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“ALKRFT N CATALYST REGENERATI ON The present invention rel gf‘é@?t% ésol ,
‘hydr ocar bon conversion process. Mre particularly, the invention relates to
~a process for the alkylation of olefin hydrocarbons by isoparaffin
“hydrocarbons which utilizes ‘a catalyst m xture conprising a sul fone
conmpound, a hydrogen halide conpound and water. Background of the Invention
‘It has recently been discovered that a m xture, conprising a sulfone " :
conpound and a hydrogen hal i de conpound, can be an effective catal yst for
use in the alkylation of ol efin hydrocarbons by isoparaffin hydrocarbons to
produce an al kyl ate reaction product, or alkylate. The al kyl ate reaction
product . generally contains hydrocarbons having seven or nore carbon atons,
and it is a highly desirable gasoline bl ending conponent because of its
.high octane value as a notor fuel. While a process which utilizes a
catal yst conposition conprising a sul fone conponent and a hydrogen hali de
conponent produces an al kyl ate product of very high quality, one side
ef fect fromusing such a process in the production of alkylate is the
formation of certain polyneric reaction by-products such as those referred
to as acid-soluble oils, or ASO These polyneric reaction by-products are
referred to as acid-soluble oils because . 2 they are soluble in the

catalyst utilized in the akkyla2tow BARNLISE REGENRRATION

The present invention relates to a hydrocarbon conversion
process. More particularly, the invention re1a£es-to a process for the .
alkylation of olefin hydroc;rbons by isoparaffin hydrocarbons which
utilizes a catalyst mixture comprising a sulfone compound, 'a hydrogen
halide compouﬁd and water. | |

Background of the Invention

It_hés recently been discovered that a mixture, comprising a
sulfone compound and a hydrogen halide compound, can be an effective
catalyst for use in the alxylation of oléfin hydrocarbons by isoparaffin
hydrocarbons to produce an alkylate reaction product, or alkylate. The
alkylate reaction product generally contains hydroéarbons having seven or
more carbon atoms, and it is a highly desirable gasoline blending component
because of its high octane value as a motor fuel.

While a process which utilizes a catalyst composition comprising
a sulfone compo?egt and a hydrogen halide cbmpqpent produces an alkylate
product of ver}.high quality, one side effect from using such a process in
the productiqn of alkylate is the formation of cértain polymeric reaction
by-products such as those referred to as acid-soluble oils, or ASO. These

polymeric reaction by-products are referred to as acid-soluble oils because
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sthus, remain in the catal yst phase when the al kyl ate product resulting from
the contact of a hydrocarbon m xture with an al kylation catalyst is ‘
separated fromthe alkylation catalyst. In an alkylation process which
“continuously separates the catal yst phase fromthe al kyl ation reaction
product for reuse in the process reaction zone, there is a buildup of ASO
In the catalyst. Over tine, the ASO concentration wll reach unacceptable
concentration levels if not renoved. A |low concentration of ASOin the
al kyl ati on catal yst conprising a sul fone conponent and a hydrogen hali de

conmponent vy REd IBYSM el n HBYEcaraDRChiQiiala ahf e6d aUPAR LI pRbdegk addagn
process or ‘its product. However, hi gher concentrations of ASOin the

~al kyl ati oehcat sdngsh ihaste edrtadghte pBesectlieancthaipdky fahe rradwadtysesvdtingyftom and
‘the final alkylate end-product. An ASO concentration in the_ alkylation-
catal yst thmtcoakerte@s &chidaPerrRet epiabie Yithi 8% alikpiatigs yfataiyst dfering t he
octane of the alkylate end-product with_ incyenental .increases._l he ASO
concent r ab PRS2 EHUSF Y tihﬁcglé(%%ttlgﬁ' ‘ifgﬁ#yesé:éesfnl At ﬁgkyal Ef/"l“a éo%?:% gdr?tel?gl n a
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conponent and a ydro&en fluoride conponent, there can be an undesirable
accumul at pedauey efort $dtRe Ofn WRE Qroddskhidactien el yrdére isThi butidopimsl 4%0 on can
- result fromthe water that is contained within an al kylation feed, but it
“primarilyinedbel taralystm tQver dddet itha A0 concentrasiem Wéh{ale?‘”sb( upAESBI e S

whi ch generallgﬁépntain concentrations of water. Parthulaalx I he, make-up
sul f ol anecesepERAtAen devels Af IAPEatsNeTat A YRt OPETTEYSP P LY 10 §BPfi cant
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accunul at & W thiN fHe Ly af’y%t pffase cont ai ned 1n the al ylation process
system VWb dfongntS B! be CRPEERG RiVeOR BbnedAL L1 Wekd¥tN updle the alkylation
' process or its product. However, higher concentrations ‘of ASO in the
alkylation catalyst have an adverse effect upon the catalyst activity and
the final alkylate end-product. An ASO concentration in the alkylation
catalyst that exceeds certain acceptable limits will result in lowering the
: oétane of the alkylate end;product with incremental increases in the ASO
concentration caus.ing incremental decreases in the alkylate octane.

In a continuous alkylétion process which uses a catalyst- h.aving a
sulfolane component and é hydrogen fluoride corﬁponent, there can be an
undesirable accumulation over time of water within the cata.lyst. This_
accumulation cén result from the water that is contained within an

- alkylation féed, but it primaril.y results from the addition of the make-up
catalyst components which generally contain concentr.ations' of water.
Particularly, the make-up sulfolane .componént of an alkylation catalyst
often contains a significant concentration of water which, 'a's has recently

" been discovered, will accumulate .withir'z the catalyst phase contained in the

alkylafion process system. While a small concentration of water within the

a.lkylation catalyst phase may provide certain benefits, a too high



sal kyl ati on catal yst phase may provide certain benefits, a too high 3
concentration of water can have detrinmental affects upon the alkylation
process and its products. Thus, it is inportant for an al kylation process:
Whi ch uses-a catal yst conprising sul folane and hydrogen fluoride to have
the ability to control the concentration of water contained in the
catalyst. In conventional alkylation processes that use a substantially
pure hydrogen fluoride (HF) materi al as a catal yst, as opposed to the use
of the aforenentioned catal yst m xture conprising a sulfone conponent and a

hydrogen halide commopeiatet NGLChA el a6 thata1 KB MRIDAdtheUs ekl Ta@i BNV E
t he ASO ang wat érplf rom t h'ge HF cat aleyst JSGCF in a ct(:)ntlfpnuouse a?%yl aii on
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utilized in the conventional alkylation process is treated, or regenerated,
SO as to rwhdcheisan anBtalysbfcorBCising svdfekangtand hydrosehfiluegigeok? és the
rate of accunul ation of ASO and water in the aI%yIation catalyst,, This is
done by padiei ABtEtPore i GITEY! (e FPPEAtETYSt Yo YATET BTG vé%s{é}fe, wher eby

the HF rs<%%r%g%ed fromthe ASO by nmeans of a‘vaporous hydrocarbon such as
i sobut ane. “*th F passes as a part of the vaporous overhead streamfromthe

stripping vessel, gndohfiacARRrantkytedRh PaARSSSesathit ekt SnEubstaadelfy om t he
stripping vessel for further processing. Wile the conventional alkylation
cat al yst- rgengidabgenn fluoride (HF) material as a catalyst, as opposed to the use
of the aforementioned catalyst mixture comprising a sulfone component and a
hyd;ogen halide component, there afe certain known methods used to remove
the ASO and water from the HF catalyst used in a continuous alkylation
process. Particularly, enough of a portion of the HF catalyst that is
utilized in the conventional alkylation process is treated, or regenerated,
so as to remove an amount of ASO and water at a rate that approximates the
rate of accumulation of ASO and water in the alkylation ca@alyst. This is
done by passing a portion of the HF catalyst to é stripping vessel, whereby
the HF is stripped froﬁ the ASO by means of a vaporous hydrocarbon such as
isobutane. The HF pésses as a ﬁart of the vaporous overhead stream from
the stripping vessel, and the ASO and water passes as a bottom; stream from
the stripping vessel for further processing.
| While the conventional alkylation. catalyst regeneration
techniques have worked: well in the regeneration of the conventionaliHF
.catalyst, conventional means cannot be used to regenerate an alkylation
cataiyst mixture which includes a sulfone component. This is because the
Boiling range of ASO coverlaps the hoiling temperatures of certain sulfones
such as sulfolane, Also, the azeotropic properties of water and hydrogen

fluoride impact the ability to separate wateér from the sulfolane and

hydrogen fluoride catalyst. Therefore, simple distillation or stripping



st echni ques have worked well in the regeneration of the conventional HF
catal yst, conventional neans cannot be used to regenerate an al kyl ati on
catalyst mxture which includes a sul fone conponent. This is because the
boi l i ng range of ASO overl aps the boiling tenperatures of certain sulfones-
such as sul fol ane, Also, the azeotropic properties of water and hydrogen
fluoride inpact the ability to separate water fromthe sul fol ane and
hydrogen fluoride catalyst. Therefore,ssinple distillation or stripping

4 techniques as are used to separate HF from ASO cannot be used to "
effecti vetychnegraenat ere wed f onesepardtai HFngrad KO atdront cbe aksedt to
Additionally, it is necessary to separate ASO fromthe sulfone in order te
rﬁcl ai m i effestivedysaregsnezatat &l syl fone-eontaaningl AikghatdrpcseE21%8Emary of
the Invention It _is, .therefore, an object o s invention to provide a
novel. al k§FHEGH I 0dEs¥ RRTERETak® ustélpf‘faztg ésotsg "‘oIﬂré]ten(5‘“2[31}51o eh;ytaro%%%n £e
fluoride mxtuf %ta§o:age@eky4 at i1 68t b keh- ayldbibhgroaddsect of this
invention I's to provide an al kyl ation process which permts the renpval of
ASO and water fromthe al kyl atamuare atfathes Invabidai ni ng a sul f one conponent .
‘A still further object of this invention is to provide an al kyl ation:
process that useslit isul flerafreearan byibcogeEnthiisudnyedbion ke LHIQV&{"' a raedl yst
and that provides a nethod bg/ whi ch "any accunul ati on (gf' ASQ

alkylation process which can utilize a sulfolane and ydrogen fluoride

mixtgre as an alkylation catalyst.

A further object of this invention is to provide an alkylation
process which permits the removal of ASO and water from the alkylation
catalyst containing a sulfone component. |

A still furfher object of this invention is to provide an
alkylation process tﬁat uses a sulfolane and hydrogen fluoride mixture as a
catalyét and tha; provides a method by which any accumulation of ASO,
water, or both, within the catalyst can-be removed.

