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ISOPARAFFIN-OLEFIN ALKYLATION

The present invention relates to the catalytic alkylation of
hydrocarbons. In one aspect it relates to an alkylation system in which
cyclic flow of alkylétion catalyst.is provided. In another aspect it
relates to an improved process for the production of alkylate product by
contacting hydrocarbon with a sulfolane and HF catalyst composition.

One of the major problems associated with the catalytic
alkylation'of hydrocérbons lies in the handling of fhe alkylation catalyst,
that is, transporting the catalyst to the various parts of the reaction and
recovery system. The probhlem is particﬁlarly aggravated when acid
catalysts such as hydrofluoric acid are used since these materials inm many
instances are highly corrosive to ordin;;y materials of construction.
Special equiﬁment such as alloy valves andlégssels, special pumps and pump
packings are required and special safety precautions are necessary in the
alkylation of hydrocarbons with these acid catalysts.

One proposed solution to some of the problems associated with the
handling of hydrofluoric acid as an alkylation catalyst has been the use of
a suitable diluent that does not have a negative effect upon the ultimate

alkylate end-product. Such diluents can include sulfone compounds aund

particularly sulfolane. Mixtures comprising sulfolane and hydrofluoric
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packi ngs are required and special safety precautions are necessary in the
al kyl ation of hydrocarbons with these acid catal ysts. One proposed 330é5Usi on
t o sone of the problens associated with the handling of hydrofluoric acid
as an al kyl ation catal yst has been the us@ of a suitable diluent that does
net have a negative effectw@pon the ultimte al kyl ate end-product. Such

di | uents carfcidchaygebeen £ tenpoaniitablada kylat fanl astalysts M)Iearré:ilized in
M xtures co r| Si ng sul f ol ane, and, hydrofluoric Substitute sheet -
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SySF(BWB because of the safety aspects of such systems, but prior to the discovery
of the herein described inventive process, it was uncertain as to whether
an alkylation catalyst comprising sulfolane and hydrogen fluoride would
have acceptable physical properties which permit its use in a cyclic
alkylation system. It was uncertain as to whether the reaction kinetics of
the alkylation of olefin hydrocarbons by isoparaffin hydrocarbons in the
presence of a sulfolane and hydrogen fluoride catalyst would permit the use
of a cyclic flow alkylation system.

It is thus an object of this invention to provide a process for
the catalytic alkylation of hydrocarbons utilizing a cyclic flow alkylation
system.

The inventive process includes reacting a mixture of olefin
hydrocarbons and paraffin hydrocarbons within a reaction zone, having a
lower portion, an upper portion, and a volume, in the presence of a
sulfolane and hydrofluoric acid catalyst. This alkylation process inclu&es
introducing the hydrocarbon mixture into the lower portion of the reaction
zone which contains the sulfolane and hydrofluoric acid catalyst and
passing the resultant alkyléte reaction effluent, which includes
hydrocarbons and the catalyst, from the upper portion of the reaction zone
to a settling zone. Within the settling zone, a phase separation occurs so
as to produce a hydrocarbon phase and a catalyst phase. The catalyst phase

is cooled to produce a cooled catalyst which is then utilized as the

catalyst contained within the reaction zone.
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because of the safety aspects of such systens, but prior to the discovery
of the herein described inventive process, it was uncertain as to %Sggr
anm al kyl ation catal yst conprising sul folane and hydrogen fl uoride woul

have accept abl e physical properties whichgpermt its use in a cyclic
alLkylation system It was uncertain as to whether the reaction kinetics of
the al kyl ati on of olGthen dhjdetx andoadvadayagesopar e iiAvéntdon OaINOBS dppatéiet
presence of a sul folane and hydrogen fluoride catalyst would permt the use
of a cyclic fromvihel [fpregoiog datsilted descriptitnusofarhebjraehtibin,t ithe appeedéd on
to provide a process for the catalytic al kylation of hydrocarbons utilizing
a cyclic fl elaimsieyengd ithe drpwingnin Mhdchhventive process includes reacting a

m xture of ol efin hydrocarbons and paraffin _hydrocarbons within a reaction
zone, having a | owerfIfor i 4, 2af148F3mpatiGr tilbystraripny afo thfe cysHict fdow

g{ ﬁ;fgf ? ng Bilgilélg];gxlr ﬁ%%&g@ ghah‘%.glg O];u!l ug {kiyiae foind r%g'gtabll): S ts ett 11;|2_i ?les sel, heat
exchanger, and a return.

It has unexpectedly been found that a natural circulation liquid
1lift system having a reaction zone, a settling zone, a heat transfer zone
and a return is operable for the catalytic alkylation of hydrocarbons when
a catalyst mixture comprising sulfolane and hydrogen fluoride is used. The
operability of such a lift system is highly dependent on such factors as
the physical properties of the alkylation catalyst used, the alkylation
reaction kinetics and the geometry of the alkylation 1lift system. The
physical properties of the alkylation catalyst used in the alkylation
process greatly affects the operation of the lift system due to its
dependence upon the density differentials between a hydrocarbon feedstock
and a catalyst to furnish the motive power for promoting circulation. The
primary motive power can come from the kinetic energy of the inlet
hydrocarbon stream charged to the reaction zone, but preferably, it comes
from the effect of the differemce in density of the flowing streams. In
the mixed hydrocarbon stream, the average or stream density is lower than
the density of the cycling stream so a differential static pressure is
established which is proportional to the total elevation of the two flowing
streams. In order for the system to arrive at a steady state, the cycling
streams must develop.a pressure drop equal to the static pressure head

developed plus the kinetic head obtained from the inlet motive stream. It
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I ntroduci ng the hydrocarbon m xture into the | ower portion of the reaction
zone whi ch contains the sulfolane and hydrofluoric acid catalyst aRghgsus
passing the resultant al kylate reaction effluent, which includes

hydr ocarbons and the catal yst, fromthe upper portion of the reaction zone
to a settling zone. Wthin the settling zone, a phase separation occurs so
as to produde poskybleotardzentiphasevieerdl fquddt&d Yhé wplodee .stTédm datdleydésiphase
is.cooled to produce a cooled catalyst which is then utilized as the

cat al yst codoenwaad fliowhng) miked pbass isbreamone. O her objects and

advant ages of the invention will be apparent fromthe foregoing detail ed

description of the itheesiedcddon kinespprrrfedhel alkiat tord neget Hmawilklyin the

which: FIG 1 is a diagrammatic illustration of_the cyclic flow
_ reaction zone of the lift system can critically impact its operability.

Principally, the rate at which the alkylation reaction proceéds withig a
reaction zone is determinative of the particular reaction system design and
its geometry. Because of the impact that the reaction rate has on the
operability of the.natural circulation lift system, prior to the discovery
of the herein described inventive process, it was unknown that catalytic
alkylation of hydrocarbons utilizing a sulfolane and hydrogen fluoride
catalyst would work within a natural circulation lift system. In fact, the
physical properties; which include catalytic propertiés, of a sulfolane and
hydrogen fluoride catalyst mixture are different enough from other
conventional or known alkylation catalysts that individuals skilled in the
art of catalytic alkylation qould not predict that such a catalyst mixture
would perform in a natural circulation system.

However, it has been discovered that a natural circulation 1lift
system can operate with a sulfolane and hydrogen fluoride catalyst mixture
in the alkylation of hydrocarbons provided the system includes certain
critical geometric dimensions and the process conditions are such as to
allow the completion of the alkyiation reactions within the alkylation zone
of the 1lift system. It has been discovered that the contact time for
hydrocarbon reactants within the reaction zone, and in the presence of the
alkylation catalyst, should be sufficient to provide for essentially
complete conversion of the olefin reactant in the reaction zone of the
system. Thus, the required contact time can impact the geometry of the

lift system, particularly the reactor dimensions.
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al kyl ati on system having an al kyl ati on reactor, settler vessel, heat
exchanger, and a return. It has unexpectedly been found that a nat ygsys
circulation liquid lift systemhaving a reaction zone, a settling zone, a
heat transfer zone and a return is operabke for the catalytic al kylation of.
hydr ocar bons when a catal yst m xture conprising sul fol ane and hydrogen
fluoride is used. Tiheopsrmabidntayt AfimeYicdanabé idlelikadsShenehieS 14Yigdh! ¥f depenant
on.such factors as the physical properties of the al kylation catal yst used,
t he al kyl at hpdracgakdn geaktanssi asl ahd thealyetnete \inofintimatal ortatt oin [thbt
system The physical properties of the alkylation catalyst used in the

al kyl ati on peertden zpneat |4k hag been diseovgredathagnfef at heturpl tciygulatipgul fito
its dependence upon the density differentials between a hydrocarbon

feedst ock af¥stemchewingse sepmetihiashdesrsifed ihrgeHowdhe reantastoidme gpnerally
circulation.,K The pri Lve po fromtheéinetic ener gy of

t
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it cones be at least about 10 seconds; and, most preferably, the contact time is at
least 20 seconds.

A required contact time greatly impacts the geometric design of
the natural circulation 1lift system and necessarily requires that the
dimensions of the reaction zone be such that the contacﬁ time of the
alkylatable hydrocarbons within the reaction zone and in which they are in
contact with the alkylation catalyst is sufficient to allow the completion
of the alkylatiog reactions. Also, however, the geometric dimensions.of
the reaction zone must be such as to permit the natural circulation within
the lift system of the catalyst and hydrocarbons. The required dimensionmns
of the reaction zone of a natural circulation lift system are not readily
obvious to omne skilled in tﬁe art due to the uniqueness of the physical
properties of the alkylation catalyst; particularly, the properties of a
sulfolane and hydrogen fluoride catalyst.

Exampies of other factors which impact the dimensions of the
reaction zone include such factors as the relative density between the
hydrocarbon feedstock and catalyst, the viscosity of the catalyst, and
alkylation reaction. It has been determined that to provide for the
natural circulation of the catalyst and hydrocarbon reactants within a
reaction zone having an approximate circular flow area, the reaction zone
should generally bé elongated or extended in the vertical direction and

have a lower portion and an ubper portion with the ratio of the vertical
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fromthe effect of the difference in density of the flowing streans. In the
m xed hydrocarbon stream the average or streamdensity is |ower tBhggpsyge
density of the cycling streamso a differential static pressure is
established which is proportional to the sotal elevation of the two fl ow ng
streanms. In order for the systemto arrive at a steady state, the cycling
st reans nustlenghhelofptie peracdon ezaheopo adisahoninal hbianbtdr ©fpties Teactoaagone
devel oped plus .the kinetic head obtained fromthe inlet notive stream It

4 is possi bleé%@iuséahm hetoviler Whepuimgfasringehemstinyto stheedimndtepner dbsi r es
a downward flow ng m xed phase stream The reaction kinetics of the

al kyl ati on P@&Htailoﬁiwefﬁﬁ” Pt Hhe reagtipprzopgndhepe theans jare dsfipednasgbeing the

critically Irngi of|£§% ggeg;aggé€£$Xal area of the flow area of the reaction zone to
the length of the wetted perimeter of the reaction zone multiplied by a
factor of four (4). The preferred length-to-diameter ratio of.the reaction
zone 1is greater than about 7.5 to 1 and, most preferably, the
‘length-to-diameter ratio is greater than 10 to 1.

The hydrocarbon feed is introduced into the lower portion of the
reaction zone defined by the riser-reactor and which contains the
alkylation catalyst. Any means suitable for introducing the feed into the
reaction zone can be used which includes the use of constricted passageway,
or feed nozzles, of small cross-section .relativé to the interior
cross~section of the reaction zone. The feed nozzles assist in forming
small droplets of the hydrocarbon feed which provides for the maintenance
of a high interfacial area during their life in the reactor. A high rate
of ‘reaction requires the maintenance of a high interfacial area. The
direction of flow of the liquid hydrocarbons in relation to the direction
of flow of the liquid catalyst is also important. The catalyst flow path
must be established in the same direction as the hydrocarbon feed at the
point of initial contact with the liquid hydrocarbon. By this method and
apparatus there is no sustained build-up of catalyst or hydrocarbon or
catalyst mixture at the point of contact such as would be the case if the
catalyst were introduced above the point of introduction of the
hydrocarbons or if the catalyst were introduced at right angles to the
direction of flow of the hydrocarbon. Also, by introducing a high velocity

stream of flowing hydrocarbons into a stream of acid catalyst flowing in
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Principally, the rate at which the al kylation reaction proceeds within a
reaction zone is determnative of the particular reaction system desegsusand
its geonetry. Because of the inpact that the reaction rate has on the
operability of the natural circulation |ifft system prior to the discovery
of'the herein described inventive process, it was unknown that catalytic

al kyl ati on &hensaneodiressdan uithei dxapdets nfl flddwide reantanysireegein fthedr i sall
catal yst would .work within a natural circulation Iift system In fact, the

physi cal pr &p&s tyhdde Glavdns i tpuprdly with Yhe captiygpbrrhase, thyrehy snainseindagand
hydrogen fl yorjde, catalys I xture ate different eno fromo r
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hydrocar bonga pstavh 89 of RegSWAEEPak Kl UdES £RM bftidliminating the stagnant pool,
there 1is minimum of undesirable side reactions. éreferably these
constricted passageways or tubes have a diameter sufficient to provide a
differential velocity between the upwardly flowing hydrocarbons and
upwardly flowing catalyst of 15 té 35Ifeet per second. Preferably these
tubes have an internal diameter of 1/4" to 3/4".

