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POLYISOBUTENYL SULFONATES HAVING 5 LOW POLYDISPERSITY
FIELD OF THE INVENTION The present invention relates to the
polyisobutenyl sulfonic acid and to polyisobutenyl sulfonates prepared
from highly reactive exo-olefin polyisobutene characterized by 10 narrow
molecular weight distribution polydispersity MW/M" of less than 1.4. These
polyisobutenyl sulfonates have improved viscometric properties,

particularly low and_high temperature viscositﬁand are useful detergents
2 high molecu LIS ERATE kS THTIS HAdHE ol A6 tions. 15

BACKGROUND Sulfonateg @yevapelasgmighemcadsyused in household,
industrial, and institutional cleaning applications, personal care and

agricultural products, metalworking fluids, industrial processes,
ERTEEYDE IgEN Y vErRoEigrninhibitors and as additives in lubricating

ojJs. Some aof the desirable properties, of sulfonates for use in lybricatin

b PR SRTA A AE WB A P CHSE B Y WAl A RGPl obuten!
cerlasions inbihitiatamuigion radormance) dfeties psopewiesciiighterized by
temperature stability, fus rformance, and light color. Sulfonates th
A e P B et o Rl Dot o hese
neulyiobultonatesidancoveredsad (<R} sulfonaies: archigh puaibsiaes low and
(HOB) sulfonates., In the past, natural sulfonates, made, as g by-produc
Nt s e G e kA T

Haisevemasy efinerdas switehepotdtiaydrotreating processes, which gave
improved yields of process oils and white oils, and as the desire for
higher utilization of raw materials and thus improved 30 economics grew,
SHAEHGRUTOMEIes have become more readily available. Synthetic

sylfopates now have a.major. market have beenprepared from . .
A T A e e B SR e g
by lthaiaylphdinationsoh&ddhitd G60andlgyi stbstifyiedibanzenaionwylenduids,

oriftl%rll]yserrlaerf*1 com‘pound mixtures, thereof..It h%%(;%?%g gggrgg glag}tlsv%rgw%

SR
ocesses, emulsifying acents corrosion inh
syntnetic smpﬁonlc aculJ’s a?’e &Iﬁﬁ:ulltt fo neutralize,
lubricating oils. Some of the desirable properties of sulfonates for use in lubricating
oil applications include their low cost, compatibility, water tolerance, corresion
inhibition, emulsion performance, friction properties, high temperature stability, rust

performance, and light color.

Sulfonates that are used in lubricating o1l applications have been classified as either
neutral sulfonates, low overbased (OB} sulfonates, or high overbased (HOB)
sulfonates. In the past, natural sulfonates, made as a by-product of white o1l and
process oil production, dominated the sulfonate market. However, as refineries
switched to hydrotreating processes, which gave improved yields of process oils and
white oils, and as the desire for higher utilization of raw materials and thus improved
economics grew, synthetic sulfonates have become more readily available. Synthetic
sulfonates now have a major market and have been prepared from svnthetic suiphonic
acids which have in turn been prepared for example by the suiphonation of Ci; to Caor
alkyl substituted benzene, or xylene or toluene compounds and mixtures thereof, It

has been found that some synthetic sulphonic acids are difficult to neutralize, for
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example magnesium hydroxide or lime, to produce sulfonates which have
acceptable properties; the attempted neutralization results in the
production of gelatinous products which for example can be solid at room

tem ture Man etj nates have been produced from

TG BETAIRY! DOMRAE SENHbu eSS T R B e o fepeptabl
Wbﬁﬁmm dtesmsedusmelnadse rdenTipaREipRYNaKh HE&Aatinous
deve ed ta |Hlfg)rove th(il q(le}r\gll v(g metric property of these sulfonates,
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or examp
Pmmhkaayhaumoaatqmanﬂqdrﬁoassaﬁ“cmﬁéw;scﬂs@n@naett@ﬁqatre KBpsuiits; see

B g ey e R TS
atm&mmh f lophxmenmgnolwnmweaazln@ammﬁerpamﬁg@f lﬁ&&@@@iﬂfonfates see
to process for
su?f%na p(?ollt%mﬁgr(%ser\}léhlgh gt&ﬁp}rgg)g’r%c})%g g&% ‘igééﬁy%%nzatlon using

Friedel- Crafts of Ziegler-type catalyst. U.S. Patent No. 15 4,157,432
d@gf sofa Ifo?eastlﬁct)n ﬁrgg(%ssse Ipfgé/f gfea%r%oﬁﬁ){g% S?aﬁ%%w he art.

cop(}fymer may CORtam a nigh evel
t)lphSaH’ylmNtaIB detdPati sniammetpmlymﬁrpbm&mepfdpﬁrﬂ?@mmﬁﬂﬁke of

sclose etho for, mak o alken | sulfonates
e R B B B L parre potymers
pb%ﬂ@mammpasmggnsalanﬁaame(ghnofezﬁémﬁmmlkyBZBatmyw@rre105,647
a i I utene nates derived therefrom.
S O B e R T S ST
\Améhnemq@mnthﬁsqufylsdﬁtﬁmm stilforglte-Hne ceginae of feRativityyoil
sqlybii 0 ff nd viscosity behavior elnfl nced by the
A B R e and
peisbntehelotlursyRant2s Abigh hﬁh@ﬂqkﬁﬂmccaﬂ;amlitypa:BEGimemal
c ydispersity, of B about
B e X e s TR etnod
ofeemakiagenpolivalissy confanatasrahgecof the mwdkemdlghﬂt&)mﬂamdheden ved

d@gmqtmtmeoﬁgggm@f?ecys ?fﬁeEt%?é%Vé 0”5% i %%}10“

the polyisobutene redction type stoa compara?l
morsdisarherd dniféirtity! dfcinereapdlpobulerersulfdfatess Hdasdeemefrom.

ShOWEhtent Nos. 6,632,781 and 7,012,045 disclose particular applications which
employ this polyisobuteny! sulfonate. The degree of reactivity, oil solubility,
detergency effect and viscosity behavior are influenced by the polyisobutene
charactenistics. The high percent alkyl vinylidene polyisobutene of U.S. Pat.
No. 6,410,491 1s typically made with a BF; catalyst and commonly contains a
polydispersity of about 1.65 to about 2.0. Thus, these polyisobutylenes (although
containing a high proportion of reactive end groups) contain a range of molecular
weights within the distribution. The large molecular weight distribution is a
consequence of the polyisobutene reaction type and leads to a comparatively high
molecular non-uniformity of these polyisobutene sulfonates. It has been showed
herein, that this relatively large molecular weight distribution (range of low molecular
weight to high molecular weight polyisobutenyl sulfonate) impacts the overall
viscosity behavior and low temperature viscosity performance. Polyisobutenyl
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herein, that this relatively large molecular weight distribution (range of low
molecular weight to high molecular weight polyisobutenyl sulfonate)

irppianiarth b eEal ralisRRIAHR IRFABHI Y e MBRIAIMEMRIASIY have a high
p{egrg%anc . Polyisqbutenyl 2 sulfonates having a relatively narrow
e

HORYGHRRSISEE BB RIRY R dRmEes ARsiExaremlgbyissHasisciup-living
gpolraasabenieRamgfer example by cationic quasi-living
polymerization of isobutene. The present invention is directed in part to
the unexpected discovery that polyisobutene sulfonates having a high

prRastesroieanivieicadtaieuns gt RAND R fRlalivEl B hat
mo(léieculﬁi&ével%h distribution Iea%é?tlmproved wscomej[rlcgé}é)artlcularly|n _
kiREMSRRIARE SUHOTRHES hriARgit Yigh sdeposkianoishredivioetagiaups and having a
pesfarimanaeriichratetinidemansialaphiidh ¢:60/6) GARRLSITIAIAE s,
(CC9). %%I;{[I{}I\/IQBRY OF THE INVENTION The disclosure provides for

I

pRGH FORERLISHRS RO Fol BraAF R IAERY; apfiiBdapissRRsFature
employingbetivibeieinieashpehdachiirnybiyionaies BavRaimnraveld

low temperature and high temperature viscometric properties. The 15
polyisobutenyl sulfonates are prepared by sulfonating polyisobutene and
reSUMIBIAR YOIy sebe tEyiEnifgoate with an alkali metal or alkaline earth

-metal, wherein the polyisobutene is characterized by having at least 90

maofs pershiergtsfenarderbuEHurWbme sversge dn Slepukarineight of

aliheth 350 POt andraplatmeivaig Riinverage d pele Ry BRI 0l Bnates have
number ?agjrage molecular Welg%[ Mw/M" of from about 1.01 to about 1.4.

PRIt emY ARt HE R G LA S BREFAT CUBY TEA O RE
quAasibsingenolyigsizato arwiife pedII UM FRBHANANZ RIS IRR UFt reacting the
aspect, there is prqvided a process for preparing a polyisobutenyl _
SRR BT AUHEPA%: SHh Aot TS ALk RS A porsethe
syspityissbieime i3 dinastdiving baReaationicaky 36HmUNaIRsRRIYMEIyl-vinylidene, a

com g)sin%! contactig_g n isob%%an ongmer with an initiator in the

prESEnce B R AR RERY S SYhdel Likaie-Gasst miiRgT weight average
polyoheritatios pieactiombenaitens: 1o oRAIRAPAMIDRINAYIRG BRI BNEE 1.01 ©0
AVt 4. Polyisobutene having these characteristics can be prepared by cationic

quasi-living polymerization with end group functionalization.

In a first aspect, there is provided a process for preparing a polyisobutenyl sulfonate comprising:

a. polymerizing isobutene in a quasi-living polymer system to form a
quasi-jiving carbocationically terminated polymer comprising
contacting an isobutene monomer with an initiator in the presence of a
Lewis Acid and solvent, under suitable quasi-living polymerization
reaction conditions to obtain a polymer having a number average
molecular weight of about 350 to 5,000, and a ratio of weight average
molecular weight 1o nurnber average molecular weight M,/M, of less
than about 1.4,

b. contacting the polymer prepared in step a} with a suitable quenching
agent whereby said quenching agent converts the guasi-living

3



molecular weight of about 350 to 5,000, and a ratio of weight average
molecular weight to number average molecular weight-Mw/M" of less than

about 1.4; b. contacting the polymer prepared in step a) with a suitable
quenching ag%?ﬁﬁ%ﬁ?%&i@@%%&ﬁé%%%ﬂ@ﬂb@@%ﬁmm

3 carbocationigaliesingien RRMTRES:ARRSORMIARE ROLAMES: having

at least 90 mole percent methyl-vinylidene content; c.’reacting the =
polyisobuténe [58fjHE st RebisePicrelifoanaheyRhwith a alfenstingagent

to 1.2 and thergafteipestoadizing wittnansess s bkl metahRt A0S £ alkali

earth metal. The quasi-living polymer system used to form a quasi-living
carbocationicalF 'tk AhlstiBcseRr@e@liormed by contacting an
isobutene monomer with an initiator in the presence of a Lewis Acid and
s% vent, under suitable quasi-living polymerization reaction conditions to
0

iR YULREAR Y RS SR AP B fateashbiyine caraeppsimically
Oteasiivinpedyheeati onisrly e bR RRIeSLREINSIB R SANMRS S SH R Y initiator in

iopizing a polyolefin chain end, commonly halides, in the presence ofa

L BAG R GERF P 4SBT g StiERs IS BRRISINARY SYRTAYRE Ry meTiZation
reaqiiom coRgitions (ol tait uaidivingiaarhesationical ke roaRatRchRRINREE.
pg&(grg?rizatio_n monomer is conducted with a guenching agent under

S

R BRSHOHE S BRI B Y HEmA () BAL TSR SPRASRAMAR bY

reasidveschsityendinichennalyodefimangfaailitate thend oroaualaffa, PN cid
from the reactive chain end, thereby forming the methyl- vinylidene end
PBH1: PFE ERAEAH A FEAERA TESErEHP R oBgaoRgs. This

(tgnaperatpecdrBudsdeidaisoleenthaaa pPNMIEERARYRISION0 Hindasigd
inyli inated polymer. Preferably, conversion is greater that 90

vinylidene, ter ,
RS e S e TG SIS, HATH Bl BBARPRS KRS e onching
salg@tqgﬁﬁd&-j@ms \ilmthmab@?me él’fa@ﬁ gHe Mﬁk&gp@%ﬁ&%ﬁ%&g&im&e the
polyisobutene polymer product can have a high methyl- vinylidene
TR Ad AT BRI AR RS AT IS AT tene
centehtiaf-greaigotnan Bismelectogpiaiatablyuarealas hani8h fal8eonditions

SLzCh as havin% : i - . . i
{temperature, Tewis Acid, solvent) can optimize conversion to the desired vinylidene

terminated polymer. Preferably, conversion is greater that 90 mole % and even up to
100 mole % when compared to a control at the same conditions in the absence of a
quenching agent; and thus the polyisobutene polymer product can have a high methyl-
vinylidene content. These preferred polyisobutene typically have a methyl-vinylidene
content of greater than 90 mole %, preferably greater than 95 mole %, such as having
at least 98 to 100 mole % with a narrow polydispersity of less than 1.4, preferably less
than 1.3 to about 1.01, and more preferably about 1.1 or less. Preferred number
average molecular weights of the above are from 350 to 5,000; with low molecular
weights of less than 550, middle molecular weights form 550 to 1,000, and higher

molecular weights such as greater than 1,000, moere like greater than 2,000, being

preferred within the range.



at least 98 to 100 mole % with a narrow polydispersity of less than 1.4,

preferably less than 1.3 to about 1.0 1, and more preferably about 1.1 or

less. Preferred number average molecular weights of the above are from

350 to 5,000; with low molecular weights of less than 550, middle

molecular weights form 550 to 1.000, and higher molecular weights such

, ] [ reater than 2,000, bein referred .

