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SUPPORTED L ESH6D CATALYSTS FOR PRETRRSBRA
CONVERSI ON REACTI ONS Technical Field 5 This i nvention
relates to supported Lewis acid catal yst si’s‘t ens, to processes for
preparing the catal yst systens, and to various hydrocarbon conver si on

reactions which are perfor megyiporifif LRHES Q0ES QTaPrerd ??fﬁ al yst
e

systens. More particularly, the invention relates to e ctive catal yst
syst ems for cationic pdfiPRECARBAN| ANVERSIGN BEAGHONS soneri zati on and

hydr ocarbon 10 cracking reactions conprising at |east two Lewi s acids
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~initiating a ation reactions, an e carbocationic polynerization
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. continues to s ' ' i efficient catal yst systens
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present invention was devel oped pursuant to this interest. - Summary

of the Inygnti fbund of the! iRvértign dance with one aspect of the present
i nvention, th - - an imobilized Lewis acid catal yst
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. Both supported and unsupported Lewis acid catalysts have been used
with varying degrees of success for initiating alkylation reactions and the
~ carbocationic polymerization of olefins, such as isobutene. However, in spite
of the advances made in the fields of alkylation and polymerization catalysis,
25 there continues to be interest in developing highly efficient catalyst systems
which can be recycled or reused in hydrocarbon conversion processes. The

- present invention was developed pursuant to this interest.

Summary of the Invention : o
30 ~ In accordance with one aspect of the present invention, there is

_provided an immobilized Lewis acid catalyst system which is free from any
added titanium-, vanadium-, hafnium- and zirconium-containing Lewis acids
and which is active for various hydrocarbon conversion reactions, including,
in particular, carbocationic olefin polymerizations and alkylation reactions.

35 According to this aspect, the immobilized catalyst system is in the form of a
- particulate inorganic substrate on which there is supported or immobilized at
least two separate Lewis acids, wherein at least one of the Lewis acids
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conprises a strong Lewi s acid, such as anatkyl al umi num an al kyl al um num
hal i de, an al um num halide or a boron halide, and wherein at | east one of
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Another aspect of the present invention provides a process for using
25 the above immobilized Lewis acid catalyst system, which is free from any
' added titanium-, vanadium-, hafnium- and zirconium-containing Lewis acids,
for polymerizing a variety of monomers into homopolymers and copolymers,
e.g., polyalkenes, by contacting the monomers with the immobilized Lewis
acid catalyst system of this invention under carbocationic polymerization
- 30 conditions. The monomers which may be used according to this aspect of the
invention include those having unsaturation which are conventionally
polymerizable using carbocationic Lewis acid catalyst polymefization
techniques, such as, for example, olefins characterized by the presence in
their structure of the group YC=CHop. The catalyst system in this aspect is .
35 preferably free from any added titanium-, vanadlum- hafnium- and zirconium-
' containing Lewis acids which are known to catalyze Ziegler-type
polymerization reactions and to produce prlmanly stereoregular polymers, as
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used in hydroc ymmbamscnf polyisebutylene prepared usingra conventional nok+ ng
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mol ecul e. 3§ 28cid Q lyst, will contain terminal arnensiexspinal iviny &ﬁn@rléﬂﬁiﬂﬂf@tlaﬂd
hydroxy aromatic ln still other aspects, the catalyst systems of this invention may be

'used in hydrocarbon conversion processes such as isomerization, cracking
~and alkylation. As is known in the art, alkylation may be simply described as
- the addition or insertion of an alkyl group into a substrate molecule. Of
25 particular interest is the alkylation of aromatic and hydroxy aromatic
substrates, such as benzene, toluene, xylene and phenol. Suitable alkylating
agents inciude, for example, olefins, alkanes, alkyl haiides and mixtures.
However, particularly preferred alkylating agents for use in the present
invention include olefins, including olefin oligomers, such as propyiene
30 oligomers, having from about 6 to about 50 carbon atoms and having one
double bond per molecule. '

A significant advantage of the present catalyst systems is that they are
stable and do not leach or otherwise deposit free Lewis acid into the reaction
medium or, more importantly, into the reaction products. Another advantage

35 s that the present catalyst systems are usabie for muitiple reaction cycles (in
the context of a batch process) without regeneration, resulting in substantial
‘cost savings, as well as the elimination of significant amounts of hazardous



substrates, such as benzene, toluene, xylene and phenol . Suitable
alkylatl agents include, for exanple, olefins, alkanes, alkyl
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The acid strength of a Lewis acid is dependent both upon the metal
atom in the Lewis acid and upon the electronic effect of the ligand that is
associated with the metal atom, and can be measured by reacting the Lewis
acid with a base, typically a ketone or nitrile, and the observing by infra-red
25 spectroscopy the shift of the characteristic absorption v C=0 or vC N. The
weaker Lewis acids give a low absortpion shift, whereas tthe stronger Lewis
acids give a higher shift. See, for example, W. Kuran et al., Makromol.
Chem., 154, pp. 71-79 (1972), which discusses the relative strengths of Lewis
acids in the context of metal halide and organometal halide catalyzed
30  copolymerization and cyclodimerization of acrylonitrile and butadiene.
As a general rule, for the purposes of this specification and claims, the
acid strength of a Lewis acid having a halogen ligand and a given metal
_central atom, such as AICI3 or CoHsAICI5, increases with the number of
halogen atoms. Thus, the relative strength of alummum and halogen-
35 containing Lewis acids increases. as foliows:
AICl3 stronger than (>) CoHsAICI > (C2Hs)2AIC! > (CZH5)3AI
Another general rule for the purposes of this invention is that the
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infra-red 25 spectroscopy the shift of thedcharacteristic absorption [err]
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> (C[err]H[errﬁ?{yerr ) _Anot her_general fule Tor e purposes
of this invent Poéferred steang kewis acids ingludss foreample, aluminum compounds
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as a chi Brefe B ErYlcn it A imberirom 163, and X i€ 3 alogen
\%ﬁl [err] SL r orweﬁgnaeﬂflyhew feomitha groGp @bhfisﬁnb’wﬂﬂbeﬁnb, chiorine, Al sg,
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equi val ent's t hgesquichloride ((GaHg) sAIC1 5) calyminumchinide (AlGds).and mixtures

exanpl e, al um onpounds 10, having the formula Rlerr]Al X[err], where R~
i s a nonoval ent hydrocarbon radical, preferably C1L -C12 al kyl or

aryl, n is a nunber AMig therglativelyweak Lewis aeds fomtemplated foraisenindhis
sel ected from jdventioA e @& AaRdes) @il hialidés aha. alkfll comptiunds of maghésiupe and
lodine. Non-limtipng exanpl.es of  suc referred,strong Lew s .acl ds
el ude t @t hfPholia Atk AR eauiiaigile Shétepkinciiing, fgr SxaTilen mAGASHM o 15
((Cl err] H er r] thmpolAdShavingtthy fomulai RUrMEXY. gy, where R1 is a monovalent
(Gerr]H err] AL Cdioeattdn ra%fi&}i,l prat&tEbiy 84 -C12 alkyl or aryl, mis 1 or 2, and X1 is a
halogen independently selected from the group consisting of flucrine,
chlorine, bromine and iodine. Non-limiting examples of such preferred weak
25 Lewis acids include dibutyl magnesium ((C4Hg)2Mg), butyl magnesium
chloride (C4HgMgCl), SnClg4 and mixtures thereof. .
The concentration of total Lewis acid (strong plus weak) present on the
substrate will range from about 0.5 to about 20% by weight, based on total
weight of the metal or metals of the Lewis acids; preferably from about 1 to
30 about 10%; most preferably from about 2 to about 8%; for example, about 5
weight % of total Lewis acid metal on the substrate. The molar ratio of strong
Lewis acid to weak Lewis acid is generally in the range of from about 100:1 to
about 1:100; preferably from about 50:1 to about 1:50; most preferably from '
about 10:1 to about 1:10.
35 As indicated above, titanium-, vanadium-, hafnium-, and zirconium-
- containing Lewis acids, such as TiCls, VCl4, and HfCl4 and ZrCl4 should be
avoided inasmuch as they promote Ziegler-type catalysis.
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The particular substrate materials are not critical, provided that they do
not interfere with the conversion processes for which the resuiting
immobilized Lewis acid catalyst systems are intended to be used, and

25 provided that they contain the hydroxyl groups whlch are necessary to react
with, and thereby fix or immobilize, the Lewis acid catalyst materials.

