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SUPPORTED L CATALYSTS FOR HYDROCARBON CONVERSI ON REA

Techni cal FF?F§9QQGR This invention relates to supported Lew s al?::’lsg“
catal yst systens of controlled activity, to processes for preparing the
catal yst systens, and to various hydrocarbon conversion reactions which are
performed in the presence of such catal yst systens. Mre particularly, the
invention relates to catal yst systens for catronic polynerization,

al kyl ation, isonerization and 1o cracking reactions conprising at |east
one Lewis acid i nmobilized on HFPPRIEDGEEHIS AKIDIEATALISTS tFORwherei n t he

support initially contains surface hydroxyl rougs, wherein the support is
sel ectively treated to reduce tH¥@R ey %FV%F&P XBAACHI®Sps cont ai ned on
the surface thereof prior to inmmobilizing the Lewis acid thereon, and

wherein the cat aﬁ%éttmia@;g@ is free is fromadded titanium, vanadium,
haf nium or zirc OT] nj n %onents whj ch ,caatgﬁiéz;e Zi egl er-type
pol ymeri zati &h reacti '5%.!%’993? f%ﬁﬁﬂﬂ?@#ﬁ%i Alyst systems of o
anong the rrgst hpgmrcliudd activity, b procésses forcreparihg thé Batatysn spsteins) and élo f
reactions. Such cata . [ orm
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substrates, incl présegee bhsucxaatglyst systemsa Mene patticuiady, the inyantiop ralates to
various clays. Eedtionits Hedtidre VaIRylatar i g,l,ﬁ e
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titaniumtetrach #rlgégd'@g%% | umg{tagbraasfgﬁpg&ilgge%@ka n?ét?mw&%ggﬁ?%ri de
al so have been ugambenof hydroxyi groups contained on the surface thereof prior to
immabilizing the Lewis acid thereon, and wherein the catalyst system is free
15 from added titanium-, vanadium-, hatnium- or zirconium-containing
components which catalyze Ziegler-type polymerization reactions.

Background of the invention

Lewis acids are among the most powerful initiators for hydrocarbon
20 conversion reactions. Such catalysts have been used in liquid, gaseous and
solid form, and have been supported or immobilized on various polymeric
and inorganic substrates, inciuding, for example, silica gel, alumina, graphite
and various clays.
Both supported and unsupported Lewis acid catalysts have been used
25 with varying degrees of success for initiating alkylation reactions, in the
carbocationic polymerization of olefing, such as iscbutene and in
hydrocarbon isomerization and cracking reactions. Supported Lewis acid-
type components, such as titanium trichloride, titanium tetrachloride,
vanadium tetrachioride, and hafnium tetrachloride also have been used in
30 Ziegler-type polymerization reactions where stereoregular or crystalline
polymers are the desired polymeric product. In such Ziegier-type processes,
the catalyst components are often supported on an inorganic oxide which has
been pretreated, for example, with an alkyl halide silane, to reduce the
number of free hydroxy groups on the surface of the support. Ziegler-type
35 processes which are carried out in the presence of such pretreated supports
are disciosed, for example, in U.S. Patents 5,143,883, 4,374,753; and
4565795.



30 Ziegler-type polynerization reactions where stereoregular or
crystalline polyners are the desired polyneric product In such Zegler-type
processes,whlhgaésig al yst conponents are often supported on RCIVUSISOERA4 C ¥
oxi de whi ch has been pretreated, for exanple, with an al kyl halide sil ane,
to reduce the nunber of free hydroxy groups on'the surface of the support.
Ziegler-type 35 processes Wiich are carried out in the presence of such
pretreated supports are disclosed, for exanple, in U S. Patents 5, 143, 883;
4,374, 753; and 4,585, 795s. WD 951268182 -

PCr1US95103864 However, in spite of the general advances made in the fields
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e t systens
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vari ous hydrocarbon conversion reactions, including, in particular,

car bocat i oni c Sunmar ekthelavention; on and al kyl ation reactions. According to
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reactions, including, in particular, carbacationic olefin polymerization and
alkylation reactions. According to this aspect, the immabilized catalyst
system is in the form of a particulate inorganic oxide substrate which has
15 been treated first to selectively reduce the number of hydroxyl groups on the
surface of the substrate, and then to immobilize a Lewis acid thereon. The
particulate inorganic oxide substrate which is to be used as the catalyst
support may comprise any conventional i_nofg_anié substta_te having surface
hydroxyl groups, i.e., -OH groups. Such substrates include, for example,
20 powders comprised of or including silica, alumina, magnesia, titania, zeolites,
silica-alumina, silica-titania, silica-magnesia or the like. .

In another aspect, an immobilized Lewis acid catalyst system may be
prepared by reacting an inorganic, silicon-containing substrate having '
surface silanot groups, i.e., Si-OH groups, first with an agent, such as an

25 organo silane compound, for selectively reacting with a portion of the silanol
groups, and then with a Lewis acid catalyst component. In this aspect, it has
been found that by reducing the number of silanol groups on the surface of

_ the support before reacting the support with the Lewis acid catalyst
component, the activity of the resulting catalyst system can be altered relative

30 to acatalyst prepared without first reducing the number of silanot groups on
the support. '

Another aspect of the present invention provides a process for using
the above immobilized Lewis acid catalyst system for cationically
polymerizing a variety of monomers into substantially amorphous

'35 homopolymers and copolymers, e.g., polyalkenes, by contacting the
monomers with the immobilized Lewis acid catalyst system of this invention
under carbocationic polymerization conditions. The monomers which may be
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support may conprise any conventional inorganic substrate having surface
hydr oxyl groups, i.e., -OH groups. Such substrates include, for _exanple, 20
powder s conpr Q8326818 or i ncl udi ng silica, alum na, nagnesia, (FIGTAYR95(03864
zeolites, silica-alumna, silica-titania, silica-magnesia or the like. In
anot her aspect, an imobilized Lews acid catal yst, system may be prepared
by reacting an inorganic, silicon-containing substrate having surface
silanol groups, i.e., Si-OH groups, first with an agent, such as an 25
organo silane conpound, for selectively reatfi'fng with a portion of the
silanol groups, and then with a Lewis acid catal yst conponent In this
aspect, it has besed booordind it thisyaspeduot the inventiomineiudefthesé hgeihggr oups on
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mononers whi ch nt@actions and@ivyeh pewiuge primarily stereoreguiar polymers, as opposed to
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t hose havin uns turation e conventional usi ng
car bocat i oni ascaéw é‘gﬁﬁey'é? IO PIACERS Eﬁﬂe&‘f";@@ﬂ?ﬁ/’ﬁ%s og B‘H the f or
exanpl e, ol efi nspresent preferred continuous cationic polymerization process, at least one
inlet stream comprising monomer feed to be polymerized is fed to a reactor
having at least one discharge stream. The monomer stream is polymerized
in the reactor in the presence of the above-described immobilized Lewis acid
15 catalyst system. The resuiting polymerized polymer is removed from the
reactor along with the unreacted monomers in the discharge stream while the
immobilized catalyst system is retained in the reactor.
In still other aspects, the catalyst systems of this invention may be
used in hydrocarbon conversion processes such as isomerization, cracking
20 and alkylation processes. 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 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, aikyl halides and
25 mixtures. However, particularly preferred alkylating agents for use in the
present invention include olefins, inciuding olefin oligomers, such as
propylene oligomers, having from about 6 to about 50 carbon atoms and
having one double bond per molecule.
A significant advantage of the present invention is that it enables the
30 preparation of supported hydrocarbon conversion catalysts having a
preselected activity by controlling the number of hydroxyi or silanot groups
which are available on the support for reaction with the Lewis acid cataiyst
components. Another advantage of the present catalysts is that they are
substantially stable and do not leach or otherwise deposit free Lewis acid into
35 the reaction medium or, more importantly, into the reaction products; i.e.,
substantiaily all of the Lewis acid catalyst is immobilized or fixed to the
support. Another advantage is that the present catalyst systems are usable



characterized by the presence in their structure of the group )C=CH2. As 5
I ndi cated previously, the catal yst systemof this invention should be free
from any WOS82€818ani um, vanadi um, hafnium and zirconi urBGCRVIPIN6Hg
conponents which are known to catal yze Ziegler-type pol ynerization
reactions and which produce primarily stereoregul ar polyners, as opposed to
t he generally anor phous pol yners which are produced in accordance with io
the cationic polynerization process contenplated herein. To effect the
present preferred continuous cationic po4grerization process, at |east one
i nl et stream conprising nononmer feed to be polynerized is fed to a reactor
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al kyl ating agents include, for exanple, olefins, alkanes, alkyl halides and
25 m xtures. Hovvever partl cuI arI y preferred'al kytating agents for use in
the presekl | Q88 ] ' '-‘:'ngnc efln ollgomers such as
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15 fixing or immobilizing at least one Lewis acid on the support surface.

