COPCLYMERS MADE W TH QUASI - LI VI NG POLYCLEFI NS AND
UNSATURATED ACI DI C REAGENTS, DI SPERSANTS USI NG SAME,
WRNDINEIDHODS OF MAKI NG SAME FI ELD [ 0001] The deGrUs®en037517
subject matter relates to copol yners made vi sing
pol yol efi ns and unsaturated aci di c reagents,
di spersants using sane, and nethods of maki ng sane.
~ BACKGROUND [ 0002] Copol yners of polyol efins and
COURE A MiEidtSed Adul W IdH @hﬁgﬁeﬂﬁﬁ‘o Ha Gl spaesams suNdey &fﬁi Dm{ ATED

<GO0RaN nlubrlcants fuels
AGRTE: RESTSES Mo E PR Bsble bky RSeh bt EnGs (B kNG
succinic anhydri de (SA copgg{mgers commnly referred
to as "pol yPIBSA, " are conventionally nade by reacting
PIBwth maleic anhydr| de and a free radical
initi Bk Optionally, the polyPIBSA is then reacted
with a polyamne to form pol ysuccinimn des, or
mm}ggﬂ;ggﬁf%aﬁg Lol \ég%i'aéiggﬁ% fo gé &ig xf{%ﬁoé{azg S ﬁsizﬁ%wswweﬁﬂs and
unspghipRBEA @ngkbnis éspokagansng sess, asd Gwethods Sf wRRREREme.
Nos. 5,1 12,507, 5,175,225, 5,616,668, 6,451,920, and
6, 90 - ntire contents of each of which are
her e%%w J{ S e@ed herein by reference. (0003]
However, pol yPlIBSA and di spersants nmade from pol yPl BSA

§3}§{u$| ngC @Qﬁ‘\ﬁﬁﬂtﬁ o0 paly o ERD QU HenBAtd ARG S&ALKK YarkaN §ersants made
propriate propertles to be useful in a variety of

{m“}: %’zﬁaf‘fe§1“‘& 3@6%‘“@&‘&@ san ldwivoaint el atndo vm&*ﬂsﬁzmam dfcorexampls,
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“polfRABS A Nate u@@»ﬂ@t{ma}ﬁmﬁm@@ bﬁtaﬁci‘fxzq;r Pl Wit bvedds kit ddhadesa free
enabl e.t he se of ¢ PIBSA in_.lubricants
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polybemineRd doineRROLNABES .S %‘ﬂzsé%‘g BRtYR BSAno@ths. For examples
di spersants nade from sane, having appr opr ate

of mpihegert masng op VIS A and oy of Mhonse. o d FaPiietyNed 3,112,507,
5,1 "@M'im“t & ﬁfs’f,mfﬁ, 6,451,920, and 6,906,011, the entire contents of each of which are

hereby incorporsted bersin by reference.

{8803 However, polyPIBSA and dispersants made from polyPIBSA using conventional
methods do not necessartly have appropriste properties to be vseful in 8 variety of climates.
For example, conventional polyPIBSA, and/or dispersants made from same, mav have a Cold
Cranking Stondator (CUS} visvosity andfor kinematic viscosity (kv) that is not appropriste
for all viscosity grades o enable the use of that polyPIBSA in lubricants bstended for harsh

winter olimates.

LR Thus, there is & need for copolymuers sech ag polyPIBSA, and dispersants made
from same, having appropriate properties for use In compositions in a variety of elimates,

e.g., & iemperatures below §°C,



e.g., at tenperatures bel ow OC. [0005] Provided herein
are copol yners nmade by copol yneri zing a quasi-|iving
w@iarwii n with an unsaturated acidi c reagentPCT/US2009/037517
di spersants nade using such copol yners, and nethods of
; 134-0006] Under one aspect, a copol yner of

at-tit-ated aci dic reactant and a hi gh nol ecul ar
melght ponoIefln wherein the polyolefin conprises an
{068 0- oPefidrdbherdi fatehighas! mAdo NG pBRhel-afi \ﬂqml\ lving polyoletin
" rovided. [0007] In some enbodlnents the exo-ol ef
Wit B AR S PR ﬁgi‘tﬁeﬂawieeﬁsi Eid ﬂ‘&\i«ﬁi’“ sugpakaty: m& methods of

rmi»ﬁiws% wel Ormng a quasi-living cationic polyolefin under
suitabl e quasi -living conditions, and subsequently
contacting the quasi-living cationic polyolefin with a

ﬁﬁ%ﬁﬁfﬁ:encﬁt Wiy oag em\ ;,s elceptietiet of wonuettaddne it agicabd MdWhigh
gationi X in to the exp-ol efin terninated

. &&a ! 5 éﬁk} e 361* Br‘%"ﬂ e ?ﬂ%\‘g HERERIPHEC HeHe-Uai Baninated

ng‘@iﬁi@%@g@l &in & mlge@ggg one of a substituted pyrrol e, a
substituted i mdazole, a hindered secondary am ne, a

hindered tertiary am ne, and a
H8dY hy dirosae @WWW@W mw\w{ @@@@Fﬁhﬁdkﬁomwénbmdmi‘MDw s

;31*{::{%@& UASH sl bVl NG. a%t{ ztp (gm\;éi el “Bﬁ‘f‘%( ”.z R Qua\z»ﬂv ing

contacti hg a cat

\.{\mbmis?y\rrﬁki \Zﬁal@k@x MONQRIRLRG i?(:@ liiﬁh;zﬁ& fiS QD b n&r@%vm £09@B & puenchiz g
initia |nthe presence of aLeV\ns aci d and dil uen

ageny e isﬁ bt ffm&ﬁ* NG FFOBEII GRS OGRS Byi-plsfin terminated
anash- Q0 A8, B it\eri‘sb‘r@k dend (?ortgi} nated i\gq‘l\ﬁxgbi%f b Wk bR & g

Lew s "aci d. he ©0 yrer “of 't Fesen
<zﬂ'sbtmmemm@‘ﬁt‘ @am\héu fz@mmid *eby cond@et éngnd Jae a0k @fddored tertiary

s n‘{ ﬁiﬁng RO %1 yolefin.wth the unsat urated acidic
“”Fegc SRYTRCRRETEIESEHE® of a free radical initiator,
such as a peroxide. [0010] hi sone enbodi nents, the

{6006X0- Ohefch® higkiNAte dh PNl ehl RallaS: A IDNINE %‘éﬁ AGQired by
mol ecul ar wei ght bet ween about 500 and about 1 5

{a} y@i‘i‘“@xl‘ii‘i‘b@ﬁ%‘@ﬁk‘aﬁ@ﬁ‘tﬁt@b@\‘éﬁda HHOU IMBTO0ET {Bcg.as zs&gémmn} with an
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16609 The copoivmer of the present invention can be formed by comtacting the exe-

olefin terminated polyolefin with the nosaturated acidic reactant by the prosence of a fise

vadical indliator, such as a peroxide,

L] fsome embodiments, the exo-olefin fevninated polvolefin bos & munber average
snlreniar veeight betwean about 500 and sbout 10,000, e.g., betwson gbout 800 and abhowt
SHHY, s, between about S00 and sbowt 2300, or, 2.8, belween about 2000 and shout 4000,

fit sore embodiments, the exo-olelin torminsted polyohufin hay wn exo-olefin end-group

cortent of of heast about $0%, or at loast shout 9196, or at least abowt 92%, or at lsast shout

AL

Q3%%, or at least about 9495, or at least about 83%%, ov af fvast about 96%, or st least ahout
97 %, or at loast about 98%%, or at foust aboat 99%, orabout 100%. I some azs\}\\mmw\ the
polyoeleiin has o dispersion tndox (13} of Tess than abeut 1.4, or loss then ghont 1.3, or less

than aboat 1.2, or loss than about 1.1, orabout Uik

P



content of at |east about 90% or at |east about 91%

or at |east about 92% or at |east about 93% or at
wo e@gt2e@ipdout 94% or at | east about 95% or atPCBHHS1009/037517

about 96% or at | east about 97% or at |east about

%N @ Qut, 99%. or . 100% In sone

mﬁgﬁr‘r‘ood %ent S, fz&%\k &“*B i’q ‘Ii""(%? %?Pz%aﬁggg %i on i ndex

(D) of | ess than about 1.4, or less than about 1.3,

or lesst!than about 1 2 or less than about 1 1 or about

10[ 001 § The unsaturated acidic reactant can be of the

formul &8 wherein X and X are each independently

sel ectféd\tromthe group consisting of -OH, -d, -

O I'dwer alkyl, and when taken together, X and X are

- O . iiFor exan‘pl e, the acidic reactant can include

maligt c anhydride. [0012] In sonme enbodi nents, the

copol'y(re,r"' has the fornmula: wherein nis 1 or greater;

whereifseither: RL and R2 are hydrogen and one of R3

and R i r& | ower al kyl and the other is high nolecul ar

wei ght ¢pol yal kyl, or R3 and R4 are hydrogen and one of

Rl and R2 is |ower alkyl and the other is high

mol ecul ar wei ght pol yal kyl; wherein the ratio of x:y
““‘T\é“@ Mewd ¥hans3hindodadetly agletisd &mﬂ dastowd a;(oe\?gtiw;w of w0, ~

%giivk\@ie‘ %ﬂﬂg Ag)l&i‘i ﬁ**is%gpéap%%f“%% “r"e%ﬁ e*r"af‘}?rg‘“ntﬁr‘m‘““’ regetang

cax eglah ‘”!t:@:hlx@&d@z i¢. between 1 and 20, or between 1 and
10, or betvveen 1 and 5, or between 1 and 3, or 2 or
er). The gh nol ecul ar wei ght pol aIkyI can
%ﬁg cl Lﬁé‘e":‘%wﬁd} Yugﬁb’lﬁ e *@%“aﬂﬁ%é@ﬁr%i@ﬁ“ﬂ% #ast 30 carbon
atons, or at |east 50 carbon atons. The | ower al kyl
can be a nmethyl. [0013] Under another aspect, a
pol yducci-ni m de prepared reacting (1) a copol yner
of ar unlgaturat ed":am di c reactant and a hjgh nol ecul ar

wei ght paolgzs, etrn er*e{}n\the pol yol ef { npol yam ne
having at |ea§t two b@sic nitrpgéns, Rorim xtures
ef aspect, a

haj.or anount
i nor anount
of the above-nenti oned pol ysuc provi ded.

[ 0015] Under anot her aspect net ho of ¥ raki ng a
copoliymer conprises formng a quasi-livingy high

nol ecul ar wei ght, exo-olefin term nated pol yol efin;

and contacting the .
whersit s s 1 or greater] wheveln cither: Ry and B are hydropen and one of Ry and R is

theregof ,iis pr V|dedf[001] ddr anot
I ub&=+ea+~ag—<~>4—¢ %npés; S
of an oijl. of lubricating vnscoEl tgy agd

lower atkyl and the other i3 high modecnlar seeight polyalkyl, or Ry and Ry ave hydroge and

o

one of Ry and Ry 13 lower alloyl and the other is Mgh molecular welght polyalkyl; whersin the
ratic of xoy is less than 3ud, wheredn % 13 af loast 1 (8.8, between T and 3), wherein v ia at
feast | {e.g. between 1 and 33 and wherein o is groater than or egueal 10 1 {o.g., between 1

and ;2{}? or between 1 and 10, or between 1 and 8, o between | and 3, or 2 or grosder), The

afom, o gt Jeast SO carbon atoma. The lower ﬁ}k}-’} CRR %m # meii&yi\

81 Under another aspect, & polysaosinimide proparved by reacting (1) a copolynier of

an unsaturated actdic regctant and & high molecular welght pobvolefin, wherein the pobvolefin



pol yolefin with an unsaturated acidic reactant in the
presence of a free radical initiator (such as a
WEeosntwe) to forma copol ynmer. DETAI LED DESCRPEIVUEN09/037517
[0016] Unl ess defined otherw se, all technical and
conffls 0] LiCoib OF B Useds hetsin, have the sane neaning as.
R ocomm\r? ‘§/ ngts%éid“ “b[ o‘ﬁé "g‘r‘ Rary*'s ﬁ‘l'?l*f %“ thes @
pobamtine havithet §e&5@ Bt b o atrb@dff& & aixdupd theadol 1Y p@kided.
definitions for a term used herei n, the definitions
s POV n this secti preva unless st at ed
zsg}g{%her gn‘*ﬁ*e‘ TPHHTHFCNs R IR é’d *h*é% %‘k PP ESHET P B ReT gairp amount of
an 13 GOTRAUNG: Ofsob Bk MMb B O WhR LR RelbSsludrooay dmide
[0018] As used hérein, "al kyT refierls ti’o?a carbo K\W uecigimide s
proviEln or group containing from1 to 20 carbons, or 1
to 16 carbons. Such chains or groups may be strai ght
WW% ) b;?ggﬁg&} h@ﬂ?ﬂ@%@g Yo *wkiyi ‘\?{i\gypsu o %5 ﬁ{‘{lx;‘r S i’hz‘mim a
31“303‘@@39“ nm%smﬁaxt\ysb ﬂmeﬁ%&fm i»ﬁﬁﬁmﬁ&ﬂ ydiw ieal‘ztmﬁlé('&gﬂmf:m the

N ggﬂenl neo %59 tert-pentyl, or i sohexy! ‘
palygk *‘h & HESoRpEG Feidioepotant gy %’Fs‘“%’b“@&}i BotechdHsngietor (such
a5 a GEQMPE: t}aw“gg“&,gm&rcar bon atomto about 6 carbon

atons, [0019] As used herein, "alkenyl" refers to a

car bon chal n_or gr_\ou containing fromz2 to 20 carbons,

or 2 BRITdIAd} BESERAMHEIM n the chain contains one or

nor e doubl e bonds. An exanpl e includes, but is not
ﬁﬁil{ me:i]isﬁ "‘%«:g; og(* glﬁt‘y& ‘w(g 8%%8&?31&@?@99 mn% g%gﬁ&é‘dﬁ {]18{‘?{& have the
sama rmrtuhreg st isatunatie dm@f: @uqm RﬁAﬁa ag&hﬂ&eﬁmkmc«&ﬁ bonhebal By the event
N *ﬁ group may. . Tie Sybstityted with i}rﬁje»or“ mre
B FETR B RS *ff@ HYAR S5 REATT “«“‘6 AL EH AR b Ry gpgrovided In this
sectiSQ kLN u&%(@»‘%&iem&ﬁnﬁﬁ,& pl e bonds. [0020] As used

herein, "alkynyl" refers to a carbon chain or group

contai nin from2 to 20 carbons, or 2 to 16 carbons,
H01dher efnichdenhai aicolont st toneospowmska fowingke bonds.

An exanple includes, but is not l[imted to, a

propargyl group. The triple bgngyof an al kynyl

wherein B iz hydrovarbyl

{8018} As uend bevetn, “alkyl™ rofors to & carbon chain or group containing from 1 10 20
carbons, or 146 16 carbons. Such chatns or groups meay be stvalght or branched, Exemplary
alky? groups hereln include, but e not limitest to, methyl, sthyl, propyl, isopropy, isoluyd,
nebated, seo-butyd, tert-butyl, fospentyl neopontyl, ertopentvl, or sohexyl. As used herein,

“lower alkyl” refers to carbon chaing or groups having from 1 carbon atom to about 6 cabon

afones,

LR Ax used bersin, “alkenyl™ refors o a carbon chaln ov group contadning from 2 o
2 carbong, or 2 15 carbong, whereln the chain containg one or more double bonds, An
3

exarnple inelades, bt is not Hmited to, an allyl growp. The doeble bond of an alkeny! sarbon

chain or group may be confugated to another upsatiwated group. An atkeny! varbon chein or



carbon chain or group may be conjugated to anot her

unsaturated group. An al kynyl carbon chain or group
woreapobz9osiibst i tuted with one or nore heteroat oPGT/USI009/037517

al kynyl carbon chain or group may contain one or nor e
srEloMbl 8- bandgy Heed, Nel 5 v LENS LO e

e hacyal ] e I bhe QR DE L AR LR S v
mlﬁ%®m¥%@@mﬁfﬁﬁdeahdwmdso car bon atons AryI gr oups

include, but are not limted to, quorenyI phenyl, or

0 pht |y sed. hene Ny |" refers to
iﬁ}ﬂ% *@é lmad[ 89%5‘11 Bist r&%‘u RIS &W&»\ A Aaﬁ{ cy gésag;ty %{gpd,rgkw;‘ﬁw fram T o

“gaﬁkmmyk ioﬂﬁ&hﬁ%ﬁyku@&ﬁﬂﬁwtﬁ@@aﬁk,ﬁﬁmﬂ§gﬁwﬁ@£§[ﬁ%‘wnda An
| kyl" refers to an akyl, alkenyl, or al ny group
‘“x‘}%%é"ﬁ‘t ditedtit b latiiaddast Pone st gy biﬁp“n@ﬁ g ofAg alkynyd
cartig 8diher <l i t1.C.f d. L1.DY, fer
R R R R R e e e Sy A
xh&pyrgﬁkgnmﬁ@ﬂW@%&@F@\WHﬂ@&sﬁ@ﬁnth@kﬁhﬁ@Wﬁhﬁ&& Qﬁﬂﬁﬁ%m&u¢&ﬂoa
«zwa e .t he gg : 5ﬁ I n1dazo|e ring. An exanple of
Y ?us“e AP SHaET COF WYL enzo group fused to a
pyrrole ring or imdazole ring. A fused aliphatic ring
ﬁim@y bas Ry Heyh e T AGas b YELUPE liV LA liR  BPYERRNE crowp
ring or imdazole ring. [0025] As used herein, "an1é
O*ﬁrﬁé*fi‘ef%*‘t‘ LA “‘iéﬁﬁﬁémﬁwﬁdﬁﬁ fogramiia: Aharein tRIRbERee tot Himited
tmﬁ@&&,ggpﬂg@e&nq}%%“yg hydrogen or hydrocarbyl. [0026]
erei n am ne" refers to a conpound of
formul a: wherein R1-R3 are each independently hydrogen
{08k hy%l? m‘éﬁ@yﬁ:&@@&lﬂxtm*ms gduheregonp Seathosbiinn! vanndus alkyl,
fronGaLbe g] . refer to a p05|t|vely char ged carbon o
&““}tﬁﬁ“?ﬁﬁ éT“ﬂs used herein, "carbocation tern nated
pol yolefin" refers to a polyolefin contai ning at | east
[HI0he carhedabion” &nﬂagr&%stﬁ%aﬂnteﬁwhﬂC*Hﬁ@&nﬂ%&nﬂ;&%ﬁ&mﬁd
not limted to, conpounds of the fornula: [0029]
with 3 S8SHEE S £°®hai n end concentration” refers to the
sum of the concentrations

