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hydr ocar bon conversion process and a catal yst conposition to be utilrz€d in
sai d hydrocarbon conversion process. The invention further relates to a
Jrethod of retardation or inhibition of corrosion in alkylation process
systens by use of a novel conposition. The use of catalytic al kylation
processes to produce branched hydrocarbons having properties that are
suitable for use as gasoline blending conponents is well known in the art.
General ly, the alkylation of olefins by saturated hydrocarbons, such as
| soparaffins, is acconplished by contacting the reactants with an acid
catalyst to forma reaction mxture, settling said mxture to separate the
catalyst fromthe hydrocarbons,. and further separating the hydrocarbons,
for exanple, by fractionation, to recover the al kylation reaction product.
Norrmal |y, the al kylation reaction product is referred to as "al kylate", and
it preferably contains hydrocarbons hav}ng seven to nine carbon atons. I n
order to have the highest q ' 50l L stock, it is preferred
t hat the hydrocarbons fornme oph ﬁgvﬁiﬁ'%ﬁm%@gess be hi ghly branched.
One of the nore desirable al kylation catalysts is hydrofluoric acid,
however, the use of hydrofluoric acid as an al kyl ati on catal yst has

The present invention relates to a hydrocarbon conversion process

and a catalyst composition to be utilized in said hydrocarbon conversion
process. The invention further relates to a method of retardation or
inhibition of corrosion in alkylation process systems by use of a novel

composition.

The use of catalytic alkylation processes to produce branched
hydrocarbons having properties that are suitable for usé as gasoline
blending components is well known in the art. Generally, the alkylgtion of
olefins by saturated hydrocarbons, such as isoparaffins, is accomplished by
contacting the reactants with aﬁ acid catalyst to form a reaction mixtu?e!
settling said mixture to separate the catalyst from the hydrocarbons, and
further separating the hydrocarbons, for example, by fractionation, to
recover the alkylation reaction product. Normally, the alkylation reaction
product is referred to as "alkylate", and it preferably contains
hydrocarbons having seven to nine carbon atoms. In order to have the
bighest quality gasoline blending stock, it is breferred that the
hydrocarbons formed in the alkylation process be highly branched.

One of the more desirable alkylation catalysts is hydrofluoric

acid, however, the use of hydrofluoric acid as an alkylation catalyst has



2 cerfai F¥dr awbacks. One of the primary problens with the use of

Hydrof luoric acid as an alkylation catalyst is that it is a highly
corrosive substance, and it is toxic to human beings. The toxicity of
Rydrofl uoric acid to -human beings is further conplicated by the fact that
anhydrous hydrogen fluoride acid is typically a gas at nornal atnospheric
condi tions of one atnosphere of pressure and 70[err]. It is possible for .
t he vapor pressure of hydrofluoric acid at standard atnospheric conditions
to create certain safety concerns when it i s exposed to the atnosphere.
These safety concerns are created by the ease with which hydrofluoric acid
I S vapori zeGegtdin’ @re@mers Nt Ond (E aheDppimere. ploblems tieitdf théeupoteiti al
problenms with human toxicity and the corrosive characteristics of
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and, in the caSe of the alkylation of propyl ene and anyl enes, HF has been
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sul furic acid, have been found to be
vapor pressure of hydrofluoric acid at standard atmospheric conditions to
create certain safety concerns when it is exposed to the atmosphere. These
safety concerns are c:_:ea.ted 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 cha;aéteristics of hydrofluoric acid, industry has in the p#st
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';hat it
permits the reaction of olefins by isoparaffins at low'process pressures
and process temperatures. HF is particularly suited for use as a catalyst
in the alkylation of butylenes and, in.the case of tﬁe alkylation of
propylene and amylenes, HF has been use& as an effective catalyst whereas
other alkylation éatalysts, such as sulfuric acid, have been found to be
not as effective in such alkylation services. Additionally, the alkylate
formed from a hydrofluoric acid alkylation process is of a very high
quality having such desirable properties as being a mixture of highly
branched hydrocarbon compounds that provide a high octane motor fuél.
Generally, it has been found that the alkylate produced by a hydrofluoriec
acid alkylation process has a higher octane value than that producéd by

typical sulfuric acid alkylation processes. Thus, it would be desirable to



net as effective in such alkylation services. Additionally, the alkylate
formed froma hydrofluoric acid al kylation process is of a very high

qgual ity having such desirable properties as being a m xture of highly
branched hydrocarbon conpounds that provide a high octane motor fuel.
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probl em encountered is that of the corrosive nature of such substitute
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catalysts. Not only must such & substitute alkylation catalyst have the
aforementioned desirable physical properties, it must also be reasonably
non-corrosive to the metal components, such as, for example, pressure
vessels, piping, equipment and other appurtenances,'of“én alkylation
process system in order for the catalyst to be commercially visble. In the
_case of the use of hydrogen fluoride as an alkylation catalyst, the art
teaches that, to minimize its corrosive effect upon‘the carbon steel
components of this alkylation process system, it is best for the hydrogen
fluoride to be used with a minimal concentratioﬁ of water. In faét, the
corrosive effects of aqueous hydrogen fluoride on carbon steel increases
with increasing concentrations of water. As for the compositions proposed - '
as being suitable suﬁstitutes for hydrogen fluoride as an alkylation
catalyst, all have been found to also be highly corrosive to carbon steel.
| | It is, therefore, an object of this invention to provide a novel
alkylation catalyst having the desirable property of providing a high
quality alkylate réaction product when utilized in the alkylation of
olefins with paraffins but having a lower vapor pressure than that of
hydrofluoric acid..
A further object of this invention is to provide an alkylation

catalyst composition having suitable corrosion properties when utilized in

an alkylation process system such as one constructed of carbon steel.



case of the use of hydrogen fluoride as an al kylation catalyst, the art
teaches that, to mnimze its corrosive effect upon the carbon steel
conponents of this al kylation process system it is best for the hydrogen
ftuoride to be used with a mninmal concentration of water. In fact, the
corrosive effects of aqueous hydrogen fluoride on carbon steel increases

Wi th increasing concentrations of water. As for the conpositions proposed
as being suitable substitutes for hydrofien fluoride as an al kyl ation

catal yst, all have,been,fou to,al so be.highly corrosive to.carbon sieel.
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reaction product when utilized in the alkylation of olefins with paraffins

but havi ngsgsteaW@ithodpOtausifs SdomPedchallyt Bdeselivd v dEEddivnrof thei prockskurt her
object of this invention is to provide an al kylation catal yst conposition
havi ng sui sagtea'smaudpriegh- properti es when utilized in an al kyl ation process
system such as one constructed of carbon steel. 4 Astill further object
of this invention iAYeb fFrtRaTdebiechRfeithin dyyentiom i€ata RFeYideoApBRaeEr®n

whi ch can l%gruél?ed ailﬂyﬁﬂ:ig‘_rll k&’g aétlieglrrlisprwg&espsaraffins in the presence of an
alkylation catalyst having the desirable property of having a reduced vapor
pressure but which produces a high quality alkylate product.

Another object of this invention is to provide a method for
inhibiting corrosion of metal by a corrosive medium. ‘

Yet another object of thié invention is to provide & method for
inhibiting or retarding the corrosive nature of compositions that can
suitably be used in processes and process systems for the alkylation of =
olefins with paraffins.

Thus, the process'of the present invention relates to the
alkylation of & hydrocarbon mixture comprising olefins and paraffins with a
catalyst composition comprising the éomponents of 'a".i':ydrogen halide, a
sulfone, and water. Another embodiment of the present invention relates to
a method of inhibiting corrosion of metal by a corrosive medium comprising
a hydrogen halide and a sulfone by incorporating into said corrosive medium
water in an amount sufficient to inhibit corrosion.

The composition of the present invention comprises the components
of & hydrogen halide, a sulfone, and water.

Other objects and advantages of the invention will be apparent
from the foregoing detailed description of the invention, the appended

claims, and the drawings in which:



system wi t hout causing conmercially excessive corrosion of the process
sSystem s equi pnment. A yet further object of this invention is to provide a
process for the alkylation of olefins with paraffins in the presence of an
arkyl ati on catal yst having the desirable property of having a reduced vapor
Pressure but which produces a high quality al kyl ate product. Another object
of this invention is to provide a nethod for inhibiting corrosion of netal
by a corrosive nmedium Yet another objeét of this invention is to provide a
met hod for inhibitiqg or retarding the corrosive nature of conpositions
that can suitably B&udedsih Rirottrssan shiquife sheseorsgsiangatyroft gerbon
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i nhi bit corrosion. The conposition of the present invention conprises the

conponent s Mdktureniniddftarenialtedie veasegl fasde, and water. Ot her objects and

advantages of the iFnI\é.eng | iosn avmsl:llxemggica-pfqta){v e(Pitagram‘ of' one embodiment of an
alkylation process that utilizes the novel cataiyst composition described
herein.

FIG. 4 is a graphical diagram comparing the alkylate quality
produced by the alkylation of buteﬁes by isobutane utilizing.a catalyst
composition comprising hydrogen fluoride and sulfolane with that produced
with the catalyst composition additionally containing water.

The novel composition of the present invention is suitable for
use as an alkylation catalyst and can comprise, consist of,'or consist
essentially of a hydrogen halide component, a sulfone component and water.

