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The present invention relates to a hydrocarbon conversion process and a
catal yst conposition to be utilized in said hydrocarbon conversi on process.
More particularly, the invention relates to—anR+rapraved—al kyl ati on process
for the production of an aljkyl aREPhAGERBHEETEont aéti ng hydrocarbon with a
novel catalyst conpositi on.|[Tiesugeioonf: pegadal-y+ iacpagbkyl-at | on processes to
produce branched hydrocar bofig hamis)g proger.ttet pdsed .- #¥r-e| suitable for use
as gasol i ne bl-endi ng conpongntisaitgpel:lpageiown.. ipaghe...art-| General ly, the
al kyl ation of olefins by s ratsadethy drpagar. Jons; pgeth=asti soparaffins, is
acconpl i shed by- contacting fherseastantspd. th an acid catalyst to forma
reaction mxture, settling - “the catal yst fromthe
hydr ocar bons, and further separating thelhydrocarbons, for exanple, by
fractionation, .to recover the al kylation-reaction product. Normally, the
al kyl ati on reaction product is referred to as

ISOPARAFFIN-OLEFIN ALKYLATION

_ %, ' The present invention relates to a hydrocarbon conversion process
o and a catalyst composition to be utilized in said hydrocarbon conversion
ﬁrqcess. More particularly,_the invention relates to an improved alkylation
process for the production of an alkylate product by contacting hydrocarbon
with a novel catalyst composition.

The use of catalytic alkylation processes to produce branched
hydrocérbons having properties that are suitable for use as gasoline blending
components is well known in ghe art. Generally, the alkylation of olefins by
saturated hydrocarbons, such as isoparaffins, is.accomplished by contacting
the reactants with an acid catalyst to form & reaction mixture, settling said
mixture to separate the catalyst from the hydrocarbons, aﬁd further separating
:the hydrocarbons, for example, by fractionation, to recover the alkylaﬁion
reaction product. Normally, the alkylation reactionm product is referred to as
"alkylate", and it preferably contains hydrocarbons having seven to mine
carbon atoms. In order to have the highest qﬁality gasoline blending stock,

it is preferred that the hydrocarbons formed in the alkylation process be

highly branched.



= halkylate", and it preferably contains hydrocarbons having seven to nine
carbon atons. In order to have the highest quality gasoline blending stock,
it is preferred that the hydrocarbons formed in the al kylation process be
hi ghly branched. , 2 One of the nore desirable al kylation catal ysts is
hydr of l uori ¢ acid, however, the use of hydrofluoric acid as an al kyl ati on
catal yst has certain drawbacks. One of the primary problenms with the use of
hydrofluoric acid as an alkylation catélyst is that it-is a highly

. corrosive substapce it is toxic t uppn bei . JJh ox{.city of
hydr of | uoric aci gnet 8?%S‘ﬁamﬁrbé’ieﬁb’§s°?es a?'ﬁ'ﬁf‘ &r %‘gﬁg’%ﬁéa e %9%(%%51&’#&?, t hat
anhydr oUsiokbef OfthdlQlsle Co Al &kJeBydrYPidcdd la¥ an G3Ry1ALiMOEMRIyH ARSRIRSEL G
conditions of one atnosphere of pressure and [err] It is possible for the
vapor préssdecksof diedodfthel QriifardChrdbbdns Swirhdetiedusd B0 Hytiesfilaorienaiidi 80S t O

create certain safety concerns when it is exposed to the atnosphere.- These
saf ety cORcEHietipe cetalystdishyhathit dase highly egrireniviyeibstanserend aeii i s

vaporizeqd and,rel eased i nto t he at nospher e. n spite of the tenti al
pr g bl eﬁsq\?\f{]ch tﬁﬁwaw g&ﬂgél' t )}‘harmx:l_cﬁ‘,éy por}.{nydrohuor c acid to humatp %eings is

further complicated by thq_fact that anhydroﬁs hydrofluoric acid is typically
a gas at normal atmospheric co_ndit:ions of one .atmosphere of pressure and 70°F,
It is possible for the vapor pressure of hydrofluoric acid at standard
atmospheric condifions to create certain safety concerns when it is exposed to
the atmosphere. These safety concerns are created by the ease with which
hydrofluoric acid is vaporized and released into. the atmosphere.

In spite of the_potential problems with human toxicity and the
corrosive characteristics of hydrofluoric acid, industry has in the past
determined that the benefits from the use of hydrofluoric acid as an
alkylation catalyst outweigh the potential problems. For instance,
hydrofluoric acid is an extremely effective alkylation catalyst in that it
permits the reaction of olefins by isoparaffins g"t low process pressures and
process temperétures. HF is particularly suited for use as a catalyst in the
alkylation of buty_len_gs and, in the case of the alkylation of propylene and
amylenes, HF has been used as an effective catalyst whereas other alkylation
catalysté, such as sulfuric acid, have been found to be not as effective in
such alkylation services. Additionally, the alkylate formed from a
hydrofluoric acid alky.lation process is ‘of a very high quality having such

desirable properties .as being a mixture of highly I:;ranched hydrocarbon

compounds that provide a high octane motor fuel. Generally, it has been found

that the alkylate produced by a hydrofluoric acid alkylation process has a

higher octane value than that produced by typical sulfuric acid alkylation
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corrosive characteristics of hydrofluoric acid, industry has in the past
determ ned that the benefits fromthe use of hydrofluoric acid as an

al kyl ati on catal yst outweigh the potential problens. For instance,
hydrofluoric acid is an extrenely effective alkylation catalyst in that it
permts the reaction of olefins by isoparaffins at | ow process pressures
and process tenperatures. HF is partigularly suited for "use as a catal yst
in the al kylation of butylenes and, in the case of the-al kyl ation of

propy! ermrogerdenny Tengsit khulbase Becmahizcth ase an &y tatiipy catadysk \whet aer eas
ot her al kyl ati on catal ysts, such as sulfuric acid, have been found to be
not as efeelesiyeblenfestiatesapkyarafdrrrde rdfit e@talysigby MoTherE havisgdtg) kyl at e

formed fy, hydrof luoric acid al kylation process is of a very high
qual ity th%\?i‘%@"%@éﬁ“&é%‘i rabl e properties as being a mixture of highly

branched hydrocagb S jedt! Q¥ i 1885 inRb A oRCEAREVIRE O rbvel -
Cenerally, it has? gg’eﬁgg%gﬁfj@’t ﬁg{mg‘?}e al kyl Zt él progucedeby a hycllnr of l uoric

aci d al kylkylatdon Ha@8BSE Hadngd the Faeirabld phcpevty WE yivddirghathighogiateny by
typical sulfuric acid alkylation . 3 processes. Thus, it would be
desi r abl elkydatiesehemnutilikzddain dhe adkplapion pfiplefigs with paraffins but having

a lower vapor pressure than that of hydrofluoric acid.
| A furfher object of this invention is to provide a process'for the

alkylation of olefins with paraffins in the presence of an alkylation cataly;£
having the desirable property of having a reduced vapér pressure but which
produces a high quality alkylate product.

| Thus, the process of the present invention relates to the alkylation
of a hydrocarbon mixture comprising olefins and paraffins with a catalyst
;omﬁosition comprising the components of a hydrogen halide and a sulfone,l
wherein the sulfone component is present in said catalyst composition ig an
amount less than about 60 weight percent of the total weight of said
composition.

The composition of the present invention comprises the components of
a hydrogen halide and a sulfone, wherein said sulfone component is present in
said composition in an amount.less than about 60 weight percent of the total
weight of said compositionm.

Other objects and advantages of the invention will be apparent from
the foregoing detailed description of the inventioq, the appended claims and
the drawing in which: | )

FIG. 1 is a graﬁhical diagram illustrating at a given temperature

the change in vapor pressure of the novel hydrogen fluoride and sulfolane



“ the desirable features of hydrofluoric -acid catalyst but wthout having its
hi gh. vapor pressure. It is, therefore, an object of this invention to

_ provide a novel alkylation catalyst having the desirable property of
yielding a high quality alkylate when utilized in the al kylation of olefins
with paraffins but having a | ower vapor pressure than that of hydrofluoric
acid. A further object of this invention is to provide a process for the
al kyl ation of olefins with paraffins i A the presence of an al kyl ation

cat al yst | the desirable pro ty of, having a uced vapor essure
but whi c%#g}/%gg?écg“a? il th‘ﬁﬁé?‘{a"t ?/Pghyleéﬁhé: roauct ?fﬁgﬁnse, * ﬁg p°ra5g of
t he presesttutdlvention relates to the al kylation of a hydrocarbon m xture
conprising olefins and paraffins with a catal yst conposition conprising the
conponents of a Kgdroganahgtdpifcaandiagrsulcbapae ing\ttbe eseletthizisyl JfoRBe

conmponent is present in said catalyst conposition in an amount |ess .than
about 60PYRERTHhOE sdktiatingbutyiengsobyn [isoitata B §he aordnpuisessn fluctide

conposi t Lon Qhthe present invention cquzreliset\s the gin;g%ggrlzt.s of _a hydrogen

hal i de and a SulTOne  REFemi™EAF d S Ul Tone combohents i EopPed8ht °f n said

CONpOSi. t kHimetiy18&htadP YR o | GRSt ibhask abQut AlcuR GbisRRILCoRt el kg bot al
wei ght of said conposition.
' mixture.