Ao Ih et oo R Rl conainng
lulgicaiinggoll pURPLEeReRYINeURBrate domtEmpsERNIb Aehliieg GiMooripostifspmetric
prdpaniegpirarayed dowiten peratue s digh R Boper AR ISENOREHS,] sulfonate
prddORENCS Prebated Ry, admixing,an o of Jubricating vis OSi{ W2 an alkali

eg)ollylsoybutenfl stifornate” prepared By SaHonAANG PolyRoBUtEREGGh an alkali
mefalagititiletine pBtYissikteriyraulfonaed withter: dikelliirmietakdhalkating gartst 90
mdBetateMy RSN Ihe Q@M,SCPM%QG&@;QE@W@&E?Q&%WAB&%f]@_@o%,%@(): and a

ratlrgc())[fe“percer\1ﬁt meth Il-viQyIiden%,t a number average molecular weight of
KbOUt 38D T8 B B0BCHSH S YRRE 3P WEIHRE AXFeran B HrSHELIE it t of from
abpumbleloaverage molecular weight M,,/ M, of from about 1.01 to about 1.4.
In a further aspect, there is provided a polyisobutenyl sulfonic acid
composition obtained by reacting: a polyisobutene characterized by
I AU ISt Bt s MBleIBLeRb rRbginyirinac rarmssiiauetgeed by
reanole cuialy weighicafhahowuti 2abith-5;0048, | asdoa ratio of weight average
molecular weight to number average molecular weight Mw/M, of less than
about 1.4; with a sulfonating agent. The polyisobutenyl sulfonic acid
disclosed herein can be neutralized and/or overbased to provide a
polyisobutenyl sulfonate, which for example can be used in a lubricating
oil composition and useful as a detergent. in another further aspect, there
is provided a polyisobutenyl sulfonic acid salt prepared by neutralizing the
composition of the above-mentioned polyisobutenyl sulfonic acid. In one
embodiment, there is provided polyisobutenyl sulfonates which are useful
as ionic dispersants in preventing sludge and varnish in an internal
combustion engine and preventing viscosity increase due to soot in diesel
engines. In

4a



general it has been determined that low molecular weight polyisobutenyl

sulfonates, less,than 500, (such as from about 350 -500) molecular weight
R oS PO R8s Melc Ao RE ABAIE 350 o
olocaler yeioht 80t s fonic ASpeIoATtS InerEete s
mole ight,act as iopic dispersants. Intermediate molecular weights
R S AT 55 <5 ARGl R SRR sl b Belp scbumens!
Peliisebairmd - sMeRaEASAR Qe AiRRGRAN JRAdubr ication £l

com OS{_}IOH afd ore preferably to those employing the hg}her molecular
W GHRC PSP SR G P ER 190 Preumale Apncnibicsten abebrestiag Fom

sotfepatinivobpbhsshibdtendthaleig characterized by having at least 90
mole percent methyl-vinylidene, a number average molecular weight of

alouhPGuimE Q0R.anda [at rmiae%iqhﬁé}#ss%&%,moisﬁ&@{ xvcﬁ%gl%h;%ﬁpmd by

number average molecular weight M,/M" of from about 1.01 to abo
fOlBUTRE By RetRFAEHAPIVRA RAVALRsare 4R kisehutsryhinliwisiaris

hydroxide, tetra-methyl ammonium hydroxide, tetra-n-butyl ammonium

hyBIPEKiETROHLRM: ek SPrREda RAbrsa8Es s foraRstassium. DETAILED

DivBiciEhic N Tadqpidydsalauiens Payiegea iR TMeRNIIHAE in an internal
exo-olefin end group of at least 90% and a polydispersity Mw/Mn of < 1.4

B S B R S AR R
iS(glbﬂéY@fft@é@ |W%M®mgewﬁ%w&tﬁ%§§ohﬂ@ﬁyl sulfonates,
palymerization” as used herein refers to living polymerizations whérein

o USTAERG EH AR EBACTE ot SR B Rt S RS araey s
chésterteminaiddi ginslsibailkirartiar BRMBRIEEYPAEABRIERSater than 2,000
"quenching agent” a d g’@r refers to a chemical compound which
e 0 R s e oot eh

In {0RAIERENRRICLAR ACHYE hEVIRASHod Rayd %Hg@%@gﬁ@&&@%‘ HEIER is the use of

the removal of a proton from the reactive chain en si-living
poRAREESSIHEHY ISHES Hedirhd i riFRs T3 8Mi%ing polymerization and is

knewrbititiercst @ thpogdiciumd vitgep ol BRI IO MG CERRoying the higher

po% gélﬁatlonsgfﬁa?%ﬁ%r%ﬁe din t#e a&sﬁ;]rllc_e of measurable chain

trafister and CHATN terfnits Pﬁ?ﬁ RIS & RIS B SPateThEBaiHeet dorizef! from

areuléscrtbecipblSsdBateiNaiabiSbidldderized by having at least 90 mole percent
methyl-vinylidene, a number average rnolecular weight of about 2,000 to 5,000, and a
ratio of weight average molecutar weight to number average molecular weight My/M;,
of from about 1.01 to about 1.4; followed by neutralization with an ashless base such
as ammornium hydroxide, tetra-methyl ammonium hydroxide, tetra~-n-buty!

ammonium hydroxide or with 2 alkaii metal such as sodium or potassium.

DETAJILED DESCRIPTION

The polyisobutene having a reactive end group or exo-olefin end group of at least
90% and a polydispersity Mw/Mn of < 1.4 can be conveniently prepared by a
quasi-living polymerization reaction of isobutylene followed by quenching. Wherein
the term "quasi-living polymerization” as used herein refers to living polymerizations
wherein reversible chain terminations is operable, but the rates of irreversible chain
termination and chain transfer approach zero and the term "quenching agent" as used
herein refers to a chemical compound which is added to a polymerization reaction to

5
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5,169,914; and 4,910,321. A typical procedure for the preparation of
polyisobutene from cationic quasi-living 10 polymerization system is
depicted below, The quasi-living polymerization may be conducted as a
batch process, a continuous process, a semi-batch process or by any

prERESYih Bk h ey e shaiD s dn the (ResmoT RE Porgteriemiraeedicion is
tygicalyiaipes Qi MaReRHBRSPA DR SDSIANHAY-30NVOEANS, end.

environment. 15 The reactor is charged with the following reactants: 1. a

dil AR BV IRE RORYHETZ8UGR 181BR BT RIGHEFEA o RmivinmRokamkesrAdon and is

Prigssah tROA @QRBRILARIR MANE Mk &DshE oA eMSASIy Wit Ations that
typicall compré%es a halide of titanium or boron; The reaction mixture is

eqTRASFAEHIET RECRES R BT ha i ST GTFOMCaBI e ing oy using 2
akatitB0Csybhmm) ethadghhe RresaREIRRAtRNURRP RN e oLt A 25
any %Ssireq préessure atmospheric, sub-atmospheric or

p]e a%lnAo% érPClBr%]sure. The progress of the polymerization reaction
is monitored in situ by determination of the amount of monomer
remainjng in the reaction mixture. After high conversion of the monomer
is%&%!fi%af‘%?ﬁ%fa g% FE%@FHBV@H%P&@&%ﬁ%ﬁ%&%ﬁe&%ca@aa&%ﬁt-hwng
chailyesdsoupasiian: batpietagdiion of lae;AALNRRHROBEMM TiEn may be
polymerization go igﬁaction in the aliquot is terminated with an appropriate
O T e R BRSO LRI PREFES 6 ETrRetSR MIgfess o by any

quesehinknageris ikadaeskitdhen rRciioNROGIoHerthgosheiiBon is typically
po%%neéization reaction. Althé)ugh, t%e cona]citlentration of the reactants may
b&VAN

G BT P ERESA AR 4T 4 SHBYIAC Ak 28 e A AR AR B rtain

ratios of the reactants are preferred for obtaining high exo-olefin chain
enﬂé%/ield.tThe r tios(gre %?a:rﬁg[g helow: The molar ratio of monomer to
inittAtdras T theFEREE oM KoouC 3 P d551520,000: 1. Preferably the

molar ratio of monomer to initiator is in the range of about

1. a diluent,

2. aninitiator,

3. an electron donor or common ion salt, or its precursor,

4, one or more monomers, and

5. a Lewis acid, which typically comprises a halide of titanium or boron;

The reaction mixture is equilibrated at the desired temperature, ranging from about
~-130° C to about 10° C. The method of the present invention may be carried out at
any desired pressure, atmospheric, sub-atmospheric or super-atmospheric pressure,
The progress of the polymerization reaction is monitored in situ by determination of
the amount of monomer remaining in the reaction mixture. After high conversion of
the monomer is observed, an aliquot is removed for determination of the pre-quench
chain end composition before addition of the quenching agent. The polymerization
reaction in the aliquot is terminated with an appropriate alcohol equilibrated at the

desired temperature,
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10 5:1 to about 2,000:1. More preferably the molar ratio of monomer to
initiator is about 10:1 to 150:1. The mole ratio of monomer to initiator
controls the final molecular weight of the polyolefin. The molar ratio of
Lewis acid to chain ends is in_the ran%e from about 0.1:1 to about 15

2 500°1. Prfas B PoRRBISRingReerisds rddesdtodhssar iorimis tirehie quench
range of abgdtpihrieriahess 2RilerMore preferably the molar ratio of

Lewis acid to chain ends is about 2:1 to 15:1. The molar ratio of Lewis
acid to electron donor is in the range from about 1.1:1 to 20 about

101000 dshPeletibnthei salamaHaahhewis Rt BleRTaR A0 dsdfed
the range, qof about 2:1 tg about 100:1. More preferably the molar ratio of
Léﬁfi@ﬁ%dﬁbﬁs & REEpBURRSS &F %i@aﬁ@mﬁ%&%@ f&wis

aaiditinirenehisgoagefih ishiithadandd fMom aleyhi bekdanabrhayt
2,500:1. Preferably the molar ratio of Lewis acid to quenching agent is in
the range of about 2:1 to about 100:1. More preferably the molar ratio of

L éTinis xaoldrtmtiquﬁnﬁbmgaagec?"hﬁi abt;] B 2 111@:;&153& -ﬁ’xg&e ARQkan ratio Mout
q r nt to chain ends is in the range from about 0.25:1 to 30
o P R o T e i o heARgA @ fsbou

in 3Hetar3]&mget @Mbaum&bﬁ@fﬁ’am;g @&W@f&ﬁr@fﬁraﬁgﬁm@r@ﬁ#ﬁ@y@i%bom
quenching.agent to chain end.is about 0.5;1 to 4:1. 7 Additional aliquots
PR

may ber FrOIR A R QLRI AR 1R NAAG eI thscERA R elgeylar
adektight of thelwsiefiing agent to determine the concentration of the
exo-olefm chain ends on the polyolefin polymers. The polymerization
reaction is terminated in all the aliquot samples and the remaining

re@ibtionobaixtiie ofifleais Geappropaiaterricohnl eauiirateshattherdesitad about

te ature. The concentration of the exo-olefin chain ends, along with
e R IS BrE L R TR EmEe of about

quahtifietasi2@pH N pEREashetizanale aiso eblainedaadalitativelds is

detgrmig_el t[hq amount of the coupled product. 10 Wherein the coupled
adout SR EME . .

product refers tot'the reaction product of the carbenium product

The molar ratio of Lewis acid to electron donor is in the range from about 1.1:1 1o
about 10,000:1. Preferably the molar ratio of Lewis acid to electron donor is in the

range of about 2:1 to about 100:1. More preferably the molar ratio of Lewis acid to

electron donor is about 411 to 30:1.

The molar ratio of Lewis acid to quenching agent is in the range from about 1.1:1 to
about 2,500:1. Preferably the molar ratio of Lewis acid to quenching agent is in the
range of about 2:1 to about 100:1. More preferably the molar ratio of Lewis acid to

quenching agent is about 2:1 to0 15:1.

The molar ratic of quenching agent to chain ends is in the range from about 0.25:1 to
about 20:1. Preferably the molar ratio of quenching agent to chain end is in the range
of about (.5:1 1o about 5:1. More preferabiy_the molar ratio of quenching agent to
chain end is about 0.5:1 10 4:1.
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with the exo-olefin The quasi-living polymerization and/or contacting with
the quenching agent reaction(s) may be conducted batchwise or as a
semicontinuous or continuous 15 operation in which continuous streams
of iﬁl?%redian S are deliv%red to the reactqr; appropriate reactor systems

HRURE A BRI TRPOS R A0 SRP SRR R HBS Alorasipte Hige
wheselsafer it awob BistufivRhEQl uient abRRiMEn SRR Qr AbENEE the

recove}r of the polymer therefrom, or plug flow reactors. Preferably, the

rEXRIBIE R B SRRPOPRSIRRP IS A e Ve e MRS irateRSpotion is
distriinien Hhereiie 20 HaleAgRILAISIGURRLHING PAABREMREre with an

effectively contacted wijth the quasi-ljiving polymer using fixed bed and
s@ﬁ?%ﬁﬁa@%ﬁﬁ?ﬂ@f&ﬁé‘g&ﬂ}? St 1ETBPSHRMER as dispersion or in

a fixed medium. The preferred mode of reaction is a batch process

although theoretically a plug flaw reactor may have process advantages,

B 07 CBR TR Gt ST UL oA 1 A T AR BB ot e
hanitiogefindid iatubeoABdictant endd)ain iivpe PelysREZalivVMR, GPC spectra

contradistjnction to ring. or.branch formation. If a feed |s used which js
o e A R B RO TS L7 GhUP T BER
piehstiia drdiongisbpluduihiedizediin i Bectisalyestuwet bigud gilbentuin product
ord r#'o maintla'%) the feed in the liquid phase. For butane feeds, typical

cH'el sec%{r%'borﬁslﬁlg the feed are liquid under pressure and/or low

temperatures and do not need a solvent 30 or diluent. The temperature at

WH]%h Hé%i—rﬁ@icﬁono %r}%rcz%%ed X 0is ionrtant; d ending lﬂg)on the

living B guash ke SEEM b3 |gf1°§?ea§gtﬂ§n‘f§ﬁ1 (RGPS EAS 28finish

oreglinnafenhe biviomdhacddiscbfibe cationiepolymenzat@n c8ntinuous

Compaungs aiiable foruse isr’gré[zgzengg aratian of the%ﬁ{}’o'e n p%%’ Cagior;

of e predeRt Hvention are gvan belowsDiftarts™s tiahts RfteraEs or

th pooyzatio readuilfyritemaindivatesuo hexebiolhge:af growiriguepdeiaired tank

through their polarity, which cap be estimated fro heirqgel ctric . ‘

cORSIANtS TYBIcaly LoNeS RSt ot relEotLoCOAaPRDBTE = taken out

plefahettsinceyiohtpairsiarer [ésseflissyciatddg Soitatdecsot Mrtderabiydehe

byéa%{(e)rr}ngerH%eaqretgtﬁl%’c\f _gro'al,lglgx tgék%na%%ieve an even reactant distribution therein.
Heterogeneous quenching agents can be effectively contacted with the quasi-living
polymer using fixed bed and shury reactors where the quenching agent is prepared as
dispersion or in a fixed medium. The preferred mode of reaction is a batch process
although theoretically a plug flow reactor may have process advantages. Typically,
the reaction(s) are conducted in the liquid phase for ease of handling and to induce
linear or chain type polymerization in contradistinction to ring or branch formation. If
a feed 15 used which is gaseous under ambient conditions, it is preferred to control the
reaction pressure and/or dissolve the feed in an inert solvent or liquid diluent, in order
to maintain the feed in the liquid phase. For butane feeds, typical Cy4 cuts comprising
the feed are liqud under pressure and/or low temperatures and do not need a solvent
or diluent. The temperature at which the reactions are carried out is important;
depending upon the living or quasi-living system, too high a reaction temperature can

diminish or eliminate the living character of the cationic polymerization.
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and alkyl mono or polyhalides with reasonably low freezing points to be
used at the 10 preferred polymerization temperature. lllustrative solvents
include alkanes (generally C2 to Cu alkanes, including normal alkanes

such as propane, normal butane, normal pentane, normal hexane, normal
SRR G AE B AT GR R FGRAFEIS & HOha e e of he
biasshmdnatiahesiegidinbelsohutane, isopentane, neopentane,
isohexane, 3-methylpentane, 2,2-dimethylbutane, 2,3-dimethylbutane and
the like), halogenated 15 alkanes such as chloroform, ethylchloride,

n-bilbenehloride, methylene chloride, methyl chloride, 1,2-dichloroethane,

1, 2-tetrachloroethane, carbon tetrachloride, 1, 1 -dichloroethane, ,
DI e B BB ER BT T AEK 7l e ebaBee of Erowing
1 $elichl drapigiphes, ptiemngs eindihadadenates alenos (Siehdagadmd constants.
C oride1 1,1-1dic I roethTe,ganI 1,2-dichloroethene), carhon disulfide,
U B8 SRS & (Y G BESORTIANS BT e0 SiBRg 1op pairs are
migtsydissolciredafeitaitosclvenzéndndiiro:abanes liswiekias, nitvepeopanalkanes
to ngrg& a few of thelr«ﬂoie entegilve li uic% di uenﬁs} or.solvents useful in
cationic polyRerzations: Mixed Sofente 13r8%s (NSRRI AR S at the
thpséelisté gapmee edmatsepbaused RStnitiat b vaitiotariadmidiourds doferally
Iive?qoaed %H%%EQWQ u%%boc%trilo i(iiPOI merization are well kng nin the |
artAInitiatbrs may be mono-tunctional of mut-iieisAar dEPRRAMY B HeEma
desirtohq noauctt Mane;fumctianadsnd: drdoneii onalnaihatars! ake e piey edrmal

when .the desired. palymer is.ta.be.linear, For making star polymers the
ini Fg%]reéﬁ%(ﬁ% ng\l}%ﬁ r%ngrsen%ﬁ%lrg two Sr%%lg V& MOk 'é%t?&rﬁ%(}lpmtane’ isohexane,
ccontectipliteddndidtdrdimethgbntecdh hdimefirekentad dnd the Geeickallogenated
formula (X'-CR,Rb)" wherein.Ra, Rb and R, are .independently, . .
coar%ﬁ%r]%sessugt% esa% 8I§efgo éﬁ%ﬂ%}%}rﬁgﬁ@ a[%%[ﬂ% ac?c’)l Tate é‘?%‘gglgef‘&%ﬂ%&%@
bengthyd atreroledifférdinhiendtdéis, dnl d:2tateadtheratbaydrokyhgrouphbiride,
a 9 haloge! éiﬁ% a valen n, and n is an integer.of one tq 4.
P e PR B S T S i romesmsgs
atbihr dchlovenr20aparidbenasomd hapretamblyaboncaiboh atonmid dibdatids
CHRONARMBRIRIRP NS A RAIRIER A0 MR IC(E A PRIUER: Metic
some instances it is pretérable to select the structure 0
anhydride, acetonitrile, benzene, toluene, methylcyclohexane, chlorobenzene,
nitro-alkanes (such as nitropropane) to name a few of the representative liquid
diluents or solvents useful in cationic polymerizations. Mixed solvents (for example

combinations of those listed above) can also be used.