The hydrogen halide component of the catalyst composition or
catalyst mixture can be selected from the group of compounds consistiﬁg of
hydrogen fluoride (HF), hydrogén chloride (HCl), hydrogen bromide (HBz),
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 or in aqueous form; provided that,
the amount of wﬁter contained in the aqueous_éolutian.is not such that the:
ultimate water concentration in the alkylation catalyst or composition
exceeds the desirable ranges described herein.

-The sulfone component is an important and critical component of

the catalyst composition because of the several functions it serves and



ffomthe foregoing detail ed description of the invention, the appended :
-cl ai s, and the drawi ngs in which: 5 FIG 1 is a bar diagramshow ng the
corrosion rate of carbon steel in units of mls of corrosion per year for_
Jvarious water concentrations in a hydrogen fluoride and sul fol ane m xture;
FIG 2 is a bar diagramconparing the corrosion rate of carbon steel for
various water concentrations in a hydro‘gen fluoride and sul fol ane m xture

in different test vessels; and. FI.G ;3. s helmghi ow di.agr, of one
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hydrogen halide component and for the sulfone component to be essentially-
immiscible with olefin and paraffin hydrocarbons so as to permit easy
separation of the hydrocarbons from the catalyst composition. Also, it is
_essential for the presence oflthe sulfone component to have a minimﬁl
impact upon an alkylation reaction selectivity and activity.

' Generally, those skilled in the art- of hydrogen fluoride
catalyzed olefin alkylation processing have knowﬁ that to obtain the
highest quality of alkylate from the aforementioned olefin élkylation
process, it is essential for the hydrogen fluoride catalyst to be as free
from contaminating compounds as is feasible. It is generally known ;hat
small amounts of other compounds contained in the hydrogen fluoride
catalyst of an olefin alkylation process can have detrimental effects upon
product aikylate quality by negatively affecting the selectivity of the
alkjlation reaction toward the production of a more desirable end-product;
such as, for example, trimethylpentanes (IMP) in the case of the alkylation
of butylenes by isobutane. It is further known to those skilled in the art
that small amounts of components contained in a hydrogen £luoride
alkylation catalyst can have a negative impéct ﬁpon 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 productiﬁn of high quality alkylate, one skilled in the

art would expect that the addition of small to large amounts of a sulfone



The hydrogen halide conponent of the catal yst conposition or catalyst
-m xture can be selected fromthe group of conpounds consisting of hydrogen
fluoride (HF), hydrogen chloride (HO), hydrogen brom de (HBr), and
nixtures of two or nore thereof. The preferred hydrogen halide conponent,
‘however, is hydrogen fluoride, which can be utilized in the cat al yst
conpositlon I n anhydrous formor in aqueous form provided that, the anount
of water contained in the aqueous solutfon is not such that the ultimte
wat er concentrahion in the al kyl atiaon cat %stwor co 03|t|on exceeds the
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be essentially i mm scible th ol efin and paraffin hydrocarbons so as to
pern1t (3a8§ e&er unexpected t V%at instead of having a detrimg;ta? impact upon the

catalytic performance, a small concentration in 'an amount. less than about
30 weight percent of a sulfone component in_combination with the hydrogen
fluoride can enhance the performance of the resultant composition as an
alkylation process catalyst.

Therefore, to take advantage of the vapor pressﬁre depressant
effects of the sulfone compound, it is desirable to utilize tlie sulfone in
the catalyst mixture in an amount wherein the weight ratio of the hydrogen
halide to the sulfone is in the range of from about 1l:1 to abouf 40:1. A
weight ratio of hydrogen halide to sulfone in the catalyst mixture of less
than 1:1 has such a significantly negative impact upon alkylate quality
wheﬁ the composition is utilized as an alkylation reaction éatalyst that
the compositidn becomes commercially ineffective as a catalyst. Thus;, a
1:1 weight ratio of hydrogen halide to sulfone in the cataly#t mixture
becomes a critical lower limit for this ratio. In the situation where both
vapor pressure depression and improved catalytic activity and/or
selectivity are desired, the comﬁosition that works best in the alkylation
of olefins will have a ﬁeight ratio of hydrogen halide to sulfone in the
range of from about 1:1 to about 40:1. T§ achieve optimal benefits from
the catalyst coﬁposition,.the preferred catalyst mixture should have a

weight ratio of hydrogen halide to sulfone in the range of from about 2.3:1



separation of the hydrocarbons fromthe catal yst conposition. Also, it is
-essential for the presence of the sulfone conponent to have a m ni nal

i mpact upon an al kyl ation reaction selectivity and activity. Generally,
,those skilled in the art of hydrogen fluoride catalyzed olefin al kylation
processi ng have known that to obtain the highest quality of alkylate from
the aforenentioned ol efin alkylation prqcess, it is essential for the
hydrogen fluoride catalyst to be as free fromcontam nati ng conpounds as is
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can have deig ppental effects upon product al kylate quality by negatively

affecting the selectivity of the al kylation reaction toward the production
of a nore desirabl eTlendufoaekichiitadblie Foasysef i thxanplkentionianet tyd sehfanees
(TMP) in the case of the al kylation of butylenes by isobutane. It is
further knowhthe gehersd Ewimpleed in the art that small anmounts of conponents

contained in a hydrogen fluoride alkylati,on catalyst can have a negative
| npact upon its activity toward theR'aﬁokiﬁ ation of olefins. Based upon the

known effect,s 0 dr n fluori catal.yst _cont anm.nant p Ivity
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smal | to large anmounts of a sulfone
include dimethylsulfone, di n-propylsulfone, diphenylsulfone, ethylmethyl-
sulfone; and the alicyclic sulfones wherein the SO, 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 the latter, tetramethylemesulfone or sulfolane,
3-methylsulfolane and 2,4-dimethylsulfolane are more particularly suitable
since they offer 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. -

This novel alkylation catalyst composition solves many of the
problems that herebefore have beep encountered in 'tybical alkylation
processes that use hydrofluoric acid as an alkylation catalyst. For
in;tance, this novel-batalyst_composition has a significantly lower‘vapor B

 pressure than that of the standard hydrofluoric acid alkylation catalyst.
The advantage from using an alkylgtion catalyst ha#ing a much lower vapor
pressure than that of hydrofluoric acid is that a lesser amount of the acid

catalyst will vaporize and enter into the atmosphere in cases where the

catalyst is exposed to the atmosphere. 1In particular, when making a



7: compound to a hydrogen fluoride catal yst woul d have an enornously
-detrinmental effect upon its catalytic performance. However, it has been

di scovered that the presence of small quantities of a sulfone conmpound in
_conmbi nation with hydrogen fluoride will have little negative inmpact on the
performance of the resultant m xture as an al kylation catalyst; but, it is
further unexpected that instead of havimg a detrinental inpact upon the
catal ytic performance, a small concentration in an anount |ess than about
30 wei ght petpaebhiorobetwezt! tion@occapatslyst i composdtiinat andn hyd dolf 1édrd c hycdidggen
fluori de can enhance the performance of the resultant conposition as an
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upon al kyl ate quality when the conposition is utilized as an al kyl ati on
reacti on cabatyHiffihdr tdeosorposid comtaie CoiTess«s0whereC it isy ekpraskf et ithe -as
a catalyst. Thus, a 1:1 weight ratio of hydrogen halide to sulfone in the
cat al yst nistmregrBepecones a critical lower limt for this ratio. In the
situation where both : _ L ,

. The novel catalyst composition as described herein, solves many
of the problems associated with the use of hydrofluoric acid as a catalyst
since it provides the benefit of having a lower vapor pressure at ambient
conditions than that of hydrofluoric acid. But, in addition to the benefit
of haviﬁg a lower vapor pressure at aﬁbient conditions, the novel catalyst’
composition further can be utilized in typical alkyiation prbcesses to
provide practical reactién rates at low operating pressures and low
operating temperatures to produce a high quality alkyléte product which is
suitable for use as a blending component of gasoline motor fuel. A fﬁrther
benefit from the novel catalyst composition is that it is easier té handle
commercially than hydrofluoric acid.

