An al kyl ation process using ionic liquid as catalyst Field of the

i nvention The present invention is related to a catalytic

al kyl ati on process for 5 producing al kylate oil using ionic liquid as
catal yst. The present i veﬂEiOﬁ belon s ta the F enlca field.
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al kyl ati on reaction between 10 isobutane and butene (also referred as
CA4 al kyl ation or isobutane alkylation) is an inportant process for
produci ng: .ape gasol i ne bl ending conponent. It has been
known t ha ed in the alkylation reaction may conprise

hydrof | uori c @I rﬁg&‘f@gﬁ\én gnsy! fefhidy g:?'fg z;‘t'l%‘i'yh%l a) gﬂhdgrocess for

wher ei n hydr of I ¢ aci concentrate uric

convent i ?8Hub{}9%%‘lk Blte il %ﬂﬁ%%gh‘i’é 1%(&!1.% N QﬁgﬂzysEBEhE ;ﬂfesen invention

hydr o Iu rrc ac concentra sul ic acl It satls actory
properti gg]omg §Qéftﬁegéet@6&h¥hh}éal srilgctivity and catalyst lifetine,
however, they "may result in some problenms such as environnental

pol l ution, equi pnents corrosion as well as personnel injuries etc.,
thus, the industrial 20 devel opnent of C4 al kylation being limted

seri ousl Backsraundvel themmeentisyst em ionic |iquids have the
properties such as being environmental friendly, |ess corrosive, |ow
toxicity, adj st aeteolecimi ryfianog pydistaly; ctﬂn@m&lkb/laj:iopen’ea@éonbhemgfeen
easily separated fromthe product as well as being recyc|ed at hi

rat e10 soisobtane Hwdnbuicnovéalszs wferrast aat 14/t abkylation adrt s tane
used for C4 al kylation instead of those |liquid styong acids such, as
hydr of | udts¥ladiiny dfd asoridBROFENEd PEOLEsT | Fomdr@dugngogiean anghepetane

b
el :éﬁaﬁwéaﬁﬁq%' I TG —
o o P BRSSP

ngs\leggr:{gﬁggIﬁa}\l/e Egﬂe‘%r@‘i{]ﬂﬂﬂém afg}lﬂsﬁf‘aﬁ% s%gar i ng?&ﬁ"écess Both of
properti 6sd28fudrié | 281d ORRdI¢dncRniRRElH BUIRIMLE aReACEkhIbAS satisfactory

properties in terms of activity, selectivity and catalyst lifetime, however,

they may result in some problems such as environmental pollution,
equipments corrosion as well as personnel injuries etc., thus, the industrial
20 development of C4 alkylation being limited seriously.

As a novel compound system, ionic liquids have the properties such
as being environmental friendly, less corrosive, low toxicity, adjustable
acidity and physical-chemical properties, being easily separated from the
product as well as being recycled at high rate, so that to become a novel

25 desired catalytic material to be used for C4 alkylation instead of those
liquid strong acids such as hydrofluoric acid and concentrated sulfuric
acid. US 7285698 and CN 1500764A respectively disclosed the catalytic
processes for the alkylation reaction between isobutane and butene using a

composite ionic liquid as catalyst, wherein the yield of the alkylation
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catal ysts. However, the researchers have found that there are stil
sone practical difficulties to be overcome when the ionic |iquids
being used as catalysts in the alkylation reaction. No matter the
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metallic 2 num [umnumtrichloride as al um num source

conpensatatdIRetal UHGWEVEr! e %sé@rdms Iiee feuAdt (it NRAE dre @ﬂlll some
phase and hydrolysis of ionic liquid in the presence of water.

i nvent or praétithl difpehitted tobdavert omedwitat thideonid mnjmdsd@@@sg ﬁ@ed as

chloroalum nate as ionic liquid catal yst getting deactivated is the
| oss of tchtalysts ve thieuaikylation cehctiode N6 mhtteei thedsionphs ésnididiquid, of

reaction activity, and the loss of alumnumtrichloride is primarily
due to t Nehiohdtbeyensonf isaldetived framhhosiniglecanstadlisy comepound, or the
I nevitable water in the reaction feed and further, possibly
composite ionic liquid is used as the catalyst in the catalytlc alkylation
reaction, the catalyst will get deactivated inevitably. The feed amount
processed by per gram of the ionic liquid catalyst can hardly be more than
100 g, thus, the ionic liquid catalyst had to be replaced and regenerated
15 frequently and the corresponding industrial process would be Ilimited
apparently. There are also some researches providing technical solutions

based on the believed reasons why the ionic liquid catalyst getting

deactivated. For example , Chinese patent application 200710063459.6

disclosed a process for prolonging the catalyst life by using metallic
20 aluminum or aluminum trichloride as aluminum source to compensate the
aluminum trichloride lost due to entrainment in oil phase and hydrolysis
of ionic liquid in the presence of water. The inventors of this application
have found that the primary-reason for chloroaluminate as ionic liquid
catalyst getting deactivated is the loss of the active aluminum trichloride
25 therein decreases the reaction activity, and the loss of aluminum
trichloride is primarily due to the hydrolysis of aluminum trichloride
caused by the inevitable water in the reaction feed and further possibly

due to that aluminum trichloride may be entrained into oil phase due to
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due to that alum numtrichloride may be entrained into oil phase due
to conplexation with sone strong el ectron-donating species, which
may be present in the reaction system Thus, said patent application
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metal li c conpounds. The catalytic al kylation reaction by ionic liquid
is followng the positively charged carbon ion nechanism wherein

both Lewis acid and Bronsted acid (also referred as B acid) of the

i oni c | i gunanfarycef she 1aventenher during the catal ytic reaction.

Based on the researches, the present inventors_ haye found that when
the-ionic |iqulle daalns technicabnrebdeny iehe rel the Presapt isvagtion

halide, the acidity of Brgnsted acid in the ionic.ligquid
1S to pr0v1ge an aﬁ(yslatlon process using 1onic ﬂquld as catalyst, the

25 process, based on the mechanism of catalytic alkylation reaction by an
acidic ionic liquid and by reintroducing halogenated hydrocarbons-rich
fraction into the reaction system, can effectively prolong the life of the
acidic ionic liquid catalyst and reduce the halogenated hydrcarbon content

in the alkylate oil product simultaneously.
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is provided mainly by the hydrogen halide. During the catalytic
al kyl ation reaction by the ionic liquid, the hydrogen halide as an
auxiliary agent is reacted 20 with C4 al kene to produce hal ogenat ed

hydrocarbons. R 208, e LTS Sl el LR RO NPLY ehareet o
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of the ionic liquid tal yst and reduce the content of

hal ogenatgichtiuticoear Benssépnrhtee drkoticn eirbl the ogderttion - $ysté@h  during the

al kyl ati on process using ionic liquid as catal yst, wherein

hal ogenatéidylatidnoeactions andcthefioads liomid casalyst ased ihrthe dlkelarlday tedotion
oil product by distillation or adsorption, and 5 then the separated
fracti onhias a eitnon aeviced fronohyteohaats oballsylsamme, hydroBAaelde difnignidazole
the present invention, with the proviso that all the above nentioned
r equilp ementlsydrehadidienof imeidinehand aird angen alarivpd drarat ahgser megrebmetallic
selected fromvarious ionic |iquids reported or known as catal ysts

for catal@iiROWIdéyl ation reactions, and said ionic |iquids may be
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reaction by the ionic liquid, the hydrogen halide as an auxiliary agent is reacted