Initiators

Initiator compounds for living and quasi-living carbocationic polymerization are well
known in the art. Initiators may be mono-functional or multi-functional depending on
the desired product. Mono-functional and di-functional initiators are employed when
the desired polymer is to be linear. For making star polymers the initiator should have
more than two reactive moieties. The contemplated initiator compounds can be
represented by the general formula (ZXI'—CR;R;))“RC wherein R,, Ry, and R, are
independently comprises af least one of alkyl, aromatic, alkyl aromatic groups, and
can be the same or different, and X' is an acetate, etherate, hydroxyl group, or a
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5 Ra, Rb and R. to mimic the growing species or monomer, e.g. a
1-phenylethyl derivative for polystyrene or 2,4,4-trimethyl pentyl derivative
for ponisobuterne Suitable compounds, include for example, cumyl,

trlcum es particularly the chlorldes le.,
gﬁﬂ%%g r} ém Hﬁ‘?}ﬁ’éﬁ?&?ﬁfé of one io 4. Preferably Ry, Ry, and

1%-&!&2@%@@%@@@Mﬁmg Gndjéfﬁbﬂlylﬁblﬁ@@boﬁgm carbon atoms,
?f’i? -chloro- - )be zen trilcumylchloride);

SIS AT AT, TSRSARD Xeis e plgeen and
MtﬁEQTWWpM@ Eﬁﬁaﬂﬁ%s‘ © LS%W}MR@mt the structure of

m =2- ane, J.e. cum Imeth ether;
0 BB 5 BRSAHIE ABETIES O ARG Retrs gty
m@ﬁil@fﬁﬁﬂmﬁeﬁmﬂ)b@qﬂﬁﬁblahyepéﬁ(ﬁh@éﬁ%ﬁt?ﬂc@?ﬁ@xs@ﬁdtyiens
15 com I suitable ex can ound in
AR R ot BRI TR A A bmcumyT halides,
Zpehlomﬂ)ﬂtkbtrh’im&gd pentandickMPGhknylpropane, i.e., cumyl chloride;
1 3 d oro enzene,1,3,5 tri rq-2-propyl)bcnzene, and
R R Bp R ey A SRR, 20 The
c@ﬁ@mﬂ(ﬁﬂﬂﬂmb%ﬁwﬁh&n@m the tﬁ(ahfﬁgmmm;@ure may be in the
ngg. tfro OOO 1 moI er ut 2.0 moles per |i
Firefera ni conc(errcfpralﬁ 1) té) cﬂ P ﬁa E?H%ee FEngaH cﬂfgﬁ’t
O2opbpioielspphditel peo@iveyt 4 ,Guolesippidiiete; Marethtsfembheti¢oropane,
concentra lon. oft chai s.isjn the, ran m about 0.005 moles
PEF hgerrr%f 6th8 eﬁ’]c?fesgraeg etho%e% %(yrll %5%8?5 Eﬁcggﬁuﬁgfl&%thyi
haherhe]eh%mwnnamemtmmmqmjymemm&tmﬁmm&im@) livid@imilar
and/or asizliving ¢ tionic pol erlza Q t e electron
used e ;()Hrésegs ?nl\ggn f‘gaﬁr%é Fot sptgcr}fg ]¥f% %Pr]i Baﬁigﬁpﬁ?gég
cBmp@Uadqufasedwmﬁpbmmlﬁaciﬁoﬁxammgsxmﬂihwiq;ﬂwadﬁ(é&mn,
alkyl otic amides, sulfoxi metal ¢ ounds having
e e e

céxﬁp@@dhimo@ew@qﬁl}dﬁwr@bmylpymhne,(tﬂ)&ﬂ]}methylpyrldme,
2,4-dimethylpryidine, 2,4,6-trimethylpyridine, 10
The concentration of the chain ends in the total reaction mixture may be in the range
from about 0.0001 moles per liter to about 2.0 moles per liter, Preferably the
concentration of the chain ends is in the range from about 0.001 moles per liter to
about 1.0 moles per liter. More preferably the concentration of the chain ends is in the

range from about 0.005 moles per liter to about 0.5 moles per liter.

Electron Donors

Electron donors have been shown to convert traditional polymerization systems into
Itving and/or quasi-living cationic polymerizations systems. The electron donor used
in the present invention is not specifically limited to any particular compound or class
of compounds. Examples include pyridines and alkyl amines, aprotic amides,
sulioxides, esters, metal compounds having an oxygen atom bonded to a metal atom,
and others. Pyridine compounds include 2,6-di-ferr-butylpyridine,
2,6~dimethyipyridine, 2, 4-dimethylpryidine, 2,4,6-trimethylpyridine,

10
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2-methylpyridine and-pyridine. N,N-dimethylaniline and
N,N-dimethyltoluidine may be also employed. Amide compounds include
N,N-dimethylformamide, N,N-dimethylacetamide and
N,N-diethylacetamide. An example of a sulfoxide- compound is dimethyl

SaTBRBEPHGRG 6 8y Tl dirPreehulnatins setddindimsthritohising may
abetate angieyil acsidiearpeaxanien.al eIl SaRMIdsRh@sPhate

c unds such as, trimethyl phosphate, tributyl phosphate, triamide
B SR ) N RSB A EraEse phm g Hiatide
coongindss SH6BES! iIRIGRR! TRXHIRBAE MR RIS MSEIWBS RI8EI O npound,
don rs.tﬁ? The cogggntration of the electron donors in the total reaction
nﬂﬁ%‘i‘?ﬁ& AN BRE SEINLECHBI B SRBBIE MoRETsorRerRY aBbaskhate
molepqaealiaciPieterablyyhhephseniwmian giibeRIRCIARARIROrS IS in

the range from about 0.001 moles per liter to about 0.05 moles per liter.
J’SF%‘B?&?%\:%% RCBRE Pato EY e LIOMET HEABIIND ¢ Rl gprgRounds

frarchaliaeir 400210 IeauneE lifenteaheti:021neles aatditer. 15 Common
lon Salts and Common lon Salt Precursors Common ion salts or salt

precursors may be optionally added to the reaction mixture in addition to

o hepiacemenicof tfieheleletomdianors Typiealhtathesisalis @ 4588 1@ in the
increa%—: the.ionj

ngth, suppress free ions, and, beneficially interact
TR S0 R OL SRR Sy AR 155 A T igipatty he
prencestsiclos Etrnaiardatiani i maenigateiosida (0-BurNODs Th8iter to
co cetr&r ion of the gm n ionerfsalﬁ or salt precursors in the total i
réaction mixtare %%{xﬁ i RS PG RS RS IS60ESHTER0E Ridis ghestir dggors s
abothe Q08nfiatesapeuditedPraterably theraonariir atimmebidbesaRpmMON
ion salts or salt precursors is in the range from about 0.0005 moles per 25

liter to about 0.025 moles per liter. More preferably the concentration of
tHéogonumdm Bwhtsatidof salthprelewr SarsHgeiruigersange from about 0.001

les per liter to about. 0.007 moles per liter. Mopnomers 30 Suitable
e e e e UAp TN ArcheSpiibenaixure
Thisddoheded isobpitdemeritsdifiendealsorisiohiste MigpTedihy dresarann are used to
SRR tflg?er 10mic strength, suppress free ions, and beneficially interact with ligand

exchange. Particularly preferred are common ion salt precursors, for example
tetra-n-butylammonium chioride (n-BuyNCI). The concentration of the common ion
salts or salt precursors in the total reaction mixture may be in the range from about
0.0005 moles per liter to about 0.05 moles per liter. Preferabiy the concentration of
the common ion salts or salt precursors is in the range from about 0.0005 moles per
liter to about 0.025 moles per liter. More preferably the concentration of the common
1on salt or salt precursors is in the range from about 0.001 moles per liter to about

0.007 moles per liter.

Monomers

Suitable monomers for use in the method of the present invention are isobutylene.
This included isobutylene itself and also isobutenic Cy-hydrocarbon streams, for
example Cy-raffinates, Cs-cuts for isobutane dehydrogenation, and Cy-cuts from steam
crackers and FCC crackers (Fluid Catalyzed Cracking units) as long as they have been
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example C4-raffinates, C4-cuts for isobutane dehydrogenation, and
C4-cuts from steam crackers and FCC crackers (Fluid Catalyzed
Cracking units) as long as they have been |1 substantially freed of
1,3-butadiene contaiped therein. C4-hydrocarbaon streams suitable
SHb5HE b H9R RUr S RS SRPHEORAE S REs Gty & osaboprAmS
rreterabivdertiiban RiQGnRemn el BetafiRRR oWBAR G4 DUFBEASNd

starfing .m terigl, the hydrocarpons other than isobutene assume the role

JPElT AR SSRABER & RiRRIReY SrirdinBm et iy peitisas, Bet areketisy
stbshaati ally IR dasiuty eher ifiadSesb i be-CaRGRMIBHGRIOLIE: inert solvent.

g&%gomers in the total reaction mjxture m%be in the range from about

HigHe RAPRITS BBV P 45 5n B BEteRRAL Y PHtsARbK R gure isobutylene is

coRrdeTHationcehie FuTaiers iniflciied ang e a0 R APRMt Ao 1888Y in the
liter tor§bou% 2.0§Tb<3les er Iiteg. More preferably the concentration of the
& M the

ANGEIBTHUIFT 4B GHPH. > M Etolep aetitdetorapistablsothe
nociesmpestitiebivieshpreieably thencaagentratiosbalitiie manemeigigsGdabout
oldes er Iiteli. Le&\s Acidﬁ% Le[\éyistgc_ids that are suPiT%aEIe as catalysts for
ST BF T AR TIEIRIE, B OPEcT SO BB R e range
biveensbalidesy paitisylarly titanibvutetraehidsidpcanicehnor tiehiaide the
Use of H_lef‘.titan'l#ﬁré halides andg rtiCLiIarg titianium tetrachloride is
preterred. TRE stréng i 8PHa 'L ewid Seid BHu'it€ concentration should be

adjusted for the particular monomer. Additionally, the strength of these

wais %idi can be adjusted using nucleophilic additives. In some
L LEWIS ACIOS . . .
[ ese Lewis acids are also 20 referred to as co-initiators. The

adeeuntafithibdt evwisdcidlipraseamlisthibtptiaposes ydtam imayniafyinclude, but are

Howegver, it.is desirable that the cancentration of Lewis acid is sufficient t
b b AR R i R R
abidocanicehiratio ) shofiitindbeisohhigivasid pietipitate thmfaﬁﬂec_fachloride is

polymer, The concentration.of the Lewis acid in the total reaction mixure .
R, 1 R e R e S e o
nisdaspienite mGrefera byl thtocohe dntrationedf HieHeewisadichisdndhebe
"ARIRLPIADOUL R ORI AIRR AR IR 19, 200uL 2. ThRIeS SR 0 Bu1so
preferably th& concentration of the Lewis acid’Is in he
referred to as co-initiators. The amount of the Lewis acid present in the initiator
system may vary. However, it is desirable that the concentration of Lewis acid is
sufficient to achieve an appropriate rate of polymerization and quenching. The
Lewis acid concentration should not be so high as to precipitate the formed polymer.
The concentration of the Lewis acid in the total reaction mixture may be in the range
from about 0.001 moles per liter to about 3.0 moles per liter, Preferably the
concentration of the Lewis acid is in the range from about 0.005 moles per liter to
about 1.5 moles per liter. More preferably the concentration of the Lewis acid 1s in the

range from about 0.05 moles per liter to about 1.0 mole per liter.

Ouenching Apgents

Quenching agents contemplated for use in preparation of the polyisobutene in the
present invention are described herein below. The quenching agents of the present
invention are capable of converting quasi-living carbocationically terminated
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range from about 0.05 moles per liter to about 1.0 mole per liter. 30

Quenching Agents Quenching agents contemplated for use in preparation
of the polyisobutene in the present invention are described herein below.
The quenching af)ent_s of the present invention are capable of converting

oRRRRIRfg iR e shaine s inihtcer e Obeipcims mide Mothmchring bound
epdaip the X apislinihain anuisididthaelt BSinG RN YRNYINEH Yo REents

example, it is believed that for polyisobutylene, guenching agents of the

pPELen PIRYRIN dBYFBERIL SRleR i vaku ftal e Gimsiimiention @irarsrondmmhthe

gpshdimetayl earhandf sahytirna:ahain g elow. 5
C%gICHS CI¥|3 CH2 H2 Iﬁélqjl-?g;ll Il PIB-C- C -CH2- ig)g_ﬁ?\gg&ég%gCHz-C

CH3 CH3 CH3 CH3 PIB Carbenium lon Exo-Olefin PIB This result was
unexpected sin€#ithe agertigswith very similar structures are kngyn in they
prior art to qzuenl:h quasi-li i@g Céationic polymerizations by an e‘ectrophiliql
10 afrt®matic i ﬁUn-(E@S)Xnechan.ism_a&disclqs@d.mﬁLS' cRatchNo.—c
6,969,744. Compounds wtflich provide the highest EAS yields e}re typicall;f
substituted withCelectron dghating groups located at strategic pggitions orgy,
the ring. It igpeligyad that these substituents provide stabilization for the
Friedel-Craft intermediates formed when, for example, polyisSBuifehe
carbenium ions react with olefins in the ring. 15 The quenching agents

used i resent invention can be employed to convert polyisobutene .
o e L T R Movn
irttlependeritly gbevivbthersavorpetinctiopal pnerimiitfubgtiondbisropkidic
TB‘S&%?FC%FEBH}%%R' '%f%@?ﬁ%ﬂ&?a%ed%@i@aédf% ﬁ‘%“%’f.’?\?t'.?é‘ﬁﬁ?%z.
di-functional initiators. emperature dependence IS observed for the
pfepanatiodsof thehpotyisiibiby loghest EAS yields are typically substituted with
electron donating groups located at strategic positions on the ring. It is believed that
these substituents provide stabilization for the Friedel-Craft intermediates formed

when, for example, polyisobutylene carbenium ions react with olefins in the ring.

