WD 2011/ 015664PCT/ EP2010/ 061515 - 1 - METHOD FOR REVAMPI NG AN HF OR
SULPHURI C ACI D ALKYLATION UNIT The present invention provides a nethod for
r evanpi ngwenoHmi1sés4sul phuric acid al kyl ati on unit. Ther eciraprasojoszn®£asi ng
demand for al kylate fuel blending feedstqck. As a fuel -bl endi ng conponent
al kyl ate 5conbi nes a | ow vapour pressure, no olefin or aromatic content

wi th high octane properties. Al nost all alkylate is produced by
reacting i sobutane with butene in the presence of a suitable acidic

catal yst. Theumestopusest eatahmestie ane geF oR0 Gy SHeflTdonice ragirg)y rand on

sul phuric acid. Although well established, these processes suffer numerous
di sadvant ages. I n case of HF, stringentUREAlIth and safety neasures nust be
applied requiring significant investnents. In case of sul phuric acid, the

| arge 15consunption of catalyst and the need to provide utilities for
refrigeration arertusf avedeahl enfcomian ecornadice st ardpodntor Recent |y,
the al kyl ation of isoparaffins wth olefins using an ionic |iquid catalyst
has attracteéeﬁégpﬂéﬁt?BansoénséﬂpéﬁﬁéFi@élgoaﬁ%yéﬁal§ﬁlHH&FPC acid

catal ysed alky!athggrgrQ%e%§e§npreasinbnd%%%nﬁn§E§P%§kyﬁg%QSQ%%la process
for manufacturing an alkylate oil is di'scl osed, which Uses a conposite

i onic |iquidbdendliysgt feedseack .i debat dnelwitlthndi2sbotepenchn ehéyproeess of
U5728§698’ i%%%%&%g% %nQORu%%%%ur pressure, no olefin or aromatic
content with high octane properties.

Almost all alkylate is produced by reacting
isobutane with butene in the presence of a suitable
acidic catalyst. The most used catalysts are HF

10 (hydrofluoric acid) and sulphuric acid. Although well
established, these processes suffer numerous
disadvantages. In case of HF, stringent health and safety
measures must be applied requiring significant
investments. In case of sulphuric acid, the large

15 consumption of catalyst and the need to provide utilities
for refrigeration are unfavourable from an economic
standpoint.

Recently, the alkylation of isoparaffins with
olefins using an ionic liguid catalyst has attracted

20 attention as an alternative to HF and sulphuric acid
catalysed alkylation processes.

In for instance US7285698 a process for
manufacturing an alkylate o0il is disclosed, which uses a
composite ionic liquid catalyst to react isobutane with a

25 butene. In the process of US7285698, isobutane and butene
are supplied to a reactor unit and the alkylate is formed
by contacting the reactants with a composite ionic liquid
under alkylation conditions. The reactor effluent is

separated into a hydrocarbon phase and an ionic liquid



are supplied to a reactor unit and the alkylate is forned by contacting the
reactants with a conposite ionic |iquid under al kylation conditions. The
react or ewbluemiisées separated into a hydrocarbon phase aod/Eepotioosises| i quid
WO 2011/ 015664PCT/ EP2010/ 061515 - 2 - phgse. The ionic liquid phase is
recycled to the reactor unit while the hydrocarbon phase is treated to

retrieve the alkylate. Current .al kylation units have been specifically
5desi gned fopgéﬁ?hegﬁﬁF18Pl§uhﬁﬁﬁﬁﬁcp 6§ &8 S6CVErEFr &8 Fgea§e§ﬂfoéatalyst

and are not @ptimghkycSuhted hebcuseoaf pa-dif figr ent¢abakystesuchyas an
ionic liquid (also referred to as IL) catalyst. In for instance Liu et al.

(Z.Liu, R Zh&hg, aCkXdatR-Xia, lonic liquid alkylation 10process produces
i gh-qual ity gasoblgec O L1a0d Gas Ioinal oyl l0d. 884e,40,8000) it i

mentioned that it TS possi oretro a sul phuri craci Fation unit
for use of adekhgtatialfyst eilktheki HFebrakulphtirpropesed (b0 saddedcsuege t ank

for IL recycle and to nodify the settler 15internals to _enhance separation
of the IL. HéRe¢er SH)t Cias¥6ina Fy 2EFPuPhatPrR8epert Hrafte T6F tRE

retrofitted alckyl gtirop WAkt -Was1h8$s sLRANAPELMBbnic 1iquid (alBgrefore,
there is a need in the art for an inproved nethod for revanping HF or SA

al kyl ati on umettergeg0an bk alkykatiedgstni tn for ihsthasendwubeénafiound t hat

th f f SA al k I, it, which d f
s ah 1L al kyPation OnTCoRdy be Prpfoved: by CRuli fyig-t R 6Hreting

al kylation upirbceddl brhascaksaibeeguboung thabithe,l ess thancepti mal
results reported bﬁ Liu et al, are at |least in part caused inconplete
separ ati on of CUEE2HydVeearBln prase 4Rd £REC¢atal yst "grasereq thetséparat or

catal ysi compar B T4 A oF EEThe Separatfon of an L chtalyer froma

hydr ocar bon pbaseskis odi bheféntaftrdmst-he Isepanatitonlof, eitt beppSAcdr tHF from

a hydrocarbogdghgsghré% %ank for IL recycle and to modify the settler

15 internals to enhance separation of the IL. However, it
was found by Liu that the performance of the retrofitted
alkylation unit was less than optimal.

Therefore, there is a need in the art for an
improved method for revamping HF or SA alkylation unit to

20 an IL alkylation unit.

It has now been found that the performance of an HF
or SA alkylation unit, which was revamped for use as an
IL alkylation unit may be improved by modifying the
existing alkylation unit.

25 It has also been found that the less than optimal
results reported by Liu et al, are at least in part
caused incomplete separation of the hydrocarbon phase and
the catalyst phase in the separator unit, i.e. the
settler unit.

30 Due to the different properties of an IL catalyst
compared to SA or HF the separation of an IL catalyst

from a hydrocarbon phase is different from the separation

of either SA or HF from a hydrocarbon phase. As a



WO 2011/ 015664PCT/ EP2010/ 061515 - 3 - consequence, the settler design of
the HF or SA al kylation unit nmay not provide sufficient separation capacity
for separwbizon/dibss4hydr ocarbon and catal yst phases. As acrappém/ocsusal yst
remai ns in the hydrocarbon 5phase and vicge _versa. As a result, catalyst
consunpti on increases and additionally, the hydrocarbon phase is

contam nated with cataly In addition, .the g@carbon recycle vol unes

may |ncreaseC88§698€Pﬁ§ h Gﬁeﬁet§ ﬁﬁrgﬁﬁﬂﬁntB oF AfmBlFar?r ati os used in

an |L 10al kybatk9oRtREACESS+ hAyanbypPbeal iHE and r$Aiahkykabhenrpuacesses,
the isoparaffin to olefin nolar ratios used is in the range of 1 to 10. For

an IL al kyl ategacpitocéss sheairsspanathienhvdrekeftonnnehdr ceaeilostused are

preferabl y apareced ar evea ahove 100, ASTHRLSTor .t IR PrEsERL Lavent on

al so provides a et hod reva sulp uric a ation
unit 0 an iphe@elaqundlabkybabaonAanatxewhetel@atbeyHE @bnsuhphUbhc aci d
al kyl ation unit conprise at |east a reactor unit for contacting catalyst
and hydrocarBBﬁrﬁéﬁgécﬁgﬁt§ddl§l§§6éﬁ§fthﬁnPWdFBFa§€6§rQpﬁﬁﬁ &°reactor

ef fluent inte,aceatabyel RA %%ec%ﬂgl%@ta'K%'%Hal%ggﬁf'%hggh? ydoeeanhan
phase; a fractionator unit for fractionating the alkyl ate-