20 with C4 alkene to produce halogenated hydrocarbons, which are the
intermediate of the positively charged carbon ion during the initial reaction

phase. It can be seen that if the produced halogenated hydrocarbons can not be
converted soon, the same would be discharged from the reaction system along

with the alkylate oil product continuously, and this will result in not only the

25 higher content of the halogenated hydrocarbons in the alkylate oil, but also the

loss of Bronsted acid from the ionic liquid and even the deactivation of the

catalyst. In order to reduce the consumption of B acid for producing alkylate

oil and the content of the halogenated hydrocarbons in the alkylate oil product,

the present invention provide a process which can effectively prolong the life
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m xture of isobutane and C4 al kene (butene), wherein C4 al kene may
conprise various iso- and n-al kenes such as 1-butene, 2-butene,
| so-butene or m xture thereof In practice, a hydrocarbon feed
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range of to ; the reaction pressure should be sel ected so
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reaction conditions, Tand generally 1n the 'range of 0.1 to

Accor di ngnérmetidie] @é@@i@emdnwwﬁ%)rin nge nvithdwalid dohiee liaaid aomnalt et may be
hydrocarbons-rich fraction into the reaction system may conpri Se:

m xi ng_t eldeadd gromateatioyyl imdar hquislsrepbredact kaowsi b catelyseafitri enalytic
feed 10 and then introducing the mxture into the reactor;

m xi ng t htkylatioge nedctbiisy dawd asdidnsonic chighirdectrnay et sintjhle oasscas above
liquid catalyst and then introducing the mixture into the reactor;

i nt r dflucidegcribed har ogemaoedc hguechebsasd ricshct Hgendenmay diave an anion
reactor directly; and/or 15m xi ng the_hal ogenat ed, hydrocarbons-rich
fracti ondgrtved Heomedyer ear anoaekaesaliel eorapoundsedoti whieheatnileast ene

into the reacj.or. . . . . .
meta flc compound i1s aluminum chloride or aluminum bromide and the

other metallic compounds are halide, sulphate or nitrate of aluminium,

copper, iron, zinc, nickel, titanium or silver. The ionic liquids may be

15 selected, prepared and utilized as that in the prior art, and thus no further

detailed description is provided herein. The above mentioned United States

Patent USP 7285698 and Chinese Patent CN 1500764 A are incorporated
herein by reference in their entirety.

According to the present invention, the alkylation reaction means the

20 reactions between C4 alkane and C4 alkene, in particular the C4 alkylation

reaction between isobutane and butene, i.e. the reaction feed is essentially a

mixture of isobutane and C4 alkene (butene), wherein C4 alkene may

comprise various iso- and n-alkenes such as. 1-butene, 2-butene,

1so-butene or mixture thereof. In practice, a hydrocarbon feed comprising

25 (C4 alkane and C4 alkene as major components may also be used, and the

feed may also comprise propylene at a minor amount. The alkylation

conditions and parameters may be those reported or used in the prior art. During

the alkylation reaction, isobutane is generally present at an excessive

amount and some alkanes with other carbon numbers such as propane,
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Based on the researches, the present inventors have found that the
hal ogenat ed hydrocarbons contained in the al kylate oil product are
nost |y nono- hal ogenated C3 to C5 hydrocarbons, especially

nmono- hal ogenated C4 20 hydrogcar bons, and the boili ng range ﬁf the[\se .
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Based on 25 the distillation of the alkylatign product, it can be

known t h@10Hd popirefergblgigahsrranga of 67tor $A &t | oMe keaedian pressure should
28-99C, and the boiling range of C6 fraction is mainly of 50-69 . In
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to prolong the life of acidic ionic liquid catalyst and 7nprove the

feed anpbydrepcarbessaicibfrapgontintd tiie reictioh Histdrhanagtcanypstise:

According to the present invention, the alkylation reaction system

may conprise dnstingltheilmiogehated (tg)drocadiomstach drpctpremtth thelredation feed
the al kyl ation product, i.e. distilling the alkylation product may
conpid se andtthoduniraducing ticaylistuire mntor ihdueaciort o a distillation

colum, and then_ withdrawi ng the 10 hal ogenated hydrocarbons-rich
fraction fronmnikengitbeihalagensatedonydiocatbensstighdiragtionewghdiheyiemict lhguid
specific circunstances, durjng the pr.oduction, a single colum or

mul ti pl ecatalyshan rb@tl&dm@@&h@ suigfure ipfo thereaotyhat i on product .

For exanple, the al kyl at.io roduct be i.ntroduced into .a single
Gsti 1 art on LoredNehanthe efbEensted DlREREb s HFBcaABRnS. HGHE feactor
fraction 4s g}5,wit drawn fromthis distillation colum as a sidedraw
and rei nfir“i?& é’e&nfl fo the reaction system alternatively, the
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20 regardin epar i=QN, i i e
g 9 HiRedebar i€ efgégfcgleeg, thé Egés%n Hﬁ)%?&s%v@ found thé% rthe

wi t hdrawn; however, multip r aws y also be w rawn 1 n or

to obtai haldedatéd thdrovhittors Rantsned heithenglkdnge oilgrodacCare mostly
fraction. According to the present invention, the hal ogenated

hydr ocar bedso-hial dgdreged aC8 dtd Y05 depdreeasbdns; hespeaidlly mony-tidopgenaeddC4
fromthe al kyl ation

20  hydrocarbons, and the boiling range of these halogenated hydrocarbons

substantially corresponds to C5 to C7 fraction in the alkylation product, e.g.
2-chloropropane is with a boiling point of 35°C; 2-chloro-2-methyl propane is
with a boiling point of 51°C; 1-chloro-2-methyl propane is with a boiling point
of 69°C; 2-chloro-2-methyl butane is with a boiling point of 87°C, etc. Based on
25  the distillation of the alkylation product, it can be known that the boiling range
of C5 to C7 fraction is mainly of 28-99°C, and the boiling range of C6 fraction
is mainly of 50-69°C. In the above process, therefore, the halogenated

hydrocarbons-rich fraction may be determined as C5 to C7 fraction distilled
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25 products and then reintroduced into the reaction system i.e. the
hal ogenat ed hydrocarbons-rich fraction nmay al so be the fraction
obt ai ned by adsorbing the hal ogenat ed hydrocar bons fromthe

e
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bring the desor bed hal ogenat ed hydrocarbons back to the reaction
system sidedravcand aengrddudedeinto ebeneactiventystem. Based on the requirements
adsor ption-desorption of the alkylation product may conprise firstly
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firstly
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and then desorbing the adsorbed halogenated hydrocarbons by C3 to Cé6

hydrocarbon material, the adsorption material comprises molecular sieve,
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According to the present invention, depending on the specifically
selected ionic liquid catalysts, the hal ogenated hydrocarbons

col l ected by dlstlllatlon and/or adsor ption are mai nl'y

chl or ohydr gcar bpn br onoh carbon. As ab nt { oned, according
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acidic ionic |IC|UId and prolong the life of the acidic ionic liquid
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hydrocar bons or hal ogenat ed hydrocarbons-rich fraction to be
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so as to facilitate the industrial practices. On the other hand, when
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colum for .separat.i ng obut ane, fro Iate i iti.on of

e it 0 o £ o el e
| pr ove SHEGRRE | (R0 REPG: THbfhedi ilhrroﬂl St abF et Bﬂo%& i fpaREne
Trvent: ot QYR Chydrocarobfs SEPRYERG AFGRCHs Bl 1t Bf olefergd, as
ionic I gl‘relﬁc?%eﬁﬁtt@d y?ﬁndrg éfisI ?{%‘ﬂﬂ}?ﬁ Q. Ong(%C?l%l g r’[EnEh%ractlcal

al kyl ati action uce ogen cont'en he™al

oll wt hgékg ﬁ&%ﬁ?”‘th‘dﬁgsk%?edqﬂ?'thky%ﬁhéér?%al@ec %§S§vﬁcﬂ?é ddpibgoﬁﬁate

t he pres i nvent’i on My be operate Y, SO t at nmay

i ndustri @H's@ﬁﬂlcﬁ‘ﬁﬁidt&rlals which a%@%a?a%lb o@%%l@bf’élﬁ Eaﬂogéﬁaﬁﬂ carbons
i nvention, a’“process for producing al kylate oil prOV| erein

the al kylfasra thiel alkohme i Eproduargaitt efRvigichi the ﬁ&f@ﬁe@qynﬂélewm sieve and
parti cul ar hal ogenat ed hydrocarbons at a reduced anmount. This

al kybat e aotivaedngluhsinag hal ogenat ed hydrocarbons at a reduced anopunt

is especially suitable for use as fuel or fuel blending conponent,

whi ch may be dptcoodalg ytof dhe hprespnbcieseationy tr}mrrdlwlracaﬂb@msnnatqnmlt (light
of the residual hal ogenated hydrocarbons prior to use. According to

the pr esélmirwarbﬁni) ased taseheadesgehuigeagetyneydae 6onto Gibealkenas osdudures
into the reac on_system however, .the hal o&énat ed hydrocar bons may.

