylate product.

I1. Continuously supplying hydrogen halide or halogenated hydrocarbon
to carry out the alkylation reaction for producing alkylate continuously

Example 3:

Referring to the flow diagram depicted in Fig.l, catalytic
alkylation reaction of isobutane is carried out in a continuous apparatus
using acidic ionic liquid as catalyst, wherein the cation is provided by
[bmim]Cl and the anion is provided by AICl;. The jonic liquid is added
at an amount of 30kg. The reaction pressure is 0.5MPa and the reaction
temperature is 30°C. The reaction feed is a mixture of isobutane,
2-butene, iso-butene and 1-butene with a molar ratio between alkane

and alkene of 10:1. The feed flowrate is of 12kg/h, the alkylate is

-17-
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produced at a rate of 2.4kg/h, and the hydrogen chloride is supplied to
the reactor at a rate of 2g/h continuously at the same time (or supplied
to the reactor after being mixed with the reaction feed). Collecting the
alkylation product and analysing the composition thereof, and the
results are shown in table 7.

As can be seen from table 7, when the feed processed by per
kilogram of the ionic liquid catalyst is up to 1000 kg, the catalyst is still
not deactivated and the selectivity of the targeted product C8 fractions

keeps unchanged.

Table 7 Continuous evaluation on catalytic alkylation by the ionic

liquid with hydrogen chloride supplied thereinto continuously

Processed feed, Butene conversion, Selectivity of C8& TMP/DMH

kg/kg ionic liqguid % fractions, wt%

200 100 80 11
400 100 81 12
600 100 80 12
800 100 &0 12
1000 100 80 12

Comparative Example 1:

Also referring to the flow diagram depicted in Fig.l, catalytic
alkylation reaction of isobutane is carried out in a continuous apparatus
using acidic ionic liquid as catalyst, wherein the cation is provided by
[bmim]Cl and the anion is provided by AlCl;. The ionic liquid is added

at an amount of 30kg. The reaction pressure is 0.5MPa and the reaction

18-



60 7 Exanple 4: Referring to the flow diagramdepicted in Fig. 1,
catalytic al kylation reaction of isobutane is carried out in a continuous
apparatus using acidic ionic liquid as catal yst, wherein the cation is
provi ded by Et3NHC1 and the anion is provided by Al Cl3 and CuCl. The ionic
liquid is added at an anmount of 200g. The reaction pressure is 0.5Wa and

the reacidAReLAMEr & Usg'd S PAC NRisFARIAM aetni et W hlane,

i sobut ane a utene with a nolar rati o between ‘al’kane and al kene of

20: 1. The ferdel | QWLBliRAS a9fd F0Batdne thahahkilAke fatidrdwess allkangate of
509/ h, and 2-bronp-butane is supplied to the reactor at a rate of 0.2g/h

cont i nuoggllyaBterdd® Bame 1t iThe (fed Ubphirett tio bhiel 2legdt othafalkylari ng m xed
with the reaction feed). Collecting the al kylation product and anal ysi ng

the conpgsbdued talter esde, oﬂadfik%ﬂl,f el the dyRldheMnchlvridblie ippMedea be
seen, when the feed processed by per gramof the ionic liquid catalyst is

up to 108fk Beadtd® i saeShf 39 SiH bbnﬁ?xhoqﬁ‘szﬁtait\tﬁh%lﬁ@ﬁieﬂlg credgsplivdty of

the targeted product C8 fractions keeps unchanged. Tab nti'nuous
eval uati g the eateby hiferab&ingaiige dow itheheordactiomdeed )W ColRdbirgnuhbut ane

supplied thereinto continuously Processed feed, g/g ionic |iquid Butene

conver si alkyl#tisel getodudty apid Ghdlyanig otte véMpONHIDVHIROG 00288 1Hhe
results are shown in table 8. As can be seen, when the feed processed by
per kilogram of the ionic liquid catalyst is up to 1000 kg, the catalyst is
not deactivated but thé selectivity of the targeted product C8 fractions is

significantly declined compared with Example 3.

