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 ijpventi.on bel ongs to the pet.rochem cal field.
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al kyl ati on reaction between 10 isobutane and butene (also referred as
C4 al kyl ation or isobutane al kylation) is an inportant process for
produci ng; L gh-oct-ane gasol i ne bl endi ng conponent. It has been
known thg?g%ﬁgﬁggégﬁygﬁﬁgged in the alkylation reaction may conprise
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hydrof l uoric acid and concentrated sulfuric acid éxhibit 'satisfactory

properti belomgs eorheqbetrotheidival $Rildctivity and catal yst lifetine,

however, they may result in sone problens such as environnent al

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 ous| Packgraunsef thenpwenticsystem ionic |iquids have the

properties such as being environnmental friendly, |ess corrosive, |ow

toxicity, adjJstgmsteokesimgi rofiamagprydnstay, chhem alklylaptioperenretionbdiaiyeen
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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 1onic 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 natter the
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There ar SOne researches technical sol uti ons based on

the believed ngasengn¥#ihdrde ré U hleisdHhdeCBEahY Bladietdd MBe ionic liquids
deactivated. For exanple, Chinese patent application 200710063459. 6

di scl osege @amtiagetfeif Propeetiedsintbutitizasdind visle 1d tieeiRymutiipe benefits as
metallic 20 alum num or alum numtrichloride as al um num source to

conpensatatdligstal uiHowever) thd eesedrdhest tdisee foundt rigitnihmee dre ofill some

phase and hydrolysis of ionic liquid in the presence of water. The

i nvent or pra¢tichl diffppiltozs t@behaverdamedwheat thdeopid diquidsdasiony fised as

chloroalum nate as ionic liquid catalyst getting deactivated is the

| oss of chtalgsts Ve theualkylation c¢actione NG matieeithedsimphs éenthédiquid, of

reaction activity, and the Joss of alumnumtrichloride is primarily

due 1® tMehighditbeyanionf isaideriveeh fiomnhrosinglec anstdlisy compound, or the

i nevitabl e water i.n t.hel.rea t.ion f(iaed nd furfher. pOﬁSi bly. . )
composite ionic liquid is used as the catalyst in the catalytic 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 limited

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

complexation with some strong electron-donating species, which may be
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due to that alum numtrichloride may be entrained into oil phase due
to conplexation wth some strong el ectron-donati ng species, which may
be 2 present in the reaction system Thus, said patent application
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al kyl ati on process for producing alkylate oil usingTonic liquid as

cat al yst thafredrfionidwomgohbatabkingideabtiveastiwn thd enhHeat bodynfegsd is

a mxture of C4 al kene and C4 al kane with C4 al’kane being at™ an

excessi ve anohier@fdréheit siepavatyedithportdie & keffiotbrelyr odvuetcamne the
recycl ed, and the process further conprises separating 5 hal ogenated
hydr ocar eastiviatiorf ofichedonic diqutide ial dndeat icode pehuandapubmote their uses
reintroducing the separated fraction into the reaction system during

t he al kybatdoommreretal oatalusis farepradiieinlg glliydataoal.yst used in the

al kyl ation reaction has a cation derived from hydrohalide of alkyl

am n& hydrohalide of imdazole or hydrohalide of pyridine and an

ani on der.i ved fro&ci&_e,or mare netal lic 10 conmpounds. The catal ytic

al kyl at i ORREAY; Jnthe 1N¥SNHOD quid is fol l owing the positively

charged carbon.ion mech ni.sm erein both Lew s id.and Bronsted
o Oee oo PO Bl Brerinaal robiEm: Bhibs Fhhied ThLHRE yRsent invention

is to provide an alkylation process using ionic liquid as catalyst, the

process, based on the mechanism of catalytic alkylation reaction by an

25 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.

To this end, the present invention provides an alkylation process for
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t'oget her during the catalytic reaction. Based on the researches, the
present 15 inventors have found that when the ionic liquid catalyst
Is selected fromthe conponents conprising halide, the acidity of
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hydrocarbons in the alkylate oil, but also the 25 | oss”of Bronsted

aci d frorinfoduemg theusebaratdevieactidie itacthyareaution dyiteatdiryss . the
In order to reduce the consunption of B acid for producing al kyl ate

oi | and aleylatioharactbn} hadttheoganalepidwdtalyat beed inrthehdkgldtidrateaction
oi | product, the present invention provide a process which can

ef f ect i vhhy apeatiemgetived| from by drotelidmnof alliyduaningthydrehalidd ofeiickazole
the content. of the hal ogenated hydrocarbons in the alkylate oil .
pr oduct , Or.léydf@lhahﬂﬁy{)ﬁtﬂ}’cmdlpﬁo@@i sy énien idarived ifrpimdons emmesesmetallic
wher ei n hal ogenaj ed hydrocarbons-rich fraction is separated fromthe

al ky &t eCeMpP uct by distillation or adsorption, and then the
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prepared and utilized as that in'the prior art, and thus no further

5, o ke v o Dby oy skt
i ncor por a¢adidiebgithelipnicliquadichei lydrbgen terlide 8¢ wn auxiliary agent is reacted
with C4 alkene to produce halogenated hydrocarbons, which are the