For the purposaes of this invention the terms fixed or immobilized are
used interchangeably and are defined as wherein substantially all of the
active Lewis acid is chemicaily bound to the substrate, e.g., by forming -O-
metal bonds with the metais of the Lewis acids. In other words, the Lewis

20 acids are not readily extracted by a soivent or diluent under conditions of
polymerization, alkylation, isomerization.-or cracking. The substrates which
may be used to prepare the supported Lewis acid catalyst systems of this
invention include any of the conventional inorganic oxide substrates which
contain free hydroxyl groups which can react with the selected pretreating

25 agent and the Lewis acid catalyst components. Generally speaking any
metal oxide which has surface hydroxyl groups can be utilized as the
substrate. The terms "metal oxide" and “inorganic oxide", although typically
used herein in the singular, are meant to include single oxides, such as silica
or alumina, as well plural and compiex oxides, such as silica-alumina, silica-

30 alumina-thoria, zeolites and clays.

Non-limiting exampies of such inorganic oxides include silica, alumina,
titania, magnesia, silica-alumina, silica-titania, silica-magnesia, silica-
alumina-thoria, silica-alumina-zirconia, crystalline aluminosilicates, including
synthetic zeolites such as, for example, A, X, and ZSM-S zeolites, and

35 naturally occurring zeolites such as, for exampie, faujasite and mordenite,
and open lattice clays, such as bentonite and montmorillonite. The preferred
inorganic oxide substrates typicaily are in the form of powders or particles,




whi ch are avail able on the support for reaction with the Lewws acid

cat al yst comppysidegig Anot her advantage of the present catal yspérivgodiddaés
they are substantlaﬁly stabl e and do not |each or otherw se deposit free
Lewis acid into 35 the reaction nediumor, nore inportantly, into the
reaction products; i.e., substantially all of the Lewws acid catalyst is

I mmobi | i zed or fixed to the support. Another advantage is that the present
catal yst systens are usable WO 95126818
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Description i t erre di nent.s .-The nove
catal yst syst enss‘B@‘FW'B? 8§Eﬁ‘t‘ ﬁ’%ﬁt%ﬂ"ﬁﬁ f%SW%?’E&‘%m%sst e.,
pretreating an iQbrgeaps, areipaeticulagy prefemedr i al havi ng surface hydroxyl

groups with a rel ati dg&ﬁﬁg&?"sﬁbi’&%ﬁ @@p&gé@éﬁ&%ﬁ%ﬁ@:&%ﬁﬁj&&aﬂmy do

surface hydroxy group
i mmobi | i zi ng at hetdeterferewiththe CEBYQfslSW ﬂfﬁéeg-'!ﬂ?pfgf whmrthacresuihae t he
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with, and thereby fix or immobilize, the Lewis acid catalyst components
The substrate material of reduced hydroxyi content is prepared by
pretreating the substrate with a substantiaily non-catalytic organosilicon
15 modifying agent that will react with a portion of the hydroxy groups on the
substrate. The organosilicon modifying agent must have at least one
functional group which can react with the surface hydroxyl groups of the
support amterial, and by means of this reaction the organic silicon residue
must be bonded to the surface of the support. Prior to the reaction between
20 the organosilicon compound and the support, the support may be dried at a
temperature below about 800°C to remove the free water and control the
amount of -OH groups on the support. Generally, it is preferred to remove
completely the surface free water from the inorganic oxide support.
The organosilicon compounds that are contemplated for use in the
25 present invention may have one of the following formuias:
(@ (RaSi)aNHor
(b} RpSiXm,
wheremis 1,2 3ordandnis 3, 2, 1 or 0, respectively, and the total of m+n
is 4: X is a moiety chemically reactive with the hydroxyl groups of the
30 inorganic oxide support, such as, for exampie, halogen (typically chlorine or
bromine), amide, alkoxide, phenoxide, hydroxide and the like; and R is
hydrogen or a hydrocarbon group containing only carbon and hydrogen, such
as, for example, C1-C24 alkyl, typicaily C4-C4 alkyl, Cg-C1g aryl, typically
Cg-C12 aryl, such as phenyl, or C2-C24 alkenyl, typicaily C2-Cg
35 aikenyl,such as vinyl.



metal bonds with the netals of the Lewis acids. In other words, the Lewis 2
O acids are not readily extracted by a solvent or diluent under conditions
of pol ymar{g,égg,iz g alkylation, isonerization or cracking. Tgeansesbpiseat €s ‘
whi ch may be used to prepare the supported Lewis acid catal yst systens of
this invention include any of the conventional inorganic oxide substrates
whi ch contain free hydroxyl groups which can react with the sel ected
pretreating 25 agent and the Lewis acid catal yst conponents. Generally
speaki ng any netal oxide mhlch has surfacg hydroxyl groups can be utilized
as the substrate. The terns "netal oxide" and "inorganic oxide", although
typically used herein in the singular, are neant to include S|ngle oxi des,
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Preferre OXIde materials include. th g ectedfromthe
group consi st P mg compounds are rea edwr a portion sr anol groups on the

surface of a snllca-contatnmg support pnor to tmmobmzmg the Lewis acid
catalyst components thereon by dlspersmg the support in a ‘suitable medium,
such as heptane, and then contacting the dlspersed support with.one or more
15 of the modifying compounds at a temperature in the range of from about 0°
C. to about 1009C., typicaily from about about 159C. to about 80°C., over a
period of from about 30 minutes to about 2 days typically from about 4 hours
to about 1 day.
Typically, greater than about 5% of the silanol groups are modified by
20 treatment with the organoslltcon compound preferably greater than about
15%; more preferebly greater than about 20%. Generaily, about S% to about
99% of the silanol groups are modr_t' ied; pr_eferebly about 10 to about 95%;
more preferably about 15 to about 0% most preferably about 20 to about
85%. _ - | o
25 The support, whose surface has been modified as described above,
comprises a surface subpopulation of unreected free hydroxyl groups, and
preferably silanol groups, which are capable of reacting with and thereby
immobilizing the Lewis acid catalyst components to form supported Lewis
acid catalyst systems which differ structurally from those which are prepared
30 by reacting Lewis acid catalyst components w:th unmodnfied oxide supports.
The structural differences between the mocllﬁed catalysts of the
present invention and those prepared wrthout first modifying the oxide
support material can be appreciated more fully by reference to the following
schematic equations, wherein silica is the suppor_t material, AICl3 is the Lewis
a5  acid that is to be supported, Equation (1) represents catalyst immobilization
without prior surface modification of the support, and Equarion (2) represents
initial surface modification followed by catalyst immobilization:



4
5 silica, alumna, alumna-silica, zeolites and open lattice clays. Silica

gel and sili epoodntegisna gel substrates, which contain surface Pidran®sosses
groups, i.e., Si- OH groups, are particularly preferred. The particul ar

substrate materials are not critical, provided that they do not interfere
wi th the conversion processes for which the resulting 10 inmmobilized Lew s
acid catal yst systens are intended to be used, and provided that they
contain the hydroxyl groups which are necessary to react with, and thereby
fix or inmobilize, the Lewis acid catal yst conponents. The substrate

mat eri al of reduced hydroxyl content is prepared by pretreating the
substrate with a substantially non-catal ytiic organosilicon 15 nodifying

agent that wll A0 vvith;qm,oarﬂ_:g’m of tig-dhydroxy groups on the

substrate. The or silic png aggnt 'AlGLk have at |eagf)one

functi onal gff"oupl h can react with theSkfface hydr oyl groups of the
support anterial,' and by neans of this rezlction the organic silicon residue
nmust be bonded to the surface of the support. Prior to the reaction between

20 the organosili conR&EMARIPthathde SiRichitBpOrt, the support may be dried at
a tenperature bel ow about 800[err]C to renbve the free water and control

t he anount ]‘% Og groups on the support. Generally, it is preferred to
et el t

renove conp 0¥ SWy.jsige frepompter fg t he &nALghC Oxi de support.
The organosilico .corrpowc?d-s—t—bat Tgfglre g:ontgn&{t-m gre @éﬁemlcn the 25
present inventio%ﬁ@? have one ofSi{h8iRDI | owi ng f oBwOFSIR3 (a) [err] or (b)
[err] Wnerelgﬂis 1, 2, 3 or 4 and nis 3, 2, 1 or b, {Mespectively, and t he
total of mn is 4; Xis a noiety chemcally reactive ith the hydroxyl
groups of the 30 inorgang%1 oxi de support, such as, for exanple, hal ogen

(typically chlorine or br &iQr¥Cl2ani de, al koxl—&elﬁgmzvenoxi de, h§@Jroxi de and
the |ike; aﬂg Ris hydrog%;_d)_ran hydr ocar bon ont ai ni ng only carbon
and hydrogen, such | 3

(Reiatively Active Structure)

25
Among the Lewis acids which are contemplated for use in this
invention, there may be included all those known Lewis acids which
effeé:tively catalyze hydrocarbon conversion processes inciuding cationic
olefin polymerization, alkylation, isomerization and cracking reactions. Those

30 Lewis acids which are to be exciuded from the catalyst systems of the
invention are those which are known to function as Ziegier-type catalysts,
such as the titanium-, vanadium-, hafnium- , and zirconium-containing
compounds which tend to catalyze the formation of stereospecific, crystaiiine
polymers, as opposed to random, amorphous olefin polymers.