| In spite of the many advantages from the use of the mnovel

composition comprising, consisting of., or consisting essentially of a
hydrogen halide component and a sulfone componeﬁt, the composition can have
a corrosive effect upon metal when it comes into contact with such metal,
for example, when the composition is utilized in an alkylation process
system having carbon steel pressure vessels, piping, equipment and other
appurtenances. As earlier mentioned herein, those skilled in the art of

alkylation technology have known that small concentrations of contaminants

contained in an alkylation catalyst can accelerate the rate at which



vapor pressure depression and inproved catalytic activity and/or

-sel ectivity are desired, the conposition that works best in the alkylation
of olefins will have a weight ratio of hydrogen halide to sulfone in the
range of - fromabout 1:1 to about- 40:1. To achi eve optinmal benefits fromthe
catal yst conposition, the preferred catal yst m xture should have a wei ght
rati o of hydrogen halide to sulfone in the range of fromabout 2.3:1 8
to about 19:1 and, nore preferably, theipweight ratio shall range from3:1
to 9:1. The sulfones suitable for use in this invention are the sul fones of
t he gener al cézxnomipm deewnrs| whtrertbencaRalysd B centaatrediovixheatmdvptiroear boar al kyl
or aryl substituents, each containing from1l to 8 carbon atons. Exanpl es of
such subst i FPiisht ¥oviererps therethty Fatdilygnds fape PEpR GI9PF&PRRte, One example

di phenyl sul f ong.. e | met hyl.- sulfone, and the alicyclic sulfones, wherein
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preferably containing from3 to 12 carbon atons. Ehong the latter,
tetranet hyl eneswqbess Bydroged Eladkde is a more corrosive medium than anbydrous
' hydrogen fluoride and-that the greater- the conceﬁtration of water contained
in the aqueoug hydrogen fluoride, the more corrosive is its nature when -
utilized in a carbon steel alkylation process system. An additiomal
problem't:éditiondlly caused by the presence of ﬁater in the catalyst
system of an alkylation process is thét it has a negative impact upon the
ultimate alkylation end-product. Therefore, because of the aforementioned
reasons, it is exceedingly unexpected for the pfeseqce of water in an
alkylation catalyst composition or system, as contemplated Sy this
invention, to have the effect of reducing or retarding the corrosive nature
of the catalyst but without having a significant impact on an alkylate
end-product.
Thus, this invention contemplates the incorporation of water imto
a catalyst system or composition containing a hydrogen halide and a sulfone
in an amouﬁt sufficient to inhibit corrosion of a metal when the catalyst
system or composition comes into contact with the metal. Generally, it has
been discovered that the concentration of the water in the catalyst system
can range from about 0.25 to about 10.0 weight percent with fhe weight
percent of the water being based on the sum weight of the hydrogen halide
and sulfone components. The ranges of the weight ratio of the hydrogen
halide component to the sulfone component in the catalyst are those

previously described herein. It is preferred for the water to be present

in the catalyst system in an amount in the range of from about 0.5 to about



3:met hyl sul fol ane and 2, 4-di net hyl sul fol ane are nore particularly suitable
-since they offer the advantage of being liquid at process operating
conditions of concern herein. These sul fones nay al so have substituents,
particularly one or nore hal ogen atons, such as for exanple, _

“chl oronet hyl et hyl sul fone. These sul fones may advantageously be used in the
formof mxtures. This novel alkylation;jgatal yst conposition solves many of
the problens that herebefore have been encountered in typical alkylation
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instance, this novel catalyst conposition has a significantly |ower vapor
pressure t h&An&haf fspmtlh8 tt Snwekdgbit ppdeestt uori c aci d aI kylation catal yst.

The advantage from an al kyl ation catal yst having a nuch | ower vapor
pressure than that éﬁ{‘ﬁ%?‘?ﬂ‘ I%B??Sée%lcﬁ%t?‘@lféilt by ‘F‘l?sgé?seaFrDHWP“?)‘Pnt REe aci d

catal yst w ltllloé/eaﬁ.ng %Ege }r%gess S W erefr} al s hg E;}ygrcasﬁsnrsr\g%e%kg %Fhe 9

catal yst is expose tmospher & AN(ETS

conpari son tiﬁi:wﬁl%ﬁet hﬁtm\.‘i@é, ?@ﬁ@llx ds. CQJ%QE‘HJS' Ofk: @?anm(droQi: nﬁcltﬁlé

one notices S|gn|f|cant differénce i'n the vapor essures © t

catal ysts. Siikeeaty ddldfldtesi 6yagishahasria &yﬂl&i‘cafﬁdn@ sH&P s pfs%ﬁ@ébhe,at
isopentane, isohexane, isoheptane, isooctane and the like for production of
high octane alkylate hydrocarbons boiling in the gasoline range and which
are suitable for usé in gasoline motor fuel. Preferaﬁly, isobutane is
selected as the isoparaffin reactant 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 octane 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 aliphatic hydrocarbons
having seven or more carbon atoms, a substantial stoichiometric excess of
isoparaffin hydrocarbon is desirable in the reaction zone. Molar ratios of
isoparaffin hydrocarbon to olefin hydrocarbon of from about 2:1 to about
25:1 are cpntemplated 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 8.5 to 15. It is emphasized, 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 iéoparaffin-to-olefin ratio in an

alkylation reaction, the better the resultant alkylate quality..



typi cal atnospheric or anbient conditions, it is often in a vapor state
-when it is exposed to the atnosphere; thus, this vapor pressure makes it
nore difficult to control and contain in cases where it is exposed to the
.afmosphere. The novel catalyst conposition as described herein, solves many
of the problems associated with the use of hydrofluoric acid as a catalyst
since it provides the benefit of having a lower vapor pressure at ambient
conditions than that of hydrofluoric ag,d. But, in addition to the benefit
of having a | ower vapor pressure at anbient conditions, the novel catalyst

conposition furt heﬂsé';ﬁ'i}gbﬁnuiﬂcﬂ bZ&dni féaEVﬁitCﬁsldr@éA%bﬂé irBQmPﬁ?Cgm%ﬁ%?eJ Qn
provide practical reaction rates at | ow operating pressures and | ow

operating teweeriluptielatiqu poueesa Bigliegirald FxomikFinte fioeediCistbdnsh. i S
suitable for use as a bl endi ng conponent of gasoline notor fuel. A further
benefit fr&M tHf8ahlyy epntednasnadl amnvpbsiafi drpurstidsasuéh dss newwilebutanehand| e
conmmer ci al I%/ t han drof | yor.ic aI(c:i d. In spite of the nmany advant aaes from

the use of Pt RovEretbfp s’ftﬁ_ SR onDP s ERRFT it it PES i Tgebizabde Hordaras i ng
essential | yoffen@rdMARO98N AL gﬁu%?”?@.{l@?ﬁtsarlg grsulione component, the

conposition can have a corroSive effect upon et a?'vx?laén_l comes Tnto
contact W 88credengrBiedbtor! Qapf4ayPhfai bR hPetkd MRIELd OfbalcBadtlsi lahded i n

an al kyl ati on process system having carbon steel pressure vessels, piping,

equi pnent anterfehing apphir gedarostact Aef eddphstf £iE N it ede by atdactddiase

skilled in the art_of :
Additionally, in continuous alkylation processes wherein excess isoparaffin
hydrocarbon is recovered from an alkylation reaction_ effluent and recycled
for contact with additional olefin hydrocarbon, such nonreactive normal
paraffin impurities tend to accumulate in the alkylation system.
Consequently, process charge streams and/or recycle streams wﬁich contain
substantial amounts of'normal paraffin impurities are usually fractionatéd
to remove such impurities and ma.intain their concentration at a low level,
preferably less than about 5 volume percent, in the alkylation proceés.

Alkylation reaction temperatures within the coﬁtemplation of the
present invention are generally in the range of from about 0°F to about
150°F. Lower temperatures favor alkylation reaction of isoparaffin with
olefin over corﬁpeting olefin side reactions such as- polymerization.
However, overall reaction rates decrease with decreasing temperatures.
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 50°F to 100°F.
Reaction pressures contemplated in- the present invention may

range from pressures sufficient to maintain reactants in the liquid phase

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



al kyl ati on technol ogy have known that small concentrations of contam nants
-contained in an al kyl ati on catal yst can accelerate the rate at which 10
corrosion occurs when the catalyst is contacted with a nmetal over that

~whi ch woul d occur when the catalyst is free of a contam nant. One exanple
of this phenonenon is in the case where anhydrous hydrogen fluoride is
utilized as an al kylation catalyst. In this instance, it has been known

t hat aqueous hydrogen fluoride is a noryg corrosive nedi umthan anhydrous
hydrogen fluoride and-that the greater the concentration of water contained
i n the aguarUaotnadlyguseddsu@ki Sikylidion Mbdat O tabpet@tires] t thulakedk ivhen
utilized in a carbon steel alkylation process system An addi ti onal

probl em t r adiessungal iy tharsege [vf five phausefc @ovrddsngauge pPresshee pat clqpste

system of -an al kyl ation process is that it has a negative inPact ~upaqn the
ul timate al¥FPatisdR) dasRAudiRe psigarerrieEermdcafden gillt Ferchttse iR ntheoned

reasons, it,.Js.exceedi ngly unexpected for the presence ter ip_an
al kyl ati on 1(:55{1 é‘f g‘tas?:bn%gg? sfgngf)erss‘éﬁlesthéﬁl n%.SSIéggfiéﬁ?ﬁ a(%fefag\%yupto Ri ghe

i nvention, @yRaMenthgcelhect of reducing or retarding the corrosive nature
of the catal ySt but w thout having a significant inpact on an al kyl ate

end- pr oduct . Contact times for hydrocarbon reactants in an alkylation reaction
zoné in the presence of the alkylation catalyst:of the present invention
should generally be sufficient to provide essentially complete conversion
of olefin reactant in the alkylation zone. . Preferably, the contact time is
in the range from about 0.05 minute to about 60 minutes. In 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 éO-lO volume'percent hydrocarbon phase, and wherein good contact of
olefin with isoparaffin is maintained in the reaction zone, essentially
.complete conversion of olefin can be obtained at olefin space‘ve;pgities in
the range of about 0.1 to about 200 volumes Qlefin per hour:per volume
catalyst (v/v/hr.). Optimum space velocities will depend upon the type of
isoparaffin and olefin reactants utilized, the particular compositions of
alkylation catalyst, and the alkyiatioﬁ reaction conditions. Consequently,
the preferréd contact timeg 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 céntinuous
type of operation, although it is preferred for economic reaséns to carry
out the process continuously. It has been generally established that in

alkylation processes, the more intimate the contact between the feedstock



Thus, this invention contenplates the incorporation of water into a

catal yst system or conposition containing a hydrogen halide and a sul fone
in an anount sufficient to inhibit corrosion of a nmetal when the catal yst
system or conposition conmes into contact with the netal. CGenerally, it has
" been discovered that the concentration of the water in the catal yst system
can range from about 0.25 to about 10:.0 wei ght percent with the weight
percent of the water being based on the%sum wei ght of the hydrogen halide

and sul fone ¢conponents. The ranges, of th ight . ratio of the hydrogen

hal i de conﬁBﬁeﬁ‘tE_ ‘f’%“ﬁﬁset §_€€f PSH?%QB%SH%HEY \i,°rw%l gﬂ‘élﬁtaet IBFV%‘P': a?béa’t%gSeq"“h _
Previ oustY «98 Gl RER,NEHLpPoncht bibeBlE BdCOhBLed UE SAREL, i3 aBE SNENL 11
the catal yst systemin an anmount 1 n e range o rom about 0.5 to about