AR & Az wsed hereln, “sromatic or aliphatic fused ving” rofors 1o the ting formed by two
adiscent earbon mtoms oix & pyrvole or imidazole ring, snd the ring thos formed s fused 5 the

pyrrole oy imidazole ving. An example of # fused aromatic ring I3 & benz group fsed o a

pyrrods ding or imbdarote ring. A fused aliphatic ving reay be any oyelic ring structure feed

R

W a pyrrole ding or imidaesde tng,
FERS! As used hereln, “mnide” refers o 8 compound of formula:

o
TR R,

wherein Ri-Ry are eachy, independenty, hydrogen o hydrocarbyl,

EHERGE As used heretn, “anvde™ vefers (9 8 compound of Sy

wherein Re-Ra are each independently, kydigen o hvdrocarbyl,



of olefin end groups, tert-halide end groups, and
carbeniumions. Wien a nono-functional initiator is
waeig@d/1290h® chain end concentration i s approxi NeCEU§2009/037517
equal to the initiator concentration. For a
ol ti akunet honal “daMHob @l Olng V‘P@Fx ML aw;u“x‘:& 00ALEEY T charves
the initiator equals X, then the chain R AR
catteBREBRt ration is apprOX|nater equal to X times the
initiator concentration. [0030] As used herein, "chain
dgiansheragent; efiers: 1.9, .8 conpound. whi.ch.
§{?€§§.§|}n or Change?yl}i S g}é&%%;%z@ﬁg%ug%n? %‘41@, giaf;%e Bhme B ﬁg;[ letin
\‘mfitm?lfﬁ 5§ 31’16‘/\[3‘3&&&*9@1&"&@“4%} fahpeols ;GIOBéldmﬁsQ wskd: her Qh;rho frratod 1o,
o ' | t" refers to an ionic salt that is
‘i%b? ﬁ%ﬁf 0&8 d to a reaction performed under
quaS|-I|V|ng carbocationic polynerization conditions
to prevent dissociation of the ptgpagat|ng car beni um
ion and counter-ion pairs. [00321\ﬁs used herein,
“conmon ion salt precursopwﬁje$erSMmQ an ionic salt
that is optionally added to a reaction perforned under
quasi -living carbocationic polynerization conditions,
e T h‘\gewa‘r%at\és “einted cantongidhihaticane todent 08k ol @enirationy
ose of the p ing chain ends, via in situ o
ot f’@@éét‘ﬂi S ti f‘g’vﬁ*‘ég Qe &E%‘B@ﬂ‘mﬁé g e d¥ ey eifne-fanctional
VHRM@OHQngﬁkaﬁghgﬁan»iﬁ L6631 wkﬂ%pﬁ%ﬂ Qyttgfm;&%ﬁgw
addition of a carbocatlon tern nat e
somgngtthes h@@) ktymi@f*umieﬁ}@%a}sm&s‘,\h@aﬁe kmmet aptity di thadmtilor oquals
. iy FE“G i‘ £ Qﬁ‘h&“ﬁ&’“k“ ‘r“%‘dl““"‘%%‘ﬁm ¥ “f?tfrgi Coqp?%gw‘“ﬁ%%
comeoppaunds. Diluents may conpl etely dissolve or
partially di ssol ve the reaction conmponents. Exanpl es
- Eclude Uyt are not linmited to, hexane or nethyl
B38h| ordigess @F“ﬁﬁ X PR FReRErest FO0RST AT RS HBichiHerchanges
is %&n di JWQ Legal M&m&%w hiedes o LEL @hSehi@nRgompound of the
formul a: wherein é are each, |ndependently,
- drocar byl . [0036] As used herein, "electron donor"”
ot gf erdss wgd Rowdl, Souliaon frat sl zst:*afpéb e ipfic ddriabiin gpidonally added

th
e aR%@igﬁr‘ kiney %%E%%E {; fﬂ? h‘ fm{f”\}o}ﬁztxgié‘smgi=m F‘gém{%‘s‘m&é‘ ﬁg 112%:{3%3';30 proven

&m&&ﬂﬂ&h@xw@ ,.tphnduem Bera@hden mkUERRRE- 1 @xaaR! es i ncl ude,
but are not limted to,

3 A used hereir, “common jon salt precursor™ refers 1o an fonde salt that i
optionally added to a reaction perftomed under guast-living savhosationie polymerization

conditions, which generates counter-anions that are identival to those of the propag gating

chain ends, via I siu reaction with a Lewis acid.

BR33 As used hereln, “voupled polyelefin™ refers 1o the product of the addition of a

carbozation terminated polyoletin to another polvolefin

{834} As ysed hereln, “diluent™ refors 1o a Haud diluting sgent or compound. Diluents
may b a single v @ mbxture of tvo or more compounds, Diluents may complately dissalve
or partiaily dissobve the regetion components. Examples include, but are not hmmi

heorane or methel ohlorids, or mixnwes therend,

A



bases and/ or nucl eophiles. Further exanples include,
but are not limted to, nolecul es capable of

W@b@vn20013 ng or renoving a proton. [0037] As uBELIUS2009/037517
herein, "exo-olefin" refers to a conpound of the

sefgr rru}\a\;wess&duﬁ Rtk @ity de® eforst [ &

E e?hyl [ 0038] As used hgﬁgﬁﬁﬁ@&g;{% o{g({;l{r{%t‘éﬁ&w&d“ the formuia:
or "exo-olefinic end group” refers to a term naI
olefin moiety. [0039] As us&d Kerein, "halide, "halo,"
or "halogen" refer to F, d, Br, or |I. [0040] As used

qugggglqﬂu Q£AA§$QM ml;\gugrg3 0%%£$novalent | i near,

ains only carbon
and hydrogen atons. [0041] As used herein, "inifer"
‘3‘&%&1‘ er 8s berddwoonpelndos Haztnz Apdfsrs &S s BOE AN thRbRI of donming «
and, (8.8 chain transfer ag ? [0042]. As used herein, '
paitdl FREFERGP “*‘“Fié“f‘"efigk‘w %fam%n Wd% et BROVI: dagted 10, nwkcuim
capab@l BReat Ofng ﬁﬁﬁ@ﬁl&%ﬁz& fclude.. buk, a:}@ﬁ, mﬁ\‘%ﬁ»\ lH 5& *9 od {6,
conpounds or pol yol efins mnth one Or nore |ar é
baseg paips i bt | Brder paynibe inonds, ﬁmma nonasimm £, *m:? \{.i&s;,
i : l..As, used herein, "nono- functi onal
&dﬁﬂy:%&%%ggﬁg{% §F§‘PS SR tiator that provides
approxi mately one stoichionmetric equival ent of
{30 ar botaticdhw el dtkveletio” kikbk kak obhmpdsiduset:: hemeln,
"nulti functional initiator" refers to an initiator
that provides approximately x §t0|ch|onetr|c
equi val ents of carbocation relallve to initiator,
wherein x represents thexhurtti ofality of the
initiator. When a nono-functional initiator is used,

sl ; end .concen tion Jjsapproximately equal to
“h§¥ﬁ%§ﬁh?§r3 B icoh @ﬁ%?i??ﬁﬁ“ For a nulti-functiona
initiator, when the functionality of the initiator

gﬁ%ﬁﬁégual 8 s)&mii&hﬁ:ﬁn t'aer-chah ke Bdhe0Rc aRbEEETOD cRUNRLE" Kofirs to a
séthe initiator concentration. [0043] As used
“’Wiﬁ@fféﬁ‘ n oGl zed pol yol efin" refers to a pol yol efin
cont ai ni ng at | east one carbeniumion. [0044] As used

03 «sfagr ig%atb Q%w\:a aghidic hehers Ro8.enem ok, @kl ty it hat

D] As used heveln “hystrooarby ! vefors tooa monovalent, Huear, beanched or ovelic

gronp which contains ondy carbon and hvdrogen atoms.

041} As used herefw, nifer™ refors 1 8 omypend that aoty a3 both an Inftdator and

chain transior agent,

0431 A used hersin, “initiator” refors to o compownd that provides a carbocation,
Examples nclude, but are not Bmited to, compounds or polyelefing with one or more tertiary
s groups.  An initiator may be mono-fungtional or multi-functional, Ax used hervein,
Umono-fanctions! inttiaie” refies to an indtiator that provides approximately ane
steichiometrie squivalent of carbocation relative to initiater. As used herstn, “malii-
functional inftiator” refirs 1o an inttistor that provides approximamiy ¥ solchiometrie
spdvalents of carboration relative to Initistor, wherein X represents the functionality of the

mitiator. When a nwmno-functional nitiator s ased, the chaln end concentration is

-, «}‘



accepting a pair of electrons. [0045] As used herein,
"mononer"” refers to an olefin that is capabl e of
w@emsbiizgony with a carbocation to form anot her PCT/US2009/037517
carbocation. [0046] As used herein, "nitroal kane"
applefeisit@ulNG e Whessl BaR: k alkes - o
aryl . al %aryl o?\rmar §|\k§/ 93?*[%?1@!'& %"xi Asg LiKex Q’iﬁ‘wn%& %Xi@%sf when the
funetgnply ge ﬁhciéiﬁt\*a%fmm@\ fr e Henbaingdd avmtrmmr Nag % X times the
in%%ﬁx 5§aggﬂp¥rroles and in dazol es containing between
two nitrogen atons in an aromatic ring, and
' haV|ng fromabout two to four al kyl groups contai ning
E%‘%ik‘f"’ﬁ om aboutd! ikrdar bonzal gnydiciabeits 20: Sar80hn abQMBing at least one
8 ached to the ring. One exanples of a
kﬁiﬁ”%? Gé&n- cont ai ning five-nenbered aromatic ring
compound is a substituted pyrrole. [0048] As used
BT el As niakean IR IIREE" Qferald « RLAGME LSy ﬁ@t;@{ Suph Ie of
the proportjon of the nunber of noles of a part é
BCCHHRBY AR 6f C|oF¥Het i on to the nunber of noles of al
products of the reactlon mul tiplied by one hundred
110459049 « hetel, . \ .
(00O s SR "Bl Bl R EPLaR BRER ool (e Sl wina
wmﬁa&pmmynamnt@htmﬁummnbﬁﬁwaverage nDIecuIar MEIght of
t he polyner and is reflective of the distribution of
rsi ndex . of

100489 SAt Blea RS nl B BR LR o Db P b A igMET wrllnt ateynyt,

srvldilspel st galidvpdex of greater than 1 indicates that
there is a di stribution of nolecular masses of pol yner
gzal ns in ol ymer. [0050] As used herein, proton
i{““a cepf\bwﬁr‘%ﬂ@? ol COMBBHHG CapabPEsd s raivniges o

@inr“Q &Q{fa{i@@%h\a&m’f@sq h% &l D mQX{AthLr Q%&%l vatl v e ring,
of

refers to a conmpound or mul a:
and R&imRhf?*naﬁ*ddw‘@ar‘émeax&% sxndse pemfdmm.gl ‘yqazlaydwidg@msmr\wm 1o abow

20 ’*Qf\égﬁ?ﬁc sgﬁ\b%pgn% nl 4 é;b eﬁié,e nxﬁ}zywr%}%ﬁgx iét&\.él ‘}ﬁﬁjﬁﬂ‘i}% &gﬁ ﬁbcmbu;,&
aron@ficabQubndot@l RRoMbsfugabenizat oms or a fused aromatic
ring of about 5 to about 7 carbon atons. [0052] As

ed herein, "quasi-|liuvi n% car bocati oni c ) i
§§§§~‘§gg| yn’é? 53\,2\3@7{; Bt BrarE by patte phpld prdpgs” refers to the ;3:(};{3(}2‘2%{)&} of the

manaber of mcles of @ partivular produect of a reaction to the muamber of meles of 2l products

of the reaction multiphied by ome hondred.

{8049 Az weed hereln, “dispersion fndex” or DErefers to the ratio of the welght averags
moleoudir weight of @ polymer o the namber average molenular welght of the polymes, and
1 veflgotive of the disteibution of melecular masses in o polvmer, & dispersion index of 1
twdivates that the polymser I wonodisperse. A dispersion index of greater than | indicates

that thers iy & distribotion of molsoular masses of polvmer chadng in the polvmer,

[OSH  Asused bersin, “proton sceepten”™ refers 1o s compound capable of abstracting a

roton,

LIRSS As used hurain, “pyriding devbvative” refors 1o 2 compousd of the formula;



quasi -living polynerization conditions that allow for

the formati on of quasi-Iliving carbocationic
wWEiogatwis ns. [ 0053] As used herein, "quasi-|iRECHYS2009/037517

carbocationic polyolefin' refers to a carbocationic

pol yol efin that has been faggnedyundgr quasi-living

poI ymerization conditions. [O 54T As used herein,

‘quasi -living polynerizati c%n" -*\r\e»f z3

pol ynmeri zations that pr oceed in thés absence of

i rreversi bl e chain-breaking evehts. Quasi-|ivi ng

pol ymeri zations proceed by initiation and is followed
wheB¥n B GRagat ik 00y Whek.el m 4y, 9‘3@3@@9@%&@9‘&3 {E \ék\”agi ﬁ%‘% %kx@ K;; or Ry and

are in eqU|I|br|umW| non- pr opagat” nons= Nt ’
Ba, @“dl*»yﬁér e haRngnd RO@SE) aAs Ry s&ﬁlﬁmﬁﬁﬁﬁmhwhqu‘&sw Aplfgring of

N ri.zation conditions ‘refers to.r actl

m**“%on PRS2 R G ot BORLAFIGH R BriRgri S abrer ebon stoms.
occur. [0056] As used herein, "quenching" refers to
80528 aCt {mg\:@ Hear etk Qﬁ QbR ﬁ&ﬁﬁ@@ﬂ@ﬁﬂ“ﬁg& AgeRbditany” refors io
%g used herej.n, quenchl ng agent ‘refers to a

quss ﬁﬁ&lﬁ’ﬁéﬁ THERUERE ““%th‘éi*ﬁiaiﬁ B voe N EHRDioh arasdRviNiet h

w\@@@iger\)cgmggnd react with a carbeniumion. [0058]
used herein, "termnation" refers to the cheni cal

reactl on t hat term nates a pol ymerization process or a
{883ghenchs ﬁf@«ir&eam i QWW d’e;sw&ucem@m mﬁ\ faisfkevw& a6 dosrboationis

ers
polsbRRtheu R KRR Cultr el AR Bt e
process or a quenching reaction, but may not
1895} mul sanedistay, i"giagtsii*&t Big @wmvp:@hyzﬂeremhﬁ* #i:006QkAShat
her.ei n, ert-h e tern nated ponoI efin'
““i*%f Bl g %ﬁ"“ﬁ%ﬁ?&ﬁéﬁﬁq R EBR R s tatdfeiddting pelymerizations

‘"smit. Q\I ?W %Eﬁ’zt;h% 68 80 dwg& Wﬁzéxﬂlﬁ%agﬁé‘@ml ;‘QQ;I) Liﬂﬁﬁa QRF’%@ éagﬁfi:‘iﬁ%s are

lTimted to, a conpou or nul a: ‘wherer n
n chidiflogen with0oethoughiessinotHiotw pelyspechiined, al |
percentages are in wei ght percent. [0062] Thi S

ﬁ?&’ﬁaﬁ P L 9 lsri?g leg(.‘?] g ‘{ast g? [ é\{‘c s@??u?’?f{g!} i}?g){\\l\{d% l?%%hig‘gp? fi. 1) t{\: IRAC i'ii‘h

a_-mzd&imns m« ¢ atlow quasi-living polymerization w© ooour.

{HISS] Asg nsed herein, “quenching” refers 1o ruacting a varbeninm jon with a guenching

agent,

HEUS s used horeln, “guenehing agent” refirs to 8 compound that can, sither slone oy

i combingtion with swother compound, roact with a carbenium fon,

e

SR A used heretn, Mermination” refors 1o the chendeal reaction that terminates 8

polvmerization provess or & quonching reaction by deatraction of a Lewds scid,

HRO38]  As used hereln, “erminator” refors w0 & chemdeal compound that tenmingies a
polymerization provess or 8 quenching reaction, bt may not simullaneously initiats & now

pobymer chain,

B



of which are incorporated by reference herein: U S
Pat ent Application No. 11/207,366, filed August 19,
WQO®S/120005 entitl ed "Method for Preparati on of PCT/US2009/037517
Pol yol efi ns Cont ai ni ng Exo-A efin Chain Ends;" U S
{RRt entaARR] heah] ‘0 Natdals o4 . /AUgH ;
%05 and entitl ed " Met hoﬁﬁgﬁigk%ggaég ;jtrl gr%wg S{tmg‘%hm gt
conpERyB B s iertaldiingnEReuE afioraChi inciBEhds bt WhE Hmited to, 2
cenpalky cation No. 11/207,264, filed August 19,
\;%’é@ gpgfn grllgtal tled "Method for Preparing Polyol efins
Containing a H gh Percentage of Exo-d efin Chain Ends;
" and U. S. Patent Application Nos,JiL;ZI 055, 281, filed
March 25, 2008 and entitled " Prody@tl on of
Vi nyl i dene- Ter mi nat ed Pol yolveifiris Wi Quenching with
Monosul f| des " METHCDS [ 0063] In sone enbodi nents,
whelTB tg(lg form ng copol yners such as those descri bed
“hHét & ih‘l’l’}l’iﬁ*ﬁ%‘e the steps of (1) providing a high
nol ecul ar wei ght polyolefin, which is a quasiliving
{ongap! Y MRt ROt spedne (D pck@ashinge theRel yaleki n
with an unsaturated acidic reagent in the presence of
, i nj.tiat to, formthe copol ymer 0064] In sone
ﬁﬁ{%ﬁ‘bodf %ﬂ??gfrmt*%é*‘5&@&&@%}?&#9 gw g‘*‘cfﬁaé‘gﬁil“ﬁvlﬁgi‘mii contents of eacl
of WBRLYOL Bhoha Bgexpalafiale ohaln ends the
initiator 'is a peroxi and the unsaturated acidic
reagent is mal ei c anhydride. In such enbodi nents, the
resul’ hn@«i‘fcepei‘?ﬂh‘émn Yot *ﬁﬁfe“#mﬁi&mﬂ AumlieFRIDNOH S editied

R & D I A e
hi gh nol ecul ar wei ght polyal kyl, or b. R3 and R4 are

hydr dgsnPandt opicafiRLantl /R 175, k“@a&eﬁu@wkw 280slokheniced
wnpLNer LS Lecul ar wei ght poly sone
VieGm gt PRt EToh P e F ok e Nt R AR

wherein x is at least 1 (e.g., between 1 and 3)

wher gif 8, Patb@ Alpikeeast Nd. (8@ ssPat etk BNGod) uy ;@&Qati\,ﬁ
wherein n is greater than 1 (e 9., between 1 and

“Megpddet Repaior Erigelehns Gmtdetngadiizk Percents ggeof B mu{\ki;r Ohiain
Eade™ and

LA, Patont Application No, 12/085,.281, filed March 235, 3008 and snvitled

“Production of Vinylidene- Torminated Polyolefing Via Quenching with Monosalfides.™
METHIRS
HEERY In some cnvhodiments, wethods of Torming copolvmers such as fhiose desoribed

herein tnvdude the steps of {1 prcmdmet a high moleoudar weight polynlefin, which is a quash-
lving polymerie product and (2} reacting the polyelefin with an unsaturated avidic reagent

iy the presence of an inttiator, to foom the copolyaner.