Table 8 Continuous evaluation on catalytic alkylation by the ionic

liquid with hydrogen chloride supplied thereinto continuously

Processed feed, Butene conversion, Selectivity of C8 TMP/DMH

kg/kg ionic liquid % fractions, wt%

- 200 100 70 8
400 100 63 7
600 100 61 7
800 100 61 7
1000 100 60 7

Example 4:

Referring to the flow diagram depicted in Fig.l, catalytic
alkylation reaction of isobutane is carried out in a continuous apparatus

using acidic ionic liquid as catalyst, wherein the cation is provided by
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Et;NHCI and the anion is provided by AICl; and CuCl. The ionic liquid
is added at an amount of 200g. The reaction pressure is 0.5MPa and the
reaction temperature is 20°C. The reaction feed is a mixture of
isobutane and 2-butene with a molar ratio between alkane and alkene of
20:1. The feed flowrate is of 500g/h, the alkylate is produced at a rate of
50g/h, and 2-bromo-butane is supplied to the reactor at a rate of 0.2g/h
continuously at the same time (or supplied to the reactor after being
mixed with the reaction feed). Collecting the alkylation product and
analysing the composition thereof, and the results are shown in table 9.
As can be seen, when the feed processed by per gram of the ionic liquid
catalyst is up to 1000 g, the catalyst is still not deactivated and the
selectivity of the targeted product C8 fractions keeps unchanged.

Table 9 Continuous evaluation on catalytic alkylation by the ionic

liquid with 2-bromo-butane supplied thereinto continuously

Processed feed, Butene conversion, Selectivity of C8 TMP/DMH

g/g ionic liquid % fractions, wt%

200 100 85 14

400 100 86 15

600 100 87 15

800 100 87 15

1000 100 &7 15
Example 5:

Referring to the flow diagram depicted in Fig.l, catalytic

alkylation reaction of isobutane is carried out in a continuous apparatus

20-



Exanpl e 5: Referring to the flow diagram depicted in Fig. 1, catalytic
al kyl ation reaction of isobutane is carried out in a continuous apparatus
using acidic ionic liquid as catalyst, wherein the cation is provided by
[bmtn]d and the anion is provided by AlBr3 and CuSO4. The ionic liquidis
added at an anount of 200g. The reaction pressure is 0.5MPa and the

reacti on,d; Ur e, s : e i i PeARE . ane,
2 but encl S S RHFoRalis alrid HiCcAGREH, MDRRER ke Raflott B DBy IS ane

and al kefianoh] 29 dnd TR Ar86hOIOpROTRIAYILLIAMBRE ol Tt Thddohged at 2

rate of %of the total feed weight. 'The feed flowate is of 500g/h,
and the Hhjkyd 4% %dcﬁe@h@fﬂiﬁgﬁl@intao&‘az@%f THRItdnction ek the. aMBhation

product and anal ysing the conposition thereof, and the results are shown in
t abl e 10andghearedetiecampareturehs POED. PFloe essedohyfaeel ignamigfutehefi oni c
liquid catalyst is up to 1000 g, the catalyst is still not deactivated and
t he sel emsoibuitaye ol -beenearant édchlcum@t-nmﬁyl qobpans kathps unclangddo Tabl e
10 Conti nuous eval uation on catalytic alkylation by the ionic liquid with
2- chl or obgtwieemydlkpnepanéd allepei ed 2tidr eTl!eoZ@dsﬂorm?omﬁet;hylirpﬁmw iseed,
But ene conversion, Selectivity of C8 TM ionic ligquid %ractions,

5% 200100864 04061 rEbaA oY OUEY DSV ODH L B2 doedoBpiEht 1} he Tocd

carry. oulonraal iy Phr e/ Peatid GRer BIOBFsEIGOAcRS) Bl & B8kt DALy
a1yl at 1 brollessing o aHky Lt aodustaamt ABarvUng these CBIRA SIS UsthATBarat us
E anricr A Tferarion ATe pRoviava By el sASrah B iEen qubin BRLGEER af an
fenper at BIECTSedonS AAZEraiLoR TRy K Bali g Rl o fuchii D0 oo 1Bt ene.
10 1. TremRRE fiosral ndt de e i ARRC BRIl o BHE BERREA®
rate of gr4#@hCs fractions keeps unchanged.