20 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

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

25 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

of the ionic liquid catalyst and reduce the content of the halogenated
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According to the present invention, the alkylation reaction nmeans the
reactions between C4 al kane and C4 al kene, in particular the C4
al kyl ati on 20 reaction between isobutane and butene, i.e. the

(ot ene) BOGgiaFaF gﬁi‘?ﬁfﬂ@%ﬂaﬁﬁiﬁéﬁe‘gi&@@?ﬁ%é&“"ﬁ?z&f}ﬂw&ﬂf"éﬁ%@susing
or act 1 ce OBt PRA TR Bty RREVCRRI s Ul NGB nar Boh frggtion is
or opy! encearraves, B IHAsa ey HRE U AIOANE BY A A DEASBIRLDE; end

may be thRsg t%@%#a‘?gtéﬂ ﬂ%?c‘%ij?lil Rs ¥ BEnRbHALe8 ihto PHE RACHY: & &¥niti on
e I's genera

reaction, 1sobuta y present at an excessive anount and

sonme &l kanes Wddbr@idieto GREDSRSBHIPEVENtEMEWith PRORARBVIsoPEHtaAle tBkCabove
may al so be present at a mnor anount, i.e. the nolar ratio between

al kane antergidegnt requirb@entadicing iheHte sWith] dabe ionie liguad datalyst may be

generally 1:1-40:1; the reaction tenperature may be in the range of
- 20 t ol0Belecpackfrymblaridous idrecrlapgelsofeportcd 60 knowhe as eatdlysts for catalytic
pressure shoul d be sel ected so that the reaction feed could be
mai nt ai natkydstibhqueatiansgeand sdid 1ewct lignidomdayi bassinaplkt gewsr as | gbove
in the range of 0.1 to 1.6Mra. . According to the present .
i nvent i oflesezbed,r edueomposite pacHgbAatsatd hidriec ligpuds- mash havetamwnanion
into the reactjon system may conprise;_. m xi ng the hal ogenat ed
hydr é&ar S@F@leﬁi cﬁom AN ofr vinoket Aetaliet com SanQ%tW%rhC at least one
I nt roduci n e mxture into the.reactor; .10m xi t he hal ogenat ed
hydr ocar ustal 16 RompR S uplmiman & -erlﬁieqeroarﬁ%@mw Bmidgennd the
i nt roduci the mxture into the reactor: i.ntroduci t he .
nal ogenaPaehy P SREPP BRIt Hitkdc: suiphatPeRE e, ot flpminium,
and/ or - XI he genat ydr og ongwrich.fraction
w th theoPRest Aol Bety iRt TAART B N g e n Ehi B ey be
the reactffected, prepared and utilized as that in the prior art, and thus no further
prep p
15 detailed description is provided herein. The above mentioned United States
Patent USP 7285698 and Chinese Patent CN 1500764A are incorporated
herein by reference in their entirety.
According to the present invention, the alkylation reaction means the
reactions between C4 alkane and C4 alkene, in particular the C4 alkylation
20 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,
iso-butene or mixture thereof. In practice, a hydrocarbon feed comprising
C4 alkane and C4 alkene as major components may also be used, and the
25 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,

-pentane etc. may also be present at a minor amount, i.e. the molar ratio
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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
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the life of a@hﬁdiﬁgitﬁeiIfalb%@tmtédqmbzéﬁbcﬁﬁdﬁbmmﬁ)ﬁ Reth eed réanioit feed

processed by per unit weight of the catalyst. According to the

present andehtnantrotbeiry the mixture igtctheoreasiat em may 5 conpri se
distillation colum(s) or simlar equipnent to distill the al kylation
produet, i.e. mikstg Itherplopenaedyhpdicmaripondnch fragtionnpithsthe ionic liquid
introducing the allcylation product into a distillation colum, and

t hen wi t kdtadystrand therhmtoorheang dhé mixdarsr indm she regetor;acti on from the
distillation ¢colum as a sidedraw. Depending on the specific

ci r cunst ances IHftedwginghthe hedegenaded hydrocaronyiserieb| Taption mte tthgl reactor
col unms E?y ble arranged to distill the al kylation product. For

exanpl e, AiIeStYF RPELAT on product may be introduced into a single

fraction i o whORNAE RUNET I ed dratoR Rt I6B) GRFtial i1G: tecreseldiC4
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hydrocarbons, and the boiling range of these halogenated hydrocarbons

20  substantially corresponds to C5 to C7 fraction in the alkylation product, e.g.