PG Inosonse eavbodiments, the polyelefin is o quasi-living polyolefin having exoe
olefinie chain ends, the Inltiator (s & peroxide, and the wnssturated soidic reagent i malely

avhvdride. In such smbodiments, the resulting copolymer iy of the formula

T
~} {jv\



and 5, or between 1 and 3, or 2 or greater). In sone

enbodi nents, RL and R2 are hydrogen, R3 is nethyl, and
wR20008291%i gh nol ecul ar wei ght pol yi sobut yl enePCiTe2909/037517

[ 0065] For exanple, in sone enbodi nents of nethods

form ng pokyPl BSA, the polyolefin is quasi-Ii .gng Pl B

of the forpula and has a rel ati-vely hi gh percent of

exo-ol efinfc end groupsw , Qfeater than 9009 or

greater than 194, Q¢ gré\a![;%t«mhan d2% or grieat er

than 93% br reate than 94% o greai‘:er <han {95% or

greater than 96% great ¢ er than
98% or great \%%w
end groupsj The quasi-living Pl

090 exas- LA C
o l§1as p rieliati vel y
low DI, e.pg., between about 1. 4 and 3 ween
about 1.3 and 1.0, or between about J. 5 an 24, or
bet ween abeut 1.1 and 1.0, or about 1.0. The _i=
qua5| -I | VI ng PI Bis contacted with the tree radical
. - )_tgl)e‘rom de such as di-tert-anyl
W “’b‘*éfl*fjﬁ? é’”%ﬁ‘&i WERE R8%nsat ur at ed aci di ¢ react ant
mal ei ¢ anhydri de. [ 0066] Wereas conventi onal nethods
of maki ng polry RLBEA abyiRle@chYink BUOLYR. LEART sNGwer alksd and the
conmmer ci al Ily purchased ‘or ot herw se conventional PI'B
othegisRe el ‘aﬁhy‘@? pefeatlindon free radical initiator,
the use of quasi-living PIB provides multiple
benefit r elzat, LR dAat. \ Sl OnV.ent i0
PEB. By%"con%/’\ef;% g %‘J@ 9Q§§§Pn§;§é P PG §‘“
other altagh mkwu]ww\:@ér pepikek 13)&@3@%&*&\»&&&&& GrouRsof €3 G lesy than
0% an di spersion in
B, E’%H‘“* ReG Lt Bacin D Dertubniihisnnic Q*B*ﬁt\sa 0 1 and
), BORBLERS if SLALY @6k § 0 29 hiki:0h 1 IRY hy! MiKld a@ei”@}dﬂk\B o betwien 1
or "highl y reactlve PIB." [00671 Anmong ot her things,
and i hgseeest! agdals it FRUEWGR Boisproe h@hﬁéﬁmw Bnawf Ry ars hydrogen,
ks iPRLNEY BRARPIAk 08 R ARl WIRDL 6, REQISLADBYLIRO an
npr oved th % O greater
than 85% or greater than 90% or greater than 9 1%
B8a8t gr aatmmzﬂaam %92&4;@ ndndgreat e ntthads @8%ngqrigiBaReths
Qg g 8 ;a t.han §95% or greater than 96% or
polyy at‘e‘ﬁ“’h HRg 7ok “bf“‘d?ié%t & than 98% or greater than
99% or even 100%yield. In contrast, polyPlBSA forned
usi ng conventional PIB typj %al |y §tnas f;au elatively | ow
yield, e.g., below about 66 O%'

Folyisobutylens J}\\

wi

and has u velatively high percent of exo-olefinie end groups, e.g., greater than 909, or greater
than 810, or greater than ¥I%, or greater then ¥3%, or greater than $4%, or greater than
8390, ov preater than BO%, or greater than ¥7%, or grester than 8%, or groater than 99%, or
even HHES exoevlelinic end groups. The quasi-living PIB also has s relatively ow D eg,
between abowt 14 and 1.0, or between ahout 1.3 and 1.9, or between about 1.2 and 1.9, or
betwenst aboat L1 and 1O, or abowt 1.0, The quasi-living PIR s contacted with the free
radical inttiator, 2., u peroxide such as disterbamyl peroxide, and with the wisatueated

acidic reactant maleic anhydride.

-3~



Additionally, the use of quasi-living PIB in the

formati on of pol yPI BSA provi des a pol yneric product
whaongpogs rel atively low DI, e.g., between aboR€T/US209/037517

and 1.0, or between about 1.3 and 1.0, or between
jesabout Whe:eangndnQen@nd BRQUL v Ol i@ ;

cgnt rast, pol yPl BSA fo?ﬁ%ﬁﬁsg?gﬁggé%n%é%?%g 5 %qg ﬁkgw reacting
“‘“‘“"i‘%‘r‘é%ﬂvi TS &Y ﬁéf—%‘tirﬁ/@?\%m{g‘hiﬂ weih gm;ugréa&mwhh@mr
& it 3 * Soyers Wi S X
i di@%%ﬁ&s é{ f}{ik 1!rnean{s%\&tg‘hait)(’ ﬁgn}eﬁ e 9‘}5}’ 't efi}"“éiﬁﬁuh“ltqlﬁs‘f* to that
“ﬂm&sir esict edyRhBond FiRe Fproduatiindhirsut s 1afvantrag 8RUSae a relatively

cause the ct ed PIB is an expensive diluent and ~— ~

faw |?é‘f"§ ﬁ#@‘ B GRSt e FSPIBR PR RE Y h ony PrBsiuh disparsion
nd *\”C}‘il@@%@% @a@‘s; Q¥ 8S Akl 3608t mQE; H%‘ze: Prroduct,e efgé\lcsxg&m&% o as “high

presence “of |ess unreacted can be use ecaus x
melpyigngidech a8, I@séiwmmixwliﬁﬁcm ty properties

resulting in | ess useful I ow tenper at ure performance.

é}i‘?ﬁ‘)ﬁ DI Of 591?;5%%&{%& Qﬁ\ ‘,\sqi \[v‘p; § mg W mw ugE iR Bﬂ{a@’%éﬂm\ o

Fsusef U
ﬂ{*‘i“,\m iﬁfﬁl@ l;ht‘umﬁssm {ﬁ@x i‘l‘i@;\b}@ wb@u metviy ob hepfyred k kimd $.shekdemethy 8nsg,
N DI wi | {g{ sult in inproved | ow .
o Q&@éﬁﬁ é*ﬁ%ﬁfur% ’*‘béﬁ‘*ﬁ%r rﬁa?ﬁ S8 8F CERET Bwyrbr BSASEAYT tige Y%, or greater
m‘mbyww@w} 1. des amem{ aquﬁs,{,g kb ng\g aRhBasd QUG8 mmm
addi’'tion to i nproved “yiel d and 'owe i spersion n
¥ ot yPrBSAsh GF fredr wgfzing{hqu a8¥s bt wmg (P Byicigndn contrast, noh PIRBA
mmd‘%u\m'gtm%m’mzm‘srgg z:%a;dé,s \Of g)fa(rgr“&n ?ﬁ%{g gd%{,égggiat}\ Ut A8,
AddiTRebiig, he: SARFLOM \zaxswszm M thd Wbty dOWIHIEABAr ALUKIES: polymer
andthe SAg 30 viscosity limt at hi htenperatures
POdYRy R VIng isetivENdUuad Fad PubeEnshey lrbirdet§ arhevaga about 1.3 and
1.0, 4ShRGCertncbl £0d5a o B BLRLENIN SA0R 1 DESBH0Lh Sk fihsa
exanpl e neut ral neutral
fcsmwﬂ@amgenm«mham Fagay :m ﬁs hak khedhivghiy fm@d@s 1S tgy ghanthethan about 1.4
nt/| hlbltor addi tive kage
impipt e R SRR M e e i &g%%%*?wmm of
anredd i SEDEY fiht RESXKcd MITOMEESahMenl MRLANENSY WBASH: FIIPLAY
the VI scosi fy i ndex of fornmulated oils. The use of the
‘%;‘q&wgﬁm %ﬁ@xlﬁaﬁﬂ%ﬁn@w%mgéﬂfz@a@ FUan »ét; B%§}‘éiéh%pm®@uc e sverall
sevat 58{[) m'{’ﬁi »}m 8 \M\I/JI;{'JQETOSI ? Pi%r\[? ! 3?’% S%%l &‘\éﬁgé&mme PIB can
hay e[i&&ﬁ@%*zﬁl’hsea \use p@xﬁpcpmwyﬁuﬁﬁ& 1anghs m@d f}ts u&mmmmdﬁs pREence. A

u PLB a
i ug ei*wgi R mg |7 4 mq% { fory w &gmszﬁmmg PIB wsed 1o muke the poyPIBSA S

usefl because, without wishing o be bound by theory, it is belioved that a Tower D il
resui! in improved low femperturs performanse for the polyPIRSA and the polysuceinimides

made from guast-living PIB.

{088 Inaddition o mproved vield and lowsr dispersion index, pelyPIRSA furad
asing guasi-Itving P, and derbvatives thereef also exhibits improved viscosity properties.
Multigrade ofls (for example & TOW30 oil} mect the SAE T0W viscosity Rt at low
empertures and the SAR Mbviscosity il st high teropentiurse. Ways o maet the destred.
viseosity targets inelude vsing: 13 bends of different w scosity base olly (for oxample 100

nrntral phus 600 newtral olls) Zy unconventionad base oils with Mgh vissosity Index (VI Tz

N
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exanpl es of neeting the desired viscosity targets
using a detergent/inhibitor additive package with
WO pgwa®as CCS and kv performance as di scl osed PEI/B$2009/037517
above. Under certain conditions, e.g., for a high fuel
mwm@ﬂybm&&&@ﬁg@ﬁa&@ga O QR C6ROV ale %Hﬁ&"@@; thfskening:
y. be desirabl e for di spersant to have bot
and wvv%%a%@%yvﬁﬁﬁiﬁﬂﬁdWﬁ%vﬂThﬁ@ﬁaﬁwWHQQﬁsﬁeﬁnmmﬁmsmyxaﬁ
THnBASHLLROT NG CFR ta plind N s -
T |ssfgI Ved ig|;nm§ di aigﬁ?“g} m/ﬂ“él %g‘é?‘ ngﬁ \M&t%gé‘i“l’bwf‘“
m@@gﬁmd\ kvthiigh Havesthasdoest (penf prTaned fok QG%OJ daddRE s for
g nditions, it is sometimes useful for the
“‘“8 perrs nt to have a high kv and a | ow CCS viscosity
so that less VI inprover is needed to neet the desired
wmxz;scosm YorQF REB-PITHA 318 80108 cHBRQL ! @@ R Erm&t“m%g PIR ave
t ie CCS versus kv and nmeasuring the By ope.
CXAgPiSh BT wEHtadht Aepnd vhonebtiagg @péiﬂg%h*mﬁtw@di‘“ toy additive package
witt PRI QL TRR Okt FQk . £X3 Bl ustrat ed .
Wi gr dat er d mW[Q"ﬁ %‘”ﬁﬁ "“Ea‘x%(ﬁ{"] Ghmsicﬁbgﬁ bg %\ngﬁ‘lﬁ conditions,
x, riesalh Hgs fstiewotdiat pdsotagboth nﬁrﬁhyﬁl BSAIO) amalR00 iMALPLB
| rp?lé PI?\BSA‘fr m -2300, MV P|.B .the CCS vijscosity and
desHAPISARF B UBHST B R ‘t‘HE“‘béﬁ%}P} BSA TR Y ¢ ronky THis can be
deteBYRSE Bl ek BRI B @*@ﬂm&e& ko hey @M&' ﬁ% sd%% \{%Q st oil,
fromthe non-quasi-|iving Wth be
IEpROURAviIBY: Pheo FyS gl H‘vst‘*kmseh\w?etdi‘d\ha@?{‘tzm&&my be due
to the fact that the quaS|-I|V| ng PIB that was used to
ke stg PL | S 2 e s )
im'g?s ergﬁéggltﬁde Qi\ %gpf% ii \i?ﬂ?%a é} H{a%u a8 hve a high kv
and mélm Geidsiisdokiy mng’d Bm(‘D] m?gw«slx o#ls ﬁmﬁ&) f{‘t ﬂi’i&it ma& sHEE disk @ity
§E}sthe\ci yPI BS g n‘§32a
graden AP B AFBES CHRIMBST YPPBERGEE Y W*a&asﬁmiwwwgmi galope. The
dz\pw&ﬂid‘ DeHeXREGE 8dnd %gﬁz«v}eml@@gwwﬁw@&réor mance than
po yPlI BSA made from non- quasiliving PIB in an oil
ere_a high fuel econony PCMO formul ation is desired.
{7 [ibo72‘]ﬁfAs&f§h§@wﬁ hastpis) e ceepraldete! it B éwape*mf sestien Gesw, our
cesuNVELSUSHKVE PLOL. J.alkihhs Y PAB: NS R ;
co U Lo OIS by PO 0388 <L S g 2000 v
PiB f%mra thei ﬁ{}ﬁﬂi‘iy REBSA »WEW&&% amithpainBIEu asﬂmﬁl f\mﬁ gu&ﬁw ug PIR
t hat pol yPI BSA
comigs mfff%é; p?%defw%ggmm R AEoba Bk pler Sef A wishing o be

bonsRiahfy lﬁam bz@tmﬁ;d hﬁﬁ@{%%%@%m@o r&m NAR-QUAS LML ta
Pl B in an oil where |ess I nprover iI's

was amci 40 mai«. ifm polyPIBSAs in Examplex  and 3 %lgiii a lower dispersion index (DI =
1051113 than the nonequasi-living FIB (D1 = 1,711 89) that was nsed to make the
polyPIBSAS in Bxamples 2 and 4. This indicates that polyPIBSA made Som guasi-living
PR would be expected to give better perfrmance than poly FIBSA made from non-quasi-

Hving PIB in an ofl where o high fuel cconomy POMO formulation s desired.