Table 10 Continuous evaluation on catalytic alkylation by the ionic

liquid with 2-chloro-2-methyl propane supplied thereinto continuously

Processed feed, Butene conversion, Selectivity of C8 TMP/DMH

g/g ionic liquid % fractions, wt% =

200 100 86 14
400 100 86 15
600 100 87 15
800 100 87 15
1000 100 87 15

III. Semi-continuously supplying hydrogen halide or halogenated

21-



The ionic liquid is separated fromthe reaction systemat an amount of 3kg
every hour regularly and supplied into a m xer, wherein being intensively
m xed with 2g hydrogen brom de and then being reinjected back to the
reaction system This procedure can be carried out in batch or

conti nuously. Col I ecting the al kyl ati on product and anal ysing the

ConMposi t}gf’(gg/ddﬁ'b%‘i’f to %’é@'zr'%ﬁ %trﬁﬁlhllﬁ{ﬁ'ﬁﬁ)é?eﬁ\@tibﬂ f(ﬁ*bfgf’{,)d&cin\g‘ﬁﬂqﬂ*&%ef eed

processe per kilogramof the itoric liquid catalyst is up™to 1000 kg,

the catatyssfiniidusly || not deactivated and the selectivity of the targeted
product C8 fractions keeps unchanged. Table 11 Conti nuous eval uation on
catal ytic al Byaatplen6by the ionic liquid wth hydrogen brom de supplied
thereinto sem -continuously Processed feed, Butene conversion, Selectivity
of C8 TMP/ DMRef@2ringkgickgthenifbowi qliiagramf r depicted, it OFigd) 1@dabitid2 400
100 82 alkylation reaction of isobutane is carried out in a continuous apparatus

using acidic ionic liquid as catalyst, wherein the cation is provided by

Et;NHCI and the anion is provided by AlBr;. The ionic liquid is added

at an amount of 30kg. The reaction pressure is 0.5MPa and the reaction

temperature is 30°C. The reaction feed is a mixture of isobutane,

2-butene, iso-butene and 1-butene with a molar ratio between alkane

and alkene of 10:1. The feed flowrate is of 12kg/h, and the alkylate is

produced at a rate of 2.4kg/h.

The tonic liquid is separated from the reaction system at an amount

of 3kg every hour regularly and supplied into a mixer, wherein being

intensively mixed with 2g hydrogen bromide and then being reinjected

back to the reaction system. This procedure can be carried out in batch

~ or continuously.
Collecting the alkylation product and analysing the composition

thereof, and the results are shown in table 11. When the feed processed

by per kilogram of the ionic liquid lca.talyst is up to 1000 kg, the catalyst

is still not deactivated and the selectivity of the targeted product C8

fractions keeps unchanged.

Table 11 Continuous evaluation on catalytic alkylation by the ionic

liquid with hydrogen bromide supplied thereinto semi-continuously

Processed feed, Butene conversion, Selectivity of C§ TMP/DMH

20



12 600 100 82 13 800 100 82 13 1000 100 82 13 Example 7: Catal ytic
al kyl ation reaction of isobutane is carried out in a continuous apparatus
using acidic ionic liquid as catalyst, wherein the cation is provided by
Et 3NHC1 and the anion is provided by A1C13. The ionic liquid is added at an
anount of 30kg. The reaction pressure is 0.5MPa and the reaction
t enper a LSnR0G e reaction feed Is a of{ytbsobut ane, 2-butene,
iso-butggg&gﬁénﬁ?gﬁggﬁe dﬁ?h a nolar ratio gg%ﬁggﬁsbﬁﬁéﬁe and al kene of
10: 1. Thgofeed flowate ispgf 12kg/h, and thejalkylate is prpguced at a
rate of 2.4kg/ h. The ionic liquid is separated fromthe reaction
system g@oti nuously at a r@9e of 3kg/h and Rpplied into a nfRer together
with 2-chloro-2-nmethyl propane at a rate of 6g/h, and is reinjected back to
t he rea6fidon system conti hf@usly after m xed82 The fl ow di agr&sn of the
reaction may refer to Fig. 2.

800 100 82 13

1000 100 82 13

Example 7:

Catalytic alkylation reaction of isobutane is carried out in a
continuous apparatus using acidic ionic liquid as catalyst, wherein the
cation is provided by Et;NHCI and the anion is provided by AlCl;. The
ionic liquid is added at an amount of 30kg. The reaction pressure is
0.5MPa and the reaction temperature is 30°C. The reaction feed is a
mixture of isobutane, 2-butene, iso-butene and 1-butene with a molar
ratio between alkane and alkene of 10:1. The feed flowrate is of 12kg/h,
and the alkylate is produced at a rate of 2.4kg/h.