The quenching agents used in the present invention can be employed to convert
polyisobutene polymer containing tert-halide chain ends to the exo-olefin chain ends
independently of whether a mono-functional or a multi-functional is used. This rate of
conversion is expected to be similar for mono-functional and di-functional initiators.
Temperature dependence is observed for the preparation of the polyisobutylene
polymers containing a high concentration of exo-olefin chain ends based on the total
chain ends. It has been determined that raising the reaction temperature increases the
yield of exo-olefin by suppressing coupling. Coupling is seen as a peak centered at
4.82 just up-field from the exo-olefin peak at 4.83 parts per million peak in the

'"H NMR spectrum and also in the GPC spectrum, represented by a low elution

voiume shouider on the main peak.

In one aspect, the conditions and systems for quasi-living polymerization conditions

can be optimized in light of the subsequent quenching step. Without being bound by
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polymers containing a high concentration of exo-olefin chain ends based
on the total chain ends. It has been determined that raising the reaction
temperature increases the yield of exo-olefin by suppressing coupling.

Coup ng is seen as a k cent red t 4.82 just up-field from the
&hﬁﬂwpétané e BRI PR BRI E 220108 T epeetting with

aﬁd: @ki@thﬂtth@ @B&p}aﬁq&fumz&nf@@gimtedd@mé@\ﬂﬁ@h&t@&uﬁ@iumﬁmth
n the main n one aspect, the ions and systems for
B SB FHCT Blor RASARRDES oS G RGN QR s o stevor
subsplﬂn@aiecmefwfnﬂg}ﬁg&r\ﬁéﬁbﬁbﬁ beinghourcthiy bdchaoyrideonryiris
elieved that the swed eI| |nat reacilon isin compe&ktlon with. the

‘&E‘é‘ﬁBﬂ% 8&06 r%‘H{P aHaPé g% SPHRBICRUEMERRABAN A
atmﬁdyyreﬁmaﬂ eqlivafim Eﬁh@@f@t@z@@ﬂ@hﬂ@rae dhdtfavoer @mamm

disfav up rre er reaction temperature ha
o B P R B SR LT g Y s A eitonic
pelyriténinatiancedaisolivtidens, tha ﬁqﬂﬂﬂnfluhmmt&hﬁimmmmdecrease the

car enlkmf ions and d rman} tert chlorid ain ds When
S8 O 1

P < G T PR P L SREH AN SrnRER emBgeare
thelsdofmaht dispiace mkssdmhumsashfw Ithelecrepiss H%eweeteqlmheﬂimgr@mm and
d cmgg} to an equal exten Hower}zer &ghert

! e A0 gen
shoﬁ’faS splaceafrlg}e‘u RS S eBR R b 1r§ eéﬁv Sydeen
anichtloavsassatichimstiard Rariomiile xedguanet mgsqgemdwmmmspbeﬁwed

ea that. causes elimipation. Raisin temperature thus
o e Je Y B e S B Sl g
cdmrtofbetneieapedalvitioagdirt tha ciatbbifor @“eﬁﬁalqwnetmlgl ageaghat&s acid
e QLI AERCRIA QUSRI S A0 1 0. C MR on, that the
eqw rium’is so'strongly negative | frward direc |on the
quenthisris only effective wtthidiee tammm@iMweschtwai@ahyfﬁeeﬁeeﬂvmaBr

lo grafures, Thus, in general, t equenchl process | .
be¥\r/1e manPcarrle out%’tnﬁagheﬁ}gt ﬁ%&?a S a %oug nefecrhaf)eyra?ﬂrrlgd out af
cdngmrbenmre‘ased a}tfhty@mmmma@hamemm bcmanumﬂom&mmﬁs:rxit.
relationship to quenching agent concentration and Lewis acid

concentration are important variables. Higher chain-end concentrations,
Chain-end concentration and its relationship to quenching agent concentration and

Lewis acid concentration are important variables. Higher chain-end concentrations,
which become necessary when low molecular weights are targeted, preferentially
favor olefin coupling since that process is second order in polymer chains, Therefore,
to maintain the desired dominance of the rate of elimination, quenching agent
concentration and/or temperature should be increased. Both of these changes,
however, have the undestrable effect of reducing the concentration of carbenium ions
and thus retarding the conversion of chain ends to exo-olefin. Increasing guenching
agent concentration dimintshes the concentration of Lewis acid possibly through the
formation of a complex between quenching agent and Lewis acid, and this would
diminush the carbenium ion concentration since the latter varies approximately with
the square of the Lewis acid concentration. Therefore, recipes targeting low molecular
weight should be formulated with higher quenching agent concentrations and higher
Lewis acid concentrations and preferably run at higher temperatures. An expedient
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which become necessary when low molecular weights are targeted,
preferentially favor olefin coupling since that process is second order in
polymer chains. Therefore, to maintain the desired dominance of the rate

of eliminagon, quenching agent 25 concentration and/or temperature )
SR PHEYRST E3LR RS ANST ATBS L RMARYas Whighbiidp fiivis tlercactants with

upd@sisakigigitegt of reducing the concentration of carbenium ions and
thus retarding the conversion of chain ends to exo-olefin. Increasing
guenching agent concentration diminishes the concentration of Lewis

atichpossibif thouehithecersatia nosfateRpler ReWREDAUSNCHER

agent and Lewis acid, and this would 30 diminish the carbenium ion
c

IREER ARBATS TN SHE SRRV FEIRES KBiraimbib AR AR RS s34y b rEAiRtHe
L ewish alsichconaentrafien. chhesafontsKec asaraeind fane BeleCIiahe chain
weight should be formulated with higher guenching agent concentrations
A FREHGRETERAR: 4G SURASHRIABOHR AR R ERE RASE o e ARGGPInE aent
temiyeratisiess froexeshe Hcldheyiton @AUSRICAINHIAE: AL P EX1aRASthe proton

lecular weight is to dilute all reactants with _additional diluent. It h
Bl e e S R

elditibnttenendnprevedandueisians serexasigfiochanenes Tao iR of a
o R BT G R e S gt hcpraeas aeemt
cenditieosfdheconenithinly agans Maydaivoyetgeprothsd mepibent invention. On
c%[lbe iunfhio and subsequently transfers the proton. to the ejectron

dohor Fhaf s tlﬁgl]fu Re qfﬁgo éé&ﬁ?‘ﬁm% %E?%&al%fa&yg’f%ﬂ% when the latter
elisnifdsion, and deelecionseoneiimpy sese, ashasbeiofoaadapiocohiigeie

R e el (e e ) o

quenchi age
mathodhthé presentinventioper@ritkderates bandisimthBeansentmebacnt may

b%‘isliigeeéggg%ncdo&?osr afgé eg{z)a;(r}lp!lq, Wrggrn the latter is replaced by a
COMMION 10N SAltor its Brécuidor T has been found that complete 15

conversion of the chain ends to exo-olefin requires a stoichiometric or
2006/0041083 incorporated herein by reference in its entirety, discloses nitrogen
containing aromatic ring compounds, having at least two hydrocarbyl substituents
attached to the aromatic ring (with the exclusion of 2,4 dimethylpyrrole; 1,2,5-
trimethylpyrrole, 2-phenylindole, 2-methylbenzimidazole; 1,2 dimethylimidazole; and

2,4,5-triphenylimidazole).

A particularly preferred substituted-pyrrole quencher has the general formula i:

Ra Rs
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Suitable quenching agents are known in the art. U.S. Patent Application
Pub. No. US 20 2006/0041083 incorporated herein by reference in its
entirety, discloses nitrogen containing aromatic ring compounds, having
at least two hydrocarbyl substituents attached to the aromatic ring (with
thEhERRision of 2,4 dimethylpyrrole; 1,2,5- trimethylpyrrole,

2)BEANRD e nMPHRABRRZ MKAAZ M Bsidieo by :
Zﬁ,l}éﬁtri&hggylimi%azole). 2%2 %grticu%?%gg%%réeggﬂ gﬁt?ﬁ%ﬁ@(ﬁ?}%trgpecmmn

qAHeh s e idepensdertihrdgm preliky costoinmRime ayRangtem to

%a&in@%ﬁﬁmaﬂ%,%gwoﬁwmg&aﬂg £ABO0: HORHhARME 201 of about 6
carbon atoms, R2 and R3 are mdegendently hydrogen or alkyl containing

ot STBPRRGIABD Rk utdrits abpuicklieprepmpiomsa anapkut of
7 SRRONWSDE: 0V APRAUER; D1 ARMESR CRMR0R AIQRS AHKAY LR of from

about 7 to about 30 carbon atoms, or aralkyl of about 7 to about 30

cABBRMSHRTSIP fRASAR RS h A RIGIRHFGIRAR fogdt srsbRngitoms to

CaHRn PIAMEHatE DA WBIPNasLIAM ARG KR AT MK Ea8 M rbon
atoms to about 8 carbon atoms, R4 is alkyl containing one carbon atom to

aBSTRS FUhfich PRI ARE IR RORFERSRSICATRINCS AR ARAUM 0 carbon

CatheR, ataip Al aheiba0crib anchd Aiamsn aelaal kv ol aheit 3 10 AkRNE 6
carbon atoms%aj%tmof a %ut 6 to about 30 carbon atoms, alkaryl of about
8. )

79 RS LRy o SBRAT s b StrzdEh b ghout 7 to
akyns; 30 erbBehanshRofar R adised arematicsind-offamcarii 6 carbon

atoms to ]L% carbon atoms or an, aliphatic ring of from 4 carbon atoms to
C

BB A SEFPATOHEN S AEAR AL A e h Heph GarRAR AIRPF LB RRRA S

OBgrbaeaiamd® 1 malrouir2thaapanneatBmsk Ar ShhethR bao d:R2n306m to
Rghsnd R4, taken in pairs, g{? endently form a fused aromatic ring of
fr (o

¥ E0BBRRBING to°l A Bbh S SRR afBAdtie REPdRPaHT4
cantepeatiems,tyahaUuSdarbanedamg WithdResIABISe atbak e 0 carbon atoms
PR A0 St o RN Roshs e O DN o vifh the proviso
that the compound is not a 2 4-dimethylpyrrole; 1,2,5-trimethylpyrrole; or 2-
phenylindole substituted compound. Particularly preferred substituted pyrrole
quenchers are wherein at least on R, or R; are hydrogen and particularly preferred is

2,5-dimethylpyrrole.

In another aspect, the nitrogen-containing five-membered aromatic ring quenching

agent is a substituted imidazole of the general formula ii:

Rz
N

SN

|

Ry 3

wherein R; is branched alky! containing from about 4 carbon atoms to about 20

carbon atoms, and wherein R; and R, are independently hydrogen, alkyl of one
16
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phenylindole substituted compound. Particularly preferred substituted
pyrrole 20 quenchers are wherein at least on R2 or R3 are hydrogen and
particularly preferred is 2,5-dimethylpyrrole. In another aspect, the

nitrogen-containing mbered aromatic rlng quenching agentis a
e e B GrE (oTFICAAH] 56 Feouih BiEbORS Garftoms,

Rﬁ%& of aB@htG@ta%)(fbtﬁCBﬁ&HiBlﬁl ﬁﬁm%@tﬁﬁlgﬁrmgﬁﬁ@ EH?@QQ%E@%(I} Iatoms

carbon and wherein R1 and R2 are independently hy rogen alky

oP LAY SLARGR dsheig r%%ﬂﬁﬁ%%ﬁs%@&eg fusssargmgtic

abimgtof Garhdncatormaioaty Lol akerid wahout 30 Aahan @qtﬂgnﬁ A karbon
7.to bout 30 cg;ﬁ%%n atoms, or aralkyl of about 7 to about 30

b
cart’aBn({r%u %’ﬂgrﬁ SF B RRIES RS dRPL 18R CSATEPPIRY 3R BB carbon

amathyﬁb&&maﬂa@mat@mﬁmfmﬁhﬂﬁma‘ Ngh@RIIoMpBarlGhid.ies to
8 carbon atoms, with the proviso that the compound is not 2

methylbenzimidazole; 1,2 dimethylimidazole; and 2,4,5-triphenylimidazole.
Anaistberctiss of siitdidejqeenthingageats AirdsisdetesrsRep @iy amines

terti amlne contai only car hydrogen, and nitrogen atoms
G RN e b e S A SRR
triehyidanineg, tév‘bla‘rr raihnfe;dammet @) ‘iﬁﬁ'ﬁﬁbﬁdﬁfﬁiﬂ%ﬁdﬁﬂm@ﬂaﬂﬁﬁaﬂﬁ@

( lpyr d§ |ne gg) -p-tolylamine; (h)
q(el%ln%a naéxﬁré\/dt% ﬁlS(yf)r)ro no- &% ﬁgr%%' YHEG (ire of these
q uecﬁddw@agemélme(g)shqsxdgima (B}atp,ﬂlﬁalf&pw;@aﬂo(h) Rublieatigiho-1-
HQQI%/ 4 |récg orated herein in its entlr%}g 15 The

Ching agents of the present mvention are Esiis &g %ﬁ%%tﬁtédpmm
azﬁq:bebcmé?nhig:amnﬁégeﬁ%f@@ﬁw Htéxygenausdhirbiataroatontrety.
wherein the substituent(s) are selected so that the substituted azole is
able to facilitate in preparing a vinylidene terminated polymer from a
qUZsidvénchozg bgeritiarfidaliyresentiiatedion are selected from substituted azoles

containing a nitrogen atom and an oxygen or sulfur heteroatom, wherein the

3

substituent(s) are selected so that the substituted azole is able to facilitate in preparmg
a vinylidene terminated polymer from a qua51 hvmg carbocatiomnically termmated
polyolefin. Particularly preferred azoles containing one nitrogen atom and at least one

oxygen or sulfur heteroatom are substituted at the 2, 4 and the 2, 4, 5 position.