{073 As shown in Table 2 below, the slope of the COS versus kv plot B the
pelyPIBSA made from the guasi-living PIB (1000 MW} was lower than the slope for the
polyFIBSA made from the non-guasi-living PIB (~ 1000 MW, This means that pelyPIRSA

rrade from quasi-lving PIB (1000 MW) would be expected © perform batter than



needed to neet the desired viscosity grade. [0073] In
addition, as illustrated in greater detail in the

wO Boanpoes” section below, results show that bRECTUS1909/037517
CCS viscosity and the kv for the pol ysuccinin de made

polfmanthen2300 welesuliatvel ht;i“q@‘@ﬁ«’» Lz’ sﬁ@ 09 B Mprove
| ower than the CCS VI&SCOSI t%{ and the b %};@ e ‘ﬁm? overis

neCiE iy Suret ihgideREe yedsily gedet he 2300 m)l ecul ar wei ght
non-quasi-living PIB. This indicates that polyPI BSA

[0 de Hm;; he; lar g, g Living PIB
m "be e>§pe<‘:ﬂ2‘:§§0§{mi 2y %%“ e&r“ig’pé“}ﬁ tk?\rf}é} g “f’i fr below,

wxi@@ﬁ’yﬁl B@A“Wtﬁdw £ misthen28@0hebl éﬁuiuarm \Aﬁicgﬂtnmia- made from the

n oil where

2308 BEHHE bl Pl meto e tdir e P Viee o nd e kv for the

p&)h@&?&nfr&k Hhhe: pehysuetinka.daneden tfx{w% L6 500 Eh Thisdndicates
mol ecul ar wei ght quasi-living PIB. I's case e o8
that ppiy€HET 4 yrafa droab Buti 36 ﬁ@z@amr agigh aux maét} asa miyﬁ Bopxpated to

g:u&\;}e}lﬁ{gﬁ@ PG s%le,r‘umn $§VI n ‘‘‘‘ i ‘\meﬁ“: Q\Q} PRE < k\?‘r ?%.[gh{ Fg-quasi-

non- quasi - Feov
livirpdlijsy G&ﬁ k\ﬂl\fﬁx’dfe 2 fragleudircon: tfi%ﬁ?ﬂ. 800 uﬁ‘ﬁizﬁﬁid}ln as <§M¢ﬁ{ Gt s was not

ng PIB was greater than the kv for the
the R 0 LRLRHT P A HARE T Gaim e | BB S iestr akisghting PIB. Tn
ihis @Q‘Gﬁ@ﬂ'@@k o MERG R - &uf W i@l{?%}d‘} ol @*@Q ?S‘x {Q&}\;#{Q 9{'! y@é g‘eﬁm:mmza

fromthe 1000 nol ecular wei ght quasi -
‘r‘:ﬁnw*rhﬁ)r 1§y mobatise F%»R:ésﬁ forraneey tﬂs;éﬁ??p &K«y@b%ﬁt}za’ad dor the

Lt ST NG T RN | I

kv ftﬁ 087 4divAs:Bhann «mdfabﬂ ﬁw“« (e heMe: iﬁﬁehs‘l’iﬁ@@n%fa adihe: v@(ﬁh This
.versus ky Iot for the succi ni m de made romthe

O
indioggio6 HEPEEIPAR wsteghte éfi}a%‘l* DIraipngp propely spropdivingB9) may not
give \Q@ﬁe &ﬁ@xf;ﬁ&%‘ar?:xizn%iﬁ*ﬁ%@% é}g&hi‘*bs? RO !1%%8#99;&@ “\gew?%g%«qkmx

- fromt I'ar wer ght nonquasi -
ving i Bpeiese LR fudhbsnmemaBS Mkt zmjlezupo:t v&ueeﬁl n| m de
made fromthe 1000 rml ecul ar wei ght quasi -I i ving PIB

7Y ul d, be expect 04 MQrm be
00780 Y ) et G PR S0B6 G Edutea Rk hite
poly n@mﬁuaﬁlmme\&hng i%Rl @*i‘l}fﬂm@&zﬁ&s'w%ﬂﬁﬁg@akQﬁ%}g\ébiﬁ M\@V erss was

__is needed to neet the desired VISCOSIE% gra e. This
lowepdenist slepy o ey PR HBITY B SR PR EEe W‘é%rﬁf‘t ﬁ@iaﬁmm

quashA0Q TR GHLAL 2] 01k, GUAN mbd ML DAL RL B D@ % Qi MDBLS o0
wiolecniar welight quast-living FIB would be expected o perform bettey than the
polysuecinimide made from the 1800 molecular welght novguasi-Hving PU fnan off where
loss V1 mmprover s nseded fu mest the destred viscosity grade. This was not tvue for the
polysuecinimde made from the the 2300 molsoular weight quasi-living PIB iy an ofl where

leay V1 fnaprover is needed © micot the desired viscesity grade,

TS Vartous embodinments of differsm resctanty snd diluents that oan be ssed 1o form
copolymers mads with guast-Hving olefine and tnsaterated acidic reactants, and uesful ranges

of reaction conditions for the formation of suck copolymers, will now be desoribed o greater
detail. Than, some erenplary methods of proparing Bapersants using such copolynsrs will

by desortbed, and several illustative sxumples provided,

~1d-



| ess VI inprover is needed to neet the desired
viscosity grade. [0075] Various enbodi nents of
waledoparems reactants and diluents that can be RGEUS1009/037517
form copol ynmers nmade with quasi -living ol efins and
unsat gy atediagi e, reagtant s rangusetuly anges: Ak
reaction conditions for Thée formation of~such
,.g:OpoI& wi Il _now be described in greater detail.
jou A BRI RIS 8 RO PR PR, @v@mm&am Biing PIB
wziy§4§z{‘&(§’°«*§hn QQ@Q:}&( r’z?’z A r{?si}'?’ip% &ﬁsf { \Q%E%i “%“vﬁ%&m‘“ A5, Seme

lustrative eXanpl es pro

cwezam\om@ﬁm Q’ERMME&?(&%EE[ NS [0076] Quasi-living

ol efi ns term nat ed W|th exo-ol efin groups, such as

Gelasi v, i.th, a_ an jn end grou can
00 B 0 et it o B RS0 B bleb bbb Sana sl
£ xﬁxeﬁmlrﬁfiyi mtiﬁmpal\&‘aﬁ s ald bedofuy ﬁﬁe\{* oRELOWG [;QO 171]& olefin

I n.sone enbodi nents, the qua5|-I|V|ng polyolefln
has pEplafiish b peispriagaiigreltipe ot sokes . d;‘i*‘«ﬁ‘tr ?éatmﬂmi 8%, or
’Ybii&‘(? %9&] M%ﬁlﬁﬁﬂﬁ g S&ég\lér)ir? g?.aﬁviex‘f)}/p@ﬁ’ &, ti Q‘!Fi’lg(te n “.1 “3{3?:{5 L‘% Yo \\}\\“,_}{g,r than
aiw&e)@é 26| eformite thakigrDups, tﬁf&f@i{;‘* pmedioer %%aﬂr @BQU th80Yhouwt 7%
e ater than about 91%  or greater thaf about 92%
¢ *‘br %Srhe«afa?a B ORBBHeT 95555 b’ri FBAT SFOHR *“a*é‘aa%?‘@ziﬂ%m hiag ¢
rela@hOLeAabBle. & Nam 2ot O D% Qm@ri Q(\eﬁﬁ% 1 bhan 1abaut mg %{3 ard 1.3,
~or greater ‘han about 97% or greater than about
aor afgpat gf}eﬁiﬁéri thabcdBout 99% or greater than about 100%

and has a relatively low D (e.g., between about 1.0
Ei}{?’?@gd ]ﬁb‘"«i‘gi @“ggq;ﬁix’lﬁw xglaa g‘alit ?"« l{o‘[t 3{8‘3 ]ti i‘% Q }gﬁgmmegma{ “g;k‘ h "
The e:lmamgmants& ultihes: }qhasﬁw’a E3EY h@iq@mmyml §E‘ﬁ‘hﬁx ﬁTk&Sm&uéﬁhb ghivolefius

ol ecul ar e term"hl | ec
e gl & S el o1 ol G AL i et o fend

soluRahyaligfiasni awnﬁlﬁx!ﬁ@éﬁﬁﬁﬁmm%at Uk Mol in hubricating ofl”
sufficient mol ecul ar wei ght and chain l'ength to |l end
referg &b Uisbiltty of anictaiel wadbmbreon Rlipigti el prongdietty dnms bows such as

fube l@ﬁﬂgu% %b I‘H‘\e“ﬂ \.\fatglfiﬁﬁo% H fs‘g‘lﬁ\ £} &?‘\uqré ?‘5‘: Q}g% g:' ]1‘§p %g’t Mg dﬁﬁl‘s 3

carbarsch et mc»{hwﬁmmaﬁ hﬁﬁ&r Sise boagieh &th:fsli‘@a\t b NGBk Sed@ny weight”
% s i n essent Iﬁ a proportions. Typically,
ancd FEIO B FHEHES PRyS El‘F 30 carbons or greater, or 50

carbons or greater, are considered to have a "hlgh
{0079D] eank@be WRLO R ents, the quasi-living polyvelefin has o number averags

mokecular weight {3} from shout 300 to shout 10000, or from about 300 o ghons S6060, or

from about B00 to about 2308, or from about 2000 to about 4000,

{4 Quasi-fiviag, Exo-Olefin Torminated Polyvleline Formed By Ouenching

fonfeed Polvolefing

HHIRGY 1o some embodiments, the guasi-living polvelefin s an sxo-oldln erminmed
polyolelin formed by gquenching an tonized polvolefin, having, e.8., one, two, thres, or more
cationic end groups, to form an exo-clofinic sud group.  In some embodimenta, the lonized

paivelelinie & polyisobutylene witha cationdc end group, &g, having Tollowing formula:

3
L
3



and dissolve in lubricating oils and fuels. [0079] In
sone enbodi nents, the quasi-living polyolefin has a
wWoenoparIogyer age nol ecul ar wei ght (M) from aboRET/BS0Y/aB7517
about 10000, or from about 900 to about 5000, or from
about 900 to about 2500, or, Lroanboutggooo to about
4000. (A Cpa3|-I|V|ng Exo- efan® Tedm nat ed
Pol yol ef i ns Fog, 5% gyench| g | oni z @ Pol yol ef i ns
[0080] In sone ehb Phe' yast- V|ng
pol yolefin is an exo- olefln t er mi nat ed potyal efi n
fornmed by quenching an ionized polyolefln havi ng,
angd ?It*giﬁ#&ib‘a}%@ﬁﬂ” {\g?ie‘ IE a :hscaf"eghd“udf}léﬁﬁl &!i& §h”%i€‘§§0} ol ié%i&%{)}?fg IE:*S n, mg the
folitdieg ifoninked pol yolefin is a polylsobutylene with a
catlonlc end group, e.g., having follow ng fornul a: and
the quasi-living polyolefin is an
exo-ol efi n-term nat ed pol ytis
the followng fornula: (1)
| oni zed pol vol &fhiisesufips tert, Ildes~ 0081] In sone
enbodi ments, the ionized Tyole i is deriyved froma
tert-halide term nated pol yol efin, such as a
tert-chloride term nated polyolefin, tert-bronde
datiedizpdbvbledfiinn, and/or tert-iodide term nated
ponoIefln SpeC|f|caIIy, in sone enbodi nents, the
tert-halide . te FU}, yolefin is contacted wth a
Lewi SYGHTT FREEH g{3"4‘0‘7‘“3”8§ifacts the tert-halide
group fromthe polyolefin, formng a carbocationic
i&fi%@bl ydh efbim w{iﬁ@&%ﬂwﬂe‘&tioﬁﬁa&i plely &ieﬁﬂﬁﬂaﬁﬁéd pehyol-efimsg:

. 10 y any SUIh?b|e nmet hod, e. o based on
‘W“r“hﬁ“‘%ér ‘nf\e%iﬁod ROWRT T K tgriinateq B‘Fiwﬁ Bhin Az tronnde torminated

polyBREMOLEF NS féf&‘?ﬂ‘@ REShALIRd ROl ‘\ﬁOt‘@E S OQ?;&@» I8 @M Bents, the
enbodi nents, the ionized polyolefinis derived from a

tard ffbﬂ’é‘ﬁ MT?@@“%F@}M efif m, W@idg““a’t \ge?pf bformed. pokyiaies bnid absiracts the
opr AN NG e Qi 0N €. kl.e. Sone. or ,substantially
er- e A SR o RS o B R SR SRRy IERAT) 21

of which are "exo." For
{083 Tert-halide terminated polyolefing may be made by any sultably method, 2.3,

£

based on inifer muthads nown m the set

{6} fondzed polvddefing from preformed pobvelefing

{883 Insome embodimens, the lonized polyolefin is devived from a preformed
polyolefin, v.g., a preformed poelyoledin having one oy more double bonds, seme oy

Ry 3

s&zi};»:k:amiieiﬁy all of which ave “endo,” or soow or substantially all of which wrs “exu™ For
sxample, pre-foomed polyisabotylone, or & deddvative thereof, can b wsed. The preformed

polyelefin is contactzd with a Lewis acid to generaie the ionized polvolsfin,

(i} fonized polvelefing derived frosm olefinie monmoners wnder guasi-fiviser

N T SR S Ty g
carhocetioic polvmer ooy conditions

[H084] 1o some ambodiments, the tonized polvolefin iy devived from alefiniy monomers

wrsler quasi-living carbocationic conditions. Under sueh conditions, 8 guast-tiving

w15



exanpl e, pre-forned polyi sobutylene, or a derivative
t hereof, can be used. The prefornmed polyolefinis
w@omwazdesl with a Lewis acid to generate the iBeCi/E8209/037517
pol yol efin. (c) lonized polvol efins derived from
artobefdniil SolPEIBOERY Sxbnder %H@@'vr‘ds*u\f‘lwﬁﬂaicﬁrR’@Q@Eﬁ‘“ Q‘D "ia% xmiabk
L yherization condl tions [0084] In sonme enbod
melpgin Yo Fi%@*wﬁymﬁ@qu sughsmgiépfsang devoimdiekl ¢ i}@?ws\ i% and WO
RRGNET &) YRder gtk bV, rhocationic
"ﬁi%ﬁ@er sﬁlcﬁﬁc%r%ﬁg ﬁg%g O‘i‘ﬂge‘igl@i ?’v‘*l“hmcgﬁ ‘8§ ‘ff%’r‘f g elerence,
olyolefin is generated. Such condi ti ons may be
m}}%}h. ek@@aw aanyusemmab#@a{m hediniiNon; dddm Téwng u@)é&ﬁ:pii&ﬁ to form
described .in EP 206756 Bl an
L T L T AR e R R S A
coringnd FOBRE PObatRdihenel n by reference. [0085] In sone
enbodi ments, a nonomer, an initiator, and a Lewi s acid
are used to formthe quasi-living ionized polyolefin,
e.d., a quasi-living carbocatd o l:p‘?zrl yi sobut yl ene,
e.g., a conpound &histsheufiel @kO\AMQ fQijJI a (1)
Initiators for quasi -1iving carbocat i O
pol ynmer i zat| ons [0086] In soma enbodi mants t he
initiator, It oJefin with one,
nor e thango gé‘%‘%f‘*én?‘fia‘ﬁv%hﬁg‘ 'éﬁ S UERR %ﬁ%‘@‘m@ﬁe
initiator can be a conmpound of forrmula (X1- CR R )nRc
{g08dher dingoflc onfldandsRuar @sim&ﬂdﬁ@&ﬂdﬁﬂﬁ:&@r pAbol@RSLHIORR, or muore
of alkyl, aromati c¥ al kyl aromatic graoups, and can be
thanioe. SRS’ B HPFer ‘eﬁfwaﬁa e ipgaignTadstate TR el Brela (X~
O RJWEQK QYo §HQUR, aQSrR Syl 3%&%@9&1@& 3 90k {%{EQQ (wf@ I‘i’é&’hﬁ?&‘ alkyl
has a val ence o n, I's an’integer
arortatic oS endodh rir‘emasmmﬁaw dRferamndai ‘h‘rve wh ?dﬁmcaﬂim&a\ hysdronoyl

zmugt agﬁgﬁls?ﬁgts i‘l na'vp mxgggﬁéﬁfrzg ﬁ‘it S \%}L%g?o zgtr AL % S8 b"ik’i’ erof ong

fo 4 NHERANNOIHGEQUPTS, RORLKER Ni:Bdy O Eak DOR:ALAMLR AR hon
8 carbon atonms. |In sone enbodj nents, X i's a hal ogen.,

alom i sSepe eREE T Rt oln semy e hasieRig e R afg‘b}pr,ezrei vdvracarbon groups
?%%quﬁn%@:tbﬁn é{ﬂettﬂ&@% %zex{s*?fam& iaBpN g &B\)aﬂ] &SXI it\]% halogen,
growi ng speci es or nonomner. such ®

In \\mwm&m&mm& b ziu%ziphs@nyﬂﬁze@hwa.nd:emm‘am W%e: mmw uﬁ w B and R

ampolyst rvene or. a\2 4, 4-trinmet h%/ E der”v\at i ve for
Al A b TR A RS RO TR AL ER SR
phen@e@UMikeiv (ﬁ’h@ Yo Qkybhd QUYL a@hl 8 penty! dertvative Ror
polyisobutyiene. In sonwronvhodinents, the inftator is & curayl, dicumyl ar i halide,

Iy some smbodiments, ohlonides are used,

{IBRTY Rome exemplary inttators inelode 2eckdore-Sophenvipropane, o, cumyl ehdoride;
La-difd-chlove-2-propylibenrens, fx, difcamyviehiovide) 1350ri 2 ohlernn
propyhbensens, Lo, r{cumyichionde): L4 d-trimethyi-2«chloropentung; 2eacetyb2-
sheayipropase, Le, comyl soetaly; 2-proplonyh-2-phany! propane, Le, cunyl propionat;
Lansthoxy-2-phenyipropane, L, sumylmetivd sthen LA amethoxy-Z-propylhensene,

fe difcuwroyimathyt ather) L350 methoxy~2-propyDbenzens, fe, e cumylnudhyl

\

sthery Joeddoroe-2 4 d-trimsthy! pentane {TMPCI) L 3ci{2ohlore-2prapyiihenzene; and

L3t whlore-Zepropyiy-Sterichatvibensens (OO



In sonme enbodi nents, chlorides are used. [0087J Sone
exenplary initiators include 2-chl oxo-2-phenyl propane,

wo 2@9/12%uyl  chl ori de; PCT/US2009/037517
1, 4-di (2-chl oro- 2- propyl ) benzene, i.e.,

€§§}§Eﬁ (Cuhylaﬁkkﬁ afbd@hend 18 Bt AnehlQhes a%miim} al, bi-functionsl, or

pyl ) benzene, i.e. y tri(cunylchloride);

o 24;@\4 ke mWy:fmgxpéwoé Popertatinmngaeryibeinds 2-chlor-2-

;&,&MI k&rep@rk%“,.- iG] 2GELAL 8 L henvinranane. St

pag n‘gpil Ry 1- ﬁ“fi"@i "173 ﬁ%li‘lf[:r!)( 2“9‘ SS; 't)\% »i:%m Fmb;f AR Hgfié"““ S

phw%i%‘@ﬂ@xguﬁi{,ph%yﬂ‘m lma;mm d- i%ﬁm ﬁamyzL mhﬁb&ﬁd&el’m etvbd 44

opyl ) benzene,
vgmeaﬁ %Wﬂf‘ %lyph ¥ ﬁe\i&)**e%}}‘) 3&?{3&13\3%{“ hmeﬁmv ~24A-trimethyipentang, 2-

athoky Quﬁ‘i ffilab@y !}%I 10X Yond JREQRYI) DERZEBG nBne. Some examples of bi-
trl(currylrretgjy ether 2-chl oro-2, 4, 4-t rlmethyl
fpentldneseTveduye 1§; thi ‘(&mhﬁmi‘?m‘pmpw’)ﬁemse;mamahd

}:3:’;3?1]&-% ?.% o A 'i( glovégfm\.&%r\p ﬁggée{gL ) \?‘Si‘t Sk rhjt: S;l? u‘%{é»e? ﬁ&eiﬁei } 3 at“}é??‘&\%}h“ TR, and