al so be (SUChoRs pm%@@wmaolam@p@s alipoeyehralijangs @yémmure
ot her process 5 Bri escripti of the draw
a sche?ra&“?;rep pPEFENC tiw UERS; b preferted Wﬁ%@@@Sﬁ%@*ﬂ%@b@pﬁgﬁe practical

?Iﬁgﬁ?lt ng fga/?? Tgezﬁégﬂeﬁ?ctl o@b&ccor din l E@Yd ﬁllBFrr)ﬁbl |fi01|n external

eTbos! Tyl 8 RECERTQL SR MBB A AL YLPLE S Er Bl 4 R o

hyd

pei ng. m SO o SLEE B b sTEu AR AR HUTEEI ey BiEbe directly
introduced into the adsorption system and bring the desorbed halogenated

hydrocarbons back to the reaction system.
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Fig. 4 is a schematic representative depicting anot her enbodi nent 20
of the process for producing alkylate oil by al kylation reaction
according to the present invention, wherein hal ogenated

hydrocarbons-rjch fraction distilled fromthe, al kyl ati.on product
bei ng i nt r odud¥FATHINS ttﬁe?lﬁ%alérteé?mdimé@ﬂl'll?tl: thg. a@sqiptignsdesenpiipn of the

e e BBl Aok SR Mo e S50, e o
mul 1 pl e PEO Rt U Al Cemditd Bt AR BiS5Hond PPl hapkt Bercin
the T eacPoeiosy: G sSioknfid, PR 1ERsbEERT bR pdehE HEREH I, Beent
enbodj megt, o, ofs {Hl@regéﬁggsagf(%e [RBUELNY. MEHIRL SaQrbriBA BhN0AERTY the

reaction accordi ng rese I nventi on, erelrn ogena

hydr ocar e i SRRRCRRASITY OHNCHRUKY i Oithe DYAUIBER! | RAlo3RRated

rei ntroduc Into t reaction system 5Fig. IS a schematic

repr esenhgidryartioRs PacRGoanekbgiti@ibedbAent of the process for
produci ng al kyl ate oil by al kylation” reaction according to the

present i nven{lihenabowee neenticheat aﬂs@ﬁdtmn-dagbr%mr playoalsoebe gonsisiednwith
conbi nation. io Detailed description w t he present invention
and its gldyahstaldetoos, ifeeeitnsthe hhldpentited hedrotdrbehsaicdd fimction (GHi togC7
exanpl es, which should not be construed as Iimtations to the scope

of the pfestion)i withdrawn Bsgsidedrawa fohenthtd cdistiflatioantctline is firstly
depicting the al kyl ati on process 15 according to the present

i nvent i onirofeeed antostheedsogitien anityand daen dhe halpgenaind hystrocadons are
ifonic liquid as, catalyst in the reaction system.and the al kyl ation
product HEPRENIEbR (he alkylaBanieaction gystem pHer helngdeasgroedsepar at i on

system (al so referred as the separation systen) and then bejn
i ntroduced i nE¥FCOREIN: dauhe PEBRNL: IMYEndisdt e %atrpﬂgcg%éhg?]ééogenated

RIS st o e R e .
Fecyd eq B HhESR AT et Vely prBRERE e Mo b e pEidis et MR d iyt
col | ect e?edJé@Hﬁéﬁ%(?fﬁ%@@ﬁb%Wﬁ: %CiH%CFH‘HiS?&é e beBtIHALE VY the catalyst,

reaction proce
so as to improve the feed amount processed by per unit weight of the catalyst

significantly, and can effectively reduce the content of halogenated
hydrocarbons in the alkylate oil too due to the separation of the halogenated
20  hydrocarbons from the alkylation product.

According to the present invention, depending on the specifically selected
ionic liquid catalysts, the halogenated hydrocarbons collected by distillation
and/or adsorption are mainly chlorohydrocarbon or bromohydrocarbon.

As above mentioned, according to the present invention, reintroducing the

25  halogenated hydrocarbons-rich fraction into the reaction system may comprise
mixing the halogenated hydrocarbons-rich fraction with the reaction feed and
then introducing the mixture into the reactor; mixing the halogenated
hydrocarbons-rich fraction with the ionic liquid catalyst and then introducing the

mixture into the reactor; introducing the halogenated hydrocarbons-rich fraction

9



conventional procedure, the process according to the present
I nvention further 25 conprises obtaining the hal ogenated
hydr ocarbons-rich fraction fromthe product separation system and

Shown | n TGy heTCaGEALERGHG Qe AT BgRe o BSu S0 AR BRGIAI-rich fraction

e epariRadng REGHIBH o UabRGL Bt bR S8 MR BB P RAEGR. 1

Lhe i heifRnoRAR R thb! okl SRR TR @he tultbb & otdttss for

fraot| on PipaCiRCaGRRE T RiE AR RS il TRl s 8 SHRRET: Rberein the

[t act 1 on o eréfed MRRCRASOHE BT, o2 alkSoifE Prolubhdibeiig BREUE ffp othe

into t heangﬂaﬁbﬁrrgﬁaﬁéﬁ Bystem as TENRIGH, sofdsto éorﬂ@@ﬁsaﬁ@tthﬁ %ﬁ&uﬁipgi&rhéﬂs
0ot ytlntlsrega,

enbodi nent s according t e present rI'nvention

and the BaldgmdeedcilidrioaR thQ];ﬂx;i]% rard) proRfHe B 1iTebST hé rﬁcﬁ@i@utﬁﬁgc Mayuid

al so be obtained by adsorbing alkylate il to coming from
product seapdyst ifantheymioes) aeréinethed @fRyRitNEE thid @aldehase® dhvidrécarbons or

enbodi nents may refer to the follow ng exanples wwth reference to

Figs. 2 thaldgenated hyfrbcdrbens4ich dractivinctd baueihteadwdeds issdetzeshingd biyethe
exanpl es are prepared according to the processes described in USP
7285698, reSrle HiAhe4eac806 GasteamdsENs Gafasiltateitlnr implusthakpractices. On the
comercially. In _the exanples, the conposition of the al kylation )
product Péherehand; veteryputisg aheo present dpNentine  intbopeactices) tho-alkylation
brono-) in the al kylation pr oﬂuct I's quantitively apalyzed by )

M cr o- Colif@fHPhedifgatusss ithehgcprigrt griomanebe agsad svish sowigalapprepriate

on but ene canver.sion. The butene conversion i s 20 defined as
fol | owi nGROGHEICHONS @Soa(ti&ltm Siearar (DuieiBe ndistl latione calipefor

e o Shah S B o ST SRS oE PSP BSHAL cion
2o aF SRS, AP, L 08, ARG U, Sl he
o AL o AALERLRY, B ALY AMTIO s Bl
e BRI BMRCAr uene b (P8 molar ratio