The substituted azole may be substituted with from one to three hydrocarbyl or
substituted hydrocarbyl groups wherein the term “hydrocarby!” as used herein
describe organic compounds or radicals consisting exclusively of the elements carbon
and hydrogen. Furthermore, fused ring azoles of the present invention may optionally
be substituted with up to four hydrocarbyl or substituted hydrocarbyl groups. These
hydrocarbyl moieties include alkyl, alkenyl, alkynyl, and aryl moieties. These
moieties also include alkyl, alkenyl, alkynyl, and ary! moieties substituted with other
aliphatic or cyclic hydrocarbon groups, such as alkaryl, alkenaryl and alkynaryl.
Unless otherwise indicated, these moieties f)referabiy comprise 1 to 20 carbon atoms,
The "substituted hydrocarbyl" moieties described herein are hydrocarbyl moieties
which are substituted with at least one atom other than carbon, including moieties in

17
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20 polyolefin. Particularly preferred azoles containing one nitrogen atom
and at least one oxygen or sulfur heteroatom are substituted at the 2, 4
and the 2, 4, 5 position. The substituted azole may be substituted with

ftom one b . ituted, hydrocarbyl groups wherein
e S O Mo B RS v
raidficers Monplstimg brotosdfyrobtiadelegeariuadbormpladyspdistigend
f r 0 r | lon | ion be

LR i s S G I S R
ThekeyRlktopaotepted bledres yaldpd & etikydc nikprojecidityamyinealbiydrglkylalkylthio,

S : Ny il 1 ) .
A R e CH00 IR oM A e
stsieds BIlkasHbstiveiad ipcanasikohiy Rvuldblopotitoni s ibdibatedeycle ring
eee mARHEP METRIANGOT B SR IRAN BN AR substluted

hydrocarbyl” moieties described herein are hydroc eties which
are substituted with at least one atom other than carbon, including

YIS URS It MDIGH A.EARRD Shain oMl syRSHtHedWith BN Sleraatom ven

such as nitrogen, oxygen, silicon, phosphorus, boron, sulfur, or a halogen

atinmsExR pepaied StmBhed i tezely ity hdulenbskoxpdiiand
alispaigpationk RkIONYRIY s ARyAlY b RIRIRRE ddakdr xalihe one

keto, acyl, protected aminoalkyl, alkylalkylthio, 5 arylalkylthio, ketals,
aBBragenAioidaandane s HHateE e sPiesferalsiymise stbeiedthiezaleoregerably

fully systitier Meading Hatdhe aviahls, ROFLRRIGH S e AGIRIPGY S R hing

ring are substituted with hydrocarbyl or substituted hydfocarbyl groups.
TSR BEEIGRESED I agaeir g Hycrapowdinid omestittogen atom and
one oxygen 10 atoms are selected from substituted oxazole, preferably 2,
4, 5 substituted; and substitu&ed benzooxazole. The substituted azole

guenching agents containing oh‘e\%itjngeh atom and one sulfur atom are
efera

selected form substituted thiazole, 2, 4, 5 substituted; and
substituted benzothiazole. Particulafly preféfre q%enching agents are
represented according to the co f Formula I: 15 R, \ X

Rz
wherein:

R; and R, are independently hydrogen, alkyl from 1 to 20 carbon atoms, cycloalkyl
from about 3 to about 7 carbon atoms, aryl from 6 to about 20 carbon atoms, alkaryl
from about 7 to 30 carbon atoms, aralkyl from about 7 to 30 atoms; or R; and R,
together form a fused aromatic ring having from 6 to 10 carbon atoms which may be
unsubstituted or substituted with 1 to 4 substituents selected independently from alkyl
of one carbon atom to about 20 carbon atoms, cycloalkyl of about 3 to about 7 carbon
atoms, aryl of about 6 to about 30 carbon atoms, alkaryl of about 7 to about 30 carbon
atoms, aralkyl of about 7 to about 30 carbon atoms, alkoxy of about 1 to 6 carbon
atoms, alkylthioether of about 1 to 6 carbon atoms, halo, or amino of the formula —
NR*R**_ where R* and R** are independently alkyl from about 4 to 10 carbon

atoms, cycloalkyl of about 4 to about 7 carbon atoms, aryl of about 6 to about
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1 UR R2 N wherein: 20 R1 and R2 are independently hydrogen, alkyl
from | to 20 carbon atoms, cycloalkyl from about 3 to about 7 carbon
atoms, aryl from 6 to about 20 carbon atoms, alkaryl from about 7 to 30
c rigon atoms, aralkyi from about 7 to 30 atoms; or Ri and R2 together
f3 °§f?8§€6°£?6rﬁhﬁ%éyr‘iﬁ§ VGt ehee 1o slvmmieNurien sheyt

be twasyhsTtuate subsiRBhWiIBIL) ABYPEIMENts S6/8HRS: atoms,

ly from alkyl 25 of one carbon atom to about 20 carbon

independent
A BARARHE B 0 TP AB Ao APb A O PGSR ATEAOS,

alaikAdroas RBOUATD FS (Blkelvh Al RO U AL 10POR 35T 0AMS, with the
araikyl of abou,_iatéjt #é?%g,out 30 carbon atoms, alkoxy of about 1 to 6 carbon

BB ES gt YO 1828 Barlsdmanehnd alisyb havinmanérartthece

forarila athiRREVL WheieaRYI0GERT: arednaiopenterii stk iiam AW Anat

to i% clﬁrbon i&ﬁgéﬁf@zicg%galkyl of about 4 to about 7 carbon atoms, ary!l

of al58ut & 18° FBAT ARGRRSna Ry siemedfromoaid frarg 1 o 20

catborhatoms, Badatkof AbLIbAuS ababbdOCaRoR alems aRiSrom 6 to about
atoms, cycloalkyl from about 3 to 7

hydrogen, alkyl from | to 20 carbo

SRR s RRSH €5 AR 36 AR RAMYIERT Abeik 710 3
taBfneashdn atoms, aralkyl from about 7 to 30 atoms, with the 5 proviso
that when R is hydrogen, than R2 is branched alkyl having at least three
carbon atoms, aryl, cycloalkyl, alkaryl, or aralkyl, and with the further
povisexitmat avlsaifiR. is methyl then Rj and R2 are independently selected
from alkyl from | to 20 carbon atoms, cycloalkyl from about 3 to about 7
carbon atoms, aryl from 6 to about 20 carbon atoms, alkaryl from about 7

to/30tharlsoitehlerpssraisilicyk francabbutsZi¢otad fkOnalmsoandondseyeen

or sulfur. Another suitable quenching agent can be selected from the

i bk R B R B R S e

spostititéthphidaetitatined propiddihthatthersubsilirgpaaphalineuishiled or

4'11@115%9 tk%%@ggﬁ%rgggngﬁq?ﬁggggn%[ dihydrof1,4}thiazine and phenoxazine.
Suitable quenching agents may be selected fro the compounds according fro Formula

Ia to I'Va, illustrated below.

A suitable quenching agent selected from the compound according to Formula Ia:

R5 R4
X
\PRB

Rs

R, N/¥R2

Re | R
R

wherein:
R, through R; are independently hydrogen, alkyl from 1 to 20 carbon atoms, aryl from
6 to about 20 carbon atoms, alkary! from about 7 to 30 carbon atoms, aralky! from

about 7 10 30 carbon atoms; R is hydrogen, alky! from 1 to 20 carbon atoms, aryl from
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unsubstituted dihydrobenzo[l,4}oxazine, dihydro[l,4]thiazine and
phenoxazine. Suitable quenching agents may be selected fro the
compounds according fro Formula lato IVa iIIustrated below. 20 A

ta ent selected fro und according to
BRI OEOREP B BB Fo gt from
atbomdkme%mmsammmg(mﬂaﬂ(m &q@eﬁmﬂ@mmhmmtdm%xwwd e véhen R is
out 20 car o to Ifr abo t7 t0.30 n.atoms,
TSI A S8R BB R o i graecn plossgre of
c&rhnorRam spand Rroon EQlﬁ}mﬂ@imdbﬁﬁwbrhmhede?i atksesyhfrom 2Deutbon
0 30 ca at ms aIkyI from about 7 to 30 carbon atoms; and X

|sa Sxmfg%%r su% ét’{n %ﬂ’e proviso that when R is hydrogen or methyl
then R1, R2, R7 and R8 must be other than hydrogen unless one of R1

and of R7 rR8 is indepen nc out 3 {o
2%“ car rsuﬁ Ao %enacryllngaﬁgg%l (z)ﬂr? a%ra C}& %1 gl?t%\%%/én %%‘fﬂ Ing to

dtpemwdahive selected from the compound according to Formula lla: R15
X Rio R13 NR12 R16 I R11 10 R10

Ris R
\/ X 14
[/ } Rys

N
/“ N Riz
Ris ’ Ri4
Rag

wherein

Rig through Ry are independently hydrogen, alky!l from 1 to 20 carbon atoms, aryl
from 6 to about 20 carbon atoms, alkaryl from about 7 to 30 carbon atoms, aralkyl
from about 7 to 30 atoms; Ry5 and R¢ are independently selected from hydrogen,
alkyl of one carbon atom to about 20 carbon atoms, cycloalkyl of about 3 to about 7
carbon atoms, aryl of about 6 to about 30 carbon atoms, alkaryl of about 7 to about 30
carbon atoms, aralkyl of about 7 to about 30 carbon atoms, alkoxy ofabout 1 to 6
carbon atoms, alkylthioether of about I to 6 carbon atoms, halo, or amino of the
formula ~-NR*R**, where R* and R** are independently alkyl from about 4 to 10
carbon atoms, cycloalkyl of about 4 to about 7 carbon atoms, ary! of about 6 to about
10 carbon atoms, alkaryl of about 7 to about 10 carbon atoms, aralkyl of about

7 to about 10 carbon atoms; and X is oxygen or sulfur;

with the proviso that when Ry is hydrogen then R, and R, must be other than
hydrogen unless one of Ry or Ryo is branchcd alkyl of about 3 to 20 carbon atoms,

aryl, alkaryl or aralkyl.
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wherein Rio through Rt4 are independently hydrogen, alkyl from | to 20
carbon atoms, aryl 15 from 6 to about 20 carbon atoms, alkaryl from
about 7 to 30 carbon atoms, aralkyl from about 7 to 30 atoms; R15 and
Rib are independently selected from hydrogen, alkyl of one carbon atom
1 RBEHE S6rBRIH SHERINE, A8RAbSARIGFABTEE TR R s oM RRIBS AcRSHEE T
aRdrahddU 6 to about 30 carbon atoms, alkaryl of about 7 to about 30
carbon atoms, aralkyl of about 7 to about 30 carbon atoms, alkoxy of
about 1 to 6 20 carbon atoms, alkylthioether of about | to 6 carbon atoms,
halo, or amino of the formula -NR*R**, where R* and R** are
independently alkyl frorg about 4 to 10 carbon atoms, cycloalkyl of about
4 to about 7 carbon atoms; f abo to aba l/g)‘%mrbon atoms,
alkaryl of about 7 to abou bout 7 to about 10
carbon atoms; and X is o i/

is hydrogen then R1 1 and.R12 Qoq rogen unless one
of R1ior R12 is branche f abo 020 atoms, aryl,
alkaryl or aralkyl. 20 ARether suitable qugnching agent Ean be selected
from the compound according to Formula llla: R23\ X R22 R2 i R21 5
R20 wherein R20 is hydrogen, alkyl from?f to 20 carbon atoms, aryl from
6 to about 10 20 carbon atoms, alkaryl from about 7 to 30 carbon atoms,
afglkyl;irom about 7 to 30 carbon atoms; R21 through R24 is selected
independently from hydrogen, alkyl of one carbon atom to about 20
carbon atoms, cycloalkyl of about 3 to about 7 carbon atoms, aryl of

ahgpGiarabont30 earbian alomsAlkand phabpyt £40,20Ruk3Q carbon

atoms, aralkyl of about 7 to about 30 carbon atorns, alkoxy of about | to 6

caPASHOPS AifeFhts 2HRDHHIOSH A0S Ao dP Kb enrson ey hiton sbout
amiga OEARRIOAMIMIA Ry, through Roy is selected independently from hydrogen, alkyl

of one carbon atom to about 20 carbon atoms, cycloalkyl of about 3 to about 7 carbon
atoms, aryl of about 6 to about 30 carbon atoms, alkaryl of about 7 to about 30 carbon
atoms, aralkyl of about 7 to about 30 carbon atoms, alkoxy of about 1 to 6 carbon
atoms, alkylthioether of about 1 to 6 carbon atoms, halo, or amino of the formula —
NR*R**, where R* and R** are independently alky] from about 4 to 10 carbon
atoms, cycloalkyl of about 4 to about 7 carbon atoms, aryl of about 6 to about 10
carbon atoms, alkaryl of about 7 to about 10 carbon atoms, aralkyl of about 7 to about
1¢ carbon atoms; and X 1s oxygen or sulfur;

with the proviso that when Ry is hydrogen then X is oxygen.

21



- 16

15

20

25

NR*R**, where R* and R** are independently alkyl from about 4 to 10
carbon atoms, cycloalkyl of about 4 to about 7 carbon atoms, aryl of
about 6 to about 10 carbon atoms, alkaryl of about 7 to about 10 carbon
atpoms, aral%of about 7 to about 10 carbon atoms; and X is oxygen or
ségﬂﬁ%hﬁbsw b SUSRSALES AR PO SRS Ry ST e erimeqursigerarding to
2k Ampthewsuitable quenching agent can be selected from the compound
according to Formula IVa: R31 R32 1 Rao 5 wherein R30 is hydrogen,
alkyl from | to 20 carbon atoms, aryl from 6 to about 20 carbon atoms,
alkaryl from about 7 to 30 carbon atoms, ralkyl from about 7 to 30
atoms; R31 and R32 are independent}y hydrogan, alkyl from Ito 20 carbon
10 atoms, aryl from 6 to about 20784rHon atoms alkaryl from about 7 to 30
carbon atoms, aralkyl from about 7 to.30 atoms; or R31 and R32 when
adjacent to each other, together forgy aromatic ring having from 6
to 10 carbon atoms which may be unsubsliituted or substituted with 1 to 4
substituents selected independently from eﬂkgl of one carbon atom to
about 20 carbon atoms, cycloalkyl of about Fto about 7 carbon 15 atoms,
aryl of about 6 to about 30 carbon atoms, alkaryl of about 7 to about 30
cayhan;patoms, aralkyl of about 7 to about 30 carbon atoms, alkoxy of
about | to 6 carbon atoms, alkylthioether of about | to 6 carbon atoms,

h&is, & hEdrpseroptie demulde Riqbengians e ftoR:6 tpabout
instepspde BtbAAlkikHMARAULEIP/R 681000 AATSS CYF Lﬂ‘gﬂ%! ALAP Lt

4 to about 7 carbon atoms, aryl of about 6 to about 20 10 carbon atoms,

alkéibiiapsuly @ratberioipaeperiarsin s yarargn.clisclion fotaButatioon
CREBRR, AQMR AR X BN 96 RRESY H%HM'QMQ&H&‘H?QM%B% Raton atoms,

and R32 are h drogen then Rao is not hydrogen or methyl.
aralkyl from about 7 to 30 atoms; or R3; and R3, when adjacent to each other, together

form a fused aromatic ring having from 6 to 10 carbon atoms which may be
unsubstituted or substituted with | to 4 substituents selected independently from alkyl
of one carbon atom to about 20 carbon atoms, cycloalkyl of about 3 1o about 7 carbon
atoms, aryl of about 6 to about 30 carbon atoms, alkaryl of about 7 to about 30 carbon
atoms, aralkyl of about 7 to about 30 carbon atoms, alkoxy of about 1 to 6 carbon
atoms, alkylthioether of about 1 to 6 carbon atoms, halo, or amino of the formula
NR*R**, where R* and R** are independently alkyl from about 4 to 10 carbon
atoms, cycloalkyl of about 4 to about 7 carbon atoms, aryl of about 6 to about

10 carbon atoms, alkaryl of about 7 to about 10 carbon atoms, aralkyl of about

7 to about 10 carbon atoms; and X is oxygen or sulfur; with the proviso that when Ra,

and Rj; are hydrogen then Ry is not hydrogen or methyl,

SULFONATION

The polyisobutenyl sulfonic acids of this invention are prepared by reacting a mixture
of polyisobutenes comprising by having at least 90 mole percent methyl-vinylidene, a
number average molecular weight of about 350 1o 5,000, and a ratio of weight average
molecuiar weight to number average molecular weight Mw/Mn of less than about 1.4;

with a sulfonating agent containing a source of sulfur trioxide, -SOs- . The source of -
22
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SULFONATION 25 The polyisobutenyl sulfonic acids of this invention are
prepared by reacting a mixture of polyisobutenes comprising by having at
least 90 mole percent methyl-vinylidene, a number average molecular

ight of about.3 gto 000, and a, rati ofwei t avera oleculat;
R B S B e B S e WA o
Iidoxiditnmiselfongtiogeagenficantainingthaocone el frioxldeidSfAdsphate
The source of - 22 3- can he a mixture of.sulfur trioxide. and air, sulfur
(RS S T, £SO B S R b Sl acid
canplexéses oifohlviosid oplosp lha’i?eacamﬁeé(eﬁalf?etg?fxﬁﬁfabﬁ, meanoditeny
of sulfur trioxide and ic acid, sulfamic aci sulfates or .
T D o Be T AL k), Repetien
alemiretissalue mangh éreonditith so @08t anatidepandsnmt tritisatifRdaction

t ratures.can range from. -30C to,200C. and ends.on the particular
R e P B e A R DS perfies or
teenpieeatane shomtukictinrentd eiebatdd bermpeidud tepehentctibeommisiéidn of the
tQ prev. Itj odpct. Reaction time can vary.from
B e R S e e e o
refstioendinipesastucd. aF meackitericofmtrateaciion esiebeldetermitied tan be
tigaton;of suifonated . nAvise % ulfuric.acid has. been
e A R i R s
beceapvashodae 113piGithelprefmsed saulfoselingnagentlfactng agdfdtean be
(%@urt’@g%elq sulfuric acid and acetic anhydride which forms acetyl

sulfate in situ) which produces the polyisobutenyl sulfonic acid directly.