The alkylation catalyst utilized in the inventive process can
comprise, consist of, or consist essentially of a hydrogen halide component
and a sulfolane component. The hydrogen halide component of the catalyst
composition or catalyst mixture can be selected from the group of compounds
consisting of hydrogen fluoride (HF), hydrogen chloride (HC1l), 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 anhydroué 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 percent 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 prefefably, the amount of water present in
the hydrogen fluoride component is less than 5 weight percent. When

referring herein to the hydrogen halide component, or more specifically to
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critical geometric dinmensions and the process conditions are such as to
allow the conpletion of the alkylation reactions within the alkyl agiggiygone
of the Iift system It has been discovered that the contact tine for
hydrocarbon reactants within the reactiongzone, and in the presence of the
al*kyl ati on catal yst, should be sufficient to provide for essentially

conpl et e conuer bydroged fheriddefdomposamtt, anf the tdatalyyac idoaposzi®ion Odf (R
system Thus, the required contact time can inpact the geonetry of the lift
system par tinzentdohy itheshovkbther wdeestopdnthat thehe teamm heamtedthet ithe" can
be defined as the length of tinme the hydrocarbon reactants and the catal yst
are in intiffesesnhatide] sonpppent s | Ah eabRdroust marpeen @i Bixbyee ethathat

for a naturall ﬁi qulaf[ei ondj ift s stc%rsp l?&\éiiggtoawgie%r{eté%egg %%gcrci bed

herein, thelB6HIeEa5He JBRCTIPFSP ght p water contained in
the hydrogen halide component means the ratio of the weight of water to the
sum weight of the water and hydrogen halide multiplied by a factor of 100
to place the weight ratio in terms of percent.

Generally, those skilled in the art of hydrogen fluoride
catalfzed olefin alkylation processing have known that to obtain the
highest quality of alkylate from the aforementioned olefin alkylation
process, it is essential for the hydrogen fluoride catalyst to be as free
from contaminating compounds as is feasible. It is geqerally 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 negati?ely 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 butylenes 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 expect that the addition of small to large amounts of sulfolane
to a hydrogen fluoride catalyst would have an enormously detrimental effect
upon its catalytic performance. However, it has been discovered that the

presence of small quantities of sulfolane in combination with hydrogen
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shoul d exceed about 5 seconds. Preferably, however, the contact tine can
be_at |east about 10 seconds; and, nost preferably, the contact tiBBodspsat
| east 20 seconds. A required contact time greatly inpacts the geonetric
design of the natural circulation |ift sygtem and necessarily requires that
t he di mensions of the reaction zone be such that the contact time of the
al kyl at abl e fiyeirideamwbbhshanet Aitttehaegatigri dmpactnenabhe i perfbimincehef three in
contact with the al kyl ation catal iSt is sufficient to allow the conpletion
of the al kylraepbient eaituspsas anpadleylatdor\catalysto gadneltr has dfwntier obrenof
t he reaction,zone nust be such. as ho erm'(iﬁthe natural circulation within
the lift sySdBmveres Hbataingteed of, 8Y§‘§r6c trdpentatinpagh HooBqthe FaRRIYEAS
of the reactiop zone of a natural cir uIa{ion |ift system are, not ea%:g
obvi ous to 6’359%?'?11?66@ % A" qﬁec%'} engﬁaet(if’g hé"u "f°d'ﬂ§n%e§§ an ﬁ8°"f§h37éi b
properties %r%&g %'fkléll?t ampgéﬁea'aéﬁf,an 2" thCUbA th¥ e 15 10h OBRS yaSoddn @
sul fol ane a ydrogen fluoride cataryst.
fluoride can possibly in certain instances enhance the performance of the
resultant composition as an alkylation process catalyst. Therefore, it is
desirable to utilize sulfclane in the catalyst mixture in an amount in the
range of from about 2.5 weight percent to about 50 weight percent. To
achieve optimal benefits from the catalyst composition, the preferred
catalyst mixture should contain the sulfolane component in the range of
from about 5 weight percent to about 40 weight percent and, more
preferably, the sulfolane concentration shall range from 10 to 30 weight
percent. When referring herein to.the weight percent of the sulfolane
component of the catalyst mixture of hydrogen fluoride and sulfolané, the
term weight percent is defined as the ratio of the weight of sulfolane to
the sum weight of sulfolane and hydrogen fluoride multiplied by a factor of
one hundred (100).

The alkylation process of the present invention processes
mono-olefin hydrocarbons such as propylene, butylenes, pentylenes,
hexylenes, heptylenes, octylenes and the like are alkylated by isoparaffin
hydrocarbons such as isobutane, isopentane, isohexane, isoheptane,
isooctane and the like for production of high'octane alkylate hydrocarbons
boiling in the gasoline range and which are suitable for use in gasoline
motor fuel. Preferably, 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

"l minT



Exanpl es of other factors which inpact the di nensions of the reaction zone
i nclude such factors as the relative density between the hydrocarbggyesys
feedstock and catal yst, the viscosity of the catal yst, and al kyl ation
reaction. It has been determ ned that tjg provide for the natural

cifcul ation of the catalyst and hydrocarbon reactants within a reaction
zone havi ng cafipaipphgXd majer eofeishasst Highlyibeanched HigRCodtaRe Z¥d1Qe SA1ABhAk 1c
generally be el.ongated or extended in the vertical direction and have a

| ower porti dydeardrbonsupeingpettleastwsdvent berboat atwmef andhdeverthagaaten cabbon

| ength of the reaction zone to the nom nal dianeter of the reaction zone
exceedi ng aBéowss5 to 1. Wien referring herein to the dianeter or the

nom nal dianeter of the reaction zone, these terns are defined as being the
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 abouf
25:1 are contemplated in the present invention. Preferably, the molar
ratio of isoparaffin-to-olefin will range from about 5 to about 20; and,
most preferably, it shall range from 8 to 15. It is 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 isoparaffin-to-olefin ratio in an
alkylation reaction, the better the resultant alkylate quality.

Isoparaffin and olefin reactant hydrocarbons normally employed in
commerciﬁl alkylation processes are derived frbm refinery process streams
and usually contain small amounts of impurities such as normal butane,
propane, ethane and the like. Such impurities are undesirable in large
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.
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 which contain
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Wss sectional area of the flow area of the reaction zone to
e.length of the wetted perineter of the reaction zone multipliedshysses

factor of four (4). The preferred | ength-to-dianeter ratio of the reaction
zone is greater than about 7.5 to 1 and, ldost preferably, the

| engt h-to-dianeter ratio is greater than 10 to 1. The hydrocarbon feed is
i ntroduced isAbsranhial eneyntsoef ingnma¥ panef fileatnpught esnareafiably Byadtienated
ri ser-reactor and which contains the al kylation catal yst. Any neans _
sui t abl e fotoi FAmEBE (RMCHginmEities and,maintadn, ehedri epnceptratian aveaukawd lowalsh
I ncl udes the u$e gi \cllonstrict d assa?ewaé, or feed nozz|es, of small
cross- sect i BReTERRLY \/85% FhaRARoNE ot Y8 Fune BeEcent et inp hhg @Ik tARY ATPERF S 0ne.

The feed nozzl es ass|,st,i,n form smal | dropl et f the hydrocarpon feed
whi.ch provides for tAr%ylrfn‘ethﬁ ernee?ﬁggo"oft “% aﬁ"l""gwpelsn{" gtrhfqgchéq cgﬁté%"pgﬁé’%ﬁg% htzﬁer

life in theg %Eoinveﬁtmr%ré Zﬁlettpé _rﬁﬁg?ec%ifolfl—o'ine&#ﬂu"ce&ﬁ g Jﬁghﬁtﬁ%af‘.cen%exa

hi gh |nterfgC|a area. e direction of flow of the Iiqui ydr ocar bons

in relationebppdriCusls’ 66dOh1kylation reaction of isoparaffin with olefin over
competing 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 reacéion 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
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 160 psig are preferred. With all reactants in the
liquid phase, increased pressure has no significant effect upon the
alkylation reaction.

Referring now to FIG. 1, depicted is natural circulation 1lift
system 10 comprising riser-reactor 12, settler vessel 14, heat exchanger 16
and return conduit 18 all of which are operatively connected in series and
in fluid flow communication to define a cyclic flow path for an alkylation
catalyst. Riser-reactor 12 is a vertically elongated tubular reactor
having a lower portion and an upper portion and which defines a reaction

zone wherein is contained the alkylation catalyst. Riser-reactor 12 also
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o-f flow of the liquid catalyst is also inportant. The catal yst flow path
nmust be established in the sane direction as the hydrocarbon feed 8804sp8

poi nt of

initial contact with the liquid hydrocarbon. By this nethod and

apparatus there is no sustained build-upiaf catalyst or hydrocarbon or
catalyst mixture at the point of contact such as would be the case if the
cat al yst wehaes & nrteagiocekengtlbo2fe andhe digimetenf22 wihth cdumtionof dfengtie to
hydrocarbons or if the catal yst were introduced at right angles to the
directi on ofigmehgrfxcepding abatabblnl. Al so, by introducing a high velocity
stream of flow ng hydrocarbons into a streamof acid catalyst flowing in

7 the sanme directiorbetther diegpebt ¥ o |ayipRedr wdth aftlet @4 afor 1¥rseivinga) |

size while LhowAg HRRLG Yrflddhe! NrodBle! oo 335 Fort IRE SROVR] Wb iidide

and bottom outlet 28 for returning separated catalyst to riser-reactor 12.
Settler vessel 14 defines a separation zone and provides means for
receiving and separation of an alkylation reaction effluent into a separate
hydrocarbon phase 30 and a separate catalyst phase 32. Thus, the upper end
of riser-reactor 12 is operatively connected to and 1is in open
communication with inlet 24, and the lower end of riser-reactor 12 is
operatively connected to and is in fluid flow communication with return
conduit 18, Return conduit 18 is also operatively connected to and is in
open communication with bottom outlet 28 to thereby provide a circuit or
cyclic path for the natural circulation of catalyst within natural
circulation 1lift system 10. interposéd in return conduit 18 is heat
exchanger or catalyst cooler 16,.which defines a cooling zone and provides
means for removing energy from the catalyst.by indirect heat exchange with
a heat transfer fluid such as cooling water. Conduit 34 is provided for
introducing a hydrocarbon feed mixture into the lower portion of
riser-reactor 12. Conduit 36 is operatively connected to product outlet 26
and provides for the conveyance of separate hydrocarbon phase 30 from
settler vessel 14 to downstream processing.

In the operation of natural circulation lift system 10, a liquid
hydrocarbon feed material comprising an alkylatable hydrocarbon, such as a
low boiling olefin and an alkylating agent, such as a low boiling
isoparaffin, admixed in suitable proportions, is introduced through conduit

34, passing upwardly through riser-reactor 12 as a plurality of high
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‘their high interfacial area. Further, as confirnmed by Bernoulli's Theorem
the.use of a high velocity results in n |lower static pressure whichagesugits

i nproved penetration of the one phase in the other phase. Further, by
~maintaining a high interfacial area and By elinminating the stagnant pool,
there is mnimum of undesirable side reactions. Preferably these

const ri ct edVptesdEedkrpaner of iamedl hexrssasenitdnmt erIfsﬁIﬂﬂlkYi,emsQUrpﬂmrdéza
differential velocity between.the upwardl fI o] dr ocar bons and

upwar dl y f1 69T 8 A 5P9%“tité5f°f15‘1{<¥alﬂ§é°lre” §’é‘§bﬁ at tbFelfeéfreéb?%/ cehwét

t ubes have ap internal ter 1/ 4" The 3l kyl at| at al
utilized in ’t"heg 3eﬁ't“f*8; "g&c}cg& Koty (':'Brrg'? heCBﬁ%‘i 3?" of°"%

essentially r g t ol ane en The
hydr ogen hafi);cfe ég)wrr%ggeg ll.itlﬁe cata &%P gg%go%'ltt%?y ot%%cart%g{;r%g m x? ure
can be sel essﬁ&ats@rlhwesmgipmoﬁie&omng&sceﬂara 55' NG rBhgh ¥ 85 09¢Badtlopofd de

(HF), hydrogen chloride (HC1) ydr ogen brom de (HBr and m xtures of two

or nore therg®fcatdpstppebsuntetn WY @g@ftion zone and addltional catalyst from
conduit 18, pass upwardly through riser-reactor 12 in co-current flow with
the hydrocarbon feed charged through conduit 34. The simultaneous upward
movement of acid and hydrocarbon results from a combination of (1) the
kinetic energy of the hydrocarbon feed, and (2) the difference in density
of the catalyst-hydrocarbon mixture in riser-reactor 12 as compared to the
density of separate catalyst phase 32. As the catalyst and hydrocarbon
reactants come into contact, reaction between the olefin and isoparaffin
occurs, with the formation of higher molecular weight materials of
increased octane value. With the alkylation reaction being exothermic, the
temperature of the catalyst and reacﬁants increases as the reaction mixture
moves upwardly through the riser-reactor 12. Within a period of time,
usually oﬁ the order of greater than about 5 seconds, the alkylation
reaction is completed, after which time reaction effluent containing
hydrocarbon product (alkylate), catalyst and unreacted feed hydrocarbons
passes from riser-reactor 12 entering settler vessel 14 through inlet 24.

