WD 95/ 26814 -
PCT/ US95/ 04008 . SUPPORTED LEW S ACI D CATALYSTS DERI VED FROM

SUPERACI DS . USEFUL FOR HYDROCARBON CONVERSI ON REACTI ONS
Tethni cal Py Y6834 This invention relates to supporte&CEHFPY04005 4
catal yst systens, to processes for preparing the catal yst systens,
and .t o various hydrocarbon conversion reactions which are perforned
in the presence of such catal yst syst.ens. More particularly, the
invention relates to effective. catal yst systemns for cationic
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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, including, 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 pdlymerization of olefins, such as isobutene, and in
hydrocarbon isomerization and cracking reactions. For example, in
copending patent application U.S. Serial No. 064,688, filed May 20, 1893,
incorporated herein by reference, there are described solid state insoluble
30 salt catalysts based on at least one solid state insoluble sait selected from
the group consisting of the salts of a strong acid and a Group IlIA - VIA
transition metal selected from the group consisting of yttrium, lanthanum,
zirconium, hafnium, niobium, tantalum, molybdenum and tungsten. Solid
state catalysts have been studied for use in the carbocationic polymerization -
35 of olefins; a number of these catalysts have been based on the use of 2
catalyst on a polymeric substrate. ' |
U.S. Patent No. 4,116, 880 discloses a catalyst comprising a




35 of olefins; a number of these catal ysts have been based on the use of a
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Summary of the Invention

In accordance with one aspect of the present invention, there is
provided an immobiiized Lewis acid catalyst system which comprises a metal
selected from the group consisting of aluminum, boron gallium, antimony,

25 tantalum, niobium, yttrium, cobalt, nickel, iron, tin, zinc, magnesium barium
strontium, calcium, tungsten, molybdenum and the metals of the lanthanide
series, which metal is in the form of a salt of a strong Bronsted acid seiected
from the group consisting of acids equal to or stronger than 100% sulfuric
acid, including mineral and organic acids; in parttcular the acid has a

30 Hammett acidity value of at least minus 12 or lower, preferably minus 13 or
lower (such acids being characterized as "superacids” with an a<:|d|ty equal to
or stronger than 100% sulfuric acxd) Furthermore, the acids useful in the
present invention are those acids that’ give up a proton, characterized as
"Lowry-Brznsted" (hereinafter Bronsted acids) rather than Lewis acids or’

35 rnixed Bronsted/Lewis acids. A super acid of the latter type is the mixture HF-

-~ 8bFg(1:1) whereas acids of the former type include FSO3H and CF3803H
Such a catalyst system is active for various hydrocarbon conversion



| ower (such acids being characterized as superam ds" with an acidity equal
to or stronger than 100% sul furic acid). Furthernore, the acids
usef;ul in present invention are those acids that gj

pr ot on, ykg si”éﬂ"zed as v "Lowry-Bronsted" (her ei;-nafteri’éﬁgH%(@&os

aci ts) rat her than Lewis acids or 3 5 mxed Bronsted/Lewi s acids. A super
aci-d of the latter type is the mxture HF SbF[err] (1:1) whereas acids of

‘the. former type include FSQerr]H and CH&rr]Sqerr]H.. Such a
catal yst systemis active fdr -vari ous hydrocarbon .conversi on WO
95/ 26814

PCT/ US95/ 040¢8actions, mcludmg, in.particular, carbocationic oiefin polymenzag,on and
reactions, i ratkyldiiomreaatiopsr tccotding tactiis aspectotheimmebilizeg catatysti zat i on
and al ks‘ﬁ'gf’éd\‘i’g' n tﬂ@%hﬁ’B a péﬁ?&llé’l'feriﬂoi' ﬁl@bﬁ Qt?é’técén whith t'hEF@Es' | zed

cat al yst LR S P rtlcu Lnor gani c_substrate
on whi ch ther&&pip@fte‘ﬂ or lmglﬂﬂﬂ&eﬂéaeé-ﬁ“ﬂﬁﬁﬁ ITQ%Haft ﬁ_S\M‘ igsubsteate

gﬁ;lglorcg' ?rg S 'C«(i)m&g ;?i_‘tgpbé usad hggﬁ? Icgély%h@boh&néy) cbn‘pgsg(ér@s%dgvgnﬂcﬁal yst
surface hydr d9 ga@pgﬁqute a‘"ng(ﬁqr%Pﬁﬂygm’gﬁ&ﬁ" @iﬂ%’f% ﬁ‘lérlqude
for exanpl e, substhates incime| foréxample, powderdmmpnéadoaf or including silica\a,
magnesi a, ti taﬂgﬂnqu{ﬁé)% £ titaiib, f&lﬁ% @g%—ﬁﬂrﬁlhﬁasﬁn{ﬁ-ﬁfﬁtﬁa §ih Ca‘

magnesi a or t pec zed
Lews acid canagmlaoym%hkemy be prepared by reacting- an |norgan| C,

si'li con-ggntai ni ngn g%pﬁ raés%eeﬁ\éhﬂmmobmzeﬂéWema'da?awét @rstérﬁsnay bé- -

'Si-OH groups, with east one Lew s ac cted fromthe grou
'XnMRm  wher eiRfeRares By FRACHNG 20 IRRFIANIG, rsmﬁwma'"mg éﬁ‘B%HF cﬂ%‘"@ﬂ | ng of P
al um num  borgypfage! dilano groabs,ively Si-OMgriups, withatileast drie Lewistagidm cobal t,

fungsten, - moiSPRREAS Mw@“ﬁéﬁﬁ*ﬂ@bm' e 38 Bl Bltelfirom e
monoval ent h;gtoupmhsustmgcbf ab,lmmpmebororbgglhu{rmanpn'qrm tqntaluuylmmzum yl, and
Xis a ittt eobghCAIcRE), IrbA i, fffn&rrﬁagn S At sonfiid E:aurﬁh' orine

-and quorlne clent to satl.s t he

val ence r equitiagstens melybdengm a@m ms&asgf {anthanide sgees; dﬁ@l groups on
‘the substrat Qn@ﬁ@véi dréérb@n&dlcal prefe&w[wf-d@[akyuorgrwmd Xighaare

o St o 06 bl s, AR,
'Si - O MX[err] Ferd m]angrmuane irtegers.sufficient tal satisfyotnecvaience redgiirements of M;
PSR T # e pOART 6 18 SHBAbI GoubB orf e silstiald BFY bctvetiddio'si >
' -MXnRm.1 groups, and are additionally contacted with at least one strong
Bronsted acid, SH, wherein the strong Bronsted acid is as described above,
_ such that the Si-O-MXnRm.4 groups are substantially converted to Si-O-
’ . MSn+m-1 .
25 - Another aspect of the present invention provides a process for using
the above immobilized Lewis acid catalyst system for polymerizing a variety
of monomers into homopolymers and copolymers, e.g., polyalkenes, by
contacting the monomers with the immobilized Lewis acid c_atalyst system of
this invention under carbocationic polymerization conditions. The monomers
30 which may be used according to this aspect of the invention include those
having unsaturation which are conventionally polymerizable using '
carbocationic Lewis acid catalyst polymerization techniques, such as, for
example, olefins characterized by the presence in their structure of the group
YC=CHo. To effect cationic polymerization in a preferred process of the
35 present invention, 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-
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However, particularly preferred aikylating agents for use in the present
~invention include olefins, including olefin oligomers, such as propylene
oligomers, having from about 6 to about 50 carbon atoms and having one
25 double bond per molecule. .
A significant advantage of the present catalyst systems is that they are
stable, i.e., the Lewis acids are immobilized and substantially retained on the
| substrate; i.e., do not ieach or otherwise deposit free Lewis acid into the
reaction medium or, more importantly, into the reaction products. Ancther
30 advantage is that the present catalyst systems are usabie for multiple
hydrocarbon conversion cycles, e.g., polymerization or alkylation cycles (in
the context of a batéh process) without regeneration, resulting in substantial
cost savings, as well as the elimination of significant amounts of hazardous
" waste typically generated in conventional Lewis acid processes. Not only
35 can the supported Lewis acid catalyst systems of the present invention be
employed for muiltiple reaction cycles, or on a continuous basis for extended
times of reaction (e.g., polymerization, alkylation, isomerization or cracking),
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t he 1=V &F R ,ﬁvéﬁt,mbomgﬁgééméegqbbgqﬁed fromthe substrate by a
sol vent, diluent or eact ar& condi h a f use; c{u
pol yneri zation, al kyl at i @ provi m%@ﬂé‘?‘?’ﬂéﬂl% y qut'ﬁon ainin
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this invention conprises e PR ( idi Qg an
norganic. hydroxyl gr o Con@rﬁﬁﬁt’@ the support under conditions' &fect®e ¥ rdid