Other sulfonating agents, such as a mixture of sulfur trioxide and air, may

i ' h I he. . .
PR I BT PRSI AT 0 o

pegisoptitsdadeahel lombeteiviarafmolsice) ayvigighoduchethange of
%&?is@&g%ﬁm%égg&f cﬁ%lﬁﬁb L@%SSQI%H%W g{saylﬁéf?%? ]gxurlmf;ﬁuere of

molécular weights of about 550, 1000 or 2300 are particufarly use
pw%gbgm@ﬁi@Mrgm ipredace a sultone intermediate that needs to be

hydrolyzed to the sulfonic acid. This hydrolysis step can be very slow.

The polyisobutenes have a number average molecular Weight 1 the range of about
350 to about 5000. Polyisobutenes having number average molecular weights of about
350, 1000 or 2300 are particularly useful. The polyisobutenes employed in the
invention have a high degree of exo-olefin or methyl-vinylidene having at least 90
mole percent, preferably at least 95 and more preferably having at least 98 to 100
mole percent methyl-vinylidene. Likewise, the polyisobutenes employed have a
narrow molecular weight distribution (Mw/M,), preferably less than about 1.4, more

preferably of about 1.01 to about 1.3, and most preferably 1.2 or less.

The polyisobutenyl sulfonates of this invention are prepared by reacting the
polyisobuteny! sulfonic acid (prepared as described above) with a source of an alkali
or alkaline earth metal. The alkali or alkaline earth metal can be introduced into the
sulfonate by any suitable means. One method comprises combining a basically
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invention have a high degree of exo-olefin or methyl-vinylidene having at
least 90 25 mole percent, preferably at least 95 and more preferably
having at least 98 to 100 mole percent methyl- vinylidene Likewise, the

KRR CAPRFEHO \Ahe B OB e ROFEopHAchAE o8 B Rt

aﬁxbfﬁrﬂ.c&cah T hiost geeteddbbain2dode $s 18O ﬁhﬁﬁ@d)ﬁﬁ@b@@ﬁ)@he promoter
sulf nates of this ntio red by reac isob ten

SRR SR P A8 P B GO iR L DY e o e
atkatirseleanton e}talsquaaazaHgajmcmkahnh rastihpeialicomdie tmﬂidtimdthe
into the, sulfonate b Ult ns. One method comprises .

o Clagllﬁg a(ft?aﬁca gi}eac g%?i%ouﬁ nlo h%r’r?‘fgt;t%gggfirg?gﬁ%pmmmer
hytett arictent/vitn thmﬂmlymbwémg'brmxﬂfdmamuis]itﬂcsnmegenerally carried

out in the presence of a hydroxylic promoter such as water, alcohols such

as 2-ethyl hexanol, methanol or ethylene glycol, and an inert solvent for
thindetforaden tymicalyanits, hieatipdeUnderdbesenzonditinesatbarbalkali metal

basica in ound will d the met Isulfon e.. The h
A T B R L et RO Al arth
Unekel sdftainteiidamstaisoastlivmmdcbalfoaie mduemtﬁﬂbﬂ@aamnhmlﬁmc alkali

alk% ﬁgg;lal‘l 000' Isogtteng&]%%iﬁpﬁ% and 4 nV I‘OX e aCteSE)%J%F%]Oé‘tH%'%:SSIUH}.

Esis INto an alkaline ear mg f
tiselSuifdaichtmintbsccorbbinet withsaalqasmxalkmﬂraﬂmm Thenp e diueh @s

Oﬁtaln eg) %{JI%’SSI \ér%gﬂgc? Wit earsa%gm ne e%%assmﬂaﬁ#%m the alkaline

¢an be puritied by aqueots extraction Ao dturi or
pmammbmm i$ wombsih echwithndy wikd lidleaBactbanietatshktdmformd is a

t ost ommonl used a
o g R P D SRS e
sechiupined pothssigrveeiforidteids sombined th&alaqmmhsmmmradé stirred for
9 %H&%Qfﬁ&%ﬁl%&l 'HE&&:@E&#‘?& ol apdsiie %E?fihet{% ef Hé%!eem foved and
metathesis to occur. Thereatfter, the water pﬁase is removed and the

sHiveat ey boagyerarettdf ddsieeld 20 The preferred low molecular

weight polyisobutenyl sulfonates having a molecular weight of less than

1000 are derived from alkaline earth metals, especially those of
The preferred low molecular weight polyisobutenyl sulfonates having a molecular

weight of less than 1000 are derived from alkaline earth metals, especially those of
calcium, barium and magnesium; with calcium and magnesium being the most
preferred. For the high molecular weight polyisobuteny! sulfonate jonic dispersants,
having a molecular weight of greater than 2,000 are preferably derived from alkali

metals, prefereabley sodium and potassium.

In another fashion the polyisobutenyl sulfonic acid can be neutralized with an ashless
base, such as ammonium hydroxide, tetra-methyl ammonium hydroxide, tetra-n-butyl
ammonium hydroxide. Ashless polyisobutylene sulfonate having molecular weight of

350 to 5000 with 2,000 to 5,000 are particularly preferred.

‘The polyisobutenyl sulfonates of this iInvention are either neutral or overbased
sulfonates. Overbased materials are characterized by a metal content in excess of that
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calcium, barium and magnesium; with calcium and magnesium being the
most preferred. For the high molecular weight polyisobutenyl sulfonate
ionic dispersants, having a molecular weight of greater than 2,000 are
preferably derived from alkali 25 metals, prefereabiey sodium and

pStRLhHIHIR B BERSHEASAREARS D BgisoRtRigTy P RS e msinkeaiipe in the

neytfaliaedmhoar 3oIBSRdDARAs SASHHASHMOMN N RREFRAIRalized with an
tetr methyl ammonlum hydroxide, tetra-n-butyl ammonium hydroxide.

alifARRS AR B ROTRPS R SREP A R SRR Miodusp agiormal
5@9&0&4&& 3R B SO ques BRHIG BN RIRTesFede T B RAMSORUSRY N other

sulfonates of this jnvention are either neutral or overbased sulfonates.
OVETHSsEl RIS G SERRaiE Rl S5 AsEIds Al wraxtaseet tvo

thao 124 afichweauidibeRresant according to the stoichiometry of the
metal cation in the sulfonate said to be overbased. Thus, a monosulfonic
acid when neutralized with an alkaline earth metal compound, such as a

caig m@irfgowmbkmdw\lgﬂa‘mb&@ avBaied Uit SRMRRIPEIRN Il fonic acid
tof c m for e |vale t of acid. In other 5 words, the
S B e A T PP ST 5 2 1 ARSI G SR i ecess of th

ﬁﬂ@ﬁlﬁﬁtmam&dﬁﬁﬂ sHetdc BM@lS!ﬁghMe kBB PEIEBRMES 2an be prepared
\lg? %ased or bas %flc cognpla %j of the suyifonic acid , can be gbtained.
TRELB VALY Astaread B fRRRi-a O Be htigantly urdesisatipmeopgitions.
regdre@ﬁ&meuﬂﬁimﬁa&Eﬂé@m@ﬁﬁld pw@ﬁmw&m@a sulfenade scfbther
the re ctl d sulfonates with carbon dioxide
A TR LRt A OB R oo e gl PSS or7» 1570 0

prbammg\omtbasmdospﬂmnﬁe@ arfdretieerinovethasad. products is
disclosed in U.S. Pat. No. 3,496,105, issued Feb. 17, 1970 to LeSuer,
which in incorporated by reference in its entirety. 15 The amount of

ov’.@aba&ﬂngmaﬁ betpiessen Bsaphotat Base NumPakd NEhbr ‘(\VHTB?N“), which
L T b
prmifm’latan'ﬁqtheiaghm 'EBgYaatBbathémty reseretkaline grBdNider aud therefore a
eD ?esrlté, [ fm{t%/ar%lslg deuﬁxmlf]ggl l%gr a composmon 1s readily determined by ASTM
test methods D664, D2896, D4739 or other equivalent methods. The overbased
polyisobutenyl sulfonates of this invention can have relatively low TBN, i.e., about 0

to about 60, or relatively high TBN, i.e., greater than 60 to about 400.

The polyisobutenyl sulfonates of this invention are useful as additives in lubricating
oils. They have good tolerance to water, a light color and provide good performance

characteristics.

The lubricating oil compositions of this invention comprise a major amount of an oil

of lubricating viscosity and a minor amount of the polyisobuteny! sulfonates of this

invention. The oils can be derived from petroleum or be synthetic. The oils can be

paraffinic, naphthenic, halosubstituted hydrocarbons, synthetic esters, or

combinations thereof. Oils of lubricating viscosity have viscosities in the range from

35 to 55,000 SUS at 100° F, and more usually from about 50 to 10,000 SUS at 100°
25
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20 test methods D664, D2896, D4739 or other equivalent methods. The
overbased polyisobutenyl sulfonates of this invention can have relatively
low TBN, i.e., about O to about 60, or relatively high TBN, i.e., greater
thfn{ﬁ about 40, the é;)olylsobutenyl sulfonates of this invention are

6%%?%?350} DBRESHRGS 58S FhapourehhsPriidsabeny!

watanatbgbf deilomsastiprositReBnotb pRUGHY AR raPRIROIRISHE Sy PR8Il from
|cat OI|§§ %OSIUOFIS fth.l nventlon cbq?prlse a major amount o

an oﬁlt f u%? RyRELERtY gﬁlﬁ ! RSP RREURRGHTE Poludlte g ieht
spionatas albdbis/ 3@ightertiasat. The oils can be derived from petroleum or
be synthetic. The oils can be paraffinic, naphthenic, halosubstituted
hydrocarbons, synthetic esters, or combinations thereof. Oils of lubricating
vi@mbaitgohmimis{d@&;iﬂ'ﬁszh‘s the cande fre iBodREaL008 WUSiaé $60kobutenyl
andfhore uskally from %%%%E 19, 53:900 SB%‘I BAli00 ao ks The
d}qﬁeaﬁ\g %% viscosity

lubricating oil compositions Contam 4 Atio

sulidnatesoivtiis poveption defficiant dodispststadispéraanikgroperties,

typically from about 0.1 weight percent to 10 weight percent, preferably

from about 0.5 weight percent to about 7 weight percent. 5 Other

cd“rhc:dntirinaﬁwdiiivemphaittman dfahiséxﬂvbnﬁomd&i@a.ti@fﬂl\/ﬂimmbelcaﬁng internal
%engrk srklegon%tes of t IS na\é%lrjfgts)sr}olgclud ox1d E Jntor

ant ifoam Agents. Viscosty Inaey IMpravers. ﬁbm?’ oIt B?@ gYnpgien as

dlbﬁbmémslmﬁmemm&mﬂshqubelm«i@ eit.compositions of this

invention are useful for lubricating internal combustion engines and

automatic transmissions, and as industrial oils such as hydraulic oils, heat

trépsteVBIlE, torque fluids, etc. EXAMPLE 1 15 Preparation of

P?%?&Q#&% Pfﬁ‘of' n%gutenL round bottom flask equipped with an

overt ouple was submerged in a heptane bath

méifitegakdddt 16018 bTHeraploskatys mrd béth meexéaa&méﬁemﬁﬁdﬁ}&mocouple

gl&\ég gﬁ%&%?é@@ﬂ' Q%QQXQBQ%S né QPR Iee?ﬁ%t?p;ojs art]i?sr Gnd bath were

enclosed within a glove box containing anhydrous nitrogen as the inert atmosphere.

The following were charged to the round bottom flask: 2144.7 mL hexane, 1429.8 mL
methylchloride, 422.5 mL IB (5.17 mol), 19.95 g 2-chloro-2,4 4-trimethylpentane
(0.134 mol}), 14.2 mL 2,6-Lutidine, and 1.14 g tetra-n-butylammonium chioride. The
mixture was allowed to stir until the solution reached thermal equilibrium at -60C.
Then, 64.7 mL (0.59 mol) TiCly was charged to the reactor to initiate the isobutylene
polymerization. The polymerization was allowed to proceed for 15 min, at which time
23.2 mL (0.228 mol) 2,5-dimethylpyrrole was charged to the reactor. The mixture was
stirred for an additional 57 min., and the reaction was then terminated with 107.5 mL

(2.657 mol) methanol.