Thus, the pfocess of the present invention relates to the
alkylation of dlefin hydrocarbons by paraffin -hydrocarbons by utilizing a
catalyst mixture that includes a sulfone componeﬂt. The précess includes
mixing sulfolane having a concentration of water with HF to form a catalyst
mixture, comprising sulfolane, water and HF. The mixing step is followed
by contacting a hydrocarbon mixture, comprising olefins and.isoparaffins,
with said catalyst mixture within a reaction zone to thereby produce a
reaction product and a reaction by-product. The reaction product is
separated.from the catalyst Aixture within a first separétion.zone to
produce a separated reaction prodﬁct and a separated catalyst mixture with
the separated catalyst mixture containing a portion of the reaction

by-product. A portion of the separated catalyst mixture is passed to a



Water, or both, wthin the catalyst can be renoved. Thus, the process of
the present invention relates to the al kylation of ol efin hydrocarbons by
paraffin hydrocarbons by utilizing a catalyst mxture that includes a

sul fone conponent. The process includes m xing sul fol ane having a
concentration of water with HF to forma catal yst m xture, conprising

sul fol ane, water and HF. The m xing step is followed by contacting a

hydr ocarbon m xture, conprising olefins and isoparaffins, with said
catalyst mixture within a reaction zon@ to thereby produce a reaction

product and a reaction by-produgt. The reaction product [S separated from
the cat al &8O RERATAEIAN %‘?'ﬁ’ §°f‘§ﬂ’§?byséﬁ%?r§ﬂa otfez BHE 1B Yr Shﬁcs@p *a%far at ed

reaction prodyct a0d. A $ERALALOnE b MFlod z¥ld LG Mebd dtD8ars CRAA L,
f d

catal yst mrxture containing a portion of the reaction by-product. A portion
of the sepapeitddn Gt @hy/IF Sdmpbidn® b5 PRSFEEib® oF saidd ssREABEN TAPaI@Li ONn
zone to thereby separate the portion of the separated catal yst mxture into
a second s¢parat poh &z pretipeepficle gsteanprpoept i i ye appdrits orf dhet he HF
conponent of the portion of said separated catalyst m xture and a portion
of the watsePerdsphtemtyshiniFhrenoftd Gnseforiheeraaplicat 2rpec BYHCPE tS ekt e,

and a second separation .,zong tto trea conpri.sj,ng a_portipn.of the
sul f ol ane 8B ng%«%ta 8P HiRa (f)forg? on o fnﬁecéué’ﬁg?ngé)é l(::%"t’gzgﬁ/tg onmc“g()ttuhree and a
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separated catalyst m xture. A remaining :
component of the portion of the separated catalyst mixture. A remaining
portion of the separated catalyst mixture is utilized as a portion of the
catalyst mixture. The second separatién zone overhead stream is condensed
to produce a condensed second separatioﬁ zone overhead stream, with a
portion of the condensed second separation zone overhead stream being
utilized aé a portion of the catalyst mixture. The remaining portion of
the condensed second separation zoﬁe overhead stream is passed to
downstream processing at a rate which is effective in maintaining a
concentration of water in the separated cataiyst mixture below about 10

weight percent.

Brief Description of the Drawing

The accompanying FIG. 1 provides schematic repiesentation of the
process which is one embodiment of the invention.

Other objects'and adyantages of the invention will be apparent
from the foregoing detailed description of the invention and the appended
claims.

Detailed Description of the Invention

The acid soluble oil referred to herein is produced as a reaction
by~product in an alkylation process comprising the step of contacting a

hydroéarbon mixture, which comprises olefins and isoparaffins, with an



portion of the separated catalyst m xture is utilized as a portion of the
catal yst m xture. The second separation zone overhead streamis condensed
Lo produce a condensed second separation zone overhead stream wth a
portion of the condensed second separation zone overhead stream being
utilized as a portion of the catalyst m xture. The remaining portion of
t he condensed second separation zone overhead streamis passed to
downstream processing at a rate which is effective in maintaining a
concentration of water in the separat el catal yst m xture bel ow about 10 ‘
" wei ght pergent.. Brief .Description of. the w ng The acconpanying, FIG 1
provi des §§W§-ﬁﬁ’t°|nc°?‘éap}9’§%’er‘f g‘fl\ SRR Ehe 3’@5%3538 9\%18?1 ‘f°§'gg'f?é'¥eﬁ’g%cﬁ nent of
the [ NVentifine Qdifindbl CGhss w ol wIHANERECE O 1b A BYCIL! O YpddnalE
apparent fromthe Toregoing detail ed description of the invention and the
appended €lamsp.tHeettarh CthcESsIlupid @110f ddhé'abolvenkamn thbse avhgursel ubl e oi |
referred to herein is produced as a reaction by-product-in an al kyl ation
process cpwiymesd rhitheast dpgbly coefimici vgla pwednosartyoncid-eetalyzedhi ch
conprises olefins and isoparaffins, with an , 6 alkylation catalyst, which
conpr i sesTRGYM0GE PMEPFATRORSyNpihEtenside deseripsivr aphfAEfiter1AS ok ed
th hin t hE? é%%%é%H Q%ﬁé%no?fginjékéihﬁkf%95¥”31?9 is pfbvided in the Journal of

Chemical and Engineering Data article entitled "Molecular Structure of

Conjunct quymersﬁ, pages 150-160, Volume 8, Number 1, (January 1963) by
Miron and Lee. This article is incorporated herein by reference. The
physical properties of ASO depend upon the particular.hydfocarbon feed
processed, the catalyst utilized in the process, feed contaminants such as
hydrogen sulfide, butadiene, oxygenates and other compounds, and the
-alkylation process reaction conditions. Thus, as the term is more narrowly
defined, ASO will be those conjunct polymers produced as a by-product in
the cétalyzed reactién'of mono-olefins with isoparaffins utilizing a
catalyst mixture éomprising a sulfone component and a hydrogen halide
component. The preferred mono-olefins for use in the catalyzed reaction
are those having from three to five carbon atoms and the preferred
isoparaffiﬁs are those having from four to six carbon atoms. The preferred
sulfone component is:sulfolane and the preferred hydrogen halide component
is hydrogen fluoride. |

| The ASO by-product derived from the hydrocarbon reaction
catalyzed by a sulfone-containing alkylation catalyst can be further
generally characterized as haQing a specific gravity, with water at 60°F as
the reference, in the range of from about 0.8 to about 1.0, an averagé
molecular weight in the range of from about 250 to about 350, and a bromine

number in the range of from about 40 to about 350.



.~«clainms, the term"acid soluble oil", or "ASO', neans those conjunct

pol ynmers which are highly olefinic oils produced by acid-catal yzed
reactions of hydrocarbons. An extensive description and characterization of
tertain types of conjunct polyner oils is provided in the Journal of
Chemi-cal and Engineering Data article entitled "Ml ecular Structure of

Conj unct ' Pol yners", pages 150-160, Volune 8, Number 1, (January 1963) by
Mron and Lee. This article is incorparated herein by reference. The
physi cal properties of ASO depend upon % he particul ar hydrocarbon feed

processed, the cat b | o 0 i ontam nants such as
hydr ogen sul fi de, ’%Jl%g%‘f%tﬁgﬁ %g%%nrha%‘g%eg?\dgﬁtstﬁgr _%g? soctun P séﬁ’a""t (]

- al kyl at i oncqrabgas aixwas! verieandint kBOSinviitiSe Afkyi1BEiIhepMdeSs DAL Haar row y
defined, ASO w Il be those conjunct polyners produced as a by-product in
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catal yst m xture conpri si % a sul fone conponent and a hydrogen halide _
conponent . PYPRE8SHr EROF Y]y (Hoho- BYdrsem brapidesHln, t 4nd eéxtairgy af twecds on are

t hose havi fromihree.to five carbgn atops. and the preferred isoparaffins
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generally characterized as having a specific gravity, with water at

60[ err] F &fnt bwer @ fsapblngeountof Heterange of from about 0.8 to about 1.0, an
average nol ecul ar flﬁEigA‘I}t in the [ ange of from about 250 to about 350, and a
bromi ne number in PReSTARSE StiPmtabdse Hothls Aptaatigngre the sulfones

of the general formula

R-S0,-R'

wherein R and R' are monovalent hydrocarbon alkyl or aryl substituents,
each containing from 1 to 8 carbon atoms. Examples of such substituents
include dimethylsulfone, di-n-propylsulfone, diphenylsulfone, ethylmethyl-
sulfone and the alicyqlicfsulfones wherein tﬁe S0, group is bonded to a
hydrocarbon ring. In such a case, R and R' are forming together a branched
or unbranched hydrocarbon divalent moiety preferably containing from 3 to
12 carbon atoms. Among fhe latter, tetrameéhylenesulfone or sulfolane,
3-methylsulfolane and 2,4-dimethylsulfolane are more particularly suitable
since they offér the advantage-of being liquid at process operating
conditions of concern herein. These sulfones may also have substituents,
particularly one or more halogen atoms, such as, for example, -
chloromethylethylsulfone. These sulfones may advantageously be used in the
form of mixtures.

When sulfolane is used as the preferred sulfone, it can be
utilized ip the catalyst composition in anhydrous form, but, more often,

the sulfolane component, when added to the catalyst composition as a



7 The hydrogen halide conmponent of the catal yst conposition or catalyst

m xture utilized in the inventive al kylation process can be selected from
the group of compounds consisting of hydrogen fluoride (HF), hydrogen
thloride (HCl), hydrogen brom de (HBr), and m xtures of two or nore
thereof. - The preferred hydrogen halide conponent, however, is hydrogen
fluoride, which can be utilized in the catal yst conposition in anhydrous
form but, generally, the hydrogen fluoride conponent utilized can have a
smal | anmpunt of water. The sul fones suftable for use in this invention are

the sul fones of the general formula R- err] - erein Rand R, are
nonoval ent“g‘fﬁ/(‘:i’r’o%°é“|?%‘geﬁ‘ta| &&n "&r° ar ff“Blslﬁggfnl"’[t]ué’n?t ‘é’g,@eer_éche%n(?ﬁ EPni A% from 1

to 8 carbgp; AhehE cofaRt 83 ef oS ¥oth SHOSLath URRE Ruitich ude ) didiRt bydatulf one,
di - n- propyl sul fone, di phenyl sul fone, ethylnethyl- sulfone and the alicyclic

sul fones whfdeatratibe WpOterddougrdDupigix hbenckad 60 thehyaladcaeipbn 6f nde | N such
a case, Rand R are form ng together a branched or unbranched hydrocarbon
di val ent mplélgngraofievatisry diswersmi nreferahhyd the Matenrdsoraimednit thsong t he
| atter, tetranethyl enesul fqne or sulfolane, 3:neth Isulfglane and

2, 4- di met AYHOIPRGIcaRRPTERE “HbE Pep iR (theuraneey oL frPnmbeUti%de™ KBY e &r the
advant age ,gfaReLiohd Wi thoIORESAOPEIAL! 10 SONY' LhONS: 0! HRONGRLE
herein. These s ones nay aFSO ave substituents,
preferably, the water will be present in the range of from 0.5 to 4 weight
-percent.-

In the alkylation process, the accumulation of water in the '
catalyst composition, which comprises hydrogen'fluoride and sulfolane, in
no event can be more than about 10 weight percent of the total weight of
the catalyst composition, which includes sulfolane, hydrogen fluoride and
water. Preferably, the concentration of water present in the catalyst is
less than about 7.5~weight percent. Most preferably, the concentration of
water present in the catalyst is less than 3 weight percent.

Thus, the alkylation catalyst used in the alkylation process
wherein an ASO reaction by-product is produced can comprise a hydrogen
halide component and a sulfone component, bofh as described herein, and a
concentration of water. :Preferably, the ASO by-product will be produced in
an alkylation process in wﬁich the hydrocarbon mixture is contacted with an
alkylation cétalyst having sulfolane as its sulfone component and hydfogen
fluoride as its hydrogen halide component. Iﬁ the case where the
alkylation catalyst comprises sulfolane and hydrogen fluoride, good
alkylation results can be achieved with a weight ratio of hydrogen fluoride

to sulfolane in the alkylation catalyst in the range of from about 1:1 to

about 40:1. A preferred weight ratio of hydrogen fluoride to sulfolane can



particularly one or nore hal ogen atons, such as, for exanple,

chl or onet hyl et hyl sul fone. These sul fones may advantageously be used in the
formof mxtures. When sulfolane.is used as the preferred sulfone, it can
be utilized in the catalyst conposition in anhydrous form but, nore often,
t he sul f ol ane conmponent, when added to the catal yst conposition as a 8
make- up conponent, can have a small anount of water. Cenerally, the

sul fol ane conponent used to formthe catalyst mxture will have a water

~concentration up to about 5 wei ght pertent of the total weight of the
sul f ol ane and wat e However, preferably, the water .contained in the
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- wei ght percen% %h iotal wei ght of the sul fol ane and wat er and, nost
preferably, gWwater will be present in the range of fromO0.5 to 4 weight

percent. In the ahkrati @8 HpeGRSSelekbf;id§ GEUhA L BYLa0fon V@bt ibM olENEhe
catal yst conposition, which conprises hydrogen fluoride and sul folane, in
no event ppdsehe et ibhatowabd uhe Ifkodeitght qfetbentesdfabilpchigblmlbrap¢hpdt of
the catal yst conposition, which includes sulfol ane, hydrogen fluoride and
wat er. Ppbirbebis )h}fdlt%r‘?ﬂﬁﬁcwl?&tﬁeﬁﬁ“ ofr mmeercap‘?@sémmp nd th@stafttdryst is

| ess than about 7. percent . ef er,abl ncent ation of
wat er pr e§‘é?ft°hiL?1“eFﬁ’e° aﬁ/ 1oRREY Lf‘hﬁ’ﬁ‘{r °9\’ieb°§h¥é peersé‘éaq’[q the

reaction =zone. Molar ratios of isoparaffin hydrocarbon to olefin
hydrocarbon of from about 2:1 to about 25:1 are éontemplated in the present
invention. Preferably, the molar ratio of isoparaffin-to-olefin will range
from about 5 to about 20; and, most preferably, it shall range from 8 to
15. It is empﬁasized,_however, that the above recited ranges for the molar
ratio of isoparaffin-to-olefin are those which have been found to be
,commercially practical operating ranges; but, generally, the greater the
isoparaffin-to-olefin ratio in an alkylation reaction, the better the’
resultant alkylate quality. '

Alkylation reactioﬁ témpefatures within the contemplation of the
present invention are in the range of from about 0°F to about 150°F. Lower
temperatufes favor alkylation reaction of isoparaffin with olefin. over
competing olefin side reactions such as polymerization. However, overall
reaction fgtes decrease with decreasing temperatures. Temperatures within
thé given range, and preferably'in'the range from about 30°F to about
130°F, provide good selectivity for alkylation of isoparaffin with olefin
at commercially attractive reaction rates. Mosﬁ breferably, however, the
alkylation temperature should range from 50°F to 120°F.