2-chloropropane is with a boiling point of 350; 2-chloro-2-methyl propane is

with a boiling point of 510; I-chloro-2-methyl propane is with a boiling point

of 6900; 2-chloro-2-methyl butane is with a boiling point of 8701, etc. Based on

the distillation of the alkylation product, it can be known that the boiling range

25 of C5 to C7 fraction is mainly of 28-9911, and the boiling range of C6 fraction is

mainly of 50-690. In the above process, therefore, the halogenated

hydrocarbons-rich fraction may be determined as C5 to C7 fraction distilled

from the alkylation product, more preferably as Cé6 fraction. During the

reintroducing, mixing the separated fraction with the reaction feed and then
6



According to the present invention, the hal ogenated hydrocarbons or
hal ogenat ed hydrocarbons-rich fraction nmay be renoved fromthe
al kyl ati on products and then reintroduced into the reaction system
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Due to the strong el ectronegativity of halogen, | ogenat ed

hydr ogar engprigee dibtiltatioRi @damnis) ari similferquigmahkitbadititl the alkylation
product. Based on the researches, the pr esent i'nventor have further

found t hatoduetp-iteal digeribihgdtie3 aﬂloyl%myquodam:bcma cootndrised introdbeing the
al kyl ate oil product may be adsorbed therefrom5 by an adsorption

mat er i al afigdhties mobdoot amtsi avelistaldationt edhuanpoand atheny awetthdrawing  the
al um na, porous silica gel, adsorption resin, activated carbon fi ber,
acid cl apatogenated obpérovsbens-sich viaation sfroapathe dstildtionbicsdumn as a
hal ogenat ed hydr ocar bons from the alkylate oil product, and then the
adsor bed smdégéfnapéaemmgo@ar §Pﬁﬁ 1 slifawasipBecHUsNg 4be epnadgetion, a
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20 hydrocarbon) used as desorbi ng agent nay be to Co al

or m xt uhgdrodabeas-rich fhaciorPiP RatiRdrabtt #Fsin ﬁh%otﬂst Q‘H@bﬂlé—ﬁo@'dﬁﬂﬁﬁﬁm as a
C6 al kaneS and m xture thereof, of which isobutane is preferred with

consider atdedtanband reheradieid tab theaduction nsystdin. Bastd debthd géqmrements
hydrocarbons may be introduced from external sources, or may

fracti onseghrsling lthd separatedefradtion,asingte prdedraty, nmygbe awnhdtawﬁ hbwever,
t he i sobutane, distilled fromthe al kyl ati on product and recycl ed,
my be dimaltiply sidadrewscadyialso berwithdsawptinoordey $o erbtaimdther fragtiohewith a

desor bed hal ogenat ed hydrocarbons back to the reaction system

Accoldli ngatewerebpiliagarangersushtasdad fragiemisor pt i on- desorption of the

al kyl ati on praoduct .y conprise firstly introducing the separated

al kyl ate oi | @coordmg o &{)‘3‘0 RIREEHdFRY gD e th Bapgﬁn%tﬁda ydroparbans or
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hydrocar ons are ht into ation reaction s maft

bei ng deh?ﬂ?@@arbon méesi dithe taﬁs@a 1dH eﬁﬁ'ﬂérlélnvcﬁﬂﬁftaﬂé‘es bﬁﬁolecular sieve,

rei ntroduting the hal ogenated hydrocarbons-rich fraction fromt
activated carbon, activated alumina, porous silica gel, adsorption resin, actlvated

carbon fiber, acid clay or any mixture thereof.
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and/ or- adsorption are mai nly chl orohydrocarbon or bronohydrocar bon.
As above nentioned, according to the present invention, reintroducing
t he hal ogenat ed hydrocarbons-rich fraction into the reaction system
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into the actor. It 1s 1nportant that t resent 1 nvention
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acidic ionic liquid as the catal yst, wherein the hal ogenated

hydr ocar buraing) gdreusiskytapeRadsoastisn sedin] adtivatedairbbntfibdrhacid clay etc.
al kyl ation reaction systemas fraction, so as to conpensate the

consunpt oowthér Maberal, wlicht isecapabts of adsorbihg haldgematedinyideogatboms from
life of the acidic ionic liquid catalyst; furthernore, wherein the
anount othe atkylato gdnprathdiy dndchebdhe adsdrheddelagenited hydrocarbons may
hydrocarbons-rich fraction to be reintroduced is determ ned by the
recycl e b tdesorkectt byn suiteblan light akydrocageoni feactionhetoi nebtstn i the light
practices. On the other hand, when putting the present invention _into,
pract9 cegydw@r prclyaelion somprsaghalageppgda arbpnsme Better agserption
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According to the present invention, the adsorption-desorption of the

alkylation product may comprise firstly introducing the separated alkylate oil
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20 distilled fromthe al kylation product being introduced into the
reactor directly. Fig. 5is a schematic representative depicting
anot her enbodi nent of the process for producing al kylate oil by
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advant ageous_effects will be further illustrated by follow ng
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reacys onsgrackwnproPaIRe fRBdtdthsunt 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
hydrocarbons from the alkylation product.

According to the present invention, depending on the specifically selected

20 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
halogenated hydrocarbons-rich fraction into the reaction system may comprise
mixing the halogenated hydrocarbons-rich fraction with the reaction feed and

25 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

into the reactor directly; or  mixing the halogenated hydrocarbons-rich fraction

with the recycled isobutane and then introducing the mixture into the reactor. It
9



conventional procedure, the process according to the present
I nvention further conprises obtaining the hal ogenated
hydr ocar bons-rich fraction fromthe product separation system and
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Catal ytic al'ky lon reactio “i'sobutane yfs carrie
wher o PR O B e “and the ani on |5 pr ovi ded
by A1C13 and 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
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
20 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
compounds, in particular halogenated hydrocarbons at a reduced amount. This
alkylate oil comprising halogenated hydrocarbons at a reduced amount is