a portion of the hydroxyi groups contained on the support, with at least one
20 compound having the formula X,MRp, Wherein R is a monovalent
hydrocarbon radical; X is selected from the group of halides consisting of Cl,
Br and F; M is a metal selected from the group consisting of aluminum, boron
gallium, antimony, tantalum, niobium, yttrium, cobalt, nickel, iron, tin, zinc,
' magnesium barium strontium, calcium, tungsten, molybdenum and the metals -
25 of the lanthanide series of Group 3 of the Periodic tabie of the elements
(including fanthanum (La), cerium (Ce), praseodymium (Pr), neodymium (Nd),
promethium (Pm), samarium (Sm), europium (Eu), gadolinium (Gd), terbium
(Tb), dysprosium (Dy), hoimium (Ho), erbium (Er), thulium (Tm), ytterbium
(Yb) and lutetium (Lu)); and n and m are integers sufficient to satisfy the
30 valence requirements of M, thereby generating -O-M containing groups; and
(c) - contacting the reacted support of step (b) with at least
one strong Bronsted acid, wherein the strong Bronsted acid is selected from
the group consisting of acids equal to or stronger than 100% sulfuric acid,
including mineral and organic acids, and having a Hammett acidity value of at
35 least minus 12 or iower, preferably minus 13 or lower, under conditions
effective to react the strong Lewis acid with the -O-M containing groups.on
the support. Use of more than one compound of the formula XnMRm and/or



support; and (b) <contacting the support under

conditions - effective to react a portion of the hydroxyl groups
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30 val enc errert: | 0 t hereby generating - O M contai ni ng groups;

and 3 ema cayas of%xs contacting the reacted support of step (b) with
at | east one strong Bronsted acid, wherein the strong Bronsted acid is
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13 or, | ower, un gonﬁl t'” f raa he strong Lew s
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i mobi | i Zeteinaftat.yst conprising more than one Lew s acid. : The
general chem cal reaction of the invention is represent ed 5 schemat ically

? EULSH 2{“’25 -0 - M g ) qﬂg[sages ].xsgftuf lﬂg present |nver'¥t%n to whrch the resulting SH.
10 (i) Yewidekidstare-firebiinciudebny of thevcdrivemtional imprganiBloxide
' substrates which contain free hydroxy! groups which can react with the alkyl
metal halide intermediate, XnMRy,. Generally speaking, any metal oxide
which has surface hydroxyl groups can be utilized as the substrate. The
20 terms "metal oxide" and "morgamc oxide", although typrcally used herein in
the singular, are meant to include both single oxides, such as silica or -
aiumina, as well plural and compiex oxides, such as silica-alumina, silica-
- alumina-thoria, zeolites and clays.
Nen-limiting examples of such inorganic oxides include siiica, alumina,
25 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-5 zeolites, and
| naturally occurring zeolites such as, for example, faujasite and mordenite,
and open lattice clays, such as bentonite and montmorillonite. The preferred
30 inorganic oxide substrates typically are in the form of powders or particles,
and include a major component of silica or alumina or a mixture of both.
Particularly suitable as substrates are those solid inorganic oxide
-compositions known as metal oxide gels or gel oxides. Preferred oxide gel
materials include those gel materials selected from the group consrstmg of
35 silica, alumina, alumma-srlrca zeolites and open lattice clays. Silica gel and
- silica-alumina gel substrates are particularly preferred
The particular substrate materials are not critical, provided that they do



where SH is a strong Bronsted acid, as referred to above and further
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‘hal41 de internediate, XnMRm GCenerally speaking, any netal oxide ~ which
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"metal oxide" and "inorganic. oxide", although typically used herein in

h I
e St 19 a1, cBk FygB v B e e W B B ey o
al uni na- t hor i &pwissatidtcatalystisystems are intended to beused| and prmdectmnggy of
such i norgani aoaididege h?&.{ougﬁgdrahés %cﬁbwfhaeessaﬁf /19 tes fdt With tRB MY irfetal

silica-alumna, Silica-

al um na- t hor | halide) anchthereby fix of F"F@@h“'&e %@‘Hlsl ?‘H@ %‘W‘Wﬂ?&t es,
i ncluding s Sy MiHeSddrfip 6@1& of 18 forfitladk, MRy, wherel R.is &, m¥novalen? SM 5

' it d

faul asite Zﬂdwvm&ié@ ! X5 Sle ”.fZe%nw%?ia?i‘aﬁéas@égﬁﬁ@&%m e
-and nont nor i | [BeranideF; Mlis ammefat seiedtetDfrom theqgrgupiconsisting of ahsninums doron
LIPLeal 2 qellh a2 B o ind Y, sl iskaitinl 6] 4, 2
‘Parti.cul arl y smagmwn@anyubswmm caleium durgsien; molykdequm andtheymetals

conposi tif @Mfﬁ&é'seﬂés Uhd) 'a‘h dt8lin eﬁbegufﬁaéﬁiﬁisaikf?méie gel

naterlals | ncIu mat'eri a ected consi sfi ng of
35 silica, aI"é!ﬁﬂ?& reguirRments;of Mcis, "sFé’o'F‘ qrder %@%@&F‘ tg?%@@l‘ )
Silica gel anghe substrate| tHereisy gehevating-OsMe contdinimgareups farifarther rgactnon

preferred. m%?eﬁronghﬁrﬁi{%ééfé%§%§éﬁ5£& Eb8%. s eqifaf td'2brc thd | 2l -

‘provi ded t hat
PCT/ US95/ 0400&ompound is a metal alkyl and éfrro isiegual teszerodbe compeupeds adgvetabr

:"ﬂ't 22 d;ge{. eSWahBngdr’ESQ%hnbﬁEQ Ihe com éls%fé?ré‘oﬁcon éaflféﬂ : hetdgr%f} O“@'
groups whi ch &ﬂ%tahﬁéléﬂﬁaré)ﬁq‘(ﬁfrtaﬁﬁ cﬂﬁnpﬁuf‘éé canibg u "9 as l and

thereby fix orgadfigiPtan BE achiévedanivievrof the panicuidr mmamelebt'ed arid the The
conpound of t h%rttlgurlgru slst?bstia?é Uf l\r/\@res{ ] Us%u? rc%mrﬁoﬁndg ifcidge %Yéff @2H5AICI2,
(CoHsg)2AICI, (CoHs)3Al as well as BCl3, SnClg, and MgBup. Such alkyl

20 metal halides are themseives considered to be Lewis acids of varying
strengths, but as used in the mstant mventnon these compounds serve an
intermediate function as described above. '

Alky! metai halides which are regarded as strong or weak Lewis acids
' in their own right are useful in the instant invention as described above.

25 Among those considered to be strong Lewis acids are the halides, alkyi
haiides and alky! compounds of aluminum and the halides of boron, and
equivalents thereof. Preferred are compounds where R is a monovalent
hydrocarbon radical, preferably C4-C42 alkyl or aryl. Non-limiting examples
of such strong Lewis acids inciude triethyl aluminum, (CoHs)3Al, diethyl

30 aluminum chloride, (CoH5)2AICI, ethyl aluminum dichioride, (C2Hs)AICI2, |

 ethyl aluminum sesquichloride, (CoHs)q_5AICI4 5, aluminum chloride, AlCI3,
and mixtures thereof. Among those considered to be relatively weak alkyi
metal halide Lewis acids contemplated for use in this invention are the
halides, alkyl halides and alkyl compounds of magnesium, and equivalents

35 thereof, including, for example, magnesium compounds including dibutyl

| magnesium ((C4Hg)2Mg) and butyl magnesium chioride (C4HgMgCl).