10 wei ght pepsaterdhd, byREE YieCsLRaANbus MAChaNALEN sER1RE ¥ SdkiAbg I the
range of from1.0 to 5 weight percent. Al kylation processes contenpl ated by
t he presentreaovattiad eatalydose | i qui d phase processes wherein nono-olefin
hydr ocar bons such as propyl ene, butyl enes, pentyl enes, hexyl enes,

hept yl enes, octyl ents capeinppes |oprratiprs.alik yonet evbodyménioprgastants may be

hydr ocar bons ;such as isobutane, isopent ang\(i | sohexane, i soheptane

i sooct ane dHdntH@et ke ?"Jﬁ‘b"reﬁﬁu%’ﬁsé'ﬁ“éf apd GEerBEesHESS 90y PATRFARS dFRR®ar bons
boi ling in éJ%St&k%iQiiJ‘%nrEHEQQiQ&EQ gﬁéé&hand then conﬁinuously forced through

dispersion devices into the reaction zone. The dispersion devices can be
jets, nozzles, porous thimbles and the 1like. The reactants are
subsequently ﬁixed with the catalyst by conventional mixing means such as
mechﬁnical agitators or turbulence of the flow system. After a sufficient
time, the product can then be continuously separated from the catalyst and
withdrawn from the reaction system while the partially spent catalyst is
recycled to the reactor. If desired, a poréion of the catalyst can be
continuously regenerated or reactivated by any suitable treatment and
returned to the alkyiation reactor.

Now referring to FIG. 3, there is presented a schematic flow
diagram of & riser-reactor process system 10 that can be used in thé
alkylation of olefins by isoparaffins. Pressure and kinetic energies are
imparted to a hydrocarbon mixture, or hydfocarbon feed, comprising olefin
and isoparaffin hydrocarbons, by pump 12 that is utilized to charge the
feed via conduit 14 to reactor vessel 16. Reactor vessel 16 defines an
alkylation reaction zone wherein the hydrocarbon feed is reacted by contact
with the novel catalysts as described herein. Upon entering reactor vessel
16, -the hydrocarbon feed is intimately mixed with the novel catalyst by any
-suitable mixing means 18 for dispersing the hydrocarbon feed:into the

catalyst. Suitable mixing means 18 can include, but are not limited to



are suitable for use in gasoline notor fuel. Preferably, isobutane is

sel ected as the isoparaffin reactant and the olefin reactant is selected
from propyl ene, butyl enes, pentylenes and m xtures thereof for production
of an al kyl ate hydrocarbon product conprising a major portion of highly

" branched, high octane val ue aliphatic hydrocarbons having at |east seven
carbon atons and | ess than ten carbon atons. In order to inprove
selectivity of the alkylation reactionlfoward the production of the-
desirabl e highly branched aliphatic hydrocarbons havin% seven or

nor e- car bod®&t0M221ess (RRFPRht hdrbles oftchithelfiee eF¥kesaatalystsdpafes fton
hydrocarbon is desirable in the reaction,zqne | ar, ratios of isoparaffin
hydr ocar boR®¥ 85I %?sisr??hg%rv(}éa??fgﬁl%fzof £8%n o&?g%ciﬂf%‘_&%%tmifg?T e
cont enpl at %fhi-é&dtt@_rggﬁggrueséﬂvqgtéhg&gh nGi6E GleARL Yas Lragocapm% sAtio of

| soparaffin-to-olefin wll range from-about to about ; and, nost

preferably, it shalther fadgetdnkOrdadtdr te@sikfant | frohSraRRbASIESEl 1B0MRYEES byt hat
t he above recited ranges for the nolar ratio of isoparaffin-to-olefin are

t hose whi clwahaefe chebritf Butd sebtlre vemsrbr2i ehich defioes eabepgretian mope anges;
but, generally, the greater the isoparaffin-to-olefin ratio in_an
al kyl at i on Ara%tdesopeang niorRapeEstipg Fheckagrtem et Sivuept dingo (ft dpigaparbon. phase

and a catalyst phase. The catalyst is then taken from settler vessel 26 by
waj of conduit 28 to pump 30. Pump 30 provides means for imparting both
.kinetic energy and pressure energy to the catalyst phase taken from settler
vessel 26 and feeding, or recycling, it to mixing means 18 via conduit 20.
The hydrocarbon phase is taken from settler vessel 26 by way of conduit 32-
to scrubber vessel 34, which defines a scrubbing zone, or removal zone, and
provides removal means for rembving trace quantities of acid catalyst
contained within the hydrocarbon phase to produce a scrubbe& hydrocarbon
phase; Any suitable removal means can be used; however, one preférred
method is to contact the hydrocarbon phase, containing a trace
concentrafion of acid catalyst, with a bed of alumina material contained
within scrubber vessel 34.

The scrubbed hydrocarbon phase is passed by way of conduit 36 to
debutanizer 38, .which defines a separation zone and -provides separation
means for separating hydrocarbons having more than four carbon atoms and
hydrocarbons having less than five carbon atoms. The hydrocarbons having
‘more than four carbon atoms pass via conduit 40 to product storage vessel
42. The hydrocarbons having less than five carbon atoms pass by way of
conduit 44 to downstream processing.

The following examples demonstrate the advantages of. the present

invention. These examples are by way of illustration only, and are not



Isoparaffin and ol efin reactant hydrocarbons normally enployed in
- commercial al kylation processes are derived fromrefinery process streans
and usually contain small anpunts of inpurities such as normal butane,
pt opane, ethane and the like. Such inpurities are undesirable in |arge
“concentrations as they dilute reactants in the reaction zone, thus
decreasi ng reactor capacity available for the desired reactants and
interfering with good contact of isoparaffin with olefin reactants.
~Additionally, in continuous al kyl ati oniprocesses wherei n excess isoparaffin
hydrocarbon is recovered froman al kyl ation reaction effluent and recycl ed
f or cont actinygndpd arkdilipBagions| apem the dinyenrisnnas sipth oRbnite &kt | 4RPeRSYa
paraffin inpurities tend to accunulate in the al kylation system
Cbnsequehtgg?“ﬁrocess charge streans and/or recycle streans which contain.
substanti al anmounts of normal paraffing rijies.are usually fractionated
to renove such inpurities and naintaingkﬁﬁﬂf—%oncentration at a low | evel,
preferably |ess thap;ahauhpia Y&iBesPeRE @Rberihbntlal Enthky vl 0t pEOGRASSe
Al kyl ation reaction tenperatures within the contenplation of the present
i nventi on ahe gamesiality ofnard HE andnge fofankrwivtakotibwdrésrdarbon iteek atéOherr] .
Lower tenperatures favor al kylation reaction of isoparaffin with olefin
over conpetdomgesdivety fstheemixtace itowardsuesrban sterl wBeR A1V, CERFRBLRA1on

overall reaction rates decrease wit{h decreasing te r res. 1. erature
wi thin the §oth °f afRfeT R ¥ 397‘?1‘5?5 te?&‘heggP _er%triﬁl’J% %ﬁf gF‘éerr_r o
about 130[ &f rlyy - Q30X 16,10099. SehRChl ¥eb¥nd Res!gt¥Laturol rel SABYES Mdnn

determining the corrosion rates of carbon steel coupons. The following

described Procedure 1 was used for tests 1-20, and procedure 2 was used for
tests 21-23.
Procedure 1

A single carbon steel coupon of dimensions 1 x 0.25 x 0.07 inches
weighing 1.5-2.0 g was accurately weighed and measured. This coupon was
tﬁen suspended in either a double-ended, teflon-lined monel sample éylinder
of 150 mL capacity or a stainless steellsample cylinder of 75 ml capacity
by using teflon string through a hole in the coupon. The position of the
coupon was such that the coupon would remain submerged in the test solution
when the cylinder was placed in an upright position.