25 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
hydrocarbons are reintroduced into the reaction system, however, the

halogenated hydrocarbons may also be removed from the process and disposed

10



25 CuCd . The inventory of the ionic liquid is of 20kg. The reaction
pressure is 0.5MPa and the reaction tenperature is 30C. The feed is a

m xture of isobutane and 2-butene with a nolar ratio between al kane

and al kene, of 20:.1. Collecti t he al kyl ati on product obtained from

the cat aPyPiRauimil of Pore FLaBrafiosgssBean cat ol yst and anal yzi ng
conposition thereof, and the results are shown in Table 1. O the
results, the ratio of TMP /DVH shows the quality of the al kylate oil,
and the Iy ' er. the quality of the alkylate oil.
As can bﬁﬁ@?ﬁe & it ,Qed ‘%{ritn%se anount of the processed feed 5

s up to 1000 I 1e.;«t Be C t I Q4

i quid catal ylg'%igl's Iuﬁstg gfgﬁg%ﬁg g?%fg%agg?i \%{e"g‘i}b@é& !”[ﬁgs‘fﬁbﬁess for
si gni §i cpRblMcindedikylgtadiinbyohllby GRS akaceRsh I@cd&dﬁﬂgl?&% present
i.e. the feed processed by per gramof the ionic liquid catalyst is

up to 60jgvehtienbut ene conversion is al nost of 0, which indicates

that the B acid is totally lost fromthe catalyst, 10 i.e. the

catal yst gets Kigad ivatsrhdmaticl gepréabheative fdepietingomn eatbbdiment of the
al kyl ation by ionic liquid Processed feed, gig ionic |iquid Butene
conver si pnpcesssébe qriodiucyng Gdkfyl atet pohbyvwallkeyivtobVeadidnaeriing to the

present invention, wherein halogenated hydrocarbons-rich fraction
10 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
of the process for producing alkylate oil by alkylation reaction according
to the present invention, wherein halogenated hydrocarbons-rich fraction

15 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
of the process for producing alkylate oil by alkylation reaction according
to the present invention, wherein halogenated hydrocarbons-rich fraction

20 distilled from the alkylation product being introduced into the reactor
directly.

Fig. 5 is a schematic representative depicting another embodiment
of the process for producing alkylate oil by alkylation reaction according
to the present invention, wherein the alkylation product being distilled by

25 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
of the process for producing alkylate oil by alkylation reaction according

to the present invention, wherein the halogenated hydrocarbons being

11
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separated from the alkylate oil by adsorption and reintroduced into the
reaction system.

Fig. 7 is 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.

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 is a schematic representative depicting the alkylation process
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
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
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
mixing the separated fraction with the reaction feed and then introducing the

mixture into the reaction system, introducing the separated fraction into the
12



The al kyl ati on product obtained in above test is of 110kg in all.
1580kg the above al kylation product is distilled to get 8.8 kg C5-C7
fraction. The chlorine contents in the al kylation product before and
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wi th isofuaction tt bt Itthtraddcddkupy addnibanebtaindd byl adsorbirg the mikylate oil
989ngy/ L is obtained after condensation. Exanple 1 10Catal ytic

al kyl at i eamingcfiosn e ipsoductanepamticar sysienoand rthenc desémbings The more
apparatus using the same acidic ionic |iquid as catalyst as that in

t he conpapegifigcembosdimentsisay reéen &0 ythef fodlewinghesamipies avith rgference to
200g. Thlg_ reacti 8n pressure is 0.5MPa and the reaction tenperature is
300. rhel'1@%ed 10t he sane nixture of isobutane and 2-butene with a

nmol ar rati o bet al kane and. al kene .15 of. 20:1 as,that . in the
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ionic |liqui rotesse
15 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
defined as following: butene conversion = ((the initial butene mass - the
butene mass after reaction)/the initial butene mass)*100%.

20

Comparative example:

Catalytic alkylation reaction of isobutane is carried out in a
continuous apparatus using an acidic ionic liquid as catalyst, wherein the
cation is provided by Et;NHCI and the anion is provided by AICI; and

25 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
20:1. Collecting the alkylation product obtained from the -catalytic

alkylation reaction by fresh catalyst and analyzing composition thereof,
13



gig ionic liquid Butene conversion, Selectivity of C8 fraction, w%
TMP/ DVH 20 100 87 14 40 100 88 15 60 100 88 15 80 100 88 15 100
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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
i1s up to 1000kg, i.e. the feed processed by per gram of the ionic liquid
catalyst is 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 1Life test on catalytic alkylation by ionic liquid

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

g/g ionic liquid % fraction, wt%
10 100 88 14
20 100 89 15
30 100 89 15
40 100 8% 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 C&+ 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

product are mainly present in this fraction.

14



100 88 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 gramof the ionic liquid catalyst is up to 5 120g,
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and 10kg isobutane with chlorine content of 989mg/L. is obtained after

condensation.

Example 1
10 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 300. The feed is the same
mixture of isobutane and 2-butene with a molar ratio between alkane and alkene
15 0of 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
through separating out isobutane and catalyst (the same in the following
examples), and analyzing the composition thereof. The results are shown

20 in Table 3.