S rcbéimmmm fiitettiandl- ;\mm B ﬂ\um&tm OR&ke cQimples of mult-functiona] initiatos
tis funptlon : exanpl es. of nono- functlona
‘F‘ﬁl ‘rar dre ﬁ%%déw@ Y ohBrE: B phenj{prapaKe - mopylbemen
2-acetyl - 2- phenyl propane, 2-propionyl -2- phenylpropane
2- met hoxysi2 a1 ARSI BEOPARE v &y kﬁ%m&:&&%}glg%&pane
2-chlor - ZAA tri nmet hyl pent ane, "Z- acet
tri nethylpentane 2-pi opionyl-2,4 |4 trlnethylpentane
{0885 rret%@i?? f‘?ﬁ*{ﬁ“‘i@qﬁiw@tqﬂf}n\i’gémtahéh% grocarbon momdmer, L2, 2 compeound
wm‘g‘i h%)é‘yﬁ\zﬁéli i{“*rfa*mr? Firr%ékﬁ‘?/l%{en gi%‘zt&gté%bm v iimnls,ﬁ to, agmm ard
dind ﬁzt&mmﬁbmaﬁm ingi ftdrationg Zitnehad @ varbon 'azs\ . e, from sﬁm 4
o 2- p I)benzene - 2 nethox¥
abo; %%@pﬁ] G e R s P BrG: ﬁfzﬂflf ‘ ‘b%ﬁte‘ﬁﬁ“ e, Seta pinenc,
incpiend 0 {Rer RO Y 1 R RE QPN BRNZE %;\:@&QW! pes, €., Sty
S5-tert-butyl-1,3,-di (2-chloro-2-propyl) “benzene. Sone’
buteps dnprésh- dPuiab ok indt insnished it ators. Miskugen! monomers can
M{A%ﬁ%ﬁg{trl(Z chl or o- 2- propyl ) benzene and
o ,5-tri(2-nmethoxy-2-propvl)benzene. () Mpnoners for
quasi -l iving polynerization reactions [0089] In sone
{#es8hbod m‘emtr s;wbhwmm GrenoisHEs hnyq‘mhcm rod trpmdoR poty m. s of

gfité'itf%r%\él\ Mftw&im ?ug%g%?n%g nﬂllg \tz h%{’t ggog%?ﬁg gﬁggri & mdecnlar

weiglt 8 @k bOS e ROER Q88 AN G S0 sﬁ"%cﬂiiimgz $@oRbQUL 20

“car bon atorrs e.g., fromabout 4 to about 8 carbon
embal W, Sehwobranphatyy ooy svaiahs ladd @ advoeypapes having a
We c?h S%nﬁfh% gﬁﬁ{gagp*'&gg{nigg »‘ %8 @ﬁgﬁ rle*m»i {f@%' Q{Lex’» z‘?g}%m oz glastomerie
n’;&%&?jﬂﬁé‘mhy&g%ﬂrmaasmz weights of from a’mm ?GG;_GGQ 16 ig}t} \ }i}x} sim “i_,, OF e

Sy Tovpadwe ol s £ da e fuad S
(i onized polvolafine frovu ihe inifer piethod

O8] In some mnbodiments, the tonized polvolefin is derived from an inifer, 2.g., using
methods kuewn to those of skl bn the ant, Neszwiitr;itmg sovamnples of such mothods as

deseribad in UK Pat MNos 4,276,394 and 4,368,732, the entire covitonts of sach of which ix

weorporated hovein by referenee. In some iﬁ;t}‘.‘:hi}{ﬁ‘i‘g}{;‘:mm A anouciner s reacted with an inifer

carrving af least two ferttary halogens under calionis polymerization conditicas, In some

AR



but ene, 3-nethyl - 1-butene, 4-nethyl-1-pentene, or
bet a- pi nene. M xtures of nononers can al so be used.
WO 0®90290k5h sonme enbodi nents, the nonomers are PCT/US2009/037517
pol ymeri zed to produce polyners of different, but
erisuibstanthadd e uniharmleaul at, an)ﬂk@adz!rﬁm%oﬂg m;%m i wiewnyl
enbodi nents, the nol ecul ar wei ght U
chigsnpaspotitm Sotiarsle o Exeesshrofide. ni I I | on g/ m)l I n
sonme enbodl ments, such polyners are | ow nol ecul ar
wei ght.;liqul d..or viscous polynmers having a nol ecul ar
wei ght or from about 200 to 10,000 g/nol, or solid
__waxy to plastic, or elastoneric materials having
S| ecl féf‘ digh psededficonv.abouhe 000 00Ct0iRE 10005 880 v » von-
0 Lvoleiins fromthe
ey ‘“& 5 ishb%; 1["6‘8%91\]‘ “‘I"ﬁ“é‘&ﬂé“ Sttbodi ment's, the ionized
polyoleflnls derived froman inifer, e.g., using
§§§€§‘3%t hoﬂas‘mk nowm oo ithasehofle Skidd sty iﬁxﬂ&i&f Qi&mmm {1V halids, 8 zin
Liénq ﬁ npl es of such_nethods are described in
() bl pl kB e 36784 gnat *ﬁﬁﬁl‘@ (Bbdinndn o4 Heagnn wesbomide,
1*m§;9m1§83t\§ Bl eaGhu @l W‘leﬁx ":tn%?\(? H&Ei@&@q}&ﬁ%\ *e%ltégh ?.Y aihyl
reference. In some enb nonone g
shungigl dardemiefaad mah' yitnginat: i’h emtg t%z«tmhm&ry‘* haﬂ*&geﬁ%ud
LewPRSh: BR1LOT ol sﬁgﬂhiﬁ{; S0 SRR OBl B s boson (111) biatide,
.z ekl fehlnnkin &@ﬁﬁ&eﬂmﬁm{!ﬁm St i @y =Iz§:§}¥\‘* E&;HHM&
chI oride, paradi cunyl chloride, or tricumyl brom de.
_— s ew s acids [0092] In the methods provided herein,
HORL s O BHIirR AT 5100¢ WD Pati s vat iady ‘s“}ahﬁ‘dﬁﬁ# obi @pe example, &
mix @6 & anerizgﬁxmig@z {ﬁgt al A‘Ihe\ Lgﬁngﬁ N0 Hesﬁaz!eé{\g 8 ?s b “90%?’1@:;«
Sone exanpl es of net al Lew s aci incl
sombpdinmnisuine (wtw:)mwafﬁg@@a; vaiziteoingid {lihbdlidday iaasii:ﬁraxi&(m\xy:n i3 greater

¢ I RO 3 2 h.x J"L d; 3 \Q'.»' ek t I t I lfl o F
&21:} éil?‘qr ﬂ g{ﬂa& \,ai ?b\iﬂéﬁi 8 #i’ir \it}%kg WF\%.B»I ‘H sl G‘ &% g&&&iigﬁp 6?’?3&@@{.& 0y
JE&EWI. E:R&m amds &J&k#ﬂw al ot audmgnald ﬂﬁ@i}s&!ﬂ&ﬁ g bhout 111 aluminum
um num d| chI ori de and nethyl al um num brom de. Some
“éﬁ%ﬁw d5aliF! Humiwet empartdetpehicsond wseioh el ludesmm (I
imix@m\ L AROY ,_sﬁwg{l:%a ﬁaa&kﬂ%&zf & ;Q@l sliuzal:!‘aﬂ]«;z( Loy iﬁd‘?&lsi{“ e 18?(}?"@")3 {1113 halide

boron trich
1o tripikyaid I@‘y’l el ol pumsgo Eﬁp&tmm:: s*ﬁ&h rlasa hbiimet Ihyzlmai:}um Rbmnide and

trimethyl alwminun s osad.

[BRE] o some ombodimenty, the Lowis acid can be added in 2 seitable number of

aliguots, o.g., none abiquot or more than one aliquoet, e, v aliquots,

i a Elee ;}‘{.ﬁc f}f‘}?' ¥

{0006} in some embodinents, an electron donor i wsed to convert s traditional
polymerization syslew fndo o guasi-Hving polvarerization andfor o srdwee control over a
quasi-living polysserization reaction. As is understood to one of erdivary skill in the at,
some eleviron donors are capable of converting taditional polymerization systems into quasi-
Hving polymenization systoms andfor enhancing control sver quast-diving polymerteation

esoiions,



[0094] M xtures of two, or nore than two, Lew s adds
can al so used. In one exanple, a mxture of an
w@bwmaitzeons (111) halide and a trial kyl al um nunPCOERO0N0B7517
is used. In sone enbodi nents, the stoichionetric ratio
o al umoniarbibddiheRalihd el ddral K@M ET BUML S win
greater than 1, while Tn ot hekr errbod% nment s, Zh g with 1
M%t %ﬁ ERvotBbrEeRE b Hisktrul dirion iy sk Rpdhatide i, ¢.g., an organic
& tr}k@ K%l n\u‘\ £k o E iy & SIS
b&s “oi chi gﬁﬂk lrig‘ltg:!:ur{;ti |§*odé6%§§dtp " "‘i{"‘iiﬁﬁ b \?ﬁ‘\n%l“i“l“) rmoVing &
prothal Moee t‘&“ﬁmiﬁm d%e;di*s aldonizn wmichnpeikiadiuch a8 NoW th&@ﬂﬁ?ﬁﬁﬁ*z@(m} tide,

lII halide to trialk
N \a“?ﬁ’ﬁgﬁ?r‘m“’c%‘ asl %]‘**‘ Wl (‘ ?e*é?ﬁ&crﬁ“ﬁ BrRiexidat 1*%%;@1‘ Sipgghyt

sl @R bk !59 m@@«‘lﬂ Q&:’L Ol ;k@ldw lye8thid %‘QQEE&@E@QS{s‘umﬁx such ag
~used. In another éxanple, a mxture of
ey bptwilgde anbey rphreptgd. salonidiarit bousetiy ii0O@E e land oxyges
dl; ex k8 be added in a
conGOTE: SIRPAARANG: o1l LM SpRRL GRS 290P ot 2or
nore than one aliquot, e.g., two aliquots. (f)
U698 ectimonnBonursi@09 e dimisanerenh o iBnGS & pafidine derivative, e,
. n. donor is used to convert a traditi onal
““%‘é’f”y‘ﬁ&?ﬁig‘ﬁ‘i n systeminto a quasi-|living
pol ymeri zation and/or to enhance control over a
quasi -living polynerizati oﬁﬁﬁr\ea@tl @n. As is understood
to one of ordinary skill in the art, some electron
donors are capable of convert "T\E;{adl tional
pol ymeri zati on systens int o‘qu%sl | 1% ng pol ynerization
systens and/ or enhanci ng control¥ over quasi-|living
pol yneri zation reactions.[0097] In sone enbodi nents,
whetcherelreCkr on, 4Nl ak $x82pARLG R L IRLeXk G:Q Wb B b BWLSE | and
acids. In sonme enbodi nents, the el’ectron donor is a
Rz dsemdd/ or Bl foophii @1d B guepeade wqarnw iha\sieaiwlmic sing of

’ﬁi}(}lﬁ Qg? gq? qjlﬂg Q{ i%}ni\ &hi'eck §E|\§§(E\ {}8‘{;{39 gi 3‘;503 lzi%‘;gaﬁgsbimeui carbon atoms,

fri s (ie&aemmmdmmxmmcl ;mﬂemm;ﬂe@ﬁmh asdrocarbyl, and BBy axe
. N-di et hyl f or mani N, N- di met hy Iacgtam de, and/or
Y ﬂ‘fﬁm o*ri*@ewta&* FHAY b *w SepreRrERS e REESEORFPRIER{fIcIude 28t

butyBRblox] g8l Qahens:. ﬁi‘t“%hh sa?%wf[@% byl s @@{%ﬁ@&@ *@Qﬁfm 288k svriding,
acet at e; hosphat e conmpounds such

and/prosishret &)therdumry phosphdteys @n@:ﬁ@ﬁ‘a i»rdz@mwemdm sndfor K-
:;i;,zm!@f%?ﬁ-%'ﬁﬁ{ mxj phosphat e; and oxygencont ai ni ng

et e IRV EY TERE ri evpaed i v A e A SR
(g Lommon o salis aod fovals precursors

NS In the msthods provided herein, in some ewbodiments, common fon salis or sl
SECUTROTS gy bo aptionally added to the resetion mixtwre in addition 1o or In replacement of
i % { 3 HE TR TORCTIN TR I3 RO 10 07 I repinsment of
the electron doennr, 1o some embodiments, such salts may be wsed to increase the fonip
strength, suppress free fons, and Interactwith ligand exchange. Tetra-n-hoivlammontum
chionide and tetran-butvlanmonium jodide are examples of conwnon ion salt precursors, In
sosne embodiments, the concentration of the common fon salis or salt propursors in the fotal

reaction mixture way be in the mnge from abowt L0005 moles per Hier to showt 0.0% moles

s



nmet al conpounds such as tetrai sopropyl titanate.
[0098] In sone enbodi nents, the electron donor is
W@eoode9ees or a pyridine derivative, e.g., a cop@gDUSHODH37517
formula: wherein R, R2, R3, R4, and R5 are each,
per At&deﬁenﬁ@ﬂtbyat chydrsagens o thydn asak byl 10Kl Rk %ﬂ
or R3 and P4, or R4 and R5 ind epen ﬁ
ﬁ““‘f*é‘rtﬁﬂ‘iat‘*“rtﬁeéﬁ HeT BrRarTE ¥ goss pabBet 3 to about 7
carbon atons or a fused aronmatic rrng of about 5to
about ¢3¢ cak 4 5

82, from

P
Z

are eacn

iyl Sone exenpl ary pyridi ne derivatives useful
as eIectron donors include 2, 6- d|-tertbutylpyr|d|ne

o i%sz}g "i{ll‘xdmﬂqh %sa;‘/{tr }9‘8 el QXCQPW’Q*W S}ff?&\}hgt\méﬁé&répm fhe

~mpwmdtcnﬁd £ t}ﬁfm&%&m&ﬂ @ty 1€heots-aRAdRNQHS v \U*Q@umg the
ﬁWgIHEIh yl aniline and/or N, Ndi methy | tol’ui di Re.
m@é N R PR RS s BPRe B ”é’é&}rﬁs‘ér%%{‘?@(?%}i‘it w Cheverting
carbPBERALS ROV NEERKD: i o8 ngte af g%gﬁgt “g
lon salts or salt precursor§ e opt I onal a
be rqeogtiie! reboionihad per o dpontadali i,\r omably wed k‘ﬂ{“‘t‘c\fiﬁ\,- asfyolefing
€ grent of the electron donor. In sone
“eh§‘3% H wnquiW"salts may be used to increase the
ionic strength suppress free ions, and interact with
Iigand}ewﬁQQQQmeﬁﬁmﬁaamgbgﬁgiannDniuntchloride and
tetra-n-butyl ammoni um i odi de are exanpl es of common
al t precursors. L0 some en odi ments, the
1001 o R B e 3 SO D TS Féeghitpch as nitrogen-
contPRBGURSAESbed BRGL gk @@&%»h*@f‘ B NG TRY ?ﬁ«;\ arbsts Satitmied
range from about 0.0005 nol és per liter to aé .
tnidppi! egﬁ%ﬁdqz ¢ mw*:@ng o efipeoymsabsu t>i‘ r@mme el ieisﬁmesmmmnb fvee

IMCH J(I)\ 66 lit 1‘525[116‘&?(“?1 dﬂdl & a%é\‘kqgko BT Bg 6‘ %‘&) _}p\i}m 1 g’é&‘ B ez?xe{ﬂ%? *eﬁ“‘* t}(,i mg
agonf B th Ag&mt@t;f:ﬁ) bf Genekaticnghikdn@ of il eeing Mativd 1w any theory, the
Pol vol ef i m from |.oni zed Pol vol efi ns [00100] After
reac SRR BROSES Bnis &8Py 818Mh having a car bocati oni ¢
end group, the carbocationic end group can be
converted o ap exm%olefrn“c end group by reactjng Qhe GHy
i oni zed pohy91efln W ﬁm" ”F bl e reactants. Soné‘\ A

Poyi@XATRL ES ofﬁa\ente surfﬁbf Sl convenkingene. fQ;\ ;
e S

e N
o P N
~ &H

/

oo

IR Withoot being himited fo any theory, in some embodiments, the nitrogen-based
quenching sgent, e, substituted pyrrole or fmidasole, comploxes with a Lewis sold (such ag
@ titanium halide counterton and convens the vationie end group of the polyelefin o ay exo~
olefin end group. In yome embodiments, thia conversion regenerates the strogen-hased

guenching agent.
{8183 Some exemplary sirogen-based guenching agents will now be deseribed,

U] Insome embodiments, the substitgted pysrole has the formada



carbocationic end groups to exo-olefinic end groups

are provi ded bel ow; however it should be recogni zed
W@ b@v/1zeany ot her types of agents can be suit abP@r/usSm®dI/ 037517

to provide polyol efins having exo-ol efinic end groups.