In general, according to the present invention, the process can effectively
prolong the life of the acidic ionic liquid catalyst, reduce the consumption of B
20  acid in the alkylation reaction, and reduce the halogen content in the alkylate oil
without compromising the quality thereof, The process according to the present

invention may be operated simply, so that may be industrialized easily.
In addition, according to the present invention, a process for producing
alkylate oil is provided, wherein the alkylate oil comprises halogen-containing
25 compounds, in particular halogenated hydrocarbons at a reduced amount. This
alkylate oil comprising halogenated hydrocarbons at a reduced amount is
especially suitable for use as fuel or fuel blending component, which may be

optionally further processed to remove at least a part of the residual halogenated

hydrocarbons prior to use. According to the present invention, the halogenated
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20:1. Collecting the al kyl ati on product obtained fromthe catal ytic

al kyl ation reaction by fresh catal yst and anal yzi ng conposition

thereof, and the results are shown in Table 1. O the results, the
rati o of T%E / shows the quality of the alkylate oil, and,the

hi gher t h¥dregargonsnharg geintepdusrdd gindpi tiieorreaplion) ysigm, ohpwever, the
As can b een fr Tabl e.1, when the,anpbunt of .the processed feed is
o o oakethated TynEorabas BeR-uSs Horreimoveg Siate Ben ocess anflispeped
catal yst is up to, 50 he gatal yst activity declines significantly.
Wen 1 e Substterdyor Beed 82 0BG TOREES { o 1200k, 1 6. the feod
processed by per to gramof the ionic liquid catalyst is up to 60 g,

t he butene conversion is alnmost of 0, which indicates that the B acid

i's to% al ﬁ‘léf%ﬁgf@mE{I{‘%ﬁ%adré%més e. the catalyst gets deactivated
total Ty. e te: mCi c alkylation by ionic liquid
Froses e | Sl B ST SVOMAEPEINIALS' Pepifine Bl prbvels o
producing alkylate oil by alkylation reaction according to the present
invention.
Fig. 2 is a schematic representative depicting an embodiment of the
10 process for producing alkylate oil by alkylation reaction according to the
present invention, wherein halogenated hydrocarbons-rich fraction
distilled from the alkylation product being mixed into the reaction feed
and then introduced into the reactor.
Fig. 3 is a schematic representative depicting another embodiment
15 of the process for producing alkylate oil by alkylation reaction according
to the present invention, wherein halogenated hydrocarbons-rich fraction
distilled from the alkylation product being firstly mixed into the ionic
liquid catalyst and then introduced into the reactor.
Fig. 4 is a schematic representative depicting another embodiment
20 of the process for producing alkylate oil by alkylation reaction according
to the present invention, wherein halogenated hydrocarbons-rich fraction
distilled from the alkylation product being introduced into the reactor
directly.
Fig. 5 is a schematic representative depicting another embodiment
25 of the process for producing alkylate oil by alkylation reaction according
to the present invention, wherein the alkylation product being distilled by
multiple columns with multiple sidedraws, and the distilled C6 fraction
being mixed into the reaction feed and then introduced into the reactor.

Fig. 6 is a schematic representative depicting another embodiment

11



100 89 15 40 100 89 15 50 76 83 13 60 0 - - 15The al kyl ati on product
obtai ned in above test is of 110kg in all. 80kg the above al kyl ation
product is distilled to get 8.8 kg C5-C7 fraction. The chlorine
contents in.the al kyl ati on product before and atter distillation are,.
det er mi n&d H§IPE OF PAgHEcCHE YI%@&@ g@iﬁw[&ﬁh@ntrﬁ@cgmrbap%rdmg

content s, 1130 a0 S LESE U\ N Fhe hldddAba n oS oA Being

separated from the alkylate oil by adsorption and reintroduced into the
reaction system.

5 Fig. 7 1s a schematic representative depicting another embodiment
of the process for producing alkylate oil by alkylation reaction according
to the present invention, wherein distillation and adsorption being used in

combination.

10 Detailed description

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

Fig. 1 1s a schematic representative depicting the alkylation process

15 according to the present invention, wherein C4 feed being alkylated in the
presence of the ionic liquid as catalyst in the reaction system, and the alkylation
product being separated from the catalyst in the catalyst separation system (also
referred as the separation system) and then being introduced into the product
separation system, and the separated ionic liquid catalyst being brought back to

20 the reaction system. In the product separation system (single distillation column
or multiple distillation columns), excessive C4 alkane (isobutane) being recycled
to the feed inlet, and the alkylate oil being discharged and collected. The above
mentioned is the conventional alkylation reaction procedure. Based on this
conventional procedure, the process according to the present invention further

25 comprises obtaining the halogenated hydrocarbons-rich fraction from the
product separation system and reintroducing the separated fraction into the
reaction system. As shown in Fig. 1, separating the halogenated
hydrocarbons-rich fraction as a sidedraw from the distillation column and

reintroducing the separated fraction into the reaction system may comprise

12



used as al kylate oil products, but the chlorine content in C5 to C7
fraction is very high, which indicates the hal ogenated hydrocarbons
in the alkylation 14 product are mainly present in this fraction.
Table 2 Chlorine contents |.n al kyl atign product

aﬁh lﬁﬁ?

before and after .
di sti | | afMEANEthe shRericsr TaetioBnv wfmﬁméeﬁc{ ands then iRfFodygingg the
fraction i anl

SFr om SORSEHE 4B, EIITRG¢ AR SHBAJBHORHFLIG {8e1 SEREHSUCaBon nfo. the
et or e sl SRRy oR RS st Raiohs i b Pauid
a0y . FaCbpafhd R nh BT 2 Rty TafEals (Bt sTRlent g el a5
appar ot uEnAe thp ARpBlark AIMCRIP it T80 RLEYHIRY dshByBrO A PR Tptroucing

t he Comﬂﬁéﬂikﬁl@ﬁﬁ@k}?er%ﬁdn@’}%?%ﬂry of the ionic liquid is of

200g. The reaction 15 pressure iI°s 5EMPa and the reaction tenperature

is 30C. The feRrfviver NeigSameidesxadt @o9kr 3PN aBbadiineéntRUAEEH MG Roathe
nmol ar rati o between al kane and al kene of 20:1 as that 1 n the

conpar at pyesegit aifivieditiold zzbﬂQnZﬂﬁg ard, @hdf tlee thadogewited nBgdidtairbéns-rich
conparative exanple with 100kg feed, conducting thé al kyl ati on

r eact i on fiamtionntm bsl seinttodliesd may ahsd dekobtairedbly @miseabhis tl2® alkylate oil
t hrough separating out isobutane and catal yst (the sanme in the

f ol | odvi ngoaxagp e, thengradacty separation systensi andrthehedeswrbiie The more

results glggci%réogﬁr}]bioréi;%l%ltg n?éy rg%é)rl teo ?Ehe following examples with reference to
Figs. 2 to 6.

All the acidic ionic liquid catalysts used in the examples are

prepared according to the processes described in USP 7285698, USP

15 20040133056A1 and CN 02149296.4 or purchased commercially. In the

examples, the composition of the alkylation product is determined by Gas

Chromatograph, the halogen (chloro- or bromo-) in the alkylation product

is quantitively analyzed by Micro-Coulomb method, and the activity of the

catalysts is evaluated on butene conversion. The butene conversion is

20 defined as following: butene conversion = ((the initial butene mass - the

butene mass after reaction)/the initial butene mass)*100%.