Reaction preésures contemplated in the-preéent invention.may
range from bressures sufficiegt to maintain reactants in the 'liquid phase

to about fifteen (15) atmospheres of pressure. Reactant hydrocarbons may



‘Thus, the al kylation catal yst used in the al kylation process wherein an ASO
reaction by-product is produced can conprise a hydrogen halide conponent
and a sul fone conponent, both as described herein, and a concentration of
Water. Preferably, the ASO by-product will be produced in an al kyl ati on
process in which the hydrocarbon m xture is contacted with an al kyl ati on
catal yst having sulfolane as its sulf Qe conponent and hydrogen fluoride as
its hydrogen halide conponent. In t case where the al kyl ation catal yst

COMPY | S€ b8 LS.k PP (A8chu0YEl AEDLeckbHUdadiron GBAR-ALILL BLIAD FaRULLS can De

achieved wth a wei rati o of hydrogen fluoride to sulfolane in't

al kyl at i Ofibré?éﬂu@éé/&h tm; theger aNgRoMfabba® Moapsunts lgabigt prabsouide gék kqudre
preferred weight ratio of hydrogen fluoride to sul folane can 9 range

f rom aboutindh Apsiglo tababent 1190 lpsdgderemprefeyred.cr dbthy all tregafentanire theom
1.5:1to 9:1. In order to inprove selectivity of the alkylation reaction of
t he preserdatidy @htseon IRFRAFH PRESTITBARAS i%6n sb&“’tfh%a‘t}eﬁf%f’éfl &PeR gihey
branched ah h tlc h rocarbons ‘havi ng seven or nore carbon atons, a
substanti & 0|c |one ?i'c excess of i soparaffin hydrocarbon is deS|rabIe

in the reaction z@Bgeact d¥Rb&Irof Ayhfstalbod $0RARAET iR HYENGARERANdRL@bET i N
hydr ocarbon of from about 2:1 to about 25:1 are contenplated in the present

i nvent i onzok¥ efierilel preseie ndlthe g&kylatioh dasepwtabf ithetmresbmf iinvanitlibn r ange
fromabout 5 to about 20; and, nost preferably, it shall range from8 to
' generally should be sufficient to provide for essentially complete
conversion of olefin_reac;ant in the alkylation zone. ?referably, the
. contact time is in th; range from about 0.05 minute to about 60 minutes.
In the alkylation process of the present invention, employing
isoparaffin-to-olefiﬂ molar ratios in the range of about 2:; to about 25:1,
wherein the alkylation reaction mixture comprises about 40-90 volume
percent catalysﬁ phase and about 60-10 volume percent hydrocarbon phase,
and wherein good contact of olefin with isoparaffin is maintained in the
reaction zone, essentially complete conversion of olefln may be obtalned at
blefin space velociﬁies in the range of about 0.1 to about 200 volumes
olefin per hour per.volume cétalyst (v/v/h¥.). Optimum spaée velocities
will depend upon the type of isoparaffin and olefin reactants utilized, the
particular compositibns of alkylation catalyst,_and the alkylation reaction
conditions. Consequently, the preferred contact times are sufficient for
providing an olefin spéce velocity in the range of abouth.l to about 200
(v/v/hr.) and allowing essentially Eomplete conversion of olefin reactant
in the alkylation zone.
In the alkylation process, the reactants can be maintained at

sufficient pressures and temperatures to maintain them substantially in the

liquid phase and then continuously forced through dispersion devices into



«15. It is enphasized, however, that the above recited ranges for the nolar
rati o of isoparaffin-to-olefin are those which have been found to be
comrercially practical operating ranges; but, generally, the greater the
isoparaffin-to-olefin ratio in an alkylation reaction, the better the
resultant al kylate quality. Al kylation reaction tenperatures within the
contenpl ation of the present invention ,gare in the range of from about "
Oferr]F to about 150[err]F. Lower tenperatures favor alkylation reaction of

i sopar af f i neMrebctabgfidle. OViBE £RBPALILAGIALESS Rasitle jE6RCHEQNSs S Yohols

pol ymeri zati on. However, overall reaction rates decrease w-th decrea5|ng

~ t enper at ur elsinbTened ather @tkeni t The tehetayity edrer atlgpequandy piixkeéraddhy the t he

- range from about 30[err]F to about 130[err]F, provide good selectivity for
al kyl at i oncgialysiopar aefvieptigpeh wirérg mears conhescimgFhapionk ragdtetwasrencti on

rates. Most prefera hqwever the nte eratu e shqul d range
from 50[ er F']“IEig ?‘waz‘o% >4:?'?] oW i¥3E%1 on g’i’eés%uT“égmdSﬂ{metﬁﬁ?’at 8 ‘?rr?gl’ﬁte °[3f‘esent
i nvention Ry LaNGe. [FABRT §§p3a%€§1 S Itﬁaemta‘mtmm&wua%wﬁ%mt §h4 n the

| i quid phase to about fifteen (15) atnospheres of pressure. Reactant

‘hydr ocar bopsacitiyn systldn DRilRORBEIdayt §ASEOfenat cath kydtatik Oredy@B&d itaN the
tenperatures, thus reaction pressures in the range of from about 40 pounds
gauge presseacgoper Aspertien iqfchh% patglyst ocaboontitéMspyi ke argenzretas oad.
Wth all reactants_in the |.iquid phase, increased pressure has no

signifi canfe%§Ff%ﬂﬁF dﬁb eﬁqﬁébe hereln, or by any other suitable treatment, and

returned to the alkylation reactor.

One embodiment of the invention herein includes a process which
provides” for the removal of water which can accumulate in the alkylation
catalyst as a result of water introduced into tﬁe alkylation system by way
of the incoming ﬁake-up catalyst components, such as sulfélane and HF, and
by way of-the hydrocarbon feedstock. The make-up catalyst component can be
introduced into the alkylation system as individual components or they can
preferably be mixed prior to their introduction into the alkylation
catalyst of the alkylation system. The individual sulfolane make-up
component generally ha§ a concentration of water often in the range up to
about 5 weight percent. Preferably, the water concentration in the
individual sulfolane make~up component will be in the range of from about-
0.1 to about 5.0 weight percent of the total weight of the sulfolane
make-up component and, most preferably, the water will be present in the
rénge of from 0.5 fo 4 weight percent.

fhe sulfolane make-up component can be mixed with the hydrogen
fluoride make-up component before introducing'the thus mixed components
into the alkylation system. It is most desirable for the individual

hydrogen fluoride make-up component to be in anhydrous form; but, it can



*al Kyl ati on reaction. Contact tines for hydrocarbon reactants in an

al kyl ati on reaction zone, in the presence of the alkylation catal yst of the
present i nvention generally should be sufficient to provide for
essentially conplete conversion of olefin reactant in the al kylation zone.
Preferably, the contact tine is in the range fromabout 0.05 mnute to
about 60 mnutes. In the alkylation process of the present invention,

enpl oying 1 soparaffin-to-olefin nolar ratios in the range of about 2:1 to
about 25:1, wherein the al kylation redttion mixture conpri ses about 40-90

vol une pegcent catal ys hase ab 6 ' t dr.ocar bon
phase, ant Wheér 5Fﬁﬁgggéur{(:%or??agt gf o?ﬁﬁ'n%&?ﬁ\é%%g:rfgﬁ’?ﬁgi néﬁéa{lér)]t ained in
the react LipoRONRE calL REEN LI WMty HRABRILRLLIROIPHAESIyOto @bodd ef idighiBpeREent -
obtained at ol efin space velocities in the range of about 0.1 to about 200
vol unmes obgfthe ipeikofmuElypeides @hkerep campbnest , (prAferiably),. héyevenurths paader
velocities will depend upon the type of isoparaffin and olefin reactants
util'i zed, cenrenpratior wibly beolnsssihep oibeubfl BedehF drerethte dtostyRtefecabdyy Hik

-al kylation r ac#ion condi_tion Cbn%equently, the preferred contact tines

are suffi EFeRe Y57 HEBV di ‘ﬁ"gigiﬁ PSFefn space velocity in the range of about

0.1 to about 200 @y \Wijf1akiddafdiyQiidd0eS 28R TatldnY pEQUIBL &ln@ syt & on of
olefin reactant in theQ% k>l/ at?onlyzone.tl n ?%Ieaal kyration Slrogc’ceygs, t he

~ reactant scefacha Bkt & MRAGoadrbonf dix€i )t apr easwina aBtkhenpethdhunes to
mai ntain them substantially in the |liquid phase and then conti nuously
forced threasglionlizopertsi trerdbyirredudenan alkylate reaction product and an ASO

reaction by-product. The reaction product is sepafated from the-alkylation
catalyst within a first separation zone to produce a sepa;ated reaction
product and a separated catalyst mixture with the separated catalyst
mixture containing a portion, pfefetably, a substantial portion, of the
reaction by-product. The reaction by-préduct generally comprises acid
soluble oil, which is highly soluble in hydrogep fluoride; and, because of
this solﬁbility, a portion, preferably a major portion,.pf such acid
soluble 0il, or reaction by-product, will remain in the separated catalyst
mixture of the process.

The separated catalyst mixture will have a concentration of water
that accumulates within the separated catalyst mixture as a result of
make-up catalyst components having water éontained therein being
introduced, or added, or mixed with the separated catalyst mixture.
Because of the detrimental impact that an excessive water concentration in
an alkylation catalyst composition has on the alkylation process or the
properties of the resultant alkyléte product, it is desirable to minimize
the amount of accumulated water in tﬁe separated catalyst mixture. Thus,
the concentration of water in the separated cataiyst mixture can be no

greater than about 10 weight pefcent of the total weight of the separated



4 he reaction zone. The dispersion devices can be jets, nozzles, porous
t'hinbl es and the |ike. The reactants are subsequently m xed with the
catal yst by conventional m xi ng neans such as nechanical agitators or
turbul ence of the flow system After a sufficient tine, the product can
then be continuously separated fromthe catalyst and withdrawn fromthe
reaction systemwhile the partially spent catalyst is recycled to the
reactor. A portion of the catalyst can continuously be regenerated or
‘reactivated as described herein, or by3any other suitable treatnent, and

returned to the alkylation reactor. One enbodi nent of the inv ntlon her ei n
i ncl udes é‘ab%ldéés'&“‘\ﬁmecr‘l’hb‘?ho\}f’ﬂ]é‘ge? o lfiant o dygresegs flugride RAT CHRtEEN
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t he al kyl emb ncont ng make- up yst conponents,

such as sylifQalanes apds HEhananoqu 7V§-}{qe@£htt Q@rcha\lxdl’ OCI%'SQOB:JEQEMB’QCKhe The
make-up catal yst conmponent can be introduced into the alkylation system as

i ndi-vi dualcofednpeddh SoDMatdreyrasant pinetisy abbarabel’ wekElyspraigtutep it hkdss
introduction into the alkylation catalyst of the.alkylation system The .
i ndi vi dualthaw|3f ve¢ihe pearRentup conponent general |y has a concentration of
water often in the ra to about .5 we g t he

e up t.p nt Prefer abl
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wei ght of the sul ane ma e-up conponent and, nost preferably, the water
Wi |l be prRseith 6f thbasepari3ed Aatd 1ye8) dixbute0 idl parsdghto pe&e:eupbmgThelml f ol ane

make up conponent can be m xed with the hydrogen
which defines a second separation zone, to thereby separate 1t into at
least two streams including a second separation zone overhead stream and a
second separation zone_bottoms stream. The stripping column can provide
means for any suitable separation operation for achieving the objective of
the invention; but, preferably, the stripping column is a standard
distillation colu;nn that is provided with a reboiler and a overhead system
for refluxing. The remaining portion of the separated catalyst mixture not
charged to the stripping column can be utilized as a portion of the
catalyst mixture of the alkylation reaction zone.