The cylinder was evacuated, charged with the test solution and
capped. Heat tape and insulation were wrapped around the cylinder and the
cylinder was placed in an upright position on aﬁ orbital shaker set to
rotate at 60 rpm. Temperature was maintained at 115§F;

At the conclusion of the test, the cylinder was cooled to roém
temperature and emptied of its contents. The coup;'m was then carefully
removed from the cylinder and rinsed gently with sodium ‘bicarbonate

solution, water and acetone. After air drying, the coupon was dipped into



with olefin at commercially attractive reaction rates. Mst preferably,
-however, the al kyl ation tenperature should range fromb50[err] to 100[err].
Reacti on pressures contenplated in the present invention may range from
pressures sufficient to maintain reactants in the |liquid phase to about
"fifteen (15) atnospheres of pressure. Rdactant hydrocarbons may 13 be
normal |y gaseous at al kylation reactign tenperatures, ,thus reaction

pr essur esaP nuaingibitasde Hol pelnhigpotRr 28 S8cAndS: gheRpyedr ceashed peainsand; e
inch (psi to abopt 160 ,pnsig are preferred, Wth all reactants in .th
liquid phg £1y, RB?}ejﬂ‘féd‘.'babéﬂFesmé FePLsi gAPE i SOHRPD Y45 °ﬁp‘6?1‘_4‘ﬁ% and
al kyl ati on I O Ctatl for_hydro op r t '

al kyl at i oﬁeirsglgg{li%%“f%gﬁn ?#er.gg?oensgﬁ%eé/ag . %Qaﬂkyﬁe@% i%én]!t ig%é;’l 35?“(?1’ he

present i nyet ii@NasA1QWA ChsO8N§e 1R han be sufficient to provide essentially
conmpl ete conversion of olefin reactant in the al kylation zone. Preferably,

t he cont aptodddiieis in the range fromabout 0.05 m nute to about 60
mnutes. Tn the al kyl ati on process of the present invention, enploying

i sopar af fi n-to-ol efhiis pobeadurat ivssimilaheto attpe of pbeodeduPe 11twithbahe 25: 1,
wherein the al kylation reaction m xture conprises about 40-90 vol une
percent cexedpfden prhate aaP0 cc hastelloy C autoclave replaced the monel or

stainless steel sample cylinder as the test vessel. One coupon identical
to those used above was suspended in the autoclave by teflon.string so as
to eliminate the possibility for metal-metal contact while ensuring the
coupon would be submerged completely in the test .solution. After
suspending the coupon, the test solution was added.

Temperature was maintained by a constant temperature bath
circulating through internal autoclave heating coils; the test solution was
stirred at a rate of 500 rpm throughout the trial.

Upon completion of the test, the test solution was drained and
the coupon was treated as in procedure 1.

| Example II

This example presents data obtained by the previously described
experimental method of Example I. The data presented in Table I
demonstrate, - unexpectedly, that the presence of water inm an HF and
sulfolane mixture has no detrimental effect on the corrosivity of the
mixture towards carbon steel.and'that, in fact, the presence of small
quantities of water in the mixture has an.inﬁibitive effect upon its
corfosive nature. FIGS 1 and 2 are bar diagrams which piesent some of the

corrosion data obtained ﬁy the method of Example I. These diagrams clearly



about 60-10 vol unme percent hydrocarbon phase, and wherein good contact of
“olefin wwth isoparaffin is maintained in the reaction zone, essentially
conpl ete conversion of olefin can be obtained at olefin space velocities in
.the range of about 0.1 to about 200 vol unes ol efin per hour per vol unme
catalyst (v/v/hr.). Optinmum space velocities will depend upon the type of

i soparaffin and olefin reactants utilized, the particular conpositions of

al kyl ati on catalyst, and the al kyl ati opsgreacti on conditions. Consequently,
the preferred contact tinmes are sufficient for providing an ol efin space
vel ocity i Hlﬁlhér&ltan‘g’etoﬁheam;sn& of atabdot tHR0F (awd \fufl foJanandxabieohhng
essenti al | | ete conversion of olefin reactant in the al kylation zone.
The pr ocesg TR BelUdPitard Hfifeckivbpe thamixtyre i coptacsad vt wetelpe of
operation, although it is preferred for econom c reasons.to carry out the
process continuously. It has been generally established that in alkylation
processes, the nore intimate the contact between the feedstock 14 and
the catal yst the better the quality of al kylate product obtained. Wth this
in mnd, the present process, when operated as a batch operation, is
charact eri zed by the use of vigorous nechanlcal stirring or shaking of the
reactants and catal yst.



In continuous operations, in one enbodi ment, reactants may be maintained at
sufficient pressures and tenperatures to maintain them substantially in the
| i qui d phase and then continuously forced through di spersion devices into
the reaction zone. The di spersion devices can be jets, nozzles, porous
“thinbles and the like. The reactant sjqare subsequently m xed with the
catal yst by conventional m xing nmeans such as nmechani cal 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 t$helpartially spent catalyst is recycled to the
reactor. If desired, adoftipn of pheycatal ygt gan,be _conginyougly
regenerated or reactivat Iy aéRy Qui ftabFe & ea meft &nd Jetrn8d {0 the

al kyl ation reactor. Nowir¢f &rihg ‘fo FIG® 3, there~is®préSented a Schematic
fl ow di agram of .a ri serdr éact or process system 10 that can be used in the
al kyl ation of olefins by isoparaffins. Pressure and kinetic energies are
inparted to a hydrocarbon m xture, or hydrocarbon feed, conprising olefin
and isoparaffin hydrocarbons, by punp 12 that is utilized to charge the
feed via conduit 14 to reactor vessel 16. Reactor vessel 16 defines an

al kyl ati on reaction zonguwherein the hydrocarbon feed is reacted by contact
wi th the novel catalysts|ss described herein. Upon entering reactor vessel
16, the hydrocarbon feed Hs %ntRmagel ¥ mxedswith ghemovel tatal yst by any
sui tabl e m xi ng nmeans 18§or di spersing the hydrocarbon feed into the
ale : -
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catalyst. Suitable m xing neans 18 can include, but are not limted to
.15 jets, nozzles, porous thinbles and the |ike. The catalyst is fed to
reactor vessel 16 via conduit 20 and the hydrocarbon feed mxture is
charged to reactor vessel 16 through m xi ng neans 18 via conduit 22. The
"resultant reactor effluent fromreactor pgessel 16 passes by way of conduit
24 to settler vessel 26 which defines a separation zone and provi des neans
for separating the reactor effluent into a hydrocarbon. phase and a catal yst
phase. The catalyst is then taken fromsettler vessel 26 by way of conduit
28 to punp 30. Punp 30 provides neans for inparting both kinetic energy and
pressure energy towt he catal yst phase taken fromsettler vessel 26 and
f eedi ng, or recyclﬁr@, fet f:o @xi"hg freafls &8 @& a tonduit 20. The
hydr ocar bon phase its™ t aken® r éin set theraveSsel 262 by way of conduit 32- to
scrubber vessel 348 which defines a scrubbing zone, or renoval zone, and
provi des renoval neans for renoving trace quantities of acid catalyst
contai ned within the hydrocarbon phase to produce a scrubbed hydrocarbon
phase. Any suitable renoval neans can be used; however, one preferred
method is to contact the hydrocarbon phase, containing a trace

concentration of acig, catalyst, with a bed of alum na materi al contai ned
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within scrubber vessel 34. The scrubbed hydrocarbon phase is passed by way
. of conduit 36 to debutanizer 38, which defines a separation zone and

provi des separation neans for separating hydrocarbons havi ng nore than four
carbon atons and hydrocarbons having |l ess than five carbon atons. The
hydr ocar bons having nore than four carbon atons pass via conduit 40 to
product storage vessel 42. The hydrocardons having | ess than five carbon

atons pass by way of conduit 44 to dQwnstr processi ng. The foll ow ng
exanpl es denonstrate the advant ages M@S%Tesent i nvention. These

exanpl es are by wayridk iekipit’ 8idc2ibdidNlthe ARGod £56d0ko evaiat it £RdEd as
limtations upon the invention as set out in the appended clains. Exanple |
Thi s exanpl eatddpatsi bbstukbe cenpeisinge hyatogert findrifeedsilFotiaiecrnd Natéheas
corrosivity of an HF and sul fol ane m xture towards carbon steel and the -
corrosi vi t ycaFR1YSe APXthecallilaripn ofrmme-clefins \hiteAsabmtinrys P8k erer ati on
| evel s of -water are used to thus denonstrate the effectjveness of water as

a corrosi onPT%iAMEY; dpmongtisting £he spexnectyd ArRFoRenFrE ARy I8k B3 HEY | From

the addition of small amounts of water to the hydrogen fluoride and
sulfolane catalyst.
HF, sulfolane and water (60 wt. % HF, 38 wt. % sulfolane and 2
"wt. % water) and HF and sulfolane (60 wt. % HF and 40 wt. % sulfolane)
mixtures were evaluated for alkylation performance in the riser-reactor
process system dep;cted in the schematic flow diagram of FIG. 3. In a
typical reaction, the feed, a 10:1 isobutane:2-butenes feed, was contacted
. with the catalyst via a spray nozzle of 0.01 inch diameter ofifiee at a
feed rate of 300 mL/hour.  .Temperature was maintained at 90°F by
circulating coolant from a comstant temperature bath through a jackét
surrounding the reactor. Reactor contents were maintained in the liquid
phase by keeping the pressure at 100 psig. The contents of the reactor
flowed from the reactor into the settler where phase separation occurred.
Hydrocarbon was then collected and isolated for alkylate quality evaluation
by gas chromatography; the aéid phase recirculated to the reactor by way of
a gear pump at a rate of_approkimately 700-750 mL/hour. Catalyst activity
was observed to reach a maximum, followed by a slow decline throughout the
reaction. No attempt was made to regenerate the catalyst or maintain
catalyst aetivity in any of the runs cited, although it is known that
replacement of small amounts of catalyst and/or femoval of acid soluble oil

byproducts would be sufficient to maintain catalyst life indefinitely.



determining the corrosion rates of carbon steel coupons. The foll ow ng

. descri bed Procedure 1 was used for tests 1-20, and procedure 2 was used for
tests 21-23. Procedure 1 A single carbon steel coupon of dinensions 1 X
0:25 x 0.07 inches weighing 1.5-2.0 g was accurately wei ghed and neasured.