The Lewis acids may be immobilized on the inorganic substrate by
contacting the substrate with the selected Lewis acids at a temperature
ranging from room temperature to elevated temperatures on the order of

30 about 15009 to 200°C. or higher, and preferably, from about room temperature
_ to about 110°C. The substrate may be contacted first with the strong Lewis
acid and then with the weak Lewis acid. - Alternatively, the substrate may be
contacted first with the weak Lewis acid, and then with the strong Lewis acid.
Also, the substrate may be contacted simuitaneously with both the strong and
35 the weak Lewis acids. Also, depending U'pon the acidity of the substrate after
having been contacted with the strong and weak Lewis acids, it may be
desirable to further contact the substrate with a halogenating agent to convert
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i ntended to be used|mapiilZationtieé 4@8ng ARk, WMLG\QI&I acids i Bcbordanky with

groups which are necessar

i rmobi | i ze, t hBrefede aé@@é“c%ﬁ&?ﬁ?”ﬂt'@\’?@l@ may be ! lustrapeydﬁgéﬁl%{gﬁlgwm ds

may be i rrm)br I scmnmrémmmsubst rate by , contacting the
substrate %th the selected Lews acids at a tenperature rangi ng from
roomtenperature to el evated tenperatures on the order of 3 0 about

150[err] to 200[err]C. or higher, #&hd preferably, from about room

t enperature o about 1 rr]C. The suﬁt y be cpn first
with the stron 'pé'avrs r':ﬁ" dRhﬁIB érﬁgeﬁga @wr @3@989
AIternatrvﬁy, ;msutMa; p@ybe tedfr t he weak

Lew s aci d, csjthen vmththg.ﬂl} Levmsar Al-R AIsog Ag;.mpstrate
may be contact 8#QH nul t aneou8i40 wi th both th |-Qrong and 35 Sit@e weak Lew s

acids. Also, ddpendr ng upon tlhe acidity of tHe substrate aftlr havi ng
been contacted with the strong and weak Lewis acids, it may be

desirabl e 2 further contact the s{@ptrate with a haI ogenatr ng agent to
convert WD 95/ 26816

PCT/ US95/ 04011 i

resi dual hydr o a Si-0H h&l % éeQ-AlRCIIW| s gle@thCIz nst ance,
t he %r n i 'ﬁﬂ& e oyed # or exanpl e,
al kyl ha éal o§’en ogen Ral @on Tt i K@jpl es of
sui tabl e éh@l-pgenatr ng g. ts i ncl ude 5:03 err] an J nds
having the forgula 5 R2C, év\,here R2is a gydrocar bon radi: AIC pically a

Cerr]-Clgygl- Ibpéferahly a i-O-AIRCI _‘I-O- 2
(3)

$i-OH . ~ di-oH | $i-0-AICI
dron 1 2Mg di-0-mgCH

‘0 éli-or-r %.o> .Mg | éli-o-Arcrz

The novel immobilized catalysts of the present invention can be used
to polymerize a variety of monomers into homopolymers and copolymers,

45 e.g., polyalkenes. The monomers include those having unsaturation which
are conventionally polymerizable using carbocationic Lewis acid catalyst
polymerization techniques, and monomers which are the equivalents thereof.
The terms cationic and carbocationic are used interchangeably herein.



Clerr]-Clerr], secondary or tertiary alkyl radical, e.g., t-butyl chloride.
| mobilization of the strong and weak Lewis acids in accordance with

pref err edVQ 832816 of the present invention may be ill ustratREI/GSPSDH0I1

fol |l ow ng schematic reaction sequencs: 10 [err]

The novel immobilized catalysts of the prgsent invention can be used

to polynerize a varlety of nononers into honopol yners and copol yners, 45

e.g., polyal The nononers include thase having unsaturation which
are conventlb(jﬂm TNOpeMERE Use I'%t"d%PFﬁft@&rQSGB%PF%?ﬁ’g INYeRUONaMYy cat al yst

pol ymeri zati potyhmhabmﬂnaﬁdnmawaﬁéraaerﬁewﬂﬁdwmaﬁmﬁrhefeeOf .
The terns CaE{hy enica dur(l:saartgl% ite 'g?gﬁgs lﬁgrgorhg secracrt1 33%%%%% oret;r%'nghed
monoolefinic monomers, such as vnnyl ethers, propylene, 1-butene,
& isobutylene, and 1-octene, or cychc or acyclic conjugated or non-conjugated
dienes. S
Suitable olefin monomers are preferably polymenzabie terminal .
olefins; that is, olefins characterized by the: presence in their structure of the
group YC=CH2. However, polymerizable internal olefin monomers.
10 (sometimes referred to in the patent literature as medial olefins)
- characterized by the presence within their structure of the group

[ |
-C-C=C-C-
15 : D |

can also be used to form polymer products. When internal olefin monomers
are employed, they normaily will be empioyed with terminat olefins to produce
polyalkenes which are interpolymers. For purposes of the invention, when a
20 particular polymenzed olefin monomer can be classified as ‘both a terminal
olefin and an internal olefin, it will be deemed to be a terminal olefin. Thus, -
1 3-pentad|ene (i.e., ptperylene) is deemed to be a terminal olefin for
purposes of this mventlon : .
Preferred monomers used in the method for formmg a polymer in
25 accordance with the present invention are preferably selected from the group
consisting of alpha-olefins and typically C3-C2s alpha olefins. Suitable
alpha-olefins may be branched or straight chain, cyclic, and aromatic
substituted or unsubstituted, and are preferably 03-015 alpha-o!ef ns. Mixed
olef ins can be used (e.g., mlxed butenes). :
30 The alpha-olefins, when substituted, may be directly aromatlc
~ substituted on the 2-carbon position {e.g., monomers such as CH=CH-CgHs
may be empioyed). Representative of such monomers include styréne, and
derivatives such as alpha-methyi styrene, para-methyl styrene, vinyl toluene
and its isomers. . - o
35 . Inaddition, substituted alpha-olefins inciude compounds of the formula
HoC=CH-R3-X2 wherein R3 represents C to C22 alkyl, preferably C1 to C1g
alkyi, and X2 represents a substituent on R3 and can be aryi, alkaryl, or
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A efin nonéﬁ?ﬁ@nﬂgéful in the practice of the present i nvent PEA/USPE/04011

pol yrreri zabl e ol efi n nononers: characterized by the presence of one or nore
ethyl enical |y unsaturated groups. The nonom@es can :be straight or branched
nonool efi nic nononers, such as V|nyI ethers, propylene, 1 -butene,

i sobutyl ene, and_ 1

I
non- conj ugat ed cycioalkyﬁ t%eggolary &slich %2 Eugﬁﬁﬁ?é%l %8{%%‘?‘%? Eﬂ)ﬁg ﬁ?FQP'hr e
preferably pol atoms {eil, q:ﬁenymnaphthyl and thedike) cycloaliyl of 3 to|1f ¢carbon atoms

Corryomcrf orr (B8 aendRl SrodbiiC cheiphbid) Gilapbn siciodesyl iidBodecy!,
(someti nes ref 8nddbe fike) and pikapd of Tt tol 15 carbam atoms (eegii talyloxyyl, ns)
characteri zgd Eih plrerbfi 6 H@Pgh'éhinﬁﬂbﬁtrﬁeréfﬂtﬂ Ehkﬁz A8 V\ﬁ useflifare