Separation of the alkylation reaction effluent into catalyst and

hydrocarbon phases, which commences with introduction of the reaction
effluent to settler vessel 14 is substantially completed by the time the
effluent is introduced into said vessel. Settler vessel 14 can be operated
liquid full by the use of elevated pressures or it can be operated with

both liquid and gas phases at lower pressures, with provision being made to

e
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hal i de conponent, however, is hydrogen fluoride, which can be utilized in
the, catal yst conposition in anhydrous form but, generally, the hygiqges
fluoride conponent utilized can have a small anount of water. The anount
of water present in the hydrogen fluorida4and sul fol ane m xture in no event
can be nore than about 30 wei ght percent of the total weight of the
hydr ogen f| uent cexcegsneanent Thewppér ipheseidus separaned erydragatbpn eftersabBy , is he
amount of water present in the hydrogen fluoride conponent is less than
about 10 weNithdrpes faan sethien vpssgle l4Hibyough sondiitindé end \giedded) for divrther
t he hydrogen fluoride conponent is |less than 5 wei ght percent. When
referring h&Featiert ingluding, rachionstion (aghibREM ascreavdred-spEhe fprey phase
t he hydrogen fluoride co nent., of %he cata% st _¢ ositio f the
nventi on, T STRSGFEPEALRNEF SPISE PhoespRbStroReP P REarPesFt nbh cpREvardly
through conduit 18 and is introduced to heat exchanger 16. Catalyst
passing through the heat exchanger is reduced in temperature sufficiently
to remove heat picked up during the alkylation reaction.

The following example demonstrates the advantages of the present
invention. This example is by way of illustration only, and is not
intended as a limitation upon the invention as set out in the appended
claims.

Example I

This example demonstrates that a riser-reactor alkylation system
can be successfully utilized in the alkylation of clefins when a mixture of
hydrogen fluoride and sulfolane is used as a catalyst. Also demonstrated
is the importance of reactor geometry and contact time to the successful
operation of a natural circulation reactor system.

A laboratory scale riser-reactor was used to obtain reaction data
for the alkylation of olefins within such a reactor. The riser-reactor
included a 2-foot section of 1l-inch monel schedule 40 pipe that was
equipped with a coolant jacket for heat transfer to maintain a fixed
reactor temperature of about 90°F. Provided in the bottom end of the
riser-reactor was a feed nozzle for introducing hydrocarbon feed into the
riser-reactor which contained a measured amount of a liquid catalyst
mixture of sulfolane and hydrofluoric acid. To adjust the contact time

that the hydrocarbon feed was in contact with the catalyst within the

riser-reactor, the amount of catalyst contained therein in each

_
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hydr ogen hal i de conponent as an anhydrous m xture or a m xture that

i ncludes water. The references herein to wei ght percent water contgsggsgsi n
t he hydrogen hal i de conponent neans the ratio of the weight of water to the
sum wei ght of the water and hydrogen halilde nmultiplied by a factor of 100
to place the weight ratio in terns of percent. Generally, those skilled in
the art of Rkypexigental gen ivde askinstedswhile afintadning the deedrméesuibagaritdadly
known that to obtain the highest quality of alkylate fromthe _
af or enent i of&¥eh| Feed Hpk\oREIWRUPLIO cBaLged; to jthecxisent Tefictop forhe Reydied én

fluoride catal yst. .o be as free from contam nati ng conpounds_as is
f €asi bl e. }t?"'%/é”iéén'ét}eaﬁ%f:tﬁﬁo lpent bejing I°°ﬁﬁ’d\3‘ﬁg§1yof’e'6?‘1‘i‘ r S sbRitgR of

contained | Bt Nerlyor gach: {1 yor bieicagtal wal (9l.8010! S8l ! Bhd G pEecess

can have detrrnental ect s "upon produ

PR I e R N
(TMP) in thgr&giRs&fteinen abk¥dsati O, 111, IV, V, and VI.

Tables I and II present data for the experimental alkylation
process which uses a catalyst mixture of 80 percent HF and 20 percent
sulfolane at two different feed contact times which were adjusted by
respectively utilizing 300 ml of catalyst and 100 ml of catalyst.
Tables III and IV present data for the experimental alkylation process
using a catalyst mixture of 60 percent HF and 40 percent sulfolane at two
different feed contact times adjusted by respectively utilizing 300 ml of
catalyst and 100 ml of catalyst. Tables V and VI present data for the
experimental alkylation process using a catalyst mixture of 50 percent HF
and 50 percent sulfolane at two different feed contact times adjusted by
respectively utilizing 300 ml of catalyst and 200 ml of catalyst. The data
presented in Tables I-VI demonstrate that tw§ factors which impact the
quality of the alkylate end-product are contact time and catalyst
composition. For a given feed contact time, the catalyst performance and
alkylate quality declines as the fraction of the hydrofluoric acid
component of the catalyst mixture decreases to below about 60 percent.
This is demonstrated by such factors as a reduction in olefin conversion,
alkylate octane, trimethylpentane-to-dimethylhexane ratio in the alkylate
end-product and with increases in the undesirable fluoride and C,+
components of the alkylate end-product. On the other hand, the data also

demonstrate that catalyst performance and alkylate quality improve with
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of butyl enes by isobutane. It is further known to those skilled in the art
that small amounts of conponents contained in a hydrogen fluoride 3306s5us

al kyl ation catal yst can have a negative inpact upon its activity toward the
al kyl ati on of ol efins. Based upon the kngen effects of hydrogen fluoride
cafal yst contami nants upon the activity and selectivity of the alkylation
process towdncrdases pirodonstdcentibie.hi §h aqumltntal elikgulatton ankyktibh afbactidnhe
art woul d expect that the addition of small to | arge anobunts of sulfol ane
to a hydrogemnstdemiothel@ecnetayyef itsufiberaveacior crlomemuvliyl dispacthaheatonthéect
upon its catalytic performance. However, it has been discovered that the
priesence of tdndandgtherefqres e geamesrahecrresc animpartams dinest rafdthedysten 9
fluoride w thPge}lve little negative inpact on the performance of the

Table I

Alkylates Produced From 80/20 HF/Sulfolane:
90°F/300 ml Catalyst

Time, Hrs. 1 3 5 7 9 Total
% Conversion 100.00 100.00 100.00 . 100.00 100.00 *de
Fluorides 0.54 0.30 0.30 0.35 0.44 0.05
Lights 15.21 14.94 14.89 15.23 17.42 <1

C5+ Alkylate (Wt. % Isobutane-Free Basis)

C5-7 22.21 13.42 12.37 11.94 12.26 8.70
cs 43.50 54.61 56.76 59.88° 55.31 67.70
Cc9+ 18.95 17.04 15.48 - 12.80 15.01 22.43
TMP 35.39 45.26 47.14 49.97 46.22 55.96
DMH 7.89 9.15 9.33 9.58 8.98 11.46
TMP/DMH 4.49 4.95 5.05 5.22 5.15 4.88
R+M/2 89.0 91.9 92.0 92.6 92.4 91.8

Lights = All C2, C3, and C4 components except iC4

Total = Total combined alkylate after iC4/volatiles removed
Pressure: 100 psig

Feed: 9.41/1 isobutane/2-butenes

Temp: 90°F (+/-2°F) :

Calculated Contact Time: 19.2 seconds

Calculated Hydrocarbon Rise Velocity: 0.104 ft./sec.

-
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resultant m xture as an al kylation catalyst, and, it has further been

di scovered that instead of having a detrinental inpact upon the caBadésusc
performance, a small concentration in an anount |ess than about 30 weight
percent of the sul fol ane conponent in coMdination with the hydrogen
fl-bori de can possibly in .certain instances enhance the performance of the
resul tant conposition as an al kyl ati on prqocess catal yst. Therefore, it is
desirable to utilize sulfolane in the ofﬁ-%&y& m xture in an anpbunt in the
range of from about 2.5 weigh ?t ou iee ht percent. To
achi eve optimal benefits fro tatg '@ &g%@ fH-{)’Bgﬁoé ng the preferred
catal yst m xture should contain uI fol & e com:)one in the range of
from about Foweigghgt percent {o about 40 wei ghts percent; and, noge Total
preferably, thp sulfolane concentration shall range fr'om 10 to° 30 wei ght
percent. \WgncéRfe@téd Ng hengpjp t o t Rgo Vi ght gecLcent &f 4t he sghfgl ane sx

conponent ofFlhdeideat al yst m xiagr e of pyaly ogen sf keiori des.@pd subpgol ane, wxhe
t erm wei ght Laghitsent i s defi ngedsas thesrsmio ofs.she weight of selfol aneito

C5+ Alkylate (Wt. % Isobutane-Free Basis)

c5-7 15.26 13.59 14.74 14.56 7.36 9.74
c8 56.18 62.74 60.20 53.40 24,47 65.30
c9+ 22.54 18.30 18.99 23.41 17.26 23.15
TMP 46.04 51.65 49,27 43,36 19.38 53.35
DMH 9.95 10.91 10.77 9.95 4,99 11.77
TMP/DMH 4.63 4,73 4.57 4.36 3.88 4.53
R+M/2 91.1 91.7 91.2 90.4 85.9  91.4

Lights = All C2, C3, and C4 components except iC4

Total = Total combined alkylate after iC4/volatiles removed
Feed: 9.23/1 isobutane/2-butenes

Pressure: 100 psig

Temp: 90.0 (+/-1°F)

Calculated Contact time: 6.4 seconds

Calculated Hydrocarbon Rise Velocity: 0.104 ft./sec.
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the sum wei ght of sulfolane and hydrogen fluoride nultiplied by a factor of
one, hundred (100). The al kyl ati on process of the present inventionssgssus
processes nono-ol efin hydrocarbons such as propyl ene, butyl enes,

pentyl enes, hexyl enes, heptyl enes, octylaBes and the |ike are al kyl ated by
I soparaffin hydrocarbons such as isobutane, isopentane, isohexane.

| sohept ane, isooctane and the |ike for production of high octane al kyl ate
hydr ocarbons boiling in the gasoline raagdeadd which are suitable for use
in gasoline notor fuel. Preferably, isobutane is selected as the

i soparaffin reactant and the G40 iHF/Belzal ﬁ} + Idegd) Eeqdsq from propyl ene,
butyl enes, pentyl enes and ni X'GFES Befer 07 P40 W Gatel¥S6n of an al kyl ate

hydr ocar bonpg ogct 10 4.5 1 3 5 7 9 Total
% Converted 100.0  100.0  100.0  100.0  100.0  100.0  **
Fluorides 0.75 2.18 2.09 0.64 0.88 4,50 %k
Lights 13.11  16.19  15.47  13.94  13.31  21.23 <1

C5+ Alkylate (Wt. % Iscbutane-Free Basis)

C5-7 13.21 12.66 12.49 12.64 12.82 14.30 13.14

c8 ' 54.45 54.27 52.34 53.83 52.22 44.05 64.89
Cco+ 19.12 16.75 19.33 19.07 21.34 19.92  23.40
TMP 44.93 44,46 42.60 43.71 41.93 35.15 52.06
DMH 9.36 9.81 9.74 9.97 10.06 8.83 12.73
TMP/DMH 4.80 4.53 4.37 4.39 4.17 3.98 91.0

R+M/2 91.7 91.8 91.3 -91.3 90.8 90.7 90.99

Lights = All C2, C3, and C4 components except iC&
Total = Total combined alkylate after iC4/volatiles removed
Feed: 9.43/1 isobutane/2~butenes
Pressure: 100 psig
. Temp: 90.0 (+/-1°F)
Calculated Contact Time: 17.5 seconds
Calculated Hydrocarbon Rise Velocity: 0,114 ft./sec.
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conprising a major portion of highly branched, high octane value aliphatic
hydrocar bons having at |east seven carbon atons and | ess than ten g§543e8
atons. In order to inprove selectivity of the al kylation reaction toward
the production of the desirable highly branched aliphatic hydrocarbons
havi ng seven or nore carbon atons, a substantial stoichiometric excess of

| soparaffin hydrocarbon is desirable in the reaction zone. Ml ar ratios of
i soparaffin hydrocarbon to ol efin hydr &a®l#ok¥ of from about 2:1 to about
25:1 are contenplated in the present |nvent|on Preferably, t he nol ar
ratio of isoparaffin-to-ol efi4p/&pIHE/Sa Hﬁ?ﬁ#? detduFessisto about 20; and,
nost preferabl y, it shall rartf@tis Beds 29°H6L00) vl Cetalystasi zed, however,

that the a recited ranges for the nolar ratlo I soparatiin-10-olerl
are those mﬁ¥§h H58¢e been fourdd to be coﬁnerC|aIIygpract|cal4operat|n taP
ranges; but ;@&iy, t he gﬁpgter theglsgparafflg o- oleflq gatlo | Qgan
al kyl ati on @Q ihQQ t he bettqggghe resqbt@pt alk&h £ qualb%y43 s

Lights 7.74 15.86 26.67 33.46

C5+ Alkylate (Wt. % Isobutane-Free Basis)

cs5-7 6.59 8.12 10.39 10.30

C8 61.89 51.35 39.05 28.26 NOT

c9+ 23.56 24.23 23.40 28.65 EVALUATED

TMP 50.48 41.24 31.14 21.94

DMH 11.22 9.94 7.67 6.20

TMP/DMH 4.50 4.15 4.06 3.54

R+M/2 90.7 89.2 87.9 86.0

Lights = All C2, C3, and C4 components except iCé4
Feed: 8.82/1 isobutane/2-butenes

Pressure: 100 psig

Temp: 90.0 (+/-1°F)

Calculated Contact Time: 6.4 seconds

Calculated Hydrocarbon Rise Velocity: 0.104 ft./sec.