In'con§entiona1 hydrogen fluoride catalyzed alkylation processes,.
the stripping of a separated hydrogen fluqride alkylation catalyst is
effective for removing water z.md. ASO .from t_he catalyst. In fhe
conventional str:v;.pping step, the ASO and water are generally removed by way
of a bottoms stream from the stripping column. While the water in a spent
conventional hydrogen fluoride alkylation catalyst can adequately be
removed by the aforedescribed conventional stripping fractionation methods,
these methods in and of themselves are not effective for use when the

alkylation catalyst includes, as described herein, an additional sulfolane

component. This is because of the azeotropic properties of the components.



f.l uori de nake-up cohponent before introducing the thus m xed conponents

into the al kylation system It is nost desirable for the individual
hydr ogen fl uori de make-up conponent to be in anhydrous form but, it can
12 have a small amount of water. Thus, the hydrogen fluoride nmake-up

conponent can have a water concentration upwardly to about 2 wei ght percent
of the hydrogen fluoride nmake-up conponent, preferably, however, the water
concentration will be |less than about 1 weight percent, nost preferably, it
can be less than 0.5 wei ght percent. TH& alkylation catal yst of the

al kyl ati on .proces d systemis contacted,w th a hydrocarbaon m xture, as
esor | bed HEPET Hithy T FE ERECP TR S ARSTBEY MEFey POatea as BRI o
reaction prRgucl,«aRtha@Re AR §HACLLYR 10y -PHOACH; prkRErdb3@Cl | RBsRIRUMET 1S
-separated fromthe al kylation catalyst w tphl n a first separation zone to
produce a SRReidt edf raacHF OtbonpbatitiC indad parSiRpAl pite®drabal ab ySibsandidie W t h
the separated catalyst m xture containing a portion, preferably, a

subst ant i alpopbtiani, opf the water rcompanieoh dfytiy edution of The separatiedncddplystoduct
general ly caonprises acid sqluble ojl, which is,highly sol uble inig}/drogen

fluoride; dﬂa,“ﬁ&eehaﬂﬁédgf"i | SErIBPSI T 19T aMHOPE | ﬁi,seﬁf’%#l SPBHIey A AP
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mxture w ldorbfsse &€ €ROGENEJ1a4d @BmRhe@bfd a portion, preferably a substantial
poftion, of the reaction by-product component of the separated catalyst
mixture charged to the stripper column.

Generally, the weight ratio of hydrogen fluoride to water in the

second separation overhead stream can range from about 10:1 to about 100:1;
preferably, it can range from about 12:1 to abogt 200:1, more preferabiy;
it is greater than 24:1. As for the second separation zone bottoms stream,
thé weight_ratio of sulfolane to ASO can be present in the range from ébout
100:1. to about 2:1; pféferably, the ratio can range from about 70:1 to
about 4:1, dnd more preferably, the ratio can range from 60:1 to 5:1.
Because the stripper is generally not perfectly efficient at making its
separations, the second separation zone bottoms streém will often havé a
small concentration of hydrogen fluoride. The concentration of hydrogen
fluoride in the second separation zone bottoms stream in most instances
will be less than about 10 weight percent as determined by the weight
fraction of the hydrogen [luoride to the total weight of the second
separation zone bottoms stream multiplied by a factor of 100. Preferably,_
the hydrogen halide concentration in the second separation zone bottoms

stream is less than about 5 weight percent, and most preferably, the

concentration is less than 1 weight percent.



that accumul ates within the separated catal yst m xture. as a result of
make- up catal yst conponents having water contained therein being

i ntroduced, or added, or mxed with the separated catal yst m xture. Because
of the detrinmental inpact that an excessive water concentration in an

al kyl ation catal yst conposition has on,t{he alkylation process or the
properties of the resultant al kylate product, it is desirable to mnimze

the anmount of accumd ateBshdNeb@iratfbnt BéheS 8PAMAEL T teadnAkY SfasTbdtedr & nakRUS,
the concentration of water in the separated catal yst m xture can be no

greater thaxchabger, ¥Biakeidgiinepen Clenat ofamskier tzohal andeipghtides tdaessépar at ed
13 catal yst m xture which includes sul folane, hydrogen fluoride and water.
Pr ef er abl y renayéng debrireasy duonfthRatesend reeseratiph oRe wephssdt Strasat B0 yst

m xt-ure i e t han abo 7.5 wei gh ercent,. Most preferably, the
CO)I‘(IC(l;nt riat_ts t ‘ffseg%' ?f’\é‘?%‘fsep?%%esﬁfeal"hlt? h%°‘§e5a?°é‘f18’éfegafgﬁ°9gtser?laﬁ'i%th"g ¥ ess
than 3 wvei ghl LR&f CRkan.| N WOLARL10hO0oF eﬂu%”%Eﬁée%s'&dqeseﬁgrﬁars@F%tcigﬁ al yet

m.xture by renoving at |least a portion of the ASO and water that has
accunul at edvédngi®isiresn PAM e Oiti0fzddhgs epartabr bCaidlyedlyst Xliktere, Saassed
to a stripping columm, which defines a second separation zone, to thereby
separ at e | the¢ ntepaiting eprgtienvwfstireezarddnned cony aepa@binh geparaverbrrdzone
overhead stream and a second separation zone bottonms stream The stripping

col utm canShig0i 68" MREafsm s &RSr SRt abivdasiopapitteBnPhpRAssitontt dr

aChieVﬁ'jg 555%59544%052852s91ng. The rate at which the remaining portion of
condensed second separation zone overhead stream is removed from the
alkylation system is controlled so as to effectively maintain a
concentration of water in the.separated catalyst mixture that is below
about 10 weight percenf; but, preferably, less than about.7.5 weight
percent and, most preferabiy, lgss than 3.0 weight percent.

The second separation zone bottoms stream can further be
processed to remove a portion, preferably a substantial portion, of the
concentration of ASO contained in the second separation zone bottoms stream
by passing it to a firsﬁ contacting veésél which defines a first contacting
zone wherein is contained a reversible base. .It is generally desirable to
control fhe flow rate of second separatién zone bottoms streéms_so as to
indirectly control the concentration of ASO in fhe separated catalyst
mixture to be maintained at a concentration of no more thaﬁ about 20 weight

' percent of the separated catalyst mixture. Preferably the second
separation zone bottoms stream flow rate can be such as to maintain an ASO
concentration in the separated catalyst mixture of less than about 15
weight percent, and most preferably, the concentration is to be maintained

below 10 weight percent.



the invention; but, preferably, the stripping colum is a standard’
distillation colum that is provided with a reboiler and a overhead system
for refluxing. The renai ning portion of the separated catal yst m xture not
charged to the stripping colum can be utilized as a portion of the
catal yst m xture of the alkylation reaction zone. In conventional hydrogen
fluoride catal yzed al kyl ati on processes, the stripping of a separated
hydrogen fluoride al kylation catalyst is effective for renoving water and
ASO fromthe catalyst. In the convenid onal stripping step, the ASO and
water are generally renoved by way of a bottons streamfromthe stripping
colum. Wile the Ted alecord FepRBior GdMENbotxBA: Wi LR Loialifle a
al kyl ati on catal yst can adequately be renoved by the aforedescribed -
convent i onpprtdon. ppefrgabivaet subsaatitdal merkings, of Hbsesweoescantetned df
t hensel ves are not effective for use en the alkéLation cat al s% | ncl udes,
2pde’ be

as descri bER? ﬁé"rdeitﬂ,thﬁlrls':éamlf‘ﬁocﬁé}""’é‘ul ang e cHirBth&Rpa = TH™Ss tHiiSe of
the azeotropig p{;jﬂhet;;gﬂt%§n? rehth?inggglgogﬁmo%ane “andAaddlUSue Wdsh L Pfy dnventive:

process descril Be erein, e second separation zone ‘overhead streamw || -

conpri se agiRkibddNhedRif] Glabdny haves dDSTi3RE | RhcdtRrhd 00, oOhydhtgediFi100PRRNENT
and a portion, preferably a substantial portion, of the water conponent of

t he porti onhasf hdsheot dpem aredresed dhysite sRoohdrsepetrtigecoh® ovhchestirs tpphng
colum. As for the second separation zone bottons stream it wll conprise
a porti on,T?ﬁ'éﬁgr%ﬂﬂP9n%¥tséﬂ) 8nfgcend separation zone. bottoms stream can be

present.in such concentration levels as earlier described herein.

It is an important aépect of this invention for the contacting of
the second separation zone bottoms stream with the contact material or
‘reversible base to result in the removal of at least a portion of the
-hydrogen fluoride component of the second separation zone bottoms stream to
give a neutralized second separation zoneé bottoms stream having a reduced
concentration of hydrogen fluoride below that of the second separation zone
bottoms stream. It is preferred, however, to have a significant portion of
the hydrogen fluoride component removed from the second separation zone
bottoms stream to give a concentration of the hydrogen fluoride component
in the neutraliéed second separation zone bottoms stream of less than about
1.0 weight percent, but preferably, the concentration will be less than
abouf 0.2 weight percent, and most preferably, the concentration will be
less than 0;1 weight percent.

The neutralized second separation zone bottoms stream caﬁ also
have a reduced concentration of ASO, generaily being in thé range of from
about 2 to aboyt 15 weight percent of tha neutralized second separation
zone bottoms stream. The concentration of ASO in the ﬁeutralized second

separation zone bottoms stream, however, will generally be an amount less



~portion, of the sul folane conponent and a portion, preferably a substanti al
portion, of the reaction by-product conponent of the separated catal yst

m xture charged to the stripper colum. Generally, the weight ratio of
hydrogen fluoride to water in the second separati on overhead stream can
‘range from about 10:1 to about 100:1; preferably, it can range from about
12:1 to about 200:1, nore preferably; it is greater than 24:1. As for the
second separation zone bottonms stream _fhe weight ratio of sulfolane to ASO
can be present in the range from about1100: 1. to about 2:1; preferably, the

ratio can L9 Gbdut O w%g&%t F%rQ:jgr}tl,t g%cg%ggi'er%b#]y, @@.Agprvﬁlprb%f fe%lal'x?/ l’:i.nt Qx?

ratio can range from ause the stripper I's generally not

perfectly gidunciret wahn MRkiNRGLigesc&APaArati ons, the second separation zone
bottonms streamw || often-have a small concentration of hydrogen fluoride.

The concentrati on Ofe hydhrefzrdf $acond ceeparatiitre zvee dttaspareanois Zomeed
bottons streamin nost instances will be |ess than about 10 wei ght percent
as det er m PEFOBYATLRRE kBE ieeotd §eRATERIF #21%e PAYIAMD FERedT HFE deTERIFRIA ot al

wei ght of the second sgparatio ne, bottons stream.ul tiplie fact or
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nost preferably, the concentration is |ess than 1 weight percent. 15 The

second sepasviirsiblez b Q¥ephefrdalslyr @abactsed pasedhé og@upeainsisting of
poly-(2-vinylpyridine), poly(4-vinylpyridine) and mixtures thereof.