[err] al's en | nternal

ol efi n monomer 'CYC“C s%sétmpf)&'@ﬂ-lbﬁm@édrﬁﬁﬁﬁﬂ such; ag indene and.gerivatives,
ternminal ol efi aﬁdtundgeaca:ﬁea-otefns deM'}iéh ey amymb%nmte@hermhﬁneé sre For

f th t t d f
P be ol assi { PeAfEd B, SR Atrbdene b athy S i BRERe ST o1 ot
|t wi || be deesthyihexyl)e2-nottsornena, ard tHe ltke)Ihus, 1, 3- pent adi ene

hi & § nverkd on. st Rehdiriiod eAhiRIGE pe Peirady alinacolationier o, -

form ng a pol ypeopylene 5 -balecer isabutens, tipenteng; tdexenenl-octens, and:1-

~preferably selg % d.om the group consi sting of aI pha- ol ef i ns and
typically C[err err] alpha olefins. Suitable pha-ol efins may be
branched or strai ghDienes suitaple far purpeses:ebihis invention lneju@eﬁtramf@@ham.

unsubsti tut ed, h?d%céfﬁb@&i&féﬁn%@rky@lo@lkénﬁsﬁb&ixtu?éd)Eikeﬁéﬁfh'a% éﬁ;d@%
ol efins can be
when substh3 ut 8 ou‘rﬂaé/%&o& EITQ V‘cﬁﬁﬁﬁﬂtg% exampie.shﬁﬂqxﬁdl(ﬁ Mﬁym 4-
2- carbon posi t hexadieng, 1,3ycipontadiens, Maﬁbﬂﬁlﬁd%dlﬁmpédt&ﬁrd\b 5- 4
o e o< 3 S, PSR 0 Sl
t ol uene aorbarnene saﬂybcwclolﬁxene and vinyhdyiciododecengbst i tuted
al pha-ol efins i ncl ugp 4o BRWAARIgated Bfered tJHicdily used, the preferred dienes are
20 dicyicopentadiene, methyl cydopentadiene dimer, 1,4-hexadiene, 5-
methylene-2-norbornene, and 5-ethylidene-2-norbornene. Particuiarly
preferred diolefins are 5-ethylidene-2-norbornene and 1,4-hexadiene.
The polymers and copolymers which can be manufactured by the
process of the present invention are those which can be manufactured by a
25 carbocationic polymerization process and inciude but are not Iir_h’ited to
polyalkenes, such as polyisobutene, poly(1-butene), polystyrene, isobutene
styrene copoiymers, and the like. The term copoiymer as used herein is
defined to mean a polymer comprising at least two different monomer units.
In particular, the immobilized catalysts of the present invention are
30 especially useful for manufacturing polyisobutene and poly(1-butene) from
feedstreams containing butene monomers. It is especially preferred to use
refinery feed streams containing C4 monomers, commonly referred to as
Raffinate | and.Raffinate II.
The polymers and copolymers which are manufactured using the
35 immobilized Lewis acid catalyst system of the present invention may be
-referred to as reactive polymers in the sense that they are characterized by
having terminal or non-terminal viriylidene unsaturation in at least 40 % of



H2C=CH R3- X2 wherein R3 represents CJerr] to (Jerr] alkyl, preferably

Cerr] to (Jerr] al kyl, and X[ err] represents a substituent on R3 and
can be arWPIS¥8t&ry|, or WO 95/ 26816 PCT/US95/04011
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cycl oal kyl . Exenplary of such X2 substitqgents are aryl of 6 to 10 carbon
atons (e.g., phenyl, napht hyl and the Ilke) cycloal kyl of 3 to 12 car bon

t | obut | ohexyl | ooct
cycl odecyl tr&e;e%eam%r dins Substghfial mer-YerrmRbEyBVidens yigrRianins car bon
atonms (e.g. cohventionatewis acid catalyzedipoiyrersihas hpt beennbsepielwl Twisht hyl

ol et i ns,  sucers tneRDnier SthBupts yhigh sl béen BEBIbl Ty SonyatiioRel  ne' of

which ([ er rpoofs;.rpqcrtad(gewmam catalysis meluemsmgbeems acldpsuclmased (e.qg.,

5-met hylg un$ d%qeﬁ .QPWgyémﬁﬂy less than 20 % of the chains .

et hyl hexyl )- - no onene I ve non-Timting
exanp! es of P@h@ﬂﬁféd’f Ahisttype comtain vinylidene Unsﬁf‘tfﬁ;‘?@}aés vzelbasérm

i sobut ene, émg 7o /u o Q&ﬂ?'

D enes sui tabl e for se a%d&ﬁﬁg mvgﬂfllag%'llalr:\ caéael ?tgs t'c a| n,

hydr ocar | bonoﬁmﬂr@fcm ‘@%ﬁ?ﬁ%%?ﬁk‘@ﬂygq{ges haV| ng about 6 to
15 about 15 car Wﬁms mfrtnlsm‘bmﬁanéoﬁ poiyispbatyldne!poigirietichains

i Cycl ot DavingdermiHel Uiy idne w?aﬁ%%&ﬁ E'r%yaﬁéﬁﬁfﬂrattg& s RidRs" e

5-cycl ohexyl i dene- 2- nor bonene, 5-vinyl - nor bonene, allyl

cycl ohexene and vinyl cycl ododecene. O the non-conjugat ed

di enes typically used, the pr ' @e@ are 20 dicyl copent adi ene,

met hyl cycl opent adi‘ene dimer, 1, 4-hexadi ene’ 5-(~~ = polymer chain)

nmet hyl erée- 2- nor bonene, and 5-et hyI I den norborrene articularly
preferred diol efins are 5-ethylidene-2-norbonene and 1, 4- hexadi ene.

The pol yners and_copol yrers which can be manufactured by the - . 'process

of the present i RAbEcRYlene RAyBer Ghaips hawng soRdatingl (intamal) a 25

car bocat i onvinyli@engensafiratioh Ry fustitted'as felfowsit. are not limted to
pol yal kenes, Such as pol yi sobut éne, pol y(1-butene), polystyrene, isobutene

styrene copol yners, and the like. The term copol ynmer as used herein is
define@@ o mean a pol ymer conpri sing at |least two different nononer units.
In particular, the inmmobilized catalysts QjH%he present invention are 30
especially useful* for manufacturi ng polyi :“ob tene and poly(1l -butene) from

mmmm~nC-R  (whereR2>C3)

25
The carbocationic polymerization process of the present invention may
be carried out in'a polar or, preferably, non-polar reaction medium as a
continuous, seml-contmuous or batch process Suitable polar solvents which
may be used as the polymenzatlon reaction medium include, for example,
30 - methyl chloride, dichloromethane, ethyl chloride or nitromethane or the like,
whereas suitable non-polar solvents include, for example, carbon
tetrachloride, hexane, heptane, cyciohexane, and more generally the linear or -
" branched, saturated or unsaturated hydrocarbon solvents which can be found
in the stream of monomers obtained from various Cracking processes.
35 The reactors which may be utilized in the practice of the present
~ invention include conventional reactors and equnvalents thereof such as
batch reactors, stlrred tank reactors ﬂundxzed bed reactors and continuous
tank or tubular reactors and the like.



f éedstreans containi ng butene nononers. It is especially preferred to use
refinery feed streans containing C4 nononers, comonly referred to as

Raf fi nate | WON26846¢ i nate 11 .  The pol ymers and cdSVYIEPENn ch
are manufactured using the 35 i mobi lized Lewis aci.d catalyst system of
the present invention may be" -referredilo as reactive polyners in the
sense that they are characterlzed by having term nal or non-term na