hydrocarbon radical, X is selected fromthe group of halides consisting of
Br and F; M is a netal selected fromthe group_consi st| ng of
al uni ndhP %8 gal lium antinony, tantalum niobi Bﬁ]
cobalt, nickel, iron, tin, zinc, . magnesi um barium strontium cal cium’
tungsten, ol ybdenu_m and the nmetals 10 of the | anthanide series, and n :
~and mare integers sufficient to satLgy the val ence requirenents of -
M is used in order to react with the OH groups of the substrate,

th b t O M t f furt ith
he. st ongialasi (aeromer dneta 1aeted ApBue 4a6aiss be Useilndhe Hike hetel o, (he

compound halide.netal alkyl and if mis equal to zero the conpound is a net al

iyl o Top iV WeilabioR FERBHGN oo Helidte B by SHREAER | g "

t he over alhe nnorgamc sabstraie vu&nattieasmrllwma alkyl mudﬁa&attemmﬁwel ar net al
sel ected ﬂm f1al d
inclu A%rgeé]ﬁfm me 8 éFaFurB to dgcﬁetrrtggggé ﬁ]‘ﬁ‘ A?gln >
([ er r] H[ thergraee of ]amuta t°|2 Ggrhigher, agi® . Such

al kyl 20 ttiﬁ%érhtd’ré' 2d@e t%rébddtqrroebvemesaem&sei: onhbq:rbtoemsaﬁb@ of
ventl on

varyi ng n t.as _used in the insta ese

conpoundsCeene @B’ gonosuctecﬁ%e 2 t jower tempera p"ﬁ@s .%@B‘PA%JIO‘E!“

Al kyl net abolta80teabat 4009€ cprefgrablicitonsaisoute6 torabout R0PEymoraci ds

|n t e aAstant invention as described above.
%ngaﬁ%@ﬂ%ﬁm%edr%d'?'@ko EBO'B on(g Lew s acids are the halides, al \l:yl

haI i des and al Khe copneataation off ogalduwsﬁp&mmet pathe sybstrateoviln.  and

equi val enfahdd PemEboult 0% & atssLit 20% e?rweéffﬂsoadearm fRe otdl waigRYSl ent

h drocarbon radical, ref -limtin
eiarrpl es Lewis agid "%?} fPB%V {@% §b%¢!t| ?hbt‘{ﬁé%t FP%SE m}é/tje%ﬁt{']ﬁt °
(derr] H abodd2 to abdit 8%1 for lexample, aboutiSnweighb Mo of tital Lewis acid metal
(derr]Her l]‘ &e A£FCI et hyl al um numdi chl ori de,

(de H[E'Fl % %fth et hyl al um num sesqui chl ori de,

(Clerr]Herr ] )Nruspdlln:m[llerSPFC!f aation anshclaims, thr term strosgrBronsted  angd

m xtures §ef- ﬁ)w afifR ge rtpﬁuﬁnetaméuées&énber hﬁrm}d%bcueh& abRflna! ky!

metal hal i ate or.~us S in ntlon are the
hal i des, @fgapic ﬁﬁ!dﬁdlaé"%ﬂ "W tt@&?fﬁ@u‘fﬁig E?ah%ﬁﬁgm' ¥§ QU@ val ents 35
thereof , prefrabiy at least minus 2 or iowes)andenthecsame conditions etnplgyed inut y|
s, o é&%&mktﬁa héFdin YekcrAlih fAVbktio™ Rohg e Bleférdd sirbhg" 1 HOMIC!)
PCT/ US95/ aﬂlde$l'e 100% H2804 (sulfuric acid), HC!O4 (perchlonc acid), CF3SQ3H
Simlarl y(tnﬂberog;tétﬁénamuentc 568}, HS03PMAcfosliehioadid), drrHEOZd1e al ky!
net al
(chlorosuifonic acid) (as described in Chemtech, November 1993, pages 23-
29, tncorporated herein by reference The subject of superaclds and
25 Bronsted-Lewis superacld mixtures and thelr relatlonshtp to Friedel-Crafts

reactions is also treated in "Encyctopedla of Chemical Technology, third

edition, Vol. 11, pages 295-296, incorporated hereln by reference) The

Hammett acldtty functlon is deﬂned as:

30 Ho = pKBH+ - log (BH*/B)

where pKBH.,. is the dlssocxatlon constant of the conjugate acid and BH*/B is
the ionization ratio; Iower negative vaiues of Ho correspond to greater acid
strength.

35 A specific example of the reaction sequence of the present invention is
illustrated as follows: .



The catal yst i mobilization reaction can be carried out by contacting
the inorganic substrate with at | east one netal alkyl halide at a

t enper at ur eywomsks39i Ng from sonewhat bel ow room t enper at ureé; 9§)6g.¥]0§d :

t enperatures on the order .of about 150[err] to 200[err]
and-preferably, from about room tenperature, 20[err]C, to about
110Terr] C. The -second step of the process is nore conveniently
conducted at a sonmewhat | ower tenperature;9for exanple, from about -80
to about 100[err]C, preferably from about -60 to about 70[err]C, nore 10
preferably fromabout -50 to about 50[err]C. The concentration
of total Lewis acid present on the substraRe wll rlange f psmaarhout

0.5 to about 2098k@Hwei ght, based o8i-OkAl Kot al e®jsghk of  Si-O-Al {Lew s acid
metal ; preferably fromﬁb@lﬁg, 1-+» about 10 n’B-S-t—-p-FOf ergbly froso,Cr,

about 2 tosabout |8% for exanple, alout 5 feight % of totlal Le SO50Fh d

netal 15 on theSBObbtrate. ~ Si-0-Alg used in this $H+Alication and
clainms, the term"strong Bronsted | aclRl" is nmeant td defi nes@gafer al
aci ds stronger than hydrochloric acid and organi c acids having a
Hamett acidity value of at |east mnus 10 or | ower, preferably at

| east 4B, 12, LA boyl Rrorec GURVRRIP b MBsSHER ¥ FafBe e,
aci ds are 100%® iHolymerixe awapemoff menhemacs inte hamopolymers and copalymersici d) ,
Crierr]Sqerr]dy N a,auéér{ ;@g Hﬁ@@?%&m@é‘m@h% 'dﬁ@hﬁrréi.@ wP

(fluorosul fonic ) orosu on| Cc acl

described in @ﬁ@@@&ﬁnﬂmw&ﬂymggé@ e USiNRG cationic Layis;agid,
herein by ref giohfférizatith fe!':hh soéné pigHonterdswisiol afd the Ehu%ﬁrﬂﬁtﬂé?&bﬁ

superacid_ni x es and helr to Friedel reactions
TePal o0 FBa 6 LCRRRONR oP urptHEa Hdahy perein
ledi tion, Vol. Olbf n mmmmat inithe practicet afdhe eresentinvention arece) . The

Hammett aci di tdb Sﬁrﬂﬁﬁiédtﬁg diefi ﬁjﬁ‘-I Bﬁﬂeré‘%par%@er zed by the resepc[e%? bh\e or more

‘where pK[err]

I SSoClatlrron cons € con uga e acl

‘BHerr]/Bis ethylemcaﬁy upsatusatesoreups.o Thednenomermeary be\sifaigh of rﬂp@eq

correspond to rﬁéﬁ@él@ﬁmé%éhomers sGER %Q@iﬁyl efifers, propyléhéﬁesutfehé exanpl e of

h
]E O|e| gﬁg ot 6" Ssob L&ﬂeggl g@@ i zp&ene o cycllc or acygllc conjugated r.larI nor%cgrttjtelgat%%

PCT/ US95/ 04008:henes. :
Suitable olefin monomers are preferably polymerizable terminal
olefins: that is, olefins characterized by the presence in their structure of the
group )C=CHa. However, polymerizable internal olefin monomers
25 (sometimes referred to in the patent literature as medial olefi ns)
‘ ~ characterized by the presence within their structure of the group

|
| -c-C=C-C-
30 | ' I

can also be used to form polymer products. When internal olefin monomers
are employed, they normally will be employed with terminal olefins to produce
polyalkenes which are interpoiymers. For purposes of the invention, when a
35 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., piperylene) is deemed to be a terminal olefin for
purposes of this invention.
Preferred monomers used in the method for forming a polymer in
40 accordance with the present invention are preferably selected from the group



-9- [err] 10 The novel immobilized catal ysts of the present

I nvention can be used to polynerize a variety of nononers into _

honopolwowsi2ésand copol yners, e.g., polyal kenes. The panus9®04008 ncl ude .
t hose havi ng unsaturation which are conventionally polymerizabl e using
carbocationic Lewis acid catal yst pol ymeri zati on techni ques, and
nmononmers which are the equivalents thereof. 15 The terns cationic and =~ -
carbocationic are used i nterchangeabl‘;ﬂoﬁerei n. . A efin nmononers useful -
in the practice of the present invention are pol ynmeri zabl e ol efin

MONOMeT S  GRAERGHE 'of ARfhaleling dPaysieally Cz-008 diphd'Biefins. Suiftidly! eni cal |y
unsat ur at e(il roups.. The nononers Car} he strarght .or branche

nonool ef | Iﬁ@%‘fﬁ\?@ may Q%g}ﬁa e oRstraightehain cyalic and aremalicene, 20

i sobut yl esabsttatedlernghsutrstitutedc snd are preferabty bi()g-clqaj%a_lgtaa-wefms. Mixed
non-conj u : . : uitable ol efin nononers are

pr ef er abl %%%?igégé?é&'nﬁnﬁgp buter1e_s§[ efins; that is, olefins

charac$eri zed Ginetalpha+odefing: avhen substituted, may lpecdicectiyr@romatic gr oup