The ionic liquid is separated from the reaction system continuously
at a rate of 3kg/h and supplied into a -mixer together with
2-chloro-2-methyl propane at a rate of 6g/h, and is reinjected back to
the reaction system continuously after mixed. The flow diagram of the
reaction may refer to Fig.2.

Collecting the alkylation product and analysing the composition
thereof, and the results are shown in table 12. As can be seen, when the
feed processed by per kilogram of the ionic liquid catalyst is up to 1000
kg, the catalyst is still not deactivated and the selectivity of the targeted
product C8 fractions keeps unchanged.
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Col l ecting the al kylati on product and anal ysing the conposition thereof,
and the results are shown in table 12. As can be seen, when the feed
processed by per kilogramof the ionic liquid catalyst is up to 1000 kg,
the catalyst is still not deactivated and the selectivity of the targeted
product C8 fractions keeps unchanged. Table 12 Continuous eval uati on on
catalytic alkylation by the ionic |iquidwth2-chloro-2-nethyl

sem -conti nuously propanesupplied thereinto Processed feed, kg/kg ionic
l'iquid Babhe CbnUensimibus’eSallestibn by @fateﬂ?'tfd afdkiydngon Wb THE favic 200
400 600 800 1000 100 100 100 100 100 81 82 81 81 81712 12 12 12 12

liquid  with  2-chloro-2-methyl propane  supplied thereinto

semi-continuously

Processed feed, Butene conversion, Selectivity of C§ TMP/DMH

kg/kg ionic liquid % fractions, wt%

200 100 81 12

400 100 82 12

600 100 81 12

800 100 81 12

1000 100 81 12
Example 8:

Catalytic alkylation reaction of isobutane is carried out in a
continuous apparatus using acidic ionic liquid as catalyst, wherein the
cation is provided by Et;NHCI and the anion is provided by AICIl; and
CuCl. The ionic liquid is added at an amount of 200g. The reaction
pressure is 0.5MPa and the reaction temperature is 25°C. The reaction- -
feed is a mixture of isobutane and 2-butene with a molar ratio between
alkane and alkene of 20:1. The feed flowrate is of S"OOg/h, and the
alkylate is produced at a rate of 50g/h.

The ionic liquid is separated from the reaction system continuously
at a rate of 10g/h and supplied into a mixer together with hydrogen
chloride at a rate 0f0.03g/h, and and is reinjected back to the reaction
system continuously after mixed. The flow diagram of the reaction may

refer to Fig.2.
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Exanpl e 8: Catal ytic al kylation reaction of isobutane is carried out in
a continuous apparatus using acidic ionic liquid as catal yst, wherein the
cation is provided by Et3NHC1L and the anion is provided by Al C13 and Cud .
The ionic liquid is added at an anmount of 200g. The reaction pressure is
0.5MPa and the reaction tenperature is 25C. The reaction feed is a m xture

of i sobut ane@&?e@ﬁﬁgtﬁ{@ a‘ikytat% ASduAt hAdbgh n%' H@@%&ﬁﬁo@iﬂf@ﬁe of
20:1. The feed flowdte Iis of 500g/h, and the alkylatée is produced at a

rate of BRGEBS and thEhesiudRi grd tHiveh IS tgislealated fromthe reaction system
continuously at a rate of 10g/h and supplied into a m xer together with

hydrogen chl g5d danabe aceat evhén.thagfded pnocesstd byrpémpestedfhhekionict he
reaction system continuously after m xed. The flow di agram of the reaction
may ref eliquad Ragabyst is up toCAIOBEc L] rhet tatady Ky isastibh npt atkeextivatedaandysi ng
the conposition thereof, and the results are shown in table 13. As can
be seen, tlshealadivitparf theobegetatl pyoduct §r&frastione keops aindhprigedat al yst
is up to 1000 g, the catalyst is still not deactivated and the selectivity
of the targeted product C8 fractions keeps unchanged. Tabl e 13Conti nuous
eval uation on catalyti¢c alkylation by the ionic liguid w th hydrogen

chl ori deTébg%llﬁed By semlugdan; ﬁﬂo&%ﬂaBYﬁPoég%@qufbgﬂ{ tﬁ@/ g foni ¢

| i quid Buten co?lvgrgi on, S Ilecti vity .of (&31 fractions, W% TMP/ 200 100
85 14 aofquid with hydrogén chloride suﬁ/phed ereinto semi-contmuously