The neutrali;ed second sepafation zone bottoms streamlis further
contacted with a carbon adsorbent material contained within a second
contacting vessel which defines a second contacting zone and provides means
for contacting the neutralized second separation zone bottoms stream with a
carbon gdsorbent material. The contacting of the neutralized second
separation-zone Eottoms stream with the carbon adsorbent material will
remove a portion, preferably a_substantial portion, of the ASO contained in
thé neutralized second separétion zone bottoms stream to produce a
sulfolane stream substantiall& free of ASO and hydrogen fluoride. The
sulfolane stream can be utilized as at least a portion of the sulfolane
component of the alkylation catalyst mixture.

The carbon adsorbent material can;be any activated carbon
material that is suitable for use as contemplated by this invention and for
the selective femoval of at least a portion of the ASO component contained
in the treated sulfbne-containing mixture. The activated carbon adsorbent
can be characterized by its large specific surface area which can range
from about 300 m*/g to about 2500 mi/g as determined by the American

Society for Testing Materials (ASTM) Standard Test Method D3663-~84 entitled

"Standard Test Method for Surface Area of Catalysts”. The standard ASTM



exchanger, which defines a heat transfer zone and provi des neans for
renovi ng heat energy fromthe second separation zone overhead streamto

t hereby condense the streamto forma condensed second separation zone
‘overhead stream A portion of the condensed second separation zone

over head stream can be utilized as a portion of the catalyst m xture, and
the remai ning portion of the condensed second separati on zone over head
stream can be renoved fromthe al kyl atixgn system by passing it to
downst r eam pr ocessi ng. The rate at which the remaining portion of
condensed sestnE3&SpHr ds i imgorometedykededmcrndt radane irsrt drepeesd b roafetr¢nese.

al kyl ation system is controlled so.as to effectively nmaintain
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portion, preferably a substantial portion, of the concentration of ASO

cont ai ned i TestthB4286etmnd HepsSTHt $1aRdZANLedI0D4BABSE tis clarbipprpasishepint adid a
first contacting vessel which defines a first contacting zone wherein is
cont ai ned amadevér Bt deprioe by | xefpsensener Bt | 45 -geagrrdbl desbrabdnt ¥vlusthe f 1 ow

rate of second se atio ne botto strea SO to i ndi tl trol
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catal yst m xture. Preferably the second séparation zone bottomnms stream

flow rate cCerhdbfansUsd CASgdnOF MRirfdob N WSCh CRNGERIcEatvred anl ddiResapayat ed
catal yst m xture of |ess than about 15 wei ght percent, and nost preferably,
t he concent¢a&igpofarbont Gotperatdiomt ai ned

The process conditions under which the second separation zone
bottoms stream and the neutralized second éeparation zone bottoms stream
are contacted with the adsorbent compositions referred to herein can be any
conditions that are suitable or effective for removing at least a portion
of the‘conceﬁtration of ASO or hydrogen halide, or both, from such
sulfolane-contéininé streams. The removallefficiency of the adsorbent
material is not believed.to be highly dependent upon the éontact pressure
because the adsérption phenomenon is thought to be the result of a
liquid-sélid interaction; however, the process pressure should exceed about
0.5 atmospheres of absolute pressure:and can range upwardly to about 30
atmospheres, or more, of absolute pressure. The more common operating
.pressure will generally ranée from about atmospheric pressure to.about 200
pounds per square inch of gange pressure (ﬁsig). -

As for the contacting temperature, any suitable temperature can
be utilized that provides for an effective removal of at least a portion of
the ASO or h&drogen halide, or both, from sulfolane-containing streams.

Generally, the upper and lower temperature limits are set by the physical



bel ow 10 wei ght percent. 16 The second separation zone bottons stream

al so contains a portion, preferably a substantial portion, of the sulfol ane
contained in the feed to the stripping colum. Thus, the second separation
~zone bottoms streamw || contain predom nantly sulfol ane and ASO, but, as
earlier described herein, it can have a slight concentration of hydrogen
fluoride that has not been recovered iggthe second separation zone over head
stream The ASO conponent in the second separation zone bottons stream can
be present inarsitehisiaBsEBEr dhd ORidtaYe! Be By Gakhidr ad,esctﬁ,leb%@lymra@i n. It is
an inportant aspect of this invention for the contacting of the second
separ at i on danactholdtdns it thamsdi tdntahreedcdmtach midterd.al Cossideriggsithe e base
toresult in the renoval of at |least a portion of the hydrogen fluoride
component ofoveRcteRRRRHTEIS difitat iPYFe ZAWAECIBE t bafs asPrHdRS tRPIgF vef aabout
neutralized secqnd,.separation e bqotto st.ream_ havi.ng a reduced

concent ratisc}ﬁgbﬁ'ﬁy%r lgter‘#‘ﬂ ﬁ‘dﬁc‘)’ &%éf ol\f\’/n?%eat&’é"f °fHe mé’étg’(ﬁﬁd“ggg“éartﬁfi%‘ﬁ zone
bott oms st rgamedht rivdr Rl Bd @1t RPVEMEE . it Qi LIAVE AL 9BLEd.Cante ROLEL ON Of
t he hydrogen fluoride conponent renoved fromihe second separation zoneé
bott ons st reanmMéserglimdt afcrOtite Rbitaict g Oémpeberury difpgerinktes00PEE @eNMpanent
in the neutralized second separation zone bottons stream of |ess than about
1.0 wei ght ther oeevr, ténpergivateliiky it He dehieceintedaby civchi fdctbes lassshe han

about 0.2 weight percent, and nost preferably, the concentration will be
initial boiling temperature of the ASO and the temperature at which the

sulfone component of the mixture begins to thermally decompose. Thus, the
upper contacting temperature approximates 400°F. Therefore, the contact
temperature generally will range from about 0°F to about 400°F.
Preferably, the contacting temperature will range from about 50°F to about
350°F, and most preferably, it will range from 60°F to 325°F.

When the reversible base becomes spent, it can periodically be
regenerated by exposing the reversible base to a suitable solvent under
cénditiéns such that at least a portion, preferably a significant portion,
of the ASO adsorbed by the reversible base is recovered therefrom: Such
suitable solvents can be those solvents in which ASO is soluble and can
include organic solvents selected from the group consisting of alcchols,
aliphatic hydrocarbons, alkyl halides, amines, aromatic hydrocarbons,
esters, glycols, gycol ethers, aromatic-haiides and mixtures of two or more
thereof.

The spent reversible base can also be exposed to a stripping
fluid under conditions suitzble for removing a substantial portion of the
remaining adsorbed ASO not'removed by the solvent and to remove at least a
portion, preferably, a substantial portion, of the hydrogen fluoride which

has been removed from the second separation zone bottoms stream and



| ess than 0.1 wei ght percent. The neutralized second separation zone
bottons stream can al so have a reduced concentration of ASO, generally
being.in the range of from about 2 to about 15 weight percent of the
neutrali zed second separation zone bottons stream The concentration of
ASO in the neutralized second separatign zone bottons stream however, wl|
general ly be an anount |ess 17 than about 4 wei ght percent, and

pref er abl yadsbhsedASP tMel ked2@sH18SBdYe. | NTHRAN BB FESR thRbe? alei QRlkd ,
percent. The neutralized second separation zone bottons streamis forned by
cont act i ngettibe sdtaig sefarwst ton szoippimpifhorrsons tdesanibed thereim éveiudiifig ¢ base
under conditions suitable for renmoving a portion of_ the hydrogen'fluoride
cont ai ned a5 e¥EPiexc HAtPLs lratqrhens, ahk 1BBEY &hteSst ridaht desimable fpar Ehopl e -

base is preferaply llected fromth roup _cansi sti of '

pol y- (_-2--vi§ﬁﬂ1§§/’l"igdfﬁ§51,€°p§fay‘(s gv%“n&‘ b af%‘ﬁ’ﬁeq‘aésﬁd #)g(t}t?’rdégcﬁrﬁ‘é?segf'#hrhe
neutral i Ze%ns qulﬁgeafs,@a'a%nazsqgfpptzgg QR $hdaSBN detuddd! t BEnEOBLGGHEY Wi th.
a carbon adsorbent ‘'material contained within a second contacting vessel

whi ch def imRsne, Ra0HIE, CRéMane] iHRgtarRNCoctate HndV nehet%r 8E TS thor o GMdiract i Ng
the neutralized second separation zone bottonms streamw th a carbon

adsor bent thetreef,abut thdimest guefeotredgtoippite bydnetadiop zisd isdwdere-separ ati on

zone bottonms streamw th the carbon adsorbent material will renove a
portion, preferablipeacerditions paderpphichothe severfihlasbrseif af Pt oF

exposed to a stripping fluid are such that a regeneration of the reversible
base is effected, and it is generally a thermal process whereby the spent
reversible base is regenerated by use of thermal energy. Therefore, the
stripping temperature is preferably in the range of from about 100°F to
about 600°F. When isobutane i.s used as the stripping fluid, it is
preferred for it to be in t:llxe supercritical state in order to acﬁieve the
best regeneration results. The stripping pressure is not an important
aspect of the invention and can range from about 0.1 to about 140
atmospheres.

When the carbon adsorbent material 5ecomes spent, it can
periodically be regenerated by exposing it to a stripping fluid under
conditions suitable for removing at least a portion; preferably, a
substantial portion of the ASO adsorbed thereon and removed from the
neixt'ra‘_lized second separation zone bottoms stream. The stripping fluid can
be any f£fluid which svitably performs the stripping function described
herein including, for example, wéter, hydrocarbons and ine.rt gases. It is
desirable for the stripping fluid to be used in the gaseous phase. The

hydrocarbons which can suitably be used as a stripping fluid include

methane, ethane, propane, butane, pentane, hexane, heptane, octane and



the neutralized second separation zone bottons streamto produce a

sul fol ane stream substantially free of ASO and hydrogen fl uori de. The

sul fol ane stream can be utilized as at |east a portion of the sulfol ane
conponent of the alkylation catal yst m xture. The carbon adsorbent materi al
can be any activated carbon material that is suitable for use as
contenplated by this invention and for 4ihe selective renoval of at |east a
portion of the ASO conponent contained in the treated sul fone-containing

m xture. THietwaesi vAt &b car lmere adessdintbucathdencshapafeerddzetdrippihg S | ar ge
specific surface area which can range from about 300 nferr]/g to about 2500
merr]/g adyderdrbemés isgbutigac Atdeh daninsactupeycrisicatestatag Material s (ASTM
St andard Test Meth D36%3- 84 entjtle ,"hStt‘E\ndar 'T?)?S?té t hod tfor_ Sur f ace
‘Area of Catalysts". . PeTRESEINTaFeASTRFC" t18 £a38p7 C55832%8Y PAFhtbrifor at ed

herein and Jrade,.a wg&%&%aeéoo abyt;isps{ée@aﬁd AL S Quctt gﬁa,@cat LY aheds «Gan bop

adsorbent can further be characterized by 1ts pore dianmeter which can range
from about -thQ {£bbl NBdkertaRO UlatbisdMasrdedtrn M aadiblist HdepEllgod erh®Er cury.
i ntrusion porosinetry described by ASTM St andard Test D4284-88. The ASTM

St andard Tesbcdd428Her8By itbe sreot pwrhoreddsmbent mahek ighdis aegrartatedrint @sby
reference. |t is_ general Ily desirabl-e to use commercially avail able
activat ed ©&r BRATmel GRersuchihegrionse etheortrdPRing F§PPeTalura bise PERAF # Y dn

Cf"” bon, fOI‘t exgﬂxpl .ed if%on:[ ng F? tcl>(na \é@t t&S()j’l‘t.s &I‘ %dgpo%%an%s iscaixlsggnas
Filtrasorb 250, ®hi c:h I'S” manuf act ur ed and mar Ket edheby
the stripping fluid, it is preferred for it to be in the éupercritical
sta£e in order to achieve the best regeneration results. The stripping
pressure is not an important aspect of the invention and can range from
about 0.1 to about 140 atmospheres.