Comparative example:
Catalytic alkylation reaction of isobutane is carried out in a
25 continuous apparatus using an acidic ionic liquid as catalyst, wherein the
cation is provided by Et;NHCI and the anion is provided by AlCl; and
CuCl. The inventory of the ionic liquid is of 20kg. The reaction pressure is

0.5MPa and the reaction temperature is 30°C. The feed is a mixture of

isobutane and 2-butene with a molar ratio between alkane and alkene of
13



Life test on catalytic alkylation by ionic liquid Processed feed, gig
lonic liquid But ene conversion, Selectivity of C8 fraction, wt%
TMP/ DVH 20 100 87 14 40 100 88 15 60 100 88 15 80 100 88

10

15

20

20:1. Collecting the alkylation product obtained from the catalytic
alkylation reaction by fresh catalyst and analyzing composition thereof,
and the results are shown in Table 1. Of the results, the ratio of TMP
/DMH shows the quality of the alkylate oil, and the higher the ratio, the
better the quality of the alkylate oil.

As can be seen from Table 1, when the amount of the processed feed
is up to 1000kg, i.e. the feed processed by per gram of the ionic liquid
catalyst 1s up to 50 g, the catalyst activity declines significantly. When the
amount of processed feed is up to 1200kg, i.e. 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 that the B acid is totally lost from the catalyst,

i.e. the catalyst gets deactivated totally.

Table 1 Life test on catalytic alkylation by ionic liquid

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

g/g tonic liquid % fraction, wt%
10 100 88 14
20 100 g9 15
30 100 89 15
40 100 g9 15
50 76 83 13
60 0 - -

The alkylation product obtained in above test is of 110kg in all.

80kg the above alkylation product is distilled to get 8.8 kg C5~C7 fraction.
The chlorine contents in the alkylation product before and after distillation are
determined and shown in Table 2. The results show that the chlorine contents in
C8 and C8+ fractions after distillation are very low, thus these fractions may be
used as alkylate oil products, but the chlorine content in C5 to C7 fraction is

very high, which indicates the halogenated hydrocarbons in the alkylation

14



15 100 100 88 15 120 84 81 13 140 O - - As can be seen from
Tabl e 3, when the anmpbunt of the processed feed is up to 24kg, i.e.
the feed processed by per gramof the ionic liquid catalyst is up to
5 120g, the catalyst.qctivit .degliﬁgs.significantly. When t he anount
of the pPé@@%@%@eﬂﬁéﬂlVé”ﬁﬁﬁﬁdn' Kgiractign. 't he feed processed by per
gramof the ionic liquid catalyst is up tol40g, the butene conversion
Is alnmost of O, which indicates the catal yst gets deactivated

ol o R e AR o B T
ot ainod o kiy%%a@en orL 2 st TS otk i B b Bt o Aok Y% e

separ at ed CBpyf ¥ KARidSs determpgd To be of 8.9ng/ t can be seen
t hat, conpar e%} v&ﬁgﬁ tﬁé conparati ve exanple, m xing tO'edfeed wi ht C5

to C7 fractigp~GEviagioa hi gher chiggg ne content fromitde al kyl ate oil
product may prolong the life of the ionic 15 liquid catalyst
si gni ficant | §8witabtoart conpromi sing0the quality of tred.@llcylate oil

product substantially- C5 to C7fr
al kyl ate oil may be reintroduced into the reaction systemto conduct
the al kyl ation reaction continuously. 20Exanple 2 Catalytic

al kyl &tion refE@Mo3 Qg Hspuabeee i alkydatiordpsedustn chlewhei nsiotemoved by

adsorption with 13X molecular sieve, so that the alkylate oil has a chlorine

content of 8mg/L; then the molecular sieve is desorbed with isobutane at 110°C,

and 10kg isobutane with chlorine content of 989mg/L is obtained after

condensation.
10

Example 1

Catalytic alkylation reaction of isobutane is carried out in a continuous

apparatus using the same acidic ionic liquid as catalyst as that in the

comparative example. The inventory of the ionic liquid is of 200g. The reaction

15 pressure is 0.5MPa and the reaction temperature is 30°C. The feed is the same

mixture of isobutane and 2-butene with a molar ratio between alkane and alkene

of 20:1 as that in the comparative example. Mixing 200g C5 to C7 fraction

obtained in the comparative example with 100kg feed, conducting the

alkylation reaction continuously, collecting the alkylate oil products

20 through separating out isobutane and catalyst (the same in the following

examples), and analyzing the composition thereof. The results are shown

in Table 3.

15



16 apparatus using the sane acidic ionic liquid as catal yst as that

in the c
200g. Th
30C. The

feed_js.the sa m xture of |sobutane and 2-hutene with a
mol ar ratio béllta\%é%g aiugéée%tr@mavz@%wsa ylagion by iomde liguiche
conpar at t exanpte:-M->dag—200g—C5—+-6 At j i

conpar at
t he al ky
pr oduct

shown in
ionic |i
Sel ectiv

10

15

20

onpar ative exanple. The inventory of the ionic liquid is of
e reaction pressure is 0.5MPa and the reaction tenperature is

fAapade &9 GHITEYIPRuT o SHEPAY, O PP 9
r

| toi i@Rid Bgeldi on ceoptinuously to obt q}arbtm_?_wé%yl ate oi
a%g then analyze the conposition thereof The results are

Tabl 804. 10 Table 4 Uilfe test on catal Y87 c al kyl ati on Ialy
qui d Pbocessed f eed, gﬂgg ionic |iquid Bujene conversion,
ity oﬁ C8 fraction, w% TMP/ DIVH 20 100 14 40 100 87 60
60 100 38 15
80 100 88 15
100 100 38 15
120 84 81 13
140 0 - -

As can be seen from Table 3, when the amount of the processed feed is up
to 24kg, i.e. the feed processed by per gram of the ionic liquid catalyst is up to
120g, the catalyst activity declines significantly. When the amount of the
processed feed is up to 28kg, i.e. the feed processed by per gram of the ionic
liquid catalyst is up tol40g, the butene conversion is almost of 0, which
indicates the catalyst gets deactivated totally. When the catalyst is with a normal
activity, the obtained alkylation product has the selectivity of C8 fraction and
the ratio of TMP/DMH comparable to that in the comparative example. The
obtained alkylate oil is distilled and the chlorine content in the separated C8+
fraction is determined to be of 8.9mg/L. It can be seen that, compared with the
comparative example, mixing the feed wiht C5 to C7 fraction having a higher
chlorine content from the alkylate oil product may prolong the life of the ionic
liquid catalyst significantly without compromising the quality of the alkylate oil
product substantially.

C5 to C7 fraction distilled from the alkylate oil may be reintroduced into

the reaction system to conduct the alkylation reaction continuously.

Example 2

Catalytic alkylation reaction of isobutane is carried out in a continuous

16



100 89 15 80 100 89 15 100 100 88 14 120 79 82 12 140 0 - - As can
be seen from Table 4, when the anpunt of the processed feed is up

10

.15

20

apparatus using the same acidic ionic liquid as catalyst as that in the
comparative example. The inventory of the ionic liquid is of 200g. The reaction
pressure is 0.5MPa and the reaction temperature is 30°C. The feed is the same

mixture of isobutane and 2-butene with a molar ratio between alkane and alkene
of 20:1 as that in the comparative example. Mixing 200g C5 to C7 fraction
obtained in the comparative example with 200g ionic liquid catalyst, and
conducting the alkylation reaction continuously to obtain the alkylate oil

product and then analyze the composition thereof. The results are shown
in Table 4.