35 Typically, the Lewis acid catalyst components which are contemplated
for use herein comprise the halides, alkyl halides and alkyi compounds of
aluminum, magnesium, tin and zinc,the halides of boron, and equivalents
thereof. For the purposes of this invention, magnesium Lewis acids should

- be used in combination with a stronger Lewis acid, e.g., aluminum Lewis

40 acids. Preferred Lewis acids include, for example, aluminum compounds
having the formula RnAIX3.h, where R is a monovalent hydrocarbon radical,
preferably C4-C12 alkyl or Cg to Cqg aryl, nis a number from O to 3, and X is
a halogen independently selected from the group consisting of fluorine,
chiorine, bromine and iodine; and magnesium compounds having the formula



as, for exanple, [err] alkyl, typically [err] alkyl, [err] aryl, typically
[err] aryl, such as phenyl, or [err] al kenyl, typically [err] 35

al kenyl , swd9si26814 ny| . WO 95/26818 -6- The -invention r ®&ETUSEH0IB64 | cast «
one such reactive noiety. If nore than one are used. they may be the sane

or different. Exanples of reactive noieties are -C, -Br, [err], [err],
[err], [err], [err] - [err], [err], and [err]. 5 Non-limting

exanples of suitable organ05|llcon nDdILélng conmpounds whi ch nay be used to
react with a portion of the hydroxyl ps on the inorgani c oxide
substrate include trlnethylchlor05|lane triethyl chlorosil ane,
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After modifying the inorganic oxide supp'ort ‘as described above, the
selected Lewis acid catalyst components may be reacted with the remaining
subpopulation of unreacted free hydroxyl groups on the support by contacting

15 the support with the selected Lewis acids at a temperature ranging from
about room temperature up to about 2009C. or higher, and preferably, from
about room temperature to about 1109C. Also, depending upon the acidity of
the after having been contacted with the surface modrfyrng agent and the
Lewis acids, it may be deslrable to further contact the substrate with a

20 halogenating agent such as t-butyl chioride (as was |llustrated in schematic
Equation 2 above) to convert residual hydrooarbyt radtoats to more acidic
halogen moieties. In this latter instance, the halogenatrng agents which may
be employed molude, for example atkyl halrdes hatogens hydrogen halides.
Non-limiting examples of surtabte halogenatrng agents include HC!, Clo and

25  compounds having the formula R2C!, where R2 is a hydrocarbon radical,
typically a C2-C1q, preferably a cz-cs. secondary or tertiary alkyl radical,
e.g., t-butyl chioride. _

The novel |mmob|l|zed oetalysts of the present invention may be used
to polymerize a variety of monomers into homopolymers and copolymers,

30 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 rnterohangeably herein.

Olefin monomers useful in the practtce of the present invention are

35  polymerizable olefin monomers characterlzed by the presence of one or more
ethylenically unsaturated groups. The monomers can be straight or -
branched monoolefinic monomers, such as vinyl ethers propyiene, 1-butene,
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can also be used to form polymer products. When internal olefin monomers
are employed, they normally will be employed with terminal olefins to produce

15 polyalkenes which are interpolymers. For purposes of the invention, when a
particular polymerized 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-pentadiene (i.e., piperyiene) is deemed to be a terminal olefin for
purposes of this invention.

20 Preferred monomers used in the method for forming a polymer in
accordance with the present invention are preferably selected from the group
consisting of alpha-olefins and typically C3-Cos alpha olefins. Suitable
alpha-olefins may be branched or straight chain, cyclic, and aromatic
substituted or unsubstituted, and are preferably C3-C4g alpha-olefins. Mixed

25 olefins can be used (e.g., mixed butenes).

The alpha-olefins, when substituted, may be directly aromatic
substituted on the 2-carbon position (e.g., monomers such as CHy=CH-CgHs
may be employed). Representative of such monomers inciude styrene, and
derivatives such as aipha-methyl styrene, para-methyi styrene, vinyl toluene

30 and its isomers.

In addition, substituted alpha-olefins include compounds of the formula
H2C=CH-R3-x2 wherein R3 represents C+4 to C22 aikyl, preferably C4 to
Cqp alkyl, and X2 represents a substituent on R3S and can be aryl, alkaryi, or
cycloalkyi. Exemplary of such X2 substituents are aryl of 6 to 10 carbon

35 atoms (e.g., phenyl, naphthyl and the like), cycioalkyl of 3 to 12 carbon atoms
{e.g., cyclopropyl, cyciobutyl, cyclohexyl, cyclooctyl, cyciodecyt,
cyciododecyl, and the like) and alkaryl of 7 to 15 carbon atoms (e.g., tolyi,



Anong the Lewi s acids which are contenplated for use in this invention,
there may be included all those known Lewi s acids which effectively

catal yze hP@®¥E&Bon conversion processes including cati oni REEPS(0A864

pol yneri zation, alkylation, isomerization and cracking reactions. Those 30
Lew s acids whi ch are to be excluded fromthe catal yst systens of the
invention are those which are known to function as Ziegler-type catalysts,
such as the titanium, vanadium, hafnium, and zirconi um containing
conpounds whi ch tend to catal yze the forl’er'l on of stereospecific,
crystalline polyners, as opposed to random anorphous ol efin pol yrrers. 35
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formul a V\G%“QBQB -8 - [err] where [err] i s a nonoval ent hydrocarbon

radical, preferablweﬁéseai?ambkoﬂpmpoéaéﬁthﬁwvenﬁanihcﬁ:dvst?au i’ "] is a

bl oF e 185 AR hin HEFHie"en o Bk i 4Bl Slesige Baing sbovih te Lovi s
aci ds i ncl udeabaut d6tearbon atoms, including, for example, 1,4-hexadiene, 5-methyi-1,4-
hexadiene, 1,3-cyclopentadiene, tetrahydroindene, dicyclopentadiene, 5-
methylene-2-norbornene, S-cyclohexyiidene-2-naorbomene, 5-vmyl-2-
norbornene, allyl cyclohexene and vinyl Cyclododecene.

15 Of the non-conjugated dienes typically used, the preferred dienes are
dicylcopentadiene, methyl cyciopentadiene dimer, 1,4-hexadiene, 5-
methylene-2-norbornene, and S-ethylidene-2-norbomene. Particularly
preferred diolefins are 5-ethylidene-2-norbornene and 1,4-hexadiene.

The polymers and copolymers which can be manufactured by the

20 process of the present invention are those which can be manufactured by a
carbocationic polymerization process and include but are not limited to
polyalkenes, such as polyisobutene, poly(1-butene), polystyrene, isobutene
styrene copolymers, and the like. The term copolymer as used herein is
defined to mean a polymer comprising at least two different monomer units.

25 in particular, the immobilized catalysts of the preserit invention are
especially useful for manufacturing polyisobutene and poly(1-butene) from

- feedstreams containing butene monomers. it is especiaily preferred to use
~refinery feed streams containing C4 monomers, commonly referred to as
Raffinate | and Raffinate II. ’

30 The polymers and copolymers which are manufactured using the
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 vinylidene unsaturation in at least 40 % of
their polymer chains. Substantial non-terminal vinylidene unsaturation in

35 conventional Lewis acid catalyzed polymers has not been observed. This
differs from polymer products which have been prepared using conventional
non-supported Lewis acid catalysts wherein a single Lewis acid, such as



