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i nvent i oowoeb@tewego an inproved nmethod for production %T,U@bggizgﬁgne based
.polymers useful in rubber conpounds. BACKGROUND | sobutyl ene-isoprene

pol ymers, generally ternmed "butyl rubbers”, have 10 been well known since
the 1930s and their synthesis and propérti es are descri bed by Kresge and
Wang in 8 Kl RK- OTHVER ENCYCLOPEDI A OF CHEM CAL TECHNOLOGY, pp. 934-955 (4th

ed. 1993). These butyl rubber Y i gperneability to air and
a high I evel of danping mg’ﬁ‘%{}%ém@%ﬁé sséd, and are used
extensively thr Ough@ATi@NICALi@P@)MWIEEI%ﬁLE% MiR§tries. The

u

copol yners are made by a cationic slurry polynerization process at
approximately -95C using a catalyst conprising a Lewis Acid and an

*initiator. Lt wat er and anhydrous HCl are used extensively.

Rel at ed pat @gﬂ Qk&%ﬁQ@%% WD 00/ 40624; U.S. 4,385,560, 5,169, 914,
and 5,506, 316, hgg reselnﬂweaﬁaﬁtraqte% ra%f [ BiROR: méthoft fae" r@@&:‘&gﬁ Qj¢nd
references include US Patent Nos. 4, 4,171, 414, é) 4,269, 955. The
comer ci al nhotydsns- hﬂse:blpalmmmnmeﬁlhasmbbubiump@uame wel | mixed 25 vessels of
greater than 10 to 30 liters in volunme with a high circulation rate

provi ded by a punp inpeller. The polynerization and the punp both generate

beat and, | BOCHEGROONGEP the slurry cold, the reactor contains a heat
exchanger. One enbodi nent of such a continuous flow stirred tank reactor

("CFSTR') is fodmi)uhﬂerlﬂ SoprEwe eotyngs, gent.ﬂ_a?ly%mledi ri(buty[iombb@:d” byaveef er ence

h f 30 dt S buty t
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heat exchang;@r Imés@ Q#zﬁ'p,WaﬁghhheSmeWEhymﬁ?CQ@E@& sheChesicde provides
cooling, the slurry tenperature 0 1 F E

TECHNOLOGY, pp. 934-955 (4th ed. 1993) These butyl rubber polymers have

good impermeability to air and a high level of damping when stretched or

compressed, and are used extensively throughout the tire and pharmaceutical
15 industries. The copolymers are made by a cationic slurry polymerization process
at approximately -95°C using a catalyst comprising a Lewis Acid and an inttiator.
Initiators such as water and anhydrous HCI are used extensively. Related patents
are EP 0 279 456; WO 00/40624; U.S. 4,385,560, 5,169,914, and 5,506,316,
herein incorporated by reference.
20
Other background references include US Patent Nos. 4,146,692,
"4,171,414, and 4,269,955.

The commercial reactors used to make these rubbers are well mixed

25  vessels of greater than 10 to 30 liters in volume with a high circulation rate
provided by >a pump impeller. The polymerization and fhe pump both generate

heat and, in order to keep the slurry cold, the reactor contains a heat exchanger.

One embodiment of such a continuous flow stirred tank reactor ("CFSTR") is
found in U.S. Patent No. 5,417,930, incorporated by reference, hereinafter

30 referred to in general as a "reactor” or "butyl reactor”. In these reactors, slurry
(reacted monomers) is circulated through tubes of a heat exchanger by a pump,

while boiling ethylene on the shell side provides cooling, the shury temperature
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t he

t he

Q= (YU (A (Tsm' y - Tethylene) (1) 25 where "Q''is

t he

the boili ngn et hyl eng used to draw heat
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n"t he pol yneri zati on process,

t he

bacends fuhstablecandditarts wwgagghemerafeowhivbatant leathtf macton plugging. ease if ()

é' | heat tr antsf er coeff.ici en& U decr eases
onsequently, reactors expériencing rapid warm up, often referred to as run away,

are taken out of service quickly to avoid fouling and plugging, and subsequent

plant upsets.

Reactor "warm-up" then refers to the gradual rise in the temperature of the
reactor as a polymerization run progresses. At a constant polymerization rate, the
warm-up is the result of a progressive loss of heat removal capability in the
reactor. The heat removed from the reactor can be represented mathematically by

the following equation (1):

Q = (U) (A) (Tsluny - Tethylene) (1)

where "Q"*is the heat removed, "A" is the surface area of the reactor, "U" is the
overall heat transfer coefficient, which is a composite of several heat transfer
coefficients for the slurry itself, the walls of the reactor, the film formed on the
reactor wall, and the boiling ethylene used to draw heat from the exothermic
polymerization reaction. The "T" values are the temperatures of the slurry and

ethylene, respectively.

«



~and/.or (b) the heat transfer area is |lost during a reactor run, such as by

L3

.pl ugged tubes. Both can occur as a result of fil mformatioB
or uI ation

fouling of the 5 reactor. Also, Uwll decrease if the reac

rate droﬂgoa?‘”{(’%"@ urry viscosity increases. AlthoughPfdtl wogﬁ},z tto be
bound by the following mathenatical relationship, the slurry si de heat
transfer coefficient can be related to the viscosity of the slurry by the
Si eder-Tate equation for turbulent fluid flow as shown bel ow in equation
(2): 10 1~S, k,D=(0.023~D1' | 0.8 lukp 0 .4 1J Cuba 0.167 (2) 1 ° 1 where

hsb,,,y i's the sl upfe ﬁbz@lﬁmh%;ont ik She ?éi‘xﬁﬁérétﬁfeed]ﬁe rebkd an{nkig fgxicé‘ﬁ‘{ﬁl er of
the reactor heat transfér tube, I's the ermal con uct|V|t f the

react or pol yrieat nser mgst shaieasy if @) ithss oveealhlient axgasfved:mxfﬁd;lyntdﬂ debreasb,ur ry

i nside the tub t.he er.age densi of the urry average
bul k vi scosi t3§? of %Lg’ep}bﬁ%ﬁ%?ﬁf?gﬁﬁ & fﬂs{ éum%@f a re"’lc TTHe %B&S?qycpl ged of the
pol ymeri zi ng 1§hd4! I BotiABsh JoécdrsastQ%eﬁlYteragiﬁnV‘@hhaﬁ/drﬁﬁﬂf'zﬁaﬁs f@lﬁllrffgggf the

pol ymerizing slurry. Therefore, Ilslucry is proportional )04 in

equati on 5( 2)re@dorOpAismt lhgnlbldchbmstf dsspectet edewlatidn taté ldgolishc&sthe sbanyt or s

vary dependi ng on _the speC| f.ic reaction.taki nd, t ecific

| ocation wit hi ?f‘ ?%é PSR Al@r?élbér%%l SME ﬁo?ﬁ%g’é’ ga Xotpg odo {2’

presence of nARhBARRGE R ERIPCHe sh@ﬂﬂs’i‘&é‘héa@{raﬁsl?&Vc%):fﬂcli@]t RHATHe jelREd e Where
feed is introduced. The nononer 25 ri'ch zone adjacent the punp can be
particul arly the gissbEtoefthbebmmysley theeticdayl de cquation doumeilonttthiddloni ash as 40%
nmononer concentra’gﬁg{}W Wnereas he steady-state nonomer level in the

reactor is "froml1l%to 10% The inventors have found
that, surprisingly, if an |n|t|ator such as a C5 or greater tertiary

haI3 alkyl is added to the system the reactor heat transfer efficiency 01
FEB 2007 WO 2004140149 PCT/ US2003/ 028% %@ 408 ro @7 consistent with a
reduction in vis @sm _Qf(ot@QS ¥ . @

/'lb W

where hgury is the shurry side heat transfer coefficient, D is the diameter of the
reactor heat transfer tube, k is the thermal conductivity of the reactor polymerizing
15  slurry, v is the average velocity of the slurry inside the tube, p is the average
density of the slurry, pyis the average bulk viscosity of the polymerizing shary, ¢,
is the specific heat of the polymerizing shurry, and py is the average wall viscosity
of the polymerizing slurry. Therefore, hgury is proportional to (1/ 1p)"* in equation

y (2.).'

Operating problems associated with using these reactors vary depending

upon the specific reaction taking place and the specific location within the reactor.

One Eroblem with these reactors is the presence of non-homogenous zones
beneath (or above) the pump impeller where feed is introduced. The monomer-

25  rich zone adjacent the pump can be particularly troublesome because feed may be
introduced with as high as 40% monomer concentration, whereas the steady-state
monomer level in the reactor is much lower, typically from 1% to 10%. The
inventors have found that, surprisingly, if an initiator such as a Cs or greater

tertiary halo-alkyl is added to the system, the reactor heat transfer efficiency



unexpected for at |east two reasons. First, the use of the initiator
2-chloro-2,4,4-trinmethyl -pentane (TMPCl) has
pol ymeryweahb Qi an olefin and the highly reactive pararusideyhstessr ene, as
disclosed in U S. Ser. No. 09/684,713, filed on Cctober 6, 2000 (assigned
to the assignee of the present applicatiion). However, conjugated dienes,
such as used in butyl rubber production, are known to act as retarding

nononer s

using a 10 TMPCl or other C5 or | er initjatgors i.n the polynerization of
butyl r ubbefiProOSse SRBSISERT ¢t at éf‘rad[“f%%\?lgz

5 been denonst{rafedldh t he

in polynerizations. This observation would tend to teach away from

15 KPR PEhE niliist orldisdeh as
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slurry concentration and

3,560,458 to improve isobutylene polymerization in small scale, batch
experiments when compared to HCl. Yet, there is little to no improvement when
comparing tert-butylchloride and TMPCl in small scale batch experiments.
Further, the lack of steady state conditions in the small batch process means that
heat transfer and viscosity changes would not be apparent when going to a

continuous, slurry process, nor would the associated problem of reactor fouling,

The inventors have umexpectedly found that certain alkyll halide
compounds greatefl than C4 significantly reduces reactor fouling associated with
using HC1 as an initiator for butyl rubber polymerization in continuous slury
reactors. The present invention enables a higher slumiry concentration and/or

longer run lengths than would otherwise be practical in most commercial reactors.

SUMMARY OF THE INVENTION

Thus, an object of the present invention is to provide a method of
improving heat transfer within a butyl reactor by employing an improved catalyst
system for the polymerization of an isoolefin with a conjugated diene to form

butyl rubber.
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. R3 wherein

.built into the reactor by lowering the heat transfer coefficient of the
‘slurry This will ultimately [ower the fouling rate, and allow higher
concentrations of 5 nonomer to be injected into the reactor and i gﬁ&}?
slurry coXeatifat’bns to be maintained, and/or allow t RETUEZWEH2EH run for
a longer period of tine before washing,;thus inproving the conmercial val ue
of the product and process. An enbodi nent of the present inventionis a
nmet hod of inproving the heat 10 transfer capability within a continuous
slurry polynerization reactor in preparing random copolyners of one or nore
| sool efi n_monomer §y,3apeReE Lkl & sichPRlHAked  dvNECRAA MR ifitialoh ot aCt e
nmononmers formng a slurry within the reactor. The nmethod conprises reacting
in a polar dibhpevts hdabtrassed fedm nheapudymeezing shwydodresheapexchangn@asystkm and an
initiator, erein the initiator has, the for X (A |
"Ry TeRseE RPN dhe %%&rap%mﬁémamf&he sherve: tTHg of cC1
to Cs al kyl, ﬁn@n%té;p Gved! BeMtlalinFrale 281 GALRORIHAMAAEARMR GENSi Sting
of Cl to C8 aI to C8 al kenyl "and phenyl al kyl; and R2 is sel ected
fromthe gr oup:noma:s |tcstbeng]eofed®4tozﬁxetr@amomchhigiﬁbr sl@ﬁyt@nwtmltlhmyd bephenyl

D R Ln 207 RSB o ssBasier 55598407 8 ToRgremarrd 0t Gne tehe on: R

is select ed foFaRRg hﬁuegifn‘ﬁ%vﬁg'ﬂ% Srhferc viHie bPthEDréutYind praBéks G2 to Cs
al kenyl ; is sefected fromthe group consisting of Cl to Cg alkyl, C to

C8 al kenyl and phenyl al kyl; and R4 is selected fromthe group consisting of
mfgxgﬂefne, bi pheny, exﬁb&cﬁm@mpmﬁe/bﬁkésﬁ%eﬁﬂén tsa(iGERbd of I8V Righdhdk an

N 10 transfer capability within a continuous shurry polymerization reactor in preparing

) random copolymers of one or more isoolefin monomers and one or more
conjugated diene monomers, the reacted monomers forming a shury within the
reactor. The method comprises reacting in a polar diluent the isoolefin and diene

monomers, a Lewis acid, and an initiator, wherein the initiator has the formula:

15
R,
|
Ry——C—x A)
|
Ry
} wherein X is a halogen; R; is selected from the group consisting of C, to Cs alkyl,

and C; to Cg alkenyl; Rs is selected from the group consisting of C; to Cg alkyl, C;

to Cy alkenyl and phenylalkyl; and R; is selected from the group consisting of Cy4
20 to Cypo alkyl, C; to Cg alkenyl, phenyl phenylalkyl, alkylphenyl, C; to Cyo

cycloalkyl, and . .

Rr

X R, (B)

C
|
R¢
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n atonms and para-al kyl styrene nononers. |In accordance wt
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h a 30

enbodi ment of the invention, the process produces copol ynmers |

bet weRNarfgey tenddaneht dthe Sinweiftocaf probided s610d edthystSiigen@and

e and between about 0.5 and 20 wt % of the para-al kyl styrene such

1PtPesss 200 Pravpction 47fdisadsn ropplysEoy 3puRBwe) a paramdisiywhy
Bl SRRl HRARL o850 e S5l
which affords many unexpected advantages for commercial slurry polymerization
of these copolymers generally, and in particular isobutylene para-methylsytrene
(IPMS) copolymers. The invention is particularly useful in production of
isoolefin-para-alkylstyrene (IPAS) copolymers having a higher PAS content,
particularly isobutylene-para-methylstyrene (IPMS) copolymers having a higher

PMS content (e.g. 10-20 weight percent PMS).