Processed feed, Butene conversion, Selectivity of C8 TMP/DMH

kg/kg ionic liquid % fractions, wt%

200 100 85 14
400 100 86 14
600 100 86 15
800 100 86 15
1000 100 86 15

Comparative Example 2:

Catalytic alkylation reaction of isobutane is carried out in a
continuous apparatus using acidic ionic liquid as catalyst, wherein the
cation is provided by Et;NHCI and the anion is provided by AlCl; and
CuCl. The ionic liquid is added at an amount of 200g. The reaction
pressure is 0.5MPa and the reaction temperature is 25°C. The reaction
feed is a mixture of isobutane and 2-butene with a molar ratio between
alkane and alkene of 20:1. The feed flowrate is of 500g/h, and the
alkylate is produced at a rate of 50g/h.

The ionic liquid is separated from the reaction system continuously
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100 86 14 600 100 86 15 800 100 86 15 1000 100 86 15 Conparative Exanple
2:

at a rate of 10kg/h and supplied into a mixer together with hydrogen
chloride at a rate of 0.002g/h, and is reinjected back to the reaction
systém continueusly after mixed.

Collecting the alkylation product and analysing the composition
thereof, and the results are shown in table 14. When the feed processed
by per gram of the ionic liquid catalyst is up to 120 g, the catalyst is
deactivated. Compared with Example 8, the lifetime of the ionic liquid

is not prolonged effectively.

Table 14  Continuous evaluation on catalytic alkylation by the ionic

liquid with hydrogen chloride supplied thereinto semi-continuously

Processed feed,  Butane conversion, Selectivity of C8 TMP/DMH

kg/kg ionic liguid % fractions, wit%

20 100 85 14
40 100 86 15
60 100 86 15
80 100 86 15
100 47 75 12
120 0 - -

Finally, it should be noted that all the above examples is intend to
describe the technical solutions of the present invention only and should
not be considered as limitations of the present invention. All the
modification or equivalents of the technical solutions of the present
invention disclosed herein by those skilled in the art should fall into the

scope of the present invention claimed in appended claims.
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Catal ytic al kyl ation reaction of isobutane is carried out in a continuous
apparatus using acidic ionic liquid as catal yst, wherein the cation is
provi ded by Et 3NHCL and the anion is provided by A1C13 and CuC . The ionic
liquid is added at an amount of 200g. The reaction pressure is 0.5Wa and
the reaction tenperature is 25C. The reaction feed is a m xture of

i sobut ane and 2-butene with a nolar ratio between al kane and al kene of
20:1. The feed flowate is of 500g/h, and the alkylate is produced at a
rate of 50g/h. The ionic liquid is separated fromthe reaction system
continuously at a rate of 10kg/h and supplied into a m xer together with
hydr ogen chloride at a rate of 0.002g/h, and is reinjected back to the
reacti on system continuously after m xed. Col l ecting the al kyl ati on
product and anal ysing the conposition thereof, and the results are shown in
tabl e 14. Wen the feed processed by per gramof the ionic liquid catal yst
is up to 120 g, the catalyst is deactivated. Conpared with Exanple 8, the
lifetime of the ionic liquid is not prolonged effectively. Table
14Cont i nuous eval uation on catalytic alkylation by the ionic liquid with
hydr ogen chl ori de supplied thereinto sem -continuously Processed feed,

kg/ kg ionic liquid Butane conversion, % Selectivity of C8 fractions, wm%
TVP/ DVH 20 100 85 14 40 100
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86 15 60 100 86 15 80 100 86 15 100 47 75 12 120 O -

Claims

1. A process for regenerating and maintaining the activity of amr ionic
liquid catalyst, which is used to catalyze the alkylation reaction for
producing alkylate, said process is characterized by supplying hydrogen
halide or halogenated hydrocarbon to the acidic ionic liquid catalyst or the
reaction feed during the alkylation reaction.