5 alumnum [err], diethyl alum numchloride [err], ethyl alum num

di chl ori de [‘grr% Ehyl al um num sesqui chloride [err], alum rnpdpredvsossese
fFerr], [err],of ﬁ”? and m xtures thereof. As indicated above, titanium,

vanadi um, hafnium, and zirconium 10 containing Lew s acids, such as
[err], [err], [err] and [err] should be avoided i nasmuch as they pronote
Ziegler-type catalysis. After nodifying the inorgani c oxi de support as
descri bed above, the selected Lewis acid c_a.t1al yst conponents nmay be reacted
with the renmaini ng subpopul ati on of unreacted free hydroxyl groups on the
support by contacting 15 the support with the selected Lewis acids at a

t enper at ure r angtmy afurninuahaicbioridenisempieyed (tyeically tessiban 0 6 wf dhe Flaing,

hi gher, and pref fpRlUontIAViryRidBAL Undaturaorfbas welllag¥romAl so,
dependi ng upon toﬁéa Cl cﬁ?y&g% t he l"fiter h)?vi ng _heen.c n'g&t;gg ép kag
surface nodifyi @Q‘Vé't})%'rﬂmgﬁﬁstﬂﬁ%qus "“?‘%‘F%‘fmﬁm?fﬁ&g% 3 &f %P B+t her
contact the subgkntire ofithdpalyliar chainsgentain termigaivinylidenie)as t - but yl
chloride (as_was ill [ : %gﬁ,?' : ' ghrfgﬁév rt

resi dual hyd?ocar byl %&hﬁ@;&%%%ngre ?ﬁﬁ'ﬂ?@aﬁ_’n nol eﬁiz@?rlﬁﬁﬁp S

| atter instance having tesningbwiayiidenenpsaturatign mavpe illustrated 83 &Rllawsk: | ude, for
exanpl e, al kyl halides, hal ogens, hydrogen rz:a*Iﬂi des. Non-limting exanples
of suitable hal ogenating agents i rettde~HQsCHerr] and 25 conpounds havi ng
the fornmula [err], where [err] is a hydrot@q radi clar~ = Pelymenah@in) [err]
preferably &9[err], secondary or tertiary Iiyl radical, e.g., t-butyl
chloride. The novel immopbilized catal ysts of the present invention nay be

used to polynerize a L, i ol yners,
us pol'y ﬁ'%@é%@igaiﬁé’r gt dggé ?aﬁﬁ&?mﬂéﬁﬁfn“al (’mérﬁ?? y

e.g., polyal kenes ravhng unsat urati on which

ncl u 0S
are convent i onalvinylidens uasatusation may &g | ‘éﬁtfﬂeaﬁsgﬁ @W$-ewi s aci d cat al yst

pol yneri zati on techni ques, and nononers which are the equival ents thereof.

15 | |‘|3H2
e O 2 (where R 2 C2)

20 The carbocationic polymerization process of the present invention may
be carried out in a polar or, preferably, non-poiar reaction medium as a
continuous, semi-continuous or batch process. Suitabie polar solvents which
may be used as the polymerization reaction medium include, for example,
methyl! chioride, dichioromethane, ethyi chioride or nitromethane or the like,

25 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.

The reactors which may be utilized in the practice of the present

10 invention include conventional reactors and equivalents thereof such as
patch reactors, stirred tank reactors, fluidized bed reactors, and continuous
tank or tubular reactors and the like.

" The reactor will contain sufficient amounts of the immobilized catalyst
system of the present invention effective to catalyze the polymerization of the

15 monomer containing feedstream such that a sufficient amount of polymer
having desired characteristics is produced. The reaction conditions will be
such that sufficient temperature, pressure and residence time are maintained
effective to maintain the reaction medium in the liquid state and to produce
the desired polymers having the desired characteristics.
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The polymerization reaction température is conveniently selected
based on the target polymer molecular weight and the monomer to be

~ polymerized as well as standard process variable and economic

15 considerations, e.g., rate, temperature control, etc. Typically temperatures
from about -100°C to about +75°C are useful in the process; more typicaily
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
1600 kPA, more typically about 300 to about 1200 kPA, and preferably about

20 400 to about 1000.

The monomer faedstream 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
heptane, and the like. A preferred fesdstream to this process may be a pure

25 or mixed refinery butene stream containing one or more of 1-butene, 2-

| butene, (cis and trans), and isobutene. The preferred feedstreams (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 streams typically contain between about 6 wt.% to about S0 wt.%

30 isobutylene together with 1-butene, cis- and trans-2-butene, isobutane and
less than about 1 w % butadiene. One particularly preferred C4 feedstream
is derived from refinery catalytic or steam cracking processes and contains
about 6-45 wt.% isobutylene, about 25-35 wt.% saturated butanes and about
15-50 wt.% 1- and 2-butenes. Another preferred Cq4 feedstream is referred to

35 as Raffinate Il characterized by less than about 6 wt.% isobutylene.

The monomer feedstream is preferably substantially anhydrous, that
is, it contains less than 50 ppm, and more preferably less than about 30 ppm,




a{I pha-ol efins may be branched or straight chain, cyclic, and aromatic

substituted Q&oyﬁﬁgﬁstltut ed, and are preferably [err] al pha- gdcaiis9snaskk xed
25 olefins can be used (e.g., mxed butenes). The al pha-ol efins, when

substituted, may be directly aromatic substituted on the 2-carbon position
(e.g., nononmers such as [err] may be enployed). Representative of such
nononers i nclude styrene, and derivatives such as al pha-nethyl styrene,

par a- met hyl styrene, vinyl toluene 30 - and-13s isonmers. In addition,
substituted al pha-ol efins include conpounds of the formula [err] wherein
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dodecene. Dk @nednergaptan), e*l-n:gntqmmgmosm shand tWM i on include straight
chain, The monomer feedstream is typically substantially free of aromatic

compounds to avoid alkylation reactions. Therefore, use of an aromatic
solvent generally is not envisioned in this polymerization process.
A material acting as a cocatalyst (or promoter) may optionally be

15 added to a monomer feedstream before that feed is introduced to a reactor or
it may be added separately to the reactor, e.g., {o the catalyst bed. A variety
of conventional cocatalysts or equivalents can be used inctuding inorganic
acids such as hydrogen halides, lower alcohols, C2-C24 secondary or tertiary
aikyl halides, organic acids such as carboxylic acids and suifonic acids, and

20 thelike. For example, gaseous, anhydrous HC!, may be employed as a
cocatalyst. The HC! will be employed in a catalyticaily effective amount,
which amount will generatly range from about 50 to §,000 ppm by weight of
the monomer feed, preferably S0 to 500 ppm (e.g., 70 to 200 ppm) by weight
of the monomer feed when the monomer feed comprises >5 wt.%

25 isobutylene, and preferably from about 100-5,000 ppm (e.g., 400-3,000 ppm)
by weight when the feed comprises n-butenes and <5 wt.% isobutylene, If
anhydrous HCI is added to the feedstream containing isobutene, t-butyl
chioride is formed before contact with the salid catalyst.

The order of contacting the monomer feedstream, catalyst, cocatalyst

30 (ifany), and solvent is not critical to this invention. Accordingly, the catalyst
and cocatalyst can be added to the reactor before or after adding the
monomer feedstream and solvent. Alternatively, the catalyst and monomer
feedstream can be added before or after adding the cocatalyst and solvent.

The degree of polymerization of polymers {(and oligomers) produced

35 with the catalyst of this invention will be determined by the desired end use.
Typically the degree of polymerization is from about 5 to 5,000, more typicaily
from about 10 to about 1,000; for lower moiecular weight polymers and
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products whi chracking. Rarrexsmpieirthe catalysls mwheemwemnnhe cracking df Lew s
aci d cat al yst porigf\@idhh Rydrothrbitng, 8!\ Heptahé! bt 2., to produce shorter
15 chain products such as ethane, propane, butanes etc. Additionally, the
catalysts may be used to catalyze the isomerization of normal alkanes to their
branched chain isomers. - |
The alkylatlon process of the present mventlon wiil be conducted by
contacting the aromatic or hydroxy aromatic substrate and alkylating agent
20 under reaction condltxons lncludlng mole ratio, temperature time and
catalyst ratio sufficient to alkylate the substrate.
~ The hydroxy aromatic s_ubstrate compeunds useful in the preparation
of the alkylated materials of this invention inciude those compounds having
the formula: ) |
25 | Ar-{OH)z

wherein Ar represents

30

and z is an integer from 1t0 2, wis an lnteger from 1-3,ais1or2and R4 is
a C1-Cog4 alkyl radical.



ethyl aluminumdichloride. is enployed (typically |less than 20 % of the
chai ns of popesess1®#f this type contain vinylidene unsat urat i BEH/USHOY| |
as from pol yner products prepared using conventional BF[err] catalysis
(typically 40 % or nore of the polymer chains contain term nal vinylidene).
5 For purposes of this conparison, polyisobutylene polyner chains

having term nal vinylidene unsaturation may_be illustrated as follows: 10
[err] Polyisobutyl ene pol yner chains having'ﬁon-terninal (internal)

vi nyl i dene unsaturation may be illustrated as follows: is

[err] 20 The qaudiesivel gfisuch Peigyoaps aret presnyierns, disheriyldrt; naphtiiléne