\F/>IC$>/ USSS?S 432?’“ ur atdQ}eb B il %%ﬁfal 4Q et amounts o R ﬁﬁ%ﬁgmed catalyst, _
pol yner chai ns sysiensotine mlesaohmuenﬁtamaffecti\wnu catalyzathe polymerization of the
conventional rﬁé}‘ rﬁ%@?@’ﬁa@sﬁ@h%@ t@é@a%@ﬁﬁ ABEARE F;Sblgﬁﬁl’ S

differs fron1po yner ave be repar e u5|n8 convent| ona
non- suppor ted Pa¥ing %ﬁl@dccdiaaa‘;@r@tmm@mﬁuae@. F\'aﬁe,reeem@ca digions wilhbas 5

~ethyl al uni Slumsdbﬁ krhétrsmmenﬁe rat(esl rb!&:r@aéﬂd/réﬁééné@ﬁﬁm?é}e%ﬁhtélﬁéd

el | 'as from ~SBCNETA Fgin wheapé?tmrimp@an"”ta' A 1R Rt S Brestieb’

catal ysis (Wptfmﬂésiré@p&tymers havingthedesiredicharattenstics.hai ns cont ain

pol yi Sobut yi ene. pol JYBIEElknecatavs EmBHORRF LA MICERBORCa! ur ot on

- may be il ustrcoaventiorabin this art for carbocationic polymerization processes. For
Ele:\{ ]er nal )10 examplz':c)ﬁgél s;tqgﬁé%}t’ur a{ Mé/%fos% '?’?'cgﬁyat ec!:sm'R ?ﬁifqu 20
[err] - about 1/50, more typically about 1/5 to about 1/100, and preferably about
1/1000 to about 1/200. This mole ratio will be calculated by determining the
number of Lewis acid-catalys_t sites in the immobilized Lewis acid catalyst.
. This can be done by using conventional analytic testing techniques such as
15 elemental analysis, NMR (e.g., aluminum NMR) and absorption spectroscopy.
Once the number of Lewis acid sites per unit of immobilized catalyst is
known, the mole ratio is caiculated in a conventional manner.
_ The polymerization reaction temperature is conveniently selected
based on the target polymer molecular weight and the monomer to be
20 polymerized as well as standard process variable and economic
- considerations, e.g., rate, temperature control, etc. Typically temperatures
- from about -100°C to about +75°C are useful in the process; more typically
about -50°C to about +50°C, depending, as noted above, on polymer
- molecular weight. Reaction pressure will typically be about 200 kPA to about
25 1600 kPA, more typically about 300 to about 1200 kPA, and preferably about
400 to about 1000.

The monomer feedstream to this process may be at least one pure or
mixed monomer feedstream or combinations thereof. Preferably, the
monomer feedstream may be mixed with solvents such as hexane or _

30 heptane, and the like. A preferred feedstock to this process may be a pure or
mixed refinery butene stream containing one or more of 1-butene, 2-butene,
(cis and trans), and isobutene. The preferred feedstocks (preferred on an
availability and economic basis) are available from refinery catalytic crackers
and steam crackers. These processes are known in the art. The butene

35 streams typically contain between about 6 wt.% to about 50 wt.% iscbutylene
together with 1-butene, cis- and trans-2-butene, isobutane and iess than
about 1 wt.% butadiene. One particularly preferred C4 feedstream is derived



25 The carbocationic polynerization process of the present

I nventi on may -be carried out in a polar or, preferably, non-pol ar
react i onWRISRE{IFas a conti nuous, semi -continuous or bé?ﬁ’ﬂswléss.
Sui t abl e pol ar sol vents which may be used as the polynerization
reaction medi uminclude, for exanple, 312- nethyl chloride,

di chl oronet hane, ethyl chloride or nitromethane or the I|ike, wher eas

sui tabl e non-po 0 S in e, _f.or _ex n_. :

tetrachl ori @%'% Aﬁﬁ&ﬁ&e@*ﬁ&b?ﬁ es%%'ﬁcqr 5@8?3%&%&%&%%&%@?}“@%& I near

or br awt Ycidobutylenes tabdub 25:85 wt.% satulatedcbutaned andsatbout rt550mtos can

be found PPN eat ~Q ' I ' rackin

processes. 5—58 ﬁ@Z-ﬂlﬂe%ée. %@Q@{eg@@%ﬁcﬁéégﬂ?%ﬁl%%ﬁéﬁ ﬁ%é:pract [ ge of

t he presentRaffinate Hebaracierized bydess hanahoutfawt.Meisobityenad equi val ents -

t her eof gsuch as The mdtintdr f S i ' it , hZed bed

r eact or g , and. comel_ nmuous 'fbsaf%ggﬁﬁ}(j'rs%ﬁﬁgy re g@ﬁ%@yﬁ%ﬁ%’ﬁﬂéﬁ

VO 95/ 26816S: it contains iess than SO ppm, and more prefgrag y less than about 30 ppm,

_Fr’ﬁT / US95{ 044rd ﬂost pretfel_'ably Iefsfs_ than about 10 ;.zpm. by zveight o_f.wa_tle_r.l Such '?wl t '
e reactor, W contain sufficient, anpun of the. ilize al ys

syst em of tlﬁgelﬁpg ?fﬁmim?%ﬁ'@ﬂg%ﬁ'@@ﬁ%g@mgﬁﬂﬁfm Rﬂﬂr&ﬂéﬁ?za{i on of

thle mactwwitblatw:'at_a'rrabsbmtnt(sadmns_mH,_t@aelsza"sguciTrlr?iectﬂat)u_nt' of
ol yne o r - . - uced. The reaction

gon)d/i tI&gnS %eﬁ?%@gwﬁg@cﬂﬁgﬁgﬁé ﬁf@ﬁ'ﬂ%‘?‘?ﬁﬁ@rﬁt uré, pressure and

resi dence tine afhe manomenfeedstream istypically substantially free of lanyrimpuritpn

medi um in_Uofich ilbbdersb foskfite WittPir-LitBiyst under i pigigRaighy ™! S havin

the desired characteri st’ cs. , Typrcally, catalyst to nonone

rati o utiliGRAGItANS fer example, the manemearfeed ﬂ&?fer%b'vmm%ﬁ pefor

car bocat i orgubsetiaiy Treerof Basey A Scaustic) |.§?.|Ifu?wming3§érﬂbﬁ§ﬁd§ 0

ror ! a2 e S 8 S mbrnaraatans, . TR capaR. o
tl{]éooo to mpﬂd@p&Wmiq@bompmrmdsy\a@d theelikeu cul ated bly det er (ran;M_niSngCi 4
catal yst. ?ﬂé @bgglﬂfq{gghgﬁ%% 'éifﬂ%‘!’ﬁ%?{‘@%‘y ﬁgﬁ%f)#{ §®gfi§st i ng

t echni ques compoundsito avaid aikylatiorereactions. Therefoee,guse of amianomatieR) and
o0 by T SEAS R s not envRlgfed il Bmaaate o °, | o5 per
conven®Ponal naurf@aterial acting as a cocatalyst (or promoter) may optionally be
~ added to a monomer feedstock before that feed is introduced to-a-reactt_:r or it
may be added separately to the reactor, e.g., to the catalyst bed. A variety of
conventional cocatalysts or equivalents can be?-uséd"inc!uding inorganic acids
| ‘'such as hydrogen halides, lower alcohols, C2-C24 secondary or tertiary alkyl
25 halides, organic acids such as carboxylic acids and sulfonic acids, and the
like. For example, gaseous, anhydrous HC!, may be employed as a
cocatalyst. The HCI will be employed in a catalytically effective amount,
~ which.amount will generally range from about 50 to 5,000 ppm by weight of
- the monomer feed, preferably 50:to 500 ppm (e.g., 70 to 200 ppm) by weight
30 of the monomer feed when the monomer feed comprises >5 wt.% isabutylene,
and preferably from about 100-5,000 ppm (e.g., 400-3,000 ppm) by weight
when the feed comprises n-butenes _ah_d <5 wt.% isobutyiene. - If anhydrous
HCl is added to the feedstream containing isobutene, t-butyl chloride is
formed before contact with the solid catalyst. =~~~ .
35 The order of contacting the monomer feedstream, catalyst, cocatalyst
(if any), and solvent is not critical to this invention. 'Acdcrdingly, the catalyst