2. The process according to claim I, wherein the hydrogen halide is
supplied at an amount of 0.01-1wt% of the produced alkylate; and the
halogenated hydrocarbon is supplied at an amount of 0.01-1wt% of the
produced alkylate calculated as the mass of the halogen contained
therein.

3. The process according to claim 1, wherein the acidic ionic liquid has a
cation derived from hydrohalide of alkyl amine, hydrohalide of
imidazole or hydrohalide of pyridine and an anion derived from one or
more metaliic compounds.

4, The process according to claim 3, wherein the acidic ionic liquid has
anion derived from two or more metallic compounds, of which at least
one metallic compound is aluminum chleride or aluminum bromide and
the other metallic compounds are halide, sulphate or nitrate of copper,
iron, zinc, nickel, titanium or silver.

5. The process according to claim 1, wherein the hydrogen halide is
hydrogen chloride or hydrogen bromide, and the halogenated hydrocarbon
is bhlorohydrocar‘oon or bromohydrocarbon comprosing at least 4
carbons.

6. The process according to claim 5, wherein the halogenated
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Finally, it should be noted that all the above exanples is intend to
descri be the technical solutions of the present invention only and shoul d
not be considered as limtations of the present invention. Al the

nodi fication or equivalents of the technical solutions of the present

i nvention disclosed herein by those skilled in the art should fall into the
scope Of b BfodhBNis! MutokiAited AIRBAe! RaAPRENGCE Chldls, andTlifl fhe 1. A
process for regenerating and naintaining the activity of an ionic liquid
cat al ystgirwBiefe of Hiethdlogeahtdd Zeydfircaabloyl dhé oparbRAr thrinkohabsgehici ng

al kyl ate, said process is cCharacterized by supplying hydrogen halide or

hal ogenaagsntdicioat blaerdto ishsecagiddirg dotertidriyqtardosat al yst or the reaction
feed during the al kylation reaction. 2. The process according to claiml1,
wher ei n 7ha pyerogeforimlodiring adkphite dyy atkdatiomoresctofin Qs isatistefiet he
produced al kyl ate; and the hal ogenated hydrocarbon is supplied at an_anount
of 0.01- and % éf alkemepandgectionl teadnadecatulit atoedc adquite agaeatabystt saidhal ogen
contained therein. 3. The process according to claiml, wherein the acidic
i oni ¢ | i pIReessass cheaecienizest ibpesuppdying disshageae helidgl wy| halaganated

hydr ohal  de of i m dazol e or hydroha|ide of pyridine and an anion derived
from onehﬁgrwrbomodm@ acahﬁﬂ@lm?@quml. Calfﬁg)’sﬁr% r%awlaiafﬁgg {BIERG; m 3,

wherei n the gci.di.c ionic |iguid has anj,on dey.ived. fr.omtwo,. qr re netallic
comoundbofiien i fien ity iSsclipddit 160 Gl o o
nitrate B CBppRIRCHH? otk s il 71 Ao oSSt BARGE B ocess
o ogenBpSHER S gt Pr LA LT OO S IR B hEe YR RRR, SHEhE" o

Do eral Shafsclied WkRR I doftis’ S83b1i% S B Wmouliy 0B BF-ATEOR GFIAES N0
har o ppfoddecd Wy ING GAILBRENT YS! MHE flash!18fITOIRRRIRN TWeiiasacaon the

carbon. tHerefnprocess for producing al kylate by al kyl ation reaction using

i sobutene and C4 al kene as reaction feed and acidic ionic liquid as

catal yst g, i&iedpmm@%ﬁ:cwdh{%t@elaim Zedviwyresupbkydcididyonigtiepuidl hakegor

hal ogenat ed hydrocarbon to the acidic ionic liquid catalyst or the reaction
feed dur cationhedaedikgtiatfirom r bgdrobalitle refyenidndt emmhe,adiviimliadide bifqui d
catalyst. 8. The process according to claim?7, wherein the hydrogen halide
i s suppl imddaroknoadyurohafide of-pymidént andeaprasdocededivied! frioen cared orhe

hal ogenat ed hydrocarbon is supplied at an anmount of 0.01-1wt % of the

pr oducednzougyingtalléalcompewddas the mass of the hal ogen contained therein.