I nvention may be CGEri%g_out in a polar or, preferably, non-polar reaction
medi um as a contd 34[ sem - continuous or batch process. Suitable polar
sol vents whi ch may bé hesearomaticisubsiiate campoundsousefubinithe preparation ofitheude,

for exanpl e, md?ﬁ@na@' Riteriails 6 tAlY iAvertRINABRIdethBYé c6MPBUAEE haVing the
nitromet hane or the |ike, 25 whereas suitable non-polar solvents~incl ude,
for exanpl e, ScarfBGRYBE: r achl ori de, hexane, heptane, cycl ohexane, and nore
generally the |inear or branched, saturated or unsaturated hydrocarbon

sol vents which can be found in the giteqd O%n AANE bt ai ned from vari ous
cracki ng processes. The reactors which naf e utilize®¥in the practice of
the present 3 0 invention include conventional reactors and equival ents
thereof such as frdralh A€lEppésentstirred tank reactors, fluidized bed
reactors, and continuous tank or tubular reactors and the |like. The reactor
will contai A%sufficient ampunts of the inmobilized catal yst system of the

present invention effecti tq,catal yze the pglynerization of the
OF . QO
or

15 wherein b is one or two; RS is C1-C24 alkyl, C3-C24 cycioalkyl, Cg-C1g aryt,
C7-C3p alkylaryl, OH, or H; and y is 1-3.
lilustrative of such Ar1 groups are benzene, phenylene, biphenylene,
naphthalene, and anthracene.
The substrate to be aikylated generatly will be contacted in a molar
20 ratio of from about 0.1 to 10 preferably from about 1 to 7, more preferably
from about 2 to 5, moles of the substrate per mole of the alkylating agent.
Conventional ratios of alkylating agent typically will be used. The ratio
typically will be about 0.5 to 2:1, more typicaily about 0.8 to about 1.5:1, and
preferably about 0.9 to about 1.2:1. The selected catalyst can be employed
25  in widely varying concentrations. Generaily, the catalyst will be charged to
provide at least about 0.001, preferably from about 0.01 to 0.5, more
preferably from about 0.1 to 0.3, moles of Lewis acid catalyst per mole of
substrate charged to the alkyiation reaction zone. Use of greater than 1 mole
of the Lewis acid catalyst ber mole of substrate is not generally required.
30 The reactants can be contacted with the present immobilized Lewis acid



35 mononer cont ai ni ng feedstream such that a sufficient anount of polymer °
havi ng desired characteristics is produced. The reaction conditions wll be
such t hat WQ1536%18c ¢ tenperature, pressure and residence t?ﬁgmg?%osm ‘
mai nt ai ned effective to nmaintain the reaction nediumin the liquid state

and to produce the desired polynmers having the desired characteristics.

-12- Typically, the catalyst to nononer ratio utilized will be those
conventional in this art for carbocati oni t.a]pol yneri zation processes. For
exanpl e, catalyst to nononer nole ratios typically be about 1/60000 to
about 1/50, nore typically about 1110000 to about 1/100, and preferably 5
about 1/1000 cataiysssystememploying any,cenventiopal solid-liquid sontactingd by

Eg\tM e; ma 2: ggcg thamwﬁw sath hewySpmtn@ tﬁéfrééctﬁhtssth?@\f/geﬁnﬁ .fgﬁe UengBaill&H %ﬁ
testing technP %Uﬁeiu eigsg\' g’ﬁﬁ@&ﬁgﬂé? Qfgg‘ahﬁge t'?}' daa?mmmﬁ NVR) and

absor ption spsubstmtecqmynpdundasmamnaher of Levm s acid sites per unit of 10
i mobi lized cataly r fﬂnrfdg t

convent i ongl manne?-‘.I 'Fﬁe P%oyg?efrc{??é (gﬁonr%gc I on gtaﬁ{rae'k'{ﬁst%'ca"y
conveni ent |y &angefreg Mff?’ﬁéb% 401150°Gemgre and t he
nonomer to be psfhmmyfmaﬂammbw&tandard process variable and econom c

15 ‘'consi derations etc al
tenperatures from gggﬁkyli{@f %arc} Wge%\?a&%{c&ﬂ)ﬁ J‘EE@?’L?F" g'PP"!the
process; nore 1tt9|zﬁ mwrsya@m;mh lopgeron shortes timas can-gispde ?uﬂplayeﬂermmng, as
noted abo 84 ba' icaht Il typically
be about jZlgo Xm f@bg&?& ,&aﬁr%raem'[a;:/ﬁs)hl?tgﬁ'ﬁk'{g e‘Bout é%wt o about 1200
(A and pr of SPEVAMEBGNS manner.
Alkyiation processes of the above types are known and are described,
for example, in U.S. Patents 3,539,633 and 3,649,229, the disciosures of
which are hereby incorporated by reference.
15 . The invention will be understood more fully in conjunction with the

following examples which are merely illustrative of the principles and practice

thereof. The inv_ention is not intended to be limited by these illustrative

examples. Parts and percentages where used are parts and percentages by

weight, unless specifically noted othe:wise.

§;amg!e1 Qatalzst Synthesis (Si QgI(CHg)gsig /DEACA-BuCH

Silica (W.R. Grace 1952) having a specific area of 300 m2/g was
dehydrated by heating under vacuum at 4500 C. for one hour. To 2.2 g of
the dehydrated silica (2.2 mmol OH) in heptane, there was added 1.76 mmol

25 of purified tnmethylchlorosnlane (equivalent to about 80% of the silanol

 groups in the silica). This mixture was stirred for 10 hours at room

temperature and for an additional 7 hours at boiling heptane temperature
(1000 C.) After washtng and drying under. vacuum, 0.77 mmol of diethyl
aluminum chloride (DEAC) in S0 mi of heptane were added After 3 hours at

30 room temperature the silica was washed three times with heptane. One
mmol of t-butyl chioride (t-BuCl) in heptane was then added and after one
hour at room tempera_ture_ the supported c_atalyst product was washed with

 heptane and dried under vacuum at 100C. for 1.5 hours.

20

35 Example 2: Isggutene Po!xmen;gt:o (Runs 1-5)

Ina glass flask equipped with a dropplng funnel a thermometer anda
~ pressure transducer, there were placed 100 mi of heptane and the amount of



20 400 to about 1000. The nononer feedstreamto this process nay be at

| east one pugpR dafregigxed nmononer feedstream or conbi nations theeeRikesnisss
Freferably, the nonomer feedstream may be ni xed with solvents such as
hexane or heptane, and the like. A preferred feedstreamto this process nmay
be a pure 25 or mxed refinery butane stream containing one or nore of

1- butene, 2- butene, (cis and trans), and isobutene. The preferred
feedstreans (preferred on an availability add-econonic basis) are avail able
fromrefinery catalytic crackers and steam crackers. These processes are

known in the art; SHEmer | d OT l4 ] a?rgébl Saot . %
to about 50 wt. Wg%%mpgtﬁutﬁgﬁgg?gﬁet' e éb\?mét% ?%?m%:mm Et 90

is- an
trans-2- but ene, ¥sdMUBHRS & s OLING 13V SYSiem RiPeared ipykxample 1.
particul arly prefarRens Z4antid: dse contentssoftbeiflasd were mainfaimea at tha intichted or

st eam crackin il t O i t e, about
25-35 wt. % sa'?u&z’g&g"?%ﬁfaaﬁjggh%ﬁgi%gﬂlpgtfgy’siﬁdvﬁ%%s _%n%ggabyﬂ#ﬁes. Anot her
preferred C45 eclempesatire of therepelon rese during therpglymesization reactioncaften zed by
| ess than about ghih tHe psRierizaEoe reddlion wawdREchEIRIED A tRe FedetiBh ??@Mds

referabl y | bse WireARRAd Bophareation FirdiaatoSheatly (ke itiaanydieirena
about 10 ppm by(THF)aisingpolystyesne Bkithe standard, cThe resulta ace setfortheindldtie ned
(huch ae Nart. [ dferpFEERM. "Thb oLl procbdurt wasehBited (Ruts -85 GEeBl N3 5"
di sti || ati od0dr yRQlymesization meditqy wias fisshsiriedusiag Nakhas 3 qessicant { s 3-5).
substantial |y friaahetusswhiraim NaH wabiusbd ias adassicarityab®d. 1 Y6 05 §lof Nak
catalyst under thAg Dol XLl 3hdé hn 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

15 stand for about 15 minutes before starting the polymerization. The results of

the runs in which NaH was used as a dessicant are aiso set forth in Table 1.