In a particularly preferred embodiment, the copolymers produced contain
isobutylene as the isoolefin .alnd para-methylstyrene as the para-alkylstyrene
comonomer. Discussion of these preferred embodiments should not be construed
$0 as to limit the broad invention, which is applicable generally to copolymers of

one or more isoolefin and one or more para-alkylstyrene (PAS) monomers.
-

In accordance with the present invention applicants have discovered an
improved polymerization system for copolymerizing an iso-mono-olefin having
from 4 to 7 carbon atoms and para-alkylstyrene monomers. In accordance with a
preferred embodiment of the invention, the process produces copolymers
containing between about 80 and 99.5 wit% of the isoolefin such as isobutylene
and between about 0.5 and 20 wt% of the para-alkylstyrene such as para-

rene.

iC
en

In



about 10 and 99.5 wt % of the isoolefm or isobutylene, and about 0.5 and 90
w% of the para-allylstyrene, or para-nethylstyrene. 5 1n a pﬁl’t}j% I[ﬁrly
preferred _enbodi nent, the invention provides for a continuous dIhk ;129

pol yeri zQ BYRH8®ess for preparing random copol yners ofCBHE#MEY3Hir e

‘i sool ef m nononers and one or nore para-akkyl styrene nononers conpri sing
reacting in an anhydrous pol ynerization system of said nononers, a 10 pol ar
solvent, a Lewis acid, and an initiator, said polynerization systembeing }
capable of formng an in-situ electron pair donor initiator having the
fornula:  RZ mBhyXtyRene. 1 adeofdahes wih dnihdp efbkdimend! ks, vileyd glagdsal kyl ,
or aral kenyl group containing up to 30 carbon atons but not |ess than 3
carbon atons @frplasis Me%@ﬁmgb@mroﬁwétasowél, dheetdpelyeners gerapusedaioesn R2 and
R3 are al kyl, k [ ont ainl p.. L0 I nms and
20 can be theabg’g?r%@ 8‘?‘{ %I?? %r%%ﬁgequ%ze@’ %1%8‘3%‘2@8% aéltdcagrggtogs ,ag‘ﬁg%?‘%%w , or
al koxyl groupoftﬁagaxamlmstgreﬁe,sdrtﬁapaenmhgls@rmmer; and wherein the Lewis acid
and the initiator are contacted with a contact tinme of from |ess than 60s
prior to contacting with the isoolefin and the para-al kyl styrene 25
nononers. 01 FEB 20 / 0 A . e

enbodi nent, the i n@le%t ?%ﬁcgglgéipgé%%f@ grgﬁgéﬁ%fg’%dﬁé%%gﬁ&gipﬁap ll08”611%5ithggo efin
rubber. It i scontiadoeaturbypblgtefigdtiomBirbdeas fo prépraag r@loheéop@dyers spohef i n
nmononmers. The ol efin polynerization feeds enployed in_the present invention
are those ol eff Aare clseRielim duorspsre mido ARG 1§ U906} Rara-piylsHrela MATOBTDf 5

I sobutyl ene-typg, LHOPRE BY MR SihyHdth PoRMeizab e sPRlM TRl ashbbA4oRer are

10 polar solvent, a Lewis acid, and an initiator, said polymerization system being
I

capable of forming an in-situ electron pair donor initiator having the formula:

15  wherein:
R; is an alkyl, alkenyl, aryl, aralkyl, or aralkenyl group containing up to 30 carbon
atoms but not less than 3 carbon atoms unless R; contains af least one olefinic
unsaturation,
R; and Rj are alkyl, aryl, or aralkyl groups containing up to 30 carbon atoms and
20 can be the same or different,
X is a halogen or a carboxy, hydrcn:yl, or alkoxyl group, and )
n is a positive whole number; and
wherein the Lewis acid and the initiator are contacted with a contact time of from
. less than 60s prior to contacting with the isoolefin and the para-alkylstyrene

25 MONoOmeErs.



prepared by reacting nononers of a C4 to C6 isool efin nononer conponent such -
as isobutene. In one enbodinent, the isoolefinis a C4 to C6 dbhpblidll’ such -
as to i¥sbuybemes i sobutene, 2-nethyl-I-butene, 3-netprrnloRidiEHR,

2-met hyl - 2- butene, and 4-nethyl-1I - pentsene. Desirably, the isoolefin is

i sobutylene. In a particularly preferred enbodi nent, the invention provides
for a polynerization nmethod for use in a continuous slurry pol ynerization
reactor in 15 preparing a honopol yner of an isoolefm the reacted nononers

formng the slur within the reactor.. a.lew s aci nd_an i.nitiator,
wnerel s the ©ni ¢ ILERhetsSmbpRaD e iny pR 8 vites for B g, o3
hal ogen; R(pdlgisselefifit@Bbél OM m@rcgru%uobgomi pdlygrigdtios! rdabtidB batvkeeh, 20 and .
C2 to C8 alkenyl; R3 is selected fromthe roufp consisting of, Cl to C3

al kyl, C2 iseolefin aneramyirs.ankhepplefip nelynsrizabinn fredsi empleyed i thef pisfsnthe group

consi sting 0 I n | henyl al.kyl ,

al kyl phenyl %E@%o&%fggs%coﬁf#lgélc?ﬁu&adécf %vﬁ@%%%{r u@hﬁlﬁ%pﬁg%é%a?f WO

2004/ 014968isbbuiy b s GusheB4polImemhermeterably s tik alyegpilsfirReubber sakect ed
fromthe group consisting of, Cl to Cs alkyl, and C to C8 alkenyl; R6 is
sel ect ed frBiepensd byreaginganeiomera gl 8 toCogpalfimmpepomer ganpageigsughkeny! and

phenyl al kyl ns 20 % is selected fromthe group consisting of 5 phenyl ene,

bi phenyl, a,ca-diphéenyl al kane and --(CH2), -, wherein nis an integer from
1 to 10; and wherein Rl, R2, and R3 can also form adamantyl or bornyl ring
systens, the X group being.in a tertiary carbon position; and wherein the
Lewi s acid and t He angj embedimeat ethe oiseelefiadiswh tbe 40 dentcapipouidsueght arom | ess

than 60%, angogﬁﬂy@he,tigoﬁﬁé]{e?ﬁzl‘h&ﬂyﬂ -Bﬁ'teflg',e_’:-ﬁl%ﬁﬁzh-qtﬂlﬁ'ene}Q-methyl-z-butene,
and 4-methyl-1-pentene. Desirably, the isoolefin is isobutylene.

In a particularly preferred embodiment, the invention provides for a
polymerization method for use in a continuous slurry polymerization reactor in

15  preparing a homopolymer of an isoolefin, the reacted monomers forming the
sharry within the reactor, a Lewis acid, and an initiator, wherein the mitiator has

the formula:

R,

Ry—C—x

|

R;

wherein X is a halogen; R; is selected from the group consisting of C; to C; alkyl,

20 and C; to Cg alkenyl; Rj is selected from the group consisting of, C; to Cg alkyl,
C, to Cg alkenyl and phenylalkyl; and R; is selected from the group consisting of
Cq to Cap alkyl, C; to Cg alkenyl, phenyl, phenylalkyl, alkylphenyl, C; to Cyo
cycloalkyl, and

>
» ——
e



In any of the previous embodi nents denoting contact times, alternative
contact tines may be fromless than 60s, |ess than 30s, |ess OHAtBZBY, | ess
t han 20s, WO ¥&0HAEN 15s, | ess than 10s, or |ess than 5seCl/BsRR/ERs4
"‘DESCRI PTI ON OF THE DRAWNGS Figure 1 isga graphical representation of data
show ng butyl polymerization conditions in an enbodi nent of the invention,
the data plotted as the reactor slurry side heat transfer coefficient as a
function of reactor turnover; 20 Figure 2 is a graphical representation of
data showi ng butyl polynerization conditions in an enbodi nent of the
invention, the data plotted as the reactor slurry side heat transfer

coef fi ci ent wierainfXiisct hadogent Re éaseteotedtftom thegmroup-e@isiseng oif, ICatodTsabihylcal

representatio f data,shqwing butyl polynerization .25 ¢conditions in an
_ enbodi nent o?nr&t@?étoi ﬁﬁ/éﬁ?ﬁ‘ﬁm{ﬁ f%@ijei?rgﬂdag?w&‘? SPURLOPHENEPh &l de arﬁfﬂobutyl ene
conversi on Wiy . I t r d tinme;
Frgure an i o Cp s pheaARd BBl RRich; ARG PRl A RO BB S RSE o
pol yner i Zat i phenglendi Hiplems], i e atiplenplatiane nhd 6 CHaR--i mberdin enis anhiatedeart a
plotted as he reactor .pressure as a,functipn of reactor. residence tine
Wi th TV i B HEo: apg BETH 5*@’_1 azazdksfemﬁom(?f gybggbomyl ring
PCT/ US20031023286 thi & Ffogy!’b%in[é@n h?cﬂa%r&%%kiﬁbﬁg%ﬁem ation of data

showi ng butyl” pol ynerfzation conditions i n-an e ment of the invention,
t he dat a pl owhedindbe Lewiscicid aygt the Snitietoa sreacohtactei with efconteeictioe of fsmdence

time with HG as t initiator; 5 Figure.5.is gr aphi cal representation of
data showi n efﬁ}?’?‘l‘g Wi%f?f&??ﬂng%ﬂm%bml ' an enbodi nent of the

inventiof, the data plotted as the anperage drawn to power the reactor punp
inpeller as a function of reactor residence tine, wherein TMPCl is present
during the first Jaay of thenprevisus temthedirerds H@ioting gnméacs imes] @lttmativee second

Cowi ng. but yiSiget et e it IS fien BoRa AP B sbERRERSE AR RR Rhvent | on.

the data pl OketL@a@$sd, fes Haurloy, or less than 5s.

15 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graphical representation of data showing butyl polymerization
conditions in an embodiment of the invention, the data plotted as the reactor slurry

side heat transfer coefficient as a function of reactor turnover;

20 Figure 2 is a graphical representation of data showing butyl polymerization
conditions in an embodiment of the invention, the data plotted as the reactor shurry

side heat transfer coefficient as a function of reactor turnover;

Figure 3 is a graphical representation of data showing butyl polymerization
25 conditions in an embodiment of the invention, the data plotted as the percentage
isobutylene conversion within the reactor as a function of the reactor residence

time;

Figure 4A 1is a graphical representation of data showing butyl
30 polymerization conditions in an embodiment of the invention, the data plotted as
the reactor pressure as a function of reactor residence time with TMPCI initiator

present;



tenperature as a function of reactor residence tinme, wherein T?E@Lﬂ@f :
present 15 during the first part of the reaction, and HCl is[b in the
second pa¥® /08468 reaction. Figure 7 is a graphical ragrasenabigy of data
showi ng catalyst efficiency plotted ag,a function of TMPCI/EADC contact
times. 20 DETAI LED DESCRI PTI ON The invéntion concerns a catal yst system and
process for production of isoolefin copolyners containing a conjugated

di ene conononer. An inproved catalyst system and process has been

di scovered which affords many unexpected 25 advantages for comrercial slurry
pol yneri zati on processes. The discussion and exanples below are focused on
enbodi ments of tRiguly o4 invengiaphicall Orephgent@idiends tdad tiAvidgsdutybtion is
specific, this is done salely for the purpose of illustrating exenplifying
embodi ment sPANECHERINTORAIions in ak smbadiness of the inventioe the qlﬁr%ﬁﬁ’m@ a0 these
embodi ment sec,3; HAEsROLY MRIcA B bPRa3P EMAle HAE iSO} A ARLBLNS 2

m xture of at leas WO hononers, a Lews acid catalyst, an initiator, and
a polar diluent. The 01 FEB 2007 WD 2004/ 014968 PCT1US20031023284 11

copol yneri zation_reactor is maintained substantially free of inpurities

whi ch  can conpl Bi2uig 1 & grapkigaldeprssentation of dpte; shewiniz Bityhnedymerisster s, and

t he pol yner|j | . reacty i - under L] Lt or avoid
chain t rans%éﬁ%ﬁ% lntaglr %]Hr)]%{irlngﬁt gfﬁ&gﬁg%%?lg\i/{\j ﬁ% %%?;%Heﬁrehgﬁglhéngmk)iﬁ%dr ous
condi ti ons drasvnhtb @okwer &mﬁt&;\lﬁlgﬂp mﬁelreea@hiﬂn&tidmpﬁﬁédc:tcﬁs?]silamh éﬁmﬁ i ke)
conponents contai hi ng_active Irogen_ atoms _(water, alcohol and the |ike
nust be rendREEY Tw%ﬂdﬁ RICSERE c%ﬂﬁs%afr figgh gart gf &U‘eﬁ?ﬁ%u%y ap Hi igpregenhel | - known
in the t.: AT . .10 used herein, the term"catal yst
systenf?éef3?@E5§k%ﬁ§QF%%P§§%§§§%9 ewis } Acid or other netal conplex used
to catalyze the polynerization of the olefinic nononers of the invention,

as well as the i ﬂéulréi C1)sra gr%f)ﬁiglalt}ggre?gtguygh o?"%g.taostl'xg%ng butyl polymerization

conditions in an embodiment of the invention, the data plotted as the slurry
temperature as a function of reactor residence time, wherein TMPCI is present
15  during the first part of the reaction, and HCI is present in the second part of the

reaction.

Figure 7 is a graphical representation of data showing catalyst efficiency
plotted as a function of TMPCI/EADC contact times.
20
DETAILED DESCRIPTION
" The invention concerns a catalyst system and process for production of
isoolefin copolymers containing a conjugated diene comonomer. An improved
catalyst system and process has been discovered which affords many wnexpected
25  advantages for commercial slurry polymerization processes. The discussion and
examph;s below are focused on embodiments of the broad invention. To the
extent that the description is specific, this is done solely for the purpose of
illustrating exemplifying embodiments and should not be taken as restricting the
invention to these embodiments.
30
The polymerization system of the invention contains a mixture of at least

two monomers, a Lewis acid catalyst, an initiator, and a polar diluent. The



m nor catal yst conponents. 15 As used herein, the "polynerization system is
t he cat al 53 g‘stem and the nononers and reacted MONOIEr Wi t Birf Ehmg7
but yl -t ypeVPaYt{0d1768 As used herein, the term"slurry" rePETESL3a184 ed
nononers that have polynerized to a stage that they have precipitated from
the diluent. The slurry 20 "concentration” is the weight percent of these
react ed nononers--the weight percent of the reacted nononers by total weight
of the slurry, diluent, unreacted nononers, and catal yst system As used
herein, the nrepolpmeHeitiondestbeRBndigfaidedgubaindly drebadfl inpakidepwhichxaar € used
as in HAWEY S CONDENSED CHEM CAL DI CTI ONARY 852 (13th _ed. 1997) .+ As used
"herein the tEPRPIEUVIR theystdyst, ihg TERIOReRT the MARAICE, BBfl JifePOlYBEBZNPNat el v

conpri sed of t:.u r r epeat
TS Geri edURRER is Ui AT uARE, Lhaffohe 90 Hinth BZ A () 4BhR: ARl ©P
PCT/ US2003/ 02&284datich2of Elﬁbgmy\h@@@ol?;@s@(lbhaﬁisy nahbydBuisy bosidiidrer are shiglilpduced by

the polynerization_ reaction between isoolefin and a ¢aonjugated di ene
conpnomer §, {AEETEG ARICACHG HpyBities, HClas FRPaRPGRISIONERINE SCEsrdEREERd

di ene-derive T S necti on
with the catdq\élﬂsq% E‘ga%e ?ﬁ?ﬁlga?ggh‘g% %‘g’es%@?}:’)gedgﬂgﬁ nor g%yﬁgn r{l]er elow) are
t hose ol ef m cﬂlmem@wmmqua@wammmmawa@m of which are known to be
cationically initiated, and are free of aronmatic nononmers such as

para-al kyl styrene mononers. Preferably, the ol efm polynerization feeds

enpl oyed in thaiRk gﬁel#Q invention are those ol efinic conpounds
conventionally used in the preparation of butyl-type rubber polyners. The
but yla] polyners ar ei\spmﬁﬁhemm blye ﬂeaaé’tataigstesystemﬁmfemﬁo and ktcides amshbewisxt ur e
havi hg at | east. (1) i sool efin r onent .suc

i sobutene wit 1@%7 glwqt?lo‘foé’ﬂ?lﬁ‘ uggd @o‘?ﬁt"’go P&Yé’ﬁ zah%ﬁgﬁléer hléfilﬁ‘fionent
The i sool ef i Npbsorhdds 3f RN GRhfiN 260wEP a?%éllﬁﬁéépd@één‘%& BBfowl 2mAfothdie total
conbnomer mixture in one enbodi fent, and 85 .5 W% in another

enbodi nent . Thmot oriplysiapeghotémne corrponent |n one enbodi nent is

15 As used herein, the "polymerization system" is the catalyst system and the

monomers and reacted monomers within the butyl-type reactor.

As used herein, the term "slurry" refers to reacted monomers that have
polymerized to a stage that they have precipitated from the diluent. The slurry
20 “concentration" is the weight percent of these reacted monomers--the weight

percent of the reacted monomers by total weight of the sharry, diluent, unreacted

—

monomers, and catalyst system.