FIG. 3 is =& graphiéal diagram comparing the ratio of
trimethylpentane to dimethylhexane contained in the prqduct of the alkylation
process that uses the novel hydrogen fluoride and sulfolane catalyst mixture
in the alkylatibn of butylenes by isobutane as.a function of the weight
percent sulfolane in the catalyst mixture.

FIG. 4 is a graphical diagram comparing the octane of the pfoduct of
the alkylation process that uses the novel hydrogen fluoride and sulfolane
catalyst mixture in the alkylation of butylenes by isobutane as a functioﬁ of
the weight percent sulfolane in the cataly#t mixture.

FIG. 5 is a graphical diagram comprising- the calculated octane value
of the product of the alkylation process,_in which a representative refinery
feed is processéd, that uses the novel hydrogen fluoride and sulfolane
catalyst mixture as a function of the weight pefcent sulfolane in the catalyst
mixture.

FIG. 6 is a graphical diagram comparing the selectivity of the
alkylation process, in which a representative refinery feed is processed and
the novel hydrogen fluoride and sulfolane éatalyst mixturé is utilized, toward

the production of trimethylpentanes as a function of weight percent sulfolane

in the catalyst mixture.



- O her objects and advantages of the invention will be apparent fromthe
foregoing detailed description of the invention, the appended clains and

‘the drawing in which: FIG 1 is a graphical diagramillustrating at a given
* tenperature t-he change in vapor pressure of the novel hydrogen fluoride and
sul f ol ane 4 catalyst mxture as a function of the wei ght percent

sulfolane in the catalyst mxture. FIG 2 is a graphical - diagram conpari ng
the selectivity of the process of alkyPating butyl enes by isobutane when

t he novel hydrogen fluoride and sul fol ane catal yst. m xture i tilized
toward the prod%@fi%’ﬁe f°°T‘F°|sf"r%’t°ﬁyTgp§fr‘)ﬁ gﬁgseé'g Jé“%ﬁ%@ ilc‘;'ng%%a%\% gﬂ’f “B&r cent

sul fol ang bf dilflatAdnal 3 lystMhnd HAE colprile , Scdnsist GEARRI Labidt ag¥eamiAaypari ng
the ratio of trimethyl pentane to dinethyl hexane contained in the product of
the al kydmkilgdr¢gendrssdd baipon@rsardne sudsale dopgomegen fl uori de and sul fol ane
catal yst mxture in the al kylation of butyl enes by isobutane as a function
of the weight The hydrogen halide component of the catalyst composition or
catalyst mixture can be selected from the group of compounds consisting of -
hydrogen'flupride'(HF);'hydrogen'chloride (HC1), hydrogen bromide (HBr); and
mixtures of two or more thereof. The preferred hydrogen halide component,
-however, is hydrogen fluoride, which can be utilized in the catalyst
composition in anhydrous form, but, generally, the hydrogen fluoride component
utilized can have a small amount of water. The amount of water present in the
hydrogen fluoride and sulfolane mixture in no event can be more than about 30
weight pércent of the total weight of the hydrogen fluoride component, which
includes the water, and preferably, the amount of water present in the
hydrogen fluoride component is less than about 10 weight percent. " Most
preferably, the amount of water present in the hydrogen fluoride component is
less than 5 weight percent. When referring herein to the hydrogeh halide
component, or more specifically to the hydrogen fluoride component, of the
catalyst composition of the invention, it should be understood that these
terms mean either the hydrogen halide component as an anhydrous mixture or a
mixture that includes water. Thé references herein to weight percent water
contained in the hydrogen halide component means the ratio of the weight of
water to the sum weight of the water and hydrogen hilide nultiplied by &
.factor of 100 to place the weight ratio in terms of percent.
The sulfone component is an important and critical component of the
catalyst composition because of tge several functions it serves and because of

the unexpected physical properties that it imparts to the catalyst

composition. One important function of the presence of the sulfone component
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percent sulfolane in the catalyst mxture. FIG 4 is a graphical diagram
conmparing the octane of the product of the alkylation process that uses the
novel hydrogen fluoride and sul folane catalyst mxture in the alkylation of
butyl enes by isobutane as a function of the weight percent sulfolane in the
catalyst mxture. FIG 5 is a graphical diagramconprising the calculated
octane val ue of the product of the al kyjation process, in which a .
representative refinery feed is processed, that uses the novel hydrogen

f1 uori de ianthes aénipos thiien ciat tsy Stpari ptessereddeprebsmnet éfFacOiupbhanvaivgbiliper cent
sul folane in the catalzst m xture. FIG 6 is a graphical diagram conparing
t he sel e(‘,"PFWf'S/ grPasibion) kyitads ot prowtiad asnecthinfc hhis Aeysnbicenten jthe

fi se he, novel dro en fl uori de and sul f ol ane
ot al'ysy HEGRa SRR E Be g0 TRt Ao BES L Se e BPPeTreR P bancs as

a funct! Qa1 Rl "elBhedtCs MU SUILAYC kil L e CRIA! YRledll Kd!lBragesn® THE

novel conposi tion of the present |1 nvéntion
hydrocarbons so as to permit easy separation of the hydrocarbons from the

catalyst- composition. Also, it is essential for the presence of the sulfone
component to have a minimal impact upon an alkylation reaction selectivity and
activity.

Genérally, those skilled in the art of hydrogen fluoride catalyzed
olefin alkylation processing have known that to obtain the highest.quality of
alkylate from the aforementioned olefin alkylayion process, it Is essential
for the hydrogen fluoride catalyst-to be aslfree from contaminating compounds
as is feasible. It is generally known that small amounts of other compounds
contained in the hydrogen fluoride catalyst of an olefin alkylation process
can have detrimental effects upon product alkylate quality by negatively
affecting the selectivity of the alkylation reaction toward the production of
more desirable end-product, such as, for-example; trimethylpentanes (TMP) in
the case of the alkylation of butjlenes by isobutane. It is further known to
those skilled in the art that small amounts of components contained in a
hydrogen fluoride alkylation catalyst can have a negative impact upon its
activity toward the alkylation of olefins. Based upon the known effects of
hydrogen fluoride catalyst contaminants upon the activity and selectivity of
the alkylation process toward the production of high quality alkylate, one
skilled in the art would expectlthat the addition of small to large amounts of
a sulfone compound to a hydrogen fluoride catalyst would have an eﬁormously
detrimental effect upon its catalytic performance. However, it has been

discovered that the presence of small quantities of a sulfone compound in
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as an al kyl ation catal yst and can conprise, consist of, or consist
essentially of a hydrogen halide conponent and a sul fone conponent. The
hydr ogen hal i de conponent of the catal yst conposition or catalyst mxture
can be selected fromthe group of conpounds consisting of hydrogen fluoride
(HF) hydrogen chloride (HCO ), 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 conmposition in

anhydr OUsonb@fdBio Wiieh GFAELRL ! Huotfae MG RARN11deder iddar LATRRANRPlotikhd | Zed
can have a snmall anount of water. The anount of water present in the

hydr ogenpddftitiande ndhs tkéviltame niktokelra b 410y biteod caaalyse, ore ithan about
30 weight percent of the total weight of the hydrogen fluoride conponent,
whi ch i nf4aties unpEpegsecrtha nimspeadf of Aving tehdetmipgntalofimRast e¥P9¥r &8Nt i n

t he hydrogen fluoride conponent.is |ess than about 10 I gh ercen

NbSt pr cPEPAETY, SEHEIAMINE. B MeiCarmprsan in R (HeeHy AP Lo o
COMPONeNte joiie | fSRehd! U 3 YRIAN REPGRAE - 10 RBMLIMEL Rl WR6h NGEChfurbfed NE
hydr ogen hal i de conponent, or nore specifically to the hydrogen Tl uoride
conponentlucdfdd hancaitahys tthe opgr@Estdanod oFf thderestidtant i @nposditiahas| dn be

understood that these terns nean either the hydrogen halide conponent as an
anhydr ouslkslstipne pogcess ngakalmss . t hEerefark udkes tikg cadvamtisge ref dhentaPsr her ei n