25conprisingrhydpéeawbénmphaQ@Y|nmcraBSEedQE @netQEr@aghegnpr|S|ng

al kyl ate; and whi ch geth% chudes rov%d ng ong cyclone units
downst r eam of SPRE Féactor CuRit it6 Y8JaFate tar sl 855 lgr?no Lt he reactor
30eftfbuent inlaycatabysbrphase.and a @bbibaueﬂ@oanalsmnglmydb@@@hbon phase.
The present invention relates to a nethod for revanping an HF or SA

al kyl ati on uRFOCESS&R~ |Eh§|k§pgﬁp§ﬁfln to olefin molar ratios used 1is

in the range of 1 to 10. For an IL alkylation process the

isoparaffin to olefin molar ratios used are preferably

above 20 or even above 100.

15 Therefore the present invention also provides a
method for revamping an HF or sulphuric acid alkylation
unit to an ionic liquid alkylation unit, wherein the HF
or sulphuric acid alkylation unit comprise at least:

- a reactor unit for contacting catalyst and hydrocarbon

20 reactants;

- a separator unit for separating a reactor effluent
into a catalyst phase and an alkylate-comprising
hydrocarbon phase;

- a fractionator unit for fractionating the alkylate-

25 comprising hydrocarbon phase into at least one stream

comprising alkylate; and

which method includes:

- providing one or more cyclone units downstream of the
reactor unit to separate at least part of the reactor

30 effluent in a catalyst phase and a alkylate-comprising

hydrocarbon phase.
The present invention relates to a method for

revamping an HF or SA alkylation unit to an IL alkylation



WO 2011/ 015664PCT/ EP2010/ 061515 - 4 - unit. Reference herein to revanping
is to nodifying or adapting an existing unit or process |ine-up designed
for oper avongiisg@eci fi c process, such that it is suitalpce/dresroopsnati ng
anot her process. The obtained IL al kyl atigon 5unit is used to produce

al kyl ate by reacting an isoparaffin with an olefin in the presence of an IL
catal yst under .al kyl ati on conditions. TyeicaL | L al kylation conditions (or
process condPPFSns%egﬁéeEHS SR 1Ph&Cart Y Hher8by Si oW PPLbE L8FpPéci at ed

that actual }Qgpernati gnabxpeecesse9rditi gRec-ase anpaguet heks qdeperdent of
t he exact conposition of the reactants and catal yst. The "t enperature

in the react ePednittnigs apseferably PraceRe r aige &hafr m 120sU6t200€, nore
preferabl y in the cange of fromQ 19.80C. hopever Lhe tenperatyne mst be

15hi gh enoug nsurée th ionirc TiquidisTiniits [iqu
To suppress vapeouidsf asgdt tonpirodihe seagtare bherprocess ks perforned under
pressure, preferably the pressure_in the reactor is in the range of from

0.1 to 201.61FPR2TALIINTHA LY Ryl LFOATPrEcESS REFSEECE SénPlcohti nues or

continuous pra¢essstTYRheal by x hhe bsopanakitiBniss applisghutane or an
i sopentane and thé olefin is an olefin conprising in the range of from2 to

8 carbon at omg kydeie o25ppefietabhy dbrf powcdssocéndatbonsat eme, keven nore

preferably 4 or carbon_at ons. Exanpl,es,of suitabl | efins _include,

D opene. 1- bifeise 3 But 48 oFYobit GReL PopaRbare “efenraheactat

2- met byl - 1- bubenreridnaet bybetssbdbede ridnegebhyl az2obyt eneer30bBpandeht

al kyl ati on process, fresh isoparaffins and olefins are supplied to the
process in aCholtaf FERCS, CRAPER 1its Opr efelraBl yeECoPRiSgREr, canadltypi-cally in

2851;822262LC;;EE%%i%F%.f%%g%meWQ%etE%eE%% Qb% %h%tt952%i%fer@91y in
the range of from -20 to 100°C, more preferably in the
range of from 0 to 50°C, however the temperature must be

15 high enough to ensure that the ionic ligquid is in its
liquid form.

To suppress vapour formation in the reactor, the
process is performed under pressure, preferably the
pressure in the reactor is in the range of from 0.1 to

20 1.6 MPa.

The alkylation process may be a semi-continues or
continuous process. Typically, the isoparaffin is an
isobutane or an isopentane and the olefin is an olefin
comprising in the range of from 2 to 8 carbon atoms, more

25 preferably of from 3 to 6 carbon atoms, even more
preferably 4 or 5 carbon atoms. Examples of suitable
olefins include, propene, l-butene, 2-butene, isobutene,
l-pentene, 2-pentene, 2-methyl-1l-butene, 3-methyl-1-
butene, 2-methyl-2-butene.

30 In an IL alkylation process, fresh isoparaffins and
olefins are supplied to the process in a molar ratio,
which is preferably 1 or higher, and typically in the
range of from 1:1 to 40:1, more preferably 1:1 to 20:1.



5 - In the case of continuous reaction, the excess isoparaffin can be
recycled to the reactor unit by recycling one or nore

i sopar af fwo-200mpséesi ng streans. Reference herein bel ow toTdwessissam i s to
the 5direction of the fluid flow path foregm_the reactor unit to the
fractionator unit. Reference herein upstreantis to the opposite direction,
i.e. fromthe fr ctlonator unit to the reactor t. Existing HF and SA

al kyl ati on unift $"€ofprfsé aFOP§é§Fofﬁar?§§598P'uﬁ f&F<Eant acting the

reactants w thobheagatal yah. pkheckgagtar tunichepreterabl yncempki ses at | east
one reactant inlet and at |east one reactor effluent outlet. Preferably,

the reactor Uricycaiseg @eﬁppﬂs@@retlseeeﬂaéﬁencgpapyselmgleﬁreAmeyp|cal
reactor unit pro&k%%rgt%%nh%%%pgugéioalﬁ%l%tk %tr%l 1% a 5093 %alled Stratco

contactor. In e at co cont actor, the rocar bon reactants are
i nt roduced |dﬁ@eamluﬂsbapedereaendrfﬂbwu@athOerathhbogebhebrwmhhtthe
catal yst. For HF al kylation typical reactors include e. Stratco

contactors, §P&VIEFC30E1PEAEatPEn - r§§é?6€§cﬁnaeéﬁﬁpsPBﬁ%Feé@téﬁsto

Ceneral |y, cegling tubes anecprowhded ibn theqreaet or jtkuid flhow,path to
remove the heat generated by the exothermic al kylation reaction.