10. The process according to claim 9, wherein the acidic ionic liquid has
anion derived from two or more metallic compounds, of which at least
one metallic compound is aluminum chloride or aluminum bromide and
the other metallic compounds are halide, sulphate or nitrate of copper,
iron, zinc, nickel, titanium or silver.

11. The process according to claim 7, wherein the hydrogen halide is
hydrogen chloride or hydrogen bromide, and the halogenated hydrocarbon
is chlorohydrocarbon or bromohydrocarbon comprising at least 4

carbons.
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9. The process according to claim7, wherein the acidic ionic liquid has a
cation derived from hydrohalide of al kyl am ne, hydrohalide of imdazole or
hydr ohal i de of pyridine and an ani on derived fromone or nore netallic
conpounds. 10. The process according to claim9, wherein the acidic ionic
l'iquid has anion derived fromtwo or nore netallic conpounds, of which at

| east ongp ek !Iﬁﬂo%%oﬂeéohﬁn? 4el nyaish! or,| dghefeidl WHeNURa RigRMHaded and

I
the other netalli’c conpounds ar€ halide, sulphate or nitrate of copper,

iron, zi RodréésiRIn i tf@mbgehachsidlkghe hhlr-ingha_-ar esfsenace@iddiing the claim
7, wherein the hydrogen halide is hydrogen chloride or hydr ogen brom de,

and the bauogeratodd thy didioarhated shedicrabpdr echar barboar Huwimghaieganbon
conprising at |east 4 carbons. 12. The process according to claim11,

wher ei n atemhaitageed tkerdipdisocardiataryso htd ivpayat edoal. kane havi ng 4- 8
carbons, and in the structure of the hal ogenated hydrocarbon the carbon

havi ng h&BogEhe aprmesst acteulingetetdaim Jecwiwaein dr4t alkarsr comphisas 13.
The process according to claim7, wherein C4_al kene conpri ses 1-butene,

2- but ene l -hbeensutehaiione nise-busend or svixturg. thereobr ocess according to claim
7 or 8, erein suppl yi ng hydrogen halide or hal ogenated, hydrocarbon to the
acidic i \(ﬁ’gi e BPeesSapef Qihing oy laipb 0T ¢h WBERBoRPPPEES S Redregeau ng

oarhe ¢ nbalickoe TRBE NI RP e SHASL b SR ShEic U LRSS o
a0 clarGRRTaRd R, sy RIS BESIRE "7 (1) Gontinuing th
iquid c nd i X osane;” (iii) Continuing the
hal ?LZ;'OS palbbonapRibg e SRl A AR BIE: 'ea?ma’féﬁalﬁt“f%g atr?ndg%’f&é:égi”
. 1YL IE ! L 7 8. . .
hydr ogent PRI oS, BEBRERS pRAC Rl e BN 01 ;. Tomic liquid ®

€ acidic ionic liquid

cot syt o, B SEORLPR hossoremee I amIn R Rabon o e,

Feact Fon oy o B I P "or 5 wherei n
Supel Y 0, BN ek b eRSER SONAIGRSEheR i G
oyl at | B B B R Bl e Vo ©

() P e oAl de (aaueny sy coahon 1o (e separ i
15. The %rocess accgrding to claim 7 or g, wherei?'l suppiyiné hydrogen
halide or halogenated hydrocarbon to the acidic ionic liquid catalyst or
the reaction feed comprises the following step:

Continuously supplying hydrogen halide or halogenated
hydrocarbon to the acidic ionic liquid catalyst or the reaction feed while
the alkylation reaction is proceeding.

16. The process according to claim 7 or 8, wherein supplying hydrogen
halide or halogenated hydrocarbon to the acidic ionic liquid catalyst or

the reaction feed comprises the following steps:

(1) Separating a part of the acidic ionic liquid catalyst while the
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(iit1) Reinjecting the acidic ionic liquid with hydrogen halide or
hal ogenat ed hydrocarbon supplied thereinto back to the reaction system and
repeating steps (i) and (ii).

catalytic alkylation reaction using the acidic ionic liquid catalyst is
proceeding;
.(ii) Supplying hydrogen halide or halogenated hydrocarbon to the
separated acidic ionic liquid catalyst and intensively mixing the same;
(iii) Reinjecting the acidic ionic liquid with hydrogen halide or
halogenated hydrocarbon supplied thereinto back to the reaction system

and repeating steps (1) and (i1).
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