\
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| soparaffin and ol efin reactant hydrocarbons normally enployed in
commerci al al kyl ati on processes are derived fromrefinery process 35065885
and usually contain small anounts of inpurities such as normal butane,
propane, ethane and the like. Such inpuri20i es are undesirable in large
concentrations as they dilute reactants in the reaction zone, thus
decreasing reactor capacity avail able for the desired reactants and
interfering with good contact of isoparakale ¥ith olefin reactants.

Addi tionally, in continuous aIk Iatlon rocesses mhereln excess |soparaff|n
hydrocarbon i s recovered fron; §Pé p &ﬂ£¢bﬁ° %l uent and recycl ed
for contact with additional WG dr o@a ﬁgﬁ fene reactive nornal
paraffin i itjes tend to ccunulat In the al kylatipn syste
Cbpsequentrgﬁébgggess charqe?streans and/or récycle stfeans which contgt%1

% Converted 95.1 94.8 93.8 94.3 83.3 *k
Fluorides 3.31 1.68 4.54 4.82 14.24 0.0
Lights 5.60 5.11 8.01 8.26 29.08 <0.1

C5+ Alkylate (Wt. % Isobutane-Free Basis)

Cc5-7 15.44 10.56 16.06 15.14 11.62 4.6

c8 52.42 53.58 49.13 44,05 29.40 49.35
Cc9+ 26.27 30.50 26.34 31.72 28.97 44.68
TMP 40.94 41.92 37.75 33.59 22.11 38.29
DMH 11.44 11.68 11.20 10.30 7.16 10.92
TMP/DMH 3.58 3.59 3.37 3.26 3.09 3.51
R+M/2 89.7 89.6 89.6 88.9 88.3 87.9

Lights = All C2, C3, and C4 components except iCé

Feed: 10.8/1 isobutane/2-butenes

Pressure: 100 psig

Temp: 90.0 (+/-1°F)

Total: Total combined alkylate after iC,/volatiles removed.
Calculated Contact Time: 16.9 seconds

Calculated Hydrocarbon Rise Velocity: 0.118 ft./sec.
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11 substantial anmpbunts of normal paraffin inpurities are usually
fractionated to renove such inpurities and maintain their concentr ggogsosat
alowlevel, preferably |less than about 5 volume percent, in the al kyl ation
process. Al kylation reaction tenperature2iwithin the contenplation of the
présent invention are in the range of fromabout [err] to about [err].
Lower tenperatures favor al kylation reaction of isoparaffin with olefin
over conpeting.olefin side reactions sukaklaVIpol ynerization. However,
overall reaction rates decrease w th decreasin tenperatures. Tenper at ures
wi thin the given range, and pr¥perifiifyliolane &é?ﬂ%g £9d%h about [err] to
about [err], provide good sel¥etigiBed: r F0°%(309 uk {Cakabisti soparaffin with
olefin at c rciralTy attragirve reagtion rates. Mst, preferaply, ho ,
t he al kyl at&ggzst*%ﬁberature shoul d ranée from f’err] to 5[err]. Rgagti on%¥ae{

pressures C%”&&{U%E [ pd in the presenggiqiventigngmay rgnge fromypy essungs
sufficient tf‘iue?@d@fa' n reac @:réas in t1§?1d i qmﬁ.@?ase 50.61 62.46
Lights 17.88 17.33 32,12 59.64 80.53

C5+ Alkylate (Wt. % Isobutane-Free Basis)

c5-7 13.92 12.03 7.67 4.11 2.05
c8 34.03 34.78 27.09 16.19 8.53 NOT
c9+ 33.45 34.85 32.01 19.30 8.47 EVALUATED
TMP 25.55 26.26 20.53 - 12.18 6.39

DMH ' 8.33 8.34 6.38 3.91 2.07

TMP/DMH 3.07 3.15 3.22 3.12 3.09

R+M/2 88.2 88.0 87.7 87.7 88.3

Lights = All C2, C3, and C4 components except iCé4
Feed: 9.55/1 isobutane/2-butenes

Pressure: 100 psig

Temp: 90.0 (+/-1°F)

Calculated Contact Time: 11.3 seconds '
Calculated Hydrocarbon Rise Velocity: 0.118 ft./sec.

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

the scope of the described invention and the appended claims.

-
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t‘o about fijfteen (15) atnospheres of pressure. Reactant hydrocarbons nay be
normal |y gaseous at_ al m“m on reaction tenperatures, thus reaction

pressures |H“u j“” om about 40 pounds gauge pressure per square
inch (psig) g are preferrgd. Wth all reactants in the

| r qui d phase |ncreased pressure has no significant effect upon the
al kyl ation reaction. Referring nowto FIG 1, depi cted I s natural
circulation lift system 10 conpri si ng ri ser-reactor settler vessel 14,

heat exchanger PmLmsrPEvROLCEJUﬂf Mpay of whi Ch afe oper alss %prp
connected in series and in fluird Tl ow communi ca c flow
et 36 98y

path for an alkylation catalyst. Riser-reactor Mhgat ed
tubul ar reactor having a |ower portion and an upper portion and which
def.ines a reaction zone wherein is contained the al kylation catal yst.

Ri ser-reactor 12 al so
5 CLAIMS

1. A process for reacting a mixture of hydrocarbons, including olefins
and isoparaffins, in the presence of a catalyst, including sulfolane
and hydrofluoric acid, which said catalyst passes through a cyclic

10 path defined by a reactor, a settler vessel, a heat exchanger and a
return, all of which are operatively connected in series and in fluid
flow communication, said cyclic path having a geometry which per-
mits the natural circulation of said catalyst through said cyclic path
solely by energy imparted to said catalyst by flowing lhydrocarbons

15 and density differential in said cyclic path, the process comprising
the steps of: |
introducing said mixture into said reactor containing said catalyst;
passing an alkylate reaction effluent resulting from the reaction of
said olefins and isoparaffins within said reactor and including hydro-

20 carbons and said catalyst from said reactor to said settler wherein
a phase separation occurs so as to produce a hydrocarbon phase
and a catalyst phase;
passing said catalyst phase to said heat exchanger whereby energy is
removed from said catalyst phase by indirect heat exchange to

25 produce a cooled catalyst; and
utilizing said cooled catalyst as said catalyst contained in said reac-

tor.

2. A process for reacting a mixture including olefin hydrocarbons with
30 isoparaffin hydrocarbons within a vertically extended reaction zone,

having a lower portion, an upper portion and a volume, in the

This Sheet H;
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éubstitute sheet - 30 August 1996 12 has a reactor length 20 and n di aneter
22 with a ratio of |ength to-diameter exceeding about 5 to 1. Settler
vessel 14 is equipped with inlet 24 for re_c%' ving al kyl ate reaction

ef fluent, pn m ““il‘lm“[aor the renoval “of product, and bottom outl et
28 for returm‘“m ' Matal yst to riser-reactor 12. Settler vessel 14
defines a separdti bn Yone and provi des neans for receiving and separation

of .an al kyl ation reaction affluent into a separate hydrocarbon phase 30 and

a separate catal yst phase 32. Thus, the upper end of riser-reactor 12 is
operatively conned®EFUE Shddi Satatyshpesludiigmmilielaneoandi fydroflneric 24¢idand

the | ower end of ré(ﬁﬁ,-l]ga- r bf operatively connected to and is in
fluid fl ow comruni cat r(l)grllﬁ%q%ﬁ s}%‘t%u{r)ﬁ conduit 18. Return conduit 18 is also

oper ativel y connedntrdducingnshid smixture into said lower portion of said reaction
zone containing said catalyst at a volumetric rate such that a contact
5 time of said mixture with said catalyst is at least about 10 seconds;
passing an alkylate reaction effluent including hydrocarbons and said
catalyst from said upper portion of said reaction zone to a settling
zone wherein a phase separation occurs so as to produce a hydro-
carbon phase and a catalyst phase;
10 cooling said catalyst phase to produce a cooled catalyst; and
utilizing said cooled catalyst as said catalyst within said reaction

zZone.

3. A process for reacting a mixture including olefin hydrocarbons with

15 isoparaffin hydrocarbons within a reaction zone defined by a riser-
reactor, having a lower portion, an upper portion, and an effective
length-to-diameter ratio of greater than about 5 to 1, in the pres-
ence of a catalyst including sulfolane and hydrofluoric acid, compris-
ing the steps of:

20 introducing said mixture into said lower portion of said reaction
zone containing said catalyst at a rate such that the volumetric ratio
of said catalyst to said mixture within said reaction zone is in the
range of from about 1 to about 9; |
passing an alkylate reaction effluent including hydrocarbons and said

25 catalyst from said upper portion of said reaction zone to a settling
zone wherein a phase separation occurs so as to produce a hydro-
carbon phase and a catalyst phase;
cooling said catalyst phase to produce a cooled catalyst; and
utilizing said cooled catalyst as said catalyst within said reaction

30 zone.
i Shietﬁﬁlfﬁfflﬁeﬂird




open coWUni—cat—'ron—mth bottomoutlet 28 to thereby provide a circuit or
cycli m natural circulation of catalyst wthin natural

Ci rcuI atl ﬂ'muup Interposed in return conduit 18 is heat
exchanger *or c 16, which defi2des a cooling zone and provi des
means for renoving energy fromthe catal yst by indirect heat exchange with
a heat transfer fluid such as cooling water. Conduit 34 is provided for

i ntroduci ng a hydrocarbon feed mxture |nto the | ower portion of

ri ser-reactor ]42 ndwt 36 )(1 conpected to product outl et 26
and provides for th8®cBipFeEsian e oeastepnd ?ﬁﬁweawﬁw

settler vessel 14 éﬁeﬁaﬁg%é&ﬂiﬁ awd B9 Ocaro@nhné)%apﬁﬁ ffe%ﬁvgfle@@% ypal

circulation lift system 10, a |i feed ma rrsing
an_-al kyl at abl e hy @omntslﬁrgraatea theny dbwiuk ihgodl.ef i n and an al kyl ati ng
agent, such as a low boiling isoparaffin; adm xed in suitable proportions,
I's introduced through conduit 34, passing upwardly through riser-reactor 12

as a pluralisty 50f Th@hprocess of claim 1, wherein the contact time of said mixture
with said catalyst is at least 5 seconds.

6. The process of claim 2, wherein said volume of said vertically ex-
tended reaction zone is defined by a riser-reactor having an effective

10 length-to-diameter ratio of greater than about 5 to 1.

7. The process of claim 3, wherein the contact time of said mixture

with said catalyst is at least 10 seconds.

15 8. The process of any of claims 1 to 3, wherein the amount of

sulfolane in said catalyst is in the range of 2.5 to 50 weight percent.

9. The process of any of claims 1 to 3, wherein the reaction conditions
comprise a temperature in the range of -18 °C to 60 °C and a
2 pressure in the range of ambient pressure to 1.5 MPa but sufficient

to maintain liquid phase conditions.

10. The process of any of claims 1 to 3, wherein the molar ratio of
isoparaffin-to-olefin in said mixture is in the range of 2:1 to 25:1.
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ubstitute sheet - 30 August 1996 13 velocity streans of snal
"Crass-section. Initially, riser-reactor 12 contains a quantity of
afkyl ation catal yst such that the level of catalyst extends a substantial
distance tip into the reaction zone defined by riser-reactor 12. The
hydrocarbon feed entering the reaction zone separates into snmall droplets
whi.ch pass upwardly through riser-reactor 12. The catal yst present in the
reaction zone and additional catalyst- fromconduit 18, pass upwardly
through riser-reactor 12 in co-current flow with the hydrocarbon feed .
charged. through conduit 34. The sinultaneous upward novenent of aci.d and
hydrocarbon results froma conbination of (1) the kinetic energy of the
hydrocarbon feed, and (2) the difference in density
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of the catal yst-hydrocarbon m xture in riser-reactor 12 as conpared to the
density of separate catal yst phase 32,7 As the catal yst and hydrocarbon
reactants conme into contact, reaction between the olefin and isoparaffin
occurs, with the formation of higher nol ecul ar weight materials of

i ncreased octane value. Wth the al kylation reaction being exothermc, the
tenperature of the catal yst and reactants increases as the reaction m xture °
noves upwardly through the riser-reactor 12. Wthin a period of tineg,
usual ly on the order of greater than about 5 seconds, the al kylation
reaction is conpleted, aftelSQPABAFFINOLEEIN iALKELATI@Nt cont ai ning

hydr ocar bon product Calkylate%b a%&§1¥§%fa qaggggﬁgggd'feed hydr ocar bons
passes fromriser-reactor 12 eﬂ%errng—setfgh _ 4 through inlet 24.
Separation of the g Wk?fhdn%h rRRELd PR Ehatilhg | 9 16GHALY Bid RRErbons 1n

hydr ocar bon phases, which commences wth introduction of the reaction

ef fluent tRe Slebbfde YeSHERULAALS aMUDEIARELSId 1Y SORPLLEAYsDW then td ABLAE
effluent is introduced into said vessel. Settler vessel 14 can be operated
circulation reaction and circulation system.