20 TABLE 1

Run | Monomer | catalyst, | T,°C | AT, [ Conv. | Time, | Mg My

No. moles/| an *C % min.
1 2.7 0.9: 20 | 27 - 17 | 2400 | 16780
2 _245 0.35 -20 0 18.1 30 | 2930 | 33780
3 3 0.2 -20 28 73 10 | 1580 | 16550
4 2.9 0.15 -20 8 55 10 | 2090 | 24380
5 25 0.12 -20 0 38.1 30 | 2580 | 32100

* without NaH desiccant

25
It will be seen from the data in Table 1, that the conversion rates are

relatively high even though the polymerization reactions were performed in

the absence of any added cocatalyst. This is due to the fact that the

supported catalyst contains primarily active -Si-O-AlCl moieties and little, if
30 any, inactive moities of the foilowing type:



conditions. For exanple, the nmononer feed preferably should be
substantially free of bases (such as caustic), sulfur-containing conpounds
(such as H¥©952688 and organo-nercaptans, e.g., nethyl nerRGUEs9S08_6dy| 10
mer capt an), N-contai ni ng conpounds, and the |ike. The nononer feedstreamis
typically substantially free of aromati c conpounds to avoid al kyl ation
reactions. Therefore, use of an aromatic solvent generally is not
envisioned in this polynerization process. A material acting as a
cocatal yst (or pronoter) may optionally 845 added to a nononer
feedstream before that feed is introduced to a reactor or it nmay be added
separately to the reactor, e.g., to the catalyst bed. A variety of
conventional cocatal ysts of| eqU|vaIents can be used including inorganic

aci ds such as hydrogen halﬁﬂ , lower alcohols, [err] secondary or tertiary
al kyl halides, organic aci %ych as carboxylic aci-ds and sul foni c aci ds,
and 20 the like. For exa keous, anhydrous HO , may be enpl oyed as a
cocatal ysts The HO w . bskﬁhployed in a catalytlcally ef fective anount,

whi ch amobunt will generally range from about 50 to 5,000 ppm by wei ght of

t he nononer. feed, preferably 50 to 500 ppm(e.g., 70 to 200 ppm by wei ght
of the nmononer feed when the nmononer feed conprises >5 w. % 25

i sobutyl ene, and preferably from about 100-5,000 ppm (e.g., 400-3,000 ppm

by wei ght whe&xa id 8€Thlg Al igir but enes and <5 w . %isobutyl ene. If
anhydrou 'S aﬂg E EE ? ?streAJ cont.ai ni-ng ,L.SO utene t-buty
chloride t for med g é#sg ﬁ g? 14 DO0f| 7 |233t( ple 150 d'ﬂlzﬁr of

contacting t hmlmn)aad 10anichft1-pexenec aAfierystirring éar8 bd:urstatfiﬂom(tbfnp%i‘éthre and
solvent is no | filterdly st and
cocat al yst cainh dﬁﬁh\tiﬂré Efﬁtr eactsﬁg or ec‘%&#@%’nﬁﬁé Rononer

f eedst r eam anﬁeaﬁ?POéW?‘mrNﬁ eonstituted Unf?ﬂ?‘%%h&*%&. tdhmﬁmmoluaaedst ream

can be added bmwomena’aheltnmj@lte@ghbe cocatal yst and sol vent. The degree
of polynerization of polynmers (and oligoners) produced




end use. TypieAdshygighe de rization is from about p&I/USISH3IEHA0;
pore typically from about 000; for | ower nolecul ar weight

pol ynmers and -14- oI|g ee of poly ' typically
be about 5 to about 100. Correspondingly, the nu i —fBl ecul ar
weight. Merr], of a polyneric product wll be det rm‘hed by the m)n?jmer
and degree of polynerization; for a C[err]'b%sed t 4 eal Vval yes are
from about 300 to about 300,000 5 gnfnole, dependi ngon\m\hm:eﬂded'end
use of the produglyyy§unber average nol ecul ar wei ght is conveniently
nmeasured by a suitably calibrated gel perneation chromat ogr aphy (GPC)
instrument. The pol ydispersity index (PD) of the polyner, also known as

the mol ecul ar wei ght 1di st A suppostedLevwis grid\gatalyps tha&vlﬁ free {rom-added r ange
fro][n abg:Jt 4bt Ott tHFn ndtaiﬁrﬁ‘- hafigal bb(d%ﬂ@éﬁtuﬁ-é@ntair@n Ergier22, and
preferably abou 0 abou . evms es

i nvention al so fRayMedzatioR Weﬁﬁﬁ %59&%(‘! rfé%?%‘?@ﬁ‘ M %§°Pncl udi ng
al kyl ati on, i sorgynvéssidroreattidns, witéh sgmpfises.exanpl e, the catal ysts may be

erpioyed i n the f aCkuiRoflarkRaf BAbAraNNHaVETH RBbiIEd inerdEh 5 Miaiii"®

etc., to produce shordd
but anes, etc. Adiffective amqant phat |€§$‘£%¥@”‘W'%63@6& CPG'PEEPQ %at he

i someri zation ofy gektecERtaihing!dl edst DnerTahetibrd) malelyscpable of feacting

the aromati ¢ or smv@vé @%%P?%fr?éﬁ‘%“vaﬁ“&sgr‘%ﬁ'§?ﬁ?§%§%ﬁ$’y 0 under

reaction conditions, including nole ratio, tenperature, tinme and catal yst

ratio sufficient to & kyl affy th@n%yaetdrdiy to Claim 1, wherein said oxide
substrate, prior to being reacted with said Lewis acid, has been treated with a
modifying agent containing at least one functional moiety capable of reacting
with said surface hydroxyi groups to thereby reduce the number of said
surface hydroxyl groups available for reaction with said Lewis acid catalyst

component.

35 wth the catalyst of thi ﬁmﬂvg%&&@dw |1 be determ ned by the desired

zation will

3. The catalyst according to Claim 1, wherein said inorganic oxide
substrate comprises at least one silicon-containing oxide initially comprising
surface Si-OH groups, and wherein said modifying agent comprises at least
one organosilicon compound having a formula selected from the foliowing

formulas (a) and (b):

(@) (R3Si)oNH and
(b) RpSiXm,

wheremis 1,2 3or4andnis 3, 2, 1 or 0, respectively, and the total of m+n

is 4; X is a moiety chemicaily reactive with said Si-OH groups of said silicon-
containing oxide substrate; and R is hydrogen or a hydrocarbon group.

4, The catalyst according to Claim 3, wherein said organosilicon
compound has the formula (a) (R3Si)2NH.

5. The catalyst according to Claim 3, wherein said organosilicon
compound has the formula (b} RnSiXm.

P, O ) A



The hydroxy aromatic substrate conpounds useful in the preparation of the
al kyl ated materials of this invention include those conpounds having the

formul a: 2%V0 9526818 - '-f‘{err] “aherein Ar represeurt:snngs’iﬁgand z
is an integer from1l to ﬁ,“Wi% “tan it sgen lfroml 3, ais ror Z2andRé&is
a [err] alkyl radical. | -15__:1-_1-T'u§t'rat|ve lpf such Ar ThisGHREHABRnFA5R, ENe.
bi phenyl ene, naphthal ene and the TiKe. The—ar omati ¢ sub s
useful in the preparation of the alkylated materials oiﬂ!mgul lm) H

i ncl ude those conpounds having the 5 f or #8l-as: [err]

represents: 10 [err] 15 wherein b is one or two; [err] is [err] aIkyI
[err] cycloalkyl, [®rr] E‘I'G'l=€vlta!y&staq:cmuimglter(wmmeva@reurﬂx% %% ?
n ene

napht hat ene, a0 oot pencaies ectan i ol s 6riGy B Lakapamhand |
be contacted i W2¥6@K8PYl20 ratio of fromabout 0.1 to 10 preferably from
about 1 to 7, nore preferably
7. A process for cationic olefin polymenzetnon which comprises:
contacting olefin monomer under cationic polymenzatxon reaction conditions
with a catalytically effective amount of supported Lewis acid catalyst that is
free from added titanium-, vanadlum- hafnium- and znrcomum-contanmng
Ziegler polymerization components, said catalyst comprising an inorganic
oxide substrate having immobilized thereon a catalytic amount of at least one
Lewis acid catalyst component and a modifying agent containing at least one
functronal moiety capable of reacting with surface hydroxyl groups originalily
present on said substrate.

8. The process accordlng to Clarm 7. wherean said i morganlc oxide
substrate, prior to being reacted with at least one Lewus acid catalyst
component, has been treated with a modifying agent containing at least one
functional moiety capable of reacting with said surface hydroxyl groups to
thereby reduce the number of said surface hydroxyi groups available for
reaction with said Lev_w_s acid catalyst components.

9. The process according to Claim 7, wherein said i inorganic oxide
substrate comprises at least one silicon-containing oxide initially comprising
surface Si-OH groups, and wherein said modifying agent comprises at least
one organosilicon compound havmg a formula selected from the following

formuias (a) and ((b):
(@) (R3Si)2NH and
(b) Rns|xm

where mis1, 2, 3 or4andn is 3,21 or 0, respectlvely, and the total of m+n
is 4; Xisa moiety chemlcally reactive with said Si-OH groups of said silicon-
containing oxide substrate; and R is hydrogen or a hydrocarbon groucs.