15



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

t he conparative exanple. The inventory of the ionic liquid is of
200g. The reaction pressure is 0.51Vifia and the reaction tenperature
is 300. The f i s the,s m xture of j.sobutane and .2-butene with a
ol ar ratio bathbn aliinE o APEARAR ARV BRIG By ik R e

conpar at g’gseém Mxi 0 o C7fT ' bt-aFged T the
conparati 1\&ilg)charrp egdw th ?81651%1 %onnl‘v(%r%@am d c%i%qtgﬁg%y?%tafﬁggcmp@m
t he al kyl gfgiionia Baueidi on céfti nuously to obt dractidne vabkyl ate oi |

pr oduct -t :

shown in Tabl é04. 10 Table 4 U%e test on catal y8% c al kyl ation Hy
ionic liquid Phocessed feed, gipg ionic liquid Bu%gane conver si onys
Selectivity of C8 TMP/DWVH fraction, wt% 20 100 87 14 40 100 87 15 60
88

100 60 100 15
80 100 38 15
160 100 88 15
120 84 81 i3
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

5 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

10 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

15 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.

20 Example 2

Catalytic alkylation reaction of isobutane is carried out in a continuous

16



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 anpbunt of the processed feed is up to

24kg, i
cat al yst

10

I5

20

.e. the feed processed by per gramof the ionic liquid

aip%)af"fcugousing 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{J. 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 CS 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 g7 T
40 100 87 5
60 100 89 15
80 100 80 15
100 100 28 14
120 79 22 1
140 0 ) ]

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



15 120g, the catalyst activity declines significantly. Wen the
anount of the processed feed is up to 28kg, i.e. the feed processed
by per gramof the ionic liquid catalyst is up to 140g, the butene
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syst em t the trattion systeml toydaidumt the atlylationasacthioneshyinuBwalypl e 3
toCatal ytic al kylation reaction of isobutane is carried out in a

conti nuous apparatus using the same acidic ionic liquid as catal yst

as that in the conparative exanple. The inventory of the ionic liquid
is of 200g. Thamapletd on pressure is 0.5MPa and the reaction
tenperature i 0. m xture of i.sgbutane and

300.. T Ileed is the s .
2- but®ne wit h&&\t%ﬂp&ra IO dEAREAN DU HOPULINE 23 Icarded Ut ITpg: qontinuous
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conver si on,
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 Y- 7
40 100 38 5
60 100 88 s
80 100 38 15
100 100 28 s
120 89 84 A

140 0 - -

18



Sel ectivity of C8 fraction, wt% TMP/ DVH 20 100 86 14 40 100 88 15 60
100 88 15 80 100 88 15 100 100 88

10
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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 300]. 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.

19



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 declines sjgni.fgc :

foed 15 up to 26kg. 10g 0 { paip fest SRR AERHRYIMh R BRREERRT, .
liquid capric¥sded BedPp t0 BHdche ddivePdibONe CORW&RHIIAN ofSC@I Most of 0,
whi ch indicates the catal yst gets deactivated total'ly. WieTMPOMH
cat al yst &€ iwhichliguidor mal Yactivity, the obt racéwnaw% ation product
has t he setectivity c3 ;'”i’ and—tthe SigFi NVP-BM Ta
conparable to arative exanple. TiHe 10 obtai ned

al kylate oil 48 distilled andipbe chlorine contegg in the separated

C8+ fraction is determned to be of 9.1ng/L. It can be seen that,
conpared with%8he conparative 18Ranpl e, introducidy C5 to C7 frdétion
having a highgs chlorine contggf fromthe alkyl ai%SE oi | product 1i5nto

the reactor directly may also prolong the life of ' the ionic liquid

catal yst signi@dcantly w t houtl0gonprom sing the b quality of tise

al kyl ate oil éé)duct substantially. Exanple 4 Catal ytic

al kyl ati on reg ion of isobutdde is carried out h a conti nuous!3
apparatus usi pgythe same acidig ionic liquid as gatalyst as that in

the 20 conparative exanple. The inventory of the ionic liquid is of
200g. The reaction pressure is 0.5MPa and the reaction tenperature is
30 E. The feed is the same m xture of isobutane and 2-butene wth a

nmol ar ratio béswemnbalskemdramdlzbles)avién Bie anamirthttherprobessed feed is up
conparative exanple. The flowate of the feed is 500g/h. The

i sobut anto @8kgj ned the feed proegssedtby peegamml ef the fonistliquidscatabyst is up to
with the feed at a flowate of 8g/h, and then introduced into the
reacti onl20gt dhet eatadysfuectivity derlines i sognifecentiyon Vlgen Hibei amiaunt of the
liquid to obtain the alkylatjon product, The conposition of the L
al kyl at i Bmcpﬁsé@@cflﬁegslsdﬁalt?z?eﬁ(&ﬂeﬁ-ﬂh@ feedupreressed doper gramaef she ionic

Table 6 Life,test, on.catalytic alkylation by ionic liquid Processed ..
feed, hquld catalyst is up th IIEIOg, e Putene donversion is ofd 27% only, which

OV

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



gig ionic 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 15 100

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 is 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
21