Al ternativel yo ¢belmﬂ90¢9rapph¢ed to the acid recycle stream The effluent

f the 25react t t f t hyd bon ,ph th
at tor compri st nd A ATy AL € and uAreSetod FeALar & b edomRantry .

isopapaffin. a reacthe ehfikuent ebnthetrieactae ueette&t@omﬂahlyherOVIded to
a separator unit to separate the reactor effluent into 30a catalyst phase

and an al kyl &8&2¢8Rpri SPhRgTRYEE6EalrBolk PraserapLef €PERIY SSEhé tséparat or
uni t Conpr'S%ﬁeaEea%%ﬁhFOQ%lb@lghd %Xph%ékkyokgrr%@%to?a%%?ﬁuéwg uent or a

stream gener at ed there from an | east one cat al yst p ase
2011/ 015664PCTLER2010+66253851y,6the reactor unit also comprises at
least one catalyst inlet. A typical reactor unit provided
15 in sulphuric alkylation unit is a so-called Stratco
contactor. In e.g. a Stratco contactor, the hydrocarbon
reactants are introduced into an U-shaped reactor fluid
flow path together with the catalyst. For HF alkylation
typical reactors include e.g. Stratco contactors, gravity
20 circulation reactors and emulsion reactors.

Generally, cooling tubes are provided in the reactor
fluid flow path to remove the heat generated by the
exothermic alkylation reaction. Alternatively, cooling is
applied to the acid recycle stream. The effluent of the

25 reactor unit is a mixture of catalyst and a hydrocarbon
phase, the latter comprising an alkylate and unreacted
reactants, predominantly isoparaffin.

The effluent of the reactor unit is normally provided
to a separator unit to separate the reactor effluent into

30 a catalyst phase and an alkylate-comprising hydrocarbon
phase. Preferably, the separator unit comprises at least
one inlet, typically for the reactor effluent or a stream

generated there from, and at least one catalyst phase



outl et and at | east one al kyl ate-conpri sing hydrocarbon phase outl et.
The separator unit serves to separate the effluent of the reactor unit into
an al kyl ave2o0nmpséssi ng hydrocar bon 5phase and a cat al ystcphkes@o/obrse$ er abl y,
the separator unit used in the HF and SAglkylation units to be revanped is
a settler unit. Due to the low affinity of the HF and SA catal yst for

hydr ocarbons, the two phases separate_readily under the |nfluence of
gravity. 10R@P§ﬁ§ﬁc§nﬁe?§iﬁeﬁﬁtao§§t@ﬂ%?ﬁﬁﬁﬁfcpgpFﬁséﬁ§ b¥8§P§€6 ®lnit that

separ ates twgphisguicdcphases under the influence of gravity. Actually, HF,
SA and IL catalysts all have a density, which is higher than that of the
hydr ocar bon phasé&het serefraite 1t e lite setroe seftfol weme riag <t ypiec &lfly uessepdr at ed

in the Sett'%&eiQe%%t%ep%ri@yqr%%a%RO%1&“%%%e@%%m%rE%W%5 %a%%'%éEPBQase- In
case of SA al'kyl ation, ca alysp phase regycle means —are “provi de 0 recycle
SA catal yst bhaget badset thenlysitt phasthe predetrablyni theTypbaaklyr to

mai ntai n 20catal yst activity, part of the SA catalyst is renoved fromthe

y
process as spent £a€dl y&t LaRkdifr 88A SA @akylyst of's Uaddéd tPoPReep cat al yst

llevel s and actiMibkd ALAGE settler LRA1EASEUR! tBFakkybat ber,ithe HE catal yst
is regenerated and recycled to the process for reuse. For 25this reason, an

HF al kyl ati onhenf' eonpEisestedtvaltysorphaseocechone, mtans tvo peeypele t he HF
catal yst, conbined ,a sep tgte rggen%hatLog [N bothtSA as HF

al kyl ati on, Fﬁgaﬁﬁﬁﬁlﬁﬁg-& Hpt'i'SThg “Aydrd %PSSﬁepﬁgngaﬁﬁigh was obt ai ned
in the settl eefksendBaheleast tbnapaetiprovindedikota bhackkpaatobrunit to
obtain the retrieve the alkylate. The fractionator unit preferably

conpri ses at UPéasthafe SEPRYPAEE- EURPLILSIAG RYdE6€atheR T phasSe 1PALEENCPhe

fractionator gynit ;Y0 2011/,015¢64R¢T/ BR2010/ 613131 y4ts a1l have a

density, which is higher than that of the hydrocarbon
phase, therefore the reactor effluent is typically

15 separated in the settler in an upper hydrocarbon phase
and a lower catalyst phase.

In case of SA alkylation, catalyst phase recycle
means are provided to recycle SA catalyst from the
settler unit to the reactor unit. Typically, to maintain

20 catalyst activity, part of the SA catalyst is removed
from the process as spent catalyst and fresh SA catalyst
is added to keep catalyst levels and activity intact.

In case of HF alkylation, the HF catalyst is
regenerated and recycled to the process for reuse. For

25 this reason, an HF alkylation unit comprises catalyst
phase recycle means to recycle the HF catalyst, combined
a separate regeneration.

In both SA as HF alkylation, the alkylate-comprising

hydrocarbon phase, which was obtained in the settler is,
30 at least in part, provided to a fractionator unit to

obtain the retrieve the alkylate. The fractionator unit

preferably comprises at least one alkylate-comprising

hydrocarbon phase inlet. The fractionator unit,



typically, conprises one or nore distillation sub-units, including for
instance a main fractionator (also referred to in the art as iso-stripper),
an aci d swoizppansend/ or a depropani ser. 5Fol | owi ng the fcasrhawatison, the
obt ai ned al kyl ate may be used to prepare-avgas or as a bl endi ng conponent
for gasoline. The hydrocarbon phase may al so conprise significant anounts

of unreacted isoparaffin. Preferably, such isoparaffin is at |east partly
recycl ed bacEYP6C9ﬁ2Y10F8§€F6§e§nPP? raMa T or ovitded 1AEAAg £OP FELYEli ng

i soparaffin fipem,bheqf ract igatareuni hatia trthecteactebr Ghhen hydeecagbon
streans may al so be obtained by fractionation of the hydrocarbon phase,

such a npar aftpi anc6hpr Bsitngssteeamtribbrrexi et agiHFsor 18/l kyplddiron units
nmeans are prg%ggﬁ aEQS%IIOM/the reactants and catal yst to enter the reactor
and to provide reictor effluent to the separator unit and subsequently
t he abkyl at e- comprilsiond nlay dhec d&rhen iphase ohg tthe bbactinedatakylrite. It is
not 20necessary to pass the reactor effluent directly fromthe reactor unit
to the separ 38dr PEnPEEIThE PESBESGFE FFPGeRE ARy 2uRdEFEoPnterRredrate