and cocatalyst can be added to the reactor before or after adding the



The pol yneri zation reacti on terrperat -6 i mveni ently sel ect ed based
on the target polymer nolecul ar vvelg.t*}.'-an *the _nonomer to be 0
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The mnonelchesaﬁﬂs%%bvgm calibr aadogelammatlpnanmmap ¥4GPC)
i's, it containindiRifent)ah Hi'%gggs’l? (PDIF, s kbwhlas therolekalardight SO0

ppm and st prefer an aboyt of “wat er .
Bheh tow " ciskbution tViuel wiliypical e Ul bR 4hamore
feedstream pr tymcmg;éhmtsw abdutemt ahd pre &tbsabdwzo (such as

of i sti 11t d, in $5h8 tbiinch ﬁ%ﬁeﬁﬁﬁo&‘ﬁwﬁn&%&a{ y e

of distillatio
subst anti 20y Bystenvis that; dunipngrthe couse of the:polymerization; i @roduces-two e W| th

the catalyst updfimdidCoR@b¥iy 4 T hitlecular weight polymer (Mn on the order of
: about 500) with a very narrow molecular weight distribution, and the other
being a higher molecular weight (Mn typically on the order of about 2500 to
about 6000) with a much broader molecular weight distribution.
25 Lewis acid catalysts of the present invention also find use in other
hydrocarbon conversion processes including alkylation, isomerization and
~ cracking. For example, the catalysts may be employed in the cracking of long
chain hydrocarbons, e.g., heptane, butane, etc., to produce shorter chain
products such as ethane, propane, butanes, etc. Additionally, the catalysts
30 may be used to catalyze the isomerization of normal alkanes to their
“branched chain isomers: '

The alkylation process of the present invention will be conducted by
contacting the aromatic or hydroxy aromatic substrate and alkylating agent
under reaction conditions, including mole ratio, temperature, time and

35 catalyst ratio sufﬁcient to alkylate the substrate.



conditions. For exanple, the nononer feed preferably should be
substantially free of bases (such as caustic), sulfur-containing conpounds
15 (suowoas26dierr] S, COS. and organo-nercaptans, e.g., RONUSHOIGAPt an,
et hyl mer capt an), N-contai ning conpounds, and the |ike.

The nononer feedstreamis typically subggantially free of aromatic

- conpounds to avoid al kyl ation reactions. Therefore, use of an aronatic
sol vent generalléhls not envisioned in this polynerization process. 20

A material actinghadiyarexcromaticisubsirate samraundsuisefiiin shepreparation
-added to a m&g@mé Sehféﬂ‘al?éf ﬂﬁ@sﬂ\)ﬁ"kmhqaéldd‘é thaéé eéﬁﬁ%nae rfévirﬁlct or or

it parately to the reactor, to the catalyst
bed. A vari conventional cocatal ysts or eqU| val ents can be used
i ncl udi ng |norgan|c acids-- - such as hydrogen halides, |ower alcohols,

. C2-C24 ?econdary or tertiary alé?( ;'5 hal i des, organic acids such as

car boxyFic acids and sul fonic &9 )and t he | i ke. For exanpl e,
gaseous, anhydrous HCI, may be enployed as a cocatal yst. The HCl w |
be enpl oye ly effective anount, whi ch amount wi ||
general ly mg'eq?%gk?é')@c?bﬁﬂso t0 4, 000 ppm by wei ght of t he nononer

feed, preferably 50 to 500 ppm(Rz g-, 70 to 200 ppm) by weight 30 of the
nmononmer feed when the nononer feed goRpriges >5 w. % i sobutyl ene, and
preferably from about 100-5, 000 -@ 400- 3,000 ppm by wei ght

when the feed conprises n- butene AreSB tyy % 1 sobut yl ene. | f . anhydrous

HCl is added to the feedstream cpnt &= ng_Ji sobutene, t-butyl chloride is
formed before contact- with the solid catal yst 35 .~ The order of
contacting the nononer feedstream catalyst, cocat al yst ~  (if a y), and{
sol veni0i s and zds Bniineger fromi 4o 2nweistanvintegerfsem hJi ais dror 2 and

and cocat al - ddit 0 the reactor before or after addi ng the
V0 o5 2apacH O1-C24 iy RadRal

PCT/ US95/ 04011 - 13-
nmonomner feeds”ﬂﬁﬁbtréﬂﬁh éﬂé&@ﬂ)\r grupgy él@pﬁéwlenéfﬁ héhylere! napistharstiger
f eedstream ca e.added before or after adding t he cocat al yst and sol vent.

The degree mﬂ%ﬁsrl zation of pol ymers (and ol i gomers) produced
Wit h tlns cat al ysThe trdmatic substratecompoundsusefut imthecpreparation ofther ed end

more typi o gRled mta“%éﬂ%%;@ﬁﬂ%Vf@%“@é%@@“b%ﬁﬁfﬁ#ﬂ%%ﬂi&“ﬁ ar el gh

pol ymers arformulas:

Arl - RSy and (Ar! - R55)y

20 N .
wherein Ar! represents:

25



oli goners the degree of polynerization will “typically be about 5 to about"
100. Correspondi ngly, the nunber average nol ecul ar weight, M, of a
pol ynmeric WO9S8tduct will be determ ned by the nononer andPEEYBAN40F1

pol ynmeri zation; for 10 a C4-based polyner, typical values are from about

300 to about 300, 000 gm nol e, dependiqzg. on the intended end use of
the product. The range of - number average mol ecul ar wei ght of |ower
nol ecul ar wei ght pol yneric - products will be fromabout 300 to about

16, 000; nore typically about 600 tg about 6000 gni nol e. Nunber
aver age nol eculwheraif biis one or dwoeR eSICI1yCQ5 alkﬁ.a@g-r@ziq pyclaatiyl, tGg>Cy g aryl,

calibrated gel hepr ¢4 20) I nstrunent. The
pol ydi spersity Ikﬁagﬂknom g.g ecul ar wei aht distribution

(Merr]/Merr]) wi | |l“tﬂ§}fﬁtw&| of,suchryd grpﬁm s are benzens ens; biphenyiene,

typi cal |y aboutngdphtifaleRéland antritaéery.ef erably about 6 to about 20.
Unexpectedly, in some instances, a characteristic of the present catalyst

.20 systemis that, during the couse of the polynerization, it produces two
pol ymers, one bei ng The substrdte generallyowill ise cortacied a(’tl‘mmﬁﬂaﬁomfdmm about

‘about 500 omer Qb td SOTRrBREAGY i aRELES %, e brserkl R B0 2188, 200 |

about 6000) wi tholesmefithe substrate panlmielo&rthe\allqlatmg agentb Conventipbal ratios