>C=CH[ errg y)f%?e ' n hofafed =R tines
referred %gblgﬁl{ t eéﬁ“gﬁ%%t | |?é?§%ﬁipgqb?'rr@§?gﬁ$gﬁieﬁs CH3 é&%&ag erized
by the pr &hkeemrioyad): Renresentative Of SYEn managers includestyrene, and

[err] derivatived Suthbas aipha-inettiyd styrene, ypara-methwt stysend\dnyiitolueneal ol efin
nonomers ,_ .. grg Srrspl oyed, they normally will be enployed with term nal

ol efins tdmﬂr'§ g '@_ rs. pol yal kenes which are inteérpolyners. For purposes
of thxoinventi imaddition, subsstituted-alphawiefinsiociuderdermpounds ofthedformala can be

oo Socus S ORREAZ GhEIRS roprehfl ) WC80E eigan) €] 0 61g 1!
pi per yI end@lkvi,sangbXfrsepresents a subsiitueat on RS and £an be aryl, alkeyk @ of this
i nvent i oncycioalkyl. Exemptasf 6 suksh X2 8aBSitbeHsasteidiyl 66 WU bdrbey formng a
e BIRs (§.6° Sy, ety and tR6 TRE). cyelbai of 3 8'2 BlrboR albmé
15 (e.g, cyc!o_prb_pyl, cyclobutyl, cyclohexyl, cyclooctyl, cyclodecyl, cyclododecyi,
 and the like')"'and alkaryl of 7 to 15 carbon atoms (e.g., tolyi, xylyl,
ethyiphenyl, diethyiphenyl, ethyinaphthyl, and the like). Also'useful are
bicyclic, substituted or unsubstituted olefins, such as indene and derivatives,
and bridged aipha-olefins of which C4-Cg alkyl substituted norbornenes are
20 preferred (e.l'g., 5-methyl-2-norbornene, 5-ethyl-2-norbornene, 5-(2'-
* ethylhexyl)-2-norbornene, and the like). S

lllustrative non-limiting examples of preferr'ed:'alpha-oleﬁns are
propylene, 1-butene, iéobutene, 1-pentene, 1-hexene, 1-octene, and 1-
dodecene. - '

25 Dienes suitable for purposes of this invention include straight chain,
hydrocarbon diolefins or cycloelkenyl-substituted alkenes having about 6 to
about 15 carbon atoms, including, for example, 1,4-hexadiene, 5-methyl-1,4-
hexadiene, 1,3-cyciopentadiene, tetrahydroindene, dicyclopentadiene, 5-
methylene-2-norbornene, 5-cyciohexylidene-2-norbornene, 5-vinyi-2-

30 norbornene, allyl cyclohexene and vinyl cyclododecene. _ :

Of the non-cenjugated dienes typically used, th_e-preferred dienes are
dicylcopentadiene, methyl cyclopentadiene dimer, 1',4-hex_adiene, S
rnethylene-2-norbornene, and s-ethy!idehe-z-norbomene. Particularly .
preferred diolefins are S-ethylidene-z-norbomene and 1,4-hexadiene.

35 The polymers and copolymers which can be manufactured by the _
process of the present invention are those which can be manufactured by a

carbocationic polymerization process and include but are not limited to
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consi sting gf ol efins and typi caI I y C[err] C[err] al pha ol efi ns.

Sui t.abl e aﬁyﬁa ol efins may be branched or straight chaiRT/E3p804008 and
arorat’i c substltut ed or, unsubstituted. and are preferably :
CletrT-Cerr] al pha-ol efins. "M xed ol efins can be-used (e.g., mxed
butenes). 5 The al pha- ol efi ns, when. substi t ut. ed, may be d| rectly
aromatic substituted on the 2 carbon p03|t|on (e.g., nonomers such as

CHerr]=CH(J erg Lerr g ‘gl el;c;sresent ative of such
nononers i nclRRY 'i}dvﬁ%ﬁé‘méﬁ@my' 07“‘8@;1 9% (1rout mh:d%!smm IsRlytene
styrene, par astymineydopolynerscand thveylike. oThenerm copolyaret dstusedsivereirsis 10
HLor ] C-orr RS IhEh el chmtioiod ket ERTRIMAIER: Bopprier S °
preferably Cl to (e carbocationig pplymetizdtionrgrocess efsmetpreaeeumennmmayon R3
and can bg arpd caﬁ"ehacmf i in g‘Holar%' gréi‘gfdﬂﬁ"ﬂﬁﬂ-poﬁi‘ggﬁld?rﬁre?éra%&ﬁfhlqﬁ

substituents are ary napht hyl
and the |ike)reagtjen mdmm asra eontmupysCambﬁoawwqq b?@h@mc%%scls@;ﬁﬂ I

cycl obutyl, whp&ﬂwﬂns whieh ﬁ@ytbé usé‘d’ék@ﬁ@ pblymeriZitionGeastion medium and t he

ik d alk

S ISRl et a7y e

3i cycl itc S ulritromethesheocor theshkbswtwemascbmlaﬂe nen-pnlarrsomentsciwlade,rﬂ]r kvl
erivati a

Ssubstitu ed negﬁfﬁﬁ%gbgég&%'%@% e?%ﬁ% ﬁ%ﬁkem@%ﬁﬁébﬁ%gé Y

5- et hyl - 2- nortgkiepgeand nare generally therineae of b)'am EGW@U qrtmsaturate& e).

I'llustrative rryaﬁoéarebﬁ isBveRtsWRIcAT2R bé)faﬁrﬁf :hqﬂef&mébm ef MohBfets €
pr opyl ene, ut en | Sobyt en and 1-

e oct
flodesene. " 25 Obiained i3 NBUOLR FIackinG ATReSRSoGE0SGIY NMENER, BIRYSIOT nc ude
strai ght chairfon-polar sollv;dtsds@rémrredl ol efins or cycl oal kenyl -substituted

axanpl o, 18 4" Pexade tbactors which gy He drtiZed 36 Hralive ofte KRS . i e,
t et r ahydr oi ndayention :ogbaugmnnmmai regctors and eqmaﬂgnte thereofisuthyasne,
5-cycl ohexyl i é}?ré’a C?n?a’é'a%rs fuidized BEY @ébf]h?ﬁean@bbﬂfmuous

cycl ohexene and vi ny ecene non- conjuga ed

di enes typicd FF‘§/°D§!§!"3'Y"§§°§S’F%FBW‘% like:theprapess may b%m!mn
met hyl cycl opsentiastintin@ods BF tombinbtions aerede. S

et B8 7" DR AP B8 i ARS8 Rl Vil frerl FhBHPE e
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 Il.

25 "~ The polymers and copolymers which are manufactured using the
immobilized Lewis acid catalyst system of the present lr_wentlon may be
referred to as reactive polymers in the sense that they are characterized by
having terminal or non-terminal vinylidene unsaturation in about 40 % of their
polymer chains. This differs from polymer products which have been

30 prepared using conventional non-supported Lewis acid catalysts wherein a
single Lewis acid, such as ethyl aiuminum dichloride, is employed (typically
less than 20 % of the chains of polymers of this type contain vinylidene
unsaturation); in polymer products prepared using conventional BF 3 catalysts
typically 40 % or more of the polymer chains contain terminal vinylidene

35 unsaturation. -

For purposes of this comparison, polyisocbutylene polymer chains
having terminal vinylidene unsaturation may be illustrated as follows:




35 The pol yners and copol yners whi ch can be nmanufactured by the _
- process of the present invention are those which can be manufactured by a
car boc¥™Q ¥¥a6814pol yneri zati on process and include but ar ePﬁHUSQSIWQSed to .
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pol yal kenes such as pol yi sobut ene poI&%l -butene), polystyrene, isobutene
styrene copol yners. and the |iKke. erm copol yner as used herein is
defined to nmean a polynmer conprising at |least two different nonomer units.
The carbocationi ¢ pol ynerization process of the present invention may 5
be carried out in a polar(w-pre+d3a Hp, ngn- pol E%es or, preferably,

| i quid reaction nmedium as a Cﬁ i nuoud~~SRRIVEBRENAMus or bat ch
process. Suitable . pol ar solve which may be used as the
pol yreeri zation reaction nmedi um include, for exanple, nethyl chloride,

di chl oronet ha yséﬁmyleﬁe';sw*rﬂsr &ains havif hoRABIRARABmdlP | 1 ke, wher eas

sui t abl e non- pol“ar sof vent's exanpl e tetrachl ori de,
hexane, Niyylideae upsaiusatiommay he-iustiated as 10lloWSt uene, and nore general |y

the linear or branched, saturated or unsaturated - hydr ocar bon sol vents
whi ch can be found in the stream of nononers . obt ai ned from vari ous
cracki ng processes. Generally however he use of non- pol ar sol vents
is pkeferred. 15 The reactors Wﬁ('&ﬁ may be utilized in the practice
of the present i nvention includebconventional reactors and

equi val ents t hereof such as: mab%en:-rR_aacto(wheﬁaereg)tank reactors,
fluidized bed reactors, and conti nuous tank or tubular reactors and
the like; the process nay be continuous, batch or : sem -conti nuous or -

conbi nat i ons (Tiner reattor 24l contain smcumttamulms of thecimmobitized natalystt al ysts of

por yi & op Sreient SF e s BhEipyentiorr iV tocatazt e @"%‘%fﬁ?‘m & hut ene

m)norrer s manomer eanjaining fepdstreary such that gsufficient amEURGRPAlYMES st r eans

RO]E‘]E ali mt %aégi KaraEferishes 1§ prebiecsed The reaction comgitiohs wilebe and
af fi nate

L e oAb b A oR RIS 0 SR 2 >
i nvent i Oeffetivé to mamtaxrrthbe'eaettbn meaiumda dbe hqunﬂcﬂtgiemnd toprodeceense t hat
in:A 8 oS ReBed Bhhherdhavine thellissirt s i &, ams. Thi's differs from
pol ymer pr odua'wnqqﬂycmqgazelyggmonomer ratlo utl d will be those
conventional in this art for carbocationic polymenzatlon processes. For
example, catalyst to monomer mole ratios will typically be about 1/15000 to
about 1/50, more typically about 1/5000 to about 1/100, and preferably about
25  1/1000 to about 1/200. This mole ratio will be calculated by determining the
number of Lewis acid catalyst sites in the immobilized Lewis acid catalyst.
This can be done by using conventional analytic testing techniques such as
elemental analysis, NMR (e.g., aluminum NMR) and absorption spectroscopy.
Once the number of Lewis acid sites per unit of immobilized catalyst is
30 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
polymerized as well as standard process variable and economic
considerations, e.g., rate, temperature control, etc. Typically temperatures
35 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



30 prepared using conventi onal non-sup'por_t'Ed_Lewi S abi d catalysts wherein

?t . IS: ngle Lew s aC|hd such as ethyl ‘alum num dichloride, is enployed
ypical ly ss than 20 % of the chains of polyners of
contain vi Wﬁ%@gkﬁ unsaturation); in pol yrreP p?loduct S pé%?@ydﬂﬁogl ng
coriventional BF3 catalysts  typically 40 %or nore of t he pol yner
chains contain termnal vinylidene 35 unsaturation. - For
‘pur-poses of this conparison, polyisobut yl1@\e pol ymer--chai ns havi n'g
gg/r r2n6gal vinylidene unsaturation may be illustrated as foll ovvs
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non-term nal 400ho=abaut)1000.  vi nyl i dene unsaturation may be illustrated as

fol |l ows: 10
[err] ~ The monomer feedstregm to this process may be@ﬂeast one pure or

2 Ont &
i mobi | i zed dJBixgdysenamer %Hﬁ?moﬁqﬂin?még%ﬁ aﬁ{?@ﬁtﬁ @E%L}E'Pve to
catal yze &he pghyier fetistreanpinaly/t mixed Wit soRentsosuch as hexénedst ream such

bl oduced. | Thaemiang P heviine A bteiarren fpedétiedif 1 BT\t iry i g plie'™ ' °
tenperature, grmixedirefineny butene stream dontaining one or maredf 1-butene; 2ct i ve t )

5 S AL I o s ok o

desi red poly aracteristlcs.
the catal yst mmamamllltyaan%eq@nqm@é@sm|aret?é'aelﬁ6|§eff°m refi BMP%E

_'tcg't > a;: tbgr n@ggﬁg%ﬁbggp@btmsl TRéEP rdulfdseesaes knben in the aftx T e,

“about y1/ 50, rRtene gieams '«}'P gey'oéé g5t t}eﬁ)"’?(ﬁ éﬁé ‘S%Wir/&m y

‘about isobutylene together wuth 1-butene, cis- and trans-2-butene isobutane and

' less than about 1 wt.% butadiene. One particularly preferred C4 feedstream
is derived from refinery catalytic or steam cracking processes and contains

15 about 6-45 wt.% isobutylene, about 25-35 wt.% saturated butanes and about
15-50 wt.% 1- and 2-butenes. Another preferred C4 feedstream is referred to
as Raffinate Il characterized by less than about 6 wt.% isobutylene.

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

20 and most preferably less than about 10 ppm, by weight of water. Such low
levels of water can be obtained by contacting the feedstream, prior to the
reactor, with a water absorbent (such as NaH, CaClp, CaSO4, molecular
sieves and the like) or by the use of distillation drying.

’ . The monomer feedstream is typically substantially free of any impurity

25 which is adversely reactive with the catalyst under the polymerization
conditions. For example, the monomer feed preferably should be
substantially free of bases (such as caustic), sulfur-containing compounds
(such as H2S, COS, and oi'gano-merc'aptans, e.g., methyl mercaptan, ethyl
mercaptan), N-containing compounds, and the like. :

30 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
added, to a monomer feedstream before that feed is introduced to a reactor

35 or it may be added separately to the reactor, e.g., to the catalyst bed. A
variety of conventional cocatalysts or equivalents can be used including
inorganic acids such as hydrogen halides, lower alcohols, C2-C24 secondary

|caIIy,



25 1/1000 to about 1/200. This nole ratio will be calcul ated by

determ ning the nunber of Lewis acid catal yst sites in the imobilized
“Lewi s awiohsessial yst . This can be done by using convestygasldgal Ytic .
- testing techniques such as el emental analysis, NVR (e.g., alum num '
NVR) and absorption spectroscopy. Once the nunber of LeW| s acid sites”
per unit of immobilized catalyst is 30 known, the nole ratio is cal cul at ed
in a conventional manner. 14he pol ymeri zation reaction - .
tenperature i s conveniently sel ected based on the target polyner

- ol ecul ar or‘"@rﬁﬁ?g aﬁf]yi' Hall@eS5taERIc éadbgucn as caPboXc dcids éﬁd‘ﬁ%hbm%s standard

rocess var..abl eco consi der at i,ons e, tenperature
Pont ol , " atics. anphiheding, Foexample, gesaais. STyHGRHE! Joay e eelovel about
. +g5C ar goasagoba:gﬂ!ysthG’mrHCBWI begmplcbwﬂ mgatalytzcallyteﬁéc;wiinﬁudtc t(r)]
- about + r wei ght.
React i on Wpistfiiling A dhePall a8 drim siibub 80XdE,000 pogiBy Weiar
92? (2:6;‘9'22 gpe monomer feed%?fferabl%éo to 500 ppm (e.g., 70 to 200 ppm) by weight
PCT/ US95/ 8Aa@%nonomer feed when the monomer feed comprises >5 wto sﬁé tyiene, = 1600
kPA, nore t | cal to "')y I-f)dut .
400 to abG"'I b){y?l"om abouHOOrﬁ@%ﬁmmé? gf-eﬁ’@ |V!,9' @htocess may
Pﬁ at :ceawhenmefwdecmn prises nrbmenéswmgrmt%adebmwn@rlf@ﬁ uﬂbtaﬁl Onls t
er eo W sol-vent s
such as hE;ffl éﬁe&’fa ti‘eﬁﬁﬁai‘ﬁég aﬁgﬁiﬁ'ﬂgﬁl '?éé&%ﬁegf §FB'? F’Bl?qée'ﬁst reamto
t hi s 3@ ocfosmedibgfdre contactawith the solidh¢atalyst.ef i nery but ene stream contai ning
f ut ene.
e pref or s oq THE 843 cohtacting ndhSnef edisiall Aot BACaaRAD. 0.
basi s) ar@f Wi anghselvepbis ’F@quﬁ'éﬁklt%@isa!"y?ﬂ@'lOA‘:E@%RQ‘VstthWEhm
crackers. aﬁd]eé@talyecﬁﬁ Be atidedtane redctoh beforé orEﬂ%r addin@’tHe=ne streans