(a) N troeen-based quemghing agenks [00101] In sone

enbodi nents, a nitrogen-bgsed quenchlng agent, such as

ni trogencont ai ni ng five- meffberad aromatic ring

conmpound, e.g., a substit fed EXLL3|e or substituted

i m dazol e; a hindered see ndary tertiary am ne; or

a mixture of a nitrogen- con.grnlng fitvenenber ed

aromatic ring and a hindered{secondary or tertiary

amine, is used as a quenchlné agent in the preparation

of exo-olefinic polyolefins.®"Wthout being limted to

any theory, the reaction nay proceed by the foll ow ng

58 ~1ER010R] $ hout e n heo R
B S et & S rin O Bl TV S b TR RS idopendentry,
n}dsagenm, allvigese zsuil:;é\t&m htz:edi\myk rmhez Qrembiazed & au (3 Rz form a fused

caonpl ex S.Mﬁth a cid such as, a titanium halide

ot er G T 65 B0k RsbBatt i TR BUBCBabpRet 10 8

rarbPOkyelsehdd il B @01 aX0RkLBH Rr@NAdL AL WP A liN:. SQ{@: hey emthodiments, By
enbodi ment s, thi's ¢onversiaon regenerates t he

and Hp t*»?&é?gfew%%«eeamau &ne R ﬁgw@em & te\[ BM@&}% SO ¢ exzeﬂ%m iy ring o

o YRS DOSE USDE R0 POSTUE Mo BB e

ambhdis: iﬁ“hsehfﬁtﬂ ka1, mmfdﬁmaﬁ ROk R B 1Ssirs REanda R B e o fused
I nde engentl al.k E, R2 and R3 ar e,
SOTHRYH SR AG R § ‘:"h%‘ ‘geﬁ’ AFPRYY s é;}ﬁﬂF%‘aI?k‘ﬁl“f By phongft o &
carkadk @kl . In other enbodi ments, Rland R2 forma fused
aromatic ring of fromabout 6 to 10 carbon atons, or
an aliphatic ring of fromabout 4 to 8 carbon atorrB
OO Ry spwe ghppiineeyie Peaikyitted ipidpat kar Yk Soonds
aral kyl . In other enbodinents, R and R3 forma fused
aromatic ring of fromapout 6 to 10 carbon atons or an
aliphatic ring of fromahout 4 to 8 carbon atons, and
Rland R} are, independent T’?y‘*ma’#i kyl. In still ot her
enbodi nents, both Rland Rﬁ, R3 and R, taken in
pairs, |ndependently ar omat i ¢ ring of
from about 6 to 10 Cif b %m or @&n aliphatic ring
of fromabout 4 to 8 I

H
b

whereln Ry is branched alkyl, and whereln either By andd Ry are independently bvdroges,
adhyl, eyeloathyl, aryl, alkaryl, or aralkyh or B and Ry form 2 fused avomatic ving of from

abowt & i 18 carbon stoms or an aliphatic ving of fron: 4 1o ¥ carkon aloms,

6186 Sowe non-linadting examples of suitable nitrogen-contatning fve-membered

sromativ ring compownds inelude 2 S-dimethvipyerale, 3.3 -dimethylindole, and carbazale,



carbon atons. [00105] In sone enbodi nents, the

substituted i m dazole has the fornmula: wherein R3 is
whe@satmds al kyl , and wherein either RL and R aP@&I/US2009/037517

i ndependent |y hydrogen, al kyl, cycloal kyl, aryl,

al karyl, or aral kyk#;or Rl and R2 forma fused

aromatic ring of ffon1about 6 to 10 carbon atons or an

al i phat i 6+ goﬁ?rmn4to 8 carbohNat ons. Lﬁﬁﬁ@
R ng)
e

Some n@n-1li ri'ng anpl es of sy 1i t abl €
ni t r ogén- cont ai ni ng f+ve“mpnbered aronﬁtlc
conpourds |npigg$ 2’5 di et hyl p role
2, 3- di nethy#T ndot's , and carbazol e -PGO T
ni trogen- contalnlng five- nenbered aromat RC ring
conpound is not ong of the follow ng congfunds
2,4-dinmethyl pyrrole; 1,2,5-trinmethylpyrreie
2- phenyl.i.n oI 2- net hyl benzi m dazol g;
1, 2- di mECHYE ?ﬁ‘*&*&éﬁre 2-phenyl i m dazéi®&® gk 2, 4, 5-
trlphenyI|n1dazoIe [00108] The hlndered secondary or
;g}{ﬁt{@%t I ?sg‘:%/ ?sg&ﬁﬁ ‘g@‘gr}]i JB ?%‘%ﬁ?ﬁ@a&{{ 9 §& »\i A ﬁ(\zgpbgﬁfrlb y}f\i" oue ol the
tolievigy ;.cuabstc,yiﬁx @y@h:naizkyhvawiar yL,, ainh@amwmua{&aa 1«y§lx§,w adolatn.
and R3, R1
et &ﬁ%‘%‘*ﬁﬁﬁiﬁémgﬁiﬁ it e el B gHa Pt fng of
wiptenomaheut. 4 to 8 carbon atonms. [00109] In some
enbodi nent’s, the hindered secondary or tertiary amne
has the formul a: wherein one of Rl and R5 is hydrogen
{HERD ¢ He 'sedeed yesoaty anchady akyl hasthaatsoot! 8rrele0
carbon atons, aryl of about 10 to 30 carbon atons, or
ar al ky| of aQ@ut 11 to 30 carbon atons; R2, R3, and R
ar e, iﬁﬁe&eﬂdently, hydr ogen, al kyl, cycloalkyl aryl,
al karyl, aral kyl; or at |east one of R2 and Rz, Rz and
R3, R3 and R4, and R4 and Rs, taken in pairs,
|ndependeﬁelyabout 4 to 8 carbon atons; provided that
I f Rland R2 forma fused allphatlc or aromatic ring,
2RO br, Ls \ @.,2Q canban
wheldIEARERL% d AREDER Al W flon 200U et LOEQ LR Ggfouti,
arvi caﬁz\am:tiomi m dz ai B6icar bbdihe aawrm ,z;z and Rp| rmwmkeﬂ bhat ad Ry
RS forn1 al i hatlc or .arqQmatic ring
indepiRnes e § R AACHEG Amey Tt o1 S0 16 SLarhes 4 bon
atons, aryl of about 10 to 30 carbon atons, or aralkyl
g ahﬁ ehond daledBRnGa RO REONR B0 140L z’tg‘tht‘zEm\ hag the formula
het eroaromatic ring structures are possible. For
exanpl e, the hi nder ed

® \\\-““f‘ \\1\'\-\\-‘,@"&* h}

whareln sog of Ky and R i3 hydrogen and the other fs a branched alkyl of ghont 3 020
carbon atoms, avyl of abeut 10 10 30 carbown atoms, ov aralkyl of sbout 11 0 30 carbon atoms;
Ry, B, and Ry ave, independently, hydeogen, alkvl, ovelealkyd, arel, allaryl, amaikyl ovat

feust one of By and Ry, Rz and Ba, Ry and Ry, and Ry und Ry, taken In pairs, inde pendsatly



secondary or tertiary am ne can have the fornmula:
wherein one of R and R4 is hydrogen and the other is
wa@bkdogh290eycl oal kyl , aryl, aral kyl, or al karyl ,POnesSwbI/e37517
and R3 is hydrogen and the other is alkyl, aryl,
forvakaldedlarorpficakidear o @hodls th aghhAnenel 084@%1 R%L @Qd‘i froum
R3. and R4 , taken in pairs, i ndependently f orm A fus
bodrbivat Feb *f‘t@“‘ét PIPYigY HBBUR 5nE 6 Towar Bond atipmsicar amumtzs, Fing.
1 LGk + LOm.aboyt- 4. ..carbon Q
et R E B SR B PR AT TBFE ] Eion
atorasrion erabah (\hﬁ\x@‘ the: @M“m fguk: szmgd;au 1{?%@;&99{ R, Bl i\Rzmrm 2 fused

nd R4 are, ind endentl drogen, al kyl
ol BRI ey g R gm0 Jortaen bicitan etoms, ars of
aboln€@sh 30RE R AREyARH Ry Qf 3R AN, gk @’!‘ﬁ?pg n pairs,
| ndependent ly forma fused aromatic ri ng o Tom about
to 7 carbon atons, or an aliphatic ring of from
ﬁi}%ﬁ%ut ey BRIGrogBmoN THISOIRCOPISOVE pResdiblsh alforickaRplesthe hindered
seccBUA QISR SR AN B gyl agependent [y aiky '
cycl oagk T , or aral kyl; and provi ded
that if R2 or R4 |s hydrogen then R is alkyl,
cycloal kyl, aryl, alKaryl, oM.aral k@W:.[00112] Or, for
exanpl e, the hindered se t hdar F tertiary amine can
havethefollovvlngforrrul : wher Rl, R2, and R3 are
i ndependent |y hydrogen, ki gl\oal kyl, al karyl, or
aral kyl . [00113] Sone, pon- g{’t"’in exanpl es of
sui tabl e hi ndered se endary r tertﬁ&ry am nes
i ncl ude: wherein Ris, independently, hydrogen or
wheRNEEQEANBYng sJ-QQiu%%zu{rﬂﬁi Hhi nft@rﬁom@qqeg@t\xz Laraliyd, or
tertiary anmne is not one of the follow ng ¢ nds:
wii\at\rlwétehv)éam%e i‘tﬁwdi%ifbu'mﬁl“ pihe, mzt‘«nh@x«yt arﬁ&néa\z allarvl: or at
b 1«&5&1‘» ug a%gg%% léa%rﬂrﬂ it hagad Q;X!\tpy g#& }gﬁcec tx«q\ut iy S duseg promatic
ring 3}? p‘;&mrt(b:dtm’@ wil? caybsb;ogxemxemm}{ @5@ l:l:@,]itdr?@!{ 3sfaiil Bt @loarban atoms.
det ail's, see U S. Patent Application No. 11/207, 366,
ust 19, .2005 and entjtled "Method for
ooty Z'epa R oBP Pl s s ot PaPTieiguEREaIer Pivchafollowing
{fmnkpnds, " the entire contents of which are incorporated
by reference herein; U S. Patent Application No.
11/ 207,377, filed August 19 2005 and entitled "Method
for Preparation of

wherein Ry, Ry, Ry, and Ry are, independently, hydrogen, alkyl, eveloalkyl, sevl, alkared,
aratiorl; o whersin at least one of By and Ry, or 83 and Ry, taken in pairs, independently form

~y

a fosed wromatic ring of from about 510 7 carbon atoms, or an aliphatic ring of from abowt 4
fes & carbon aton provided that 31 Ry s hydrogen then Rp and Ry are indepenstently alkoyl,
eycloatkyl aryl, alkacyl, ovaralkyl; and provided that iT Ry or Ry i hvdrogan, then Ry i

alkopl, oycloaikyl, aryl, alkaryl, ovaralkyl



Pol yol efi ns Cont ai ni ng Exo-A efin Chain Ends," the

entire contents of which are incorporated by reference
weeeiizroriand U. S. Patent Application no. 11/ 200CR682009/037517

filed August19, 2005 and entitled "N%thod for

anfhepa rcentage .o "
(00 E28 PP PR, S RoSRF RO PP o Bty bGP GRF R rooneing
form@ri@ i ncorporated by reference herein. (b) Mnosul fide

agents and proton acceptors [001 16] In sone

enbodi nents, a nonosul fide reagent, e.g., a

di hydr ocar byl nonosul fi de reag%nt havi ng the fornul a:

wherein R and R are each, irndependently, hydrocarbyl,

is conplexed with the |on|ze3%$§Iyolefin. Then, a

proton acceptor is |ntrodwte sgenerate a pol yol efin

Wi th an exool efinic end oup d optlonally to
regenerate the nnnosulfld reage [00117) In sone
enbodi ments, Rland R2 ar€" ch;*' endently, al kyl ,
al kenyl , alkynyl ar?ﬁ alka , kyI or

cycloal kyl. In sone enbodinents the

SO 3219 EJ? P_\@ b h Iu l ‘]f eyt vl or araliyl
whe q]ggg psg CAbYl 10 ﬁgﬁi%%g%g%%ﬁ éw o iéQF SR asaliy

dllsoanylsulflde di - secbutyl sulfide, dllsopentyl

0033] £ i Srene vhmBrREld glespidkicdetisit Hpliot@ stooodtry br teniary amines

S ylflde di nonyl sul fide, dioctadecyl sulfide,

k di"pentyl sulfide, di-tert-dodecyl sulfide, or
diallylsulfide. [00118] Wthout being limted to any
theory, in sonme enbodi nents, the
di hydr ocar byl nonosul fide reacts with the ionized
pol yolefin to forma stable sul foniumion term nated
pol yol efin. The sul foniumion term nated pol yol efin
may be ion-paired with a Lewis acid derived
counterion, e.g., a titaniumhalide such as dV.
Reaction of the conplex with a proton acceptor
generates an exo-olefinic polyolefin, and regenerates
t he di hydrocar byl nonosul fide. Wthout being limted to
any theory, in some enbodi ments, a proton acceptor
abstracts a proton fromthe sulfoniumion term nated
pol yol efin. Wthout being limted to any theory, in
sonme enbodi nents, the reaction between the
di hydr ocar byl nonosul fi de, ionized pol yol efin, and
proton acceptor proceeds by the reaction pathway
described in the foll ow ng schene:

7.
LA



[00119] The proton acceptor can have either the sane,

or a different, formula than the el ectron donor
waele®enzdoesl, supra. In some enbodi nents, the prBCDOS2009/037517

acceptor is an organi c base, such as an am ne having

the fornula:whgrein R, R, and R3 are each, 8

|ndependently,\hydrogen or hydrocarbyl

al kenyl , al kynyl, cycloalkyl al karyl , aral kyl
aryl . |~ 2 » an B acl]
ring of fr "3 to About 7 carbdh ato
enbodi nent oton agceptor has inore t
1R2 group.. enmbodi- MS,the wton

of suitable amine &hvgtude dlnethyl anrn , diet yI
am ne, dipropyl a ne, n- butyl amne, teft-buty]
am ne, sec- butyl am ne, di-nbutylam ne, Bnili ne®
cycl ohexyl am ne, cycl opentyl am ne, tert-amnyl am ne,
trime®hyl anmine, triFethylam ne, tripropy am neg and
tributylamn [00120] In some enbodinenis, thejproton
g_acceptor is an al coh oI havigng th%forwl
sy df aebyl g. s aI kyl , ‘ai\geﬂyl Ly
; Insomem%omnets
i s at ached 0 a primary, secondary or tertiary
-~ I In so nmbogd S
¥ accep&or has“fiore than onevv%fFE%EUp n%kaﬁples
of suitable al cohol § include nethanol, ethanol,
_ i sopropgnol , 1-butanol, 2- bq% anoI”‘EC ridine
tert-butanol, cyclohexanol, cycl opent ano and phenol .
[00121] For further details, see U S. Patent
Appllcatlon 12/ 095, 281, filed March 25, 2008 and
entitled "Productionjof Vi nyl i dene- Ter m nat ed N
Pol yol efi ns Viia Quenghing with Mnosul fides, "

Isoquinaling

t Re

entir efegnt eats, , &' ncok or at g by T eference
her ei n. ST “Exo- A et n e o \\xm
Term nate ins Fofmed Wth Potlassi um} §
tert-Buto si-1iving, o-ol ef§in

terni nat€d pelyol et t er nativ ?etmafmy\

reacting a tert-halide ternrnated”polyol%fln (ste
above) with potassiumtert-butoxide (t-

Briefly, in one enbodinent, the tert-hali té"tié’rm nat ed
pol yolefin (e.g., chloridetermnated

wherein R g, independently, hydrogen or hydrocarbyl,

[O8114] The Mndeved secondary or terflary amine 8 not one of the following compoundy
wiethylamine: triwebutyhoning tihexyvlamine; isoociyiaming; 2-phenyipyridine: 2,3

cyclododenopyriding di-plobylaming; guingldine or Doymroding- Levelopentene,

JORLIS] For Rurther details, sse UK Patent Application No, 11207368, filed Aogust 19,
2003 and ereitled "Method for Preparation of Polyolefine Containing Exo-Olefin Chain
Euds,” the entive pondents of witch ary incorporated by refivence hersing UK, Patent
Apphivation No, 11207 377, fled Augast 18, 20038 snd exaitled “Method for Prepavation of
Folvelefins Dontaining Bxo~-Olofin Chain Em:t&;’“ the entire contents of whish are

Incorporatad by refersuce heredn; and USL Paiesst Application no. 117207264, filed Angust

~ 3w




PIB) is refluxed in tetrahydroruran (THF)
(3.09/100m ), and a solution of t-BuOK in THF
W@ 20000290511 ) i s added dropwi se over a period oPCI/0S2009/037517
m nutes, stirred for 20 hours, and then cooled to room
10, tenpakalune: « @@%Q%&eiﬂﬂw%mﬁ%im e RrNEX AN kS %@g@z eentage of
stirred for a few mnutes, 50 m distilled wa
Exorptefiodibebdliodt’| the eut EEpEes it t.ih@:m@ahbjﬁmiaywr herein.
is thenwashed three tinmes with 150 ml distilled water
each, ,separated. and. d *I&*ed{iy\rm&g\.hydr ous magnesi um
sul fa ; ¥t er ed, the sol vent
renoved by evaporation, and dried in vacuo at 75C
e Der ni’rgm e (0 ARSkormbarstiiek: raakal, by, sstediiNevbvimonosuifide
I ech eﬁ C. PoILerers and Sequential Copolyners by
“esisB S UHCEE SR Y ni ti at or - Transfer Agents (lnifers) V.
Synt hesis of a-tert-Butyl-
i sopropenyl pol yi sobutyl ene afﬁq}*aﬁﬁ
w- Di (i sopropenyl ) pol yi sobutyl ene,” Joseph P, Kennedy,
Victor S.C Change,( Robert Alan Smth, Bela |van,
whepoh ymeb Bk ket ¢t 3pdETEL 880, }e‘vri@sr@)‘?*v“riﬁ é@f@r’r‘tﬁr‘iﬁi‘é“@bﬁ%ieﬁ?t sed

b‘ﬁ‘?‘%rﬁ%j&-rd%ﬁ*ar Q& %IC Cf?"{ﬁd\f% %&brxg‘aﬂ]eﬂre EEs \mi\ Ailen xlfﬁa RO ONO~

ciivdngal goas.edd agtickgivie @g@ﬁé; afvahe®n mimd ;etz;@:\wr
fumaric reactants of the general formula: wherein X
X, th di ff t d. t hat
000 B AT S S B8 Nk e, sy,

axvir gaghi Reyta, &S&@Nﬁfw{i a?ﬂ%@h@'&i%xﬁfﬁ%ﬂi{@@%dﬁﬁxd;@l?ar@ﬁ‘n{}%\mnimig i
alts wth ammdnia or amines, formnetal salts

aim}xaeaaéiuiveim‘ep%dm“ém \ba«s;rsew b\ydﬁsea?@t Tyt st w@wbmmht’sdz 980

i}mﬁs% th {s%éq? fsld%gi& s ro%:liértl ngifz ldr\}/lll?{« W éwfgwhné(m;
»aziheprae&em,s m&g\eqw\m{ @m} s@fuaczﬂﬁ&ﬁic;v ANRBRN biMali Okaifide.
am ne cati on -NH 2, -d, -Br, and taken together X

as t form an anhydride. .In sone
**ﬁgﬁgodﬁﬁéﬁﬂ hﬁ% ‘arférmxﬂ‘ ‘r"é?%ﬁ’érff‘ﬁ’ﬁ%f"‘ eﬁ%‘f‘ﬂ‘“&‘é‘r‘%é‘%yl i c

ditd G 0ns CRMBNERYS J%QE @*}@i@% Lal LODLBA kRRS: xtz@@i Skirinm ion
anhydrlde i s one exanple of a useful unsaturated