(Figure 1)



li~qued full by the use of elevated pressures or it can be operated with
both |iquid and gas phases at |ower pressures, with provision being nade to
14 vent excess gas. The upper phase or separated hydrocarbon phase 30 is.
wi thdrawn fromsettler vessel 14 through corSubstitdts aheety: 80dkdghst 1996t her
treatnment including fractionation (not shown) as required. The | ower phase
or separated catal yst phase 32 passes fromsettler vessel 14 downwardly

t hrough conduit 18 and is introduced to heat exchanger 16. Cat al yst
passing through-the heat exchanger is reduced in tenperature sufficiently
to renove heat_pi ' t he al kyl ati on reacti on. hefollovmng
exanpl e de%ﬁé{pr%a?%%gf‘%@ g%é%?ages of the present invent gecemberpl'gn 51993

exanple is by way of illustration only, and is not

B Description : paged .| to paged 21,
O Claim(s) :paged.T.to raged

K Drawing(s) : paged .'.!.'. to p
O Abstract  :paged.T. to paged .7,

L DATE OF RECEIPT 31 AUG 1596
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ISOPARAFFIN-OLEFIN ALKYLATION

The present inventioﬁ relates to the catalytic alkylation of
hydrocarbons. In one aspect it relates to an alkﬁlation system in which
cyclic flow of alkylation catalyst is provided. In another aspect it
relates to an impfoved process for.the production of alkylate product by
conta;ting hydrocarbon with a sulfolane and HF catalyst compésition.

One of the mnjo:l problems associated with the catalytic
alkylation of hydrocarbons lies in the handling of the alkylation catalyst,
that is, transporting the catalyst to the various parts of the reaction and
recovery system. The problem i; particularly.aggravated when acid |
catalysts such as hy&rofluoric acid are used since these materials in many
instances are highly corrosive to ordinary materials of construction.
Special equipment such as alloy valves and vessels, special pumps_and pump
packings are required and special safety precautions are necessary in the
'alkylatlon of hydrocarbons with thesn acid catalysts.

One proposed solution to some of the problems aesoc1ated with the
handling of hydrofluorie acid.as an alkylation catalyst has been the use of
; suitable diluent that does not have a negative effect upon the ultimate
alkylate end-product. Such diluents can include sulfone compounds aud

particularly sulfolane. Hixtures comprising sulfolans and hydrofluoric

 This is the' “faptacefh ﬁ,sheet
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intended as a limtation upon the invention as set out in the appended
clairnms. Exanple | This exanple denonstrates that a riser-reactor al kylation
system can be successfully utilized in the alkylation of ol efins when a

m xt'ure of hydrogen fluoride and sul f ol ane i subseaitéshaet atzy Adfust Ab58
denonstrated is the inportance.of reactor geonetry and contact tinme to the

successful operation of a natural circutation reactor system A |aboratory
scal e riser-reactor was used to obtain reaction data for the al kylation of
ol ef i ns wi ehid havreibegn rfourd Gp be Thidaplsadkylagbarorataiys tadubien upifiged igecti on

of 1-inch nel schedul e 4 | pe that was equi pped with a_cool ant jacket
for hga’sj t gg?fg‘f EFe 5Kt 'ht"gf“ﬁ’ gh? R CF e%l‘(?f%t“?g"rfﬁé?"&?ﬁ‘r e [hfisa ??d‘f}‘ﬁlérr] .
Provi ded i bo the [i -re for
I nt roduci ngo%}gfbc%&r 8{)@5?{&368;?1%?00% h%%?féle?:ﬁ%ggg?%} \?\’k%{(@%qé%ﬂt %ﬁeemé a
measur ed agRidike ff @hd is@Eéty SHedly/ S such systems, but prior to the discovery

’ of the herein described inventive process, it was uncertain as to whether
an alkylation catalyst coﬁprising sulfolane and hydrogen fluoride would
have acceQEAble physical properties which permit its use in a cyclic
alkylation system. It was uncertain as to whether the reaction kinetics of
the alkyl;tion of olefin hydrocarbons by isoparaffin hydrocarbons in the
presence of a sulfolane and hydrogen fluoride catalyst would permit the use
of a cyclic flow alkylation system. |

It is thus an object of this invention to provide a process for -
the catalytic alkylation of hydrocarbons utilizing a cyclic flow alkylation
system. |

The inventive proéess inclﬁdes reacting a mixture of olefin
hydrocarbons and paraffin hydrocarbons wichiﬁ a reaction zone, having a
lower portion, an upper portion, and a volume, in the presence of a
sulfolane and hydrofluoric acid catalyst. This alkylation process inclﬁdes
introducing the hydrocarbon mixture into the lower portion of the reaction
zone which contains the sulfolane and hydrofluoric acid catalyst and
passing. the resultant alkylate reaction effluent, which inecludes
hydrocarbons and the catalyst, from the upper portion of the reaction zone
to a settling zone. Within the settling zone, a phase separation occurs so
as to produce a hydrocarbon phase and a catalyst phase. The catalyst phase
is cooled to produce a cooled catalyst which is then utilized as the{

catalyst contained within the reaccibn zone.
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mxture of sulfolane and hydrofluoric acid. To adjust the contact tine
that the hydrocarbon feed was in contact with the catalyst within the
riser-reactor, the anount of catal yst contained therein in each 15
expérinental run was adjusted while maintai nSopstitutéfshedt r BOcAtighst 3996 | y
fi xed. Feed was continuously charged to the riser-reactor for a period of
time with the reactor effluent _being continuously renoved fromthe top of
the riser-reactor. At periodic time intervals, sanples of the reactor

ef fluent were taken for gas chronatographic analysis. The resultant data

are presented in Tafyhes dbjedtls, add ladvdn¥ageé o@NtheVinvehalnesilll 8RChgpapdmsent
data for the experinental alkylation process which uses a catalyst m xture
of 80 per cefdomHEhearfdr&ddimerdeesttled description of the invention, the appended

| claims, and the drawing in which: .

FIG. 1 1is e.diagrammncic illustration of the cyclic flow
alkylation system having an alkylation reactor, settler vessel, heat
exchanger, and a return.

It has unexpectedly been found that a natural circulation liquid
lift system having a reaction zone, a settling zone, a heat transfer zone
and a return is operable for the catalytic alkylation of hydrocarbons when
& catalyst mixture comprising sulfolane and hydrogen fluoride is used. The
operability of such a lift system is highly dependent on such factors as
the physical properties of the alkylation catalyst used, the alkylation
reaction kinetics and the geometry of the alkylation lift system. The
ﬁhysical properties of the alkylation catalyst used in the alkylation
process greatly affects the operation of the lift system due to its
dependence upon the density differentials between a hydrocarbon feedstock
and a catalyst to furnish the mptive power for promoting circulation. The
primary motive power can éome from the kinetic energy of the inlet
hydrocarbén stream charged to the reaction zone, but preferably, it comes
from the effect of the difference in density of the flowing streams. In
the mixed hydrocarbon stream, the average or stream density is lower than
the density of the cycliné stream so a differential static pressure is
established which is proportional to the total elevation of the two flowing
streams. In order for ;ﬁe system to arrive at a steady state, the cycling
streams must develop & pressure drop eqﬁal to the static pressure head

developed plus the kinetic head obtained from the inlet motive stream. It
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sul folane at two different feed contact times.which were adjusted by
respectively utilizing 300 ml of catalyst- and 100 m of catal yst. Tables
1l and 1V present data for the experinental alkylation process using a

catal yst mixture of 60 percent HF and 40 persgggtiﬁm,fsggafle%@tAhggsfih§§%r ent
00

feed contact tines adjusted by respectively utilizing 3 of “cat al yst

and 100 m of catalyst. Tables V and VI present data for the experinental
al kyl ati on process using a catal yst m xtéure of 50 percent HF and 50 percent

sul folane at two djfferent feed contact times adjusted by respectively
utilizing gdo*’?ﬁ“giﬁ ERrar e %ﬁtﬂ“‘z‘og‘-w‘dcﬁs EbR aptive strRen d4terepdesdert ed in

Tabl es 1-Vly gmgshrogi& hhak pth . fagdQrs which inpact the quality of the
al kyl ate eng-pro uct are contac time and catal yst conposition. For a

given feed contact fhMBeact &&fedli¥stoPahE Of GILQANELAAL kH %&&ﬂuékéty
declines as the fraction of the hydrofluoric acid conponent of the catal yst

m xture decreasies ianebef dhe atidtitsySCepenaeaditiddlilg inpackeBBSdgeabiyd 1by. such

factors as a reduction in ol efin conversion,
Principally, the rata at which the alkylation reaction proceeds within a
reaction zone is determinative of the particular reaction system design and
its geometry. Because of the impact that the reaction vate has on.the
operability of the natural circulation lift system, prior to the discovery
of the herein described inventive process, it was unknown that catalytic
alkylation of hydrocarbons utilizing a sulfolane and hydrogen fluoride
catalyst would work within a natural circulation lift system. In fact, the
physical properties, which include catalytic properties, of a sulfolane and
hydrogen fluoride catalyst mixture are different encugh from other
conventional or known alkylation catalysts that individuals skilled in the
art of catalytic alkylation could not btedict that such a catalyst mixture
would perform in a natural circulation system.

However, it has been discovered that a natural circulation lift
syst;m can operate with a sulfolane and hydrogen fluoride catalyst mixture
in the alkylation of hydrocarbons provided the system includes certain
critical geometric dimensions and the process conditions are such as to
allow the completion of the alkylation reactions within the alkylation zone
of the lift system. It has been discovered that the contact time for
hydrocarbon reactants wlthin the reaction zone, and in the presence of the
alkylation catalyst, should be sufficient to provide for essentially
complete conversion of the élefin reactant in the reaction zone of the

system. Thus, the required contact time can impact the geometry of the

1ift system, particularly the reactor dimensions.
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alkyl ate octane, trinethyl pentane-to-dinethylhexane ratio in the alkylate
end- product and with increases in the undesirable fluoride and [err]
conponents of the al kylate end-product. On the other hand, the data al so
deronstrate that catalyst performance and alg(iHs#tfretdtddtt-yY30 AUdUsE 1996

16 increases in contact tine. 1In a natural circulation alkylation reaction
system the geonetry of its riser-reactor elenment will inpact the contact
time and, therefore, the geonetry becomds an inportant aspect of the system

design. Table I Al k1¥l ates ,Produced Ffom 80/ 20 HF/ Sul fol ane: [err] ni
Cat al yst he term contact time  can be defined as the length of time the

hydrocarbon reactants and the catalyst are in intimate contact in the
reaction zone. It has been discovered that for a matural circulatioa 1ift
system having a geometry as described harein, the contgct time generally
should exceed about 5 seconds. Preferably. however, the c§ntact time can
be at least about 10 seconds; aud, most preferably, the contact time is at
least 20 $econds.

A required contact time greatly impacts the geometric design of
the natural circulgtion lift system and necessarily requires that the
dimensions of the reaction zone be such that tﬁe contact time of the
alkylatable hydrocarbons within the_teaction zone and in which they are in
contact with the alkylation catalyst is sufficient to allow the completion
of the alkylation reactions. Also, however, the geometric dimensions of
the reaction zone must be such as to permit the natural circulation within
the 1ift systeﬁ of the catalyst and hydrocarbons. The required dimensions
of the reackion zone of a natural circulation Iifﬁ system are not readily
obvious to one skilled.in the art due to the uniqﬁeness of the physical
properties of the alkylation catalyst; psrticularly, the properties of a
sulfolane and hydrogen fluoride.catalyst.