{ b6t ner PR Gaptaitaan aad Shivsry. AriatyERe fhe 8 %ﬂf%}%man' mer Y| ees
t han lasboul?e]gistmar%dmbeiadded b@m’emraﬁetldddlrtg/tnsadaatalydt and Eekvéat. (rj e?(r)nnt .
15 “about . a5y Boofeeldt pletizhiord bt OFRRCE | bigoRieRt)TORiedd 21 4

about with 1"@ wa!Mst of this mnﬁom'léhssdetmnner Ypﬂ'@f@S‘@ﬁ end ﬂ%%dst reamis
referred Typically theafegréé iof polymérization!is fiopt BBEGt $Yo BE00D; imére tppieally 6 W . %

e et 1010 sl L e PR o ey A T o7 211
| ess 20hanoligomers 3%e degree of polymerization will typically be about S to about 100. -
| Correspondingly, the number average molecular weight, Mp,, of a polymeric
product will be determined by the monomer and degree of polymerization; for
a C4-based polymer typical values are from about 300 to about 300,000
gm/mole, depending on the intended end use of the product. Number
25 average molecular weight is conveniently measured by a suita_bly_célibrated
gel permeation chromatography (GPC) instrument. The poiydispersity index
(PDI) of the polymer, also known as the molecular weight distribution
(Mw/Mp), will typically range from about 4 to about 25, more typically about 5
to about 22, and preferably about 6 to about 20.
30 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
35 may be used to catalyze the isomerization of normal alkanes to their
branched chain isomers.



20 and nost preferably 1ess than about :.'lo'ppm _by'wéi ght of water. Such

| ow. | evel s of water can be obtained by“contacting the feedstream
prior.tot .., reactor, with a water absorbent (such as err]
Casderr], rWrr%P‘r’el%:sgll-‘far sieves and the like) or by the usg@"g%"'sgﬁu%l'8
.distiilation drying. The nmononer feedstreamis typically
substantially free of any inpurity 25 which is adversely reactive with the
cat-al yst under the pol ynerizat:i-on _-cldndi ti ons: - For exanple, the
mononer feed preferably shoukd be substantiall'y free of bases (such

o g e oo ane. 1 GRYRHEOTPERE 8 Brosan A B °

N- cont ai ni ng contaatimgdbe aromatit er hikieaxyEFomatic substratenand aikylatingiagerdam i s
typically S“Qﬁo@ﬂéé&ddﬁ édrf@iéﬁs, ?ﬁé?ﬂ&hp?nole ratio,%W&'Qﬂﬁe'tt‘iha gdal kyl ation
h of. an aronuat IFc SO ent g

reactions. Therefore, use g [ enerally is not
‘envi si oned i rFatalyst ratio\swificient:tp aikylatetbesubstrate. The hydmmrema&p acting as
a cocat al gst sﬁib&trafé)&m?é&nd@usgm inothe!dréparation of thé ikgiatell tnateBIRGET

f eedstream beiép.r.e that | e@@lg mtroduce% h%ga r arft or l3_5 or it may be
added separ at'BiSynyentaninciude;tgpse cogipoungs "tga'i'gl PPUBd. A vari ety
of conventional cocatal ysts or equival ents can be used including

i norgani ¢ acids such as hydrogen A}g(ldﬁ’es ‘| ower al cohols, C2-C24 secondary
WO 95/ 26814 & o

PCT/ US95/ 04008 ' : - 14- or
tertiaryy gl kybhdra{n Aefeprésért§i ¢ aci ds such as carboxylic acids and sul fonic

acids, and the.like. For exanple, _gaseous, anhydrous HCl, may be enpl oyed
as a cocatalyst. The HCl will be Brrpi oyed in a catalytically effective

ranount , whi ch amount will g nge from about 50 to 5,000 ppm
by weight of 5 the nononer feed,| 50 to 500 ppm(e.g., 70 to
200 ppm) by wei ght. of the ngn eejdwwhen t he nononer feed
conprises >5 wt. % isobutyl ene, d peleferably from about 100-5, 000
‘ppm (e.g., 400-3,000 ppm by weight - when the feed conprises n-butenes
and <5 wt. % i sobutyl ene. |If anhydrous . HCl "is added to the feedstream

contai ning i sobutene, t-butyl chloride is 10 formed before contact with
the solid catamdyzis an integer from 1 toh2, wisian integeniromct-Bng is HeondandiR4 is

f eedst | . A ' i < not
orition o e 024 auGPics Wustrative or A roBbE afPpHERYIEh, 100 |
can be added biphenyiene naphthalene apdd ei’k@er addi ng the nonomer
feedstream and solTHearonfiticesubitrate LympblRdS akafuy i tha'shePRPABH of the

alkylated materials of this invention include those compounds having the
formulas: | | ’
20 '
) | - Ar1 - RSy and (Ar1 - RSp)y

wherein Ar1 represents:

o} 0O

25 :



15 feedstream can be added before or after adding the cocatal yst and

sol vent . The degree of polynerization of pol rs (and

ol i goné?'g)"s’ﬁﬁséﬂuced with the catalyst of this i nveng’FéWs#’Moﬂbe
determ ned by the desired end use. Typical ly the degree of

pol ynmeri zation is fromabout 5 to 5,000, nore typically from about %0
to about 1,000; for |ower nolecular we||6ght polynmers and 20 oligoners the
degree of polynerization will typically be about 5 to about 100.
Correspondi ngly, the nunber average nol ecul ar weight, M, of a polyrrerl C
product will be determ ned by the nononer and degree of polynerization; for

4-b 00
g ol gseﬁ‘é’?}'ﬁﬁ% B fhor 88 o6 12854 BT @3@%&%@“{%%&&3 O
average niéiE&@0A! V@D@-I‘@Hb or Hoﬁﬂ@ry iSrt-By 'Wﬁt@ﬁﬂv tBuch Avli graups afal i br at ed
gel per meddn2BnéNp mﬁ}léwé namﬁalaﬁat and bﬁtrﬁabaﬁle sper sity index

PDI f th I I t but
e §1 vt ne, Pt wst%sea?fawrvﬂﬁge GortRetagna mofes Tatio 6f From abwc.
typi cal | y Oabtoiti Opreferably frombabbut’P to anmqoewefavétblyfw:waboﬁtzmapout 20. 30

nyar ocar bANOIEh g6 14 Fulibuskd PP ict6 B i HkGIad0, et dMbetifinplvalbEC, ..o

cracki ng. utalkyéatmmaggntttmcalbtww usedy The retipitypically wilt be about QiSg of
| ong 16294 8l abéut 6.640 2 asg, ah @bout B.PfPduce

ra
shorter ch as et ane e, lg tanes, etc.
Addi t1®nal® Utf‘f%e %ﬁi@e@%am @Qt widely.vaming soneri zati on

of normal cohkentatidrs. Getierally, the baﬁtyﬂmm Margedmpﬁowde at least WO
95/ 26814 RCT/,US95/ 04008

- 15- about 0.001y preferably fiom about 8.1 4o §45.mere preferably from AL i |1 be
conduct ed (by to 0.3, majes phiLewisgacid catalysteperanole df;smbsﬂ'ateachﬂmaddoshbst rate

and a1 ky! aikyKici9fdliction zone! VAR of i8idrafiafi ' fibld 6Nthe Uik iy ! e ratio.

terrperature trnme ate the
subst}at e whmstmm'y of syhstrate is not seagfalh{treqelsﬁﬁo Thesreactants can benc
pr epar at i eontdctéd withlthy présent iminobilized i0dwis acid. catalyst ispstent eaiployiagude

agosahg?g%ﬁﬁ%%ﬁygﬁ%@% r#ﬂﬁ-lﬁﬁ“%rﬁacﬂng techniques, such as by passing the [err]
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.

20 The temperature for alkylatson can also vary wndely, 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. :

The alkylation reaction time can vary and will generally be from about
1 to 5 hours, although longer or shorter times can aiso be empioyed. The

25 alkylation process can be practiced in a batchwise, continuous or
semicontinuous manner.