Lo el gt ellcent pualer, COBLALne 1 LS.y dogsa"l! 45 SerRaSL, moans

utilize the sulfonme in the catalyst mixture in an amount in the range of from
about 2.5 weight percent to about 50 weight percent.- & concentration of the
sulfone in the catalyst mixture exceeding Sogweight percent has such a
significantly negative iﬁpact upon alkylate quality when the composition is
utilized as an alkylation reaction catalyst that the composition becomes
ineffective as a catalyst. Thus, 50 weight percent sulfone in the catalyst
mixture becomes a critical upper limit for the sulfone compound. In fhe
situation where both vapor pressure depression and improved catalytic activity
and selectivity are desired, the composition that'wdrks best in the alkylation
of olefins has less than 30 weight percent sulfone. To achieve optimal
benefits from the catalyst composition, the preferred catalyst mixture should
Fohtain the sulfone component in the range of from about 5 weight percent to
about 30 weight percent and, more preferably, the sulfone concentration shall
range from 10 to 25 weight percent.

The sulfones suitable for use in this invention are the sulfones of
the gegeral formula

R-50,-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
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water to the sum wei ght of the water and hydrogen halide nultiplied by a
factor of 100 to place the weight ratio in terns of percent. The sul fone
conponent is an inportant and critical conponent of the catalyst
conposition because of the several functions it serves and because of the
unexpect ed physical properties that it inparts to the catal yst conposition.
One inportant function of the presence of the sul fone comnmponent 6 in the
conposition is its vapor pressure depressant effect upon the overal

catal yst conposition. It is an essentiaB aspect of this invention for the
sul fone conponent to be soluble in the hydrogen halide conponent and for

t he sul féﬁee%hﬁ%ﬁm €b nppropy burifens, | Jinbamilselfope. \)att‘ﬂ“‘GF‘éifleﬁlfaﬁ%l g9draffin
hydr ocar b ern1 easy_ _separation of t rbo s fromthe
cat al yst - 8 rﬁ)"g?fctq?% gD, W e R g@hﬁﬁﬁp FoPoPYs: g D‘?/ 8°a °% Kd"&ul f one
conponenty,t g, jaye cé'sem Rl IR ' NRPACEHAQE @ageale'fyl;aﬂ,.lag@heraeagt.sr@@a&ﬂle@ct ivity
and activity. Generally, those skilled in the art of hydrogen fluoride -

cat al yzethyat@laiboralikosladt @B1q2yOPRTEIaBYY heaen ik DEVErdm 3t td Q.2 ObdrBb atéues .
hi ghest quality of
Among the latter, tetramethylenesulfone or sulfolane, 3-methylsulfolane and
' Z,A—dimethylsuifolane aré more particularly suitable ‘since they offer the
advantage of being liquid at process operating conditions of éoncern 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.

Tﬁis nével alkylation catalyst composition solves many of the
problems that herebefore have been encountered in typical alkylation processes
that use.hydréfluoric acid as an alkylation catalyst. For instance, this
novel catalyst composiﬁion has a significanfly lower vapor pressure than that
of the standard hydrofluoric acid alkylation catalyst. The advantage of using
an alkylation catalyst having a much lower vapor pressure than that of
hydrofluoric acid is that a lesser amount of the acid catalyst will vaporize
and enter i;to the atmosphere in cases where the catalyst is exposed to the
atmosphere. In particular, when making & comparison between the novel

catalyst compositién and hydrofluoric acid, one notices a significant

difference in the vapor pressures of the two catalysts. The effect of the
presence of sulfolane mixed with hydrogen fluoride is illustrated in the vapor
pressure plot of FIG. 1. Since hydrofluoric acid has-a substantial vapor
pressure at typical atmospheric or ambient conditions, it is often in a vapor
state at such conditions, and this vapor pressure makes it a possibly less

controllable compound in cases where it is exposed to the environment.



-~ alkylate fromthe aforenentioned ol efin alkylation process, it is essential
for the hydrogen fluoride catalyst to be. as free from contam nati ng

conpounds as is feasible. It is generally known that small anounts of other

conpounds .contained in the hydrogen fluoride catalyst of an olefin

al kyl ati on process can have detrinental effects upon product al kyl ate

quality by negatively affecting the selgectivity of the alkylation reaction

toward the production of nore desirable end-product, such as, for exanple,

tri met hyl pent anerhe( ddifB)l ¢dtalys® Eap6sithiod A€ dlskyibad iepenf, Hdlivgé aaes dFy

| sobutane. It is further known to those skilled in the art that small
anount s dfe pmbiermenssocdaredavitddtlienuse b dydnpdhudrigacidasat loptalysbreioet al yst
can have_a negative inpact upon its activity toward the al kyl ati on_ of

ol ef i ns. 1BREVHAGHIhethr@ekiton hatinga doHF YAPAF RFRTSUER (idr febdeRarodjsions
cont am ngnt s,.upon._t.h tivity.and_selectiyvity of the. al (] .praocess
toward the on% ugfihgﬁr%?u ﬁlﬁhycﬁgal iB{”i/’ ar kaﬁ(hrtléfl té’n(%hes l??'ﬁl%%%lfng vﬁgé art

woul d exp&il bdjRh phesaddiat i MBigfe SoMliticho, 1Ak Iov@IMUMRE fysef compasitione
conpound to a hydrogen fluoride catal yst woul d have an énornously

det r i menfatthef faaat baupetilizéd iaatypliydli eliyestfiof fAbEesses tdopwwede prdcthasl been

di scovered that the presence of small quantities of a sul fone conpound in
reaction rates at low operating pressures and low operating temperatures to
produce a high quality alkylate product which is suitable for use as a
blending component of gasoline motor fuel. A further benefit frop the novel |
catalyst composition is that it is easier to handle commercially than
hydrofluoric acid. |

The benefits from the use of a hydrogen fluoride and sulfone

catalyst mixture is also illustrated in FIGs. 2, 3 and 4 in which is shown the
alkylate product quality that results from utilizing the novel hydrogen
fluoride and sulfone co-mixture to catalyze the reaction of mono-~olefin
hydrocarbons by isoparaffins. As can be seen from FIG. 2, the total amount of
the more desirable alkylate product of trimethjlpentane produced in the
alkylation reaction of butylenes with isobutane increases with increases in
the amount of sulfolane present in the alkylation cétalyst mixture up to an
optimum range of about 10 weight percent sulfolane to about 25 weight percent .
sulfolane. Also, it is shown in FIG. 2 that there is a maximum.amount of
sulfolane present in thelcatalyst mixture at which point the alkylate quality
becomes so undesirgble that the hydrogen fluoride and sulfolane mixture
becomes ineffective as a catalyst. Based on the data presented herein and in

FIGs. 2, 3 and 4, it is believed that the critical upper limit for the amount

of sulfolane contained in the hydrofluoride and sulfolane catalyst mixture is

about 50 weight percent.