Examples of other factors which impact the dimensions of the
reaction zone include such factors as the relative density between the '
hydrocarbon feedstock and catalyst, the viscosity of the catalyst,.and
alkylation reaction. It has been determined that to provide for the
natural circulation of the catalyst and hydrocarbon reactant; within a
reaction zone having an approximate circular flow area, the reaction ione
should generally be elongated. or extended in the vertical direction and

have a lower portion and an upper portion with the ratio of the vertical
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Ti "rre:, Hrs. 1 3 5. 7 9 '
Tot al % Conver si on 100. 00 100. 00 100. 00 100. 00 100. 00

** Fl uorides 0.54 0. 30 0. 30 0. 35 0.44
0.05 Lights 15.21 14.94 Substilit@Sheet - 305Adgust 19947 42
<1l CS+ Alkylate (W. %I sobutane-Free Basis) C5-7 22.21
13.42 12. 37 - 11.94 S 12.26 8.70 C8 43. 50
54.61 56. 76 59. 88 55.31 & 67.70 C9+ 18. 95
411; gg . lie?xg?_}g of the43@«§c$90n zon%%:ogélm nomiﬁnég::égm% of the reaction zone3§: gg
9.15 &-cggdilxg abou?. $&o 1. l&egsrefertinglh&@h;rw Ii?l%_'d].amel‘.et: or the 4. 49
4.95 5. 05 5.22 5.15 4.88 R+tM 2 89.0
91.9 @Ri0al diamet@&2 06 the reaBliodh zone, th8de Getnisghts dafiNell 4s2beihg,thand C4
conponents except i C4 Total = Total conbined alkylate after i C4/volatiles

renoved Pr ga&dp of g_mcmqsgsecttonal area of the flow area of the reaction zone to
the length of the wetted perimeter of the renction-zone multiplied by a
factor of four (4). The preferred fength-to-diameter ratio of the reaction
zone is greater than about 7.5 to I and, most preferably, the
length-to~diameter ratio is greater than 10 to 1.

The hydrocarbon feed is iﬂtroduced into the lower portieon of the
reaction zone defined by the riser-reactor and which contains the
aikylation catalyst. Any means suitable for introducing the feed into the
reaction zone can be used which includes the use of constricted passageway,
or feed nozzles, of small cross-section relative to the interior
cross-section of the reaction zone. The feed nozzles assist in forming
smail droplets of the_hydrocarbon feed which provides for the maintenance
of a high interfacial area during their life in the reactor. A high rate
of reaction requires the maintenance of a high interfacial area. The
direction of flow of the liquid hydrocérbons in relation to the direction
of flow of the liquid catalyst is also important. The catalyst flow path
must be established in the same direction as the hydrocarbon feed at the
point of initial contact with the liquid hydrocarbon. By this method and
apparatus there is no sustained build-up of catalyst or hydrocarbon or
catalyst mixture at the point of contacg such as would be the case if the
catalyst were introduced above the point of introduction of the
hydrocarbons or if the catalyst were introduced at right angles to the
direétion of flow of the hydrocarbon. Also, by introducing a high velocity

stream of.flowing hydrocarbons into a stream of acid catalyst flowing in
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Feed: 9.41/1 isobutane/2-butenes - Tenp:
[erF] Cal cul ated Contact Tine: 19.2 seconds Cal cul at ed Hydrocarbon Ri se

Velocity: 0.104 ft./sec. Substitute sheet - 30 August 1996 17 Table 11
80/ 20 HF/ Sul fol ane + Ideal Feeds: Static BedsSubkfitutk sheet CBoRAYGUsT PBOEH S.
1 3 5 7 9 .. Total % Converted
100.0 100.0 99. 4 99.4 81.0 ** Fl uori des 3.79
2.03 3.60 5.98 30.9 **

the same direction, the droplets of llquid reactants retaln their small
size while flowing upwardly with the ca;alyst phase thereby maintalning
their high interfacial area. Further, as confirmed by Bernoulli's Theorem,
the use of a high velocity resuLts in a lower static pressure which permits
improved penetration of the one'phaSe.in the other phase. Further, by
maintaining a high interfacial area aad by climinéting the stagnant pool,
there is minimum of undesirable side reactions. Preferably these
constricted passageways or tubes have a diamcter sufficient to provide a
differential velocity between the upwarﬁly flowing hydrocarbons and
upwardly flowing catalyst of 15 to 35 feet per second. Preferahly the#e
tubes have an internal diameter of 1/4" to 3/4".

The alkylation catalyst utilized in the inventive process can
comprise, consist of, or consist essentially of a hydrogen halide component
and a sulfolane component. The hydrogen halide component of the catalyst
composition or catalyst mixture can be selected from the group of compounds
consisting of hydrogen fluoride (HF), hydrogen chloride (HC1l), hydrogen
bromide fHBr), and mixtures of two or more thereof. The pteferfed hydrqgen
halide component, however, is hydrogen fluoride, which -cam be utilized in
the catalyst composition in anhydrous form, but, generally, the hydrogen
fluoride component utilized cau 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 percent of the total weight of the
hydrogen fluoride component, which includes the water, and preferably, the
amount of water present in the hydrogen Eluoride component.is less than
about 10 weight percent. Most preferahbly, the amount of water present.in
the hydrogen fluoride component is less than 5 weight percent. When

referring herein to the hydrogen halide component, or more specifically to
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Lights 5.68 3.32 5. 50 7.70 49. 32

<l €S+ Alkylate (W. %I sobutane-Free Basis) C5-7 15. 26

13. 59 14. 74 14. 56 7. 36 © 9.74 C8 56. 18
62.74 - 60.20 53. 40 24. 47 68uBStifR - . 54
18. 30 18. 99 23.41 17. 26 23.15 TNI‘ig sheet - 30 August 19?%. 04
51. 65 49. 27 43. 36 - 19.38 53. 35 DWH 9. 95
10. 91 10. 77 9. 95 4.99 8 11. 77 TP/ DVH 4.63
4.73 4. 57 4. 36 3.88 4.53 R+tM 2 91.1
91.7 thq  lydrogen Jlueride comp@mny, of theggaiglyityieompasipidn @2, ti@3, and C4

conponents except i C4 Total = Total cophined al kylate after i C4/vol atiles
renoved FedBven§lony 4t §'b°d§? e PRTERTL SR HIEP et e TR0 §LiFeRpEN0. 0

[err] Cal C_‘E'llyg‘:to%gn Cﬁ)ﬂtla‘gtcowaﬁﬁt 6&54 nﬁegmgous mixture or a mixture that

includes water. The references herein to weight percent water contained in
the hydrogen halide compoﬁent means the ratio of the weight of water to the
sum weight of the water and'hydrbgen halide multiplied by a factor of 100
to place the weight ratio in terms of percent.

Geﬁeraily, 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 alkylation
process, it is essential for the hydrogen fluoride catalyét to be as free
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, trimethyipentanes (TMP) in the case of the alkylation
of butylenes by isobutane. It is further known to those skKilled 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 coutaminants upon the activity and selectivity of the alkylation
process toward the production of high quality alkylate, one skilled in the
art would expect that the addition of small to large amounts of su}folane
to a-hydrogen fluoridelcatalyst would have an enormously detrimental effect
upon its catalytlc performance. Ilowever, it has Eeen discovered that the

presence of small quantities of sulfolane in combination with hydrogen
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Cal cul at ed Hydrocarbon Rise Velocity: 0.104 ft./sec. 18 Table 11 60/40
HF/ Sul f ol ane + | deal Feeds: Static Bed: [err] m_ Catal yst TOS, Hrs.

0.5 1 - 3 5 7 Total % Convert ed
100: 0 ~100.0 100. 0 100. 0 100. 0 SéQ&itQ:t F

0.75 218 2.09 0 64 0.88 it shagt bboAhQG& 1996

13. 11 16. 19 15. 47 13.94 13. 31 21. 23 <1 Co+ AI kylate (W. %
| sobut ane- Free Basis) C5-7 13. 21 12. 66 12. 49 12. 64

12. 82 161udRide W3114hde8 little negative impaktddn theDperfbormande?oB4the 53. 83

52. 22 44. 05 64. 89 .
resultant mixture as an alkylation catalyst, and, it has further been
dlscovered that instead of having a detrimental impact upon the catalytic
performance, & small concentration in an amount less than about 30 weight
percent of.che sulfolane component in.comhination with the hydrogen
fluoride can possibly in certain-instances enhance the performance of the
resultant composition as an alkylation process catalyst. Therefore, it is
desirable to utilize sulfolane in the catalyst mixture in an amount in the
range of from about 2.5 weight percent to about 50 weight percent. To
achieve opéimal benefits from the catalyst composition, the freferred
catalyst mixture should contain the sulfolane component in the range of
from about 5 weight percent to about ho_weight percent and, more
preferably, the sulfolane concentration shall range from 10 to 30 weight
percent. When referring herein to the weight percent of the sulfolane
component of the catalyst mixture of hydrogen fluoride and sulfolane, the
term weight percent is defined as the ratio of the weight of sulfolane to

the sum weight. of sulfolane and hydrogen fluoride multiplied by a factor of

one hundred (100).
The alkylation process of the present invention prﬁcesses
mono-olefin hydrocarbons such as propylene, butyienes, pentylenes,

hexylenes, heptylenes, octylenes and the like are alkylated by isoparaffin
hydrocarbons such as isobutane, isopentane, isohexane, isoheptane,

isooctane and the like for production of high octane alkylate hydrocarbons

boiling in the gasoline range and which are suitable for use in gasoline

motor fuel. Preferably, 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
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Co+ ' 19. 12 16. 75 19. 33 19. 07 21. 34 19. 92

23.40 TP 44.93  44.46  42.60  43.71  41.93  35.15
52. 06 DWH 9.36 . 9.81 9.74 9.97 10. 06

8.83 12.73 THP/ DWH 4. 80 4. Sabstitutd.shéet - 30 Augfst 19964 17
3.98 91.0 RtM 2 91.7 91.8 91.3 91. 3 90. 8

90. 7 90.99 Lights = AIl C2, C3, and C4 conponents except iC4 Total =
Total conbined al kyl ate after i C4/vol at'l es renoved Feed: 9.43/1

o 2l LS8 PRy B RaRP B e S B =
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 higﬁly branched.aliphatic hydrocarbons
having seven or more carbon atoms, a substantial stoichiometfic excess of
isoparaffin hydrocarbon is desirable in the reaction zone. Molar ratios of
isoparaffin.hydrocarboﬁ to olefin hydrocarbon of from about 2:1 to about
25:1 are contemplated in the present invention. . Preferably, the molar
ratio of isoparaffin-to-olefin will range from about 5 to about 20; and,
most preferably, it shall range from 8 to 15. [t is emphasized, however,
;hat the above recited ranges for the molar ratio of isoparaffin-to-olefin.
are those which have been found to be commerciglly practicai operating
ranges; but, generally, the greater the isoparaffin-to-olefin ratio 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 stre;ms
and usually contain small amounts of impurities such as rormal butane,
propane, ethane and the like. Such impurities are undesirable in la:ge'
concentrations as they dilute reactants in the reaction zone, thus
decreasing reactor capaéity available for the desired reactants and
interfering with good contact of isoparvaffin with olefin reactants.
Additionally, in continuous alkylation ptoceSses wherein excess isoparaffin
hydrocarbon is recovered from an alkylation reaction effluent and recycled
for contact with additional olefin hydrocarbon, such nonreactive normal
paraffin 4impurities tend to accumulate in the alkylation system.

Cousequently, process charge streams and/or recycle streams which contain
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19 Table IV 60/40 HF/ Sul fol ane + I deal Feeds:. Static Bed: [err] nL Catal yst
3 4

TOS; Hrs. 1 2

Total % Converted 99.9 98. 3 _ 98. 2 91.4
** Fluorides 5.99 13. 07Substitute %ﬁegf 30 Augu3@1§§6

** Lights : 7.74 15. 86 C5+
Al kyl ate (W . -% | sobut ane- Free Basi s) q:? 7 6. 59 '
8.12 10. 39 10.30 C8 . 61.89 51. 35
39.05 snbs?t.&ngfhl amounDNOb £ GRikmal pacatfin lmpurities PER Sﬁunll fract204152§d

23. 40 EVALUATED: ThE 48

31. 14 to Qe]nngél sbbf impuritles. and malntain Ithe?? concenLrntzoB.aEMa low leve1,7. 67
6. 20 TMP/ DIVH 4.50 4.15 4. 06 3.54

preferably less than about 5 volume percent, in the alkylation process.
Alkylation reaction temperatures within the conCemplation-of the
‘present inQention are in the range of Ffrom about 0°F to about 150°F. Lower
temperatures favor alkylation reaction of isoparaffin with olefin over
competing olefin side reactions such as polymerization. However, overall
reaction rates decrease with decreasing temperaturés. 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 reacéian rates. Most preferably, however, the
alkylation temperature should range from 50°F to 100°F.
' Reaction pressures cohtemplated in the present invention may
range from pressures suffieieﬁt to maintain reactants in the ligquid phase
to about fifteen (15) atmospheres 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 160 psig are preferred. With all reactants in the
liquid phase, increased pressure has no significant effect upon the

alkylation reaction.

Referring now to FIG. I, depicted is natural circulation 1lift
system 10 comprising riser-reactor 12, settler vessel 14, heat exchanger 16
and return conduit 18 all of which ate operatively connected in series and
in fluid flow communication to define a cyclic flow path for an alkylation
catalygc. Riser-reactor 12 is a vertically elongated tubular reactor
having a lower poftion and an upper portion and which defines a reaction

zone wherein 1is contained the alkylatlion catalyst. Riser-reactor 12 also
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R+M 2 90. 7 89.2 . 87.9 86.0 Lights =
All-C2, C3, and 4 conponents except i C4 Feed: 8.82/1 isobutane/2-butenes
Pressure: 100 psig Tenp: 90.0 [err] Cal cul ated Contact Tine: 6.4 seconds

Cal cul ated Hydrocarbon Rise Velocity: 0.104 §ipétfEi¢e sheetOBBL t -
30 August 1996 20 Tabl e V 50/50 HF/ Sul fol ane + | deal ngg ds: Ahy&& Eggé

[err] mL Catal yst 12

has a reactor length 20 and a diameter 22 with a ratlo of length to
dlameter exceeding about 5 to L.