treatnent such, ag,ce0hihng ohcheating iBoa Beakcexchanger. ~The sage applies
for the al kyl ate-conpri sing hydrfocarbon phase being provided to 25the

fracti onat or saght fiTypitcaloynta Plifuind rekbowefll aisdrblrewipat. h Prefetrhely,
react ants, products and tal yst i s, created provi di.n ans. to_introduce
et ant s andUCHy ARSERTrS 2F Re L ebs JPOan PaTPATaGRLE LR REaRe the &5 oot fog
to provide reaegtebrefihlident itr amet-be iveacternef ffowertcoutiliet; 300f the

reactor unit to the reactor effluent inlet of a separator unit | ocated
downst r eam f F6RPERE TEéacEePTURPE THaCha ORRPGPE PRow P&t RReArs6CtREans are

provided to prouide Lkyl.at ezcanpri sing hydr gearben;phase. fromthe WO
2011/ 015664P ?E520f§?8%f51§ - E - aFkyF tg-conprigpnglﬁy r odar bon phase
outl et of thérsepavatanouniott tbet hgdabkylrabve- pbapel, sisnghhywdnecar bon phase

inlet of a fract%&nator unLt.IocaEed downstream fromthe separator unit in

the fluid fl 8% path and"bcatalyst “phidfe recycl e means are provided to

recycke In existing HF or SA alkylation units means are

provided to allow the reactants and catalyst to enter the
reactor and to provide the reactor effluent to the
separator unit and subsequently the alkylate-comprising
hydrocarbon phase to the fractionator unit. It is not

20 necessary to pass the reactor effluent directly from the
reactor unit to the separator unit. The reactor effluent
may undergo intermediate treatment such as cooling or
heating in a heat exchanger. The same applies for the
alkylate-comprising hydrocarbon phase being provided to

25 the fractionator unit. Typically, a fluid flow fluid flow
path for the reactants, products and catalyst is created
by providing means to introduce reactants and catalyst to
the reactor unit. In addition, means are provided to
provide reactor effluent from the reactor effluent outlet

30 of the reactor unit to the reactor effluent inlet of a
separator unit located downstream from the reactor unit
in the fluid flow path. Also, means are provided to

provide an alkylate-comprising hydrocarbon phase from the



catalyst fromthe settler unit to the reactor unit. lonic liquids are
known in the art for their ability to catal yse al kyl ation reactions. The
cat al yst weediiinsdshe present invention is a conposite i @or®PRIGOsTH15
10conprising cations derived froma hydrghal i de of an al kyl -contai ni ng

am ne, imdazoliumor pyridine. Preferably, the cations conprise nitrogen
at ons, which ﬁ%e saturated w.th r sub t|tu there is at

| east one hy@r&yéh tar 6MMRAd SORE V PcﬁF Gp. P ﬁ@ f@gﬁ@ge nge t he al kyl

substituent ikscat-askeastingnersekect adifnamerebhyl i sehByhydapbepybonbut yl,
anyl, and hexyF groups. Exanpl es of suitable cations include

triethyl -ambhiegm (NEE3HPY and raethyhatdirethylc- é@ﬁeﬁednﬁ@ypﬁeﬁeamweNEt2H+)
or 20The anlogﬁ_gketg% gQ%SIt% EOHIC quﬁl d; relgrefg ﬁdaluninium
I"ds 3 erab y i ni

based Lewi s acC trcarar Al udi nicdm hal | al um ni um
(|||)5ch|or|detaDgettbeahegheagbdetmeehstbeeabuewmdedlebl@ebgelbemjs acid
it is preferred to conbine the alum niumchloride, or 25other al um ni um

hal i de, withCat8e¥snd 6PTnbPE RECANSRalNdé, toulFpRar&361CRi tRafe to form a

coordinate ani on, o\ %Q%%ﬁ%%5%@%P§E6%829%0E%%1%%% B thidiparkiiqgylgr a

coordi nate anion derived fromtwo or nobre netal halides, wherein at | east
one netal halticdeaits lascakbdiivdiptnohalriedet 18nist.aBhe ﬁamahestneseﬁ hal i des,
sul phates or gﬁtrates ected from halides I hates or nitrates

5
o e il BB TRt b e EPP R e B BB O o e

Periodi ¢ Tabkemp&iedpgl LBtebereats iotdt eokeki agideohabliacand thansition
el ements of the Periodic Table. Exanples or suitable netals include copper,
iron, zinc, RiLEKErCogsBARENI16BRFhdeRGAE 26, 1PMatnBm: 1PLefer abl y, the

nEtal halide%referably, the cations comprise nitrogen atoms, which
are saturated with four substituents, among which there
is at least one hydrogen atom and one alkyl group. More

15 preferably, the alkyl substituent is at least one

selected from methyl, ethyl, propyl, butyl, amyl, and
hexyl groups. Examples of suitable cations include
triethyl-ammonium (NEts;H') and methyl- diethyl-ammonium
cations (MeNEt,H") or

N
|
R

20 The anions of the composite ionic liguid are
preferably aluminium based Lewis acids, in particular
aluminium halides, preferably aluminium (III) chloride.
Due the high acidity of the aluminium chloride Lewis acid
it is preferred to combine the aluminium chloride, or

25 other aluminium halide, with a second or more metal

halide, sulphate or nitrate to form a coordinate anion,



sul phates or nitrates, are netal halides, nore preferably chlorides or
brom des, such as copper (lI) chloride, copper (I1) chloride, nickel (1)
chl ori de,woron/qisde chl ori de. Preferably, the nolar ratipoT@EP241l0@6B18M ni um
15conpound to the other netal conpounds igh_the range of from 1:100-100: 1,
nore preferably of from 1:1-100:1, or even nore preferably of from
2:1-30:1. By .usi coordi nate anion conprisin | um_ni um and anot her

ing a .a
netal, an inﬁPoPégtéFE Fat & prod &PaﬁﬁyaBéOGbgﬁgﬁgﬁg ATREt k88 26f BPTe

preparing sugBigat ahyskekss LakrbAst ancecdescohbedein1Up4289698s an
Particularly preferred catalysts are acidic ionic liquid catalysts
conpri si ng aadvordiinat 8aaniden deriteedef fomtakynivaitad( heLLdekl ori de and

copper (11) chl,gpfdecar .al yminbuCl ! 1) chloride and copperh) 2achl ori de.
In the nethod a corglng t o the présent invention cyclones are provided to
separat e thesneabboesebll uentratks odr ment1HFsen cSAcal kybat itbr yrioh®,

settler units are provided to separate the HF or SA catal yst and the
30hydr ocar boff°pRasé {fPomtt fErRadbof lerenientt B8ePngethedesi dePhG settl ers,

designed to sepapatepHE)@mSASf LeMArdbacarhons rohoL separatihaghbycatal yst
and the al kyl at e-conpri sing hydrocarbon phase fromthe reactor WO