L d t t

hydr ocar bosC oot SkyRatitig adénttyBe ‘é’f'ﬂ i %"anﬂ"s@“t’" picdhy wiflbg diit 0.5
cracking. For dR#bireore W@'C@ély aﬂbpyt 1oped Pfﬁqu ﬁE‘Y@%ﬂ 09t f

| ong chaigboly 9/22¢ 2T Seletted catdl tca?ﬁae BHiployed R mdew Oanamgiuce

Addi t onal 1y, cRBcenPRigs Seriasally dhe cataluat il be dhaibes 10 BRevide #hiastat i on
~of normal al karaksut 0. 001e preferably fromnabegt 6.04ito 0.5 onore preferably from abdtite
Gont act 1 ngtohe F 3 chge8 oF L ehas adi e s fooRSof ARG EpBlbed 10 hg. o
under reacti on afkyiatian reactionrzonediUse obgreatertthan 1 mofeeofithe bewisiaoid and 3 5
cata yst ratl o catdiystpei tholbbriubktratetis'rtt ganBRAllyYeduired. ThefeattartB LR be
The hydroxy ar SRatacted withithepsesentimmahilizec-kewisi acid icatalystsystememploying of
the al kyl at ed " ghy@ontbfitiGhal'sdlid-liqUid Bbniatting tecHtfiqhé SuchUP By pdssiAg thé 9
20  reactants through a fixed bed of catalyst particles. The upper limit on the
moles of catalyst employed per mole of substrate compound is not critical.
 The temperature for alkylation can aiso vary widely, and will typically
range from about 10 to 250°C, preferably from about 20 to 150°C, more
preferably from about 25 to 80°C. :
25 The alkylation reaction time can vary and will generally be from about
1 to § hours, although longer or shorter times can also be empioyed. The
alkylation process can be practiced in a batchwise, continuous or |
semicontinuous manner. |
Alkylation processes of the above types are known and are described,
30 for example, in U.S. Patents 3,539,633 and 3,649,229, the disclosures of
which are hereby incorporated by reference.
The invention will be understood more fully in conjunction with the
- following exampies which are merely illustrative of the principies and practice
thereof. The invention is not intended to be limited by these illustrative
35 examples. Parts and percentages where used are parts and percentages by
weight, unless specifi ically noted otherw:se



the formul a: 5 [err] ~wherein Ar

represents [err] 10 and z is an

i nt eger woosREB160 2, wis an integer from1l-3, a is 1 or 2PCIMSIBH4013

a CJerr]-Cerr] alkyl radical. Illustrative of such Ar groups
are phenyl ene, biphenyl ene, napht hal eney and the like. 15 The -
aromati ¢ substrate conpounds useful in t?]e preparation of the

‘al kyl ated materials of this invention include those conpounds havi ng the

formul as: Example 1: Catalyst Synthesis (SiO2/TIBA/MgBupfttBuChCatalysty (Ar[err]
\F;[Degg} )2% 8% g SiNEE(W R. Gra&s 1052PRAVIAG Y Specific area of 300 m2/g wag ©' ']
PCT/ US95/ 0fi¢hydrated by heating under vacuum at 450° C. for one hour. To 2,6 g of the
whelr ei n bI idehgdrated sm@, tHdre'was addé& 09 inmdF[ofltﬁkobhiw lalurpiriing [TIE lﬁ]d |
eSl 08l 41 nlfarel gt he howr, 3 g HIMGBES [ibbhy HBnbsuy wediadded ! ¥ ' ©
phenyl ene, andthe myikture was heated 20 minutes at 800 C. After washing the resuiting

solids three times with heptane, 2 mi of pure tertiary-butyl chloride (t-BuCl)

was added and the silica was again washed several times with heptane. The

silica-supported catalyst system, which was yellow in color, tumed orange

10 after drying under vacuum for 1.5 hours at 100° C. The resulting dried
catalyst system was analyzed and found to contain 1.47 % Mg, 0.73 % Al and
6.35 % CI. (

Example 2: Isobutene Polmen;atlo (Runs 1-3)

15 In a glass fiask equnpped with a dropping funnel, a thermometer and a
pressure transducer, there were placed 100 mi of heptane and the amount of
isobutene monomer indicated in Table 1. To this mixture, maintained at -200
C., there was added an amount of the catalyst system prepared in Exampie 1
containing the indicated amount of aluminum. The contents of the flask were

20 maintained at -20° C. for 40 minutes, after which the polymerization reaction
was discontinued and the reaction products were analyzed by gel phase
chromatography (GPC) in tetrahydrofuran (THF) using polystyrene as the
standard. The resuits are set forth in Table 1 hereinbelow. The above
procedure was repeated (Runs 2 and 3), except that the polymenzatlon

- 25 ‘medium was first dried using NaH as a dessicant (Runs 2 and 3), the
~ amounts of monomer (Runs 2 and 3) and catalyst (Run 3) were varied, as
was the polymerization time (Run 2). Also, the temperature was permitted to
vary over the course of the polymerization (Run 2). In'the runs wherein NaH
was used as a dessicant, about 0.1 to 0.5 g of NaH were introduced under an

30  argon atmosphere from a Schienck tube into the polymerization flask
containing about 70 g of the heptane solvent medium. The monomer was
then added to the flask and the mixture was allowed to stand for about 15
minutes before starting the polymenzatvon The results of Runs 2 and 3 are
also set forth in Table 1. :



5 ° napht hal ene, and anthracene o e "‘--f"The substrate generall y wi ||
be contacted in a nolar ratio of frgm about - 0.1 to 10 preferabl a/ from
ahout 1 to WOMPRI6yr ef erably fromabout 2 to 5 mol es REFI/P$PS/04011
substrate per nole of the al kylating agent. Conventional ratios 10 of
al kyl ating -agent typically will be used. Thg.ratio typically will be about

0.5 to.2:1, nore typically about 0.8 to about 1.5:1, and preferably
about 0.9 to about 1.2:7%.. The sel ected catal ysti.can be enployed in
wi dely varying concentrations. General | the-catalyst will be

charged to provide at |east about]!!ﬂﬂﬁipreferably from about 0.01

to 0.5, nore preferably fromabout 15 0.1 to 0.3, noles of Lewis acid
cat al yst per ngIRunof| Mdnﬁﬁ\bretamnaﬁ\aﬁgqq-c%jme Conv., -Wmhon MgACt T §n

zone. Use of gridNd erl mdlesn 1 |murhalesAf |t he Lewi s |@i d | min. |cat al yst per fjnol e
of substrate i g not jgeneral l}y required. The rgactant|s cany be
contacted with fie dr@sent ilOdshi | | 4e@0 Ldvd s dcied ci4d v<t2900<1 67168l oyi ng
.any conventiondl2 sol{i @8 i qui|®.3ont adt-8hg |[tAchrli4ues,| WucH 2850by29W0si §g t he
.20 react ant s jrogut - bet—qftsgatisyySt tTdoES - | 2688V m t
on the mllslpq n?%iggttal :?ilzprml -20’ cuy Isg%nf gﬁ:trzsﬁsg bonpoundl i S
not critical. ' ' The terrperature for al kyl ati on can al so vary
wi dely, an® wi IWWQ!‘MQSWM range from about 10 to 250[err] C,
preferably fromabout 20 to 150[err]C, nore preferably from about 25

to 80[ ﬂr] bC f25 It will Eb%e&h'fvdrﬂhhoﬂﬁt@&ﬁfabll&tt,ithﬂhﬁlan Z\I(QISil'\giNdr]lNi ltl
general ly be . - ur a gh | onger or shorter
times can al so&%{b@ﬁrt@z‘é‘é‘e"mé ftagte‘ri" ragﬁ_ ?@?‘%ﬂ‘%ﬁgﬁr ocess can be practiced
in a batchw se, continuous or sem conti nuous mnanner.

Al kyl atlorlooro B 8 cifafst ?%ﬂg@éﬁgﬁﬁé@ ?{{elg ?é Zed 30
for exanple, I'SC ures of
which are hereby i nteripboof sehygrated silisad¥V.R.Grace 1952) inr3@ mliof beptane, wi | |
be understood #Haré wadlddded?, Q%dpunﬁﬂ?m#cwnéMho rs af Rloh? ériSertdre e
which are merely illustrative r es ang r I;héreof
The invention ’Pé@l&@ s washed-and 3.7;amal ﬁ‘lﬂ‘f?@ﬁﬁg)

exanpl es. Par themademre@udedembhzmurs elﬁees'mmas mdmmnémﬁwa

\SBC'T? Bts’% / kgﬁmﬁpo? i 'B%@l ﬁ/ he %Oel V%Peeé&\éec? After about ‘}/\90815 /fég s]llca was
washed and dried under a vacuum for 1.5 hours at 100° C.