'7 combination with hydrogen fluoride will have little negative inpact on

the performance of the resultant m xture as an al kylation catal yst, but, it
is further unexpected that instead of having a detrinmental inpact upon the
catal ytic performance, a small concentration in an anount |ess than about
30 wei ght percent- of a sulfone conmponent in conbination with the hydrogen
fluoride can enhance the -perfornmance gf the resultant conposition as an

al kyl ati on process catal yst. Therefore, to take advantage of the vapor
pressure depresKiRy1RibLetscentes BontoupladBe iGOtHROPEent intent (ASaFabhaset O
utilize the sulfone in the catalyst m xture in an anount in the range of
from aboliquid Shaes phitcgseeT wherdio wdnoueleddn \tvidgdrarpenscewrth. af\ woplentr at i on

of the sulfone in the catal yst m xture exceedi n% 50 V\eﬂﬂﬁht percent has such
a si gni f PEENEN, rRAGAT Hepes r}‘ﬁé-‘(:]te“ﬁiyoﬁ‘eaﬂ&f'%st’e oGPty Shetet htkecdrposi ti on

Is utilig glgﬂseda%yalig a;{a@&éﬂﬂ%ﬁ&%‘eé%& Eaé W s tﬁ@t‘iat&@ﬁ CQEPQsLAd On becomes

I neffectiv a“catal yst. t percent sulfone in tHe catalyst

M xture bamerds,aidheftaie) 16@eehnd iahd tthkO1 ik eorS tddRBE108 0F QY octdde t he
situation where both vapor pressure depression and inproved catal ytic

activit yatuydatehptiorsaiboys dpéliggsin ik gedvd ino rpussi gndoRbichadreneritablyeer i n
the al kyl ation of olefins has |ess than_30 weight: percent sulfone. To

achi eve” B i iPalatrddRe i tosoF (YRl t hePRedprabys ’é@h‘lﬂg?t%soﬁel‘tq‘féd psef8er ed

catal yst 1935§E§¥f§nsré%%Lant and the olefin reactant is selected from propylene,

butylenes, pentylenes and mixtures thereof for production of an alkylate
hydrocarbon product comprising a major portion of highly branched, high oétane
value aliphatic hydrocarbons having at least seven carbon atoms and less than-
ten carbon atoms.

In order to improve selectivity of the alkylation reaction toward
the production of the desirable highly branched aiiphatic hydrocarbons having
seven or more carbon atoms, a substanfial stoichiometric excess of isoparaffin
hydrocarbon is desirable in the reaction zome. Molar ratios of isoparaffin
hydrocarbon to olefin hydrocarbon of £rom about 2:1 to about 25:1 are
contemplated in the present invention. Preferably, the molar ratio of
isoparaffin-to-olefin will range from abdut 5 to about 20; and, most
preferably, it shall range from 8 to 15. It is emphasiéed, 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 rgtio in an alkylation
reaction, the better the resultant alkylate quality.

Isoparaffin and olefin reactant hydrocarbons normally employed in
commercial alkylation processes are derived from refinery process streams ahd

usually contain small amounts of impurities such as normal butane, propane,



contain the sul fone conponent in the range of from about 5 wei ght percent
to about 30 wei ght percent and, nore preferably, the sulfone concentration
shall range from 10 to 25 wei ght percent. The sul fones suitable for use in
this invention are the sulfones of the general fornula [err] wherein R and
R are nonoval ent hydrocarbon al kyl or aryl substituents, each containing
from1l to 8 carbon atoms. Exanples of;such substituents-include 8

di met hyl sul fone, di n-propyl sul fone, diphenylsul fone, “ethyl net hyl sul f one
and the athaayddndctirul{xenesuehampiritidiec afenndes@fanlp inS 1opedeshckntr@tions
hydrocarbon ring. In such a case, Rand R are formng together a branched
or unbr aagheheyhgihuse ardschentsvin cte medctign Fped.crthbs \decoersdngi yegctarom 3 to
12 carbon atons. Anongythe | atter, .tetranethyl enesul fone or sulfol ane,

3- met hy| SERECOFR AL HARTe fox df‘?réfﬁ’sﬂeg wiefotaahe a&?‘ doherter i rHdurend §PERFY abl e
iggg?t |t 2?{%‘ %f b&lackle ?ﬁ\"%‘{‘ zrgital?.‘é‘é ng &digk'én‘h F:K %%ﬁ?ﬁm&i’se ﬂﬂl@gmn

concern nereiln. ese SU| ones nm ave SU I tuents,
parti cul dedesOhE WherdRl @xERs038ébaraffin hydrocarbon is recovered from an

alkylation reaction effluent and recycled for contact with additional olefin

_ hydroc&fbon, such nonreactive normal paraffin impuritiés tend to'aécumulate in’
the alkylation system. Consequently, process charge streams and/or recycle
streams which contain sybstantial amounts of normal paraffin impurities are
usuaily fractionated to remove such impurities and maintain their
concentration at a low level, preferably less than about 5 volume percent, in
the alkylation process.

Alkylation reaction temperatures within the contemplation of the
present invention are in the range of from about 0°F to about 150°F. L;wer
temperatures favor alkylation.reaction of isoparaffin with olefin over
competing olefin side reactions such as polymerization. However, overall
reaction rates decrease with decreasing temper#tuies. Temperatures within the
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. Most preferably, however, the
alkylation temperature should range from S0°F to 100°F.

lReaction pressures contemplated in the present invention may range
from pressures sufficient to maintain reactants in the liquid phase to about
fifteen (15) aﬁmospheres of pressure. Reactant hydrocarbons may be normally

gaseous at alkylation reaction temperatures, thus reaction pressures in the

range of from about 40 pounds gauge pressure per square inch (psig) to about



- atoms, such as for.exanple, chloronethylethyl sul fone. These sul fones may
advant ageously be used in the formof m xtures. This novel alkylation
catal yst conposition solves many of the problens that herebefore have been
encountered in typical alkylation processes that use hydrofluoric acid as
an al kyl ation catalyst. For instance, this novel catal yst conposition has
a significantly | ower vapor pressure than that of the standard hydrofluoric
acid al kylation catal yst. The advantage of using an al kyl ati on cat al yst
having a much | ower vapor pressure thakt that of hydrofluoric acid is that a

| esser appunt, of the acid,catal,yst.will, vapori nd .ent.er into_the
at nosphere PR&dsed r\ﬁﬁg%rrrgd't hgl%:%tag} yrset'i cfad @gxlﬁoégedqtl ot h%hagf hos f)ﬁeéars 5'(.1 I n

parti cul gressWOERad Rl J1gnfricHPBE 420 NipBRIdE NI R 18P RActead . al yst conposition
and hydrofluoric acid, one notices a significant difference in the vapor

pressures of thecCénmaceatinésyIbs.hydddvaredd ecdctafitst AR 4ur eHgneeioaf raukial ane.

m xed with hydrogen fluoride is illustrated in the vapor pressure plot of

FIG 1. zSencénHshdr pfesenss of athiedabydatiogutatedynti af thappresprtedgypndion

typi cal at rmsgheri c.qQr, anbient conditions, it s often in_a vapor state at

such condPRST8hY, sﬁ?ﬂz}dt‘?ﬁ §“V'ﬁ5*?"tpY°e§§‘_ﬂ’ri€_e rf&iie%gsf”ﬂtiéllﬂog%"lpﬁ?v F ygrsion
control | gl & eAMOHAY T GRECMWR16n 2bnd S ?&Q?a?_aqy,t Qnd RELGRYVI 1R0NENL4

the range from about 0.05 minute to about 60 minutes. 1In the alkylation
process of the present invention, employing'isoparaffin-to-olefin molar ratios
in the range of about 2:1 to about 25:1, wherein the alkylation reaction
mixture comprises about 40-90 volume percent catalyst phase and about 60-10
volﬁme percent hydrocarbon phase, and wherein.éood contact of olefin with
isoparaffin is maintained ih the reaction zone, essentially complete
conversion of olefin may be obtained at olefié space velocities in the range
of about 0.1 to about 200 volumes olefin per hour per voluﬁe catalyst
i(v/v/hr.). Optimum space velocities will depend upon the type of isoparaffim
and olefin reactants utilized, the particular compositions of alkylation
catalyst, and the alkylation reaction conditions. Consequently, the preferred
contact times are sufficient for providing an olefin space velocity in the
range of about 0.1 to about 200 (v/v/hr.) and allowing essentially complete
conversion of olefin reactant in the alkylation zone.

The process may be carried out either as a batch or continuous type
of operation, although it is preferred for eﬁonomic reasons to carry out the
process continuou;ly. It has been generally es£ablished that in alkylation
processes, the more intimate the contact between the feedstock and the
catalyst the bettér the quality of alkylate product obtained. With this in

mind, the present process, when operated as a batch operation, is



- 9 The novel catalyst conposition as described herein, solves many of the
probl ens associated with the use of hydrofluoric acid as a catal yst since
it provides the benefit of having a | ower vapor pressure at anbient
conditions than that of hydrofluoric acid. But, in addition to the benefit
of having a |ower vapor pressure at anbient conditions, the novel catalyst
conposition further can be utilized in gsypical alkylation processes to -
provi de practical reaction rates at | ow operating pressures and | ow

oper at i ngcazaperdtadr by the wreodfiodgardes giechardkcal statddyg adre siwkddgictt whe ch i s
suitable for use as a bl endi ng conponent of gasoline notor fuel. A further
benefit fFAFEIHE FveAtadtal yst conposition is that it is easier to handle
comercially than_hydrofl uoric aci.d. The benefjts fromthe use of. a

hydrogen f1 uori detr@ Et P HhSPEERAPFat Qf’h’ %%F@L?dém%tsor?alcltﬁ’é r 382 n FI Gs.