Table 4 Life test on catalytic alkylation by ionic liquid

Processed feed, Butene conversion, Selectivity of C8

g/g ionic liquid % fraction, wt% TMP/DMH
20 100 37 T
40 100 87 5
60 100 89 15
80 100 80 15
100 100 38 14
120 79 82 .
140 0 i ]

As can be seen from Table 4, when the amount of the processed feed is up
to 24kg, i.e. the feed processed by per gram of the ionic liquid catalyst is up to
120g, the catalyst activity declines significantly. When the amount of the
processed feed is up to 28kg, i.e. the feed processed by per gram of the ionic
liquid catalyst is up to 140g, the butene conversion is almost of 0, which
indicates the catalyst gets deactivated totally. When the catalyst is with a normal
activity, the obtained alkylation product has the selectivity of C8 fraction and
the ratio of TMP/DMH comparable to that in the comparative example. The

obtained alkylate oil is distilled and the chlorine content in the separated C8+

17



to 24kg, i.e. the feed processed by per gramof the ionic liquid
catalyst is up to 15 120g, the catalyst activity declines
significantly. Wen the anount of the processed feed is up to 28kg,

i.e. the feed progessed b r of the ionjc liqujd catalyst is

up to 14&5@“%%@@@6@1@%&&% gﬁg%ﬂg(fmﬁtcm L@,seﬁnithﬁt,iqmm@&egsw%the
catal yst gets deactivated totally. en the.catal yst LS w a norpmal.
act v tyFgwrﬂvﬁf’ﬁiWtélﬁsz%f_rm]&/in%mﬁﬁ%‘?lcﬁé‘%‘flﬁh@’@?ﬁéf?m{’ Efgac&o aving
raction e .0, 0 omparable to . that in .
conpar at ASEBEn shIGInS kbRt AR W IRE GF prodiesi Ry iy bEfoneribe life
chl orine ¢ Fof I i . 1 ped .be

of o 2mgPt i 0his bl AR S ARp Ly B b CobrE B A b ity o the
exanpl e, =fd Xi Londcqkiguid wwth C5 to C7 fraction having a

hi ghe% cﬁpgrﬂfl{r?e&égﬁ?gﬂﬁt %@(;grtn&rtlﬁég(ﬂgl kyl ate oil product may al so

prolong the I HeR &iclillgHi IOl T4 BNy :
conprom si ng tU_h%t(gE:ﬁ ?ljt%fhg? ?‘ﬁgllgaai?ﬁﬁ%a}?éexgﬁlap??@ lﬂiéli‘fﬁg?lb%étﬂgﬁ??gﬁgl nto
e A e e
into the reaction systemto conduc y [

continuously. Exanple 3 10Catalytic al kylation reaction of isobutane

is carried out in a continuous apparatus using the sane acidic ionic
liquid as cat &xgstplesi that in the conparative exanple. The inventory

of the ionic liquid is of 200g. The reaction pressure is 0.5MPa and

the neacti on Caiplatiat aleylagooeactive dfembbusandés sameedrioutuine aofontinuous
i sobutane and 2-butene with a nolar ratio between al kane and al kene :
f15 gf_ 2o§ggalﬁuﬁﬁufmdtth_@ @@g@a{m«gfef@m{wﬂuqum{ﬁ@ fqaga\]gyat S?]bftlmheln the
eed is g/ h. .Introducin , to r i on obtained in e .
conpar at COBIRBIAHKE &Xample; élerléa@nmry@f? é@ 1opigdiquid 1o wf 08 Theyreaction
and conducting th | ati.on reaction continuously. Separating and

col | ect i RECISHES a8 @ﬁ&ﬁ%ﬂ and t rad@a@tlpnatﬁalmawgilﬁg}y(lﬁe ﬁwﬁe&d is ghe same
t hereof. The results are shown in 20 Table 5. Table 5 Life test on

cat al yt i &lxFwp of 1sebubing and &-buigmiedvrthat swdatratie between abisne andjalkene
15 of 20:1 as that in the comparative example. The flowrate of the feed is
500g/h. Introducing C5 to C7 fraction obtained in the comparative

example into the reactor directly at a flowrate of 4g/h, and conducting the
alkylation reaction continuously. Separating and collecting the alkylate oil

product, and analyzing the composition thereof. The results are shown in

20 Table 5.
Table 5 Life test on catalytic alkylation by ionic liquid
Processed feed, Butene conversion, Selectivity of C8
g/g ionic liquid % . fraction, wt% TMP/DMH
20 100 86 14
40 100 88 15
60 100 88 15
80 100 88 15
100 100 88 15
120 89 84 13

140 0 - -
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But ene conversion, % Selectivity of C38 fraction, wt% TMP/ DVH 20 100
86 14 40 100 88 15 60 100 88 15 80 100 88 15 100 100

10

15

20

25

As can be seen from Table 5, when the amount of the processed feed is up
to 24kg, i.e. the feed processed by per gram of the ionic liquid catalyst is up to
120g, the catalyst activity declines significantly. When the amount of the
processed feed is up to 28kg, i.e. the feed processed by per gram of the ionic
liquid catalyst is up to 140g, the butene conversion is almost of 0, which
indicates the catalyst gets deactivated totally. When the catalyst is with a normal
activity, the obtained alkylation product has the selectivity of C8 fraction and
the ratio of TMP/DMH comparable to that in the comparative example. The
obtained alkylate oil is distilled and the chlorine content in the separated C8+
fraction is determined to be of 9.1mg/L. It can be seen that, compared with the
comparative example, introducing C5 to C7 fraction having a higher chlorine
content from the alkylate oil product into the reactor directly may also prolong
the life of the ionic liquid catalyst significantly without compromising the

quality of the alkylate oil product substantially.

Example 4

Catalytic alkylation reaction of isobutane is carried out in a continuous
apparatus using the same acidic ionic liquid as catalyst as that in the
comparative example. The inventory of the ionic liquid is of 200g. The reaction

pressure is 0.5MPa and the reaction temperature is 30°C. The feed is the same

mixture of isobutane and 2-butene with a molar ratio between alkane and alkene
of 20:1 as that in the comparative example. The flowrate of the feed is
500g/h. The isobutane obtained in the comparative example is firstly
mixed with the feed at a flowrate of 8g/h, and then introduced into the
reaction system to conduct the alkylation reaction by the ionic liquid to
obtain the alkylation product. The composition of the alkylation product is

analyzed and the results are shown in Table 6.
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88 15 120 89 84 13 140 0 - - As can be seen from Table 5,
when the amount of the processed feed is up to 24kg, i.e. the feed
processed by per gramof the ionic liquid catalyst is up to 120g, the
catal yst activity lines significantly, \Wen, the amunt of f.he,
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al kyl ate oil !4§ distilled and I@Ee chl ori ne cont in the separated
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conpared w t hgphe conparative j@ganpl e, introduciggg C5 to C7 frggtion
havi ng a higher chlorine content fromthe al kylate oil product into
the reactor dfPectly may al solfPolong the life o8 the ionic |iddid
catal yst si gnilb(i) cantly wt hout10 onprom sing the 8395 quality of tlrge

al kyl ate oil product substantially. Exanple 4 Catal ytic

al kyl ati on reazdion of isobuta@e is carried out §n a continuouss3
apparatus using the sanme acidic ionic liquid as catalyst as that in
the 20 conpar é{?@ve exampl e. TH inventory of theé3onic liquid i3 of
200g. Th ' ' : ' '
30C. The feed is the same m xture of isobutane and 2-butene with a

Compar ati ve et meiboesEER T AN TALI Syfitn ?@%én?@r&%@&bh%ﬁ%ssed feed is up
w th 1 ot 2o, 1% th fEOF pFOSRRLRNY BF RAR OF e IS it edhRE is up to
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liquid to o the al kyl at1 on product. “The corposition of

$I E?/I at6 | pRrog¥sedd ceet sisangity ZE8k@nice t the ferRlupfScerE&d BYOPBr igharhabf €hé ionic
abl e

liquid catalyst is up to 140g, the butene conversion is of 27% only, which

indicates the catalyst gets deactivated substantially. When the catalyst is with a
normal activity, the obtained alkylation product has the selectivity of C8 fraction

10 and the ratio of TMP/DMH comparable to that in the comparative example. The
obtained alkylate oil is distilled and the chlorine content in the separated C8+
fraction is determined to be of 9.2mg/L. It can be seen that, compared with the
comparative example, firstly mixing the feed with C5 to C7 fraction having a
higher chlorine content from the alkylate oil product and then introducing the

15 mixture into the reaction system may also prolong the life of the ionic liquid
catalyst significantly without compromising the quality of the alkylate oil

product substantially.