2011/ 015664 PETLERP2080,061585 Peri@diceffibdent Eabterd esherHEuataBAeal kyl at i on
unit has been revanpe and |L alkylation unit resu in several

indesi red et TEEE4e TRCIUAPnG PEFAr g6 Shet PaP gl dnes andotrdsei rable | ar ge
5i nvent ori esmefl ybidauef, ed vl bght iAydr ocacBersbhydr agar hemrs 1due 1t aehi, gh
hydr ocarbon recycle; carry over of catalyst to downstream hydrocarbon
treating equﬁﬁ#@ﬁﬁ?es or nitrates, are metal halides, more preferably
chlorides or bromides, such as copper (I) chloride,
copper (II) chloride, nickel (II) chloride, iron (II)
chloride. Preferably, the molar ratio of the aluminium
15 compound to the other metal compounds in the range of
from 1:100-100:1, more preferably of from 1:1-100:1, or
even more preferably of from 2:1-30:1. By using a
coordinate anion comprising aluminium and another metal,
an improved alkylate product may be obtained. A method
20 for preparing such catalyst is for instance described in
US7285698. Particularly preferred catalysts are acidic
ionic liguid catalysts comprising a coordinate anion
derived from aluminium(III) chloride and copper (II)
chloride or aluminium(III) chloride and copper (I)
25 chloride.
In the method according to the present invention
cyclones are provided to separate the reactor effluent.
In current HF or SA alkylation units, settler units are
provided to separate the HF or SA catalyst and the
30 hydrocarbon phase from the reactor effluent. Using the
existing settlers, designed to separate HF or SA from
hydrocarbons, for separating IL catalyst and the

alkylate-comprising hydrocarbon phase from the reactor



contam nation of al kyl ate-conpri sing hydrocarbon 10phase, resulting in

of f-spec products; formation of hydrocarbon-catal yst enulsions in the
settler, woultiip@4i n operati onal problens for settler Ilperar2€0n61503 ;
decreased catal yst rejuvenation regenerafphon 15effectiveness, both in terns
of capital cost (larger equipnent) and effectiveness of catalyst activity

recovery due tqg_the inclusion of a larger fraction of alkylate-conprising
hydr ocar bon 6ﬁ§§€epﬁ @ﬁ@eéaFgPygg.o?hé e?&&éiaFﬁophBDﬁEtﬁéﬁ €€Brding to

the inventioneBhbear t8Aaabkyhatii@yiuriibnt anbe hﬁ?a%g%glﬁr%ke%@QEXal
conprises as the separator unit, a settler unit. I'n the nethod according to

the present bndentiren gfépgecltene luniltdiiagpr ovi ded downstream of the reactor

unit and nmeans are provided to provide at |east t of the reactor
effluent 25t0 tHeF &5 ciOnel thi Y1 6reh e & Separ st o T1°Re catal yst phase

and hydrocar bon phases r sd ngr a1 Lyed oned unidhi thySrpessidhe to separate the
reactor effluent into a | ower density effluent conprising predom nantly an

al kyl at e- conmpritSTFRC RO af bt hasE andl e P ghet TRMSTtSs 30 ef fl uent

predom nantly conprising an-.acidic ionic Liquid catalyst phase. The cyclone
uni t may corrpricsae@rc%eméerqr F eyt Bhe %%bcﬂ%“ﬂfil %rei%mgqe%reosé.)a reterably, the
cyclone unit cotmpsdisesy onguOsmddf € hydro-cycl ones. Reference herein to WO
2011/ 015664PCT/ EP2010/ 061515 - 11 - a hydro-cyclone is to a cyclone

desi gned for -t heosleparzatom of £ viak ler Lyl @wel bowl g Xt Yt escamNpy®e pref erabl y,
th I i ' dr o- | i
e fMC one umﬁgk%%ggprfgggle%%?% O{n n(pf _&Eyé:é pr%édtfi@ yaro-cyclones 1 n

series, wherei e 1 ow y predom nant a ‘at e- conpri si ng

hydr ocar bon phasereffiaentsr ofydhe-{ivst-dhydresy) eyl onesns provigled to the
next (hydro-)cyclone. This allows a further enhancenent of the separation

bet ween the 1L tRitalsst phaset el 1hePRi/hR okt bbrP phasans Pref evabt 4T t he

one or level control;

- decreased catalyst rejuvenation regeneration
15 effectiveness, both in terms of capital cost (larger
equipment) and effectiveness of catalyst activity
recovery due to the inclusion of a larger fraction of
alkylate-comprising hydrocarbon phase in the catalyst.
Therefore, in the method according to the invention
20 HE or SA alkylation unit to be revamped preferably
comprises as the separator unit, a settler unit. In the
method according to the present invention a cyclone unit
is provided downstream of the reactor unit and means are
provided to provide at least part of the reactor effluent
25 to the cyclone unit to enhance separation of the catalyst
phase and hydrocarbon phase. Using a cyclone unit it is
possible to separate the reactor effluent into a lower
density effluent comprising predominantly an alkylate-
comprising hydrocarbon phase and a higher density
30 effluent predominantly comprising an acidic ionic ligquid
catalyst phase. The cyclone unit may comprise one or more
cyclone sub-units in series. Preferably, the cyclone unit

comprises one or more hydro-cyclones. Reference herein to



10nore cyclone units are provided in addition to the existing settler unit.
Preferably, the one or nore cyclone units are provided upstream of the
settl er uwobommdseseans are provided to pass the | ower degsiBEPY010/061515
predom nantly al kyl at e-conpri si ng hydrocaf bon phase 15effluent fromthe
cyclone unit to the settler unit. By conbining one or cyclones with one or
nore settlers Focated d mnsttean1fron1a5 | east oqne of _the ﬁyclones, t he
i oni ¢ |iqui d% PAGEPGRYFACPEWer densdi £y Clpredertrantry Tark &t e- conpri si ng
hydrocar bon phaseaefibhuent yaRy be,20Lewered evenuf-ust her By subjecting the
| ower density, predom nantly aIkyFéte-conpr|S|ng hydr ocar bon phase effl uent
to a further pphysicedll vsepacativen onceanmentomArikegghivoaosetolrér unit may be
relatively |ar in_valu conpar to e.g. .cyclo i, f ettler unit is
25 Used downet PSS Ok cyetonesunireS pele st e ol Sr eI BEVRAYS an
advantage asdtheiset bredomiintinwill/] abeynuek-soablkesithhahyvarsebirtbenh unit in a
conventional process, which is used to separate the reactor effluent. The
hi gher densi Pyeeff Bhénteaf Che tefcians tudiry X030 CHRileRScorpPireds ded
predom nantly catal yst +pPhaser.canLenecyehed to1the Leagtehounit,
optionally after being conbined with catal yst phase obtained in the settler
unit, if presehencépenonalfl yhet worerampre bgtlepestbri f$ cAWOalyst
2011/015664PC£/EP201 /2§15é5d_ 12 - canhbe apgligd ig%gar lel to increase
the capacityP Thes& parifl B IEYEFGRES BRPES cah SBE E0M nbdSi R Sefifes with
one op nore settl efslohd bhgwkeale arbBydrecanboadaixtynheoc@mpri sing ol efin
5and isoparaffin is provided to reactor unit 100, e.g. a Stratco contactor,
via conduit E&1§tiadpipéyleasunikrobgkireablant thAl 611107, MCaEal yst, SA or
IL, is also i-ded r.e 0 I; 0 r h_.co i nd cat al yst
i et 113 1B eRetor Ot 600t he Rydr Bear ban xtdre Tond caralyet are
cont act ed unded akkykatirenpcondideidons. piksotgk Aeaectrodecebfityent outl et 114,
a reactor efflugnt.congrisin% 3a§aL§st and.héd%o%arbong is wthdrawn from
reactor unit PIGOCERESGHY PedYvirE ScORERIt 5118 PELEEArEP URPESE20 ¢ hr ough
reactor effl uemtvenketrrd22cnkncgetibher uhsunict %3@,s@ﬂt@b&yhaﬁezcggprising
hydrocar bon phase and a catal yst phase separate under influence of gravity.
The hydr ocar BORPPRASE PEeWCEhEVEWRNEFOMISEpANEt OF TRIE B2OTVrEs
al kyl at e- conpr.i.si r.bon se.oytl d.pro
fractionato?ﬁﬁﬁ?#g%zggghgggg %ng %i?tlggagkd%%% B e %5g§gngg, the
ionic liquid fraction in lower density, predominantly