2, 3 and ﬁaiﬁx@am&cﬂti glafngMttPPeséL '%g g%ﬂ%gyﬁhréjs“aéoi iiddd3h ERGUI tS from

utilizing the novel h gen fluoride an one co-mxture to catal yze

the react s@btefici@0nO0-1al ehd miydr Pragdans eni soRARRIELNSEorbed GRBolp Seen
fromFIG 2, the total amount of the nore desirable al kyl ate product of

tri met hyl péspeasionpdeodeeednie thherakckidnatemen rBectisperoifon bdevwitenasn whd h
i sobut ane i ncreases with ingcreases in :
jets, nozzles, porous thimbles and the like. The reactants are subsequently
mixed with the'catalyét by conventional mixing means such as mechanical
agitators or turbulence of the flow system. After a sufficient time, the
prodpct can then be continuously separated from the catalyst and withdrawn
from-the reaction system whilé the partially spgnt catalyst is recycled to the
reactor. If desired, a portion of the catslyst can be continuously
- regenerated or reactivated by any suitable treatment and returned to the
alkylation reactor.

The following examples demonstrate the advantages of the present
invention. These examples are by way of illustration only, and are not
intended as limitations upon the invention as set out in the appended claims.

Example I

This example describes the experimental method used to determine the
vapor pressure of various hydrogen fluoridé and sulfolane mixtﬁres and to
present vapor pressure data for such mixtures demonstrating the effectiveness
of sﬁlfolane as a vapof pressure depressant.

A 100 mL monel bomb was dried and evacuated, followed by the
éddition of a prescribed.amount of anhydrous hydrogen fluoride. A specific
amount of sulfo{ane was then added to the bomb. Once the bomb achieved the

desired temperature, the pressure within the bomb was recorded. The vapor

pressure was assumed to be that of HF vapor alone (sulfolane has a boiling



- the anount of sulfolane present in the alkylation catalyst m xture up to an
opti mum range of about 10 wei ght percent sul folane to about 25 wei ght
percent sulfolane. Also, it is shownin FIG 2 that there is a nmaxi num
anount of sulfolane present in the catalyst m xture at which point the
al kyl ate quality becones so undesirable that the hydrogen fluoride and
sul fol ane m xture becones ineffective as a catal yst. Based on the data
presented herein and in FIGs. 2, 3 ands4, it is believed that the critical
upper limt for the amount of sul fol ane contained in the hydrofluoride and
sul f ol anmigttell ¥83°Ch xtEliGe 1 spabenss BOpameigphiof perec@apor presk@relldegd ati on
processes contenplated in the present invention are those |iquid phase
pr ocessePtaedePh thimorBrEmentaly Br0Car Hnd L USEFRLES Hheo SY8Re i BEPYT enes,

pentyl enes, _hex es, heptyl enes.. octyl enes .and the |ike are al kyl ated by
P opar afTreRe st bos vl Pedtienor P - PO fart Serel i MReRL R

I sohept afgictiROPC LR Ge B Sd18edt KELELUnPIPIHELLONyOE lkteOCt ane al kyl ate
hydr ocarbons boiling in the gasoline range and which are suitable for use
in gasoline motor fuel. Pr ef er ableeandlsatiut ane is sel ected as the
This exdmple describes the method whiéh Utilizes batch reactions to
test the feasibility of using a Hydfogeﬁ fluoride and sulfolene mixture as a
catalyst for the alkylation of mono-olefins by isoparaffins. Data are
presented to demonstrate the unexpectedly improved properties.of the alkylate
product from such a catalytic process and to demonstrate that for certain
concentration ranges the catalyst mixture unexpéctedly provides a good quaiity
alkylate. .
HF/sulfolane mixtures were evaluated for alkylation performﬁnce in
batch reactions at 90°F. 1In a typical trial, the desired amount of sulfolane
was added to a 300 mL monel autoclave under a blanket of nitrogen. Anhydrous
HF was then introduced into the autoclave and heated to 90°F with stirring at
500 RPM. The stirring was then increased to 2500 RPM, and an 8.5:1
isobutane:2-butenes mixture was added with nitrogen backpressure at a rate of
100mL/min. at a pressure of 150-200 psig. After 5 minutes, the stirring was
stopped, followed by the transfer of the reactor contents to a Jerguson gauge
for phase separation. The hydrocarbon product was then characterized by gas
chromatography.
The data presentéd in Table 1 were obtained by using the
experimental method described in this Example II. FIG.s 2 and 3 are graphical
representations of this data. FIG. 2 compares the selectivity of the

eikylation process toward the production of the highly desirable

trimethylpentanes as a function of weight percent sulfolane in the catalyst



| soparaffin reactant and the olefin reactant is selected from propyl ene,
butyl enes, pentylenes and m xtures thereof for production of an al kyl ate
hydr ocar bon product conprising a najor portion of-highly branched, high
octane val ue al i phatic hydrocarbons having at |east seven carbon atons and
| ess than ten carbon atons. In order to inprove selectivity of the

al kyl ation reaction toward the productign of the desirabl-e highly branched
al i phati ¢ hydrocarbons having seven or nore carbon atons, a substanti al

st oi chi OpRkdure. €X¥16S8 @bmpas@pPanafdativ BY dirGeethpDFentsnedetd Idabdvhyitexhing
reaction zone. Mol ar ratios of isoparaffin hydrocarbon to.olefin

hydr ocar kontadfied rigmthd@iky2tion preduotitas2®: funmtéor it thpivaishd Peraeht present
i nventi on. Preferably, the nplar ratio of isoparaffin-to-olefin wll
range frdiH-E1J688 8 thE SASGIXSEODIX*Wifd, nost preferably, it shall range from 8
to-15. It is enphasized, however, that the above recited ranges for the

mol ar ratio of isoparaffin-to- ol efin AREg those whi ch have been found to be
comercially practical operating ranges; but, generally, the greater the

| soparaf fin-to-ol efin rat Bgtchire3a1t3l, kahadJo0$) HFESIEbIMAe t he better the
resultant alkylate quality. Isoparaffln and ol efin reactant hydroearbons

normal |y enpl oyed i n commerci al alkylation processes are derived from
refinery process streans —-ang ;

s-Lle i es

such as normal butane, pf8pane,
mL sulfolane 0.00 13.00 28.00 38.00 50.00 . 50.00
mL HF 100.00 93.50 86.00 81.00 75.00 50.00
mL Feed 100.00 93.50 86.00 81.00 75.00 100.00
wt. % sulfolane 0.00 15.09 29.39 37.49 46.02 56.11
% TMP 65.40 71.28 67.29 57.14 52.21 20.45
% DMH 9.63 9.02 10.52 11.90 12.28 1.58
TMP : DMH : 6.79 7.90 6.40 4.80 4.25 12.97
co+ 5.81 10.56 10.98 16.49 18.96 0.28
Organic fluorides 0.00 0.00 0.00 0.00 0.00 69.74

Example III

This example describes the steady state evaluation method for
testing the feasibility of using a hydrogen fluqride and sulfolane mixture as
a catalysf for the alkylation of mono-olefins by isoparaffins. Data are
presented to demonstrate that for certain concentration ranges the catalyst
mixture unexpectedly provides a good quality alkylate.

A reactor was constructed to enable steady state evaluation of
HF/sulfolane alkylation catalysts using a 300 mL monel autoclave. A 10:1
isobutane:z-butenes feed was introduced into the autoclave with stirring at
2000 ﬁPH at a rate of 600 mL/ﬁour. The reactor effluent flowed into a monel
Jerguson gauge for phase separation., The hydrocarbon phase Qas passed through

alumina and collected, while the acid phasé was recirculated to the reactor.



et hane and the like. Such inpurities are undesirable in |arge
concentrations as they dilute reactants in the reaction zone, thus
decreasing reactor capacity available for the desired reactants and
interfering with good contact of isoparaffin with olefin reactants.

Addi tionally, in continuous al kylation processes wherein excess isoparaffin
hydrocarbon is recovered froman al kyl ation reaction effluent and recycl ed
for contact with additional ol efin hydrocarbon, such nonreactive normal
paraffin inpurities tend to accunulatggin the al kylation system
Consequently, process charge streans and/or recycle streans which contain
subst antd18f1s28 et SvadfiatearsyBgad ah bt spraphyUErd bf SedésrchSdidl hotok raxthhonat ed
to renmove such inpurities and naintain their concentration at a |ow | evel,
pr ef er altiepts @esfarmedhonldest eBgimssune percent, in the al kyl ation process.