As used herein, the new numbering scheme for the Periodic Table Groups
25 are used as in HAWLEY'S CONDENSED CHEMICAL DICTIONARY 852 (13th ed.
1997). ° | g

As used herein the term "butyl rubber" is defined to mean a polymer
. predominately comprised of repeat units derived from isobutylene but including

30 repeat units derived from a conjugated diene.



present in the conononmer mxture from30 to 0.5 W% in one enbodi nent, and
from1l5 to 0.5 wa/o in another enbodinment. In yet another egbadignggt, from
8 to O0veowPmelfoss he cononomer mixture is conjugated diggRfs80 0001 sool efin
is aC to C6 conpound such as isobut ene or 2-met hyl -1 - but ene, .
3-nmet hyl -1 -butene, 2-nethyl-2-butene, "and 4- net hyl -1 -pentene. The
multiolefinis a &4 to Cl4 conjugated di ene such as isoprene, butadiene,

2,3- dinethyl -1, 3-butadi ene, nyrcene, 6, 6-dinethyl-fulvene, hexadi ene and 25
pi peryl ene. One enbodi nent of the butyl rubber polyner of the invention is
obtained by reacting 95 to 99.5 wt % of isobutylene with 0.5 to 8 wo/a

i soprene, @obutyleme-BasedPslymel 5 0 W% isoprene in yet another embodinent. .
I n anot her enbodi nent, the invention provides for a catalyst systemand 30
process for pro8uéi irabbeofs produtedslisnthe @pbmqusom orchdmbetgyean isoolefin

| kyl st A d t t d h .
Pacn di seote] BEORHRF e TG aoRE TGO B AL AEL oP s Bhflor ¢ al
slurry pol yignizal ld%e%neecﬁuanzowhevaegﬁ 04968 AELUSIANR,023304 13 of

these copol yners generally, and in particu i sobutyl ene par a- net hyl styrene
(1 PVB) cop@ﬁngmem@n withgh¢ eatalyst and mﬁlatmrsvstcnm (slp$oy1baéem glor¢ detpﬂ belowt)i on of

i sool efin Kk rene A hav i gher PAS content,
parti cul argv3 ﬁléj ﬁ‘ﬁ’é‘%éf’ﬁ’ﬂ’é ‘#e%?lpé’ %ﬁ@{l ﬁﬁ)s‘jVH%Bp%fF R FF\) ?'eng a
hi gher 5 PWaideaali§nhitiaRd%andlde %Qewm@%ue%&@mer?m as pAraPal RAER il ar |y
pr eferred enbodi ment, the copol yners produced contain isobutylene as the

i sool efin momr% Pr@fmblg; theerlefim polymerigation fedy lemploveddn thomsaonter .

d enmbad
to 11 it ¢ ieppOEEE BoE HARE RS G P HRHE SOy mer o of
one or nor %utyﬁﬁ-@,qieefubibela@dly(ﬁ{b@s OrTﬁ@b&tyPG}ioayrﬂéﬂsydrétpféﬁﬂ% (FyARactinaners. In

accordance wth the present inventiaon applicants have di scovered an
i mpr oved p@mylﬁmrperampéwes%tnwﬁ%ha‘@ag)eq Vﬁ@r(i)zaﬁgt%sﬂwlmoww| n havi ng

15 from 4 L0.7o6a%bony, al ONEAdePaRA” B! S HRG, TBR AR fdahNadhE 0T dance
oL B v R BnK; Bt R, AR

with a pre er the 1 nv process “produces
copol yner s monomer component. The isoolefin is in a range ﬁ'om 70 to 99.5 wi% by weight

15 of the total comonomer mixture in one embodiment, and 85 to 99.5 wt% in
another embodiment. The conjugated diene cormponent in one embodiment is
present in the comonomer mixture from 30 to 0.5 wi% in one embodiment, and
from 15 to 0.5 wt% in another embodiment. In yet another embodiment, from § to
0.5 wt% of the comonomer mixture is conjugated diene.

20

The isoolefin is a C4 to Cg compound such as isobutene or 2-methyl-1-
butene, 3—methy1—i:buteﬁe, 2-methyl-2-butene, and 4—methy1—1-pentené.' The
multiolefin is a C4 to Cy4 conjugated diene such as isoprene, butadiene, 2,3-
dimethyl-1,3-butadiene, myrcene, 6,6-dimethyl-fulvene, hexadiene and

25  piperylene. One embodlment of the butyl rubber polymer of the mventlon is
obtained by reacting 95 to 99.5 wit% of isobutylene with 0.5 to 8 wt% i 1soprene or
from 0.5 wt% to 5.0 wt% isoprene in yet another embodiment.

In another embodiment, the invention provides for a catalyst system and .
30  process for production of isoolefin copolymers containing a para-alkylstyrene
comonomers. An improved catalyst system and process has been discovered

which affords many unexpected advantages for commercial shurry polymerization



cont ai ni ng between about 80 and 99.5 w % of the isoolefrn such as

i sobutyl e 203%4%& ween about 0.5 and 20 wt Q' o of the para-@&likyBIilrene
such as para- S§I styrene. In accordance w th anot her REFoeRw#RE284however ,
“where gl assy 20 or plastic naterials arie being produced as well, the

copol ynmers conprise between about 10 and 99.5 wt % of the isoolefin, or

i sobutyl ene, and about 0.5 and 90 wt % of the para-al kyl stytene, or

par a- net hyl styrene. I n another enbodi nent, the invention provides for the

producti on af these 2opgigingts galeedlivn andi i @brticular iobptydahieGrotaByethyisytrene
. polynerization reaction between isqolefrn nononers. the olefin
pol yrer i zat i(BAVIPL SqBOIEMSF oy ebhg AnYeREoR  iss Baticularly ewefwd ning PeoduRBeR o) ef i ni ¢

conmpounds ¢ i_onal i e tq f, 1k :type rubber
polymers. prorEinpaRlAnet | PARE cBRAPRER bnETa KRR B ROBIGHED, [
mononer s of partichldrly i€bbutglentd-phiarmemhpletyedneCcAPRIZ) edpolynets hdn@a highdut ene.
01FEB2007 WD 2004/ 014968 PCT/ US2003/ 023284 14 | n one enbodi ment, the
i sool ef i A i £MS eanterf (€8 E4dP ot PeeRntEEMPYobut yI ene, i sobut ene,
2-met hyl - | - butene, 3-nethyl-1-butene, 2-nethyl-2-butene, and
4-met hyl -1 -pentene. Desirably, the isoolefin is isobutylene. 5 Lews Acid
| sononool ef i N andncomrtigaindd prhifers], erpbodiment, did yopobmimrt preduweedinohtainsopr ene,

can be copol, ri.zed under, catjioni ¢ conditjqns. The copoly ization is
carried out HRPUREEHs 2bfthg 1E‘é‘ﬁffl_é“ dl_’%ré‘tné?tb Ftﬁ’raéﬁb%%it]i*gr?@?%lts‘ﬁéeqenyenti on
i ncl ude Lewidnftbfhet ahRkisich ﬁ/ BeddiSb Rt of ek Aot Al HekBhthucgh ch show

good 10 polynerization activi Irable catalysts are Lewis Acids based
on netal® fsoantGlhoipthd, brdAl mmentidn, ehidhhis applidablii gentwlllly do @bpelpmes &nent s,

i nclluding boron, alumnum gallium indiu itani zirconium tin,
vanadi um ar®EfF o hq'ﬂ?]ieﬁﬂl"??, OB Y %’PWW%#’S@ @%&‘i‘??é’mefs't he metals are
al um num boron and titanium wth alum num being desirable. In the
practice of the nethod of this 15 invention, weaker acids are preferred as
they |ead to | essnaiceyidandeowithrifie lpressnhinvgntiemapmicghierhave rdiseeveredraper si on
rates. The G ouRchSorintizaish BstifY fr Ao aREEAL {PlsiHhShIMERn Havingher &1 N
15 from 4 to 7 carbon atoms and para-alkylstyrene monomers. In accordance with a
preferred embodiment of the invention, the process produces copolymers
containing between about 80 and 99.5 wt% of the isoolefin such as isobutylene
and between about 0.5 and 20 wt% of the para-alkylstyrene such as para-
methylstyrene. In accordance with another embodiment, however, where glassy
20  or plastic materials are being produced as well, the copolymers comprise between
about 10 and 99.5 wt% of the isoolefin, or isobutylene, and about 0.5 and 90 wt%

of the para-alkylstyiene, or para-methylstyrene.

In another embodiment, the invention provides for the production of a

25 polyisoolefin rubber. It is produced by the polymerization reaction between
isoolefin monomers. The olefin polymerization feeds employed in the pregent
invention are those olefinic compounds conventionally used in the preparation of
isobutylene-type rubber polymers. Preferably, the polyisoolefin rubber are
prepared by reacting monomers of a C,4 to Cg 1soolefin monomer component such

30 asisobutene.



"M is a Goup 13 netal, Ris a nonoval ent hydrocarbon radical selected from
the 20 group consisting of ClL to C12 alkyl, aryl, arylal kyl?1F&bRgFaryl and
cycl oal kMO AHPLIAEES; and n is an integer fromO to 3; Xpcsn&:daheosy

i ndependently selected fromthe gr oupMconsi sting of fluorine, chlorine, .
brom ne, and iodine, preferably chlorine. The term"arylalkyl" refers to a
radi cal containing both aliphatic and aronmatic structures, the radical

being at an al kyl position. The term "al kylaryl" 25 refers to a radical

contai ning both ali ti.c and ar i truct we he radi cal .being at an
aryl position. l@n%ﬁ?n%‘?‘?\oéﬁgglghﬁﬁ%gg% “thés e Etré\/\fds décfodgp?ur? I ﬁ%%l %3l umi num
chloride, alkobitylbie, isoditdle, 2-BREAGN- 1Lhittdd) ety POGRAC I T-heydnLilgencet hy|

al um num di chl oride_ (Et Al C12_or EADC), . diet hyr al umi num chl ori de (Et2A1CI or
DEAC), et hydndg-mathylnresatengi Bissisatindng pooleGpicisob®ylspe. EASC), trimethyl 30
alum num and triethyl alumnum 1 FEB 2007 WD 20041014968

PCT/ US2003/ 023284 15 The Group 4 Lewis Acids have the general fornula MX4,
wher ei n sM i Bewis Agidup 4 netal and X is a ligand, preferably a hal ogen.
Nonlimting exanples include titaniumtetrachloride, zjirconjum

tetrachl oride, oBoEPROPlERR aand operibgatet THISNG: qAstidariyevisebytyicae Bade t he

general fory i i |, i i

preferably ‘%’gﬁ‘%é% b @%ﬁé&?ﬂﬁegﬁ%dzufdne{ %@%ﬂ? %g%d]ﬁ&?so Tlé. éc%gﬁ/ldlléﬁl&??g% exanpl es
i ncl ude vangdiattiedt@i hachbasiofa lodvls 2did omalyst. pPRRbadihieats ¢fethe IdveRdod i cul arly
preferred Lew s aci ds nay gﬁ@?% of those useful in cationic, polynperization

of i sobutyl Brde bepisAeidsat oheling\Faedel-Graftecatataste) whigksowgpad i C14,
e oo g . " t =3,
Chased 1 HookmentdeitieRRy T IDEIRBH Buali ol it A A Backd o et Sn0Y of

pol yner /| b. froifn Gaualdy 48 aadd 5330he Periodic Jablensfrthé Blenodnts; dh@bdiag bosog
desirably ir] t he range.of 4000 I b.. of polynmer/lb. of ca%ﬁl‘igt to 1000 I b. of
pol ymer /| b, 21BRIRER.5 | BRI,y 1BANEY o FfARNEN. HATCRBIVE 118y | $ABEMR SRS d t o

i £ 200 audfbhdrhy 268 bRAALCRY SHe bR BR, BENELAS ainitdle, barsgERG ON. the

Lewis Acid catalyst is wused in conbination wth an initiator.
i nitiators aeiuphosih ishininamopessngvdesitabler eln the practice of the method of this

15 invention, weaker acids are preferred as they lead to less alkylation and branching

and higher monomer conversion rates.

The Group 13 Lewis Acids have the general formula R,MX3.,, wherein

"M" 1s a Group 13 metal, R is a monovalent hydrocarbon radical selected from the

20 group consisting of C; to Cyz alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl
radicals; and » is an integer from 0 to 3; X is a halogen independently selected
from the group consisting of fluorine, chlorine, bromine, and iodine, preferably
chlorine. The term "arylalkyl" refers to a radical containing both aliphatic and
aromatic structures, the radical being at an alkyl position. The term "alkylaryl”

25  refers to a radical containing both aliphatic and aromatic structures, the radical
being at an aryl position. Nonlinlitgllg examples of these Lewis acids include
aluminum chloride, aluminum bromide, boron trifluoride, boron frichloride, ethyl
aluminum dichloride (EtAICL or EADC), diethyl aluminum chloride (E6AICI or
DEAC), ethyl aluminum sesquichloride (Et;sAlIClLs or EASC), trimethyl ¢

30  aluminum, and triethyl aluminum.



‘capabl e of being preconplexed in a suitable diluent with the chosen Lew s

‘Acid to

yield a conplex which is in equilibriumwth a carbe I‘Jr‘]’%’
whi ch rapwd pos4homwess a propagati ng pol ynmer chain in the ﬁ@ﬁ%g;% %
.initiators yield a fast, 25 sinple initjiation of polynerization in
reactor as opposed to the slow stepw sev’
coi nplexes in equilibriumcharacteristic of the

wat er or HC

3/023

initiators conventionally used in comercial cationic

9
§:
t

iy pair

e

initiations involving several polar
catal yst systens such as

slurry

| i zati f but yl . | . Th Lnitiat [ terti
halide greater tHHI CRUPURERSCRRATE B seurekiggnehdRe Wirdn MoSen) | 0 1 F
£ B 2002 V2004 L4968 PCTY WSRAA3/ ARAZMy a1fRlen, | NoMimBingXeeplds

wherein X is a halogen; Rl is selected fromthe group consi sting of

v

phenyl al kyl ,

R3
Cl to Cs

al kyl, and daclude @gnamnkiehpehlonkde, ricoaimdeteathiarisiyy etien tghraehdoridsnsi st i ng of Cl
to Cg al kyl,

C2 to C8 al kenyl and phenyl al kyl; and R2 is selected fromthe
group consisting of 5 C4 to C200 alkyl, C2 to C8 al kenyl, phenyl,

al kyttehemwh 1 5GRvie Aekdd haGy BledRhnkial forAmith B, Wherein M &4

wherein X is a halogen;, R5 is selected fromthe group consisting of
and @@updSaactal, Reisyl ligamg, prefesalile o thetdgtn.omdihis agrintggerdormilstoi ng of Cl

al kyl ,

to C8 al kyl,

(B) R6
Cl to C8

t .1.0 C8 al kenyl. a phenyl al kyl ; and .R4_is sel ected from
t he group cosr‘isi ?ﬁ‘??ﬂlémglflgpﬁ%‘Wﬁ%%el,mE'%ﬁhgﬂ%}u%, &?—%cﬁlﬂgﬁff/l %‘f‘cﬁa DY - - (CH2),
-, Wwherein mpentaflabrildit eger fromlto 10; and wherein Rl, R2, and R3

form adamantyl or bonyl ring systens, the X group being in a tertiary
carbon position. 15 * Substitution of the above structural fornula radical

(B) for

BZ in f Ormi&laﬂy preferred Lewis acids may be any of those useful in cationic

15

20

25

30

polymerization of isobutylene copolymers including: AlCl;, EADC, EASC,
DEAC, BF3, TiCly, etc. with EASC and EADC being especially preferred.

Catalyst efficiency (based on Lewis Acid) in the reactor is maintained
between 10000 Ib. of polymer/lb. of catalyst and 300 1b. of polymer/lb. of catalyst
and desirably in the range of 4000 Ib. of polymer/lb. of catalyst to 1000 1b. of
polymer/lb. of catalyst by controlling the molar ratio of Lewis Acid to initiator.

Initiator

According to one embodiment of the invention, the Lewis Acid catalyst is
used in combination with an initiator. The initiators are those initiators which are
capable of being precomplexed in d suitable diluent with the chosen Lewis Acid to
yield a complex which is in equilibrium with a carbenium ion pair which rapidly
forms a propagating polymer chain in the reactor. These initiators yield a fast,
simple initiation of polymerization in the reactor as opposed to the slow stepwise
initiations involving several polar complexes in equilibrium characteristic of the
catalyst systems such as water or HCl initiators conventionally used in
commercial cationic slurry polymerization of isobutylene copolymers. The

initiator is a tertiary halide greater than C4, wherein the initiator has the formula

(A):

can al so



(A) results in the followng fornula (C): 0 1 FEB 2007 WD 20041014968

PCT/ US2003/ 023284 17 R5 11 X R4 X (C) R6 R3 wherein X, R1, IRBfERA R5 and
R6 are awodebinethsabove. The conpounds represented by ﬁf/y%gg,@ingprnul a
(C contain two dissociable halides a may be considered as nerely

mul ti pl es of those conpounds representied by structural 5 formula (A).