Alkylation processes of the above types are known and are descnbed
for example, in U. S. Patents 3,539,633 and 3,649,229, the disciosures of
which are hereby incorporated by reference. :

30 Polybutenes and other polymers and copolymers in the molecular
weight range of 500.to 10,000 prepared in accordance with the process of the
present invention are particularly useful as a feedstream for the production of
improved lubricating oil dispersants. These dispersants generally utilize a
polybutene reaction product with a molecular weight, Mp, of 700 to 10,000,

35 and compnse the reactnon product of polybutenyi succinic anhydride, or the

- acid form thereof, with monoammes or polyamines having at least one _
primary or secondary amino group such as the alkylene polyamines,



4 ' [err] o and z is an integer
fromlto 2, wis an |nteger from1-3,7ais.1 or 2 and R4 is 15 a

Cerr]- C[er radical . Illustrative of such Ar groups e
i p napE‘Yﬁa o b %&n%giaxdog te

bi phenyl ene, | ene and the Iike. The aromatic substr
corpounds useful in the preparation of the al kyl ated materials of this
“inwention include those conpounds having the formul as: 20

[ err] wherein Arf[err] represents - 297 - V[)95/26814

PCT/ US95/ 04008 - 16-

Cyel oal kyl . BeripLiarline '%6%*6 bBiyanfibes, tﬁ%ﬁ?ﬁ{a@%ﬂ%ﬁfﬁs Ffinghc,,
and y is 1-3. and nyd:loahphamﬁmmeshhwr[ouyaml@s;mmqailphatlc andtmalmha&lc
phenyl ene, Di pg\?ﬁﬁtﬁi@ﬂ qnnglggt rﬂ.iaée‘ﬁ'ﬂedl dﬁé?gaﬁi%té}’eaé@&?onne% by 1g'ea::tm

substrate gene 'ar ratio o out

0.1 to 10 prefMQKWW¢ammmdmcmow the palyisobut eFY'o?H%B%t 2 to 5,
mol es of the syRfdrifecordibeitp revm‘edtzh%oabiadrwe with merthver{ﬁ@n\mu preférred

e e e Feod 18k il e 810 Bk i
1.5: %e éemdI 8r Zﬁp te abyui2® ua\;rﬁeratomslﬂJMtHe alkene polyols anticatkylene glyﬁblsst
Ca vt o ) Bre el b oyl 8 BeRol bc  pEfRgI G 17
from about 0. Oalcobois.and ndvexxpreptleama}cahqhn rmeehydric and polyhyric phenois
10 and naphthols, ether alcohols and amino alcohols and the like. Borated -
derivatives of the foregoing dispersants are aiso useful, especially borated
nitrogen containing dispersants resulting from boration with boron oxide,
boron halide, boron acids and esters to provide 0.2 to 2.0 weight percent
boron in the dispersant. Metals and metal-containing compounds can also
15 form useful dispersants and these are compounds capable of forming salts
with the polybutenyi succinic anhydride or acid (using the polybutenes of the
present invention). These include metals such as the alkali metals, alkaline-
earth metals, zinc, cadmium, lead, cobalt, nickel, copper, molybdenum, in the
form of oxides, carboxylates, halides, phosphates, sulfates, carbonates,
20 hydroxides and the like.
Lubricating oil compositions usually will contain dispersants in
amounts of from about 1 to 15 weight percent based on the overall weight of
the composition. Lubricating oil compositions typically will contain other
. ’ additives in customary amounts to provide their normal attendant functions
25 such as metal detergents or basic metal detergents, anti-wear additives, anti-
oxidants, viscosity modifiers and the like. Dispersants are conventionally
'packaged and dispensed in the form of solution concentrates containing
about 20 to 50 wt.% dispersant in a mineral oil. |
The invention will be understood more fully in conjunction with the
30 following examples which are merely illustrative of the principles and practice
thereof. The invention is not intended to be limited by these illustrative
examples. Parts and percentages where used are parts and percentages by
weight, uniess specifically noted otherwise.

35 Example 1. Catalyst Synthesis
Silica (W.R. Grace 1952) having a specific area of 300 mzlg was.

dehydrated by heating under vacuum at 4500 C. for one hour. To 2 g of the



0.1 to 0.3, noles of Lewis acid catal yst per nole of substrate charged to

t he al kyl ation reaction zone. Use of greater than 1 nole of the Lew s
aci d 15WOO8R6A14st per nol e of substrate is not general |y RCIHRISELP08 The
reactants can be ~contacted with the present immobilized Lewis acid
catal yst system enpl oyi ng - any conventional -solid-liquid contacting
t echni ques, such as by passing the: reactants through a fixed bed of =
catal yst particles. The upper linit on the - nol es of catal yst enpl oyed-
per nmole of substrate conpound is not critical. 20 The tenperature
for al kyl aiehydrated silicadn\&0nyl ofiheptane, dherewas adqucaam 9f a1 motarange from

about 10 L%%@éﬂ%fégg;% yiyz%'ldfn%ﬂ{‘lﬂbﬂ‘)”in Bpisfrel Wor 6 Rour st roc o1 o7 201 ¥

from about |.at1 on reactlontlrre can
vary and Wemnperiwe; siiting §alid,waswashed t@'@%t@eﬁd‘ﬂﬂ% heptanedogfdenger or
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ractice I N, a \M con Uuous n US pann
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f or exanplome hourdt oorRdempesatire, 3be 88iid was washiay Reige witreheptaneanad es of

whi ch ar eéﬁ%‘ ahgd H‘&QFQQ&%@%P%é ﬁggﬂrm C?O Pol ybut enes and ot her

pol yners copo yners ecu -wei ght range of 500 to
10, 000 prepared in accordance with the process of the pr esent

I nvent i on Bamohe Dt |§dm,l,yp5 eHzafiona feedstream for the production of
0

i nproved Tubrica rsant s enerally utilize a
pol ybli®ene rea Eﬁﬁr"q\@?ﬁ)ﬁtpm ared in;00 to 10, 000,

35 and mowdaneemmﬂmpmoeduwmbedfnnmmaradd $00@irgfc anhydri de,

one._ hePfartt, Sariic g it sinberefSta? Roblithe B kAR IIRE 00, o ﬁ?it

WO 95/ 268 1qactxon mlxture by bubblmg The fast reaction mcreased the medium

PCT/ US95/ @4fiBérature to 30°C. Th? introduction of monomer wa then stopg%& and the
parti cul ar ¥'}5’t he et h ene am nes, ene am nes, ar omatic

Bnd cheI ofitr alewahtnstr for > Theiouig s of Ihaimbdureaves e e | o
subst i t ut eecovered by filtestion onliapaperdiltes. After e#eporhuorf&:f the soivent and

anhyar | de UPEHREE W?@%f 78,6000 el With & HGrrBBr ShARbY FMeiat it °
preferred= 350 glmoitamd polydispersityinder(RL & 4 was recoyered. heurther 2 to 6 OH
groups Ccoy ﬂl the P rglﬂ@f by 1HRMR $Rowad Wp?éﬁwg 8olas 2l kene

ponoIs an ene
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E.xam le 3: Toluene Alk lation
Toa giass flask is introduced 300 mg of catalyst prepared aocordxng to
example 1, 50 mi of toluene and 10 ml of 1-hexene After stirring for 5 hours
25 at room temperature, the hqurd part of the reaotlon mixture is recovered by
filtration and analyzed by gas chromatography The reaction mrxture is
constituted of unreacted 1-hexene toluene, hexyltoluene dahexyltoluene and
tnhexyltoluene




Al so suitable are the pol yoxyal kyl ene al cohol s such as pol yoxyet hyl ene

al cohol's and pol yoxypropyl ene al cohol s,. nonohydric and pol yhydric phenol s
10 « and naa@i@&lii et her al cohols and amino al cohols and the |ike. Borated
derivatives 4 oregoi ng dispersants are al so useful, es RIEPI5(P4008
bor at ed nitrogen containing dispersants resulting fronIboration W th
bor dn . oxi de, boron halide, boron acids and esters to provide 0.2 to
2. 0- wei ght percent boron.in the dispggsant. Metals and

met al - cont ai ni ng conpounds can al so 15 form useful dispersants and these
are conpounds capabl e of form ng salts wi th the pol ybutenyl succinic
anhydri de or aciatM§usi ng the pol ybutenes of the present invention).
These include netal s such as the alkali metals, alkaline- ' earth '

form of ox des. - carboxyf @%oo“f%%i%@s”'%I%%#%QSI%E?%@%E?@I@%I‘EE 20
hydr oxi des anmydmarbmconversnon processascoroprising an lnocgamo:oxtde)subausam |y

|1 contaln Havid RiGBILEY thereon HEMAYcAlly QAo St \Bali |
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packaged and dnagnesnﬂ'd bariutrhstréntium,odalsiam, tungsten, rmetybdeham andlma mieta)s
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wi || be understood I'n" conj unction w oW N

exanmpl es whi cliram th ammmnsﬂggrqimmraifandwgpmmlgs §§I’°Bl§l’ mam&b“é
thereof. The igufaftiaei.i s not intended to be linmted by these illustrative
exanpl es. Parts and percentages where used are parts and percentages by
wei ght, unless specifically noted otherwise. 35 Exanple 1. Catalyst

Synt hesi's 2. Fhei catalysy systerfvaocerdifg 29 claimi 1) wivereirean fincrganiea of

one o 73 gy WIS S5t k5 A Gadnd W i

PCT/ US95/ 04008Vlt and thereby immobilizing said strong Lewis acid, whereinisaid strong

dehyd d I I
sgl ﬁtlrgtneofSItr:%E&dq?%mf@ﬁhwm%gm@@&P%Pag?bgne hour at a; oom
I

‘tenperature Iaefg”ﬁi/P‘PWQ" m@mﬁﬂﬁﬂ‘ﬂeﬁﬂm Bn
or der
3. The catalyst system according to claim 1, wherein said
inorganic oxide substrate comprises at least one silicon-containing oxide
initially comprising surface Si-OH groups.
) 4. The catalyst system according to any one of claims 110 3,

wherein said inorganic oxide substrate comprises a silica component.