The mixture was removed from the glove box and the volatiles were evaporated
overnight under ambient conditions. The organic layer was extracted repeatedly with
a 5% HCl/deionized H,O solution, washed ‘with deionized H,O until neutral, and then
dried over magnesium sulfate. The organic layer was then filtered through both Celite
and stlica gel and finally, the hexane was removed via vacuum distillation to afford
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The following were charged to the round bottom flask: 2144.7 mL hexane,
1429.8 mL 20 methylchloride, 422.5 mL IB (5.17 mol), 19.95 g
2-chloro-2,4,4-trimethylpentane (0.134 mol), 14.2 mL 2,6-Lutidine, and

R e I s

(Ocbfitenofpiikddquas Bhangadpohesgrctor to initiate the isobutylene
polymerization. The polymerization was allowed to proceed for 15 min, at
which time 25 23.2 mL (0.228 mol) 2,5-dimethylpyrrole was charged to the
regglfomatibe afiRtivéswtase:giirred for an additional 57 min., and the

re?ctiolp W égﬁgn\}grmina&?d with.1Q7.5 mL (2.657 mol) methanol. The
mix?uare“\’fv%cag(S amoved BN HE G SRR R o paerirastirrer, ice bath,
evapdeater] SRaveroight, undleitapbianlcondiiadR0raanis IRMREWESR
extracted repeat ith % HCl/dejgnized H20 solutign, washed with
&5 .28% o ﬁ‘.we‘éa?}f@ ‘88’?%%’ E 8@&%@%&#@9&%@%&&%@@#@5/85-
?@Tﬂﬁsrl]m raudies] md@ﬂer@@étmaﬁxgmmthﬁem?m&j!@?f;@%!%gdsuxﬁmc acid
i e hexane was remaoved via vacuu istillation to afford 26
b S BON AL 5 g up o room
methpkmtytidEhen tententitorthe coplasdi vy PIRIWa$HE 884cBu onatiolied S
of Bolyisobut 5 To a 4-peck 250 ml,.round bott sk equipped with
e P B At CUBD e RGGBFp e was

an over stirrer, i1ce , CONn

inksidedasdivaedatboRide GLIA%E)i0i0R] BIE) pehagadakore 40048 reallion was

fo Om hexane/methylene chloride 15/85. To this was
o e e S s ot . e
(OROBEGabh sahid hiaprsiivetc faradnbdbaisand alawad e Syarm up to

room 10 temperature. Then the reaction was cooled to 10C and to the
reaction was added 5 mL methanol. The product from this reaction was

the PIBSO3H, To this product was added sodium methoxide (1.13g,

0. Il)i ';pﬁ and the reaction was stirred for 6 hours.
Tf?ﬁk{fﬁégexéeéﬁ%%ﬁp\%%fg removed in vacuo to give the PIBSO3Na

sait Ighignsthpleindideain 8iB1e8760 Weedhd BI2%:aB:7b8 method was prepared as

disclosed in US 5,408,018. This high methyl-vinylidene PIB was determined to have

a My, = 2389, M\/M, = 1.89 and the % methyl-vinylidene content for the high methyl-
vinylidene PIB was 8§5%. 1194.5 g of this high methyl-vinylidene PIB (0.5 mol) was
used for the sulfonation reaction as disclosed in Example 1, with all the other reagents

were used in the same molar proportions. The product from this reaction coniained
1.05% Na and 1.72% S.

PERFORMANCE EXAMPLES

1. Low/High Temperature Performance:

The PIBSO:Na salts from the ‘quasi living’ (Example 1) and high methyl-vinylidene

PIB {Comparative Example A) were tested by measuring the CCS and kv. This

performance test was conducted to assess the low temperature and relative high

temperature of the resulting polyisobutenyl sulfonates. The cold crank simulator

(CCS) at -20° C was measured using ASTM D5293. The kinematic viscosity (kv @
27



10

15

20

25

COMPARATIVE EXAMPLE A A high methyl-vinylidene PIB employing the
BF3 catalyzed method was prepared as disclosed in US 5,408,018. This
high methyl-vinylidene PIB was determined to have 20 a M. = 2389,

+=1.89 and the % e content for the high methyl
\I\//lllr\@/y4| S IBEGTALE é@*ﬂﬁéﬂ‘ﬁ%ﬁﬁﬁ W[@Tﬁ?l‘?ﬁrﬁﬂ e%@ﬁetmns were
mokde/by taideg fer fobyisotiorag mw(ﬁ%ﬁﬁﬁpﬁeﬂﬁﬁmﬁﬂﬁtﬁle
h all he other,reagents. were in the same molar roportlons The
o ST oSSR Ak ot A 5 Sopear ) 00 et
P&ERE®D mmwm&&mxu@w@m ‘Dedsnpﬂetweea@m&mm in Table
The PIBSO3Na salts from the "quasi living' (Example 1) and high

methyl-vinylidene 30 PIB (Comparative Example A) were tested by
measuring the CCS and kv. This performance test was conducted to

e pe i St A R TRy e

rrmailyﬁednﬁidglé\BIB\/l D5293. The kinematic viscosity (kv @ 27 1OOC)

..... ImW| Hormmance avﬁmnln solutions

V DIII UUDIIIHI'\QIIVI =5 lIICIJ T C/AATTTIITO OUoTO U T Y
vere Image aklng the polyisp 31s§nyl sﬁ%ﬁ’a of Exam 5% &Y
_,omparatlve Example A and duse@twm them at 4% and 8% py weight in

.v.rn.n P HE Bk evron-100-neutralis

ese resu ts are shown in Tabi 4§ TA 'E 1- CCS and kv %ﬁng of

3IBSOSNa made from “quasi livirgg: and higdnmethyl-vinylideing 7i8.

Sam ih-Pase-EES{eP)ky{eSti-fwtiwty EXAMPLE 1 4% 997
4%95@&“1‘?5%%%%2&{%\/5 EXRIMPLE A 4% 101647499

8% 1285 5.556

This data shows that Exampie 1 (PIBSO3Na salt made from the ‘quasi living’ PIB)
had improved low temperature viscosity performance as measured in the CCS tests at
both doses when compared to Comparative Example A (PIBSO;Na made from the
high methyl-vinylidene PIB).

2. Intrinsic Viscosity Comparison

The 1ntrinsic viscosity, or limiting viscosity number, can be used to characterize the
capacity of a polymer to enhance the viscosity. The intrinsic viscosity is obtained by
measuring the viscosity (kv at 100°C, for example) of a solution of a polymer in a
solvent at a couple of different concentrations and determining the intrinsic viscosity

from the equation:

[nl = lim (- no)/(ne*c)

c—{}

where [n] is the intrinsic viscosity, 1 is the solution viscosity, 7 is the solvent

viscosity, and ¢ 1s the concentration in g/100mL..
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8% 1285 5.556 10 This data shows that Example 1 (PIBSO3Na salt made
from the "quasi living' PIB) had improved low temperature viscosity
performance as measured in the CCS tests at both doses when

compared to Comparative Example A (PIBSO3Na made from the high |
BRI AR TR 9 R GRS R s AP it
visisosityy @ H00tDoMEETSitynpLITI NPIES0, b YaRGIieTRsACRS ZeulRE i ving’

c it a polymer 1o enhance viscosity, The intrinsic_viscosity is.

oL RS S P ST SR B vinylidene

s@l;ﬂbodiﬁéhqzﬁhylﬁﬁoiﬁ B0 dadatoll @@m&s@tﬁﬁ&erﬁfa ﬁﬁﬁ[%ﬁfﬁ{ﬁ;éi@sfzﬁxat we

and determinjpg the intrinsic viscosi m the equation: [Ti] = lim (TI -

Ry . 8 2R S e RGO H P cBBesured

vistihsityarfiliy the sakentsingabsiptoaathfeiglshe®ence EHoNiNgS .

g/100mL. 28 Intrinsic viscosity measurements were carried out by first

measuring the kinematic viscosity @ 100C of the Example | (PIBSO3Na

sdthenable tiatiyvthesapuirgi(liyjvgis EARENEICONdpAHLY ehe Xaapiay of the solution

(PIB%%)\C{%Nas1 It pade from high methyl-vinylidene PIB) dissolved in

RE% TOOR didentoifas tie solvent. The concentrations that we 5 used

were 1.706, and 3.412g sample/lOOmL. The kinematic viscosity was

measured with a capillary viscometer using the procedure described in

ASTM D445. Then the relative V}EEO%TVW%SW% calculated by dividing

the viscosity of the solution by the viscosity of the solvent. 10 Tit =

flsqlution/. ¥lsolvent The specific viscosity (TIsp) is, defined. as the fractional

e B At ST A Fagass yaeosts upon
addition of a polymer, and equals

Tsp = (T]solutinn “ Tisotvent) Visolvent
Since both 1, and ns, depend on concentration, we plot 1y, Versus concentration and
extrapoiate to zero concentration to give the intrinsic viscosity ({n]), which is the

intercept. The intrinsic viscosity represents essentially the volume occupied by a

polymer per unit mass:
[n] is proportional to R*/M

where M is the polymer molecular weight.
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TIsp = (Tlsolution - TIsolvent)/ flsolvent Since both TI, and TIsp depend on
concentration, we plot rlsp versus concentration and extrapolate to zero
concentration to give the intrinsic viscosity ([TI]), which is the 20 intercept.

' T@%% VISCQSI represents essentially the volume occupied by a

proportlonal to R3/M 25 where M is the

polymer molecular welght 29 TABLE 2 - Intrinsic viscosity S LE (in diluent
il.ac.calz latrincie \/i or\!\S:f\l [rs1 (dUa) - EXAMPLE 1 (D|RQO?N salt

K fﬂé‘ﬂﬁl\éﬁlﬁ;{%f?f&)ﬁ&Eo TS HESEORHNIMLE| A

PIBSO3Na 0.087 salt made from high methgdiuinylidene PIB) The higher

he-valueforthe-intrinsic \ncr\r\crhl the bett Crease

SMM ﬁ?ﬁ% Sehasall Wc%?ﬁ?&}ﬁﬁl dditives, oW femperature

prqmitle&@r@Important and a low value off the intrinsic viscosity fof an
dditive-is-desirable-The—data-ilustrated-inl Table 2 _demonstrates_that

E@M%@TEY@M@E ﬁ%ﬁ%% ‘quasi I|\9ﬂ9§7PIB) has

mﬁaﬂdm@aﬁgﬁn@mm-mmmeremm than the [TI] for the

joY)

‘ = 10
methyl V|nyI|dene PIB). Thus in comparlson Example 1 of the present

|mmgmerwrwmad ayyehdinsiGoAssasity v all e Uil NAKBIMRIONG increase
temperaﬂgi chara tee[Hi}T?S 30 WHAT. IS CLAIMED IS: 1. A process

QPR S LEAYIaBS hARYR EHOR AL G AepBRAEgperhes ar
iSofdens MaEHasiiKooPOYMERISIERAGHPIN 8n BNESE W iRGirable. The

Y B RO S UL E 1 (PIBSO:Na salt made
from the ‘quasi living” PIB) has a lower [n] (and accordingly a smaller volume) than
the [n] for the COMPARATIVE EXAMPLE A (PIBSO;Na salt made from the high
methyl-vinylidene PIB). Thus in comparison, Example 1 of the present invention,
with the lower intrinsic viscosity values would have imiproved low temperature

characteristics.
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contacting an isobutene monomer with an initiator in the presence of a
Lewis Acid and solvent, under suitable quasi-living polymerization

reaction conditions to obtain a polymer having a number average
MaRETH GegiBDalsout 350 to 5,000, and a ratio of weight average 10
molecular weight to number average molecular weight Mw/M, of less than
about 1.4; b. contacting the polymer prepared in step a) with a suitable
guenchingA agentswvensopsad gpehobibgtagentidbmetstsaingmgiagi-living
carbocationically terminated polymer to a polyisebutene polymer 1

having at 18aab 58 TRol8 Bereany ek f SRS IERe St o e
polyisobutene pokirienyf stdptitwiticalsufomatieiagepnnen eraiosofe).9

to 1.2 and thereafter.neutralizing with a sourc alkali.. metal or alkalin

carth metal, 2 T HE BB L O i e e on o€ pftRee of o
monofunctiondle®iTAeiprckesd oG |airke? suitmrieinthe-liviiaggralmerization

S o N ISR PR s
2-meth0xy-2-phei‘qﬁ1p§mpaéigh’29ém§i-?5 (ptve AR omadh e’,ratio of weight average

2-ch|oro-2,4,4;[?%%&5%%3%@2% %-‘Qﬁgyg%é}g:g% }ﬂ&j‘g&ﬁ%@?%ﬁ BEM. /M, of less

2-propionyl-2, tane, 2-methox trimethyfpentane,
and 2-ethoxy-2hptafrimethdipentane. 4. The process of Claim 3. wherein

the initiatorys 2iGIRIR2 o MRINMIENIANG: 3.5 TABPIQERSEICLAChing

one of the preceding claims, wherein the Lewis acid’is selected from the
group consistirg®t tirhataby teichhkdiak b ARsFibeiickLs Aherdiragi ving

tichloride, tin tettachigeide. zinc Shlokides @g%}&ﬂ@%@&%@b&@m%ﬂﬁné

6. The process of Claim 5 wherein the Lewis acid is selected from

group consistingvoigitarian 10 teeklpeayentitapibr verraisormicdemian

boron ¢. reacting the polyisobutene polymer of step b) with a sulfonating agent
in a ratio of 0.9 to 1.2 and thereafter neutralizing with a source of alkali

metal or alkaline earth metal.
2. The process of Claim 1, wherein the initiator is monofunctional.

3. The process of Claim 2, wherein the initiator is selected from the group
consisting of Z-chloro-2-phenylpropane; 2-acetyl-2-phenylpropane; 2-
propionyi-2-phenyipropane, 2-methoxy-2-phenylpropane, 2-ethoxy-2-
phenyipropane, 2-chloro-2.4.4-trimethylpentane, 2-acetyl-2.4,4 -
trimethyipentane, 2-propionyi-2,4.4-trimethyipentane, 2-methoxyv-2,4,4-

trimethylpentane, and 2-ethoxy-2,4,4-trimethyipentane.

4. The process of Claim 3, wherein the initiator is 2-chloro-2,4,4~

frimethylpentane.
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tchloride. 7. The process of Claim 6, wherein the Lewis acid is titanium
tetrachloride. 10 8. The process of any one of the preceding claims where

in the qhBSiARERSSpolymerieation tbactionedngitidamare SRIRSIEIHO AV 1cid i

a teragesalyretange,efyeen -60C and -10C.. 15 9. The process of any
one of the precedin? cla?ms,%wﬁggéll%%tﬁé sotgtatbtl%naﬁénéﬁﬁﬁﬂa%%ntbﬁfan trihalide,

dihy@HeRaBY stridirndd. nitogenrediaiding ticmenmbeded 8HMaliS| alyminum
comgnunstgelected from substituted pyrrole and substituted imidazole

wherein the substituents are selected so that the substituted pyrrole or
substituted imidazole is able to facilitate in preparing a vinylidene
termitratébepugenet didrrimbadidivingthz0.carbarationicatiy ¢é ininatke group

polyisob, : laim 9, wherein the quenchin ent

o subst e Sl e S A B RS R S
whereiniagiordifd Rc are independently alkyl containing one carbon atom
to about 20 carbon atoms, R2 and R3 are independently hydrogen or

alkyl containing one carbon atom to about 20 carbon atoms, cycloalkyl of
about 3 th:aBBtETs@{rbdnmee atbesiraihd beabivatl to aboi80ataridoride.
atoms, alkaryl of about 7 to about 30 carbon atoms, or aralkyl of about 7
to about 30 carbon atoms; or b) Ri and R2 form a fused aromatic ring of

frorg% érét%mimmb ofoahy card:)b arf dtenpseoeai_mgliahlaﬁg Rl foMhé quasi-living
carbgp; atoms. to about 8 carbon atoms, R4 Sis a Ey containing one
carbgn %%gm i gﬁout 5 Ic%rﬁ%%d?atfglr]ﬁs,aé%dsﬁ%%e yHtogBYF of alkyperature range
cont&inieronéEarbod diin.to about 20 carbon atoms, cycloalkyl of
about 3 to about 7 carbon atoms, aryl of about 6 to about 30 carbon

atoms, alkaryl of about 7 to about 30 carbon atoms, or aralkyl of about
9. The process of any one of the preceding claims, wheréin the suitable quenching

agent 1s a dihydrocarbyl substituted nitrogen contamning five membered aromatic
compound selected from substituted pyrrole and substituted imidazole wherein the
substituents are selected so that the substituted pyrrole or substituted imidazole is
able to facilitate in preparing a vinylidene terminated polymer from a quasi-living

carbocationically terminated polyisobutene.