Mul tifunctional initiators are enployed where the production of branched
copolynmers is desired, while nono- and di-functional initiators are
preferred for the production of substantially linear copolyners. 10 In one
desirabl e enbodi nrent of structure (A), the initiator is an oligonmer of

i sobutylene as in structure RP): CH3I HH2C i X (D) CH3 m wherein Xis a
hal ogen, and the value of in t_ns from1l to 60, and m xtures thereof. 15 In
anot her enbodiment, in is from2 to 40. This structure is also described as
a tertiary alkyl chloriBeterrmmatsd pol yi sobut(})ene having a Mh up to 2500
in one enbodinment, and up toL 1200 i n anot her enbodi nment. Non-limting
exanples of suitable initiators are cunyl esters of 20 hydrocarbon acids,
and al kyl cunyl ethers. Reprgsentative initiators, for exanple, conprise
conpounds such as 2-acetyl -2-phenyl propane, i.e., cunyl acetate; 2-

nmet hoxy- 2- phenyl propane, i.e., cunyl nethyl-ether; 1, 4-di(2-nethoxy-2
01EEB1007 wWiWRrdn 0d1sGlHeRnPRT I ISRQE3Y &8 281 grobf consisting of C; to Cs alkyl,

and C; to Cg alkenyl; R; is selected from the group consisting of C; to Cs alkyl,
C; to Cg alkenyl and phenylalkyl; and R is selected from the group consisting of

5  C4 to Cygo alkyl, C; to Cg alkenyl, phenyl, phenylalkyl, alkylphenyl, Cs to Cyp )
cycloalkyl, and

wherein X is a halogen; Rs is selected from the group consisting of C, to Cs alkyl,
and C; to Cg alkenyl; R is selected from the group consisting of C; to Cy alkyl,
16 C;to Cg alkenyl and phenylalkyl; and Ry is selected from the group consisting of
" phenylene, biphenyl, o,o-diphenylalkane and --(CHz),--, wherein n is an integer
from 1 to 10; and wherein Ry, R», and R3 can also form adamantyl or bornyl ring

systems, the X group being in a tertiary carbon position.

5 Substitution of the above structural formula rddical (B) for R, in formula
(A) results in the following formula (C):

.



‘propyl ) benzene, i.e., di(cunylnmethyl ether)rr; the cunyl halides,
‘particularly the chlorides, i.e., 2-chloro-2-phenyl propane, i.0el [E& Uy

chl ori de WO zahoriesd - net hyl et hyl ) benzene; 1, 4-di (2- chl op@r/gsoHPyhaoenzene,
Jd.e., di(cunylcliloride); 1,3,5-tri(Z-Eploro-2-propy|)benzene, I.e.,
tri(cunylchloride); the aliphatic halides, 5 particularly the chlorides,
i.e., 2-chloro-2,4,4-trimethyl pentane (TMPCl), 2-
brono-2, 4, 4-tri met hyl pentane (TMPBr),

2,6-dichIoro-2,4,4,6-tet%?nethylhepta e; cunyl and aliphatic hydroxyls such
as 1, 4-di ((2-hydroxyl - 2- pPopyl ) - benzeryd) ,

* 2, 6-di hydroxyl -2, 4, 4, 6-tefranet hyl - hept ane, 1 -chl oroadamantane and 1-

chl or obor nane, 5-te5(buLy -1.3-di(l-cq%oro-l-nethyl ethr%) benzene and
simlar 10 conpoundS. O her sufabl e imitiatdrs may be und in U S. Patent
" No. 4,946,899, herein inForporated by| ref erence for purposes of U S. patent
practice. These initiataors are generally C5 or greater tertiary or allylic
al kyl or benzylic hal i desRand may i ncfude pol yfunctional initiators.
Desirabl e exanpl es of these initiators include: TMPCI, TMPBr,

2,6-dichloro-2,4,4,.6-1tetrangt hyl heptgne, cunyl. 1 hl ori as well .as "di-"'
and "tri-' cl Iemcﬁ{?o‘?i’d%’gg“’b E)rﬁn@e.ﬁﬁlaﬁe é'ﬁg%(eﬁglrcg Suli rrefit ORI ¢ i at or
is a tertiarepadskitbd 6PkQndtER1 T@rhmwg@)e&nmﬁ Y& GRUETAIE Baliddstaid andynbd number
average nol ecul ar weight) up to 2500." In one enbodinent, the TMPCl is nade
by di ssol vi neprisistngt 94 aweelyli maltiplezoof fhoge tchyipetitdsr Tegecsarigd thye pireadidtiehg
anhydrous5 H@ tgllaf@{mthe al kyl chloride. Excess HCl is then purged by
nitrogen and RS QUI ting solution of TMPCL in nmethylchloride is used as

theiynitiator streamin a continuous plant to make butyl polymers. In one

enbodi ment of the commerci al ;t_qyiée process, the TMPCl stream is mxed with a
col d met hyl chl or i ¥eltiupstsmehinitiaipe)are employed ndeenthg nipdustiap 26 beanehed st r eam

(o f on . ) . . by .
cont  nuous. 1 Pt SSARHEE AL Tyt BTG BIBERE ot Bkl oy
pol ymers untterprodietionof exbstantialiyt lissat eoppienesononi ¢ condi ti ons than has

previ ously been possible. In another enbodi nent, isobutylene diners are
react ed th HO inline and then fed directly into the reactor. 30 0 1 FEB

2007 WO 2004/ 014968 i ddsHER UM ENARRAE4 of Kucture (A), the initiator is an oligomer

of isobutylene as in structure (D):

CH,

H—H,C~—C X D)

L CH,

m

wherein X is a halogen, and the value of m is from 1 to 60, and mixtures thereof.
15 In another embodiment, m is from 2 to 40. This structure is also described as a

tertiary alkyl chloride-terminated polyisobutylene hav{ng a Mn up to 2500 in one

embodiment, and up to 1200 in another embodiment.

Non-limiting examples of suitable initiators are cumyl esters of
20  hydrocarbon acids, and alkyl cumyl ethers. Representative initiators, for example,
comprise compounds such as 2-acetyl-2-phenylpropane, ie., cumyl acetate; 2-

methoxy-2-phenyl propane, ie., cumylmethyl-ether; 1,4-di(2-methoxy-2-



Pol ynmeri zation Reaction Conditions The sel ected diluent or diluent m xture
shoul d provide a diluent nedium having sone degree of pol arM;FE' Qg[grder for -
the pol yMsQ papidoee t o proceed at a reasonable rate. Topblkbdeholddks

requi renent, a mxture of nonpolar and polar 5 diluents can be used. In the
alternative, a mxture of, or a singl elgpol ar diluent, is nore desirable.

Sui t abl e nonpol ar di |l uent conponents includes hydrocarbons and preferably
aromatic or cyclic hydrocarbons or m xtures thereof. Such conpounds

isul Tt R BERGTE: Rprh OBy IR argorar e RS Pekn e N Ghe R ca.

hydr ocar bongiori#es,mMle,, 20cHMBICHRGyERBhdheOl i &Y Cuntylh¥HIogar PREMoroopeci fi C .
conmpounds include the preferred Tiquid diluents such as ethyl chloride,

met hyl ene dhe¢tbyletelberizenht;ol dndifIrelero-2-QrorGlbEnzeane: hl, cdilcwmidichloride);

(chl or onet ot - Q02 C13, .CAA4, n-hutyl.. .chloride.,. L. or obenzene, -
and ot her wgﬁﬁé@fﬂ%ﬁ%&%’é&&ﬁ&?@ lﬁe’t%‘qugl?lggﬁg"'}r g‘e E&]E’g‘ﬁ?%g Ssed in an
enbodi mant @ktidulelyl ANE NdHlSHes T q.eAC R @& oS hakihRiBentdnky (Hpand sol ubility,
it has been found that if the diluent, or diluents, is mxed, the mxture

i s pref er adirgmat2.4.¢asmethyipnisok (I MEBeA6;diddow-Udl4Mmietpmethylheptaness normal |y
the case, product Ll ecul ar weights .are tergned b reaction tine,

t enper at ur ec,mrgr(lf) g rrIDl}pg{alng ﬁ?yd{?@'@% SPel & Oﬁ%‘ﬁ@ﬂh@’ §£%§K‘??}‘°Pa’ dﬁ%}z%\q) ar 20
factors. Cozz@amyafﬂxl[ym,@,ﬁft@fa@ﬁsﬁglaﬁgt@@,n congidrbaienantank pra@ducelproducts
of different nolecular weights. Synthesis of the desired reaction product
will be acHilesobunane Reteaftaitg: 1,84 @ cdtoraoinmedyil mihitth dewzsue sad ofimilpe r eact i on
by the ,.exam nation Qf s s. t.aken ri odi cal. I n h ion, a
tochni dlfe WoHBOEE Fies SBHE phBEEP R EhER S RO 8%h o) *

sanpl i ng t her@hfiheepiratll By réfereaoetibnpatpsécat ing, pllesr periéor Thehat my be
utilized in the practice _of the present invention _include any conventional
reactors an@itisius Fgizeperally fersfeates fribiy Brllybe Alyhempnaylickabidengshs sl urry

Process, s %clgdesgl)%ﬁtibﬂalulrﬁ?atérs.d'lf)e ioihle NSO SO HRCOTRBLRLED by
ref erence. e react or “punp I np€lTer can be of the up-punping variety or
t he down- puinpindg vaiiMR@l, TMPBradi®Gdichiord-2¢liohbdaetmmathflheptanet, ammyhts of

the catal yst system of theg, present. inventi effective to catalyze the 0 1
FEB 7000 bl Hedogs e rsboei) uasbsionide of bromide.” “fo Fdhe:
embodiment, the initiator is a tertiary alkyl chloride-terminated polyisobutylene

with a Mn (number average molecular weight) up to 2500.

In one embodiment, the TMPCI is made by dissolving isobutylene dimer

20 in methylchioride and then adding anhydrous HCI to form the alkyl chloride.
Excess HCI is then purged by nitrogen and the resulting solution of TMPCI in
methylchi;)ride is used as the initiator stream in a continuous plant to ' make butyl
polymers. In one embodiment of the commercial-type process, the TMPCl stream

is mixed with a cold methylchloride (chloromethane) stream and an aluminum

25  alkyl stream lo form the catalyst system. This stream is then injected into the
continuous flow stirred tank reactor ("CFSTR") used to produce bhtyl polymers
under much more controllable and economic conditions than has previously been
possible. In another embodiment, isobutylene dimers are reacted with HCl inline

and then fed directly into the reactor. .



.20 polynerization of the nonomer containing feed-stream such tga[t a
suffici engv %rr_mfn; of pol ynmer having desired characteristics i pfrE@d?lﬂﬂi’ed.
The feed- S ERHHA%® one enbodi ment contains a total nonoMEHUSWHTEALEat i on
-greater than 30 wt% (based on the totals wei ght of the nmononers, diluent,
and catal yst system), greater 5 than 35 w % i n another enbodinment. In yet
anot her enbodi nent, the feed-stream wll contain from35 wt%to 50 wt %
nmononer concentration based on the total weight of nononer, diluent, and

cat al yst Sysﬂcﬂfﬁleﬂiﬂﬁi(ﬁﬁkéhcﬁoﬁ]@mdiﬁoﬁybst antially free fromsilica cation

. producing species. to By substantjally free of silica cation producing
species, it is nedstsclasted dilnepeor dilpant mrisiee shand proddsa Wilost aeediven t he

total weight t f thes Il C i | tream

Typi cal - exarst 52 o LRHREELE pPlegl B Sk o R RNk PR Ao B ST o

conpounds hawisagaiideateor Mol falfRl RRRISHredienR1R2SkNZe oftonpolanhaad gidlar’ R' 1s an
al kyl and "X" is a halogen. Finally, the feed stream should be 15 free of
ar onat i cScorfiBERE §8n ke NeRfer & 1ha alemati pa adnitwy (05t Srrioviagle pokar ddyent; isn
conditions w het: i r [ resi dence
time are ef ﬁ“é‘é’h@%@g& rr%‘itu{r%t%gi %&ﬁ?{g&?ggﬁti%gﬁﬁﬁgél uﬁnmwri:iefﬁg&lro?acﬁhl dangt ate and

to produce tprefecidbi srethafio by oilie Midyddagbonber désturesdhabslt ichrcbsipbasds The 20
nononer feed-streamis typical lé substantially free of any inpurity which is
adver sel y r eaeipfigdoninsingh anethylgyiehexgneieryclabexans {ahesier serbem dissHadet i ons.

For  exanpl emldtor&?ergnﬂi}ﬁﬁriétgﬁgba?rdﬂflﬁ{t?ﬂ'lcﬁld%hﬁwr%nggd ﬁ#@%@ﬁ&ﬂggﬁﬁr@f ee of

bases (such as caust r-contal ni ng compounds CCs, and
or %no- rer dapiiched chain @r cydiethydrocaeronapSpstifietdypounss arpiderthe pfefaedt ai ni ng
conpounds, 25.pxygen conf ai ni ng.bases. such.  as al cohgl s the |ike. The
pol ymeri zat il?‘.fﬂn‘? é%é]é‘te?téns‘{cénﬁereﬁ'{y r 9r§ecdﬁ%ﬁ|e’é‘?ltq%i}’“§lél @g&gﬁfow%\ﬂ%n t he
target pol yren,a) fibth A6 NonRRshd i WIS, £0, DErRa) VOBLI 266pe wel |

as standard procéss vari e and econom ¢ considerations, e.g., rat
t enper at ur e Glorgdsnthlorgbentane, Tk otherrpleiornated hiydrocartheng o Metevichiatidois i s

bet ween -10C, and .t he .freezi oi nt .of the pol rization stem.jn one
embodi ment , &4 dised sk %ﬁgd‘?%é‘)fﬁheawa’%‘g -gﬁg&hﬁﬁﬁﬁ%ﬁ%‘“ﬁ%ﬁe 9@?” not her
enbodi meqyt , AddesddediMARnd Bal b&h Wund0Q4Y 31h8GRBIuent] oF dHuBNd0R7mixed, the

PCT/ US2003/ 023284 )
mixture is preferably at least 70 % polar diluent, on a volume basis.

As is normally the case, product molecular weights are determined by

reaction time, temperature, concentration, the nature of the reactants, and similar

20  factors. Consequently, different reaction conditions will produce products of
different molecular weights. Synthesis of the desired reaction product will be
achieved, ' therefore, through monitoring the course of the reaction by the
examination of samples taken periodically during the reaction, a technique widely
employed in the art and shown in the examples or by sampling the effiuent of a

25  continuous reactor.

- -

The reactors that may be utilized in the practice of the present invention

include any conventional reactors and equivalents thereof capable of performing a
continuous shury process, such as disclosed in U.S. 5,417,930, herein

30  incorporated by reference. The reactor pump impeller can be of the up-pumping
variety or the down-pumping variety. The reactor will contain sufficient amounts

of the catalyst system of the present invention effective to catalyze the



21 tenmperature is from-40C to -100C, and from-70C to -100C in yet anot her
enbodi ment. In yet another desirable enbodi nent, the tenperatureffhpge is
from -80€OP0VMEYB. The tenperature is chosen such thatp¢hesHesiises pol ymer
nol ecul ar weight is achieved. The reactlhon pressure will be from 200 kPa to
1600 5 kPa in one enbodi nent, from 300°kPa to 1200 kPa i n anot her

enbodi nent, and from 400 kPa to 1000 kPa in yet another enbodi nent. The
catal yst (Lewis Acid) to nononmer ratio utilized will be those conventional

inthis art r r.bocati.pni c pol vmerizatio rocesses one,.-10

enbodi nment B%B'Pﬁg&?tho\%eﬁf i"h ,m?rﬁ)én%a‘iogf%lflgtfge‘%ﬁﬁ%aﬁ%rsu%lth‘gtr %ﬁ“ﬁ%‘“%ﬁ | be
fromO0. 10 t@r_n%@nt (ﬁ%l}iﬂﬂeﬂﬁ&eixfgmﬁi@ecpéha%o‘ﬁeﬂsﬁcéﬁ ﬂr@d@@@l Tee f@ﬂ%@aﬂﬁﬁt; In yet
anot her desirabl e enbodi nent, the ratio of Lewis Acid to initiator is from

0.75 to 2.50ngrembpdipani cpgtains a igial mopemensontrairaten igreantethant3@dmidtent . The

overall con I f t initiator 1s,fro within the .
reactor in gt%g&([a%%l |nt %a‘ri:t\a’reﬁéhﬁg f%ge ‘Ps}é%{liréodlﬁuoe"g?gg6%%13%29%§%{‘m§¥é%%odi ment .
The concent gaini Bivoh il AthdtichitddBheritn In V&ianoticakibbdingee tBé fea®tlesmf r om 500
to 3000 ppmin one enbodi ment, and from 1000 to 2500 i n another enbodi nent.