10. A random, amorphous olefrn 'polyrrier prépared in accordance
with the process of Claim 7.

11. A process for preparing a supported Lewis acid catalyst system

which comprises the steps of:
1O 0D




tromabout 2 to 5 noles of the substrate per nole of the al kylating agent
Convent i onal P@% hasigof al kylating agent typically will be useRETUINSOFHH| o
typically V\ﬁv e about 0.5 to 2:1, nore typically about 0.8 to about

1.5:1, and preferably about 0.9 to about 1.2:1. TheﬁﬂswmdB@aBW

be enpl oyed 25 in wedely-varying=goncantrati ons 'w HI I;m t al yst

will be charged to provide at |east abqjut 0, 001 pr ef out 0.01
to 0.5, nore preferably frdm’ d‘bdut ._O___lutO'G'3' nol es ew s acid catal yst
per nol e of substraté—charged to the al kylation reaction zone. Use of
greater than 1 nole of thg)lewpmvidinganatsrggnic. pgdroxpl groab-combaihingt € i s not
general ly required. %0 T e reactants can be contacted with the present

i mobi | i zed LewSYPRY WO 95/ 26818 -16- catal yst system enpl oyi ng any
conventional solid-Iiquid(Bont contaating swdsugnes unget ponditigns piectiveqtor he

reactants througled o 6i'f1‘6’nB?Qaﬂfhy&i‘éﬂl)éﬁdud&adrbbéﬁ%sEB%dﬁéBﬁrwhh@t on the

nol es of cataly IS n crltlcal
5 The. t o RSINg: 408N COMPRFING 7RSS ATe.0T9aNGSIGER, FmPRung
typically rangefémabnutewﬁomanew[mmgmnmtasmanmzorom about 20 to
150[err]C, nore preferabl I‘O{’ﬁ gt o 80[err]C. The al kyl ation
reaction tinme can vary an r y be fromabout 1 to 5 hours,

al t hough | onger or shortef2)i nBaSi .aI so be enployed. The 10 alkylation

process can be practiced in a batchw se, continuous or senicontinuous

Goscr bed. for SERPNGR 1 i 2, Sor bangh 8% £, Tedpettiely, 3A8 186 forplor

di scl osures of m+nis4; X is a moiety chemically reactive with said Si-OH groups of said
silicon-containing oxide substrate; and R is hydrogen or a hydrocarbon
group; and

() contacting said support from step (b) under conditions

effective to react at least a portion of said unmodified hydroxyl groups
originatly present on said support with at least one Lewis acid catalyst that is
free from added titanium-, vanadium-, hafnium- and zirconium-containing
Ziegler polymerization components and is effective for catalyzing
hydrocarbon conversion reactions.

12. A process for alkylating 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 that is free from added titanium-, vanadium-,
hafnium- and zirconium-containing Ziegler polymerization components, said
catalyst comprising an inorganic oxide substrate having immobilized thereon
a catalytic amount of at least one Lewis acid catalyst component and a
modifying agent containing at least one functional moiety capable of reacting
with surface hydroxyl groups originally present on said substrate.

13. The process according to Claim 12, wherein said inorganic
oxide substrate, prior to being reacted with at ieast one Lewis acid catalyst
component, has been treated with a modifying agent containing at ieast one
functional moiety capable of reacting with said surface hydroxyl groups to
thereby reduce the number of said surface hydroxyl groups available for
reaction with said Lewis acid catalyst components.

A



whi ch are hereby incorporated by reference. 15 . The invention will be

understood nore fully in conjunction with the foll ow ng exanples which are
merely il sen9smssise of _the=pri-meiplEes. and practice thereof. PCVESY38G4t | on -
is not intended to bell irprict ‘ed=by” these"ifil ustrative exanpl es. Parts and

per cent ages where used‘ are parts B énd per-cent ages by wei ght, unless
specifically noted ot Herwirse==20 Exanple 1: Catalyst Synthesis [err] Silica
(WR Gace 1952) having a specific area 4§_300 [err] was dehydrated by
heati ng under vacuum at 450[err] C. for one hour. To 2.2 g of the-
dehydrated silica ﬁ nmol q[jgﬁ tane, .there was added 1.76 muol 25

of purified trinet ?I chifb? H¥e K?&#'eﬁtpr?@ﬁsawwem%lsastm si | anol
groups in the nydrocason isltontatted with a/wmsubh@dtélym ulﬂeheuﬁ\?‘etiforf oom

(Tooferr] G ) GneonSing 'B“g%ﬁ@m&“ fRoraind it RRbRREeme pih

al uni num chl ocatalystispstem efClaim # of hept ane were added. After 3 hours at .
30 roomtenperature, the silica was washed three tines with heptane. One
hmml oI t- but%/l chI :ldi.ngt BuCl @ﬁ?@ﬁ%%ﬁrﬁﬁ Qqa@gged ag&y%g&n ;)Ee
our at room errper ur

hept ane and diis isomenidatioovacuum at 100C. for 1.5 hours. 35 Exanple 2:

| sobut ene Pol yneri zation (Runs 1-5) In a glass flask equipped with a

droppi ng funnel, a therppneter and a pressure transducer, there were placed
100 ml of heptane dfd t hBE RFRRASS qﬁClatm bwhereinsaid hydrocarbon conversion

PCT/ US95/ 03864s cratKing. '

-.—-—'—#_d__'—.d_———’——__
heet Has Been RTlaced
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| sobut ene nononer indicated in Table 1. To this m xture. maintained at
-20[err] C.. there was added an anount of the catal yst system-prepared in
Exanple 1. For Runs 2 and 5, the contents of the flask were nmaintained at
the indicated tenperature for the indicatgg period and for Runs 1, 3 and 4,
the 5 tenperature of the reactor rose during the polynerization reaction;
after which the polynerization reaction was di sconti nued and the reaction
products wer eClaimsyzed by gel perneation chromatography (GPC) in
tetrahydrofuran (THF) using pol ystyrene as the standard. The results are
set forth in Table 1 hereinbel ow. The above procedure was repeated (Runs
2-5). except that the 10 polynerization nmediumwas first dried using NaH

as a dessicant (Rugs 3‘i)supb6nbﬁq_ei¢i§'§ciﬁ*‘t§§t§%1§tﬂNﬁHisW?éeﬂ%ﬁP'a@ée tigggrncant .

about 0.1 to 0.5(8 of !\%Iétwereézn,troduced nder &n Er., o%rm phere froma

Schl enck  t ubevaTAdummealBiuvand AfsaHiT conialning Araleh §o 8Ng of the

hept ane sol Ve?&mpbdémman'ﬂﬂis mwdv?roww%aiym%mm rbon Ebfnvén‘sitﬁkre%&ﬁ oh;*ﬂ,eh

m xture was .1.s. stand for about m nutes before starting the
YRRy o ’

pol yneri zat i of the runs in which NaH was used as a
dessi cant are al soasdnorganicioxXide Sabbsteate haging immobilized thereon a catalytically

TABLE 1 Rungyﬁﬂé?&% b %‘?ﬁ t g&ﬁrcfn]eQ.e[nvﬁ%Tak&o?@é\%iys?%@@gon&_ﬁ%&d a lerr] Mo

mol es/ | o - : ‘ .
17 2400 167%edifying agent gontaining a4 least gne fymctionabmoiety sapgbliesef reacting 3

0.2 -20  2%ith gfeater #an S%O6F thesupfade hydrc&y?groups%r?nall sent &n saidd®
10 2090 24380 .5 2.5 0.12 -20 0 38.1 0 80 32100 wi t hout

NaH desi ccants%)stﬁtewi I | be seen fromthe 'data in Table 1, that the
conversion rates are relatively high even though the polynerization

reactions were perbor mMegni Ratalyst according to Claim 1, wherein 10 to 95% of said
surface hydroxyl groups have been madified.

3. The catalyst according to Claim 1, wherein said inorganic oxide
substrate comprises at least one silicon-containing oxide initially comprising
surface Si-OH groups, and wherein said modifying agent comprises at least
one organosilicon compound having a formula selected from the following
formulas (a) and (b):

(@ (R3Si)2NH and
(b) RpSiXm.

wheremis 1,2, 3or4 and nis 3, 2, 1 or 0, respectively, and the total of m+n is
4; X is a moiety chemically reactive with said Si-OH groups of said silicon-
containing oxide substrate; and R is hydrogen or a hydrocarbon group.