alkylate-comprising hydrocarbon phase effluent may be
20 lowered even further by subjecting the lower density,
predominantly alkylate-comprising hydrocarbon phase
effluent to a further physical separation treatment.
Although, a settler unit may be relatively large in
volume compared to e.g. a cyclone, if a settler unit is
25 used downstream of a cyclone unit, the invention still
provides an advantage as the settler unit will be much
smaller than a settler unit in a conventional process,
which is used to separate the reactor effluent.
The higher density effluent of the cyclone unit,
30 which comprises predominantly catalyst phase, can be
recycled to the reactor unit, optionally after being
combined with catalyst phase obtained in the settler

unit, if present. Optionally, two or more cyclones units



20al kyl at e- conpri si ng hydrocarbon phase inlet 133. Fromthe bottom of
fractionator unit 125, an al kylate-conprising product is retrieved through
conduit M86.20filasahkyl at e product can for instance be uwet/Hpesiofosshs

bl endi ng purposes. Additionally, an isopgsaffin product is 25retrieved from
fractionator unit 125, which is recycled via conduit 140 to becone part of

t he hydrocarbon g%xtur ,ig_conduit ioz. Q her hydrocgfbon-co rising
streams (not C&RofR) “REy 18Fsd hBFatrFeved FPGAFFPECtonaEBACTSE . The

catal yst phasgcke wht-hdnawnchrophsepanatar cURi He30128ihhroughseatakyst
phase outlet 143 and can be recycled via catal yst phase recycle conduit 145

to reactor umiith100e Arspeme egtilygss.fraction may be withdrawn fromthe

WO 2011/ 015664PCT/ ERP2010/061515.- 13 - process.via C i.t. 150. Addi.tional
fresh oatalvst CaR e brsviaed fy TosaeRrtomie ik via i aire gas i O
Fi gure 2A, aasschematdsc afepmnesentatovaridss t@ reacafora udA tallkyl,atd.en wnit as
described in Figure 1, which was 5revanped using the nethaod according to
the i nventi o, - &G g 2 Tond 1@nicCNis 15t dFi-Fed Shé&wSan e HE4ANE: uni t

and separ at or Uity o N Fic@ung 22Acthe J8actser osf friruents i.s pr %\i’io%@e‘@ a
conduit 115 to cyclone unit 505. The l'ower density, predom nantly
al kyl at e- conpoi sierg th@hydridc drlforth rphvade domomitthe 18y elnohe admilty sits provi ded

to settler unit 12 ia._conduit 510. .Th i gher density, .predom nantly
ot alyst - phaddSts 13 ov i ded TS Tkt et HLkyerE ESnTAEERS I g ol t
515. 14 nore delrided 1repr esentainter tefd anprssidilke 1eyalone cuniitt i20%.i s gi ven
in 15Figure 2B, wherein reactor effluent enters first cyclone sub-unit 550

in cyclone ufitroBE8 Vicd COidGiTtt LEES.E Phie Isdwer! dderdsittey Pivds € Tied o i r st
cycl one sub- %‘WP{Q%@Q & gonduit 555 1and JS o\ ded #i%h%ﬁ%%ﬁld G¥Gl one

sub-unit 560 fo urther separation of catal yst phase fromthe
20al kyl at e- compratsimgriydriddarnon spipgde.cdAviewerondengi tly> to settler
al kyl at e- conpri.si

ol kylate_comprsl 19t ocas bon pliase iiLs. 3ecand cxcl ons subiuynl, 860 via
phasesi s obt aimed 1200makoth Kyl Cyelane isp tiyiirdo 22 AN rseeontd a
catalyst phase separate under influence of gravity. The
hydrocarbon phase is withdrawn from separator unit 120
via alkylate-comprising hydrocarbon phase outlet 123 and
provided to fractionator unit 125 through conduit 130 and
20 alkylate-comprising hydrocarbon phase inlet 133. From the
bottom of fractionator unit 125, an alkylate-comprising
product is retrieved through conduit 135. The alkylate
product can for instance be used for fuel blending
purposes. Additionally, an isoparaffin product is
25 retrieved from fractionator unit 125, which is recycled
via conduit 140 to become part of the hydrocarbon mixture
in conduit 105. Other hydrocarbon-comprising streams (not
shown) may also be retrieved from fractionator 125.
The catalyst phase is withdrawn from separator unit
30 120 through catalyst phase outlet 143 and can be recycled
via catalyst phase recycle conduit 145 to reactor unit

100. A spent catalyst fraction may be withdrawn from the



25cycl one sub-unit 560 via respectively conduit 570 and 575 and nmay be

provided to catal yst recycle conduit 145. Where figures 1 to 2 refer
to a SA avbybatdiissssunit, it will be appreciated that thecsareodnsasings
coul d be used to represent an HF al kylat{en_unit. 30Exanpl es The
invention is illustrated by the following non-limting exanples. WO

2011/ 015664PCT/ EP2010/.061515 - 14 - Exanple 1 _In order to _show the
ef f ect i venes&IGS3Si P(daacﬁpéiu&ﬁeﬁrg@ 's@%ﬁjrl&tlémta‘rjrer}r@é P RIS re P &her

than a convepliQn@le Seld et Samle 1eactiar eifduent,sssconprising a
m xture of hydrocarbon reactants and products and ionic liquid catalyst was
separ at ed usi ng ancycloowe. 22, a sThernsamsl &c<peactortagfiinuant Jeompr icses

hydr ocar bons _a iqQni.g li.quid catalyst in.a vol. ratio-.of 1:1.05 _ 10The
operating ter?pg%ata&rké/cl\%s}%?rlaiun l% %e% dﬁgtcﬁé%ﬁdgd%g%&ggﬁé alrid "t l]eChOE)Né’jrSati ng
presshre was riaftcaidned ibet ween n.thddo a0 dRang Tthe urexiimvanftaech,r at e of
sanpl e reactor effluent to the cyclone was 2 nB/hr. In a first run, 40vol %

of the sanpl &¥é&dtor P& PNTent Was S SMVeVEd &8 GREr théndispytor

predom nant |y, glikyhat @-comrisi ng 1Ry drecaribone phasene reactHie remaining
60 vol % of the sanple reactor effluent was retrieved as higher density,
predom nant | e fddtuanysti,s phaseded via conduit 115 to cyclone unit 505.