Anot her way Wil caeigiy fra@m 3hwvt¥ntoutht wite mprgmgragasecentrationebasedhen dhe fodalby it s

anount rel atj Lvner,. 1.n one. enghodinment, thereis fromO0.25 to
5.0 nol es pgeﬁ%?}fl%@m?%dﬁ;%%%d cgﬁaéy%t%s%ra._ 5 20 to 3.0 nole polyner/nole
initiator in another enbodi nent. The reacted nononers within the reactor
forma slurry. The term"slurry” refers to reacted nononers that have

pol ymeri zed to aTkedepsd-stream wraystpntiadly fredsemi sligacatipp dhedustigdivetient . The

| | cAgE T e t of. OB . )
mononor 4771 B R REEAy 1 OO pRENEER'pBLeS R 1 0E IEORERIs 0 o1 e
slurry, dil ueme thanr0.eG0St wits asehed the tatd weithalof she sipadmers dfthaseailica

enbodi nent, the concentration of the slurry is .equal to or, greater than 10
W% In  anstEs Bribe eedetiteam: h EYRiC eXpupies pledlich catipn; Fadpdng FBFCISSN a

concent r.at i g Yaliy SlicR borl S halila T Rrth¥ R IARYSH AIRIMREcE RO Tent,

the slurry concent e reactor 1s less an or equal’ td 50 wt %
I n yet anot kdrerambRY isnanalkyt orel 'SX'Uisrayhalogenpridashy, thavfeciestremachounldfieom 20 to
50 wt % _And,i nc%(et anot her . enbodi ment, the sl -uaﬁkr}Xs concentration is present

in the feactif of FOMEE OB NG MANORErLsh ay para-alkylstyrend

The reaction conditions will be such that desirable temperature, pressure
and residence time are effective to maintain the reaction medium in the liquid
state and to produce the desired polymers having the desired characteristics. The

20 monomer feed-stream is typically substantially free of any impurity which is
adversely reactive with the catalyst under the polymerization conditions. For
example, the monomer feed pfeferably should be substantially free of bases (such
as caustic), sulfur-containing compounds (such as H»S, COS, and organo-
mercaptans, e.g., methyl mercaptan, ethyl mercaptan), N-containing compounds,

25  oxygen containing bases such as alcohols and the like.

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 '
30 control, etc. The temperature for the polymerization is between -10°C and the
freezing point of the polymerization system in one embodiment, and from -25°C

to -120°C in another embodiment. In yet another embodiment, the polymerization



,.V\D 2'0( 14/ 014968 PCT/ US2003/ 023284 22 The slurry is characterized by having

a heat tr fficient (h,I,n,) as defined above in equ@tifeg 20@). In
one errbodiwpeinot(:ai/%ﬁgﬁe i nvention, the heat transfer coefRGEVERI3EE28he

‘slurry is from 200 to 500 Btu/hrft2oF. 2hn anot her 5 enbodi nent of the
invention, the heat transfer coefficient of the slurry is from300 to 450
Btu/ hrft2F. The order of contacting the nononer feed-stream catalyst,
initiator, and diluent is not critical to this invention. In one

enbodi nent, téperhtiid isafroth -A0EC Lt6W $0°Cl And\di ot a7ECploe-100TP liexedadyhdri Xi ng
» together in cold nethylchloride or other suitable cold polar diluent,
i medi at el y SHeogieentnjeretiagathendesitahls ctindimensuibe waperawre 1agoigiiom cat al yst

rosal e 1 {0kt AR L ALY L0 B QY gL v 1

»inject the init r-into’t nmonomner

contact ed wirhdletilgr welphtds Astiekedn dhieRedctioh Presadre REf B Erogn L kPgtd 1HOOr eact or .
In 15 yet another enbodinent, Lewis Acid and the initiator are added to the
reactor Ssepdidieny embadimmthspmaifodeiantent208rkRana anathepembadiniend asdabi | i zi ng
initiator a j Cj . 0 | ex by m xing together with
varying contr?fgoé]t[gp? rﬁrréasé f@8%6§kéﬁ%§ﬁﬁégﬁ%‘ﬁ§%@t al yst efficiency desired,
contact tinmes may vary from 0.001s, 0.002s, 0.003s, 0.004s, 0.005s, 0.006s,
0.007s, 0.008s, 0.009s, 0.010s, 0,020s, 0.030s, 0.040s, 0.050s, 0.060s,
0.070s, 0.080s, Ollwoeaalys {bewis dcbolp menoswysiatio. uplezed O/iBobs, thepes00s,

0. 7005, 0. B005veriofi90f 118 ocPFor Hibofiogf pofiiperdiiof froeclits, I 'ls

Pref erabl e ranges i nc s or [ess, S0 ess, or
| ess, 60® oremitesémentQd the idveation,dBs camlykessmoftmeomolessios Millsheofromess, 110s

or lless, and 20s_or l.ess. O her, preferable ranges include from] s to

1205, " 1000 (bIGEs30, 2 in b e 0h 04510 ffbugwth@.eg%’d_%mﬁog{l Y6t 88¥hEro 10s,

and 0. 10s tcﬂﬁi?ablé @m@&%ﬁﬁ{,éﬁé@ﬁ'&%ﬁf did'® IRYRSH isGfbm OB RIABDI &4 21 Ng
nd L are d an

initiator a ews 30 Aci preconpl exed a Injected into t’_he react or
t hrough a sifnghd.2%tmct.bin yetampther desiraplet enplnmliment. eftizoaiienadhtorgknirdien

ronctor sepatavonoe: & fitechiprBh St it s G sarbeAGeE e 2007
PCT/ US2033/ 02538840 to 250 ppm in another embodiment. The concentration of the initiator in
the catalyst feed stream is from 500 to 3000 ppm in one embodiment, and from
1000 to 2500 in another embodiment. Another way to describe the amount of
initiator in the reactor is by its amount relative to the polymer. In one
embodiment, there is from 0.25 to 5.0 moles polymer/mole initiator, and from 0.5

20 1o 3.0 mole polymer/mole initiator in another embodiment.

The reacted monomers within the reactor form a slurry. The term "slurry”
refers to reacted monomers that have polymerized to a stage that they have
precipitated from the diluent. The slurry "concentration" is the weight percent of

25 these reacted monomers--the weight percent of the reacted moncmers by total
weight of the slurry, diluen;, unreacted monomers, and catalyst system. In one
embodiment, the concentration of the slurry is equal to or greater than 10 wt%. In
another embodiment, the slurry is present in the reactor in a concentration equal to
or greater than 25 wt%. In yet another embodiment, the slury concentration in

30  the reactor is less than or equal to 50 wt%. In yet another embodiment, the slurry
is present in the reactor from 20 to 50 wi%. And in yet another embodiment, the

slurry concentration is present in the reactor from 30 to 40 wt%.



23 zone within the reactor. Wile not wi shing to be bound todiﬂfﬁ@¥ Jt i's
believed that the Lewis Acid and the stabilizing initiator c i @b yield
a stabl e v@npesa49sshi ch is in equilibriumw th a carbeni giachRBaHgl hat
directly forns a propagating pol yner cgpin in the reactor. It has been

di scovered that shorter 5 contact tinmesS have an unexpected benefi ci al

effect on catalyst efficiency. In a particularly preferred enbodi nent, TMPCl
and EADC are conbined at contact tines in the ranges from1ls to 120s, 100s
to 60s, his to 30s, 0.45s to 25s, 0.01 s to 20s, 0.05s to 10s, or 0.10s to
5s prior to conbining with isobutylene 10 as the isoolefin and isoprene as

the conjugated diEneslagminoh@icterizzdtst hahgl haeatpanbice dbefficienp(ef.g) aed
enbodi ment, TMPClI and EASC are conbined at contact tines in the ranges from
1s to 120s, dedoed bovodn canationo(2)30l one gmbodigent of thy apvenfign. g heat 05s t o

10s, or 0. 105, O56Hdial dOuealRining i hols sapiulul g5 ag, thgalsool efin

and i soprene as the conj ugate e cononaorer. oné enbodinmen he

pol yrer i zat i gibddimesaiidhe/ineattionl thel lkapti &3 fertcoeffichtrobilit Whurfuis fiin 8QMPr i ses
several steps. First, g reactor having a punp inpeller capable of

up- punpi ng dP4é8ﬁﬁW@ﬁﬁpﬁhg is provided. The punp inpeller is 20 typically
driven by an electric notor with a neasurabl e anperage. The reactor
typically is equipped with parallel vertical reaction tubes within a jacket
contai ning | i qui dlled bidee b€ codib&ingothalmononiear foad-stvealm) naatalysncinitihitorg aidhe t ubes,
IS greater‘ﬁhan 30 to.50 liters, thus _capable of |arge scale val une

pol ymer i zat | @Hent 820t prigal tortiys inventiony In gpe erébv@%taéhq ngiater addease to

dr aw t he;heaj, .qf 2 i A ;0N i.ng

ol urry. Whe Dok BereotakCh) Al (e R Aoy R, (b

cat al yst syssuitablancbld npedac tiddentp nmediately Hreforg hinjeotion datt itlen contbmwus A
feed-stream of the isoprene and isobytylene jn a ol ar di|uent .is charged
into the rea‘@fﬁ?f Phe %@aﬁgﬁttﬂ@éﬂ?&‘b £l W@ésoﬁ‘rﬁiﬁle@%m WOPof cation
produci ng si dhQ8y&PROUAMicd i ftbheAhlo/ b ierd! RaBl! thelfodBaipTe! s. The

catal yst systemis then charged into the feed-stream the catalyst system
havi ng a Lewia caviadted vdtlathei Ieiwtis dtcot apd mstéator atrbeforawintering gb¢ ceaofor.f iiom 0. 50

to 10.0. Wthin the reactor, the feed-stream.of. mononer nd.cat al yst system
are 01 Fep S0Ro e SOORH e b RS e Salp e Haled I o et

separately.

In another embodiment of the invention, the stabilizing initiator and Lewis
Acid are allowed to precomplex by mixing together with varying contact times.
20 Depending upon the catalyst efficiency desired, contact times may vary from
0.001s, 0.002s, 0.003s, 0.004s, 0.005s, 0.006s, 0.007s, 0.008s, 0.009s, 0.010s,
0.020s, 0.030s, 0.040s, 0.050s, 0.060s, 0.070s, 0.080s, 0.090s, 0.100s, 0.200s,
0.300s, 0.400s, 0.500s, 0.600s, 0.700s, 0.800s, 0.900s, 1s, 2s, 3s, 4s, Ss, 6s, 7s, 8s,
Os, to 10s. Preferable ranges include 20s or less, 30s or less, 40s or less, 50s or
25  less, 60s or less, 70s or less, 80s or less, 90s or less, 100s or less, 110s or less, and
120s or less. Other preferable ranges incltIde from 1ps to 120s, 100us to 60s, 1ps

to 30s, 0.45s to 25s, 0.01s to 20s, 0.05s to 10s, and 0.10s to Ss.

In another embodiment of the invention, the stabilizing initiator and Lewis
30  Acid are precomplexed and injected into the reactor through a single reactor
nozzle. In yet another embodiment of the invention, the stabilizing initiator and

Lewis Acid, when fed into the reactor separately, are precomplexed in a mixing



"catalyst actiihyy el &aﬁ%ﬁ@‘tﬁeaététﬁﬂzing‘;ﬂrﬁﬂﬁﬁf c&g&‘g}@grﬁegi%id %Ql’a
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24 allowed to contact one another, the reaction thus forming a slurry of
butyl rubber, wherein the slurry has a concentration of from Eﬁ%to 50
wt % Fi nalwg 2odifeegeeg hus fornmed butyl rubber is allowed t ?@# }3 B 4kt or
through an outlet or outflow Iine while sinultaneously gF Rl AdatL

f eed-stream charging to continue, thus ¥ constituting the continuous slurry
pol yneri zati on. Advant ageously, the present invention inproves this process
in a nunber of ways, ultimately reducing the anount of clogging that occurs
in the exit port which is nmeasured by pressure_ inconsistencjes_or "junps".

10 The over aione PEUTR EifcreatPre Wil Wishine 8p bedrupdiy thegppdnigitegetsdon, e.g.,
b]{eec%fhp'léy ection

rate, production rate, reaction tenperature, an I'red nol ecular wei ght,

and gener al |whiciM is| iheqgb#ibvieen weikiout cafbenitionuve paid thatv dirbelyr Sormands

preferably between about 10 and 60 m nutes. The principle variable

control | i ng FFERIEFHRE POLINRE Fhamm He tieoFrarF- 1% beg dgen AjsseYareth thadtBortathe

resul tant; p : ‘F;g%éyt' s { i ki
pol yi sobuﬁt y?éeo}lﬁgﬁl%lhsl%%ggan%%%o yner bu%lga/]?&?lu ec¥ giwt@%g?’&h%gg&gnﬁbl ecul ar wei ght

distribution of fromabout 2 to 5, and an unsaturation of from0.5 to 2.5
nol e per 100 nole of nononer. Thi oduct supj ected to subsequent
hal ogenation to lg‘faf B?‘rﬂc‘ga‘iqg%ﬁ%‘i‘i%ff%rgg ngpt, %@fandzg%@?é?ﬁ“gﬁ?% yst
system and piQE&aS: t%ésl%%e% ?s gﬂ@é ; Ghadoadyam mﬁ%”"- RRNpEELIAl slurry

pol yneri zati on of 1sool efins [ ugat ed di enes. I nprovenents

obt ai ned wi t26st Bi0$s s, AIOBH &t bYs, ar 6.18e ohispnart tedombimngmethdsciutylpleant scal e
tests. The fol] ow n]g exanpl es refl ect enbogi ments of the invention 25 and
are by n8 nmekdEC SaelHnEnd (PEEe B feoRgesttd e SOBTROWET  he i nvent i on,

Exanpl es Laboratory Experinents. The | aboratory scal e experinments highlight
the unexpected nature of the invention exenplified in the plant scale
experiments 30 belnoyet apathenpasicilatip matforrgd embedimenht BYIPE] fagd EAF @Aty of

i sobutyl ene (9.7 9 _and. ..isoprepne (0, 3.w/ i n t chl orj.d s chilled
to -93Cin a‘goglfi1 té{g%g R ﬁ{lgﬁenﬁag‘gﬁﬁgﬁl ?%Se{rot liﬁs hgg%etlp ebrdghg”%\%l yneri zed
i n separate BspeUbIRNUS:, 001stolH88, B.08to 10s, or 0.10s to 5s prior to combining with

15 isobutylene as the iscolefin and isoprene as the conj ugéted diene comonomer.