Al kyl ation reaction tenperatures within the contenpl ation of the present

i nvention are i mieh8etePIessred r Hin bdtit 1T &ieF] obtriash Y (4518 . hower
temperat ures, favgr al.kyl ati ere%g:t' n fmiseo affd n Wt h ol efi.n pver
conpet i ng ol ef i %aqm a%h%%{egct ?%ng sucthgasﬁﬁoqurrgﬁ'zgidl'orlf. T—lovvégvg h oger al |

[ﬁacti 0N dp2b &t EhBGh 656 Romd 107 EIRC UBBSigRGy{adTR REB1eST shANB&HpALY @8eW t hi N
e .

octane of the alkylate product as a function of the weight percent sulfolane

in the catalyst mixture.

TABLE 11

70/30 HF/ 60/40 HF/ 50/50 HF/ 40/60 HF/
100 %X HF sulfolane sulfolane . sulfolane sulfolane

cs 93.5 81.1 82.2 56.9 26.95
TMP 86.3 70.5 70.4 46.1 22.26
DMH 7.1 10.6 11.7 10.6 4.54
TMP/DMH 12.1 6.6 6.0 4.4 4.90

. co+ 3.4 3.9 8.1 23.1 36.32
R+M/2 97.0 95.5 94.9 93.7 NA

Example IV

This example describes the steady state evaluation method for
testing the feasiﬁility of using a hydrogen flﬁoride and sulfolane mixture as
a catalyst for the alkylation of a typical refihery feed mixture of
mono-olefins and isoparaffins (BB Feed). Data are presented to demonstrate
that for certain concentration ranges the catalyst mixture unexpectedly
provides a gobd quality alkylate.

A reactor was construc£ed to enable steady state evaluation of
HF/sulfolang alkylation catalysts using a 300 mL m&nel autociave. The feed

mixture of olefins and paraffins presented in Table III was intrpduced into



* given range, and preferably in the range fromabout [err] to about [err],

' provi de good selectivity for al kylation of isoparaffin with olefin at

. conmercially attractive reaction rates. Mst preferably, however, the

al kyl ati on tenperature should range from[err] to [err]. Reaction pressures
contenplated in the present invention nmay range from pressures sufficient
to maintain reactants in the liquid phase to about fifteen (15) atnospheres
of pressure. Reactant hydrocarbons may ke nornally gaseous at al kylation
reaction tenperatures, thus reaction pressures in the range of from about
40 poundsthgadiFec PveSEith &tRering tas ol RSN af RSk&be bP 60P M hour. 12hd 6Qa ST are
preferred. Wth all -reactants in the |liquid phase, increased pressure has
‘no si gni fefédwantefiavet infonatimmed| KetlgatdanogaugeadEbt Ophas £odtpanitibd . METhE OF

hydr ocarbon reactants in an al kyl ation reaction zone, in the presence of
the al kylMEFosreoR RPgser et pepredprlacough 4lupingt pesh cgblested.| yhidisothed apid
sufficient ovide for essentially. conplete conversion of olefin

react ant ghﬁg?h‘garsalrﬁgﬁrg f%ﬁgzté’ngge P’r'eea)réé?reibl f?h]ﬁée c'Hift 58?1“51;??16%?53?’11 t he
range frodRraRaidkrddndoundl it cthfe AROMs PRAILNULES ca ltl.uq.aééaeuéilngyt!h@t hettlod

for computing alkylate octane described in the puBlication authored by

T. Hutson, Jr. and R. S. Logan in Hfdrocarbon Processing, September 1975,

pages 107-110. This published article is incorporated herein by reference.

Table III - BB Feed

. Hydrocarbons

Propylene 0.000
Propane 0.569
Isobutane . ' 88.027
1-butene 2.818
Isobutylene 0.000
1,3-butadiene 0.000
n-butane 3.505
trans-2-butene 1.716
cis-2-butene 1.236
Isopentane 1.008
n-pentane - 0.728
Cs olefins 0,393
100.000
Oxygenates
Acetone 29 ppm
Dimethyl ether 10 ppm
MTBE 1 ppm

The data presented in Table IV was obtained by using the

experimental method described in this Example IV. FIG. 5 is a graphical

representation of some of the data provided in Table IV and compares the



process of the present invention, enploying isoparaffin-to-olefin nolar

ratios in the range of about 2:1 to about 25:1, wherein the al kyl ation

reaction m xture conprises about 40-90 vol une percent catal yst phase and

" about 60-10 vol une percent hydrocarbon phase, and wherein good contact of
olefin with isoparaffin is maintained in the reaction zone, essentially

conpl ete conversion of olefin may be obtained at ol efin space velocities in

the range of about 0.1 to about 200 volunes ol efin per hour per vol une

catal yst (v/v/hr.). timum space yvelocities will depend upon the type of

" opar at HIFLAER espd Bl PEARS 4T 1S CRESETR 2pt (RRTALEP TorBboriHng of
al ky! at iy oGl Bh¥ishandi Bl chBoeathfoth Aikikel 3561 QoA kRDSe1fRBSAGUENT| Y,
the preferred contact tinmes are sufficient for providing an ol efi n"space
vel oci t ythd atliQat BR0proabss3botivhehla tBB pde@uis BEMLebyddy/ towa)d ahe prbod Wity
essentially conplete conversion of olefin reactant in the al kylation zone.
The proceésthenyighdy cdasirabde otninefhyhpentaresaahat Fhnarion ooft iweights pengsat of
operation,_ although it is preferred for econom c reasons to carry out the
process EbHPMRfoHE e wtalyst ME¥egeneral |y established that in al kylation
processes, the nore intimate the contact between the feedstock and the

catal yst the better the quality of alkylaye product obtained. Wth this in
m nd, the present process, when operated as a batch operation, is

98/2 80720 65/35 60/40

100% HF HF/Water HF/sulfolane HF/sulfolane HF/sulfolane

Hours 17 Hrs 13 Hrs 20 Hrs 7 Hrs . 11 Hrs
Ce 56.9 59.2 73.2 55.8 51.8
T™MP ' 45.9 50.9 62.4 T 44,6 42.5
DMH . 11.0 8.3 10.8 6.9 9.0
TMP/DMH 4.2 6.1 5.8 6.5 4.7
Cet 3.9 2.6 4.2 11.4 6.8
(R+M)/2

(calculated) 92.5 94.2 95.7 92.1 91.7

While this invention has been described in terms of the presently
preferred embodiment, reasonable variations and modifications are possible by
those skilled in the art. Such variations and modifications are within the

scope of the described invention and the appended claims.



13 characterized by the use of vigorous mechani cal stirring or shaking of
the reactants and catal yst. |In continuous operations, in one enbodiment,
reactants may be mmintained at sufficient pressures and tenperatures to
mai ntai n them substantially in the |iquid phase and then continuously
forced through dispersion devices into the reaction zone. The dispersion
devi ces can be jets, nozzles, porous thinbles and the |ike. The reactants
are subsequently mixed with the catal yst BY Tonventional mnixing means such
as nechani cal agitators or turbul ence of the flow system After a
sufficient time, the product can then be continuously se romthe

catal yst and withdrawn fromthe reaction syste e the par y spent
catalyst is recycled to the reactor. If desired, m g““\cat al yst
can be continuously regenerated or reactivated by M\“ \‘ﬁ I «<at ment
and returned to the- alkylation reactor. The follo xécrrp es denonstrate

t he advantages of the present invention. These exarrpl es are by way of

illustration only, and are not intended as_|linitations upon the invention
as set out in the appended cl ai ns. AIMS

1. A composition comprising a hydrogen halide and a sulfone, wherein
said sulfone is present in an amount less than about 60 weight

percent of the total weight of said composition.

2. The composition of claim 1 wherein said hydrogen halide is hydro-
gen fluoride.

3. The composition of claim 1 or 2 wherein said sulfone is sulfolane.

4. The composition of any of the .preceding claims wherein said sulfone
is present in an amount in the range of 2.5 to 50 weight percent of

the total weight of said composition.

S. The composition of any of the preceding claims wherein said sulfone
is present in an amount in the range of 5 to 30 weight percent of

the total weight of said composition.