Example 5
20 A continuous alkylation reaction is carried out following the alkylation
reaction process by the ionic liquid shown in Fig. 1 based on the scheme of

20



Life test on catalytic alkylation by ionic liquid Processed feed, gig
lonic |liquid Butene conversion, Selectivity of C8 fraction, w%
TMP/ DVH 20 100 88 14 40 100 89 15 60 100 89 16 80 100 88

10

15

20

25

Example 1. The reaction feed (referred as C4 feed in the figure) and the ionic
liquid are introduced into the reactor simultaneously to establish the alkylation
reaction system. The alkylation product is instroduced into the separation system,
wherein the ionic liquid is separated and then recycled to the reaction system,
and the alkylation product is passed to a distillation column subsequently. C5 to
C7 fraction or C6 fraction, i.e. the halogenated hydrocarbons-rich fraction, is
withdrawn from the distillation column as a sidedraw by controlling the
distillation operation, and reintroduced into to the reactor by mixing into the
reaction feed. At the same time, n-butane is separated from the distillation
column as a sidedraw and alkylate oil is discharged at the bottom of the
distillation column, both of these streams are sent into the product storage tanks
respectively. Excessive isobutane separated from the top of the distillation
column 1is recycled to the reactor to be utilized furthermore. The alkylation
reaction conditions are same as that in Example 1 except that C5 to C7 fraction
is distilled continuously from the alkylation product by a single distillation
column as a sidedraw and then reintroduced into the reaction feed to conduct the
reaction continuously.

By comparing the comparative example and Example 1, it can be
anticipated obviously that producing alkylate oil by the alkylation reaction
following the process in Fig. 1 can not only prolong the life of the ionic liquid

catalyst, but also reduce the chlorine content in the alkylate oil product.

Example 6

The alkylation reaction process by the ionic liquid shown in Fig. 2 is
employed based on the scheme of Example 2. The specific embodiment is a
catalytic alkylation reaction process by the ionic liquid using a single distillation
column, wherein the excessive isobutane separated from the top of the
distillation column is recycled, the alkylate oil product is discharged at the

bottom of the distillation column, and C5 to C7 fraction or C6 fraction (the
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15 100 100 89 15 120 92 87 13 140 27 63 3 As can be seen from
Tabl e 6, when the ampbunt of the processed feed is up to 24kg, i.e.
the feed processed by per gramof the ionic liquid catalyst is up to

or 108 phafaiBiabd Shadiaihbie R 15050 By B o dee 5, A on
Cbmwer i G REHS s sl SRR o o B Ratetyt recyeled
et vi y Titne 165 Gltab < ¥eataBPgn SrEahalo Hiad’s ' bie FBRURR, sypeemy The
[ract ! onaandntRacta e RYSGRERR R B 18hlots 2By a5 to
chi or kne cepitfitod s 'dgnRERAABIRIVI B 100 dIRyIRIGH Brogdct Bxgﬁ dhgle
9.2ng/ L. 1t can be seen that, conpared w e conparat’ive éexa e,
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chlorine content fromthe al kylate oil product and then 1 ntroduc

the 15 mrgingrcRhicetdntdithe AartiodnfepdstoasBrivhict #he fedttidPosntiigoldlye of
the ionic liquid catalyst significantly w thout conprom sing the
quality of theBat kydrapering! thy aguspaitivet @xbirglleyan@ExXBErph®le 20At can be
continuous al kylation reaction is carried out follow ng the
al kyl at i oantiegratednolpvionsbs that phredicinige alkydated oslhbynthen afcglatibnbaesaedion
on the schene of

10  following the process in Fig. 2 can not only prolong the life of the ionic liquid

catalyst, but also reduce the chlorine content in the alkylate oil product.

As a variation of the process, controlling the distillation conditions and
multiple sidedraws being set with the distillation column, C6 fraction is
collected and reintroduced in the same way, and C5 fraction is collected at the

15 same time, which may be used as alkylate oil product together with the bottom

fraction or otherwise based on the design requirements.

Example 7
The alkylation reaction process by the ionic liquid shown in Fig. 3 is
20 employed based on the scheme of Example 3. In the catalytic alkylation reaction
process by the ionic liquid using a single distillation column, the excessive
isobutane separated from the top of the distillation column is recycled, the
alkylate oil product is discharged at the bottom of the distillation column, and
the halogenated hydrocarbons-rich fraction (C5 to C7 fraction) is withdrawn
25 from the distillation column as a sidedraw and reintroduced directly into the
reactor to be used in the alkylation reaction. The alkylation reaction conditions
are same as that in Example 3 except that C5 to C7 fraction is distilled
continuously from the alkylation product by a single distillation column as a

sidedraw and then reintroduced into the reactor directly to conduct the reaction
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Exanple 1. The reaction feed (referred as C4 feed in the figure) and
the ionic liquid are introduced into the reactor sinultaneously to
establish the al kylation reaction system The al kylation product is
i nstroduced..into the separation system wherein the ionic liquidis
separ at e§OBHHUPHEY recycl ed to the reaction system s and the
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storage tanks respectively. Excessive isobutane separated fromthe

top of the distillation colum is recycled to the reactor to be

utilized furtﬂg&rawlg.g The al kyl ation reaction conditions are sane as
that in Exanple 1 except that C5 to C7 fraction 15 is distilled

continuously Themalihydatibkyleattion pragystbypyhe winigllgpddsshdwat irptFi%. 4 is
colum as a sidedraw and then reintroduced into the reaction feed o
conduct ehgployedt basedc omt tlhmeisehene of ExBmplenpawithg sohe varnpéioasi e the
exanpl e and Exanple 1, it can be anticipated obviously that producing

al kylat ecatdlyby wahbeylationl acactioneprocess Aoy f thd oweimg 1igeichr asgs multiple
Fig. 1 can not, only prolong the life of the ionic liquid catalyst,

but al sodistliaiton gelemnsrtwe stegedfeparation), dwoy iatdlasian pebuuas A and B
Exanpl e 6 The al kyl ati on reaction process by the jonic |iquid shown

in Fig 8r¢$chan éﬁﬁqeéy@@mssgbmwﬁ%ﬂ% Heqleuignepgsapagated frpan the top of
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to the r%taiu@ﬂa%e/%ﬁp@oaﬂ@t ﬂg;éfhef h§ith rtﬁe%ét@@mcmé'ﬁbh?g@gficﬁ Thitfion is

as that in Exanple 2 cept that G5 to 5 C7 fraction is di _
cont i nuoygé-ynixedmvitherhal ﬂéﬁbﬁbh%eéf&@ﬁﬂienbbei@trédﬂ@é@ilﬁgsth@ﬂelﬁ&tiéﬂ system.