Now referring to FIG. 1, there is depicted by schematic
representation an alkylation process s&stem 10. A hydrocarbon feed
mixture, comprising olefins and isoparaffins, is introduced dinto
riSer-reactor 12 through conduit 14. Riser-reactor 12 defines a reaction

. zone wherein the hydrocarbon mixture is confacted, or admixed, with a
catalyst mixture, comprising sulfolane, water, and hydrogen fluoride, in
order to produce a reaction product and a reaction by-product. The olefins
of the hydrbcarbon feed mixture.generally comprise one or more olefins
having from three to five carbon atonms, and the isoparaffins of the
hydrocarbon feed mixture generally will have from four to six carbon atoms.
The catalyst mixture is introduced into riser-reactor 12 via conduit 16.

The admixture of hydrocarbon feed mixture and catalyst mixture
passes through the reaction zone defined by riser-reactor 12 wherein a

reaction takes place in which the olefins of the hydrocarbon feed mixture

react with isoparaffins of the hydrocarbon feed mixture to produce an



‘Gal gon Carbon Corporation. The process conditions under which the second
separation zone bottons stream and the neutralized second separation zone
bottons stream are contacted with the adsorbent conpositions referred to
herein can be any conditions that are suitable or effective for renoving at
| east a portion of the concentration of ASO or hydrogen halide, or both,
from such sul f ol ane-contai ni ng streans. The renoval efficiency of the
adsorbent naterial is not believed to kg highly dependent upon the contact
pressure because the adsorption phenonenon is thought to be the result of a
| i qui d- sol iglkyTdter acdct 0ok phaivever Alsde vREKIGesife ReLASYH onbPWhe feateesh about
0.5 atnospheres of absolute pressure and can range upwardly to about 30

at nospher edy-produpt e ASOf isbdoimetie prhesgencdion eFlituemby evhdonmimelwizer &be ng
pressure will generally range from about atnospheric pressure to about 200
pounds per %qa’adwé Weﬁﬂofaf’ﬁaﬁfgé“ﬁf'e%m%i"ebs.fgym tAgegpaqiee toReBRAS 9

tenmperature, . suit b erature can be utilized_that |de for an
effective rem)val voro5a hfe rTB’a d%%r’fel oh oF fhe ASt Sr £ 13/ reggg)rea(r%\{%l ﬁ’ or

both, fr om.ﬁu&mleaf@tsmﬁt $1dabbE £3bh QBETat SRR Mxtlre LB ABRGY aagu;,akpmr
tenperature litmts are set by the physical 19 characteristics of the

m Xt ur e beiregctiveapsduvan@ot imel phyepacatedc hatadgétemistures2nf The sab&rareat ai ned

in such m xture. Considering the |ower tenperature limt, pure sulfolane
has a nelt|Q4§a%X§FnTi&§Pr%aBBLR11 contain a pertion, but, preferably, a substantial

portion, of the alkylation_reaction by-product, ASQO. The separated
reaction product 20 passes to downstream processing via conduit 24. The
separated catalyst mixture 22 can be recycled via conduits 26 and 16 to
riser-reactor 12 for reuse as the alkylation catalyst mixture. Intérposed
in conduit 26 is catalyst cooler 28, which defines a heat transfer zone for
exchanging heat from separated catalyst mixture 22 to a heat transfer fluid
such as water.

A make-up catalyst mixture is introduced into alkylation process -
'system 10 through conduit 30. The make-up catalyst mixture can be prepared
by mixing sulfolane; having a concentratién of water, with HF by mixing
device 32 which defines a mixing zone and provides means for mixing the
sulfolane having a concentration of water with HF to form the make-up
catalyst mixture. Hydrogen fluoride is ;ntroduced into mixing device 32
via conduit 34, and the sulfolane is introduced into mixing device 32 via
cenduit 36. | .

;n order to regenerate the alkylation catélyst by removing
accumulated ASO and water, a portion, sometimes referred to as a slip
stream or a drag stream, of the separated catalyst mixfure 22 passes by way
of conduit 37 to stripping column 38 that.is equipped with reboiler 39 and

which defines a separation zone for separating the slip stream of separated



81.3-82.0[err]F, but when sulfolane is in the formof a mxture with water
and hydrogen fluoride, the nelting point is significantly |ower. Therefore,
the lower Iimt for the contacting tenperature approxinates O[err]F. As for
the upper tenperature limt, it is determ ned by such factors as the
initial boiling tenperature of the ASO and the tenperature at which the

sul fone conponent of the m xture begins to thermally deconpose. Thus, the
upper contacting tenperature approxi mat,gs 400[err]F. Therefore, the contact
tenperature generally will range fromabout O[err]F to about 400[err]F.

Pr ef er abl y,cathkyscomixaictd 29 irewpet dieaste twb| streawsge (Momm alvedlieaBOferdahl- t 0
about 350[err]F, and nost preferably, it will range from60[err]F to

325[ err] F. opmRTiSing ar peatien t?lfeﬂ‘t%lélé‘}lrﬁé%fbrﬁé@féﬁ‘éﬁﬂ‘t"i’lﬁe%éh ther sbig etfdap be
regenerated Ry exposing the reversible base to g suitable sqlvent under .
Condit1 ons Aot FPREEnarE |hnapEd” sRIman 3 wpordn S8t g Rrdahbobare: on
of the ASO sacgwr,b@&pt?ysisgeahwm&,ﬁ'&4 Bhd 23 fro18nd ‘é&-%\éﬁ&&dof Qlﬂé eel‘lﬁgrg WER.

sui tabl e sol vents can be“those solvents in which ASO iIs sol uble and can

i ncl ude or gaBi Kot3ohy/ @Bt&anseiKACchbsh kowumih he pgEich, GaBsérabina etbsabsoiul s,

al i phatic hydrocarbons, al kyl halides, am nes, -aromatic hydrocarbons,
esters, gl weotin, gyfcohe aedntion barpnedudtc A%, cadatned in xheisdip streame or nore
t hereof. The spent reversible base can al so be exposed to a stripping fluid

under condi tions sUPfEMPESS GRtP SHIETPRIGS acLYBS t Bn bV afepBF t FBHUET Ahds

I L R

has been r ey afel svaihddiCsBRER M SBRABALLR sTRAAR 1A (RTE sPetHABLANY for
stripping the hydrogen fluoride from the slip stream. The overhead stream
passes by way of conduit 42 to separator vessel 44. Interposed in'conduit
42 is condenser 46, which defines é heat transfer zone and provides means
for removing heat energy from thé overhead stream and for condensing the
overhead stream. The thus-condensed overhead streaﬁ passes to separator
vessel 44, which defines a separation zone and prbvides means for
separating the thus-condensed overhead stream into an overhead hydrocarbon
stream comprising said hydrocarbon, and a condensed overhead stream,
comprising HF and water. The overhead hydrocarbon stream passés from
separxator vessel 44 to further downstream processing by way of condﬁit 48.

A portion of the condensed overhead stréam is passed by wéy-of

conduit 50 to settler vessel 18 whereiﬁ it is recombined with, or utilized
as, a portion of the aikylation cataiyst mixture. Another poition of the
condensed overhéad stream is optionally passed to sfripping column 38 by
way of conduit 51 and is utilized as a reflux to stripping column 38. The
remaining portion of the condensed overhead stream not passed to settler

vessel 18 or to stripping column 38 is passed by way of conduit 52 to

downstream processing. The rate at which the remaining portion of the



20 adsorbed by the reversible base. The stripping fluid can be any fluid
whi ch suitably perforns the stripping function described herein including,
for exanple, water, hydrocarbons and inert gases. It is desirable for the
stripping fluid to be used in the gaseous phase. The hydrocarbons whi ch can
suitably be used as a stripping fluid include nethane, ethane, propane,

but ane, pentane, hexane, heptane, octane and m xtures of two or nore
thereof, but the nost preferred strippﬁﬁg hydr ocarbon is isobutane. The

condi tions ?ol?ﬁggﬁse\éhg&er}h%ar&teﬁgr%\égri%i is%eé’ad%ﬁnééregxﬁ 0P QJnt?%;{igéesdo L9 &

. . (o]
stripping f are suc at a regeneration of the reversi base i s

ef fected, apd eltkedtivdaRCh@lnkYirdng N@eMBoncRE OGRS VR ARY IN&hSPRhrated
reversi bl e base is regenerated by use of thermal energy. Therefore, the

strippi ng testpéyst utxxurs belef ebadyl 0 iweiglne peegrge, dutf prefeadbdnt theOfarer] F t O
about 600[err]F.” \Wen isobutane is used as the stripping fluid, it is
preferred feAncprtrgbiqgeis nephdhanpbpeet i’ P ciaisht peEcany, glogerPrefe bRy evidet he
best regeneration results. The stripping pressyre is not an inportant
aspect of tﬁ°é‘°F?1V€ﬁf Toh® iﬁ%"’ (‘fgﬁ“ %a’hé)@e?. ‘om about 0.1 to about 140

at nospheres. \Wen the ¢aédd Adeol hebh REFIhg! cA8RPMRS p2fRA by iayCaP
periodically be regenerated by exposing it to a stripping flui'd under

condi ti ons conidtadhlss fror £18HD bty cBingl @asdela SpPrihion; cquteimr ablcyntazt
substantial portion of the ASO adsorbed thereon and renoved fromthe
neutral i zednatertald skyrarpasedninz oenduibtibons walvedin wiink &3 nitppized 4lasigd can

with other piping and valves described herein to assist in isolating first
contacting vesel 56. The contact material contained in fi:st contacting
ve#sel 56 is preferably a reversible base and most preferably a
polyvinylpyridine (PVP) compound. First contacting vessel 56 defines a
separation zone for removing by adsorption or by neutralization, or both, a
substantial portion of thé hydrogen fluoride contained in the bottoms
stream to produce a neutralized bottoms stream or a treated
sulfone*céntaining mixture. Also, at least a .portion of the ASO ?ontained_
in the bottoms stream is adsorbed by the contact material and is thereby

. removed therefronm.

The neutralized bottoms stream then passes through conduit 58 to
second contacting vessel 60, which coqtains'ah adsorbent material and
defines a separation zone for removing a substantial portion of the ASO
contained in the neutralized bottoms stream to'produce a regenerated
catalyst, or sulfolane stream, having a concentration of ASO that is
reduced below that of the neutfalized bottomé stream and that is preferably
substantially free of ASO and hydrogen fluoride. Interposed in conduit 58
is valve 61 which is ptilized along with other piping and valves described

herein to assist in isolating second contacting vessel 60. The sulfolane



be any fluid which suitably perforns the stripping function described
herein including, for exanple, water, hydrocarbons and inert gases. It is
desirable for the stripping fluid to be used .in the gaseous phase. The
hydr ocar bons which can suitably be used as a stripping fluid include

nmet hane, ethane, propane, butane, pentane, hexane, heptane, octane and

21 m xtures of two or nore thereof, but the nost preferred stripping
hydrocarbon is isobutane which is in aJsupercritical state. The conditions
under which the carbon adsorbent material is stripped or exposed to a

stri ppi ng fdtuean apeveyad hfrbhatecend egrdaetiagi vessel 60hpasgas Bbrowliserndent 62

material is effected, and it is generally a thermal process mhereby t he
spent car bol? &d%%i&gbéﬁ‘{lcﬁa?"er"?‘a‘febb’s“r éﬁeh igttedy bsPryeeedornd kféf“ﬁ’ﬁl Bt gy.
Therefore, the stri erat referably i.n.t 0. from
about 100[ eTPPES g‘gt rT%)té’r’c?] rgs%o‘b taﬁértllgn use he Q,[ e{ “&fri ppi ng

fluid, it ig.Rskheréfdnd erlc}ltati& b&awstt Ia@xé,u@ercmérbs@éd 3 %ﬁadl@ gsdgr to
achleve the best.regeneration results. The stripping pressure is not an

i nportant aspeetsnhidie ik itabideanakng widh éihegepiphinmaabowdlves Hekorideout 140
at nospheres. Now referring to FIG 1, there is depicted by schematic
r epr esent athegpimrtoatdgistitinobsqlabingssecoyd icoptakling vasIpldfOcafronultddne
m xture, conpr|5|nﬂ ol efins and gso araffins, is introduced into
r

ri ser-reactHred® ehrBhtPaLbhagts P42y Fﬂfsé‘?“df‘é%l(?f’o"P 9/ IIET AR5 FHEEL i on