Settler vessel 14 is equipped with inlet 24 for receiving
alkylate reaction effluent, product outlet 26 for the removal of product,
and bottom outl?t 28 for returning separated catalyst to riser-reactor 12.
Settler vessel 14 defines a separation zone’and provides means for
receiving and sepakation of an alkylation reaction effluent into a separate
hydrocarbon phase 30 and a separate catalyst phase 32. Thus, the upper end

"of riser-reactor 12 is opeFatively connected to and is in open
communication with inlet 24, and the lower end of riSer-reactér 12 is
operatively connected to and is in fluid flow communication with return
conduit 18. Return conduit 18 is also operatively connected to and is in
open communication with bottom outlet 28 to thereby provide a gircuit or
cyclic path- for the natural circulation of catalyst within natural
circulation 1lift system 10. Interéosed in return conduit 18 is heat
exchanger or catalyst cooler 16, which defines a cooling zone and provides
means for removing energy from the catalyst by indirect heat exchange w;th
a heat transfer fluid such as cooling water. Conduit 34 is providéd for
introducing a hydrocarbon feed mixture into the lower -portion of
riser-reactor 12. Conduit 36 is operatively connected to product outlet 26
and provides for the conveyance of separate hydrocarbon phase 30 from
settler vessel 14 to downstream processing.

In the operation of natural circulation lift system 10,la liquid
hydrocarbon feed material comprising an alkylatable hydrocarbon, such as a
low boiling olefin and an alkylating agent, such as a low boiling
isoparaffin, admixed in suitable proportions, {s introduced through conduit

34, passing upwardly through riser-reactor 12 as a plurality of high
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TCS,. Hrs.

1 -3 5 7 9
Total % Converted 95.1 ' 94.8 93.8 94. 3 83.3
** Fl uorides . 3.31 1.68 4.54 4.82 14. 24
0.0 Lights . 5. 60 5.11  Substit@t@$heet - 308A8§ust 1988. 08
<0.1 C5+ Alkylate (W. %I sobutane-Free Basis) C5-7 15. 44
10. 56 16. 06 15.14 - 11.62 4.6 C8 52.42
53. 58 49. 13 44. 05 29. 4013 49. 35 Co9+ 26. 27
30. 50 26. 34 31.72 28. 97 44. 68 TMP 40. 94
41. 92 velppity streamygofgsmall cepgs-section. 3@nitdaHyp riser-reactor 12
:]3'1534 coé:.]é'éxgssa quantﬂ'%r: %g alkylat}%i %gtalyst su%&i (]xjgat the %gﬁﬁ%ﬁ-{%/ﬂpt/ﬂ%
89. 7 axt32d8 a substan§9a16d.l.stan_ce 8\8p Ynto the Q'g.m:‘?t_io'n zon§'7d9filnla¢9hl;ys = Al

C2, C3, and C4 conponents except i C4 Feed: 10.8/1 isobutane/2-buténes

Pr essure:

$0{brpBdagtor 12. The hydrocarbon feed entering the reaction zone
separates into small droplets which pﬁss upwardly through riser-reactor 12,
The catalyst present in the reaction zone and additional catalyst from
conduit 18, pass upwardly through riser-reactor 12 in co-currcot flow with
the hydrocarbon feed charged. through conduit 34. The simultaneous upward
movement of acid an& hydrocarbon results from a combination of (1) the
kinetic energy of the hydrocarbon feed, and (2) the difference in density
of the catalyst-hydrocarbon mixture in riser-reactor 12 as compared to the

density of separate catalyst phase 32, As the catalyst and hydrocarbon

reactants come into contact, reaction between the olefin and isoparaffin

occurs, with the formation of higher molecular weight materials of
increased octane value. With the alkylation reaction being exothermic, éhe
temperature of the catalyst and reactants increases as the reaction mixture
moves upwaf&ly through the rise;-reactdr 12. Within a period of time,
usually on the order of greater than about 5 seconds, the alkylation
reaction is completed, after which time reaction effluent containing
hydrocarbon product (alkylate), catalyst and unreacted feed hydrocarbons
passes from riser-reactor 12 eﬁteting settler vessel 14 through inlet 24,
Separation of the alkylation réaction effluent into catalyst and
hydrocarbon phases, which commences with introduction of the reaction
effluent to settler vessel 14 is substantially completed by the time the
effluent i{s introduced into said vessel. Settler vessel 14 can be operated
liquid Ffull by the use of elevated pressures or it can be operated with

both liquid and gas phases at lower pressures, with provision being made to
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Tenmp: 90.0 [err] Total: Total conbined al kyl ate after i C/volatiles _
renmoved. Cal cul ated Contact Tine: 16.9 seconds Cal cul ated Hydrocarbon R se

Vel ocity: 0.118 ft./sec. Substitute sheet - 30 August 1996 21 Table VI
50/ 50 HF/ Sul fol ane + | deal Feeds: Static BedSub[sﬂtut]a shieefat30 AuguEOP9d S.
2 3 4 5 6 Total % Converted
91.1 89.9 88.6 86. 4 72.8 ** Fl uori des

10. 04 . 10. 16 24. 05 50, 61¢ 62. 46 **

vent excess gas. The upper phnse or separated hydrocarbon phase 30 {is
withdrawn from settler vessel 14 through conduit 36 and ylelded for further
treatment including fractionation (not shown) as required. The lower phase
or separated catalyst phase 32 passes from settler vessel 14 downwardly
through conduit 18 and {s introduced to heat axchanger 16. Catalyst
passing through the heat exchanger is reduced in tamperature sufficiently
to remove heat picked up during the alkylation reaction.

Thg following example demonstrates the advantages of. the present
invention. This example is by way of illustration only, and is not
intended as a limitation upon the invention as set out in the appended
claims.

Example I

This example demonstrates that a riser-reactor alkylation éystem
can be successfully utilized in the alkylation of olefins when a mixture of
hydrogen fluoride and sulfolane is used as a catalyst. Also demonstrated
is the importance of feactor geometry and contact time to the successful

 operation of a natural circulﬁtion reactor system.

A laboratory scale riser-reactor was uséd.to‘obtain reaction data
for the alkylation of olefins within such a reactor. The riser-reactor
included a 2-foot section of 1-inch monel schedule 40 pipe that was
equipped with a coolant jacket for heat transfer to maintain a fixed
reactor temperature of about 90°F. Provided in the bottom end of the
riser-reactor was a feed nozzle for introducing hydrocarbon feed into the
riser-reactor which cqntained a measured amount of a liquid catalyst
mixture of sulfolane and hydrofluoric acid. To adjust the contact time
that the hydrocarbon feed was in contact with the catalyst within the

riser-reactor, the amount of catalyst contained therein in each
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Litght s 17. 88 17. 33 32.12 59. 64 80. 53 G5+

Al kyl ate (W. % | sobutane-Free Basis) C5-7 13.92 12.03
7.67 4.11 2.05 C8 34. 03 34.78 27.09
16. 19 8.53 NOT C9+ SuBstitfte sheet - 36 ﬂﬁgust 199601
19. 30 8. 47 EVALUATED TMP 25.55

20. 53 12.18 ) 6. 39 DWVH . 1 8.33 8. 34 , 6. 38
3.91 2.07 TwP/ DVH 3197 3.15 3.22 3.12
3.09 R+M 2 88. 2 + 88.0 87.7 87.7 88. 3
Li ghts = Aekpegimentsl mndvasiatisnpronentls wgeqﬁnmmhﬂfeeu r8t&Shlistantially

| sobut ane/ tenes,Pressur 100 psig Tenp: O [err] Cal cul ated Cont act
Ti me: %“&%Co P&d (e Eﬂ“&?‘@‘&“%fdf%‘&ﬁ‘t‘)(fﬁ Filesé“\?ér’fféi‘:f?' fpr P18efiod /afec.

time with the reactor effluent beling continuously cemoved from the top of
the riser-reactor. At periodic time intarvals, samples of the reactor
efflueﬁg-were taken for gas chromatographic analysis. The resultant data
are presented in Tables I, IT, TII, IV, V, and VI.

Tables I and II present data for the experimenéal alkylation
process which uses a catalyst mixture of 80 percent HF and 20 percent
sulfolane at two different feed contact times which were adjusted by
respectively utilizing 300 ml of catalyst and 100 ml of catglyst.
Tables III and IV present data for the experimental alkylation process
using a catalyst mixture of 60 percent HF and 40 percent sulfolane at two
Aifferent feed contact times adjusted by respectively utilizing 300 ml of
catalyst and 100 ml of catalyst. Tables V and VI present data for the
experimental alkylation process using a catalyst mixture of 50 percent HF
and 50 percent sulfolane at two different feed contact times adjusted by
respectively utilizing 300 ml of catalyst and 200 ml of catalyst. The data
presented in Tables I-VI demonstrate that two factors-which impact the
quality of the alkylate end-product are contact time and catalyst
composition. For a given feed contact time, the catalyst performance and
alkylate quality declines as the fractionm oé the hydrofluoric #cid
component of thq catalyst mixture dgcreases to below about 60 percent.
This is demonstrated by such factors as a reduction in olefin conversion,
alkylate octane, trimethylpentane~to-dimethylhexane ratio in the alkylate
end-product and with increases in the undesirable fluoride and C,
components of the alkylate end-product. On the other hand, the data also

demonstrate that catalyst performance and alkylate quality improve with
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Whil.e this invention has been described in terns of the presently preferred
enbodi nent, reasonabl e variations and nodifications are possible by those
skilled in the art. Such variations and nodifications are within the scope
of the described invention and the appended L .

A process for the catal ystic al kylati on of h?g%ﬂ(‘:@ﬁ%glr}gggl ?(QI ﬁ@?%ﬁ%ﬁgh ns
and isoparaffins, in the presence of a catalyst, which said catalyst passes
through a cyclic path defined by a reacéor, a settler vessel, a heat
exchanger and a return, all of which are operatlvely connect ed in series
and in fluil8creasss cidn?ﬂj‘ﬁ%‘attﬁ'!m Smind neSusiait cyyan b thay ey lat o medatyomhi ch
permts the natur circul at on of said catal t hrough said cyclic path

solely by &%¥dy | é"r"f"éa“w S5F oF 1e8f a“|’3‘)§E°’b9}/ﬁ'"FBWr&bl FRRGc B GARtassd

density di EE&H’@H&J QLerefore, the geometry hacomes an important aspect of the system

design.
Table I
Alkylates Produced From 80/20 HF/Sulfolane:
90°F/300 ml Catalyst

Time, Hrs. 1 3 : 5 7 9 Total
% Conversion 100.00 100.00 160.00 100.00 100.00 Jede
Fluorides 0.54 0.30 0.30 0.35 0.44 0.05
Lights 15.21 14.94 14,89 15.23 17.42 <1

Cs+ Alkylate (Wt. % Isobutane-Free Basis)

Cc5-7 22.21 13.42 12.37 11.94 12.26 8.70
ce 43.50 54.61 56.76 59.88 55.31 67.70
Ccs+ 18.95 17.04 15.48 12.80 15.01 22.43
™P 35.39 45.26 47.14 49.97 46.22 55.96
DMH ) . 7.89 9.15 9.33 9.58 . 8.98 11.46
TMP/DMH 4,49 4.95 5.05 5.22 5.15 4.88
R+M/2 89.0 91.9 92.0 92.6 92.4 91.8

Lights = All C2, C3, and C4 components except iCé4

Total = Total combined alkylate after iC4/volatiles removed
Pressure: 100 psig

Feed: 9.41/1 isobutane/2-butenes ' -
Temp: S0°F (+/-2°F)

Calculated Contact Time: 19.2 seconds .
Calculated Hydrocarbon Rise Velocity: 0.104 ft./sec.
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in said cyclic path, characterized in that the process conprises the steps
of :-introducing said mxture into said reactor containing said catalyst,
wherein said catal yst includes sul fol ane and hydrofluoric acid; passing an
al kyl ate reaction effluent resulting from t hBubstitaté sheef - 38i Auglisf 1996and
i soparaffins within said reactor and includi ng hydrocarbons and said
catalyst fromsaid reactor to said settler wherein a phase separatl on
occurs so as to produce a hydrocarbon phase and a catal yst phase; passing
sai d catal yst phase to said heat exchanger whereby energy is renoved from
sai d catal yst phase by indirect heat exchange to produce a cool ed catal yst;
and utilizing said cool ed catal yst a%algle I catal yst contained in said
reactor. 2. process of claim1, wherein said reactor is a
vertically el ongated tubul aq"/F%é'gt’ “ﬂ e 5{4105\?&‘“ ortion, and an upper
portion which defines the r¥4ét LY fEH}YEhe al kyl ation cat al yst
and wher ei Ji]ossahd mxture is int rodusced intg said | gwer portyon of lz,ﬂp
reaction zONe Cortajning said catalyst at a volunetric rate such t

contact tiggspfesaidd M xtig e Wt hismiod catgy.yst | 99ak | easd1.d0 seocends;

sai d al kyl piwct&actton ~3.79 2.03 3.60 5.98 30.9 Ve
Lights 5.68 3.32 5.50 7.70 49.32 <1