In one embodiment, the polymerization of isobutylene and isoprene to
form butyl rubber comprises several steps. First, a reactor having a pump impeller
capable of up-pumping or down-pumping is provided. The pump impeller is

20 typically driven by an electric motor with a measurable amperage. The reactor

typically is equipped with parailel vertical reaction tubes within a jacket

s

containing liquid ethylene. The total internal volume, including the tubes, is
greater than 30 to 50 liters, thus capable of large scale volume polymerization
reactions. The reactor typically uses liquid ethylene to draw the heat of the
25  polymerization reaction away from the forming slurry. The pump impeller keeps
a constant flow of slurry, diluent, catal}st system and unreacted monomers
through the reaction tubes. A feed-stream of the isoprene and isobutylene in a
polar diluent is charged into the reactor, the feed-stream containing less than
0.0005 wt% of cation producing silica compounds, and typically free of aromatic
30 monomers. The catalyst system is then charged into the feed-stream, the catalyst
system having a Lewis acid and an initiator present in a molar ratio of from 0.50

to 10.0. Within the reactor, the feed-stream of monomers and catalyst system are



WO 2004/ 014968 PCT/ US2003/ 023284 25 addi ng various amounts of Lewis acid
or as shown in Table 1. The initiator and Lewi s 8qifgEg 7907
concent r XQ dW4/0p1¥6sent in each experinent are shown in pchasiaBlegsks as ppm
The Lewis acid and initiator was added ;4,0 such a degree to the batch
reactions as to achieve a 30 to 45% conversion of nononers as 5 determ ned
imetric yield. In all exanples, the nolecular weights (Myv) were
by Gel Perneation Chronat ography using a Waters Chronat ograph

operating atall_@&m Lok SHBRE %G’tflgra ﬁ%@%ﬁﬂg}?ﬁgﬁ?ﬁﬂgwﬁ ?ﬁir?gfibu‘y%?d as a

and initiat

by the grav
det erm ned

260 ppm sol

ution, and the tert-butylc t- BUTl, C

m cal

Conpany) wasvhesenl ties slarry 10is ppronsedicationnf fidme Z5MPCA todd widdle Riyalli0tHexxonMbbi |

Chem cal Co
art. The no
Texas). The

each experi

in the

f [ tyl di d HC b t hod
TBidbant Biimiberds AlEHebY BB YU LPeesh OGN Houst o
1R R mBhehssy 'agg‘:r{;ﬁ%l fhe LtcBd-Stréfin AWGF tQ@Tcondifie tndsuns for

ment. 15 TABLE 1. "La

atory Experi nent ta %gravinmetric

Exanpl e bni tconttduti{goe) cdnéinireusAdliy (epmjeridagbel Mudvintd@eoysh \theEARGeft230) 47
242,000 2 t-BuCl (55) EADC (210) 55 440,000 .3 TMPCL. (7Q) EADC (1.SO 33
Toeseron %3’@%0‘@53%5(%’86%554@ % Behberoof gvaﬁ,p%nrréaﬁ%)re@gtg te60) 34

510,000 4

465, 000 Thesg,iat 8f ?ﬁ?%ghﬁﬁt’ ol ﬁneﬁfr%t é)uﬁt ?61& VREY i€ Rl v NHestieC

i ncrease he nolecula ant butyl polyner”Ira bat

i ght of t esu

ch

| abor at ory swaneisteBCieeapyningeht, there was no significant difference between

the two. Therefore,
TMPClI and tert-butylchloride
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ion resulted in significant heat transfér and viscosit

benefits, weelakist attévity hud ghudentatiote morionest epcerdtajiony feedt inppation Satelj

1 FEB 2007

15

20

production rate, reaction temperature, and desired molecular weight, and generally
will be between about one minute and five hours, and preferably between about 10
and 60 minutes. The principle variable controlling residence time is the monomer
feed injection rate. The resultant polymer from one embodiment of the invention
is a polyisobutylene/isoprene polymer (butyl rubber) that has a molecular weight
distribution of from about 2 to 5, and an unsaturation of from 0.5 to 2.5 mole per
100 mole of monomer. This product may be subjected to subsequent halogenation

to afford a halogenated butyl rubber.

The new catalyst system and process affords many unexpected advantages

“for commercial slurry polymerization of isoolefins and conjugated dienes. The

25

30

improvements obtained with this new initiator are demonstrated in commercial
plant scale tests. The following examples reflect embodiments of the invention
and are by no means intended to be limiting of the scope of the invention.
Examples

Laboratory Experiments. The laboratory scale experiments highlight the

unexpected nature of the invention exemplified in the plant scale experiments
below. In these laboratory experiments, a feed blend of isobutylene (9.7 wt%) and
isoprene (0.3 wit%) in methylchloride was chilled to -93°C in a glass reactor

contained in an inert atmosphere and polymerized in separate experiments by

fromthe | aboratory data one woul d expect that both
woul d behave simlarly in the continuous

slurry phant reactrSerapfddidesdtd Hné in tHMREaktor Rtk ivahe,(aegamaﬂgﬁuﬁﬂé_e%,urry

d not ;"i 0



WO 2004/ 014968 PCT/ US2003/ 023284 26 Plant Reactor Experiments. The

exanpl es are discussed belowin relation to the figures in whidfghgydata is
repr esent MO 2HAWiI4988 reaction conditions within the reaetousameoiizgst
outlined in Table 2, which are conditiong for the continuous 5 slurry
reactor plant test exarrpl es with initiators of the invention and conparative
exanpl es using HC1L and tert-butylebloride as initiators. TABLE 2. Properties
and Reaction Conditions in Plant Scale Tests Property/I|ngredi ent

Aot/ Val Ue B a0 @Rk HO00VDIA ohd Fik Ul pheEeSITRAL 9. 45000LD/ hr

(10, 000 kg/ hr) sobutyl ene st ream) 30.7 wt%to 39 wt% | sopr ene
" 2. 65 wt % TVPCGhitiaRo %nd dlesis acid cBﬁcdnhiahons(pxﬁse@xt kg ebeh) expEADEHT M@@Ihofvmlhe/ nol e)

1.5to 1.25 ncentr n ‘V 0 32.5 WM % obut Conver5| on
B56 1 o 86 ot 1S B TR - e RaR a0 ApfiaiTar s el RS P RETS oag, 3 @
(- 145F) 10 Thge apRdli fcaOfhsi 4% T@%&e@e cospegPand, tohvENRS ofr}héﬂcﬁ'ﬁé%g dseactions

as well ) as the HCl1L and tert-butylchloride initiated reactions except for
t he foll o ngletdrmined dyshs gravimethe yiElkddin almnanaﬂgdtheemﬂemmr weighgs {id@d bl ends

i d f 30.7 % W % h ti | th
foed bl end neteEodseained: B0 6 Wmestion noHORASTING. ST b TGy
ExxonMobi | ﬁx@io&%%gﬂﬂﬁi/at1%5 z(t'ﬁ&!ﬁéxﬁﬁemﬁ%ﬁﬁé (30°0%. "MBieMCe b@fHeE6n)( Dow

Chem cal Conpany) bémarl'e), and HC1 ( Nat héson) were used as
recei ved, andwameseﬁl\ma Z’/ﬁ)sppmmdﬂuho;m Bodothebtsit-buthlehiondée (CBﬂrﬁhn&ldmhr eacti ng

i sobut yl ene mer. HCl fromneth B.2007 WO
200- 1/ 014968 SrowpsrgysbUd S ?:ﬁgav @J‘T?P“‘EPgJﬁ%mi’él 3"“% ﬁlbé’al
repr esent At %\%ﬁl\d&ﬂ%ﬁéﬁ‘ﬂwr@oﬁﬁw from isobutylene dimers and HC! by methods
' common in the art. The monomers are manufactured by ExxonMobil Chemical
Company (Houston, Texas). The molecular weights in Table 1 are an average of

three runs for each experiment.

15 TABLE 1. Laboratory Experiment Data
% gravimetric
Example Initiator (ppm) Lewis Acid ( ppm) yield Mw
1 HC1 (22) EADC (230) 47 242,000
2 t+-BuCl (55) EADC (210) 55 440,000
3 TMPCI (70) EADC (180) 33 510,000
4 TMPCI (130) EADC (350) 43 400,000
) 5 TMPCI (105) EASC (260) .. . 34 465,000

These data show that, while both tert-butylchloride and TMPCI increase

te molecular weight of the resuitant butyl polymer ina batch laboratory scale

20  experiment, there was no significant difference between the two. Therefore, from
the laboratory data one would expect that both TMPCl and tert-butylchloride
would behave similarly in the continuous slurry plant reactors. Surprisingly,
TMPCI initiated continuous slurry polymerization resulted in significant heat
transfer and viscosity benefits, whereas tert-butylchloride initiated polymerization

25  did not,



pol yneri zation conditions in an enbodi nent of the invention, the dat a ’
plotted as the reactor slurry side heat transfer coeffici enﬂ atiBaZUWunctl on
of react®O 2Hd%8r. The slurry side heat transfer coepdi/psRpiodhes "Mm) is
the heat transfer coefficient (h) 5 of, the slurry within the butyl reactor .
tubes, as opposed to the heat transfet2 resi stance of the reactor tube walls
and/or the heat transfer coefficient of the boiling ethylene used to renove
heat fromthe reactor. The value of "h" (Btu/hr-ft? F) is a function of the
viscosity of the slurry (b), and is related as such by the well known
Si eder-Tate equation (2) discussed above. 10 In these exanples, the reactor
was operated w Pl Heneree BxpBinyhs| Thoekdapled bitedisiukseblow id pelg@at i ng the -
tubes. The difference between the bulk slurry tenperature and the frozen
i ce fil m wisthediemressiasulneltheTdata isapprepantes: eTypicalgeactiopeppgditipeeWithinm can be
cal cul ated t t 5 e ‘
ild & gﬂﬁ&hﬁrs ¢ RRPIiined 1y 14 1ea{JSv91{lc1'1 D&ad'it?cfnféofﬁ{ (t%)ccgﬂﬁubﬁ‘s he val Ue

correlation W reezing poin e equa

for thessl gy readier plaat tedtrexanipis v@&ﬁfnﬁﬂlaﬁbl@fﬂf therinveaicon et edrgdatiye?si urrv Q
- (3) Tslurry - TA9eC/ice where is the heat renoved fromthe reactor
during pol yrrplesusing H(Aand terbuiglshloride ga iti@ersar ea of the reactor, T51 , is
the average bul k tenperature of the. reactor 20 slurry, and TMeci; Ce (MO
is nethylchloride) is the average tenperature of the frozen ice film as
defined i n eqUTNUBIE @4 )Propéraits aﬁmat:ﬁﬁl €on3ﬁﬂnﬁmP®aﬂt$d¥leTéb}s where -143.8

is the freezing pain enper a of pure meth de and 25 Mis
the wt % concent ralfmmrtyﬂngsexbemyl ene ip the sl uﬁWO“U/YaIOEB 2007 WO
2004/ 01496+ 60-aR02MB4 5 A orpaFdt i ve data
bet ween HEPIITFHPRR W but y| polyrrerlz L6 nl [ahﬁtg iy e #/hhi ti at ed butyI j
pol yneri z various SturTy —TOonc O@GTWOBO@Q Tt—time )l i near
regr essi oﬁﬂel S %t‘Fawn t hrough the |ineaf “portion of g?hcrjjat a, which takes
into acco*ﬁobhh&rtei(irefeﬁ%tr&dm) slurry com;émw/mmwm| n the reactorf to build
up to itsist eady state value of three Yurnovers _and hence the

Isoprene 2.65 wt%

TMPCI (20% solution) 35 Ib/hr (15.9 kg/hr)

EADC/TMPCI (mole/mole) 1.5t01.25

Sharry Concentration 25 wt% to 32.5 wit%

Isobutylene Conversion 85% 1o 88 wi%

Diluent Methylchloride

Initial Reactor Temperature -98.3°C (-145°F)

10 The conditions in Table 2 correspond to TMPCI initiated reactions as well | 3

as the HCI and tert-butylchloride initiated reactions except for the following: in

the case of the TMPC] initiated reaction, the feed blends were increased from 30.7
 wit% to 39 wt%. In the comparative examples, the feed blend was constant at 30.7
wt%. The monomers are manufactured by ExxonMobil Chemical Company

15 (Houston, Texas). The methylchloride (Dow Chemical Company), EADC
(Albemarle), and HC1 {Matheson) were used as received, and the TMPCl] was
made by ExxonMobil Chemical Company by reacting isobutylene dimers and HCI

from methods common in the art.



initially large h,,,,,,y values. In the conparative HCl initiated reaction,
‘the slurry concentration is 25.3 wt% by total weight of slurtygs @gfuent,
nonomner s, Wanzoetiwess reactor conponents. At the same sl atlon
.the TMPCI initiated reaction has a higher h,,,,,,y val ?éﬂyﬁﬁpﬁ@?é&rﬁsl ating
by equation (1) to a | ower 10 viscosity/ Wen the slurry concentration for
the TMPCI initiated reactionis increased to 29 wt% the hs,urzy val ue, and
hence the viscosity, does not change appreciably When the slurry
concentration is ncresdto 32.5 wt r the TMPCI. [nitiated reaction,
Theval ue of - P TS Bl d i epineeh comienaliot i dap SHEHBS IR 15 These
data show t BatylBaltaplondlis i bn GARIIALANE B ihAicH, Yhd ath DIIHAMSSTS 1O
450 Btu/hrft2°F when the slurry concentration is from25 to 30 w% and the
heat transf éte roetHf sluitgraideoheat hmnsﬂeucoqfﬁwmf a0 miodicnoo{36ectdt mihrvkt. F when
“the slurry entr. on. s 0to0,35 Mm% hesedtal dlca t hat the
TvRCt 20 | NIPAER Tids L teRehSSATrEln Q) obF EG HET SRS 801 ow ng a
hi gher skur gy h€ QNEANLidi e bRt erehitBr ltﬁbefs hés Q#JpMé»edr RABL he@NFaRfer! ONGEr
reactor run lengths.” Figure 2. "Figure 2 is a hi cal representation of
data show ngeslmlmyzb qfothy meadtaa tibenweldn dnd/oorilse ihnatatna&sdid:rocbeﬁﬁmntocbf thee

i nvention, dat | otted as 25 t actgr slurry eat trgnsfer
coef fici ent gmg ?%ﬁ@f‘? e BRQYG ?aﬁrﬁ E?ac{%st%lhﬁv b @t (18 near
regression) (BR/deER isWﬂH&%ﬂ 5@113: 'vﬁ@@inyﬂﬁ‘rtﬁé Qﬂrr?f(uht) hﬁlddi@"r@lated whkeh takes

into account the tine for the slurry concentration in the reactor to build
up to its stydbywell knewwy Sleder-bte chnasimnt (@) dissusserd abwve hence the initially
| ar ge Ilol u,,y values. In this Exanple, HCl, tert-butylchloride (Al drich
Cherd cal""30 Conpany), and TMPCI are used as initiators in separate butyl

reactions and Cms@@xweg%éi&%ﬂﬂﬁﬁasloﬂéﬁeim a BoZéd meitagss 29

The val ues for h,,,,,, %for the HCI initiated reaction are around 300

capting thepoibes4 The differarae betweon dbw dpkk sy sl urry
evel of 256, ML A B QRGN KNS oo LRI VB T )y e

ter-butyl chl"or I ni or a sturry and
producti on faizen e Blndcld bé lalc(ldtedOrom the monomer concentration in the reactor

15 and the correlation with its freezing point. Using the equation (3) below, the value

for the slurry side heat transfer coefficient hgjur, was obtained:

Q

—

hslurrv = (3)
) A Thmjy - ﬂleC[ic:)

S

where Q is the heat removed from the reactor during polymerization, A is the heat
transfer area of the reactor, Tyyumy is the average bulk temperature of the. reactor
20  slurry, and Tueciice (MeCl is methylchloride) is the average temperature of the

frozen ice film, as defined in equation (4) below:

gy

eClice —

~143.8-0.75(M) @

where -143.8 is the freezing point temperature (in °F) of pure methylchloride and