To regenerate the contact material contained within first
contacting vessel 56, conduits 66 and 68, each respectively having valveé
70 and 72, are provided to permit the periodic regeneration of the- spent
contact material. - Periodically, the contact material in contacting vessel
56 is exposed to a solvent or a stripping fluid which passes by way of
conduit 66 into first contacting vessel 56 to thereby expose the contact
material under conditions such that at least a portion of the ASO and HF
adsorbed by the contact material is removed by the solvent. The solvent
‘contdining ASO and HF which has been removed from the contact material.
leaves first contacting.vessel 56 by way of conduit 68 to downstream
processing. To regenerate the contact material contained in second
contacting vessel 60, the contaét material is exposed to a solvent or a
stripping fluid suitable far the removal of at least a portion of the ASO
contained upon the contact material. The stripping fluiﬁ is introdﬁced
into second contacting vessel 60 by way of conduit 74 to expose the contact.
material contained therein under conditions so as to regeﬁerate the contact
material. The stripping fluid is conveyed from second contacting vessel 60
by way of condpit 76. Interposed in conduits 74 and 76 are, respectively,
valves 76 and 78 which are provided to assest in the isolation of second

contacting vessel 60.



zene wherein the hydrocarbon m xture is contacted, or adm xed,r with a
catal yst m xture, conprising. sulfolane, water, and hydrogen fluoride, in
order to produce a reaction product and a reaction by-product. The ol efins
of the hydrocarbon feed mixture generally conprise one or nore ol efins
~having fromthree to five carbon atons, and the isoparaffins of the

hydr ocarbon feed m xture generally will have fromfour to six carbon atons.
The catal yst m xture is-introduced into riser-reactor 12 via conduit 16.
The adm xture of hydrocarbon feed m xtgge and catal yst m xture passes

t hrough the reaction zone defined by riser-reactor 12 wherein a reaction
takes pl ace in whi The tfoelmliet iaxsmpife ddveninret e ahbordvheages oft tiie presait Wit h
i soparaffins of the hydrocarbon feed m xture to produce an 22 al kyl ate
reaction prhpriéion. ATSES spemmien 16 hy rddcef ol lyefrétiethentvad@iods b3R%r oduct ,

ASO is forned. The, rreactipon effluent, which include he reaction
pr oduct anan"é’gﬁ‘?it(?n?ﬂ'&}?ptﬁ’(?dﬂﬁ'te’,'t’f"%?ﬁ PRE&PE rlgaﬁkf.eoﬁpﬁefﬁﬁ‘giscgéémst‘o settl er
vessel 18, which defines a separ qfailgl_gml&g@%x;%[lesepar ating the alkylate

reacti on product fromthe catalys roduce a separated reaction

product 20 and a sepgd ¥kakp16Frob ek dErkhil RateFial DHCarzPATREALL 16At ArYsd
mxture 22 wll contain a portion, but, preferably, a substantial portion,

of the al kpligtliadbion pastess 3y -pvdnkict proiiSEtion Fcsepafaledop cactrpbrof
product 20 Easses to downstream Fr ocessing via conduit 24. The separated

cat al yst niPkExiage Percdsy- hd Fimpgitied SAPA"tOARA the 2dkwiigios Preress vnit is
' depicted in FIG. 1. Table I summarizes st;eam dgta for the various stream

numbers which correspond to those shown in FIG. 1.



riser-reactor 12 for reuse as the al kylation catalyst m xture. |nterposed
in conduit 26 is catalyst cooler 28, which defines a heat transfer zone for
exchangi ng heat from separated catal yst m xture 22 to a heat transfer fluid
such as water. A make-up catalyst m xture is introduced into al kyl at.i on

" process system 10 through conduit 30. Fhe make-up catal yst m xture can be
prepared by m xing sul fol ane, having a concentration of water, wth HF by

m xi ng devide 32 whicy dgfines a rngxing zone and providgs neaps for m xing
-the sulfolaje Wagihg @ c@ncfRZr@dEipn BF Kt & 2 FHY [t form|t he make- up
catal yst m ¥t ufes & Hydr ofen T Pioride Tsuﬂ fé’gtﬁe-geglgn & ni xithg device 32
via conduit 34,5§ the gul fol an eds it F(gjgce(fg ® 3<| ngwd vice 32 via
condui t 36. {l ngfogder g‘ g,egenergate t he at igon Fat alyst ty renovi ng
accunul at ed JASQ grffi wet e, a portion, sonétlnes referfdgl tofa$ a slip
streamor a dr%p;§1reﬁn1=of the separated catal yst ni tﬁwe 22 |passes by way
of conduit 37 to sSrlpplng colum 38 that is efui pped Wth retpoil er 39 and
whi ch defings a separatlon zone for separating the slifp streafn of separated
23 catal yst Jm xture 22 if#to at |edst two streads: (1) .28 ovejhead stream
conprising 4 pasti on &f the hydrggén fluerdde=adat ai n d’ﬁn t-hé slip stream
and a porticn(§¢ihe natgr contalqu in the sgkpug?re ganﬁ"QZ) a bottons
stream congrising a porH on of €he sulfoltaﬁewc-onﬂpone t*-of the¢ slip stream
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The bottons streamw | |. al so contain a portion, preferably a substant.i al
portion, of the reaction by-product, ASO contained in the slip stream

I ntroduced into stripping colum 38 by way of conduit 40 is vaporous

i 'sobut ane whi ch provides energy for separating the slip streaminto the
overhead stream and the bottons stream and, nore specifically, for
stripping the hydrogen fluoride fromthe slip stream The overhead stream
passes by way of conduit 42 to separator vessel 44. Interposed in conduit
42 is condenser 46, which defines a hedf transfer zone and provi des neans

for renoving heat e fromthe oyverhead stre and for condensin he
overhoad Stream  THELSFHE CBIRIEHROHDYSFh ARTF TSP T dfh 18488 6F Fif SEpato,

vessel 44, , .e(f:pedj%tn{)mﬁe@t,S?%%ﬂﬂﬁgnvcﬁrgggioquangr R34:198&e %ai Hossible

separating the thus-condensed overhead streaminto an overhead hydrocarbon
st ream conpyithioBg skalTbdhyslrt@6 adBON, Such @ r BatGOhe] QRS afdd DFiRE baRE 8id @aBhin
conprising HF and water. The overhead hydrocarbon stream passes from

- separ at or ke sebpalHLtthef deschireddwestioaasndptior @ppeanded mtaimsy of conduit 48.
A portion of the condensed.overhead streamis passed by way of conduit 50
to settler vessel 18 wherein it is reconbined with, or utilized as, a
portion of the al kylation catalyst m xture. Another portion of the
condensed overhead streamis optionally passed to stripping colum 38 by
way of conduit 51 and is utilized as a reflux to stripping colum 38. The
remai ni ng portion of the condensed overhead stream not passed to settler
vessel 18 or to stripping colum 38 is passed by way of conduit 52 to
downst r eam pr ocessi ng. The rate at -which the remaining portion of the



24 condensed overhead streamis passed downstream nust be controlled so as

to be effectiversHBHI Rlehi e concentration of=water—ip-the separated
catal yst m xture T wei ght percent, buti TS sHabt VlAStéEI% @t er
concentration is El“ it 7.5 wei ght percentj bly, {it he
concentration is rcent.. The bottons st =

colum 38 passes by way of conduit 54 to first contacting vessel 56, thch
" contains a.contact nmaterial. | nt erpod®d in conduit 54 is val ve 57 which

is utilize | 911“? r-Pi ping and val ves described herein to assSi St
in isol atig’bﬁ?‘g&g:tﬂ\,\%%%%ac ﬁnlgs'vesel 56. The contact material contained in,_[

first contacting veﬁ.sehnéﬁkmt@&@%%&%ycemgﬁ\é%ésltmgtbesssf.and nost. 1
preferably a pol yvinyl pyridine (PVP) conpound. First contacting vessel 56
defines a separati o) zaRdng ulEeYavi ey iy aadseptta@orDbf Bateeutier| HEzabi on,
or both, a substantial portion of the hydrogen fluoride contained in the
bott ons st feamtatphoducktarneonpras igesu olarensvateremh 9 a treated

sul fone-contai ning mixture. Also, at |least a portion of the ASO contained
in the bottons str&¥m FETAESEBLRANIYOEHEOR OHPERE mEPRATF A 8aRlP § i85t ARt eby

renoved therefrom. Th eutralized bot.tons stream then.passes . .through
condu t 5e A ERFny SEF Sh{F s BT O RARIR SLAARTY (L AEIRES o bRENy
materi al apehaded iang&c@ig,eﬁ%ﬁt:{;%dz‘p@@aéggn OPMalge;2 substantial portion
of the ASO contained in the neutralized bottons streamto produce a

regener at ed catal yét) e¢pasetingl said sdaceton phainct fran ald et s Biskoni:xafurASO
that is

within a first separation zone to broduce a separated ;eaction product and
a separated catalyst mixture with said separated catalyst mixture
containing a portion of said reaction by-product;

(d) passing a portion of said separated catalyst mixture to a'
second separation zone to thereby separate said portion of said separated
catalyst mixture ;nto a second separation zone overhead stream; comprising
a portion'of the HF component of said portion of said separated catalyst
mixture and a porfion of the water component of said portion of said
separated'cataly;t mixture,_and a second separation zone bottoms stream,
comprising a portion of the sulfolane cémponent of said por;ion of said

-separat:éd catalyst mixture and a portion of the reaction by-product
component of sa'id portion of said separated _c;talyst mixture;

(e) utilizing a remaining portion of said separated catalyst
mixture as a portion of said cataiyst mixture;

() condensing said second separation zone ovérheqd stream to
produce a condensed second separation- zone overhead stream;

(g) wutilizing a portion of said condensed second separation zone

overhead stream as a portion of said catalyst mixture; and
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reduced bel ow that- of -the-neutralized bottoms strear zﬂgﬁég BET HﬁSMEE_Ne.;

substantially free of S%egn Q grogen fluoride. |ntlerpos@EpLpageonduit}58
i s valve 61 whichy | ong with other pipin s s+ bed
herein to assi st :L lI ilﬂ cond contacting vessel 60. The sul fol ane

25 stream conveye ontacting -vessel 60 passes through conduit
62 to m xing device 32 whereby it is ultimately conveyed and rem xed with
separated catal yst m xture 22 for reusé®as a portion of the sulfol ane
conponent of the alkylation catalyst mixture. Interposed in conduit 62 is5s
val ve 65 which is @B Pswsdral ngeraintpeotAtaFiqgi Ffngaiheopdsnred aeedi bed
herein to assi st, I n i Sle‘;ietana% s ce%ndtocgg‘:g %%ti ng v%gge.ln GQ. a ;Izge snul {10] ane
st ream can*Prrottdl Fpass By Ray  0f “conduit*BaPT S *HoWAst r Eam procedsthg.
To regener gtf ki CONLAGIa MR hakofQRt AILNEH W LALL: fid Shid ANbALLHAY
vessel 56, conduits 66 and 68, each respectively having valves 70 and 72,
are-provi degkd19spaintiret dopaiboolilo weagrtigeaddn@n Oof the spent contact
material. Periodically, ‘the contact material in contacting vessel 56 is
exposed to a sol vedt oA prosess ppi rerifé¢diiid wwiighl ,pakesmdn [Ppeveppcedtrabneiui t 66
into first contacting vessel 56 to thereby expgse the contact materi al
under condPf i“gfer dactrifhutlfatenecused i érinsottedt (4héds ASOMngange SH<SSPPed by
t he contact IS I nov_egﬁt.goy'r% h% sol vent. The sol vent contai ning ASO
r

terd al
and HF whi 3?1°n"%a§']b§%na.b?%t vEH M tHe contact material |eaves first

contacting vessel 56 bX jﬂ@xe&f aQ%qiléJd @8CT191"P|Q\,’\%E£é%n%he weighf: ratio of

D

hydfogen fluoride to sulfolane of said catalyst mixture is maintained in
the range of frbm about 1.1 to about 40:1 weight percent.