The lower density, predominantly alkylate-comprising

10 hydrocarbon, phase from the cyclone unit is provided to
settler unit 120 wvia conduit 510. The higher density,
predominantly catalyst, phase is provided to catalyst
recycle conduit 145 via conduit 515. A more detailed
representation of a possible cyclone unit 505 is given in

15 Figure 2B, wherein reactor effluent enters first cyclone
sub-unit 550 in cyclone unit 505 via conduit 115. The
lower density phase exits first cyclone sub-unit 550 via
conduit 555 and is provided to second cyclone sub-unit
560 for further separation of catalyst phase from the

20 alkylate-comprising hydrocarbon phase. A lower density
alkylate-comprising hydrocarbon phase exits second
cyclone sub-unit 560 via conduit 565 and is provided to
settler unit 120. A higher density catalyst phase is
obtained from both first cyclone sub-unit 550 and second

25 cyclone sub-unit 560 via respectively conduit 570 and 575
and may be provided to catalyst recycle conduit 145.

Where figures 1 to 2 refer to a SA alkylation unit,

it will be appreciated that the same drawings could be
used to represent an HF alkylation unit.

30 Examples

The invention is illustrated by the following non-

limiting examples.



20The | ower density, predom nantly al kylate- conprising hydrocarbon, phase
conprised: 95.5vol % of hydrocarbons; and 4.5vol % of ionic |iquid,

based on wbeovalissse of the | ower density, predom nantlyPCT/EP2010/061515

25al kyl at e-conpri si ng hydrocarbon, phase;s - The hi gher density,

predom nantly catal yst, phase conprised: 17.7vol % of hydrocarbons; and
82. 3vol % of ionic li CILii d, 30based on the volune of the higher density,
predom nantly . phase. Usi ng one separator approximtely

79v01% of the hydracarhons. ard aiRal Iohpraviddad Jdhdhe sanplie g gactor WO
2011/ 015664PCT/ EP2010/ 061515 - 15 - effluent were recovered in the | ower
density, predaydiamd ytaaldepaated-<c oMy irsiasy iy driddardyon, rapiigge.than a |n
case the | ower_ densi.t.y re i-nant | | kyl at econpri si rocar bon, phase
is further trecé)?lé]%rlltrlldél uﬁsocipel%rﬁqse tﬁ%e uenirte,"jctng‘rp?eIl sﬁfrz}gu%}ﬁda\/ol umre of the
settler unit icHmpiiyidPo0miaxtsetd | Hymirtodisedri o sepamatse driie whol e
reactor effluent. In a secand run, the sanple reactor effluent was
separated int &R AT ad3éin§1'ctr&1,c Hfjéﬂjdfﬁ r%%ﬁtallwseﬂ msatsgparfgegoﬁ;&qng 17y
hydr ocar bon, rgg/%sl%r%nd a higher density, predom nantly catal yst, phase
using two separation steps. The obtained separation results are bel ow.
The sample reactor effluent comprises hydrocarbons

and ionic ligquid catalyst in a volume ratio of 1:1.05.

10 The operating temperature was maintained between 30
and 50°C and the operating pressure was maintained
between 0.1 to 0.5 MPa. The maximum feed rate of sample
reactor effluent to the cyclone was 2 m’/hr.

In a first run, 40vol?% of the sample reactor

15 effluent was retrieved as lower density, predominantly
alkylate-comprising hydrocarbon, phase.

The remaining 60 vol% of the sample reactor
effluent was retrieved as higher density, predominantly
catalyst, phase.

20 The lower density, predominantly alkylate-
comprising hydrocarbon, phase comprised:

- 95.5v0ol% of hydrocarbons; and

- 4.5v0l% of ionic liquid,
based on the volume of the lower density, predominantly

25 alkylate-comprising hydrocarbon, phase.

The higher density, predominantly catalyst, phase
comprised:

- 17.7vol%s of hydrocarbons; and

- 82.3vol% of ionic liquid,

30 based on the volume of the higher density, predominantly
catalyst, phase.

Using one separator approximately 79vol% of the

hydrocarbons originally provided in the sample reactor



50 vol % of the feed. i.e. sanple reactor effluent, to the centrifuge was
retrieved as a, |lower density, 15internedi ate phase and the renaini ng 50
vol % as hwohery/dssssity ionic |iquid phase effluent. ThepcwmErrom@dssie phase
conprised: 93. 8vol % of hydrocarbons; angds 6.2vol % of ionic |iquid, 20based

on the volunme of the internedi ate phase. The hi gher density,
predom nantly catal yst, phase conprised: 90.0vol % of hydrocarbons; and
10. Ovol % of i Gitc UG dui"E - 25 E 6 the WG diSof G976 Higher density,

predom nant |y (GalRdstan tARASE ky1 ate-cHA® ARLgINed d iRl ats phase was
retrieved as an internediate product and subjected to a second cycl one
separation step. DUt g sehehsedont o @srend ¥separestidmnoma3isitve g 1 X883 of t he

i nternedi ate phase .was retrjeved.fromthe cycl ane .as, Lighter, density,
hydr ocar bon pﬁgggre%n@e%tydarr%aﬁ?gnr’e%ll%rﬁenglSl%%vrot]%o%roft%éé:eldntlenr redi at e
WO 2031/ 015664RCHERZD HYAG L1 hiri t1,6 thephase was wetunieevwed tas: adtitgher
density phase effluent, also referred to a (an)other effluent. The
| oner densi ty,Uprtedeniant 149 SalKy 1Batseddms Sig MR o dar R fitssehe
conpri sed: 5- 98, Aol %01t Sy dracaybans; and

In a second run, the sample reactor effluent was

separated into a lower density, predominantly alkylate-
10 comprising hydrocarbon, phase and a higher density,

predominantly catalyst, phase using two separation

steps. The obtained separation results are below.

50 vol® of the feed. i.e. sample reactor effluent,
to the centrifuge was retrieved as a, lower density,

15 intermediate phase and the remaining 50 vol% as higher
density ionic ligquid phase effluent.

The intermediate phase comprised:

- 93.8vol%s of hydrocarbons; and

- 6.2vol% of ionic liquid,

20 based on the volume of the intermediate phase.

The higher density, predominantly catalyst, phase
comprised:

- 90.0vol%s of hydrocarbons; and

- 10.0vol% of ionic liquid,

25 based on the volume of the higher density, predominantly
catalyst, phase.