25 M s the wt% concentration of isobutylene in the siurry.



5 T/hr), the h,,,,,,y values decrease, thus indicated that the slurry
viscosity increases slightly. Wen TMPCL is the initiator at a sl[yqupg)ﬁlz@yel
T

of 26.1 w®idangeproduction rate of 6.3 Klb/hr (2.86 T ﬁg\% Si
val ues increase to above 400 Btu/hrft2 F (2.27 kW nRK). d#]ussa,o gﬁﬁcorrpared

to tert-butylchloride and HCl, the TV  initiated pol yneri zati on
efficiency is inproved. 10 Figure 3. The present exanple shows how the
conversion of nonomers wthin the reactor increases when an enbodi nent of

the i t i . ifically, Fi 3 i.cal tati
o dat a ohow ng” B i ERSRe <BRb SirBoe s b hedh PR e BB Tt "
invention, ddManédlagor! Md etviag] 1&%&%@@%&%9&1@@&5@&9%' QRUIOTYERST ON

within the reactor as a function of reactor residence tinme. In the HG
initiated bwngtntaobysrerd dest Oh lingadintanregtdssion s o drawre tlerougly hee tiseon

[ f bput 5.t t 87.5% . i, d ti f. 20 0.85
nour o The TEERVEPGIH a0 G ERBLITYS AFOIP U6 s FaPEaeel SHEFPAPon | &

about 8% 5%, thofeab e tolME(d up B ftd AELH, StABGhIEIS 1ABE t&ABYEE SdrReh&e {fleom about
88.5% to about 89.5% i sobutylene over a tine period of from0.55 hours to

about 0.7 hiniiiadly laiBhibsiug madutisnentthe fcomperating Elétli inriatdtbresction] 3¢ dleoyease of
t he anount of nr.eact noy r remaining, i.e.. a significant, inprovenent
in mononer %8¢ er &t gg@ “ﬁ@gg t%ﬁf ‘ge@ﬂ{)%gilm’ @H@Iﬁl’ OmRep AT eact i on
i mproves t hRact6PRY[IHEhGHSs. Of ATRAOBme §IGM$ domRERMRA, tthe TVPCRlihitiatedy !

pol ynmeri zation process and allow ng a higher slurry concentration to be run
and/ or | ongeactiamnhaseadigher Ikwguveuag, thukdranslatingtbyegauntion (1 tFiayloweera

hi ghlights t.he |l oweggd .30 | oner ation_ tenden .t.0_t he | ower ed
vi 5C0S! o‘fls?%’éy‘bu%enstgﬁrﬁ é’ﬁce'%%ﬁ% fg edm%:lg ugﬁatteﬁere?cﬁl\ygn{si on. |
Speci fi cal | perebiedUtoS2 9 Mvt¥s the BLAPRaRR! and BOERSBIhasdostly, 0doed aiod cBitpal ng but yl

pol ynmeri zation conditions in an enbodi ment WO 2004/ 914968 PCTN32U 310239E
30 of the i#Rpsefiatdyy, When dbe slphorergniatiahis inerased Qs (& & tef unction

of reactor p{@% ti e W | _d.nitiat r FQur is a
gr aphi cal ?epr écs{g{r{\%getdi llc?%abc\#{’ ég? -al;M; o({/ﬂ ]?fﬁ“bﬁst 5‘?""%0 §ﬁ§§ ngﬁnﬁééggi tions in
an enbodi mereheticdd the i nvention, the data plotted as reactor pressure as a
functi 0?5 of reactor
These data show that the heat transfer coefficient of the sturry is from 375
to 450 Btw/hr-ft>°F when the slurry concentration is from 25 to 30 wi%; and the
heat transfer coefficient of the slurry is from 200 to 350 Btwhrft>°F when the
slurry concentration is from 30 to 35 wit%. These data indicate that the TMPCI
20  initiator raises the heat transfer coefficient and thus allowing a higher shury

concentration to be run in the buty! reactor and/or longer reactor run lengths.

Figure 2. Figure 2 is a graphical representation of data showing butyl
polymerization conditions in an embodiment of the invention, the data plotted as

25  the reactor shury side heat tranffer coefficient as a function of reactor turnover. A
best fit line (linear regression) is drawn through the linear portion of the data,
which takes into account the time for the slurry concentration in the reactor to
build up to its steady state value of three turnovers, and hence the initially large
bsury values. In this Example, HCI, tert-butylchloride (Aldrich Chemical

30 Company), and TMPCI are used as initiators in separate butyl reactions and

compared.



.‘5 residence time with HOJ as the initiator. The pressure is neasured at the

feed inlet to the reactor, and is representative of the |nter ure
within th&%O028¢vomes i tsel f. When the internal reactor Hﬁﬁ)o % hi s
‘is indicative of aggloneration of the glurry in the out or ove | ow

line, and is detected as a clogging an hence, pressure |ncrease, at that
point in the reactor. 10 The data in Fi gure 4A is with a slurry
concentration of 32.5 % while the slurry concentration for the HC

initiated reacti in.Figure 4B t the.difference t he
y-axi s scal e bet \@Sn Valpes (9o ﬁ‘r"épt?i% t?‘q'\r,t\%éjj 1agdodrartion &R Ao ‘H&gé’loﬁn _
pressure | e‘EﬂM}ﬁﬁ”ﬁQ@MLWﬂm | Ftek Gbé@ 4ol 6/RhMidOREioRBls a't'@tsldrrg,llléeelrcﬁ’aﬁ or 1Is
15 turned off after about a 20 hour run. However, when HC is used as the

initiator, Z2&ewt’annd peodueties ras¢ af H3p Kibde) (2. RHEhD. aWbers teghbitylchloridpr essur e
build ft t,h il
b s 21y SRS Bl LR B o BT LR 585,

react or. 520 THingUhe hQy., VaRiesl dé@edsd, tHik Snd¥AEPHRL BHes1G@Y Sistbait indlehdtsa
| owering of the i scosity of the butyl slurry when enbodi nents of the

i nvention aﬁbglttgedWhelsﬁ Glrl%ﬁ‘lellyltlamrgm glugyileveh of2G pmitkmand mpdusiient at i on of

data showi ng_Jh con 2 ofhe

i nvention, (Eilrant %gﬁt aKB‘t qzegrglg@) }?hs q"gruﬁgmc&%ae?vvﬁg?o poz\iritrleonﬁ&’ftftkg(%I ctor punp
i mpel | er as (227 kVWei®n. Ghug, eAthQondarddesi teebas/1dhl e MacMel, neTMRPICT s
present during the first part of the reaction, and HCO is present in the

second part iifrated polyangsizatéinn effigicpey i iBEeHSHe, the butyl pol yneri zation
reaction,is run for about 22 hours at a slurry concentration of 25 wt%
usi ng TI\/IgCI as the initiator in a 30 concentration of 2000 ppmin the
catal yst stream eﬁgﬁrermgmérprdsaacﬂx@mpleaﬂfbv&%vppha tonvelséon efmibasmerfhen, HCl
is added to the reactor, while the TMPCl -] a a slurry.is allowed to exit

t he reactor W (,ih?rré%lt‘l’rypcﬁﬁée%bﬂ“@én@r SMbeAIagnt | thenmcvﬁén%l%dﬁ -014968 0
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normal Iy in ra and the conc ation in the
reactor is lyelymeeirafionnoddtias 1ﬁ&nmmmbod‘i’rhent dfrthe givientoon, e datd plotwdasiCl to
™ea i n| ti %e pe}cgnt%gg lfgobuty e%lérgonversmn wnrturP ltl%c reactor as a function of the

reactor residence time.

In the HCI initiated butyl polymerization reaction, the isobutylene

conversion increases from about 86.5 to about 87.5% over a residence time of

20 0.85 hours. The conversion for tert-butylchioride initiated polymerization is about
87.5%. For the TMPCI initiated reaction, the conversion is from about 88.5% to
about 89.5% isobutylene over 4 time period of from 0.55 hours to about 0.7 hours.

This embodiment of the invention shows a 15% decrease of the amount of
unreacted monomer remaining, i.e., a significant improvement in monomer

25 conversion. These data show that the TMPCI initiated reaction improves the
conversion of monomer, thus improving the overall butyl polymerization process

and allowing a higher slurry concentration to be run and/or longer run lengths.

Figure 4. The present example in Figure 4 highlights the lowered
30 agglomeration tendency due to the lowered viscosity of the butyl slurry when
using embodiments of the invention. Specifically, Figure 4A is a graphical

representation of data showing butyl polymerization conditions in an embodiment



the TT4PCl as the initiator, the notor that drives the reactor punp inpell-er
must 5 work harder to stir the slurry, as indicated by the i qr power
draw. Thi WO 2804/4d%8i stent with the |ower viscosity with ﬂ'(l,\ﬁﬁgzuaf;?;g@g
initiator. Wile not wshing to be boynd by an equation, the results in
Figure 5 are consistent with what equation (2) would predict. Specifically,
the hsi Ry values when HCl is the initiator range from about 411 to 592

Btu/ hrft2F (2.33 to 3.36 kWnR2 K), while 1o that of the TMPClI initiated
react i on vagf @ i bA e B2l Ul B FeRBiof breddunk O alfABibYbFRedor Fi Qur e
6. In this exanple, the tenperature of the sfurry in the exanple or Fi gure
5 was neasurcsdentier eittd it efMIPAIL ninitiatoh prbenT MPEigurai 4Baiedc rgasticabn, and

15 followed by injecti of HCl as the initiator. As seen in the graph, the
t enper at ur &' S%‘i-%‘?iymg‘ﬁ]at@ Bpvies PWEB?IP’PWE&?U@{ %@?tﬂflsﬂi}%s@n’g@g}@mi s added
as the inibt gleOinyedils @nd ek ﬁl@ﬁ\éﬂ hRWeh 6 ?f@%ﬁﬁb B RfctidiCof Eéé%{btr' on

i nproves heat transfef 1n the butyl reactof, thus inproving the

pol ymer i % at resilendef time emhyHCPA thé guitigor/ . THenpredseseis exaasyed @i tichfeed inlet

pol ymeri zation reactions were carrled%t?glt .in the cold bﬁ]t_h of a dry box

usi ng 3- nec® MEURACIHLIAN S ICRRSRET R o Shevintarmal presinrs athia dhe Feagiprat - o5C,
The I nitatploif Awhen Blcnferdal fedcld: PRéitle REAIARGS il b af Abmbfiion

pol ynmeri zati on was vacuum di St at roomtenperature to - renbve excess

HO gas. Thef te-siairy iiatthe ofihet drhevepfibynigre, 2ad iipdee2ted st Wagpng aih al um num
di chl oride jn Heptane , EAD%C%) s pur.chased from AKZO NOBEL and used
directly. THES 8?198?6‘%9?6 =?V¥}%1ﬁ®mtéﬂ & f5&c®®nonomer (1 soprene) for the
pol ynerjgation were passed through a drying colum or vacuumdistilled
before use. The diluent, nethyl chloride, was passed through a drying col um
bef ore reacti on. ThédathérBigurehdl i with wtsbarnf conoemdration o6 B 15 with, whide heepar ed 30

fromthe m xture of nononer ( d diluent bef.ore re ion a ored at
165C ' 1 nBuEs gt RUONF i F e e FREB b o 9201 Vs e e
prepar ed bythed;fibBacd¥Bh e v-6hak QédléjgetWeErﬁ‘t}Q'ﬁJoL%gﬁﬁ. TREatAdwBhipE chl oride
with 25 wt % WO 2004/ 014968 1 F E B 2007 PCT/ 003/ 023284 32 EADC. The

gl asswar e ubsglifiopreshige pote) ababan il aria waslativelyreusiaint hntilbbereactest iy |
chl ori dg; angun%'e% off faftgrSab%uWa s h%ﬁ‘ergun?nﬂo@E\?e%p LhES % 192G dle Erﬂﬁat%ﬁ Id

even at the lower slurry level, there are significant pressure buildups after 8 hours

of reaction time, the pressure buildups or "kickings" are indications of

agglomeration and clogging of the butyl reactor.

20 Figure 5. The data in this example are consistent with a lowering of the
viscosity of the butyl slurry when embodiments of the invention are used.
Specifically, Figure 5 is a graphical representation of data showing butyl
polymerization conditions in an embodiment of the invention, the data plotted as
the amperage drawn to power the reactor pump impeller as a function of reactor

25  residence time, wherein TMPCI is present during the first part of the reaction, and

HCl is present in the second part of the reaction.

In this example, the butyl polymerization reaction is run for about 22 hours

at a slurry concentration of 25 wt% using TMPCl as the initiator in a

30  concentration of 2000 ppm in the catalyst stream enfering the reactor, and 200
ppm in the reactor. Then, HCl is added to the reactor, while the TMPCl-laden
slurry is allowed to exit the reactor. Specifically, the concentration of HCl in the



bath right before reaction. 300nl of feed blend was transferred into the
clean glass reactor and chilled to --95C in cold bath before p3 I.on. For
shorter coMP3eH/0F4%Bnes, i.e., (0 to 1 sec) experinments 5@?/05%0&)05@2&%@7""6‘5
m xed with the feed blend at --95C in _cold bath and then the coirnitiator
was added. For other contact tines, tHe initiator and coinitiator were
mxed in a glass vial with different contact tines (2 see, 5 sec, 60 sec,
180 sec, and 360 see) before being added to the reactor. Wen the reactor

t ture had stopped risi 2501 . | i t h Q a,stabili
uasadded t G- RUShERCERE e R (L PORHDCD Pe R BOR R B the

pol yner was b, efidi the oNEGHEADD YE FhedleaddCiO¥GHRES Blom Thao @@gpﬁfﬁf MRS then
renoved and weighed to calculate the catalyst efficiency. 1 ABLE 3.

TMPCI / EADC Cramsidien petiae sroanHChae AMAYE igftiatasiie abgut RAMrRXNe HOINSpIRM4 RXNS
Cat al yst Effjci 79.437..388 300 248, (Kg/ e) TMPCl / EADC Contact O to 1
560 180 3607 TR ECE? URRaOL i &1 el f3fdTahe %ec?ﬁ{ég@fm}pi RS m4te0 and
EADC unexpeciaft| Rarddras dlit 8@ diiry, MR iRMEAeE BY the/ filcr@bdd sdwsiitaw THEnid RSUl ts are
al so graphically depicted in Figure 7. | 20 D scussion The f)resent

€

i nventi on haonsistent atithathealovey egscoBéc avite ToIPCheas rthpiiditiasact ¢hilennets f oul i ng
rate that typically,occurs,, reactors had to.bhe agperated at ve | o slurry
concentrati o‘ﬁlgﬁl&ﬁ(}gl?ggl?o“ln eP&’saIf Sq%?(t,lﬂ?’e@‘g ¥ %‘ggﬁ%oqolgﬁrﬁti?er %Odla’isf‘%&“? al l ow 25
washi ng and \bhﬁt@aﬁ&ibiﬁ(zg%cbﬁd PEARIP ISpedifiEaliy) thd Byt MEuaydhéRPICR ibafoore the

fouled reactor had to e@gut back into produyction to replace another fouled
react or. Thenitisjsgange fremaneitohl] 992 fin ¥ §& 38 kapodsV/my K, whilow t he

butyl reactq t n. at_ hi gher sl ur cop | @;nq;/ r n at a
| owelr cofrjlbcentglgta?iﬁ%}%%W&amﬁbaﬁegde&a&bo&\%a@& 5 é"]%o B T‘Fgrg %gggrbg%o i ng.'?’ﬂrjﬁ) one
enmbodi nent of.48 Hw/hﬁ\zzgnt ion, the run length 0 1 F E B 2007 WD 2004/ 014968
PCT/ US20031023284
Figure 6. In this example, the temperature of the slurry in the example of
Figure 5 was measured directly, beginning with the TMPCI initiated reaction, and
15 followed by injection of HCl as the initiator. As seen in the graph, the
temperature is steady at -98.3°C (-145°F), but steadily rises as HCl is added as the
initiator. These data show how the embodiment of the invention improves heat

transfer in the butyl reactor, thus improving the polymerization efficiency.