4. A process as recited in claim 3, wherein in said second
separation zone overhead stream the weight ratio of HF to water is in the
range of from about 10:1 to about 100:1.

5. An alkylation process as recited in claim &, further
comprising: |

passing said second separation zone bottoms stream to a first
contacting zone at a rate which is effective in maintaining a concentration
of.said reaction by-produét_in said separated catalyst mixture of less than
about 20 weight percent of said separated catalyst mixture.

6. An élkyiation process as recited in claim S, further
cbmprising: |

introducing a.hydrocarbon in a vaporous staté into said second
separation zoné to fhéreby ?rovide energy for separating said portion of
said separatéd catalyst mixture into said second separation zone overhead
stream and sai& second separation zone bottoms stream; and’

separating said concensed second separation zone overhead stream

into an overhead hydrocarbon stream, said overhead hydrocarbon stream

iy



processing. - To regenerate the contact material contained in second
contacting vessg,l,ssﬁa,tnss hagt material is expose
stripping flui d Ihe renoval of at |east aTHtﬁ)Slt\EE)TnHB$Rr

SO
cont ai ned- upon t erial. The strippingtflui dﬂ@lr‘ﬁf-Poducgg\
into second cont 60 by way of conduit 7 exXpose the contact
mat eri al cont ai ned there| n under gonditions so as to regenerate the contact
material. The stripping fluid is conveyﬁd from second contacting vessel 60
by way of conduit .76. Interposed in conduits 74 and 76 are, respectively,
val ves 76 apgh481 sQEld %Er&l&?lyd deghd Qa8 S6Rfentdd 8&nk SQYpREd 260 ije§§é3a%”d
contacting vesseli f’o I ' ow ng exanpl e denonstrates '
“advant ages saieanhes@rdes&mbnsavemdnamepImﬁoemaa{eed| S rbym \WByprak 1rig| kHS:Irfdat I on
-only, and is not intended to limt the invention as set out in the appended
claims. Caletdmat ed Exanple This exanple provides certain material bal ance

I nformation for an aI kyl ati on process unit having a production capacity of
15,000 barrel of al’kyl dt oS dgyrecAted {p| leind: s%éﬁ“a‘t FRmPgEsi¥&e al kyl ati on

process unit is depi did abl e_l| .summari ream data for the
various stream nunbé’%éaec %rfaég?eézgﬁ%—ncfpfm“ %szeongh%o\%n%\ol sg?eé ? 1fh s

reversible base selected from the grbup consisting of

poly;(z-vinylpyridine), poly-(#-V1ny1pyr1dxne), and mixtures thereof
contained within said first contacting zone to thereby remove a portion of
the HF contained in said second separation zone bottoms streams to produce
a neutralized'se;ond separation zone bottoms stream;

éontacting said neutralized second separation zone bottoms stream
with carbon contained within a second contacting zone to thereby remove a
porfion of said portiqn of the reaction by-product to prbduce a sulfolane
sfream substantially free of said reaction by-product and HF; and

utilizing said sulfolane stream as at least a portion of the
sulfolane component of said catalyst mixture.

8. An alkylation process as recited ih claim 7, further
comprising:

periodically exposing_ said rex;ersible base to a solvent under
conditions such that at least a portion of the ASO adsorbed by said

reversible base is removed therefrom.
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['rr] - 27 28 Wile this
i nvention has been described in terns of the presently preferred
emgbodi nent, reasonable variati-ons and nodifications. are possible by those
skilled in the art. Such variations and nodifications are within the scope
of the described invention and the appended cl ai ns. 29 CLAI M5 1.

"An al kyl ati on process, conprising the steggs (a) mxing sul folane having a
concentration of water with HF to forma catal yst m xture conprising
sul fone, water and HF; (b) contacting a hydrocarbon m xture, conprising
ol efins and isopajaffifis] with said catalyst mxture within a reaction z
to thereby produce & reaftion product and a reaction by-product; (c)
separating saidj reagtipn|prduct fromsaid catalyst mxture within a {irjst
separation zonef t ¢ grodufe-a separated reaction product and a separated |
catal yst m xturfe W tih sald separated catal yst m xture containhgg a portijon

of said reaction by-proqug; o O
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(d) passing a portion of said separated catalyst mixture to a second
separation zone to thereby separate said '‘portion of said separated catal yst
m xture into a second separation zone overhead stream conprising a portion
of the HF conponent of -said portion of said separated catal yst m xture and
a portion of the water conponent of §§% pti on of said separated catalyst
m xture, and a second separation zoné Dottonms stream conprising a portion
of the sulfol ane conponent of said portion of said separated catal yst

m xture and a portion of the reaction by-product conponen; of said portion
of said separated cat aI-.yﬂKfY&AEI@NQ&TXLQSITi&E%NEWé ing portion of
'said separat’ed catalyst nmixture as a portion of said catalyst mixture; (f)
condensing said second separation zone -overhead tjggemyo produce a
condensed second separation zone overhead stream ?g) uti-lizing a portion
of said condensed second separation zone overhead streamas a portion of -
sai-d catal yst m xture; and (h) passing a renmaining portion of sai

L d .
condensed second s@pFRErbrHSzEM IEVHARBAPTEET BTG NotiEEs samiprGEesEi ng
at a rate whj is eff Lve i maintainin enfLaidon ofe aLeL d N
sai d separ 5?%%%’5? ar ?/slfey%%noﬁnurf guqbréf!%wa%a%gu?lk%gﬁg?g ttag}tertcent e \SQ =2
A process gsoyiRed t &4 ithe Cr&HoRil, o RRES} NErbRELKONARMI2éd Catefyswatrat i n sai d
sul folane used in mxing step (a) is in the range of fromabout 0.1 to
- about 5 CASEzumdddie8 witidd the alkylation process system as a result of the

incoming water which accompanies the catalyst mixture make-up components.

L S LY



\Aéi_@hl‘ percent. 13. A process as recited in
wei ght ratio of hydrogen fluoride to sulfolane of s X
maETit ai ned” in the range of from about 0, about 4011 ' ce
A process as recited in claim3, wher eijzgli %”Q%‘i"ﬂl‘t%é § B-@%&E@eﬁﬁ{
overhead streamthe weight ratio of r is ijnith
about 1.01 {o about 1QQ: : : gkf}’] | .process as recitgd in
claim4, further conpggs#lr?’glamﬁla Igferlsa’ Sara s colﬁ%{e?g) arat-en—zoneoTT ons
streamto a first con{aahiking snifolanathaeing &t eonedritration of efater otikly EIF to form a
mai;nt ai ni ng a concentration of said reacti )y- product in said separated

catal yst m ARlyS Brtyre comprsing splioge, @ percent of said separated
catal yst m xture. 6. tacti K LiBbh xR Birigsie 'BHdseqi 1 ¢l aim 5,
further conprising: i%bt)rcgguc?rhggga y roca(r&g)én ﬁan 1f?lﬁ’\r/lapgr ous stgte into said
second sepaisapdraffingowith tsaidt datalysb yipiuoe, withines esagtjorf zonestotheraby prpdae¢ d

portion of said sepgrated catalyst mxture into said second separation zone
over head st?@ﬁ?ﬂ’h?ﬁggfgia&gé‘e%ﬁﬂ%é@bﬁﬁoa’r‘?tpn zone bottons stream and
separating said condegyQeh2aaR hicRABG produdtThsin QHid'dasdt k@A withira an

over head hydrocarbon stream said overhead hydrocarbon stream conprising
sai d hydr ochirsbseparation 2oa¢ do prasyes s sepasaied mictien praductoamdo saparsted eatalipstm

sai d condensed second .separation overhead stream conptising.HE and water.
7 5o Seid 3Pk Ry SRS RIaERE AaPican o il FesBfnt act i ng
sai d secondbppidisli on zone bottons streamw th a reversible base sel ected
fromthe group consisting of poly-(2-vinylpyridine), poly-(4-

- vinylpyridine), and n{d}nassing & pertionfofceist separatedidatalysh mixtuee td # secopdnt act i ng
zone to

separation zone to thereby separate said portion of said separated catalyst mixture into a
second separation zone overhead stream, comprising a portion of the HF component of
said portion of said separated catalyst mixture and a portion of the water component of
said portion of said separated catalyst mixture, and a second‘ separation zone bottoms
stream, comprising a portion of the sulfolane component of said portion of said |
separated catalyst mixture and a portion of the reaction by-product component of said
portion of said separated catalyst mixture;

(e) utilizing a remaining portion of said separated catalyst mixture as a
portion of said catalyst mixture;

(f) condensing said second separation zone overhead stream to produce a
condensed second separation zone overhead stream;

(g) utilizing a portion of said condensed second separation zone overhead
stream as a portion of said catalyst mixture; and

(h) passing a remaining portion of said condensed second separation zone
overhead stream to downstream processing at a rate which is effective in maintaining a
concentration of water in said separated catalyst mixture below about 10 weight
percent.
2, A process as recited in claim 1, wherein the concentration of water in

said sulfolane used in mixing step (a) is in the range of from about 0.1 to about 5

CASE: 33169
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REPLACEMENT SHEEL{

staeam contacting said neutralized second separa
with carbon contained within a second 8@ntthstitgtesghigetig
portion of mmt-on of the reaction by-product]j to produ
stream substantially free of sai eact.i on by- pr oductr—are—F ng utilizing
sakd sul fol%ane st rean‘ﬁt L% ?Sergg‘?e a °§?‘F\ gnw%?rg’flh eé"(ﬁ%lr%ﬁ‘f’eb% B8&ht of

sai d cat al \hioride %6 wiilfolane of3said catalyst mixture if\inakithmb@in G RAKEESFromSabiorti t ed
in claim7, further conprising: periodically exposing said reversible base .
to a sol vertl thakaut d8rgweighhperesiéh that at |east a portion of the acid

sol ubl e oi I4. adsor bed A) %ro%@ésdasr@Xi‘?édsﬁxbélﬁnp?,s\@héréinriﬁ @&*ﬁ%&a&ﬁﬂéﬁ%&ﬁh Zone

~overhead stream the weight ratio of HF to water is.in the range of from about 1.01 to
about 100:1. -

5. An alkylation process as recited in claim 4, further comprising:

passing said second sepaiation zone bottoms stream to a first contacting
zone at a rate which is effective in maintaining a concentration of said reaction by-
product in said separated catalyst mixture of less than about 20 weight percent of said
separated catalyst mixture.
6. An alkylation process as recited in claim 5, further comprising:

introducing a hydrocarbon in a vaporous state into said second separation
zone to thereby provide energy for separating said portion of said separated catalyst
mixture into said second separation zone overhead stream and said second separation
zone bottoms stream; and |

separating said condensed second separation zone overhead stream into
an overhead hydrocarbon stream, said overhead hydrocarbon stream comprising said

" hydrocarbon, and said condensed second separationloverhead stréam, said condensed

second separation overhead stream comprising HF and water.
7. A process as recited in claim 6, further comprising:

contacting said second separation zone bottoms stream with a reversible
base selected from the group comnsisting of poly-(2-vinylpyridine), poly-(4-
vinylpyridine), and mixtures thereof contained within said first contacting zone to
thereby remove a portion of the HF contained in said second separation zone bottoms
streams to produce a neutralized second separation zone bottoms stream,;

contacting said neutralized second separation zone bottoms stream with
carbon contained within a second contacting zone to thereby remove a portion of said
portion of the reaction by-product to produce a sulfola.ne stream substantially free of
said reaction by-product and HF; and

utilizing said sulfolane stream as at least a portion of the sulfolane

component of said catalyst mixture.

T



31 Substitute shpet - ) 9epEMB87 1pop

such that at least a portion of the acid soluble oil adsorbed bsaid reversible base is

‘removed therefrom.
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