4. The catalyst according to Claim 3, wherein said organosilicon
compound has the formula (a) (R3Si)2NH.

5. The catalyst according to Claim 3, wherein said organosilicon
compound has the formula (b} RhSiXm.
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t he absence of any added cocatalyst. This is due to the fact that the
supported catal yst contains primarily active [err] noieties and little, if
30 any, inactive noities of the follow ng type: WO 95/ 26818

PCT/ US95/ 03864 - 18 - [err] 5 Exanple 3: .Bg uene A kylation 10 In a
gl ass flask are placed 200 ng of catalyst (Exanple 1), 50 ml of toluene and
10 m of 1-hexene. After stirring for 5 hours at roomtenperature the
reaction nixture i8§-fil fBesatalyet anearding do GJaigud, whersinXdshajegen an@R is
reaction m xt 4ifeinbef SEREIddfr&® thE iii® 86 ASISHAEE | ,L@%@ j@ﬁy | uene,
di hexyl t ol uenaﬂ%d tTri h?xyl t ol uene.gwul?- 19 - rgaﬁrrr?' al@ s1uppo}r/thlg% Lew s
aci d catal yst 6 3keW-ce from added tit ani um, vanadi um, hafnium and

zi rconi um cont ai ning Ziegler polynerization conponents and is effective for
oxi de substrate hajing Foiteapst B opRfib i dlnihe BAGT e coBihristd' doun:
of at |east onentasting olefindnonoaiey undeveationicpolymerization réadtion canditions
containi ng at withastatafichMyEffe ANl ariBift of stpPBRES Lelis 88l ddidlyst that is free

from added titanium-, vanadium-, hafnium- and zirconium-containing Ziegler

polymerization components, said catalyst comprising an inorganic oxide

substrate having immobilized thereon a catalytic amount of at least one Lewis

acid catalyst component and a modifying agent containing at least one

functional moiety capable of reacting with greater than 5% of the surface

hydroxyl groups originally present on said substrate.

8. The process according to Claim 7, wherein said inorganic oxide
substrate, prior to being reacted with at least one Lewis acid catalyst
component, has been treated with a modifying agent containing at least one
functional moiety capable of reacting with said surface hydroxyl groups to
thereby reduce the number of said surface hydroxyl groups available for
reaction with said Lewis acid catalyst components.

" 9. The process according to Claim 7, wherein said inorganic oxide
substrate comprises at least one silicon-containing oxide initially comprising
surface Si-OH groups, and wherein said modifying agent comprises at least
one organosilicon compound having a formula selected from the following

formuias {(a) and ((b):
(a) (R3Si)2NH and
(b)  RpSiXm,

wheremis 1,2, 3or4 and nis 3, 2, 1 or 0, respectively, and the total of m+n is
4; X is a moiety chemically reactive with said Si-OH groups of said silicon-
containing oxide substrate; and R is hydrogen or a hydrocarbon groups.

10. A process for preparing a supported Lewis acid catalyst system,
which comprises the steps of:
(a) providing an inorganic, hydroxyl group-containing support;
(b)  contacting said support under conditions effective to react
greater than 5% of said hydroxyl groups present on said support, with a
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with greater than 5% of the surface hydroxyl groups originally present on
sali d substrate. 2. The catal yst according to Claiml, wherein 10 to 95%
gf said surface hydroxyl groups have been nodified. 3. The cat al yst
according to Claim1l, wherein said inorga jlc oxi de substrate conprises at
| east one silicon-containing oxide initi é?l y conprising surface Si-COH
groups, and wherein said nodifying agent conprises at |east one

or ganosi | i conng&IRRY Bgehtubmprising Git ledst onel srgardsificamesrnpoind havingoa
formul as (a) ,and gf: a Sii@gH.an b ' wh [
W Sodgh o i Ao e (SIS © T 22

or 4 and n igbﬁ?“
noi 1(Zat.y cheni caljl y rgactmye WR3BipNH abd- OH groups of said silicon-

cont ai ni ng oxi de substrate; angdsR is hydrogen or a hydrocarbon group. 4.
The catal yst according @) O%‘P%’@,’" wherein said organosilicon corrpognd has
the formula (a) (R3Si)2NH. " 5. The catal yst according to Caim3, wherein

i:'t g | 3; ganos L‘é"ﬁ?"éﬂ" ﬁgﬁgﬁlg?% %}aﬁahg ? ei_&@, 2 h Q)rﬁi?l}eéﬁdtﬂlely, and 2Re totél of m¥ne
)rdi ng. , , In, X i al pgen, an i .
selected fr on‘?t“‘m&g '@r‘%ﬂ}?"%ﬁ %PW\E’% reagtive ‘gﬁ'il)??'cp%ééﬁa 9%1’“5? °§r~?§"fr§'p§)‘fﬂ’
%ﬁgplyl e cc{ht@i:'lﬁfgeéﬁdé ?pbsﬁaﬁeo ahd Risctiydrogen pnartiydsocashon gnogp; and
rises: contacting o I n Wela] ' ' eaction
conditions with a catalyti ca?%gm%#{]&g’bg%tﬁﬁm%&pgﬁaméahg@maggaci d
cat al yst t hateffectivede react at least a portion of said unmodified hydroxyl groups originally
present on said support with at least one Lewis acid catalyst that is free from
. added titanium-, vanadium-, hafnium- and zirconium-containing Ziegler
polymerization components and is effective for catalyzing hydrocarbon
conversion reactions.

11. A process for alkylating 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 that is free from added titanium-, vanadium-, hafnium- and
zirconium-containing Ziegler polymerization components, said catalyst
comprising an inorganic oxide substrate having immobilized thereon a catalytic
amount of at least one Lewis acid catalyst component and a modifying agent
containing at least one functional moiety capable of reacting with greater than
5% of the surface hydroxy! groups originally present on said substrate.

12.  The process according to Claim 11, wherein said inorganic oxide
substrate, prior to being reacted with at least one Lewis acid catalyst
component, has been treated with a modifying agent containing at least one
functional moiety capable of reacting with said surface hydroxyl groups to
thereby reduce the number of said surface hydroxyl groups available for
reaction with said Lewis acid catalyst components.

13.  In a hydrocarbon conversion process wherein at least one
hydrocarbon is contacted with a conversion catalyst under conversion .
conditions, the improvement comprising contacting said hydrocarbon with the
catalyst system of Claim 1.
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from added titanium, vanadium, hafnium and zirconium containing Ziegler
pol yneri zati on conponents, said catal yst conprising an inorganic oxide
substrate having inmobilized thereon a catal ytic anbunt of at |east one
Lew s acid catal yst conponent and a nodifyjng agent containing at |east one
functional noiety capable of reacting mﬁf%égreater t han 5% of the surface
hydroxyl groups originally present on said substrate. 8. The process
according to C aig4, Wg&dtesgbddlmmwwwranism hydrstarkion, cqmvession ds
being reacted with at | east one Lewis acid catal yst conponent, has been
treated w thBOMBHFRR™hg agent containing at |east one functional noiety
capable of reacting with said surface hydroxyl groups to thereby reduce the
nunber of sald sur{gce fydlpiiotss 3 e 2 WeRbhald hydRRatidi caiversion i
Lewi s acid catal yst ‘conponents. 9. e process according to Claim?7,
wher ei n sai d ¢ragkig@ni ¢ oxi de substrate conprises at |east one
silicon-containing oxide initially conprising surface Si-OH groups, and
wherein said nodi fying agent conprises at |east one organosilicon conpound
having a fornula selected fromthe following fornulas (a) and ((b): (a)
[err] and (b) RnSi Xm where mis 1, 2, 3 or 4 and nis 3, 2, 1 or O,
respectively, and the total of mn is 4, Xis a noiety chemcally reactive
with said Si-OH groups of said silicon- containing oxide substrate; and R
i s hydrogen or a hydrocarbon groups. 10. A process for preparing a
supported Lewis acid catal yst system which conprises the steps of: (a)
provi di ng an i norgani c, hydroxyl group-containing support; (b) contacting
sai d support under conditions effective to react greater than 5% of said
hydr oxyl groups present on said support, with a
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(57) Abstract

i
34 Tlﬂe:ﬁ/UPPORTED LEWIS ACID CATALYSTS FOR HYDROCARBON CONVERSION REACTIONS/

A supported Lewis acid catalyst, which comprises an inorganic oxide substrate having immobilized thereon at least one Lewis
acid and a modifying agent containing at least one functional moiety capable of reacting with surface hydroxyl groups originzlly present
on said substrate and which is effective as a catalyst for hydrocarbon conversion reactions including cationic polymerization, alkylation,
isomerization and cracking reactions is disclosed.




functional noiety capable of reacting with said surface hydroxyl groups to
t hereby reduce the nunber of said surface hydroxyl groups avail able for
reaction with said Lewis acid catal yst conmponents. 13. In a hydrocarbon
conversi on process wherein at |east one hydrocarbon is. contacted with a
conversi on catal yst under conversion conditions, the inprgvenent conprising
contacting said hydrocarbon with the catal yst system of aim 1. - 22 -
14. The process of Claim 13.wherein said hydrocarbon conversion is

i somerization. 15. The process of C aim 13 wherein said hydrocarbon
conversion is cracking.
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