C5+ Alkylate (Wt. % Isobutane-Free Basis)

Ccs-7 15.26 13.59 14,74 14.56 7.36 9.74
c8 56.18 62.74 60.20 53.40 24.47 65.30
C9+ 22.54 18.30 18.99 23.41 17.26 23.15
T™P 46.04 51.65 49.27 43.36 19.38 53.35
DMH 9.95 10.91 10.77 9.95 5.99 o 11.77
TMP/DMH 4.63 4.73 4.57 4.36 3.88 4.53
R+M/2 91.1 91.7 91.2 - 90.4 85.9 91.4

Lights = All C2, C3, and C4 components except iC4

Total = Total combined alkylate after iC4/volat11es removed
Feed: 9.23/1 isobutane/2-butenes

Pressure: 100 psig

Temp: 90.0 (+/-1°F)

Calculated Contact time: 6.4 seconds

Calculated Hydrocarbon Rise Velocity: 0.104 ft./sec.
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ekfl.uent including hydrocarbons and said catal yst are passed fromsaid
upper portion of said reaction zone to a settling zone wherein a phase
separation occurs so as to produce a hydrocarbon phase and a cat al yst
phase, said catal yst phase is cool ed to prodSgestituté®esheet c303Auglst fodesai d
cool ed catalyst is utilized a$ said catalyst within said reaction zone. 3.
A process of claiml or 2, wherein sai 8 mxture reacts within a reaction
zone defined by a riser-reactor, having a | ower portion, an upper portion,
and an effective length-to-dianmeter rgiiO pf greater than 5 to 1, and
wherein said mxture is introduced ifnto sard | ower portion of said reaction
zone contai ning said cat al ygls@tuFasd1db ansU€ hdbhpFeddie - 23 -

Substitute sheet - 8 Septentraricl 388: veOIRIBOC inC Tadkiygtof said catal yst to
said mxtu =ttt ' ' =S+ : ;

TOS, Hrs. 0.5 1 3 S 7 9 Total
% Converted 100.0 100.0 100.0 100.0 100.d 100.0 ede
Fluorides 0.75 2.18 2.09 0.64 0.88 4,50 %
Lights 13.11 16.19 15.47 13.94 13.31 21.23 <1

CS+ Alkylate (Wt. % Isobutane-Free Basis)

C5-7 13.21 12.66 12.49 12.64 12.82 14.30 13.14
Ccs8 54.45 54.27 52.34 53.83 52.22 44.05 64.89
“C9+ 19.12 16.75 19.33 19.07 21.34 13.92 23.40
T™P . 44.93 44,46 42.60 43.71 41.93 35.15 52.06
DMH 9.36 9.81 ° 9.74 9.97 10.06 8.83 12.73
TMP/DMH 4.80 4.53 4.37 4.39 4.17 3.98 91.0
R+i1/2 91.7 91.8 91.3 91.3 90.8 90.7 90.99

Lights = All C2, C3, and C4 components except iCé

Total = Total combined alkylate after iC4/volatiles removed
Feed: 9.43/1 isobutane/2-butenes

Pressure: 100 psig :

Temp: 90.0 (+/-1°F) :

Calculated Contact Time: 17.5 seconds

Calculated Hydrocarbon Rise Veloeity: 0.114 ft./sec.
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said al kylate reaction effluent including hydrocarbons and said catal yst
are‘passed fromsaid upper portion of said reaction zone to a settling zone
wherein a phase separation occurs so as to produce a hydrocarbon phase and
a catal yst phase; said catalyst phase is coobgisstitgii® cRELEL 3D ,Qggé,gid 996
catal yst; and said cooled catalyst is utilized as said catalyst™w t?ﬂ n said
reaction zone. 4. The process of claim2, wherein said reactor
defines an effective length-to- diametwr ratio of greater than 5 to 1. 5.
The process of claim1l, wherein the contact tinme of said mxture with said
catalyst is at |least 5 seconds. 6. The process of any of the
precedi ng clainms, wherein the cont actable ly of sajd nmixture with said
catalyst is at |least 10 secqQn rocess of any of the
precedi ng cl ai ns, wherein %géﬁ;%tlfgﬁngfﬂoftﬁ%%f&&rsai ¢ catalyst is in
the range of 2.5 to 50 weight percent E _The process of any of
the precedigag dsai M, whereiin the reaction condjti ons conmprise a rgeag

t enper at ure—i-n—-therahge—of—er+i—t-o—-er+l—and——a—pressie—-n—t-he—range of

% Converted 99.9 98.3 98.2 91.4 st
Fluorides 5.99 13.07 22.07 26.43 fede
Lights 7.74 15.86 26.67 33.46

C5+ Alkylate (Wt. % Isobutane-Free Basis)

Cc5-7 6.59 8.12 110.39 10.30

c8 61.89 51.35 39.05 28.26 NOT
C9+ - 23.56 24.23 23.40 28.65 EVALUATED
™P 50.48 41.24 31.14 21.94

DMH 11.22 9.94 - 7.67 6.20

TMP/DMH 4.50 4.15 4.06 3.54

R+M/2 90.7 89.2 87.9 86.0 °

Lights = All C2, C3, and C4 components except iCs
Feed: 8.82/1 isobutane/2-butenes

Pressure: 100 psig

Temp: 90.0 (+/-1°F)

Calculated Contact Time: 6.4 seconds

Calculated Hydrocarbon Rise Velocity: 0.104 ft./sec.
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anbient pressure to 1.5 MPa but sufficient to.maintain |iquid phase
conditions. 9. The process of any of the preceding clains,
wherein the nolar ratio of isoparaffin-to-olefin in said mxture is in the
range of 2:1 to 25:1. 4. The process of C|ajb’§t|$uteV\é}?éé%I nséq,l,_gbljsqa@%
defines a vertically extending reaction zone having a volune and an
effective length-to- dianeter ratio of greater than about 5 to 1. s 5.

The process of claim 1, wherein the contact tinme of said m xture with said
catalyst is at least 5 seconds. 6. Thaoprocess of claim 2, wherein said
vol une of said vertically ex- .tended reaction zone is defined by a

ri ser-reactor having an effective 10 | engt h-to-dianeter ratio of
greater than about 5 to 1. 7. The prdakis¥of claim 3, mhereln t he contact

time of said mxture 50/50 HF/Sulfolane + Ideal Feeds:
Static Bed: 90°F/300 mL Catalyst

TOS, Hrs. 1 3 : 5 7 9 Total
% Converted 95.1 94.8 93.8 94.3 83.3 e

Fluorides 3.31 1.68 4,54 4.82 14.24 0.0
Lights 5.60 5.11 8.01 8.26 29.08 <0.1

C5+ Alkylate (Wt. % Isobutane-Free Basis)

cs5-7 15.44 10.56 16.06 15.14 11.62 4.6

11 ' 52.42 53.58 49.13 44.05 29.40 49.35
c9+ 26.27 30.50 26.34 31.72 28.97 44,68
T™P 40.94 41.92 37.75 33.59 22.11 38.29
DMH 11.44 11.68 11.20 10.30 7.16 10.92
TMP/DMH 3.58 3.59 3.37 3.26 3.09 3.51
R+M/2 _ 89.7 89.6 89.6 88.9 88.3 87.9

Lights = All C2, C3, and C4 components except iC4

Feed: 10.8/1 isobutane/2-butenes

Pressure: 100 psig

Temp: 90.0 (+/-1°F)

Total: Total combined alkylate after iC,/volatiles removed.
Calculated Contact Time: 16.9 seconds

Calculated Hydrocarbon Rise Velocity: 0.118 ft./sec.
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wi~th said catalyst is at |least 10 seconds. is. 8  The process of any of
claims 1 to 3, wherein the anount of sulfolane in said catalyst is in the
range of 2.5 to 50 wei ght percent. 9. The process of any of clains 1 to 3,
wherein the reaction conditions conprise a t§p& . BREA S

[err] to [err] and a 20 pressure in the rangg{écj)waéwﬁgi thAu gsg?uér?éeato
1.5 MPa but sufficient to maintain |iguid phase conditions. 10. The process
of any of clainms 1 to 3, wherein the | ar ratio of isoparaffin-to-olefin
in said mxture is in the range of 2:1 to 25:1. 25 This Sheet Has Been Re

| aced _ Table VI

50/50 HF/Sulfolane + Ideal Faeds:
Static Bed: 90°F/200 mL Catalyst

TOS, Hrs. 2 3 4 5 6 Total
% Converted 91.1 89.9 "~ 88.6 86.4 72.8 fek
Fluorides 10.04 10.16 24.05 50.61 62.46 e
Lights 17.88 17.33 32.12 59.64 80.53

C5+ Alkylate.(Wt.Az Isobutane-Free Basis)

Cc3-7 13.92 12.03 7.67 4,11 2.05

cs 34.03 34.78 27.09 16.19 8.53 NOT
Co9+ 33.45 34.85 32.01 19.30 8.47  EVALUATED
T™MP 25.55 26.26 20.53 12.18 6.39

DMH 8.33 8.34 6.38 3.91 2.07

TMP/DMH 3.07 3.15 3.22 3.12 3.09

R+M/2 88.2 88.0 87.7 87.7 88.3

Lights = All C2, C3, and C4 components except iC4
Feed: 9.55/1 isobutane/2-butenes
Pressure: 100 psig
Temp: 90.0 (+/-1°F)
Calculated Contact Time: 11.3 seconds
Calculated Hydrocarbon Rise Velocity: 0.118 ft./sec.
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.
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CLAIMS,
1. A process for the catalystic alkylation of hydrocarbons, including olefins

and isoparaffins, in the presence of a catalyst, which said catalyst passes through a cyclic
path defined by a reactor, a settler vessel, a heat exchanger and a return, all of which are
operatively connected in series and in fluid flow communication, said cyclic path having a
geometry which permits the natural circulation of said catalyst through said cyclic path
solely by energy imparted to said catalyst by ﬂowing hydrocarbons and density differential
in said cyclic path, characterized in that thé process comprises the steps of
' introducing said mixture into said reactor containing said catalyst, wherein

said catalyst includes sulfolane and hydroﬂuonc acid; passmg an alkylate reaction eﬁluent
resulting from the reaction of said olefins and isoparaffins within said reactor and
including hydrocarbons and said catalyst from said reactor to said settler wherein a phase
separation occurs so as to produce a hydrocarbon phase and a catalyst phase;

passing said catalyst phase to said heat exchanger whereby energy is
removed from said catalyst phase by indirect heat exchange to produce a cooled catalyst;
and '

utilizing said cooled catalyst as said catalyst contained in said reactor.
2. A process of claim 1, wherein said reactor is a vertically elongated tubular
reactor having a lower portion, and an upper portion which defines the reaction zone
containing the alkylation catalyst and wherein said mixture is introduced into said lower
portion of said reaction zone containing said catalyst at a volumetric rate such that a '
contact .time of said mixture with said catalyst is at least 10 seconds; said alkylate reaction
effluent including hydrocarbons and said catalyst are passed from said upper portion of
said reaction zone to a settling zone wherein a phase separation occurs so as to produce a
hydrocarbon phase and a catalyst phase;

said catalyst phase is cooled to produce a cooled catalyst; and
said cooled catalyst is utilized as said catalyst within said reaction zone.
3. A process of claim 1 or 2, wherein said mixture reacts within a reaction
zone defined by a riser-reactor, having a lower portion, an upper portion, and an effective
length-to-diameter ratio of greater than 5 to 1, and wherein said mixture is introduced into

said lower portion of said reaction zone containing said catalyst at a rate such that the
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volumetric ratio of said catalyst to said mixture within said reaction zone is in the range of
from 1 to 9;

said alkylate reaction effluent including hydrocarbons and said catalyst are
passed from said upper portion of said reaction zone to a settling zone wherein a phase
separation occurs so as to produce a hydrbcarbon phase and a catalyst phase;

said catalyst phase is cooled to produce a cooled catalyst; and

| said cooled catalyst is utilized as said catalyst within said reaction zone.

4, The process of claim 2, wherein said reactor defines an effective length-to-
diameter ratio of greater than 5 to 1.

5. - The process of claim 1, wherein the contact time of said mixture with said
catalyst is at least 5 seconds.

6. The process of any of the preceding claims, wherein the contaét time of
L said mixture with said catalyst is at least 10 seconds.

7. The process of any of the preceding claims, wherein the amount of
sulfolane in said catalyst is in the range of 2.5 to 50 weight percent.

8. The process of any of the preceding claims, wherein the reaction conditions
comprise a temperature in the range of -18°C. to 60°C. and a pressure in the rangé of
ambient pressure to 1.5 MPa but sufficient to maintain liquid phase conditions.

9. The process of any of the preceding claims, wherein the molar ratio of
isoparaffin-to-olefin in said mixture is in the range of 2:1 to 25:1.
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