100 89 15 120 92 87 13 140 27 63 3 As can be seen from Table 6,
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 5 120g,
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7,7, Sl S8 0 3t B T e
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exanpl e. The obtained al kylate oil is distilled and the chlorine

content KV thectiepas adistllled +eortimtdwsiyi frogetthe nlkgthtion Rerodhcd BAma/ tingle
It can be seen that, conpared with the conparative exanple, firstly

m xi ng t kdestiléstomicolurih ascsidgdfavaaniddhehanixeyl with gleeiondb liguideatalyst and
content fromthe alkylate oil product and then introducing the 15

m xt ur e rensradveedaate thnreacsioenfeedytoat arudynt she meactien tohnubusiye

ionic liquid catalyst significantly w thout conprom_sing the aua_l ity

of the al kyl at 8¥idomspadng: tharnmaparadivey exaapipl end Bxamplet Znuibuean be
al kylation reaction is carried out follow.ng the, al kyl atiqon reaction .
process bynfgEAt i@bvlp@ﬁfsat %mosiﬂcmgg\.gh@%aﬁs@al & ithe alkytaonoreaction
Example 1., The.reaction feed {referred as feed in the figure) and .
The T o Follding 2is Hifer S BIE A can it oy dugions M idraidbeyions fiquid
establish t I ation reaction,system . The kylation product is

i nst roducgap%?}@o Iéfv‘lkgisé)eﬁéﬁ'l&?ﬁhﬁ c@gﬁg&co&ﬁg} éflﬁhf’ ﬁiﬁ}’]@ﬁ‘? Qﬂi Progvgti s
separated and the t ct i t o

al kyl ation pr oﬁq[}c? x{agféégclsrgggttﬁg ﬂa}%&éggiéqﬁqli%ﬁc%ﬂguﬁﬁmg&ﬁ%ﬂﬁtwns and
C5 to C7 £ 31 O N r ' i : t : :
hydr ocar b%ﬁl@iﬁ |€h51?%g%?/%_n, [ go\r%\ﬁ h\gﬁgm}l&fe_r@%hﬁﬁgegi gglhflpgt i%ﬁ ?&cﬂr‘r’% 15
as a si degbpucid & kERHddbT Hestdrhl AvhPaRPeRtiaefiondiollected gt the
reintroduced into to the reactor by mxing i'nto the reaction feed. At
the same thime tifehwWieed mayIrrased adl alldad Bl toduct tegdthRBr 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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10 colum as a sidedraw and al kylate oil is discharged at the bottom
of the distillation colum, both of these streans are sent into the
product storage tanks respectively. Excessive isobutane separated
fromthe é B f %le distillation colum is recycled to the reactor to
be utili? glpﬁﬂl rmore. The al kylation reaction conditions are sane

as that in Ex I p h 7 ' ' istill:ed

conti nuously on‘ﬁrﬁgﬁgﬁgy%&% i %é\mgrggéc}ﬁ%%: %%i[gﬁ}sﬂ: %dé%dﬂl&%{lgﬁa { (%ﬁ can be
colum a | r ; rel {3k O r [ eed ;
conduct - {RACTAEE GUvBIEH: 1Rat JoRCRRAEYIERL Mol ToyT BRE IBMIaieR rition
exanpl e WiaEn ' ke | fé Aein i ' i
al kyl at eﬂglijcl) by tlﬁg %Pﬁs%sa??ghgr%?g{ni %dr)]ﬁ)giaB?}gl I ow%g%ie{lﬁgéqgfgggggﬂ%annqmd
Fig. 4 cantabpit, but ¥ldo @idece theehlofige ebniditt thaht alkyldw dilgaoauest ,

but al so reduce the chlorine content in the al kylate oil product.

Exanpl e 6 The al kyl ati on reaction process by the ionic |iquid shown

in Fig. 2 is 25 enployed based on the schene of Exanple 2. The

speci fi ¢ enbolfixamlei& a catalytic al kylation reaction process by the
ionic liquid using a single distillation colum, wherein the i
excessi ve i sollicanlkydapan arcadtipnopradess thyp the toméc diquidl shewonire Hignmd is
is recycled, the alkylate oil product_ is discharged at the bottom of

the di st PmRleyed basednen i S@SCW of Exasmlend owiibs seme: (viasigtionse In the
hal ogenated.h drOﬁ%ans-ri ch.fraction) i.s wi.thdrawn from.the, ]

di st 19 | afRtYE6! aH/1a50R JPacPRWPAREESShAY pihe niofee higrdt Meing nmultiple

18 it SSeLes Aramine catalyst Sopal SR ot en e back
{E‘Erﬁbg'a% 55F PR skrips” i@évﬁ?ﬁ%ﬁ%ﬁ%ﬁﬁ?ég‘%ﬁ%_ﬂéfii_%_‘g’%”eéa%?_fdsh-sfr'e'a'ﬂ ffﬁﬁ top of
el nt r oaDIERRET YoRRn ASHHFEIN, B BB oo B iSGlAtiEn cdtlthn A
can be- ey e bt OBRAIAG NEIGRIP A IERCE, Soifiarrd HIBLS the tp of
al kyhat i gis1Bafdd UbIGRAIPIB 0WhA9 AN RERGE Shhd r’cﬁi facofi 13 m%&ghk%n from

prolong the Iife of the ionic liquid catalyst, but also re

chl ori ned¢aflialin toluma Bldsydidédraavs révpedtistly, At which G8 figRtioh fshesed as
process, controlling the distillation conditiions and nultiple

si dedr awshdailloglate toivprddidtetaliethet haith aheclobtiom, fi@etionaetndC6 $raction is
coll ected and reintroduced in the sane way, and C5 fraction is

col | ect egredmixted with the reaction feed and then reintroduced into the reaction system.