5.  The catalyst system according to Claim 4, wherein said silica
component is selected from the group consisting of silica, silica-alumina,
silica-titania, silica-magnesia, silica-alumina-thoria, silica-alumina-zirconia,
crystalline aluminosilicates, open lattice clays and mixtures thereof.

6. The catalyst system according to Claim 5, wherein said acid is
selected from the group cons1st|ng of FSO3H, HSO3Cl, CF3S03H, HCIO4
and 100% H2SO04.
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to renove unreacted TIBA. There was then added to the solid, 50 m of 5
heptane, 0.4 m of trifluoromethanesulfonic acid (CF[err]SOerr]H). After .

stirri wip $3m6814 one hour at room tenperature, the solPcr/uses/oseoshed tw ce
wi th heptane and then dried under vacuum for one hour at 100[err]C.
Exanpl e 2: Isobutene Pol ynerization 10 In a glass flask were .
I ntroduced 0.14 g of catal yst prepar eg accordance with the &
procedure described in exanple 1 and” 80 n of - heptane. Starting at
room tenperature, isobutene was introduced in the reacti on m xture by

bubbling. The §ast Ag6&es¥¥ l’&ét’@ﬁh%é B nﬁ@:@h lefin mohSmaes, to
30[err] C. The mtrodS?:l o Wb 4 uh@’fbe nmo th?ﬁigﬁ m xt ure

o] oven 1 GPBBFiSSS GOMBRING Blemn MBROTER Wae, SATORIE PRNBTHZANONTeRSHSR hon
r ecover ededndifions withiacatalytiealpeeffective amount'oft @ suppented bewishacii t he sol vent
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1. A suﬁi@rted Lewi s acid catal yst systemeffective for catalyzing
hydrocarbon conversion processes conprising an |norganic oxi de substrate
unt of at |east one

h bI d talvt t
Ctrong Lowis o d c ﬁ%ﬁ?@#"" d5eofiY gltgﬁlshztyﬁgsﬁ?aa PGrAIG A4 onst od

acid substrate comprises a silica component.

8. The process acoordmg to Claim 8, wherem said acid is selected
from the group consisting of FSO3H, HSO3CI, CF3SO3H, HCIO4 and 100%
H2S04.

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

11. A process for alkylating an aromatic or hydroxy aromatic
substrate, which comprises COntactihg said substrate with an alkylating agent
under alkylation condmons with a catalytically effective amount of a |
supported Lewis acid catalyst system comprising an inorganic oxide substrate

. having immobilized thereon a catalytically effective amount of at least one
strong Lewis acid comprising at least one metal salt of a strong Bronsted acid
wherein said metali is selected frdm the group consisting of aluminum, boron
gallium' antim'ony, tantalum, niobium, 'yttriu'm cobalt, nickel, iron, tin, zinc,
magnesium barium strontium, caicium, tungsten, motybdenum and the metals
of the lanthanlde series and wherein said strong Bronsted acid is selected
from the group consisting of mineral and organic acids stronger than 100%
sulfuric acid.
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wherein said netal is selected fromthe group consisting of alum num boron
gal lium antinony, tantalum niobiun:yttiriim cobalt, nickel, iron, tin,
zinc,. magnesi um-bari um strontium cal cium tungsten, nolybdenum and the
metal s obo vésssiant hani de series, and wherein said.strong BrDHS25¢4008ci d

I s "sel ected fromthe group consisting of mneral and organic acids
strorfger than 100% sul furic acid. _ 2. The catal yst system
according to claim1, wherein an i norgani_?r.l _ oxide substrate initially
contai ns surface hydroxyl groups capable reacting: wth and thereby

I mobi lizing said strong Lewm s acid, wherein said strong Lewis acid is
supported on sai d sihst rApeodessifervprepakingra suppadrtet Lewis acid catadlystsysten,i r st

portion of saigd hyd # Ul 1@l ly present on said substrate.
3. The cat alggﬁx%ﬁ%hegé@éojg%éﬁg%t oclaim]l, wherein said  inorganic
oxi de substrate conprised@)at providingan inarganien hydiex aiovp-esntaining

initially conpiistord ahd’ face Si- OH groups. ' 4. The cat al yst
syst em accor di ngpﬂ ’

to any one of clajnms 1 to 3, wher ei.n saiegfi or gani ¢
oxi de substrate conprise®)a SANtagingsAid sLpPort under conditions °?R\é° g"at al yst
fSySt emhaCCOF di react Q_p@t@émbﬂ?aiw?ﬁﬂixyl gmju_iassddritaiued orcsaifisupport] with@tect ed
romthe group_consisting o Lyl - . | =1
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(c) contacting said support of step (b) with at least one

strong Bronsted acid, wherein said strong Bronsted acid is selected from the

group consisting of mineral and organic acids stronger than 100% sulfuric

acid under conditions effective to react said strong Bronsted acid with the

-O-M containing groups on said support.

13. Ina hydroéarboh conversion process wherein at least one
hydrocafbon is contacted with a conversion catalyst under conversion
conditions, the improvement comprising contacting said hydrocarbon with the

’ catalyst system of Claim 1.

14. The process of Claim 13 wherein said hydrocarbon conversion
is isomerization.

15. The process of Claim 13 wherein said hydrocarbon conversion
is cracking.
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thereon a catalytically effective amount of at |east one strongJaw s acid

conprising at |east one netal salt of a strong Bronsted aci d wgehpgey) sai d
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(54) Title: PORTED LEWIS ACID'CATALYSTS DERIVED FROM SUPERACIDS USEFUL FOR HYDROCARBON CONVER-
SION REACTIONS

(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 strong Lewis acid comprising at least one metal salt of a strong Bronsted acid wherein the metal is selected from
the group consisting of aluminum, boron gallium, antimony, tantalum, niobium, yttrium, cobalt, nickel, iron, tin, zinc, magnesium barium
strontium, calcium, tungsten, molybdenum and the metals of the lanthanide series and wherein the strong Bronsted acid is selected from
'the group consisting of mineral and organic acids stronger than 100 % sulfuric acid.




12. A process for preparing a supported Lew s acid catal yst system

whi ch conprises the steps of: . (a) providing an inorganic,
hydr oxyl group-contai ni ng .support; and (b) contacting
sai d support under conditions effective to react a portion of said .
hydr oxyl groups contained on said support, with at - | east one conpound -
sel'ected fromthe group consisting of conpounds having - the formula . .
XnMRm wherein R is a nonoval ent hydrocarbon radical; Xis sel ected .

fromthe group of halides consisting of C, Br and F;, Mis selected
fromthe group consisting of alum num boron gallium antinony, tantalum

ni obium yttrium cobalt, nickel, iron, tin, zinc, nmagnesium barium
strontium cal cium tungsten mol ybdenum and the netals of the

| ant hani de series; and n and mare integers sufficient to satisfy the
val ence reqU|renents of M t her eby generating -O M contai ni ng groups;
and (c) contacting said support of step (b) with at | east
one strong Bronsted acid, wherein said strong Bronsted acid is sel ected
fromthe ~group consisting of mneral and organic acids stronger than
100% sul furic acid under conditions effective to react said strong
Bronsted acid with the -0 M containing groups on said support.

13. In a hydrocarbon conversion process wherein at |east one

hydrocarbon is contacted with a conversion catalyst under conversion
conditions, the inprovenent conprising contacting said hydrocarbon with the

cat al yst systenlof Claiml. 14. The process of Caiml3
wherei n sai d hydrocarbon conversion is isomerization. 15.
The process of C aim 13 wherein sald hydrocarbon conversion . is

cracki ng.
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