»zmaemi polrelabranby sdidvern sui Labineted r;rgé’mﬁf@tfe@ aciod rrr;me\:i with &
Vm& 9%(5 %':LE«Q gfi'w,ocﬁ ';‘il‘!;aSn en:,ﬁ]egggugrg%ag}e f I%t; E {: znagx: ' ns }? m{q YoifRY the
wn@&fm&kﬂ @&ﬁxtmﬂ&maﬁ&ﬂmﬂ ),rmnmfdxuaﬂ@mﬂ b&bb%@.f;ﬁ,, and regenarates the
dihydrocarbylmonosuliide. Without being lmdied to any theory, In some sovbodiments, &
wroton acveptor sbstracts a proton from the sulfoniun lon wominated polyvelefin. Withowt
being Hmited to wny theory, i some smbodiments, the tesoiion bebween the
dihydrocarhyimonosulide, fontzed polvelefing and proton accepivr procseds by the reaction

pathway described in the following schemss

e N Ry 88 proton soceptor ol
pg ﬁ R %‘\ 'w‘ ’ 1 ) ? p §}§ R,.. '\-%‘J EY R, . S“'
3 \\ ?ig{: is} ST 3 t

OIS The proton acceptor can have eiiber the same, or g different, formuls than the
cleviron donor deseribed, supra. In some ewbodimentg, the profon acoeptor & an srgande

Y

DARRG, sug b as an amine Bavi mg the formula



and/ or difluoro maleic anhydride; N phenyl mal eimde
and/ or other substituted mal ei m des; iso-nmal ei m des;
wo eovan2wiaci d; mal ei ¢ aci d; al kyl hydrogen mal BEI/E82009/037517
and/ or fumarates; dialkylfurharates andToFr nal eat es;
fumaronilic acids and/or wmlganke acids; and
mal eonitrie and/or ftiraardnitrife. [00125] The use of
mal ei ¢ anhydride in copolyners such as those descri bed
wichen & TR, andBE deaublanhdepustitllh, Beleauser bi@otadul kiseikyl, atkenyl,
succini ¢ anh dride_ groups t hr oug hout the copol ymer can
*ﬂ’*@ui@é\%‘qﬁ‘éh’t b y gt n%&%g Wéid““ i@ v\maéi‘é@giéms@e rif‘ﬁai Ry, togsther, oo
a vl Gk 68k aid, Jhal @’V{"'irﬂo@ ALEE 1y »Q*nelé‘;ﬁ 8L IRV bR secepior
c’haracterl sfics of the copol yner. '
has ¢ ‘ﬁpnﬂhm Mfﬁsiéﬂ\&“hm A&Gﬂﬂ xﬁ@ﬁﬂ.@]mﬁis@h& ,ezt(sy*mﬁcc;) OF IS & m‘imn;,
o Rl Liators are. suiltable for use 0, initiatin
seccolivg) SR PsRPRER: O TRHE RS L P BDIRGTHOFS PRy Sy wmine
die {ﬁ«he ndRs &t uﬁ@tsed«;@gc i@y Ieast, 3t -buk DS AR R RO I B AL $-n-
g., enbodiments jn which the quasi-living polyolefin
ﬁw“gmer aﬁ%ﬁe‘rédxwﬂ‘?"peﬁ \PRERS. ZF RN ITORBRR oAy Evenm sdwpibe! aming,
i‘*;cx‘g‘{h\ el Bk 3l Qo @R P IORAL, | ni L ator need not be
1Nt at e e cop Wynerlzatlon reaction. In
such enbodl ment s the initiator of the quasi-Iliving
{818 ct inowrcamtakisoae tuspditasicthego inkt Rater! hofinthies fhrmaly
copol yneri zation reaction (noti ng that a
copol yneri zation initiator cQu g}“@ so be added). In
ot her enbodi ments a copol ynertzatton initiator can be
added. [00127] In sonme enbodinents, the

| ¥ $ J 0 3 c s b li 1 e !e 3 &
“}i&, *Pﬁa FHSl“hT |L‘af of“i @,n mﬁsﬁl\t\_}ng% o?”slq%f% Y, x% ;zn gz I{::% eiumma
er\"&i\ﬁlﬁuﬁiﬁi the]-@81 ﬂﬁiim%fd}mﬂqe;ﬁ&p esepatdyne b m&@ﬂz&l imn I wome
nltlatOS azot merlzatlonlnltlatqrs and

cmbpRACaT off P SRANTREES Ghe BRI P ArS Sgpone OH group.
ExafiOR9 w&m\&aj é\% JiRAGLL RO SUCRNAS NORBMASEE, k@ﬁ&!mi, T-butanol,
herei n. [00129] The per oxi de- type initiator can
Zhusmganeboradhorgenixeneli syckpreisenbodi rents t he organic
having the formul a R3OOR3 wherein R3 is any organic
Lagdl G Se t e“gpo an II‘\ & g
EiE ?F @F(%ﬁ‘g% ?%idx ianf/a gf‘ga 190&}]; %g%'zn}i £ ing § F&g,;i SN
0 ant tb.&;i} {i “Pradoction of Viny .iui»:.mw Teorminated ?‘Qi}(}i@;;zﬁs Via Quenching with

Monosulfides,” the entive contents of which wie incorporated by reference hetein

{8} Cugsi-diving, Exe-Qlefin Terminated Polvelefing Formed Bk Fotassinn

sere-RButoxide

o~

BRI Quast-living, exo-olelin torminated podyelefing can alternatively be formed by

reasting @ tert-falide terminated polyolefin (sen above) with pedasshn tert-butoxide (-
BuQiy Brietly, in one embodiment, the tert-halide terminated polyndefin (e, chioride
termninated FIEG s relluged in wetrabydrofiran (THF (3.00/100mE), and a solution of ¢BuQK
Y THE (2.0530mi) is salided dropwive seey g period of 10 minwtes, stivred for 20 hears, and
then cooled o wobm omperature, Subseently, 3 ol ichexane 15 added, stirred for 3 few

mintes, 3ml distilled water troduced, stireed for 10 minutes; the organte layer 13 then

B



organic radicals, e.g., hydrocarbon, aryl and acyl
radi cals, optionally carrying substituents such as
Wh2000029085 Sone non-limting exanpl es of usef uPCT/US2009/037517
per oxi des include di-tert-anyl peroxide, di-tert-butyl
W ﬁx@‘e({ QX8 d OR 1 Buky bipes @%)ﬁ@e!}k@{ak%m UGB %Q&m@@whw i
benzoyl peroxide, |auroyl peroxide, other tertlary
magdygsipie pHroxit @iéié v i drodig b Broshehz sy e aroxicddy svaporating, and
ertiary u-y g oper oxi de, acetyl hydroperoxi de,
&“gi“?ﬁﬁfﬁé?o yta bt {ate tertiary butyl perbenzoate,
and the Ilke.[00130] The azo-type conpounds, typified
{Be ! al phatuciaphi '%iaZQbi“Sics,Ohﬂ&y}B Piviviees a:ﬁr‘é\:‘aﬁﬁﬁi Webdiymers by

free ra ronotin
Peﬁ\ezi?fﬁbﬂﬁl&»g“@&ﬁd%évﬁ R %%‘g%*ga&é’*‘h‘g%ﬁ“ﬁ*g’f Br eddn
isork 8 TRLE S B ALQURY %'\EN} s‘@ﬂ%{ 3{% z& Bﬁ 1 R8lanGes ?@«{ ‘v\: Kennedy,
‘sati sfi ed by "organic rad |ca S, |'éast one of ch
Vicfog SpF. eﬁmm R%yﬁa:t“tﬁémhév@k tt‘dﬁza“ti‘e*:”it r awwc &rboi 1, @t‘heﬂﬁ {1979y, the
s"*ssau‘m RGO gt %‘, & i re not |imted
enti bR N e R S e R P oot bsBFat o
pt opydi azoam nobenzene, p-bronobenzenedi azoni um
hydr oxi:dexs470RRE Haneg fand phrenydi azoni um hal i des.
(1'V) DI LUENTS [00131] The copolynerlzatlon reactlon

i E f conducgeg neat . that is, .t g ving
*’“pg yol &t PR HHEY %at*tff‘%t*‘éﬁf‘*éci‘oﬁ’%“}%é t‘a‘ﬁti WgHY TRgs ol e
sondsRi db@l@r can be conbined in the proper ratio and then

stirred at the reaction tenperature. The unsaturated

acidic reactant can be added over tine, or all at

once. [00132] Alternatively, ihe reacti on can be

conducted in a diluent. For yanple the reactants can

be conbined in a solvent. di  uent can be a single

conpound or a m xture of t ol nore conpounds, that

conpl etely, nearly conpléﬁély, ér partially dissolves

the reaction conponents. 1@ some enbodi ments, the

di l uent has a | ow boil i ng#yoi nt ¥and/ or Iom;free2|ng

point. [00133] A variety o u(table di l uents can be

used, such as an al kane, 1ky| nonohal i de, or an

al kyl pol yhal i de. Exanples ofj sui tabl e normal al kanes

i ncl ude propane, normal butaKfe,

wharein X and X are the sayve or difforent, provided that o8 least one of X and X7 iy & group
that is capable of rescting to estertly aloohols, form amides, or amine salls with ammonia or

arnines, form metal salts with resctive metals or basivally reacting metal co‘mpmmds and

otherwise function as aoylating agents. Typically, Xandlor X s ~OH, ~O-hvdrocarbyd, -
O where M represents one eguivalens of 2 metal, ammoniam, or anine cation, ~NHs, ~CL

~Hr, and taken together X and X7 can be 0 30 as to foror an anhydride. I some
eathodiments, X and X7 are such that both carboxyliv functiony can enter inte aoylstion
reactions, Maleic anhydride §a one exawple of 2 nselid ungatorated soidic reattant, Uther
suitable unseturated acidic reactants nclude slectron-deficient olefing such as nwmophenyt
malele anhydiide; monomethyd, dimethyl, monochiors, monohromo, monofluors, dichioro,
ardfor diffnore maleis anhydride; Nophenyt meletodde andfor other subatituted maleimides;

iso-naleimides; Ranacie acid; malele anid; syt hydrogen nwdontes aadior fmarates; dialkyl

~25-



normal pentane, normal hexane, normal heptane, nornal

octane, normal nonane and/or normal decane. Exanpl es
w@Roosegabl e branched al kanes i ncl ude i sobut aneCT/US2009/037517

I sopent ane, neopent ane, isohexane, 3-nethyl pentane,
mﬂa%m%‘s%tﬁﬁﬁ by sQa‘E‘I\aﬂ%m&QQ( £id Lty AREOWE qu\aﬁﬁfi ot loonitrile andfor

Exanpl es of suitable hal ogenated al kanes 1 ncl ud

fumghingribf orm et hyl chl oride, n-butyl chloride, nethylene

chlorlde nethyl chlorlde 1, 2- di chl or oet hane,
ootast: 208 bR SRR IS, SRR\ ARBLL B 0 hrin s
gmrtﬁiikl&)?\l waheful &m&%ﬁ &h Iﬁﬁsﬁb@d‘aap«aﬁ&;\ sapdl Rk ﬁi‘Ot w5 threnghowt the sopoiymer
1,3 dICh| gape [00134] Al kenes g
et R GYEHEY 8 RGOS o a?ﬂ%ﬁ&s oh B EE 4 ’wi ‘én*t‘ e to further
modGh MIrALiGhL oF i@ opdi e chi or oet hene,

2-di chl or oet hene. Sﬁbstltuted benzenes are al so

SU|tabIe [00135] In sonewenbodlnents the diluent is

onelierC RS 'S L Had bERY VI Fde, sul fur di oxi de,

acetic anhydride, acetonitrile, benzene, tol uene,
iiﬁ?&s?y QQR%QQQ\ i%g?%% L.%Iﬂgﬂ PR e iqliQiE‘iQQ‘?n G ang‘[} Ii%ﬁnjm o the

r oal kane. Various mxture
qwﬁb&; m&aﬁbs videGn ;mdhi %mimit ameidfchiexangaands math y#n\\\iﬁ ments, &g,
one e nments. such n1§Eure is fr om

*““‘*-15386‘%&" 5597 R ame 7D B0 HERARGT LR b b6y e egymonomer in
he MOLWER of @1 niBudk, sn SEOMAP AN ::804R0 ot:onabeut. %@Q{R the
exane/ met hyl chloride by vol une, or, e.g., ron1aboutv
LUPHORB 4*@@%3&3@%?’ 767 3Ehhavadietme iﬁy Ii‘”iii;ﬁbm?fi téie Qb@bi*\ﬂ@hagneﬁ;ﬁiim an

aiw%wkz» u 2 ?é‘if: %F‘P %t'?i‘ ggél L}.F é%? EJO% H tei)i('%/'i ?i a‘ﬁ% %&%% 6}}““}%2“8“ zation

‘t?uil’ﬁi}éi v«al 4}1 ﬁ’&» hg @@m ] igAfﬁz&ruﬁihemﬁe;acb Logsy z&eﬁﬁimhei Gator van be

| atil e conponents can be stripped of f . (V) REACTI ON

DI TI ONS [ 00138] In sonme enbodi nents, the anounts of
the different reactants and the tenperature of

(G619 RCTIQRNRT@IREHREHE Ghd Qi RROV: QQi;atfh@amr&SHi LBy any suitable fee
copol ymer (e.g., polyPl BéA) Wth the desired

ﬁkiit}ﬁar*ée*t‘érih@ﬁﬂi@@diimi%ﬁ Kplyendmduritiof initiator to
enpl oy, exclusive of radiation, depends to a |large

ﬁ%ﬁa‘&%en*wg ak I?‘xegsa%'i hGi@hy | anﬂs%;b@t Q- tgﬁ‘)?‘%@mc;ﬂ&n@ 8 fes, ana

eactlon con
racdiation are wam;*ie:x of usefd nttators for s,,o,;;sasi;e.zmmmimx reactions sueh ax those

desortbed bevein,

IS The peroxide-type inttiator gan be organic ov inorganie, in some envbodiments the

organic having the formule RIOORT wherein R i any orgonie radical and RY i3 selecied
from the group vonsisting of hydvogen and any organic radical, Both B3 aud RY pan be

organic radicals, e, hydrocarbon, aryl and acy radicals, optionally carrying substituents
aueh as halogens. Some nos-limitiog exanples of pselfid peroxides include di-tert-annd
perocide, dister-batyl peroxide, tert-butyl perogybenzoate, dicamyd peroxide, benanyl
peroxide, laurayl peroxide, other tertiary butyl peroxides, 24-dichloro-benezoyt peroxide,
tertiary-bulyl hydroperexids, acetyl hydroperoxide, disthylperoxyoarbonute, tortiary butyt

&

ya‘;

perbenzeate, and the lik



enbodi nents, the initiator is soluble in the reaction
medi um Exenpl ary concentrations of initator are
wheiwaz9019. 001: 1 and 0. 20: 1 nol es of initiatorP@EUSI009/637517
of acidic reactant e.g., betmeen 0.005:1 and 0. 10: 1.
ﬁéﬁh% 149} L, ?%&t@%gq{k% U}ﬁth&o« ARG g‘gt k&@.t zt:mt*iim are alao
erature s sutficient! reak
wdi m«:}t\wamwmtim progutey tm_e rzdés |Tmedeq% rrsaegfttﬂa@ﬁl;\ cal 5o andmtt @s those
Etav;f aétt“f“% i &w ?ég? E’:%ggtﬁs I Qm‘} bxﬁé} %‘g baﬁ“‘é’s‘s?lﬁ‘ejéﬂ“wﬂ By organic
radibA0 bé khsd oo SONBI QD @Qﬂ?ﬂ’@m\ Siiad 8 16 0 AGHLQR e ChBer suitalvle aso
sufflolent to result in the substantially conplete
COMPOHVEI g B Oft «tiheﬁta@nat@w pdcrantoantouasiug ﬁww@mw. -
i 3 by Q ‘-}:(E K h é‘e Q Qn \q
m%lz&%lgﬁxgﬁze%g%d ‘gow ﬁ frz' zmili,%b{\(%‘ ‘t«m \Lt\ 1&11 ki
phodddisoni B 048], As noted above t he subjeot reaotlon
occurs in liquid phase. The quasi-Iliving polyol efin,
unsgturated.aci dic reactant, and initiator can be
bré ﬁﬂ“toget er in any SU|tabIe manner, e.g., such
that_the quasi -1iving polyolefin and_unsaturated
601 di The gachanti:aneh Buaughmitekand Rlday <t€ 1O, AGtaual-Hving
t he, presence of free radicals generated by the
polypiityy Heomseipgiodew tipieas tiie SReRe tRE RO B %ie@n@nﬁﬁ@ \ébie proper
atid A BRLGR.A0Y BEAMANR SO BRI LK 9 be
il SR P HERMES G ARl LR pRE e 1
@u&ﬁea@tank,amﬁdxumutlator aIternater, the quasi -1iving
polyolefin can be added intermttently or continuously
£ POl The reactants can.also be added .
““m ot% Ty Fi ré“‘ Faya o “é%ﬁﬁ‘l“em‘t‘ ge“ﬂ’ﬁu At ?éttor Fah a‘““*“*i‘%*" the
RS un&atiu kak eﬂm&ee&t g stieaa! ant Jgahi ke Bdded leQdyheae b ORixare
pot containing, the quasi-|iving po Iyolefln I n_anot her
of ”*\h%ﬁ*‘nlei?ft »t@ﬁ@ﬂéé&iménéﬂ{t@?? Wi ey featsttﬁaﬁﬁnpwms@i afigsobees the
FEACT @%&9@&:@&%&&”‘3‘9% /oy P iy ,@BJ r{t@?ﬂgﬁ%@@%@?( W Q sy \mm andior low
cont i nuous renova ortlon of cte£o
freariocpyigl.y train or to other reactors in serles. The
reaotion can al so suitably take plaoe in a coil-type
i ) r. 8. onent ne or .mre . ...
roor3SF e 8 ST BB IRARGH: Ga Pk AERSE B b GRS g Monotaiae,
oF <za€ﬂﬁ'p§ ;&ﬁﬁﬂ:ﬂu@f Ekbepleopoh yaBk ingathiofhant etk Bahropans, nonmnal butane,
unsat urated aci di c reactant can optlonaIIy e r emoved ’
awf%ét%@mm ROBHRITERAIS REEHhhgs, vemgd poBye. redusimgathend/on
oy gsa HEeE QUi P EABRI IRl QutHRSAAR Bl ot! IR,
mmperm w, wehexane, 3amethylpeutane, 2,2-dinethyibutane, andfoe 3.3-dnethyibutans,

Examples of sultable halogenated alkanes include cilorofurm, sthylehlonide, byl chloride,
mathylene chlonide, methyl chinride, 1 2 -dichiprocthans, 1,12 34stacklerosthane, cacbon
tetrnchioride, Ll-dichlomethane, p-propyl chloride, iso-propy! ehiforide, 1,2-dshloropropans,

sdior L a-dichinropropane.