6. The composition of any of the preceding claims wherein said sulfone

is present in an amount in the range of 10 to 25 weight percent of

the total weight of said composition.

7. The use of the composition as defihéd in any of claims 1 - 6 as a
catalyst for the alkylation of olefins by paraffins.

\s_
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Exanpl e | This exanpl e describes the experinmental method used to determ ne
t he vapor pressure of various hydrogen fluoride and sul fol ane m xtures and
to present vapor pressure data for such m xtures denonstrating the

ef fectiveness of sulfolane as a vapor pressure depressant. A 100 nlL nonel
bonb was dried and evacuated, followed by the addition of a prescribed
anmount of anhydrous hydrogen fluoride. A specific anmount of sutfotane was

t hen added to the bonmb. Once the bonh. gghi eved thﬂmm ture, the
pressure within the bonb was recorded. The vapor mma W murred to -
be that of HF vapor alone (sulfolane has a boiling™ €14 pai n [err]).
FIG 1 presents a portion of the vapor pressure data obtained by this

experiment@l mgkhgek aFdclald Ust | £ f the
novel hydrogen fluori decanﬂg f@ﬁﬁs&é’?gﬁb slt?g nﬁpx u?delraggéa uncte?on of the
vei ght per cencomprisiigaolefing aﬂdepamfthmtom xtamter zBbrenphe ddntddting exanpl e

descri bes the mat og whi.ch utilizes .hatch.reactions to
said hydrocarbon mixture wit 1n said reactor zone at alkylation

reaction conditions with the catalyst.

9. The use of claim 7 or 8 wherein the alkylatibn reaction temperature
is in the range of -18 to 66°C and the alkylation reaction pressure

is in the range of from ambient pressure to 1.5 MPa.

10. The use of any of claims 7 - 9 wherein the molar ratio of paraffin
to olefin is in the range of 2:1 to 25:L

11. The use of any of claims 7 - 10 wherein said olefins are mono-
olefins having from 2 to 12 carbon atoms, and wherein said paraf-

fins are isoparaffins having from 4 to 8 carbon atoms.

12. In an alkylation process of the type wherein 2 hydrocarbon mixture
including olefins and isoparaffins is contacted with a hydrogen fluo-
ride catalyst, the improvement comprising utilizing sulfolane with said
hydrogen fluoride catalyst in an amount less than about 60 weight
percent of the total weight of said hydrogen fluoride catalyst and

sulfolane; in particular wherein said amount of sulfolane is less than
about 50 weight percent.

13. The composition of claim 1, wherein the amount of sulfone is less
than about 50 weight percent.
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test the feasibility of using a hydrogen fluoride and sul folane m xture as
a catalyst for the al kylation of nono-ol efins by isoparaffins. Data are
- presented to denonstrate the unexpectedly inproved properties of the

al kyl ate product from such a catalytic process and to denonstrate that for
certain concentration ranges the catalyst m xture unexpectedly provides a
good quality al kylate. HF/ sul fol ane ures were evaluated for al kylation
performance in batch reactions at [er ?6 In a typical trial, the desired
amount of sul fol ane was added to a 300 nL nonel autocl ave under a bl anket
of nitrogen. Anhydrous HF was then introduced into the autoclave and heated.
to [err] with stirring at 500 RPM The stirring was then increased to 2500
RPM and an 8.5:1 isobutane: 2-butenes m xture was added with nitrogen
backpressure at a rate of IOOnL/mn. at a pressure of 150-200 psig. After 5
m nutes, the stirring was stopped, followed by the transfer of-the reactor
contents to a Jerguson gauge for phase separation. The hydrocarbon product
was then characterized by gas chronat ography. The data presented in Table |
wer e obtained by using the experinental nethod described in this Exanple
1. FIGs 2 and 3 are graphical representations of this data. FIG 2
conpares the selectivity of the alkylatlon process toward the production of

the highly de§grable
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“ trinmethyl pentanes as a function of weight percent sulfolane in the catal yst
15 mxture. FIG 3 conpares the ratio of trinmethylpentanes to

. di met hyl hexanes contained in the al kyl ation product as a function of the
wei ght percent sulfolane in the catalyst mxture. TABLE | Batch Results,

Anhydrous HF/ Sul f ol ane Test Sanples No. 1 No. 2 No. 3 No. 4
- No. 5 No. 6 mL sul fol ane 2/6 0.00 13. 00 .28. 00
38.00 50. 00 50.00 nmL HF ~100. 00 93. 50
86. 00 81. 00 75.00 50. 00 nL Feed "~ 100. 00
93. 50 86.00 81. 00 75.00 100. 00 wt. % sul fol ane
0.00 15. 09 29. 39 .37.49 46. 02 56.11 % TWP
65. 40 71.28 67.29 . 57.14 52.21 20.45 % DVH
9.63 9.02 10. 52 11.90 - 12.28 1.58 TMP: DWVH
6.79" 7.90 6. 40 4. 80 4.25 12. 97 C9+
5.81 10. 56 10. 98 16. 49 18. 96 0. 28
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* Organic fluorides 0. 00 0.00 0. 00 0. 00 0. 00
69. 74 Exanple |1l This exanple describes the steady state eval uati on net hod
. for testing the feasibility of using a hydrogen fluoride and sul fol ane
m xture as a catalyst for the al kylation of nono-ol efins by isoparaffins.
Data are presented to denonstrate that for certain concentration ranges the
catal yst m xture unexpectedly provi degé good quality al kylate. A reactor
‘'was constructed to enabl e steady stat / val uati on of HF/sul fol ane
al kyl ation catal ysts using a 300 nL nonel autoclave. A 10:1
i sobut ane: 2-but enes feed was introduced into the autoclave with stirring at
2000 RPM at a rate of 600 niL/hour. The reactor effluent flowed into a nonel
Jerguson gauge for phase separation. The hydrocarbon phase was passed
t hrough al um na and coll ected, while the acid phase was recirculated to the

reactor. 16 Al kyl ate was eval uated by gas chromat ography and by research
and notor octane tests perforned on test engines. The data presented in
Table I'l was obtained by using the o
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- experinmental nethod described in this Exanple Ill1. FIG 4 is a graphical
representation of sonme of the data provided in Table Il and conpares the
octane of the al kylate product as a function of the wei ght percent

sul folane in the catalyst mxture. TABLE Il 70/30 HF/ 60/ 40 HF/ 50/ 50

HF/ 40/ 60 HF/ 100 9% HF sul f ol ane sulf ol 'ane sul f ol ane
sul f ol ane C8 93.5 6 81.1 82.2 56.9
26.95 TWP 86. 3 - 46.5 70. 4 _ 46. 1
22.26 DWwH 7.1 10. 6 ' 11.7 10. 6
4.54 ThP/ DVH 12. 1 6.6 6.0 4.4
~4.90 C9+ ' 3.4 3.9 8.1 23.1
36.32 RtM 2 97.0 95.5 94.9 93.7

NA Exanpl e IV This exanpl e descri bes the steady state eval uation nmethod for
testing the feasibility of using.a hydrogen fluoride and sul folane m xture
as a catalyst for the alkylation of a typical refinery feed m xture of
nono-ol efins and isoparaffins (BB Feed). Data are presented to denonstrate
that for certain concentration ranges the catal yst m xture unexpectedly
provides a good quality alkylate.
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A reactor was constructed to enabl e steady state eval uation of HF/ sul fol ane
al kyl ation catal ysts using a 300 nL nonel autoclave. The feed m xture of

ol efins and paraffins presented in Table Ill was introduced into 17 the
autoclave with stirring at 2000 RPM at a rate of 600 nL/hour. The reactor
effluent flowed into a nonel Jerguson gauge for phase separation. The

hydrocarbon phase was passed through 5?1)61m na and col |l ected, while the acid

o phase was recircul ated to the reactor” Al kyl ate was eval uated by gas

chromat ogr aphy and the octane values (R+tM 2) were cal cul ated using the
met hod for conputing al kyl ate octane described in the publication authored
by T. Hutson, Jr. and R S. Logan in [err] Septenber 1975, pages 107-110.