colum as sidedraw and then mxed with the ionic liquid catalyst an

rei nt r odQtedalkplatidibecactant conditred dre woneus thithim Egaﬁigxlerl exceft that C5
continuously. By conge/lri ng the conparative exanple and anpl e it

can be atei(c7 feactmbroby dstdled coumatinpowslycirog alhaylllqtletiohlpﬂbxdubhby’ multiple
al kyl ation reaction 10followi ng the process in Fig. 2 can not only
prol ong distilldtian eplurhes asai sdedigw andahanysintraditced indo tleel veactidrefeed to
chlorine content in the al ky]ate oil product.
conduct the reaction continuously.
Based on Examples 1 and 5, it can be anticipated obviously that
reintroducing C6 fraction with the most concentrated halogenated hydrocarbons
25  into the reaction system as in this Example can not only prolong the life of ionic
liquid catalyst, but also reduce the chlorine content in the alkylate oil product

and at the same time increase the production of the alkylate oil.
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As a variation of the process, controlling the distillation
conditions and nultiple sidedraws being set with the distillation
colum, C6 fraction is collected and reintroduced in the sane way,
and C5 fracti is collected at the 15sane tine, which may be used as
al kyl ate oil g%@é%]%flé ogether with the bottom fraction or otherw se
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al kyl ati on reaction. The a ion"reaction conditions are same

that in Bevtigeid thyscelklyleabilCovhiehCls fingeduesd | intdi &ldorh®en drums A/B,
continuously fromthe alkylation product by a single distillation

col um asvleersirdedr adsaptionhantedalnsudduseB Xninpleéhdar ssles) NuYegddlite or
to conduct the reaction continuously. By conparing the

conpar at iactveteahpluenaradisEaeapged Hreviousdy, tve rambivei ipdbgenatedi loyddogarbons
that producing alkylate oil by the alkylation reaction following the
procégs by RdgorBiemn The adsbypipew| dnynt weith i §atuedted hedsampition imafediad is
catal yst, but also reduce the chlorine content in the alkylate oil
product . TegengIRted through desorption by the not-recycled part ‘of the separated
isobutane from the distillation column., After being cooled, the isobutane with
the desorbed halogenated hydrocarbons is also mixed with the reaction feed and
then reintroduced into the reaction system to conduct the alkylation reaction.
15 The alkylate oil after desorption of halogenated hydrocarbons is discharged as
the product. The alkylation reaction conditions are same as that in example 4.
Based on the comparative example, Examples 1 and 4, it can be
anticipated obviously that producing alkylate oil by the alkylation reaction
following the process in Fig. 5 can not only prolong the life of the ionic liquid

20  catalyst, but also reduce the chlorine content in the alkylate oil product.

Example 10
The alkylation reaction process by the ionic liquid shown in Fig. 6 is
employed based on the scheme of Example 4. The specific embodiment is a
25  catalytic alkylation reaction process by the ionic liquid using a single distillation
column, wherein the excessive isobutane separated from the top of the
distillation column is partly recycled to the reaction feed, the bottom fraction is
the alkylate oil product, and the halogenated hydrocarbons-rich C6 to C7

fraction and n-butane are withdrawn from the distillation column as sidedraws,
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The al kyl ation reaction process by the ionic liquid shown in Fig. 4

i s enpl oyed based on the schene of Exanple 5 with sone variations. In
the 10 catalytic alkylation reaction process by the ionic liquid
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Basedo onentizodiompatsatdfy ¢hexprgdent Hxeepfien disuvidsdd herciannbede by those
antici pated obviously that producing al kylate oil by the al kylation
react i onskdle¢dwimghehartpsheekd fahl b thecmopmtofomﬁg preseobgnvieation as
life of the ionic liquid 20 cata] yst, but also reduce the chlorine
content Fhaimped aniicarpended cdands. Exanpl e 10 The al kyl ati on

reaction process by the ionic liquid shown in Fig. 6 is enpl oyed

based on the schene of Exanple 4. The specific enbodinment is a 25

catal ytic al kylation reaction process by the ionic liquid using a
single distillation colum, wherein the excessive isobutane separated
fromthe top of the distillation colum is partly recycled to the
reaction feed, the bottomfraction is
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the al kylate oil product, and the hal ogenated hydrocarbons-rich C6 to
C7 fraction and n-butane are wthdrawmn fromthe distillation colum
as sidedraws, of which the hal ogenated hydrocarbons-rich fraction is
i ntroduced intQ adsorption druns AJB to renove the hal ogenated

hydr ocarbon b rption. The fraction after desorption of

hal ogenat ed hydrocarbon is conbined with the bottomfracti on and

di scharged fromthe systemas the alkylate oil product. The 5
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1. An al r@fptaih%ﬁo -for producing alkylate oil using ionic

| iquid as catal yst, wherein during the alkylation reaction the
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2. The process according to claim1l1, wherein said process conprises

15 separating hal ogenated hydrocarbons-rich fraction fromthe

al kyl ati on pr @duCfhe bhyrabessi ddcirdimg apdeiinds 9rp2] evhéén said halogenated
rei ntroduci ng the separated fraction into the reaction system during

t he ab kyhadrocarbears-rich. fraction is €5 h€plemtim distilldd fgonotied aikylation
or 2, wherein said hal ogenated 20 hydrocarbons-rich fraction is C5 to
C7 fractppaddistilled fromthe al kyl ati on product. 4. The

process according to claim1l or 2, wherein said hal ogenated

hydr ocarbons-rich fraction is obtained by adsorbing the hal ogenat ed

25 hydrocarbons fromthe al kyl atjon product by an adsorption nateri al
and 't hen desoﬁbiﬁéetm@%ﬁoamdmgo@eml@@ hyair dc avherrinpgaidshalegepated

hydrocarbon naterial, .wherein the adsorption material .conprise
mol ecul aBYaT%QPé,BOB&Ti%t Qiborts  RRtAAded b3 uAfISREDIRG Jilis shaloggnated

%el({ a? SSB&@%@%%B%% ' Font The Vaﬁ;?l%ti%%r B%‘d&(‘lt e}r{ ’ana%hgogtlac}/n Matetial and then

desorbing the adsorbed halogenated hydrocarbons by C3 to C6 hydrocarbon
material, wherein the adsorption material comprises molecular sieve, activated
carbon, activated alumina, porous silica gel, adsorption resin, activated carbon

fiber, acid clay or any mixture thereof.
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5. The process according to claiml or 2, wherein reintroducing the
hal ogenat ed hydrocarbons-rich fraction into the reaction system

conpri ses: m xi ng the hal ogenated hydrocarbons-rich fraction
with the reaction feed 5 and then introducing the m xture into the
reactor; m xi ng the hal ogenat ed hydrocarbons-rich fraction with
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sidedraw and reintroduced into the reaction system; alternatively, the alkylation
product is introduced into two or more distillation columns in series, and then
the halogenated hydrocarbons-rich fraction is withdrawn from the last
distillation column as a sidedraw and reintroduced into the reaction system.
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8. The process according to claim 4, wherein adsorbing the halogenated

hydrocarbons from the alkylation product by an adsorption material and then
desorbing the adsorbed halogenated hydrocarbons by C3 to C6 hydrocarbon

material comprises introducing the alkylation product into a distillation column,
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2012. The process according to claim11l, wherein in the reaction feed,
C4 al kane is isobutane and C4 al kene is 1-butene, 2-butene,
| so-butene or any m xture thereof
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withdrawing the halogenated hydrocarbons-rich fraction from the distillation
column as a sidedraw, adsorbing the halogenated hydrocarbons by an adsorption
material, and/or introducing the alkylation product into a distillation column,
adsorbing the halogenated hydrocarbons from the alkylate oil obtained at the
bottom of the distillation column; and then desorbing the adsorbed halogenated

hydrocarbons by a hydrocarbon material.

9. The process according to claim 4, wherein the C3 to C6 hydrocarbon

material 1s C3 to C6 alkanes or mixture thereof,

10. The process according to claim 9, wherein the C3 to C6

hydrocarbon material is distilled from the alkylation product.

11. The process according to claim 1, wherein the ionic liquid has an
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 compound(s) are halide, sulphate or nitrate of aluminium,

copper, iron, zinc, nickel, titanium or silver.
12. The process according to claim 1, wherein in the reaction feed, C4

alkane is i1sobutane and C4 alkene is 1-butene, 2-butene, iso-butene or any

mixture thereof.
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