" This coupon was then suspended in either a doubl e-ended, teflon-lined nonel
sanpl e cylinder of 150 nlL capacity or 2stai nl ess steel sanple cylinder of
75 m capacity by using teflon string tHrough a hole in the coupon. The
position of the couﬁféﬂdx\@ép%&lﬂt;&@h Hiﬁe&qlip%h Y9t ¢hdeCOMainad RYCEGRY |
.the test solution when the cylinder was placed in an upright position. The
cylinder Washee¥asendhé@ital Ghaigedesdribed AR thestExamply TDD. aNbe exappemou Hmat
tape and insulation were wapped around the cylinder and the cylinder was
pl aced in arheuprésphte pysidtiegnhan nardedebitiabs sifaker oge¢lkydateoguakitatvidd r pm
Tenperature was maintained at 115[err At the conclusion of the test, the
cyl i nder Wa%hecdékwtﬁoh%vdﬁm%e??ﬁé#&%’u égh&ﬁdméfr?ﬁﬁl BEPLSE F'E’s‘:hcéﬁf‘éﬁ’f% & The

t ful | d d g th
Sodt um by caBERAE PIa PHeTEon L REAS! GRESAFTEEVEN  pind Rk

coupon was 'PAI:HQEQI Q}e%ents the data obtained for the HF, sulfolane and wate;
catalyst mixtﬁre and Table III presents data obtaingd for an HF and
~ sulfolane catalyst mixture. 'F_IG. 4 graphically presents some of the data
provided in Tables II and III relating to the weight percent of
trimethylpentanes contained in the alkylate product. The graphically
depicted data clearly demonstrates the enhancement in alkylate quality that
- is obtainable from the addition of'a small quantity of water to a sulfolane

and HF catalyst mixture.



.17 an uninhibited HO solution for 20 seconds, renoved, washed again and

gently polished with fine steel wool. The coupon was then wei ghed and
measured accurately. Corrosion was calculated in mls per year, whereby a
Sml" is defined as 0.001 inch. Procedure 2 This procedure is simlar to

that of procedure 1 with the exception that a 300 cc hastell oy C autocl ave
repl aced the nonel or stainless steel sanple cylinder as the test vessel.
One coupon identical to those used abo¥®2 was suspended in the autocl ave by
teflon string so as to elimnate the possibility for netal -netal contact
whil e ensuring the coupon would be subperged conpletely in the test

sol ution. After suspending the COUpUﬂT—Tge test solution was added.
Tenperature was nmai ntained by a constant tenperature bath circul ating
through internal auhtgllave ohesiiedd 603832 HrfSuleAsio $0lddkl Geeddrs stirred at
a rate of 500 rpm throughout the trial. Upon conpletion of the test, the
test solution was drained. and the coupon was treated as in procedure 1.
Exanpl e || Ts.shescanpl d-presehts d#t a ob®ai nek® by tthe pr&%i oustly dedéri bed

experinentag pethod of Exgnpleg ) 1The dat a r%segteg ig E?bl; I 7,25
deronst ratgs unexpect egl. gé %ﬁa& t&sér%g?ﬁcefﬁsm}s‘?gg' 98?‘21 Hﬁ.%'jd 72.66
co+ 28.90 26.44 21.18 14.98 13.00 6.96 9.20 6.26 6.91
TMP 38.67 43.42 49.86° 57.48 62.32 64.44 64.57 60.76 61.70
DMH 10.89 11.42 11.99 12.00 12.41 -11.56 14.06 10.22 10.63
TMP/DMH 3.55 3.80 4.16 4,79 S5.02 5.58 4.59 5.94 5.80
" R+M/ 2% 89.9 90.4 91.4 92.5 93.0 93.9 92.6 93.9 93.1
R-F 0.00 0.00 0.00 0.00 ©0.00 0.00 0.00 0.00 0.00
% Convert 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Time, hrs 27 30 42 48 53 66 72 90 96
C5-7 8.07 7.81 8.67 .7.88 9.32 8.89 8.00 9.28 6.92
cs8 74.93 75.83 75.36 77.04 71.68 72.48 76.03 68.38 78.07
C9+ 6.01 8.29 8.27 8.96 8.47 10.87 11.03 12.00 12.99
THP 63.20 63.67 63.05 64.03 59.98 59.98 63.21 55.94 64.53
DMH 11.74 12.16 12.31 13.01 11.70 12.51 12.82 12.44 13.54
TMP/DMH _ 5.38 5.24 5.12 4.92 .5.13 4.80 4.93 4.50 4.77
R+M/ 2% 93.8 93.5. 93.4 93.4 93.3 92.9 93.0 92.4 _ 92.7
R-F ~ 0.00 ©0.00 0.09 0.07 0,00 0.15 0.00 0.17 0.00

% Convert 100.00 100.00 100.00 100.00 100.00 100,00 100.00 100.00 100.00

*Calculated




sul fol ane m xture has no detrinental effect on the corrosivity of the

m xture towards carbon steel and that, in fact, the presence of snal
guantities of water in the m xture has an inhibitive effect upon its
corrosive nature. FIGS 1 and 2 are bar diagrans which present sone of the

" corrosion data obtained by the nethod of Exanple |. These di agrams clearly
18 illustrate that the presence of wat in the HF and sul fol ane m xture
has a corrosion inhibitory effect when the mxture is contacted with netal.

19 [err]

20 [err]
Table III

Total Product Stream Alkylates: 60/40 HF/Sulfolane + Ideal Feeds

" Time, hrs 3 6 ‘12 22 24 27 33 36 48
C5-7 6.30 9.62 5.93 6.52 7.83 7.37 7.93 7.65 9.74
C8 59.57 54.39 74.58 69.73 67.55 62.14 65.07 67.35 60.44
Co+ - 14.03 4.24 9.90 12.42 13.05 ,14.87 11:02 14.19 - 9.91
T™MP 30.32 47.25 60.38 58.26 56.38 51.95 54.27 56.06 50.45
DMH . 9.25 7.14 14,20 11.47 11.16 10.18 10.81 11.29 9.99
TMP/DMH 5.44 6.62 4.25 5.08 5.05 -5.10 5.02 4.96 5.05
R+M/ 2% 93.0 94.2 93.0 93.1 92.9 92.6 93.0 92.7 92.9

- R=-F 0.41 0.8 0.36 0.41 0.41 0.37 0.54 0.45 0.75
% Convert 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Time, hrs 51 54 57 73
C5-7 8.25 7.86 .7.19 7.10
Cc8 67.19 67.18 68.95 68.02
co+ 12.37 11.86 13.77 15.63
™P 55.96 56.08 57.63 56.51
DMH 11.23 11.11 11.31 11.52
TMP/DMH 4,99 5.05 5.09 4.91
R+M/ 2% 92.8 93.0 92.8 - 92.5
R-F : 0.55 0.51 0.38 0.50

% Convert 100.00 100.00 100.00 100.00

*Calculated

Exgmgle 1V
This example describes the experimental method used to determine
the vapor pressure of various hydrogen fluoride and sulfolane mixtures and
to present vapor pressure data for such mixtures demonstrating the
effectiveness of sulfolane as é vapor pressure depressant.
' A 100 mL monel bomb was dried and evacuated, followed by the
addition of a prescribed amount of anhydrous hydrogen fluoride. A specific

amount of sulfolane was then added to the bomb. . Once the bomb achieved the



21 Exanple Il This exanple describes the nethod used to evaluate liquid
catal ysts m xtures conprising hydrogen fluoride, sulfolane and water as
catal ysts for the al kylation of nono-ol efins by isobutane. Data are
present ed denonstrating the unexpected i nprovenent in alkylate quality from
"the addition of small anounts of water to the hydrogen fluoride and

sul fol ane catalyst. HF, sulfolane and water (60 wt. % HF, 38 wt. %

sul folane and 2 wt. % water) and HF ang sul folane (60 wt. % HF and 40 wt. %
sul fol ane) m xtures were eval uated for aI kyl ati on performance in the

riser-r eaC&&ruQé Qefiperaticd, e@h&'?ﬁ?hé‘sﬂx@g d;@hid“@hé%bﬁ&f%h Crdcbededdi ageaiupdr FI G
3. In a typical reaction, a 10:1 isobutane: 2-butenes feed, was -

contacted W.—éslguib&aﬁaés%hyﬁi tyi e ahapaamn@@alceamﬁe X s@1fdlach Idsaatodi ing
orifice at a feed rate of 300 nli/hour. Tenperature was naintai ned at :
90[ err] bypeintcoka2d3fig) coBhiziet IV rrawsents ompoakiont efifde a¥apoe MFH“’tehrdéElﬁh a
jacket surrounding the reactor. Reactor contents were naintained in the

| i qui d phasktaipes plthbs ﬁﬁ%erﬁ-ﬂé%@&rﬁetéf’d 1496 bls’iugtr&Fﬁé nfaHiEs ot RE"

reactor flowed fro i nt set t
occurr ed. W%ﬁ,sué'ar e novqh Jroafrll %é\t\or de a & s% FV\{R &Qf?& nERake J.sOQ

I SO Tor al kyl at e quallty
evajljat'(”1function of the weight percent sulfolane in the. catalyst mixture.