10. The process of Claim 9, wherein the quenching agent is substituted-pyrrole

quencher s of the formula:

wherein;
a} Ry and Ry are independently alkyl containing one carbon atom to about 20
carbon atoms, R; and R; are independently hydrogen or alky! containing one

carbon atom to about 20 carbon atoms, cycloalkyl of about 3 to about 7 carbon

3
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7 to about 30 carbon atoms; or 10 ¢) R2 and R3 form a fused aromatic

ring of from 6 carbon atoms to 10 carbon atoms or an aliphatic ring of

from 4 carbon atoms to about 8 carbon atoms, and RE and R4 are
independemiy atklbtehtainrig emeitafhontatamttonabdith30 otataen 7 to about 30

atoms; qrd) hot R, and R3 R4, taken in pairs. independently
form a fused 15{6§é%?%3§ﬁ§ %? Poor}]% e cr(}rﬁs 51 6°CEHSH atoms
or an aliphaticariddRofofmora #rscalrbomratomsntg abbutSscatbon atamsical®carbon

with the Rroyisq. g}lagd}g compound is not a 2. 4-dimethylpyrrole; 1,2,5-
trimethylpyrrole; or 2- .E%F?yrﬁﬁﬁgig%agls%tﬁ%do 30%8&%%3%%%%%83 atoms, Rq
process!dREGY erdaticiaims datb®, athersirethersiitableguenchingadeant

is seleciedfrom e @RUB.AIRSIRNNGOf sUbstiuted marphojine

substitutgd rtr%omorp%é?ine, sgbsﬁtu%dgp gegr?ozt#ﬁanzfﬁe% ﬁprlg\?ilgéﬁr E%ﬁ %Oems’
substitufe@ ridkphefinbois her abmithylanbopalinersanty substioutedtorbout 30
unsubstiiad dhyaropenaR diAiRazing Ao il INERI0e Adi | of abour
phenoxazine. 25 12. The process of any one of claims [to %I,nwhereln e
suitable GieHiihg ateheisiteatected from the group consisting of
substitutetrazle eI IR ANIIQgSn alam ,aRd anoxygen or sulfur
heteroatom, Where|3n_the sunsti.tuents é(r% g&éﬁ% rggét%%tg the” (s)ﬂgs{t?t&toegarbon
azole is3bies o fakititatenis prepatinga dingtidenettenminatediipd bymtem 3@ms,
from & qugsk|ivingepiRorRNpRIRAlbIPIMTIAGE BRMIBOBIENE, 13 0%, bout 20
process of any one of the préceding claims, whereinthe po ylscr)lbu ene
poymer@HRamawmssap b) having at least 90 mole percent

methyl-vinylidene sRNeNtis gharasterized 33 by having a number :
average r%oleculér weighit of about 3%@ t%%gbgb¥%lﬁ% g%re ?Sdo%\ﬁvé@%“ a fused
averag@iORiEu ARV drmecdraanibe raverage thotebataataweight an aliphatic ring

of from 4 carbon atoms to about 8 carbon atoms; and
with the proviso that the compound is not a 2,4-dimethylpyrrole; 1,2,5-

trimethylpyrrole; or 2-phenylindole substituted compound.

11. The process of any one of claims 1 to &, wherein the suitable quenching agent is
selected from the group conmsisting of substituted morpholine, substituted
thiomorpholine, substituted phenothiazine, provided that the substituied morpholine
is not 4-methylmorpoline; and substituted or unsubstituted dihvdrobenzo

[1.4Joxazine, dihydro [1.4] thiazine and phenoxazine.

12. The process of any one of claims 1 to 8. wherein the suitable quenching agent is

selected from the group consisting of substituted azoles containing a nitrogen atom

and an oxygen or sulfur heteroatom, wherein the sunstituents are selected so that the

substituted azole is able to facilitate in preparing a vinylidene terminated polymer

from a quasi-living carbocationically terminated polyisobutene.

15. The process of any one of the preceding claims, wherein the polyisobutene
poymer obtained in step b) having at least 90 mole percent methyl-vinylidene

content is characterized

33
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Mw/Mn of froml.01 to 1.3. 14. The process of Claim 13, wherein the ratio
of weight average molecular weight to number average molecular weight
Mw/M" is 1.1 or less. 15. The process of Claim 13, wherein the

polyisom;taaeii@ ehﬁﬁeetertaeﬁh@yxhat&a@aaueagsﬁ% ABOIR PEYEent000, and a
methyl-vinyliden 16. The process of C| erein the
olyiSon Y B SRR ALl %a&lﬁtéagt £ AT IR esigRveight

methyl- Whnﬂ[e@,efra&u](hetcptopess of Claim 13, wherein the
polyisobutene is characterized by having a number average molecular
weight of less than about 550. 10 18. The process of Claim 13, wherein

the motyistﬁ&)pttemss)mmwjaehbmmawmgﬁa smbgitaveragemolecular
molecular wei tof reater than a out 1000., 9& rocess of Claim 13,
et B i o RV S e

average molecular weight of greater than about 2000. 20. The process of

Clai Whereln chlo etric excess of I n emp ed in

et S T B RS B E S PTG GBS g vine
the prodeicizafistépnole 22rddmeittog of imydkiagea polylsobutenyl
sulfonate-containing lubricating oil composition having improved low

temperature and high temperature viscometric properties prepared by
admixing'an ;ﬁtbcmfsttm?itmﬁimgt Yiseberginwithye polylssmtenyhsulfenatel by having

prepared tb% %Jggr%atl@l PO 'S%Pcuit(a ;r%ea{%} i ﬁgﬁ@%the polyisobutenyl

sulfonaté with an' a e wherein the
polylsobutene is characterized by having at least 90 mole 34 percent

meth lidene, a ber ver ecul ht of a out
5,003( F prlgt(fgscs) \?V%II;]H? a%era%%erlnno echilar t/%/%lé% ¥ to AUMber %\’Fe‘”'ragé having
molecular nveitsht MY obfroninaboeugiit. 01 ks sathoutihotit 230 The method
of Claim 22, wherein the polyisobutene is derived from a cationic
quasi-living polymerization reaction.

18. The process of Claim 13, wherein the polyisobutene is characterized by having

a number average molecular weight of greater than about 1000.

19. The process of Claim 13, wherein the polyisobutene is characterized by having

a number average molecular weight of greater than about 2000.

20. The process of Claim 13, wherein a stoichiometric excess of metal m

employed in the neutralization.
21. The process of Claim 20, further comprising overbasing the product of step ¢.

22. A method of making a polyisobutenyl sutfonate-containing lubricating oil
composition having improved low temperature and high temperature
viscometric properties prepared by admixing an oil of lubricating viscosity
with a polyisobutenyl sulfonate prepared by sulfonating polyisobutene and
reacting the polyisobuteny! sulfonate with an alkali metal or alkaline earth
metal, wherein the pelyisobutene is characterized by having at teast 90 mole
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24. The product prepared by Claim 23. 25. The product prepared by
Claim 22. 26. A polyisobutenyl sulfonic acid composition obtained by
reacting a polyisobutene characterized by having at least 90 mole percent

methyl-pédrdig eneha Rumbesay eragaracieeas waigbtiaf akogi 395Q4out 350
5,000, and a 5 r%i{:ﬁ)f vv,eig t a\@agve molecular weigyhtt numbe
averagdmotdCuf R iERIIR CRFIER ST EEs AR St A ih gmber average
sulfonatinglagertwayzhi hegonpostianehClaim 2oavderein the
polyisobutene is derived from a quasi-living polymerization reaction which
has been functionalized with 10 methallytrimethylsilane. 28. The
compg@sitigmaftkdaior 26wl eimndharpolyisoliiebadaderieddidioa a cationic

quasi-livin lymerization.reaction which has been quenched by a
suitableqﬁgﬁgg?}é&% P”Et%gﬁ‘?b%&eﬁﬁ%’&en containing five membered
aromatic 15 compounds selected from pryroles and imidazoles. 29. The

coms%(%s' ion of Claim 26, V\ék%eg%ltp .thezlgolyisobutene is derived from a
quasf- |\/ﬁ]§ BEISHTE AL RCr A S hich has been quenched by a
suitable quenching agent selected from the group consisting of

substjtuted morpholine, 20 substituted.thiomorpholine, substituted
Shertth A AGEROP o A

hé aérlﬁlbs%i'tuted morpholine is not
4-methylmorpoline; and substituted or unsubstituted

dihydrobenzo[l,4]oxazi eﬁgih. dro Aé]ft}?iazi ea henoxazine. 35 30.
T RN O o e S R e T om
quasi-livindgypalymtarizatioacteaptibbyviich has! bee A quetcheddny methyi-
suitable guengching agent selected fro Qup consisting of ti

aroles 5 g S e B ey O R ena o
wherein thigo sfibstithe nis o selbciddrsodight thersubstituvted gzold dsuddylaveight

to faciltale i PIpAINg,g MYIGens IRminaicg.pobymerfrom a
quasi-living cdrbocationically terminated polyisobuténe.
27. The composition of Claim 26, wherein the polyisobutene is derived from a
quasi-living polymerization reaction which has been functionalized with

methallytrimethylsilane.

28. The composition of Claim 26, wherein the polyisobutene is derived from a
quasi-living polymerization reaction which has been quenched by a suitable
dihydrocarbyl substituted nitrogen containing five membered aromatic

compounds selected from pryroles and imidazoles.

26. The composition of Claim 26, wherein the polyisobutene is derived from a
guasi-living polymerization reaction which has been quenched by a suitable
quenching agent selected from the group consisting of substituted morpholine,
substituted thiomorpholine, substituted phenothiazine, provided that the
substituted morpholine is not 4-methylmorpoline; and substituted or
unsubstituted dihvdrobenzofl,4}oxazine, dihydro[1,4]thiazine and
phenoxazine.
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10 31. The composition of Claim 26, wherein the polyisobutene is
characterized by having at least 95 mole percent methyl-vinylidene. 32.
The composition of Claim 31, wherein the polyisobutene is characterized

by having at least 98 to 100 mole percent methyl-vinylidene. 15 33. The
compasition of Claim 26, wherein.the polyispbutene is characterize
i o A B el AR RELL AR B BEoc aafom 2
The congpasitieingfClain2atioh eraindhevhidjisabuteneyischethicteriadcble
by 20 having a number gver molecular Weisght offgsr%ager tthc<i’:ln out
1000. 358"7Hé ggr%%%nsi 10561 Claim 8?%?1%%%1 Opo}illgc%lu efgis”
characteszedniye havirg e nuntberdaresaggemoleniifar etgtriofngrelatenin the

than about 2000:22:3%:1LRELAMRAsIion oL Sialm 26, WHELeIn N8 iiitate in
polylsobuutene i Eharad erlzedS%y ahavmg 2 ratio o welgﬁt average
molecularapeigit 4o/myinzer sreragedpolgnutaiweightuvbiviMmof from
1.01to %‘a%bg’?'ti-ghe ﬁmtg%ggg{éipfo I%O 2t6 n\évherein the polyisobutene is
characterized %y 46 gvmg ATatd o weléh?a\ierage molecular weight to
number average molecular weight Mw/Mn of less than about 1.1 36 38. A

polyisobutenyl sulfonic acid.salt prepared by, neutralizing the. ¢ osition
o Clatn 36 S e oo gt Tt e AR o
an ashlelss/has# isa8 O5edofopasatializétidnviddlidte polyisobutenyl

sulfonic acid salt of Claim 39, wherein the polyisobutene is characterized

by having a number average molecular weight of greater than about

2,00321 0l caFhpoptlyisobliemy Bduidwiciadidegaltiosdiaime3s chvireresinzad by
alkali mafalSeI5aLee 169 SAHIMOL AOLAPM P Uaefl ot eutralization,
and wherein the polyisobutene is characterized by having a number
average molecular weight

33. The composition of Claim 26, wherein the polyisobutene 1s characterized by

having a number average molecular weight of less than about 550,

34. The composition of Claim 26, wherein the polyisobutene is characterized by

having a number average molecular weight of greater than about 1000,

35. The composition of Claim 26, wherein the polyisobutene is characterized by

having a number average molecular weight of greater than about 2000.

36. The composition of Claim 26, wherein the polyisobutene is characterized by
having a ratto of weight average molecular weight to number average

molecular weight Mw/Mn of from 1.01 t0 1.3
37. The composition of Claim 26, wherein the polyisobutene is characterized by

having a ratio of weight average molecular weight to number average

molecular weight Mw/Mn of less than about 1.1

36



of greater than about 2,000. 15 42. The polyisobutenyl sulfonic acid salt of
Claim 38, wherein excess alkali metal or alkaline earth metal is

incorporated during neutralization. 43. The polyisobutenyl sulfonic acid

salt GieClaisol gidobvhargisulfienkBii dssghepiaraz@ thaneQtdalahauihb @ @aposition
determln% A M test method D2896. 44. The polyisobutenyl sulfonic
acid salt’ 2 wherein the TBN is from 60 to about 400 as
determined by ASTM test method D2896 37 POLYISOBUTENYL
SULFONATES HAVING | O POLYDISPERSITY  ARSTRACT The. hase i
presé}nt invention prow es 1or pon|sobu eny stifonstes) hath ?

5 preparingsdhémneutebiieatiposition employing them; wherein sald
polyisobutenyl sulfonates have 5 improved low temperature and high
temperature viscometric properties. The polyisobutenyl sulfonates are
prepaied by mifsoatieg poliifbabuteitbsaind fézeting thevhpalinsbbptdpigobutene
sulfonate Whtgrglcr% alkaé bm aI or alkallrgg %%rtpametali quutew it I}f{ 0 ¢ oreater than
polylsobustene i eharad erlzeﬁgoy aving at {65t 90 Riole per 8
methyl-vitwlid@i®0a number average molecular weight of about 350 to

10 5,000, and a ratio of weight average 10 molecular weight to number
average molecular weight Mw/M" of from about 1.01 to about 1.4. (No
suitabdie figaeig8obutenyl sulfonic acid salt of Claim 38, wherein an alkali metal

selected from sodium or potassium is used for neutralization, and wherein the
polyisobutene is characterized by having a number average molecular weight

of greater than about 2,000.

15
42. The polyisobuteny! sulfonic acid salt of Claim 38, wherein excess alkali metal
or alkaline earth metal is incorporated during neutralization.
43, The polyisobuteny! sulfonic acid salt of Claim 42, wherein the TBN is greater
20 than 0 to about 60 as determined by ASTM test method D2896.

44, The polyisobutenyl sulfonic acid salt of Claim 42, wherein the TBN is {rom 60
to about 400 as determined by ASTM test method D2896.
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POLYISOBUTENYL SULFONATES HAVING LOW POLYDISPERSITY

ABSTRACT

The present invention provides for polyisobutenyl sulfonates, methods for preparing
them, and composition employing them; wherein said polyisobuteny! sulfonates have
improved low temperature and high temperature viscometric properties. The
polyisobuteny! sulfonates are prepared by sulfonating polyisobutene and reacting the
polyisobutenyl sulfonate with an alkali metal or alkaline carth metal, wherein the
polyisobutene is characterized by having at least 90 mole percent methyl-vinylidene, a
number average molecular weight of about 350 to 5,000, and a ratio of weight average

molecular weight to number average molecular weight My/M, of from about 1.01 to
about 1.4,

{No suitable figure})
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