Example 4: Isobutene Polymerization (Runs 4-5).
~ The procedure of Example 2 was repeated, except the supported
20 Lewis acid catalyst system prepared in Example 3 was employed in place of
the catalyst system of Example 1. The polymerization procedure was run
twice, once after using NaH as a desiccant to dry the solvent medium (Run 4)
and once without dessicating the solvent medium (Run 5). The resuits of
Runs 4 and 5 are set forth below in Table 2.

25 )
TABLE 2
Run | Monomer | catalyst | T, °C | Conv., | Time | M My
No. Imolest 1o % min. '
4" 23 045 |-20 |476 |60 |5580 | 72960
5 2.6 0.3 -20 379 20 7550 101200
* without NaH desiccant

30



‘Exanpl e 1: Catalyst Synthesis (Si(err]/TIBA/MgBu[err]/t-BuCl Catalyst)
Silica %R Grace 1952) having a specific area of 300 nferr]/g was

dehydr at9¥368keat i ng under vacuum at 450[err] C. for one SISHW1IY 6 g of ,
t he dehydrated silica, there was added 0.9 mml of triisobutyl
alumnum (TIBA) in 5 heptane. After oRg.hour, 3 mol of MBu2 (dibutyl
magnesi um was added and the mixture was heated 20 minutes at 80[err]

C. After washing_the resultin & - solids three tines wi'th heptane, 2 ni
of pure tertiaryTbhatdata imfabledkconfimigihe increasegrate gficanversiame silica was

agai n washegxgetieticed Whéveme/w?nmehﬁaﬁ is EBAducted inthé | peeseribansrthgd

cat al yst sy whl C t urned .ora fter drying
under vacuuﬁ?ﬁga‘ oﬁ?@ éfeq Prrf @fmvﬁmlﬁufﬁggaﬁﬁéagﬁ
catal yst sywheraa%eaaﬂdcyandhambléaulad ltdstnot ashigh. % My, 0.73 % Al and

6.35 % ¢l . Exanpl e 2: Isobutene Polynerization (Runs 1-3) 15
In a gldss flask eqw pped vmth a droppl ng funnel, a thernonmeter and a
pressure trExamptecd: Catalvst Sy : IMgBuﬁlAlﬂlyGﬂtaIysh and the anount of

i A 7 ﬂ?eﬁt"%ﬂé’*’”’ﬁa RS OWIR Ghace o810 T bF habfie
prepared i nthEk%MﬁSeadﬂed 2 ml of gnit mqlarn@oluhen iMgBu2inbexana nAftgr anlhdlmum
The contentg setutrbh @mﬂ it tollBne weré tidided. Attdrtidatin nf fof S0 fof o

m nutes, after r| zat 1 on reacti scont| nued and

the redBti JPYS (ﬂi Pvmigla‘esw'thmpe pe: Miefpny (GPO)
in tﬁrahydd i andérwa.:uusanmmt:yﬁwmno&s thecatalys syswé}ﬁfwéb The
results ar a erein ove L Pr re was
repeat ed (%fﬁ(é%’?;%#]g)gr}e%'} é@?‘”&’ﬁ!@e %Wﬁv}% Fplyzed @dﬁﬁ%s {
first dri edCLSI®% Rhandd.2%Mgsi cant (Runs 2 and 3), the anount s of
nmononmer (Runs 2 and 3) and catalyst (Run 3) were varied, as - was the

polymerlzatlon tlne (Run 2) - Al so, the t enper at ure was permtted to
vary o¥6r tExample€: : 4 (Bunsﬂrﬁ) 2). In the runs wherein NaH

was used as a d e dosk der an
30 ;r gon E B??Beon?ggggﬁ?mk'igt | nétgcget‘ne %%%ZWSK
cont ai ni ng §ta %‘ﬂﬁs‘ﬁM@eﬂbB[m@P mmm?l'-

then added ihladeof thesdat M of EXaimpies.aThewes k@oﬁﬂﬁé‘éxéﬁhb t 15
m nut es bef ?ﬁo&h iﬁs&?ﬁg p%slt?/rrerlzatlgﬁs The resﬁlts of Runs Iég% 3 are

al so set f

20
TAB
Run | Monomer catalyst T, *C Conv., | Time | My My
No. | molesn | ogn A 1% min. | -
6 (217  lo4s |20 |384 |30 | os00 [ 79870
71 1254 03 120 |374 |30 |12280 | 117140
82 |28 0.38 20 - [61.3_ |30 | 15380 | 105560
o |27 05 |40 25 leo | e300 | 3so00
| without NaH desiccant
25 ; heptane-isobutene mixture maintained over NaH for 0. 5 hours

heptane-isobutene mixture maintained over NaH for 2 l_lours

Examgle 7: Hexene-1 Oligomerization _
30 To aglass ﬂask. there was added 90 g of the catalyst system prepared

in accordance with the procedure of Example 5 (in 50 mi of heptane).
Thereafter, 1.4 mi of t-BuCl and 10 mi of hexene were added with stirring..
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TABLE 1 WO 9512683n Monomer al uninum T, [err]C [err]T RGHUSISONLL,

err] Merr] No. nol es/| nmol es/ | % m n.
[ err] 2.5 0.35 -20 O 56 _4940 2900 57160 2
2.8 0. 35 -20 - 21 44 10 2850 29100 3 3.2
0.2 -20 5 2580 34500 5 . .#%: W thout NaH desi ccant
It will be seeﬂ'herramrﬁélvaﬁawre% fora1Q) min at raam tmﬁe@tvtﬁs?rﬂg thereaction was
g:tS' fcat”t)s rtef]!ﬁérf»‘ét ped Hyafﬂiraﬁ%ﬁéf fh@rf Qﬂ lonlOTheEéﬁimlhg?séluﬂon

al yst - Synt hesi err u err
1.4 g of dehydMﬁséﬂ'g%ing I\g GEQ qaq,gg ation of the

thlere was addegoRredt,218lg cﬁerButanas\féwvle?e?cnomsuommhl c{jmn( raag% t he
sil1ca was S yl al um num chl-oride (DEAC) In :
_hept ane wer%la ggg@r'g%r[ h%fgl 8#’%@3& lica was washed with heptane and 3
- 15 mrol of t-BuCl in hept ane were added. After about 1 hour, the silica

was washe ‘éi ?'gl ali uum for 1.5 hours at 100[err] C.
Exampl e 4: |so he procedure

of Exanple 2 was rel®Aa8@ ss&asspmqqymmdémmofmah{ét sysdemal yst
syst.em prepar esréﬁhrsambw%m WPERamp lds'(iﬁ' O m of toluené) CTiEreW St

system of Exanpl e ol ITEI‘I zatl on procedure wa tvvl ce, once
after usinP %%aﬁd%i 'B'c%ﬁ& &@BQM“@F[#?? Ropdpe and
once Wi thout. dmeaﬂél mtér%ﬁmm fd?f’l'fl4 ﬁbdr amddihlteraberﬂhm rthsuéaanow‘was

Runs 4 and 5 ar fo I Table 2

TABLE 2 ste %ﬁ'&ﬁé’?ﬁ atthe, ?ﬂ-ﬁ"“grs"’t%ﬁﬂﬁ“l? Ehpronversian of r o
Merr] tetrapropylesélwas cajtulated to be 95 % by gas chromtography 4] err]
2.3 0. 45 -20 47.6 60 5580 72960



5 2.6 0.3 37.9 101200 wi t hout NaH

o e 3 Y0 % mnmmm T —

The data in Table 2 confirns the ﬁnd‘reésed .rate of conversion

- experienced when the polynerlzatlon s cgﬁducted in the presence of the
NaH desiccant. The effect on the rate of conversion is relatively high,
whereas the effect on the nol ecul'ar weight: is not as high. 5