-Table IV

Vapor pressure of HF/sulfolane mixtures at 30°C

Wt. % . -. Vapor Pressure
Sulfolane {Torr)
0.00 1086
3.82 1044
4.75 1032
7.36 1021
7.65 1004
13.01 972
16.57 . 946
19.90 897
19.95 902

- 24,11 862
26.95 : 819
29.01 : 794
30.02 812
36.70 680
55.40 : 413
71.96 187
83.91 74

Example V

This example describes the method which utilizes batch reactions

to test the feasibility of using a hydrogen fluoride and sulfolane mixture

" as a catalyst for the alkylation of mono-olefins by isoparaffins. Data are
presented to demonstrate thé unexpectedly improved properties of the

alkylate product from such a catalytic process and to demonstrate that for



by gas chromat ography; the acid phase recirculated to the reactor by way of
. a gear punp at a rate of approximately 700-750 nL/ hour. Catal yst activity
was observed to reach a naxi num followed by a sl ow decline throughout the
reaction. No attenpt was nade to regenerate the catal yst or nmaintain
“catalyst activity in any of the runs citzesd, al though it is known that

repl acenent of small amounts of catal yst™and/or renoval of acid soluble oil
byproduct s ; L Gl ent i nt_ai t al ' ' i ql

25" The dat a reeane e e AR aenfr En RS kil Mt ep ey, B <
experi nent al gasatuaditieatkylaes. in this Exanple I11. The data show that the
presence of water has no deleterious effect on alkylate quality with the

al kyl at e havi ng a suiE/sblfiplimegméxtuyes areze nevaldestedhfeh atlefllaeidns pexr Burmemtal v
hi gh concentration of branched octane conpounds in the alkylate. Table I
presents theltidekchreastiess fadr 99He HED ast¥pisehnriahd that desized Ampunt wifxt ur e

and Table I1] _.presents dat,a,opt ai for an HF and sul f ol ane_cat al yst

m xture. FI (ful%o ?néepﬁ'f’%aﬂ%lt dp °esae?r‘§g Wy fengt ?“ﬁ%“ldé{ﬁa“‘ﬁefivf’dbffnﬁ‘ﬁt'l%ﬁol es ||
and 111 rel atj t I.gh C et t Nt ai Iy
t he al kyl at ?%ﬂ}gﬁ%}gt . kW?ﬂYT %&ggggﬁ% cg{;kygéééédgtggdﬂ ﬁé&;ﬂc?{}g’?%&déﬁﬁgg ?%‘t es
t he enhancenmestooPn wakk\dtatAnglead by RPNAL The stirring was then increased to 2500

RPM, and an 8.5:1 isobutane:2-butenes mixture was added with nit:ggen
backpressure at a rate of 100mL/min. at a pressure of 150-205.p;ig. 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 presented in Table V were obtained by ﬁsing the
experimental method described in this Example V.

TABLE V

Batch Results, Anhydrous HF/Sulfolane

Test Samples

No. 1 No., 2 No. 3 = No. 4 No. 5 No. 6
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
C9+ 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



i-s obtainable fromthe addition of a small quantity of water to a sulfol ane

. and HF catal yst m xture. 23 Table Il Al kylate Overview. 60/38/2
HF/ Sul f/ H20 + | deal Feeds Tine, hrs 1.5 3 6 10 12
15 18 21 24 C5-7 17.30 15.16 12.19 9.42 6. 94

T 7.46 8.44 7.21 7.25 C8 49.56 54.84 61.84 69.48 74.73
75.99 78.64 71.30 72.66 CO+ 27 28.90 26.44 21.18 14.98 13.00
6. 96 9. 20 6. 26 6.91 TMWP 38.67 43.42 - 49.86 57.48 62.32
64.44 64.57 60.76 61.70 DVH _xemm 11.42 11.99 12 00 12.41

11.56 14.06 10.22  10.63 TMP/DWVH 3.80 416 79 _ 5.02
5.58 4.59 5 94 Thip gEanpify describes the 8"§°@FY sggFey evalpption "'§*z“q§ °%3. 0

93.9 92.6 . 00
000 0 botestgRBche ge"édxb’oljl& RfoPine @ FErsge st s BEednt 8 s oo
égo' 00 100' 99 JQQtﬁ‘}stl%rO&l Efﬁ’laaoﬁ of mosno-gl fins b?olsogaraﬂ2n7 8%&& gre3253
8.89 8 Oopres%nzgd to&i&&x@ate that for cerqﬂng&ncz&zﬁ3mn75a@s theé. Gtalydt 68

72.48 76.03 68.38 78.07 Co+ - 6.01 8. 29 8. 27 8. 96 8. 47
10. 87 11. 0B3ixthieO@nexp@ct@@ly provides a good quality alkylate.
A reactor was constructed to enable steady state evaluat:[_.on of
HF/sulfolane alkylaﬁidn catalysts using a 300 mL monel autoclave. A 10:1
isobutane:2-butenes feed was introduced into the autoclave with stirring at.
2000 RPM at a rate of 600 mL/hour. The reactor effluent flowed into a
monel Jerguson gauge for phase separation. The hydrocarbon phase was
passed through alumina and collected, while the acid phas'e was recirculated
to the reactor. Alkylate was evaluated by gas chromatography and by
research and motor octane tests performed on test engines.

The data presented in Table VI was obtained by using the

\
"experimental method described in this Example VI.



WP

63.20 63.67 63.05 64.03 59.98 59.98 63.21 -55.94

. 64.53 DWH 11.74 12.16 12.31 13.01 11.70 12.51 12.82 12.44
13. 54 TMP/ DVH 5.38 5.24 5.12 4.92 513 4.80 4.93 4.50
& 77 R+M 2* 93.8 93.5 93.4 93.4 93.3 92.9 93.0 92.4

"92.7 RF 0.00 0.00 0.09 0.07 0.00 0.15 0.00 0.17
0.00 % Convert 100. 00 100.00 100.00 3@0.00 100.00 100.00 100.00 100.00
100. 00 *Cal cul at ed 24 Table Il Total Product Stream Al kyl ates: 60/40
HF/ Sul fol ane + I deal Feeds Tine, hrs -3 6 12 22 24
27 33 36 48 C5-7 TABLE®VI30 9.62 5.93 6.52 7.83

- 7.37 7.93 7.65 9.74 C8 59.57 54.39 74.58 69.73 67.55
62.14 65.07 67.35 60.44 C9+ | 14.03 4.24 . 9. 90 12.42 13.05
14.87 11.02 14.19 9.91 TWP 50.32 47,25 6 ﬁg 56. 38
51.95 54.27 56.06 50.45 D\VH70/30 HF/ 60/@ 7 "° i / 11.16
10.18 10.81 11.20 190Zd¥ T\pephfiqlane  sulfolage 1 n 5. 05
510 5.Q02  4.96 %20 R+M 2%g1 1 98 %1 94.2 o 93. o 9§5_395 92.9
92.6  93-f, 92.7 811 281 0.86530.36  6,4F 0.4l
0. 37 0.%4g 0.45 047 10.6 11.7 10.6 4.54

TMP/DMH 12.1 6.6 6.0 4.4 4.90
Cc9+ 3.4 3.9 - 8.1 23.1 36.32
R+M/2 97.0 - 95,5 94.9 : 93.7 ‘NA

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.



% Convert
Time, hrs

100. 00 100. 00 100.00 100.00 100.00 100.00 100.00 100.00 100. 00

51 54 57 73 C5-7 8. 25 7.86 7.19
7.10 C8 67.19 67.18 68.95 68.02 CO+ 12.37 11. 86
I3.77 15.63 TMP 55.96 56.08 57.63 56.51 DWVH . 11. 23 .
"11.11 11.31 11.52 TMP/ DVH . 4.99 5.05 * 5.09 4.91 R+M 2%
92.8 93.0 92.8 92.5 R F - 299755 Q.51 0. 38 0.50 %
Convert

descri bes

100.-00 100.00 100.00 100.00 *Cal cul ated Exanmple 1V This exanpl e

t he experi nent al

various hydrogen fluoride and sul fol ane m xtures and .t
pressure data for such m xtures denonstrating the effe

sul fol ane as a vapor pressure depressant. A 100 ni mnguﬂl&m}uﬁﬁﬁ“uu and

foll owed by the addition of a prescribed anmount of anhydrous

evacuat ed,

hydr ogen fl uori de.

bonb. Once the bonb achi eved the

oy
4

LAIMS

A composition comprising (a) a hydrogen halide, (b) a sulfone

compound and (c) water.

The composition of claim 1 wherein said hydrogen halide is hydro-

.gen fluoride.

The composition of claim 1 or 2 wherein said sulfone compound is

sulfolane.

The composition of any of the preceding claims wherein said water

is present in said composition in an amount in the range of 0.25 to

~ 10 weight percent based on the total weight of said hydrogen halide

and said sulfone compound.