20 Figure 7. In these examples, the polymerization reactions were carried out
-; in the cold bath of a dry box using 3-neck round bottom flask reactors with
mechanical stirring at ~95°C. The initiator (2-chloro-2,4,4-trimethyl pentane
(TMPCD)) for the polymerization was vacuum distilled at room temperature to
remove excess HCl gas. The co-initiator for the polymerization (25.3 wt% ethyl

25  aluminum dichloride in Heptane (EADC)) was purchased from AKZO NOBEL
and used directly. The monomer (Isobut}lene) and the comonomer (Isoprene) for

the polymerization were passed through a drying column or vacuum distilled
before use. The diluent, methyl chloride, was passed through a drying column
before reaction. The feed blend (10 wt% of monomer solution) was prepared

30  from the mixture of monomer(s) and diluent before reaction and stored at ~-95°C
in the cold bath. The initiator and coinitiator stock solutions were prepared by

mixing methyl chloride with distilled TMPC] and methyl chloride with 25 wt%



33 is increased from30%to 200% relative to the run | ength when HCl or C4
or smaller initiators are used in the catalyst system Enbodi of the
i nvent i onwiolbMigegghe heat transfer within the reactor. R}frsE V8l heat
transfer can allow either higher slurry concentrations, %‘FT’PWQ%(P 2$un

| ength. The heat transfer coefficient i38 thus higher due to the | ower
viscosity of the slurry as would be predicted using the Sieder-Tate
equation for turbulent flow Not only are higher slurry concentrations
possi ble due to the inproved heat transfer, but a higher nononer conversion
rate is al sEAmuEh@alasswmh@ed fonethe polymerizaticaneyaso owithi H¥md| uggi ng

rate with enbadi [ fea act.ar
operation dif&" Y J)nﬁ EWFSJ%W%/ E@%ﬁ@@ﬁ’atﬁ%ﬂﬁ?ﬁ@o %ﬁ’ﬁ‘ctg ﬁ%@t
transfer ISbam(ggvsé‘foré QRGRI. 30| @ﬁﬁ%@gleaa iRt aey uitemesa Yl fass
concentrations elow 25 W% are possible since it is known tha

reactor wl keacmrayd@hﬂltd(tbl q@ﬁﬂ?ehhxolcbbﬁht@ﬁqnerraﬂaims)Fcﬁroshoh-iengemtaumen t he
heat transfer 15 coeff|C|ent of . the tilréurry is | ow. %’ oI er tg‘ﬁeratures
| ower the f8mesdg-r@ite 1otec) exreripeats e ANERIF Was MRixe é""tht fecdiblengd #g t he

reactor 1o SIACGR L Gutiab N 18t QRRAHS: Ll HBISRTEAd A cchdcpngR Pori od

of tinme that Was "previ ously pOSsi TGRS and

publ i cat i onsheCinitiRtbrAad @bihitidtBC e mkel h@ﬁ%]as?ﬁhzﬂ @hﬂ:eahﬁumﬂ ch@fictpimheri ty, are
her ei n mcor;)orat ed by reference for purposes of U S. patent practice. 01
FEB 2007 342 &oadMse, 80 sacpbily pess iapdt368rserk beloee b@lﬂg@éedm%h%mﬁonuous

slurry pol reacto r r. Qne or

nor e |soole$?E né %%Qg 'ngrﬁ%eg?gﬁégg(%gﬁ?%ggﬂgng@Bgﬁé)nﬁﬁ%ﬁ@z t he
react ed 100n@RRbHizEOWAE AdHekiRE Bt the rbctibi. nAftBﬁthlé%a%ﬁtfhadtBt@le&Bfﬁﬂﬁ
conprising reacting in a polar diluent the isoolefin and di ene nononers, a

Lewi s aci d, pakyaer avgsidsiediintaoyacuwmep enrat t43&C iavemightor Theapolymer wigs thena: RI

R2-( removed and weighed to calculate the catalyst efficiency.

15 TABLE 3. TMPCVEADC Contact Times and Catalyst Efficiency
RXN1 RXN2 RXN3 RXN4 RXNS
Catalyst Efficient 579 437 388 300 248
(Kg/mole)
TMPCYVEADC Contact Oto 1l 5 60 180 360
Time (sec)

As can be see, shorter contact times of TMPCI and EADC unexpectedly
resulted in improved catalyst efficiency. The results are also graphically depicted
in Figure 7.
20
Discussion
The present invention has several advantages. Because of the rapid reactor
mass fouling rate that typically occurs, reactors had to be operated at very low
sfurry concentrations and heat loads to achieve the run'lengths required to allow
25  washing and turnaround to be accomplished in the time available before the fouled
reactor had to be put back into production to replace another fouled reactor. The
present invention, as shown in the examples, will allow the butyl reactors to be
run at higher slurry concentrations and/or run at a Jower concentration for a Jonger

period of time before fouling. In one embodiment of the invention, the run length



'R3 wherein X is a halogen; R _ is selected fromthe group consisting of Cr

to C$ alkyl, and C2 to Ca alkenyl; R3is selected fromthe 90 YRR sisting
of, d tow@zoa.i/kmbﬁs C2 to C8 al kenyl and phenyl aI kyl ; %y 205:??02%;@120'[ ed
-fromthe group consisting of C4 to C.Q_alkyl, C to C henyl

phenyl al kyl , ai kyl phenyl, C3 to Cro cyc’PoaI kyl, and R5 X_| _Rd- R6 wherein X
is a halogen; R5 is selected fromthe group consi sting of, C, to C alkyl,
and C2 to C. alkenyl; R6 is selected fromthe group consisting of, G to C

alkyl, C2 tq_. p Ia d R4 is select fromthe group
consi sting df “f:ﬂ‘i%ﬁ*i‘ff’(g‘}?\é‘ 3@%%26&% taltgﬁéﬂ@llﬁ}%h@eanﬁghﬁéﬁl?f nis an
i nt eger frgmaﬁegﬁt%%rsmswg{gfe@a{gjy Ratendnd R can also form adamantyl
or bornyl ring systens, the X group bel ng 1n a tertiary carbon position;

and wherein the Lewis acid and the initiator are contacted with a contact
*time of fromless.than 60 s i.or to contact with _ the ispolefin and the
il tre monomar s > Embiimess 35 e Bkeiton IRBt e e fest Pt bR e rRciome
cont act tsi MerHeSmipt AR hesSrdBRp ce%@aﬁow %ﬂhe} h@?glﬁﬁ?rcbﬁ@ehhaﬁoﬁ%mg%af claim
1, wherein the <contact tine is fromless than 25 st 4. The pol ynBri zation

met hod of clmn tength. whier beat txrahﬁ"er cmfﬁalcntrsnlnm highdrrduentd elsesld\nrmmszﬁmsr 5. The
pol yneri zati hod of

ierein t ntact Li fromless
Phan 15 o 651 U alug 4pptis s RCISERHOU & fhe EdsHy e RRHatiom ot AbUERh act
time is fromdesRot &Y adChher slurry concentrations possible due to the improved heat

transfer, but a higher monomer conversion rate is also achieved. Further, there is

10 a lower overflow line plugging rate with embodiments of the present invention
and steadier reactor operation due to the lower pump power consumption. Also,

since heat transfer is improved, longer run lengths at relatively low slurry
concentrations (below 25 wi%) are possible since it is known that the reactor will

stay cold (liquid ethylenme temperatures) for longer when the heat transfer

15 coefficient of the slurry is low. The cooler temperatures lower the fouling rate of

the heat transfer surfaces, thus allowing the reactor to stay on line without

stoppage for cleaning for a longer period of time that was previously possible.

All patents, applications and publications cited herein, including those
20  relied upon for priority, are herein incorporated by reference for purposes of U.S.

\ patent practice.



7. The polynerization nmethod of claim1, wherein the contact tinme is from
less than 5 s. 01 FEB 2007 35 8. A continuous slurry polynerization process
for prepar- ing random copol ynmers of one or nore isoolefin nononers and one
or nore para-al kyl styrene mononmers conprising reacting in amephydigpus

pol ymeri zation systemof said nononers, a polar solvent, a Lews acid, and
an initiator, said polynerization §9$ten1be|ng capabl e of formng an
in-situ electron pair donor initiator having the formula: RZ RL X R n
wherein: Rl is an al kyl, al kenyl, gr)flE aral kyl, or aral kenyl group
containing up to 30 carbon atons | ess than 3 carbon atoms unl ess Ri
contains at | east one olefinic unsaturation, R2 and R3 are alkyl, aryl, or
aral kyl groups cQ rbon al ons and can be the sane or

.up.to 30

different, x| s P¥mErzgto %%%]PB U3 M B CORAIYOUSSREY. | group,  and n
. . nreacto Y
is a posi tive o?n:ﬂ) dle nﬁ%&e 3 génﬁ; ﬁ{fd the initiator are
contacted w thg;a,.Col Eﬁ LESerd fhePilLQ% tO contacting
with the i SOOL,@{HIH tgengga tger g@rﬁe c?b WHERE ltgge wap%hrThe cont i nuous
slurry pol yrmer bZiabhOthe RESSIBES a8t dibAd Morbm¥RER T heigamigact tine is from
| ess than 30 sanlkfitiafde veldibimtielmiGhtor Yaspibkeyfoeidudat | on process of claim
8, wherein the contact tine is fromless than 25 s. 11. The conti nuous
slurry polynmerization ¥HOC€SS of claim

Rz——-C-—-X

l

Rs

wherein X is a halogen; R, is selected from the group
consisting of C, to Cg4 alkyl, and C, to Cg alkenyl; R, is
selected from the group consisting of, C; to Cg alkyl, C, 1o
Cg alkenyl and phenylalkyl; and R, is selected from the
group consisting of C, to C,yy alkyl, C, to Cg alkenyl,
phenyl phenylalkyl, alkylphenyl, C; to C,, cycloalkyl, and

wherein X is a halogen; R is selected from the group
consisting of, C; to Cg alkyl, and C, to Cg alkenyl; Ry is
selected from the group counsisting of, C, to C, alkyl, C, to
Cg alkenyl and phenylalkyl; and R, is selected from the
group consisting of phenylene, biphenyl, o,wm-
diphenylalkane and —(CH,),—, wherein n is an integer
from 1 to 10; and wherein R,, R,, and R can also form
adamantyl or bornyl ring systems, the X group being in a
tertiary carbon position; and
wherein the Lewis acid and the initiator are contacted with
a contact time of from less than 60 s prior to contacting with
the isoolefin and the diene monomers. ,

2. The polymerization method of claim 1, wherein the
contact time is from less than 30 s.

3. The polymerization method of claim
contact time is from less than 25 st

4, The polymerization method of claim
contact time is from less than 20 s.

1, wherein the
1
5. The polymerization metbod of claim 1, wherein the
1
1

, Wherein the

contact {ime is from less than 15 s.

6. The polymerization method of claim
contact time is from less than 10 s.

7. The polymerization method of claim
contact time is from less than 5 s.

, Wherein the

, wWherein the



8, wherein the contact tine is fromless than 20 s. 12. The cgntH ugus
slurry polynerization process of claim@8, wherein the contac 1HERels from
| ess than 15 s. 13. The continuous slurry polynerization process of claim
8, wherein the contact tine is fromless than 10 s. 14. The conti nuous
slurry polynerization process of claim@8, wherein the contact tine is from
less than 5 s. 15: A pol ynerization net3fod for use in a continuous slurry
pol ymeri zation reactor in preparing a honopolymnmer of an isoolefin, the

pol yneri zati on nmethod conprising con- tacting isoolefin nononers, a Lew s
acid, and an initiator, wherein the initiator has the fornula: 01FEB2001

36 RL Rp--i'X R3 gharQnfiniohs sRurbpbeBaieribitidi® pisless t6dplebain t he group
consisting of Cl ixp ffhdiiok¥bpoBiters.ofl shelSr aldfeNydoles msnoiédsect ed from the
group consi sting ahd d&He b HiBreabkyd-alkGPstyeneCmaldoedyyl cangrigihgny| al kyl ; and
R is selected frosading ixgmu;a}nhyﬁ;:hst pngﬁériﬁﬁdm sPRGon adtkydid C to C8

al kenyl, phenyl , msimaméssl RypolanspliMephenlewis3adid, 819 anypiidaiokyl , and R5 X-
i -R4- R6 wherei nS¥dj E’OH'DF\%WY%%E’E sF8erys being apgbler of foreing)@8up consi sti ng
of, Cl to C8 al kyl2-s¥HFlegtran Peyy doqunipitiater haying e fomaghle om t he group
consisting of, Cl to C8 alkyl, C to C. alkenyl and phenylal kyl; and R4 is
sel ected fromthe group nsi §ti ng of phenyl ene, biphenyl, a,w

di phenyl al kane and - % xWherein n is an integer

Rja

wherein:
R, is an alkyl, alkenyl, aryl, aralkyl, or aralkenyl group
contazining up to 30 carbon atoms but not less than
3 carbon atoms unless Ry contains at least one olefinic unsaturation,
R, and R; are alkyl, aryl, or aralkyl groups containing up
to 30 carbon atoms and can be the same or different,
X is a halogen or a carboxy, hydroxyl, or alkoxyl group,
and
n is a positive whole oumber; and
wherein the Lewis acid and the initiator are contacted with
a contact time of from less than 60 s prior to contacting with
the isoolefin and the para-alkylstyrene monomers.
9. The continuous slurry polymerization process of claim
8, wherein the contact time is from less than 30 s,
- 10. The continuous slurry polymerization process of
claim 8, wherein the contact time is from less than 25 s.
11. The continuous slurry polymerization process of claim
8, wherein the contact time is from less than 20 s.

12. The contimnous slurry polymerization process of
claim 8, wherein the contact time 1s from less than 15 s,

13. The continuous slurry polymerization process of
claim 8, wherein the contact’time is from less than 10 s.

14. The continuous slurry polymerization process of
claim 8, wherein the contact time is from less than 5 s.

_ 15. A polymerization method for use in a continuous
shirry polymerization reactor in preparing a hom_opolymer
of an isoolefin, the polymerization method comprising con-
tacting iscolefin monomers, a Lewis acid, and an initiator,
wherein the initiator has the fonmula:



from1l to 10; and wherein Rl, R2, and R can also form adamantyl or bornyl
ring systems, the X group being in a tertiary carbon position; pndrghgrein
the Lewis acid and the initiator are contacted with a contact tinme of from
| ess than 60 s prior to contacting with the isoolefin nononmers. 16. The

pol ynmeri zati on met hod of claim 15, wherein the

contact tine is fromless

than 30 s. 17. The pol ynerizati on netddd of claim15, wherein the contact

time is fromless than 25 s.
wherein the contact tine is fromless than 20 s.
met hod of claim 15, wherein the
The pol yneri zation nmethod of claim 15, wherein the

| ess than 10 s.

18. The polynerization nmethod of claim 15,

19. The pol yneri zation
contact time is fromless than 15 s. 20.
contact tine is from

21. The polynerization nethod of claim 15, wherein the
contact tine is fromless than 5 s.

Ry—C—X

R3

wherein X is a halogen; R, is seclected from the group
consisting of C; to Cg alkyl, and C, to Cg alkenyl; R; is
selected from the group comnsisting of, C; to Cg alkyl, C, to
Cg alkenyl and phenylalkyl; and R, is selected from the
group comnsisting of C, to C,q, alkyl, C, to Cg alkenyl,
phenyl, phenylalkyl. alkylphenyl, C; to C; cycloalkyl, and

Rs
|
X~—C—Ry—

Rg

wherein X is a halogen; R is selected from the. group
consisting of, C; to Cg alkyl, and C, to Cg alkenyl; R is
selected from the group comsisting of, C, to Cy alkyl, C, to
C; alkenyl and phenylalkyl; and R, is selected from the
group consisting of phenylene, biphenyl, «,w-
diphenylalkane and —(CH,),,—, wherein n is an integer
from: 1 to 10; and wherein R;, R,, and R; can also form
adamantyl or bornyl ing systems, the X group being in a
tertiary carbon position; and

wherein the Lewis acid and the initiator are contacted with
a contact time of from less than 60 s prior to contacting with
the isoolefin monomers.

16. The polymerization method of claim 15, wherein the
contact time is from less than 30 s.

c-

17. The polymerization method of claim 15, wherein the
contact time is from less than 25 s.

18. The polymerization method of claim 15, wherein the
contact time is from less than 20 s.

'19. The polymerization method of claimi 15, wherein the
contact time is from less than 15 s.

20. The polymerization method of clajm 15, wherein the
contact time is from less than 10 s,

21. The polymerization method of claim 15, wherein the
contact time is from less than 5 s.