Exanpl e 5: Cd#3MSst Synt hesis (Si Qerr]ll\/gBu[err]/AI Cl[err] Catalyst

To 2.1 g of dehydrated silica (W.R Giace 1952) in 60 mM of heptane

there was added 2, mni rA a 1 nolar 'solutjon-: 9@!‘41 n _hexane. After one
-~ hour, a sol Lt i onA&uppontegd Lawisaciq eatalyst sys M'ﬁgﬁéf&m @agder t or
heating for titaniud®, vanadium-2hafiilmt Bhd Sircohiltn-tbhidiningtsewis ﬁd‘i’é al

o™ e 4408 rof e th%%W@tﬁé‘/i\?%a@?“é%ﬁéﬁﬁw%ﬁémc o The

cat al yst wasarmimorgarid okide $dbstrate having itimobili2eéithérenma tatalftiddlly 15

Efxa%ﬁp?e' v BT\ ¥ RN Sl ang et feast prg et ©

cat al yst sydiawis ared in accordance with Exanple 5 was used I n
place of the catalyst system of Exanple 1. The results of this exanple are
set forth in Table 3. 20 TABLE 3

Run Mononer cat#@-yst e ce@lys}t@vswmcorﬁwsatw&mm 1, whergia sajd oxide  No.
nol es/ | 9/ |substrate |mt|a|| eontains'uiface hydro I g%ﬁps }.:apaBIelEf reactin 5vnth - 20
36. 4 PMSP%O 8 71 AL g, 3 3‘. 30
12280 117 thereby i immo ilizing both sa:d strong ewis acid and said weak Lewis {
- acid, wherein said strong Lewus acid is supported on said substrate by having

been reacted with at least a first portlon of said hydroxyl groups initially

present on said substrate and wherein said weak Lewis acid is supported on

said substrate by havung been reacted with at least a second portion of said

hydroxyi groups mrtrally present on said substrate.

3. The _c_atalyst system according to claim 1, wherein said
inorganic oxide substrate comprises at least one silicon-containing oxide
initially comprising surface Si-OH groups, wherein at least a first portion of
said Si-OH groups have been converted to Si-O-M groups, where M
represents an atom derived f_re_m a stre_ng Lewis aCid, and wherein at least a

~ second portion of said Si-OH groups have been converted to Si-O-M' groups,
where M' represents an atom derived from a weak Lewis acid.

4, The catalyst system according to Claim 3, wherein M is selected
from the group consisting of Al and boron, and wherein M' is selected from
the group consisting of Mg, Fe, Sn and Zn

S. The catalyst system according to Claim 4, wherein the molar
ratio of strong Lewis acid to weak Lewis acid is in the range of from about
100:1 to about 1:100.

6. The catalyst system according to any one of claims 1105,
wherem said inorganic oxide substrate compnses a silica component.



8lerr] 2. 8 0.38 15890 105560 o[err]
2.7 0. -40 25 l! ﬂ ,m l) i wi t hout NaH
dgsi ccant 23"095:[2681‘ hept ane- i sobu nt ai ned overPGEHPRISHI0Y 5

hour s 2 hept ane-i sobut ene m xture maintai ned over NaH for 2 hours
Exanpl e 7: Hexene-1 digonerization 30 -21- To a glass flask, there was
added 90 g of the catal yst system prepared I n accordance wi-th the
procedure of Exanpl 50 ept ane re 4.1 of
P BuOl and 10 i of ThexerDe eavataeHiel dAotding to iaim 6. Whlergl sald sigs

PCT/ US95/ 04011 component is selected from the group consisting of silica,- suﬂ@a—atumuna The

mxture was st iohicadubha Lcllindtedid Wlite AFARLNrANSILRRIGARE RtbriES

then stopped by ra |on of re'su suspensi on

sol ution weystallioe laluminosiligates, opeo&mm@ay&m%mmgr@etm Af t er
evaporation of the solvent 2.9 g of product was recovered,
correspondi ng to abqut a 45 % conversion to hexene-1_ol

Exanpl e 8: Tol uene A& kyl &pr(gq:ess for cationically polyrgeazing:qlefin | m‘ﬁ?@?%rsvv%"%ded
272 ng of the coffprises: %bﬁtstﬂhg olefirpfriiprorest unuemaﬁbdmymhlzaﬁmm&anoﬁ

hai ng one uns SOUPEEH witt A cataviically effssive Al ot BlinBored o048 "5
at room t enper zatalyst system trattis free\irom addedditapipes, Yanddium-ahafniums ande
resulting sus p‘ii}EbRi %Wﬁ%ﬁ&@ué’ﬁmﬂs said cat@ly P8 stah| coifpriéing &al cu! at ed

to be 95 % by gas C
morgamc oxide substrate initially having surface hydroxyl groups capable of
reacting with Lewis acids and having supported thereon at least one strong

Lewis acxd and at least one weak Lewis acid.

9. The process according to Claim 8, wherein said inorganic oxide
substrate comprises a silica component, wherein said strong Lewis acid is
selected from the group consisting of Al-containing Lewis acids and boron
halides, and wherein said weak Lewis acid is selected form the group
consisting of Mg, Fe, Sn and Zn-containing Lewis acids.

- 10. A cationically polymerized olefin polymer prepared in
accordance with the process of Claim 9.

11. A process for alkyiating an aromatic or hydroxy aromatic
substrate, which comprises contacting the substrate with an alkylating agent
under alkylation conditions with a catalytically effective amount of a
supported Lewis acid catalyst system that is free from added titanium-,
vanadium-, hafnium- and zirconium-containing Lewis acids, said catalyst
system comprising an inorganic oxide substrate having supported thereon at
least one strong Lewis acid and at least one weak Lewis acid.

12. A process for preparing a supported Lewis acid cationic
polymerization and alkylation catalyst system, which comprises the steps of:
(a) providing an inorganic, hydroxyl group-containing
support; '
- (b)  contacting said support with a strong Lewis acid, other
than titanium-, vanadium-, hafnium- and zirconium-containing Lewis acids,
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15. The process of Claim 13 wherein said hydrocarbon conversion
is cracking.
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(57) Abstract

A supported Lewis acid catalyst system for catalyzing hydrocarbon conversion reactions including cationic polymerization, alkylation,
isomerization and cracking reactions is disclosed, wherein the catalyst system comprises an inorganic oxide support having immobilized
thereon at least one relatively strong Lewis acid and at least one relatively weak Lewis acid.




pol ymeri zati on and al kyl ati on catal yst system which conprises the steps

of : (a) provi ding an inorganic, hydroxyl group-containing
support; - (b) contacting said-support with a strong Lewis 5
aci d, other than titani um, vanadi um, haf ni um and zirconi um contai ning
Lewi s acids, - WD 95/ 26816

PCT/ US95/ 04011 under. conditions effective to react said strong .
Lews acid with a first portion of t he hydroxyl groups contained on
sai d support; ' (c) either before or after step (b),
contacting said support with a weak Lew s acid, other than titanium,
vanadi um, hafnium and zirconiumcontaining Lewi s acids, under
conditions effective to react said weak Lewis acid with a second
portion of the hydroxyl groups contained on sai d support: and

(d) after steps (b) and (c), optionally contacting said support wth-
a hal ogenati ng agent. 13. I n a hydrocarbon conversi on process
wherein at | east one hydr ocarbon is.contacted with a conversion
cat al yst under conversion . conditions, the inprovement conprising
contacting said hydrocarbon with the . catal yst systemof Caiml.

14. The process of Caim 13 wherein said hydrocarbon conversion IS

i someri zation. 15. The process of Claim 13 wherein said

hydr ocar bon conversi on i s cracking.
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