Thi s publi shed article is i ncor por at ed herel n by reference. Table Il - BB
Feed Hydr ocarbons Propyl ene 0. 000 Propane

0.569 | sobut ane 88. 027

CALCULATED BLENDING OCTANE NUMBERS
(R + M/2) VS. WT% SULFOLANE

R + M/2 (CALC.)

o1 | | I J 1 { ||
] 5 10 15 20 25 30 35 40
Wt% SULFOLANE

FIG. §



1- but ene ' : 2.818 |sobutyl ene 0. 000

1, 3- but adi ene 0. 000 n- but ane 3. 505
t.rans- 2- but ene ' 1.716 cis-2-butene - 1.236
| sopent ane 1. 008 n- pent ane 0.728
Cs olefins- ' 0.393 100. 000 Oxxgenates Acetone

29 ppm Di net hyl ether ppm MIBE

1 ppm The data presented in Table IV was obtained by using the experlnental
met hod described in this Exanple IV. FIG 5 is a graphical representation
of sonme of the data provided in Table IV and conpares the

WT% TRIMETHYLPENTANES VS. WT% SULFOLANE

70

WTZ TRIMETHYLPENTANES

| I N | I I N

o S 10 15 20 25 30 35 40

40

- WtZ SULFOLANE

FIG. 6



.18 cal cul at ed octane value of the al kylate product as a function of the

wei ght percent sulfolane in the catalyst mxture. FIG 6 conpares the
selectivity of the alkylation process, in which a BB feed is processed,
toward the production of the highly desirable trinethyl pentanes as a
function of weight percent sulfolaqﬁ% @K&?? catalyst mixture. Table IV 98/ 2
80/ 20 65/ 35 60/ 0% HF HF/ Water HF/ sul fol ane

HF/ sul f ol ane HF/ sul f ol ane Hour s 17 Hrs 13 Hrs 20 Hrs
7 Hs 11 Hrs C 56.9 59.2 73.2

55.8 51. 8 TMPISOPARAFFIN~OLEFAIN ALKYLATIONO 62.4

44. 6 42.5 DWH R 11.0 8.3 _ 10. 8

6.9 : 9.0 TMP/ DIVH . 4.2 6.1 5.8

6.5 4.7 [err] + 3.9 2.6 4.2

11.4 6.8 (RtM /2 (cal cul at ed) 92.5 94. 2 95.7
92.1 91.7 While this invention has been described in ternms of

the presently preferred enbodi nent, reasonable variations and nodifications
are possible by those skilled in the art. Such variations and
nodi fi cati ons arAEntw'eﬂI‘ﬁ]fkyId’t&oq catalyst is described which is used in processes

 for alkylating olefin hydrocarbons with isoparaffin'hydx.'ocarbons to produce
_ high octane alkylate products suitable for use as a blending component of
gasoline motor fuel. The novel catalyst comp_‘i:ises a mixture of a hydrogen
halide-and a sulfone. - The-novel alkylation catalyst is utilized in a novel

process for alkylating olefin hydrocarbons with is-oparéffin hydrocarbons.
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scope of the described invention and the appénded cl ai ns. ﬂﬁéﬁﬁéENENT
SHEETS SG [err] Description : paged ..... to.paged [err] [err]daims)
.. paged ..... to paged ..... [err] Drawi ng(s) : paged ..... to paged .....

19 - Substitute sheet - 29 June 2000 [err] Stragl « ..pa .. to
_paged. . . .. DATE OF RECEIPT [err] 1. RePlaCL'“e“t iﬁé)%rrbo |1S?%?%’"§§ﬂdﬁ’?§i ng a
hydr ogen hal i de and a sul f one, wh&BSTRACT d sul fone is present in an anount

| ess than 50 wei ght percent of the total weight of said conposition. 2.
The conposition of claim 1l wherein said hydrogen halide is hydrogen

fluoride. 3. TheoBRRRPBTIL-ONEPENCABKYLATOON2 wherein said sul fone
is sul folane. 4. The conposition of any one of the preceding
clainms wherein said sulfone is present in an anount in the range of 2.5 to

50 wei ght percent of the total weight of said conposition. 5. The
conposition of any one of the preceding clainms wherein said sul fone :

A novel alkylation catalyst is described which is used in processes
for alkylating olefin hydrocarbons with isopa:affin'hydfocarbons to prcdﬁce
high octane alkylate products suitable for use as a blending component of
gasoline motor fuel. .'Ihe novel catalyst comprises a mixture of a hydrogen
halide-and a sulfone. - The-novel alkylation catalyst is utilized in a novel

process for alkylating olefin hydrocarbons with is.oparé.ffin'hydrocarbons.

(Figure 1)
REPLACEMENT SHEET
118EP 1996




s pr b s enREPIAGEMENG SHERES t h&Gr ande of ;5 to 30 wei ght percent o&mt ﬁe t ot al
zwei ght Bf’?@m‘ﬁ*mmﬁﬂtl an.pafed ... . ‘The conposition of any one of the
preceqilrirrg“ci“as}'rs viezeei. B to giaged 13h.f dne is present in an amount in the range

of 10 tio 25 wwi(ghtpaged Cornb miged he t{ot 4D vei ghlibstitugeisHeep R9sine®2000.
iofbdder cormggdtha @ge(gigf,_l fed in any one of clains 1-6 as a

st for the al kyl ati on of ol effi ns by paraffins ocess
ol giine o ogegg g scomr 51 MMM WA AR

by 13 *ﬁ%&ﬁ‘fﬁfr....ﬁﬂi ......... RS o Lo O paaangr [l
reactor Zone, and thbmpbsm@l sahpridinigls GgaroRem hatidet andes wilfolwhéreth sajhCt or
zone at al afion reaction conditjons with a cat alfyst as defined in any
one of clI% ﬁ‘\‘? Rrgsegt ingan amount less thans 50, wstght pergent qfthetatal yweight of saik
al kyl ati QBnfy8&ifibhON tenperature is in the range of mnus 18 to [err] and
the al kylation reaction pressure is in the range of from anbi ent pressure
to 1.5 M2a. 10. The comfiosition @f etsmoll wheminmsad hydrdgerhbalideris hipdroged ar ratio.
of paraftﬂn to olefinis in the range of 2:1 to 25:1. 11. The
process one of clains 8-10 wherein said olefins are nono- ol efins
havi ng fra_om 2 to 12rHersdnspbsitionBE clamd wgrvﬂiepelﬁamd sAfbRE fs dﬁ&oﬁh@
| soparaffins having from4 to 8 carbon atons. | kyl ati on
process ¥ the typngWQSﬂ@nwfdnﬁ@&P 196 ﬁhﬂnl’fﬁt‘—ftﬂlllg claims wherem said sulfone

is present in an amount in the range of 2.5 to 50 weight percent of the total weight of

said composition.

5. The composition of any one of the preceding claims wherein said sulfone
is present in an amount in the range of 5 to 30 weight percent of the total wéfght of
said composition. _

6. ‘The composition of any one of the preceding claims wherein said sulfone

is present in an amount in the range of 10 to 25 weight percent of the total weight of

said composition.

7. ' The use of the composition as defined in any one of claims 1-6 as a
catalyst for the alkylation of olefins by paraffins. |
8. A process for the alkylation of olefins by paraffins comprising

introducing a hydrocarbon mixture comprising said olefins and said paréfﬁns' into' a
reactor zone, and contacting said hydrocarbon mixture within said reactor zone at
alkylation reaction conditions with a catalyst as defined in any one of claims 1 to 6.

9. ‘The process of claim 8 wherein the alkylation reaction temperature is in
the range of minus 18 to 66°C and the alkylation reaction pressure is in the range of
from ambient pressure to 1.5 MPa.

10. The process of claim 8 or 9 wherein the molar ratio of paraffin to olefin
is in the range of 2:1 to 25:1. |

11, The process of any one of claims 8-10 wherein said olefins are mono-
olefins having from 2 to 12 carbon atoms, and wherein said paraffins are isoparaffins
having from 4 to 8 carbon atoms. |

12. An alkylation process of the type wherein a hydrocarbon mixture

including olefins and isoparaffins is contacted with a hydrogen fluoride catalyst, the

~Fhig is the repmcement she*
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i neluding ol efins and | soparaffins is contacted with a hydr ogen fluori de

' -'*cata:iyst " the This—-s—the repl acement sheet Date: 0 4 Jul 2000: - 20 -
Substitute 29 June 2000 i nprovenent conprising utilizing sulfol ane
with said mﬂmy cat al yst- PO -an Suhstitutesbeetha2950ne20h0 .
.percent of of said hydrogen fluoride catal yst and

sul fol ane. Thi |s the r’epfacement sheet Date: 0 4 JUL 2000

improvement comprising utilizing sulfolane with said hydrogen fluoride catalyst in an
amount less than 50 weight percent of the total weighf of said hydrogen fluoride
catalyst and sulfolane.
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