The alkylation reaction conditions are same as that in Example 1 except that C5

20 to C7 fraction is distilled continuously from the alkylation product by multiple

distillation columns as a sidedraw and then reintroduced into the reaction feed to
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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15sanme tine, which may be used as al kylate oil product together with
the bottom fraction or otherw se based on the design requirenents.
Exanple 7 The allcylation reaction process by the ionic |liquid shown

in Fig. 31is | qyed based on the schene of Exanple 3. In the
catal ytic al k%&az@i@ﬁogr(eact i on process by the ionic liquid using a

S BATRIe R _ by Ll o _
the top of ¢ nd T SRTRLYHT el IBr bRy By (e FARiQRRONEYER f HMl. 5 is
duct | ' ad i gt ' (o] : :
Phe hal osHACESTroaIed 8h G sCReDO DA ! THCSRAE L IHbdifRAL s o
Wi t hdr awgagftyfic aikyiaciofl :ehttibatpreBe&ObyifRe 36nR E%@iﬂdﬁﬁﬂgq{‘éﬁngle distillation

reintroduced directly into the reactor’  to be used in the allcylation
r eact 5 oncoRrenal Whea¢inorthe eegtéive oimdbuitans sdparade fasmt the itdp of the

Exanpl e 3 except that C5 to C7 fraction is distilled continuously
from t he dadtid{dtatn acolpnodust pagtlya recpgled do sthid Iredtion cleedpmaras the bottom
si dedraw and then reintroduced into the reactor directly to conduct
t he reacfiastioncontthauakylate oil, wiBche ispatrodycedeintonpisoapiior dranpl A/B,
and Exanple 3, it can be anticipated obviously that produci 33 )
al kyl at e vdharesy anhadsarpiipat metendlasucho mst b Xomoleculne speveseNa¥nzevlife or
3 can not aqnly prolong the life of the ionic liquid 5 catal yst, _but
al so red@etveled almminants aganged nraviouslyl g remevsihalpgeaated. hysizaesriaons
8 The al kyl ation reactjon process by .the ionic. iquid shown in, .
Fig. 1% i E’Yeﬁﬁﬁéggbmbaé@& @rﬁfspﬁﬁ%%h ofVith ofaiEated \AgsOIplin material is
variations. In Q catalytic..alkylation reactiaqn,proces t he
oni o 11 SReensatedt tepugth eanrBEPI ol oheC siRe IPp Péfagd the  separated
separ ati L.stil) atld col A BrLare i rd .
wherein ?ﬁbu&%@@é@eﬂ% g%ﬁ%ﬁ‘e& ggg‘g‘ﬂgr 2’?@%1‘ P?B}g ?ﬁéletd;ﬁlgfmsgutane with
distill aty 0, Js f -
i oti 11 afro et i dtoBEaleB Mol FATAT HB A roagion foedand
separ at eghdf PBftsdiRA Hto 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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15 distillation colum B, and C5 fraction and C6 fraction is

wi thdrawn fromdistillation colum B as sidedraws respectively, of

which C5 fraction is used as the alkylate oil product together with

t he bott i ctyJ j - Fixe i the : i .
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into the reaction feed to conduct the™reactioh continuously.
Based onbbamplfestioreand disdiargad fhemathiel $igpahness tHey hikygate dilProduct. The
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hydr ogar bdssrpiiorn rdront herithe aaturated yaisorptioni mdtbiial Bxamggenetatednohrough
only prolong the life of ionic liquid catalyst, but also reduce the
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systemto conduct the alkylation reaction. 15 The dl kylate oil after
desofipti on of hal ogenat ed hydrocarbons is discharged as the product.

The al kyl ation reaction conditions are sane as that in exanple 4.

Based on the dimpdyatit whoemtdrind eoté&tahpt edl thaaboc ekagglebare intend to
antici pated obviously that producing allcylate oil by the al kylation
reacti onilfloktraté whetteehpicalessltioms @f thecpreseit nntentponleanly shd should
life of the ionic liquid 20 catalyst, but also reduce the chlorine
content hetteecansiriadaslimipationstto theaspoee 0F thieepusient anvontion. All of
reaction process by the ionic liquid shown in Fig. 6 is enpl oyed

based onth®e meddieadpnExeipequivalenss swdcithicc toabutcabnsolutiangs of the
catal ytic al kyl ation reaction process by the,ignic Ijquid using a
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fromthe f. t distillaf] colum.is partly.recycled to the .
reactionst(ai‘?f,? ion &g Gitoh 9 ik (Al R the wﬁ%tﬁmp&ﬁssaacwqﬁbpn as
t he haI3ﬁfnanﬁﬁ.hyg%ocarbqis-rhch C6 to C7 fraction and n-butane are
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of whi:ch the hal ogenated hydrocarbons-rich fraction is introduced
into adsorption drunms A/B to renove the hal ogenated hydrocarbon by
adsorption. The fraction after desorption of hal ogenated hydrocarbon
i s conbi ned mggg-ige bottom fraction and di scharged fromthe system
as the al kyla product. The 5 adsorption drumw th saturated
adsorption material is regenerated through desorption by the