The obtained intermediate phase was retrieved as an
intermediate product and subjected to a second cyclone
separation step. During the second cyclone separation

30 step, 85vol% of the intermediate phase was retrieved
from the cyclone as, lighter density, hydrocarbon phase

effluent and the remaining 15 vol% of the intermediate



1.5vol % of ionic Iiquid, based on the volune of the | ower density,

predom nantly al kyl ate-conpri si ng hydrocarbon, phase. The other effl uent
conpri sedvok0tiBsévol % of hydrocarbons; and 31. 3vol % ofcr@peeiolosgus d,
based on the volume of the other effluenig _ Usi ng two separators
approximately 86 vol % of the hydrocarbons originally provided in the sanple

reactor 15effluyent were recovered in the | ower density, predom.nantly
al kyl at e- conpPiSTy "Rdrsddrsorrd piiade Rioher dqgnsidihgans s%%ﬁ’fﬂ}r's, in

this case cyclones, dfS&d 6% 10 sepaalse thelewer, density, predom nantly
al kyl at e-conpri si ng hydrocarbon, phase fromthe sanple 20reactor effluent,

an increased fract il dfoviche deydridear Foresiany nene lsamplkey iedget or  ef f | uent

can be retri eveoqn a 'Senthrytcf)rotc}éergo][r?ft?'eh%t%%f Ocro'ngam,lssedﬁ due to the fact that

a |l arger fraction o]T%]ﬂ?e eactor ‘e S obtained as the internedi ate

phasesfromthe first 25smpanatior .o AAlHRDUGE rHeassi rgda | arger fraction of
the sanple reactor effluent to the lighter intermedi ate phase causes the
ionic liquid fraction ir W% mAtt iimre pHASE EFf | uent to increase, the

final ionic |iguid f3RGHON J1dde £ el LR Qi@%{si%)”}sgir%do%%@mﬂﬁ”t ly
30al kyl at e-conpri si ng hydrocarbon, phase is nmuch |ower due to the sécond
separ at or st epilkAd ad eresuinr i Irgr gerd focaetdcon ¢fhasss hydr ocarbons in the

reactor effluent c be separ d fromthe.ionjc liquid. Using only one WD
2011/ 015664PCT/ EP2G17 Gi 59%1@?19-“%&65}?&105@,0{1 he lower density,

predom nantly al kyl-at ecagrivwiing 4ty dreaardambompraseconpri ses only 79 vol %
of the hydrocarbons ori %lt nall'y present in the reactor effluent. In Exanple
| b, however, 86 vol% of theVBHydrdcarBois iiWitike reactor ef fluent were

retrieved in based on the volume of the other effluent.
Using two separators approximately 86 vol% of the

hydrocarbons originally provided in the sample reactor

15 effluent were recovered in the lower density,
predominantly alkylate-comprising hydrocarbon, phase.

By using two separators, in this case cyclones, in

series to separate the lower density, predominantly
alkylate-comprising hydrocarbon, phase from the sample

20 reactor effluent, an increased fraction of the
hydrocarbons in the sample reactor effluent can be
retrieved and sent to the fractionator. This is due to
the fact that a larger fraction of the reactor effluent
is obtained as the intermediate phase from the first

25 separator. Although, passing a larger fraction of the
sample reactor effluent to the lighter intermediate
phase causes the ionic liquid fraction in this multiple
phase effluent to increase, the final ionic liguid
fraction in the resulting lower density, predominantly

30 alkylate-comprising hydrocarbon, phase is much lower due
to the second separator step. As a result a larger
fraction of the hydrocarbons in the reactor effluent can

be separated from the ionic liguid. Using only one



t he hydrocarbon effluent, conprising less ionic |iquid. I n addition
the higher density, predom nantly catal yst, phase conprised |ess
hydr ocar woocianpaned usi ng only one separator, even i npPCIEPC@S®6ISIS i S
10conbined with the (an)other effluent. {7 - |In case the |ower density,
predom nantly al kyl at econpri si ng hydrocarbon, phase is further treated in a
upstream settler unit, the si.ze of volune of the settler unit is only 42.5%
of a settler FHR*ISEd td &é}rwﬁredﬁk%%&r@@&&&a&t%&ﬂlﬁﬁt e
2011/ 015664PCHERAQL0/Q6IRAR seal® on , CleNdMe  cbmph inthegh 1forr o evanpigyg an HF
or sul phuric acid alkylation unit to an ionic liquid alkylation unit,
wher ein the HFEhsr hsidnsimamiboreciod 1l ldti eraasnt conprisseegcticsast: 5- a
reactor unit fre ontacting catalyst, and, ixdrocaroon read! qnis: - a
separator unit for separating react’or effluént 1 nto a catalyst phase and
an al kyl at e- conpricsiargpdnedriec amonrphiase; Fl @iy acidconattari amd ifror
fractionating the al kyl ate- conpr.ising hydrocarbon phase into _at |east one
st ream conpri <iftrg PMAGACEEEarrd MASEH ' mEtHET iHEIUdESS 1 PrSvildidvg Sone or
more cycl one uni ts downstineam ofc e, s LIEaciofs iU t 1.0 Separale at | east
part of the reactor effluent in a catal yst phase and a al kyl ate-conpri si ng
hydr ocar bon plagelyst, plRiseA amihodeatdersd iy dry cal@dionsl compersicn t he one
or nore cyclone .units .are | ocated qpstrean1or thls%paratqy.20unit.

using only one separator, even in e Case 1T 13

10 combined with the (an)other effluent.
In case the lower density, predominantly alkylate-

comprising hydrocarbon, phase is further treated in a

upstream settler unit, the size of volume of the settler

unit is only 42.5% of a settler unit used to separate

15 the whole reactor effluent.



3. A nethod according to claim1l, wherein the separator unit is replaced by
the one or nore cyclone units. 4. A nethod according to any one of

t he precenongialiséends, wherein cyclone unit conprises oneCuEPMEINA6EDEYCI| One
sub-units in series. 5. A nethod accordigg_to any one of the preceding
claims, wherein the cyclone unit conprises one or nore hydro-cycl ones.

CLATIMS

1. A method for revamping an HF or sulphuric acid
alkylation unit to an ionic liquid alkylation unit,
wherein the HF or sulphuric acid alkylation unit comprise
at least:
5 - a reactor unit for contacting catalyst and hydrocarbon
reactants;

- a separator unit for separating a reactor effluent
into a catalyst phase and an alkylate-comprising
hydrocarbon phase;

10 - a fractionator unit for fractionating the alkylate-
comprising hydrocarbon phase into at least one stream
comprising alkylate; and

which method includes:

- providing one or more cyclone units downstream of the

15 reactor unit to separate at least part of the reactor
effluent in a catalyst phase and a alkylate-comprising
hydrocarbon phase.

2. A method according to claim 1, wherein the one or

more cyclone units are located upstream of the separator

20 unit.

3. A method according to claim 1, wherein the separator

unit is replaced by the one or more cyclone units.

4, A method according to any one of the preceding

claims, wherein cyclone unit comprises one or more

25 cyclone sub-units in series.

5. A method according to any one of the preceding

claims, wherein the cyclone unit comprises one or more

hydro-cyclones.