The composition of any of the preceding claims wherein the weight
ratio of said hydrogen halide to said sulfone compound is in the
range of 1:1 to 40:1.

The composition of claim 1 wherein said hydrogen halide is hydro-
gen fluoride and said sulfone compound is sulfolane,_ and wherein
said water is present in said composition in an amount in the range
of 0.5 to 10 weight percent based on the total weight of said hydro-
gen halide and said sulfone compbund, and with the weight ratio of

met hod used to determ ne the vapor—pressure of

A specific amount ‘of sulfolane was then added to the



25 desired tenperature, the pressure within the bonb was recorded. The
pressure was assuned to be that of -HF vapor al one (sulfol
boiling point of 283[err]). Table IV presents a portion of the vapor
_pressure data obtained by this experinmental nethod “u u““mllﬁﬂﬂs‘UIEe
change in vapor pressure of the novel hydrogen fl uo?ﬂ I |
catal yst mixture as a function of the weBght percent sulfoltand i# t he

- vapor

catal yst m xture.

30[err] W.

0. 00

1032 7. 36
972 16. 57

902 -

24. 11

%

10.

Tabl e IV Vapor pressure of HF/ sulfolane m xtures at

Vapor Pressure Sul fol ane (Torr)
1086 3. 82 1044 4.75
' 1021 7.65 1004 13.01

said hydrogen %iﬁg%gfoggaid sulfone compound be?r?g i%gt'h%S range
of 2.3:1 to 19:1.

The use of the composition of any of the claims 1 to 6 in the

catalytic alkylation of a hydrocarbon mixture comprising olefins and -

isoparaffins.

A method of inhibiting corrosion in an alkylation process which
utilizes a catalyst system containing (2) a hydrogeri halide and (b)
a sulfone compound, comprising the step of incorporating into said

~ catalyst system (c) water in an amount sufficient to inhibit corrosion

with the obtained composition comprising (a), (b) and (c).

The method of claim 8, wherein the said obtained composition is
defined as in any of claims 2 to 6.

A method for decreasing the rate of corrosive attack in an alkyla-
tion process which utilizes a mixture of HF and sulfolane, said
method comprising adding a controlled amc;unt of water to said
mixture of HF and sulfolane such that the resulting
HF /sulfolane/water mixture contains from 0.25 to 10 weight percent

water.

a



26.85 - 819 29.01 794 30.02
812 36.70 680 55. 40 413 71. 96

187 83.91 74 Exanple V This exanpl e describes the nethod
which utilizes batch reactions to test the feasibility of using a hydrogen

fluoride and sulfolane mxture as a cagarygépfor the alkylation of
nono-ol efins by isoparaffins. Data are presented to denonstrate -t he

unexpectedly inproved properties of the alkylate produgtdur@miguch a
catal ytic process and to denonstrate that for 26 certaln concentration

ranges the catal yst nixtur &SORPRPEFIBHOLEFIN iAdESIRTIERY qual ity al kyl ate.

HF/ sul f ol ane m xtures were eval uated for al kyl ati on performance in batch
reactions at 90[err]. In a typical. trial, the desired anount of sulfol ane
was added to a 300 nL nonel autoclave under a bl anket of
A novel alkylation catalyst is described which.is used in
processes for alkylating olefin hydrocarbons with isoparaffin hydrocarbons
to produce high octane alkflate products guitable for use as blending
componeﬁts of gasoline motor fuel. The novél catalyst comprises a mixture
_of.a hydrogen halide, a sulfone an& water and has suitable corrosiom
properties which perﬁit its utilization in alkylation process systems. Tﬁe
novel alkylation catalyst is utilized in a novel process for alkylating

olefin hydrocarbons with isoparaffin hydrocarbons.



i trogen. Anhydrous HF was then introduced into the autoclave and heated to

-~ 90[err] with stirring at 500 RPM The stirring was then increased to 2500
RPM and an 8.5:1 isobutane: 2-butenes nixture was added with nitrogen

. backpressure at a rate of 100mL/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 paration. The hydrocarbon product -
was then characterized by gas chromat og)? phy. The data presented in Table V
wer e obtained by using the experinental nmethod described in this Exanple V.
TABLE V Batch Results, Anhydrous HF/ Sul fol ane Test Sanples No. 1 No. 2

No. 3 No. 4 No. 5 No. 6 nmlL sul fol ane 0. 00
13. 00 28. 00 38. 00 50. 00 50.00 nL HF
100. 00 93.50 86. 00 81. 00 75. 00 50. 00 nL Feed

000 1559 ECT OF, WsHER QW RORRoSN BATE OF (CAREK, FrERY Mol ene

06s 900 10MM00/4G;Hi/SULFGLARE SOLUTIONG® bk

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 Organic fluorides
0. 00 0. 00 _0.00 0. 00 0. 00 69. 74
1000 _
CR, mpy
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27 Exanple VI This exanpl e describes the steady state eval uation nethod for
- testing the feasibility of using a hydrogen fluoride and sul fol ane m xture
as a catalyst for the alkylation of nonp-olefins by isoparaffins. Data are

m xture unexpm;gggty{améayk ed@ good quality al kyI ate. A reactor was

constructed to state evabm4t|on o _Frsotfokane.al ky| ati on
catal ysts usin aut ocl ave. A 10: |TT@%§UEahaAg
was introduced Iave with stirringla
600 nL/ hour. The reactor effluent flowed into a nDnet “JeTguson=gal
phase separation. The hydrocarbon phase was passed through al um na and
col l ected, while the acid phase was recirculated to the reactor. AIkyIate '
was evaluated by gas chromatography and by research and notor octane tests

performed ogORROSION 'RATE TOF GARBONSSTEEL iIN W}"!OVHWSUQPWNE‘EO' by

using the experinental nethod described in this Exanple

MIXTURES WITH WATER: Monel vs. SS Bombs

/] ss /1/}3 |

150 |— 2222

7
K 120 j;;;
s | 7 ;
3 B % %
> 31.9 / /

- 29.6 / 27.9 /

WT.% WATER
FIG. 2



28 TABLE VI 70/30 HF/ 60/ 40 HF/ 50/ 50 HF/ 40/ 60 HF/ 100 % HF

=sul f ol ane sul f ol ane sul f ol ane sul folane C8 : 93.5
811 82.2 ~ 56.9 26. 95 TWP 86. 3
= 70.5 70. 4 46. 1 22.26 DWH : 7.1
10. 6 11.7 10. 6 4.54 T™MP/ DVH 12.1
6.6 - 6.0 . 4.4 : 13/ 4.90 Co+ 3.4
3.9 8.1 23.1 @ 36.32 RtM 2 97.0
95.5 94.9 93.7 N NA Wil e this invention has been

described in terns of th& presently p@ferred enbodi nent, reasonable

vari ations and nodififatijons are possﬂole by those skilled in the art. Such
variations and nodi ficaljjons are witht the scope of f he descri bed

i nvention and the appendgd cl aghs. @ 29 - CL AM$ 1. A conposition

conprising (a) a hydrogen hali Eé (b)& sul f one conpo c) water.
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<. The conposition of claim1l wherein said hydrogen halide is hydro- gen
w«fluoride. 3. The conposition of claim1 or 2 wherein said sul fone conmpound
‘is sulfolane. 4. The conposition of any of the preceding clains wherein
+.said water is present in said conposition in an amount in the range of 0.25
to 10 wei ght percent -based on the total weight of said hydrogen halide and
sai d sul fone conpound. 5. The conpositu@a of any of the preceding clains
wherein the weight ratio of said hydrog halide to said sul fone conpound
isin the range of 1:1 to 40:1. 6. The conposition of claim1l wherein said
hydrogen halide is hydro- gen fluoride and said sul fone conpound is
sul fol ane, and wherein said water is present in saidconposition in an
amount in the range of 0.5 to 10 wei ght percent base@ on the to®al weight

of said hydro- gen halide and said sul fone conpoubﬁ,_and wi T} t8e wei ght
rati o of sai d hydregen halide to said sulfone 2p und bei pg in the
range of 2.3:1 to 197Q. 7. The use of the corrpos':l'tl@n of any of the
claims 1 to 6 in the Y o o
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catal yti.c al kylation of a hydrocarbon m xture conpris [ 10

| soparaffins. 8. A nethod of inhibiting corrosion in ;%%%ﬁ#ﬁ'f)c
which utilizes a catal yst systemcontaining (a) a hyd L. Hal i ARR (h
sul fone conpound, .conprising the step of ihcorporatinglnla gat-y--catalry
system (c) water in an amount sufficient to inhidudstiate Slhectn B1Aprill 199

obt ai ned conposition conprising (a), (b) d (c). 9. The nethod of claim S8,
wherein the said obtained conposition is“defined as in any of clains 2 to
6. 10." A nethod for decreasing the rate of corrosive attack in an al kyl a-
tion process which utilizes a mxture of HF and sul fol ane, said method
conprising adding a control l'ed anount of water to said mixture of HF

and sulfolane such that the resulting HF/ sulfol ane/water mxture
contains fromO0.25 to 10 wei ght percent water. SULFOLANE

CORROSION RATE OF CARBON STEEL IN 60/40 HF/
MIXTURES WITH WATER: Monel vs. SS Bombs
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