not -recycl ed part of the separated isobutane fromthe distillation

copum. AlLer 10ARGIRIRIRA: phRRst 10k HrdBRcMd BIKIGHIBAOIORE ionic liquid as

hal ogenat ed hydr ocarbons 1s m xed w t act’ion _
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invention ag clai med i,n .t he, appended claims. ( ai . 1. An
Kyt | DRSS RytFoial s BR hardipe i By abicht GRriyarcfpmy bing 8 more
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recycled, and the process further conprises separating hal ogenat ed
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al kylation 10 reaction has a cation derived from hydrohal i de of alkyl
am ne, hpdodhed ide distillatidazahd/or duisedrptiahi dadoteiprddlidingatise arparated
ani on derived fromone or nore netallic conpounds. 2. The

process fetiah ngot thectarictioh sydtenedaragl theoalicdasiotorquctzas 15

separati ng hal ogenat ed hydrocarbons-rich fraction fromthe al kyl ati on
product by distillation and/or adsorption and reintroducing the
separated fraction into the reaction systemduring the al kyl ation

reacti on. 3. The preseps comesdimg dodilagm d oral mwherei, saihdradogenated
sai d hal pgenated 20 hydrocarbons-rich fraction is, C5 to C7 fraction

di st 20 | ebydreeantensariel Gactenpsodacto C7 frachionrdistphled dsemathalbisylgtion
toclaiml1 gr 2, wherein said hal ogenated hydrocarbons-rich fraction

i s obt ai RE 1i@)ﬂ}t-adsorbi ng t he hal ogenated 25 hydrocarbons fromthe

al kyl ati on product by an adsorption naterial and then desorbing the
adsor bed hal ogenat ed hydrocarbons by C3 to C6 hydrocarbon nmaterial,

wherein the ags tion material .conprises | ecular_sieve, a ti'lvlat ed
carbon, activ tg]gﬁﬁlmcﬁé,s_%ctﬁ'odﬂén%itﬂ & lg_él, Hdsor P%nr%ﬁn,aogenated
The proobyaRSaRBoby A o HidicH Tor SR CHY' TafRERIRE i thy «alogeRared
hal : ¢ . . .
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conpris al oge raction

wi th t hedegathh®thbeadsorbBacthalR@Rnhiid PSUeOEGHORS B XEY® 8 hydi6carbon

reactor;
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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m xi ng the hal ogenat ed hydrocarbons-rich fraction with the ionic
liquid catal yst and then introducing the mxture into the reactor;

i ntroduci ng the hal ogenat ed hydrocarbons-rich fraction into the
reactor directly; and/or 10m xi ng the hal ogenat ed hydrocar bons-rich
fraction with the recycled C4 al kane and then introducing the m xture

into the react5c_)rr]r ge/l]%&oce@s d rﬂﬁﬂggt?r);cf’aqﬁ?rldid}%t QulitR {I‘h%in%ﬁﬁ@ﬁl% the
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fromthe Hleﬂlb’éﬁn Iproduct by an adsorption material and then

desor bi ng the adsor bed .hal ogenat,ed dr qcar ban C3 to.
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si dedraw, adsorbing the hal ogenated hydrocarbons by an adsorption
material, and/or introducing the alkylation product into a

distillation I I : I 0 :
alkyl ato of | obrABBI0EY ASCErdiaE, NFieRAE N, Bt AR, i Bl gion
t hen des i FﬁM : Q5 ; 8R%nn
mat eri al ?Egﬂﬁ& %Bﬁl he p%@%ﬁﬂé@%?ﬁ%?ﬁ@d@ %’1@% al m?léei?ﬁlvﬁerl glléril}‘l?{[felﬁ%é to
C6 hyar Oﬁﬁ&b&[bﬂ'%ﬁhd?dwirﬁgi GRet Ha@geﬁhl‘éﬁ‘%d%bcﬁ’%ﬂér—ﬁch hehedbnléom the
10. The process according to claim™®, wheréin the C3 to C6

hydr ocar digtilt@aist calums adiasséidededyf rom t he al kyl at | on pr o_duc_t .

11. The process according to claim11l, wherein the ionic liquid has an
15 anion derived fromtwo or nore netallic conpounds, of which at

| east one netallic conpound is alum num chloride or alum num brom de
and the ot her 7neklat Iprocesmpoooriisg to eldiah itjewhsntiphtiieealylation gireduét is
al um nium copper, iron, zinc, nickel, titaniumor silver. 2012. The
process #éftodacedy trdoclai single wdistdlatiom ecokmeacandnthieredthecshalogenated

i s isobutane and C4 al kene is 1-butene, 2-butene, isQ-butene or any
mi xt &0 e imfaf@ar ons-rich §act10n is withdrawn from this distillation column as a

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.
25

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

mixture thereof.
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