{RI3] Alkenes gnalfor halogenated slkenes can also be used as dilusnts, g4, vinyl

fey

shiforide, 1, Ldichiorosthene, or 1 2-dichloroethene, Substituted benrenes are slso suitable.



DI SPERSANTS USI NG COPOLYMERS MADE W TH QUASI - LI VI NG
POLYOLEFI NSAND UNSATURATEDACI DI C REACTANTS. AND
wW@ANPOBI0TS ONSI NCLUDI NG SAME [ 00144] Pol yPI BSA PCT/US2009/037517
copol ynmers made with quasi-|iving pol on efins and
3%35}1»53@ at yy AR A B Enik BACHANLS s B mckdSh: ke Lhes0mEkE Ji%t fur
descri bed above, can be reacted with vari ous reactants
diosife, @s@mm@mpm\n%z ailddsiveed, Bhmoticondbinpyncandhpoytiohesans,
S | §L}0 H teristics of the copolyners. The
chig] %zl RaE I’? Yo} 1& %%i ‘derivatives can then be used in
varlous conp03|t|ons, such as lubricating oils, fuels,
§‘§3§H§a‘i@ congent hiatess ol djucRESEn MEAENEMW@&E&XH&% and methyd
Cl D TO{ EASE Y} ELD 00145 -
chl *Et’fﬁo i PRETY S0 %"“9‘1‘ el SRS 8P ti‘yiﬁ‘é“‘*' ‘g "@\*’G ut O30
e RRUARE B GRLDQILAC I8 aS L iy A8aCTINgid, ttettpmevﬂ&%& rsthyl

w th an unsaturated acidiC reagent at elevated
vhlcrgmbe r%«a“‘txuﬁne SN im«eaer%e@ewcfé» tofabauisH¥ Bhigmacd de i tiouds by
vl ig&g Q} Gl eho%g tt Qo 8L (m!é IQE:, gs“t%a %nsaf il ate q 3‘2' »9»! tc‘qf}* &
Feacts W tH Tesi o URT 8act ed polryoele N}
ms&;ﬁﬁuﬁﬁpnl gttmﬁ.,bytdaﬁksm:,ncr eaS| ng the yield of t he
copol ymer. The unsaturated acidic reagent can be the

' r. different,k as tially used to formt
tﬁﬁ@%ﬁ 3#@% thegsgghion SSOgUTr Bl ‘“ab\d\}%‘)“‘*mt‘hé“ PERETIPET ‘ntg“-
product is a m xture of polyPlIBSA and aci d-catal yzed
t hepmak PHBOX - 00i4BsThe term "strong acid" refers
to an acid having a pK, of |ess than about +4, e.g.,
N aQout -10 to | ess than +4 e.g., between about -3 and
e |1 g»gﬁgﬂvgpﬁg@a;tﬁ@ﬁ{g m@ﬁg\ st g ﬁgg(ﬁwage%p@aa and the lomperature
of r; ?f” e%i%n{’gpﬁk?Y&‘ i}?ﬁé@tn‘ el ﬂitﬁa el d’msﬁﬁ IBRRQLHG the desived
, osp ric ac oni ¢ aci'd, -
s‘:imztstrtx‘utﬁhmsphom c acid, sul fonl c aC| d, suI furic acid, and
al pha- substituted or nitrilocarboxylic acids wherein

fﬁiiga”%g gg % e‘swq ut fﬁi‘!i%g’ %rk%ﬁ 5 f“B%r O}‘Ltj ? in;énit m %%Eat sqx a A:HGC

(’x“&cﬁiﬁﬂi@ﬁﬂ rAbRNBy ,tﬁﬂgm +1d8ed, 0138 ERALRAN AL ©EByac ﬂﬂz@téﬁhﬁ?&wm In some
ryl group is, .g., phenyl. In one exanple, the

m&iwem‘@@ Rt gitalor S Sutte i B aprios ieAEs %ﬁ“ﬁ?@éylk*‘ﬁ‘r&Wa@i?i‘m of
i .§'§. RERI NS \l.‘ C } 3 ERA S c}QJ 15 k a.y SEAT m“ ‘3
GHEORG B d018,800 P ISR LY JLRIESLEAT
betvogndudtddawit hhAn excess of the unsat ur at ed aC| dic

react ant, at

BR8] 1o soome emibodiments, the polywmerization temperstore e sufficlenily high o
break down the inftistor 1o produce the desired freecradivals and 1o maintain the reactanta in g

Hepad phase at the resction pressure {0.g., atmaespheric pressurel

{8148 In some smbodiments, the resetion twoee i safficient o requdt in the substutially
compiete conversion of the acidic reactant and guast-Hving polyolefin to vopolymer.

Example roaction Hines are between ong and 24 howsy, o, betwsen two and 10 hows.

HOI43]  As noded above, the subject resction ovows a Hguid phase. The quasi-living

poivolefin, vosaturatesd achlic resctant, and tnitindor can be brought together Invany sultabis

smanner, e, such that the quast-Hving polyolefin and onsaturated acidio reaciant we brougit
R

info intinwte comact in the prasence of fres radicaly generated by the indtiator. For exampls,
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el evated tenperatures, in the presence of the strong
acid. The product of the reaction is referred to
wheroeilzoas "aci d-catal yzed thermal PIBSA " [ 00BABYS1009/037517
some enbodi nents, the strong acid is present in an
the @ﬂ@&@?mk}'}‘ LRBILANO8 OlatctByGom LAOIUR DOES%:iEOndie0%in is added all
based on the total wel ght of unreact ei pol yol ef I'n. The
smiuﬁs aturatted sdeinditerstedastdante: *@aﬁ isﬁei mdted: @iveewia? p%‘»n iqoai-lving
11ne . 0

mim *m s r% ,ﬁdﬁ“gai'f PR %ﬁ%gﬁgr{\g \,mg}smg 3 ‘, 6@ %3'15 &‘d‘gg“gf’}“ f[‘% thactanis can

E%s‘QﬁQ@a&ﬂ_ heshml edfat For ohobhe iiunadbur abe dn@CirGhg acidic reqctant can
reactant to unreacted polyolefin is at Jeast 1,0:1,
NI S 10 F REHOR 1o g g @izqqu aphE YR8 PBOAT O an aaft \){éfiym‘ix,i the
SO S&i,am% g%\:‘»{ﬁp{g‘%ﬂ\i@n e 'iéi{g@r[b 8‘%&39 }:ggqg’uxﬁ&gﬁ%hgnh
ressure can be atnospheric, heri c,

m«:‘;s'fmpar\ rabwes phepiition E\@G&49«]>a§=W15m ts.hex e a*aim L bswr FERCITS i1
ete,. the unreact nsat ur at ed. aci di c. reactant is

i Gt At HE? FOZED BH REEH U OB B -5Kl Werc 1 corfponens

are QRS o hbd:teRbedy1ch Q1R8] For further details, see
U'S. Patent No. 6,451,920, the entire contents of
which are |ncorporated by reference herein. , .
D0 BRE YSHEET NORIRDES SCOTISIT <“At?boa\‘;?§ia ST SRRl Weaturated acidic
SHLR CHER B . i K Yo ‘zc‘gp‘ R () ‘d Cr]ﬁ 3 iR
re ix.@:!ﬁ? E?;?.r! \?;QRQ%&{ @Q%&R&B%, 3 \gJé\y{/JEM‘é{ %@%a s \%I%n ‘n%?\% it the
pmm eﬁc? %anhwir =§te::(’smzbmzemﬁhem;:amamfnserim a poI yam ne
under reactive conditions. Typ| cal | y, t he am ne or
pol ya o 1) L, L hat ..t \
0.1 1t%®
equi vaﬁeﬁk}m
Al aci d-cat al “Th sone
enbod aal $¥E havi ng at least three
nitrogen atons and 4 to 20 carbon atons.[00152] It may
o ey deshikalley E&m@ﬁﬁwx&%&&w& ziﬁaéc EHOR bR BEI dnssnarated acidic
orgam c solvent, " seiul solvents wilT vary and can be
!’m@te“@*etm n@ﬁa“ﬂ%m miveﬁam%@ dHout, c::@s boreacdtiithevatious mmnib i
it Sh R R By PeRE g B F RO Bati G S
coply @um 150G dgink A6 B fz@t\ $romi aleuh 1knlte 1183 BOMES s mmp@s%ti{}m,

) fromabout. 2 to 6 hours.
sueh as tuhricatin gy, fuels, and convenirates.

TANTS QNS

{8 SOSTIREATMENT QF POLYPIBRE WITH SCIR DO INCREASE YIELD

AN o some smboduments, the yiokd of the copolvimer, o.g. polyPIBSA, can be
increased by reacting the polyPIRSA with an watursted scidic reagent at elevaied

temporature, i the pressawe of 8 afeong seld. Withoat being Bodted 0 any theory, the

unsaturated achdic reactant reacts with vesidusl coreacted polyolefin in the copadyvimer, thus

mcreaving the viedd of the copolyorer. The wsshurated achlie regga van be the same or

differsnt s way itiadly ased to form the sopolymer {o.g., as desartbed above). The resulting
product s a mixtwre of polyPIBRA and acidevatalvzed thermal PIBSA.
D0146]  The jerm Vslrong schd” reders o an acld having & pK of Tess than showt w4, 2g,

R}

about -1 to loss than 4, s, bebwey aboat <3 and 42, I some embodimends, the strong
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Typically, the reaction is conducted at about
at nospheric pressure; however, higher or | ower
WEe@sames can al so be used dependi ng on the reEDUBNI/N37517
tenperature desired and the boiling point of the
acid RAGLANGLRIY, BQks VE&Rbuic EGO1 93k AL Qe &i&‘&e&% bk 01 Qi%‘o s girong
system or generated by this feaction, can be renoved
scidsromeptisciedby mhixsws& grvtauic |<1ns@i tih’ef‘@GHTS& dffopimephone mid,
pi‘.}@&{%ﬁ_.%fx ,\hu\X h’p S i ﬁ( 1&2%%{1 mg{, é‘iﬁdcéﬁ Bié %{‘FI‘%{) 8“53“&“ titsied or

nitr@b@viabets hatpahatiy @s o t\ymiwﬁah:kay«wi@@& §£:0uRbQChy 8Rddarby] and
reduced pressures to renove é volat|1e conponents
u‘*ﬂ%ﬁﬁaﬁ ey B S FROSBHORN Stthe ﬁ?é‘ RO FOOTSAE AR tadd agbon atoms,
&i“ﬁ%x. ﬂ‘e P;.%%@m BE.. 'ﬁmﬁgeﬂl ke \gx\:m % QQJ \Yg%ﬂb Q@aém Isgu‘i%m\. au%rmw 2%
|'east Yhree am’ ni trogen at ["ecul .
an dfigd 3o amiu»mx miﬁgr@gemasw}pe? mni?ie}d@kam? 'E%sl*zmm% n‘estl hﬁb&l@iﬂ@k‘ﬁ,‘\
fromabout 6 to 10 nitrogen atoms per nol ecul e can
o TR Usef ul., e pol yam nes .al o
é?ﬁhav‘i ta?%“ f“bi?nta < s,m?éa i m&abmé %’ %\h\etgtabfn’%ﬁ&%%é!_{?. dmzriﬁ;. dfﬁ‘ st al
s‘:i&xh@xifimﬁ ;mbmmama@;\mma lok yeamengnbitl, TaogddeSONB: veaction i
odj nrents have a ca%gon to-nitrogen ratio of from
m*?ﬁ” 4 1q o498 e e BhpefBRrRiiBPAg exanpl es of suitabl e
pol yam nes that can be used to form succini m des of
mm@ol HRES SHCASHL NS ey idz%sz% | Dachsh %ng"w{‘a&? @Q% Bige of n.g
oyvl ng: tetraet hyl ene péntam ne, pent aet hy ene ‘
"’W*héx}ﬁﬁi‘ e DEWbERE00 {he?aw \\mﬂ }}?ahwﬁe&i(imw‘ﬁ&ﬁsm The unsatarated

¢ I‘L* Y Sy PEVSAT TARRTTRY ey iy
i B0 F i AR R BT AR R R b Bt om
;m‘*«ldmmn far boee) Caor posat | @Rks i‘.\@tﬂ\ﬁﬁdﬁiﬁldy aﬁigﬂ e&&ﬂ@i@ RRASH the
oners, .such as branched-chai n pol yam nes, and
"‘“\‘étl‘ﬁg%il“‘t“{iit‘*e’@dﬁéﬂ i};aﬁsfsﬁége*% nﬁ%pi}&nﬁ:gaz east LU, e, fromw LT w41

iﬁh%‘;f QEAr LML SURSLEL UL, QQ;L yanr n §.m {HRA- 6 DRAWY g ‘i‘%{t PIESSUTS Ban

~ pol yam ne contains an average appr oxi mat el’y’
be sbindypecmd. sebgerosghos apamammmg:h@m [ 00156] The
pol yam ne reactant can be a single conpound or a

t u oo nd e pol yam nes
¥ [Nt BT { iy 5 P8 358 ’%
1005067 <8 TRENIY S bl i RS IRG Rl f PR OGS«
remivhidc e raktisevetihn conppundsppradomieatie with the
aver age conposition indicated. For exanple,

HRBISB] For forther details, see ULR. Paterd Mo, $451,520, the entive vontents of which are

meorporated by refercnge hereln,

(8 FQLYRUCCINESIDESR

IS A polyvsaccinimide can be prepared by reacting 8 copolymer made ss desoribed
herein, ©.g.. polyPIBSA made with quasi-living PIR and maleic anhydride, with either an
armine or 2 polyamine, ender reactive conditions, Typically, the amine or polyamine is
cmployad In smounts such that theve are 0.1 to 1.5 equivalems of ansine or polyaming per
squivalent of avidic groups v the polyPIRNAsckd-catalyrad thenmal PIBSA mixtwe. In
semse srldiments, § polyamine i wsed having ot least thiee nitrogon stoms and § to 20

garbon atoms.



tetraet hyl ene pentam ne prepared by the pol ynerization
of aziridine or the reaction of dichloroethylene and
wapewonte1s ypi cal ly i ncl udes both | ower and hi gh&r/Us2oDp9@37517
menbers, e.g., triethylene tetram ne, substituted
faapiaper azines ﬁ:&mzﬁ@m ashihyl ﬁ‘«f‘ﬁah%?imaﬁ%mp&‘éam st Lisefd
t heconposition cl osely approxi mates that of
s *tfe&s B R aaap. ézﬂpam e gf@m@mi;@t b *e%awpﬂ&es* ohuiments,

el R TR RS A R i BB o
m‘tﬂ etzhyﬁ sehe i ¢ HE e zamaka@avy\\ POLyagi e, fr@&@:he?iieﬂﬁsl Phhirs,
[n ne adni xture is a mxture containing 20% b
3"@%@ 31;;H'“ HRBRNY R eRet it et AR B b oRET Y %\\%ﬁeavgwi
oresRQLYE rﬁﬁ@& nd OQ 3%@%} Aﬁ%é%& anbodi \sg‘tgﬁ“lﬁ'@ LGN,y @Qm, %\\mm
am ne, oam™ne, are enplo hé am ne
pobpef ﬁmz%aamiwe',wtss’e}bndary am ne, or mxture thereof,
and can have at | east 10 car bon at ons, e g bet ween

2; an
o0y 238, SELRPD AL e SR PLU PR yigemoved o
the *@Sﬁﬁw syRERNRSnL NG deescalfidphabdtonrDith RBk o8I Re Sistitlntion. After
Ies of suitable am nes include, but are not -

‘»FRP?W@H S (ot hateyinatn SeemAdt aieacéé%‘aﬁivﬁem AlERaRp B0 w
“w@ﬁ *i§s~ \L\l(»a(p%\@\ﬁ%tigg&nqﬂfga \ns §sis’: §m wQ?@@&l I’il, aa(i% segent in the

part all I'y saturated m xt Uré of ‘am nes incl niy
ProdBLt am nes). [00159] M xtures of nonoam nes and

pol yarri nes can be used Al so, poI yoxyal kyI ene

“( . 3 e naterials .su el Lhe

o0 R YA, e AR BB ot P SHBRY G el e
nitreSh &r&l&t%w Szﬁﬁim a{URgROLYESTERS: {80460 pPalckRSLEPSIvEAhos having
. be pr [?aged by reacting a copol yner made as descri bed
tonhgat i 1o eV GHYERO RV BSA RIS tha isg dagred | xamguPlis pakgikene

R R G @%Wﬁ“ﬂ% Ak @ paly MRARr. reackive . AOHTS e
pres] VAR 18 TUEL € Eoi y}gl S@h‘gglgy?zagi%ig\%m ?‘?‘&5 cagbon atoms per
alkyRtw jugit gy l&@eaﬁmbndzﬁa‘m\d’adva andﬁmnﬁa&naﬂ‘g&‘mhﬁg&g from 111 to 1001

representing the nunber of hydroxy radi cal s and has a

u . E nents

i @5@1 g*lwgg c%{% o nggx é‘% 9 %&3 \g{)%oosu a‘FB%zFi" %ia ‘fﬁﬁ‘d‘ SIRES By 1§ ém
U gf‘“ﬁ@ﬁﬁ\g of eoaidatids Tk & L@m.\, BadrDe8 heRUOHOXM s Efﬁ:‘:ﬁ\ﬁaﬁ g

They are | 11ustrated by, for _exanple
tetracthylone pentamine, pentucthylens hexarine, Doty E-100 heavy polvamine (M, =303,

ar lower

available from Dow Chemdeal Company), and Undon Carbide HPA-X heavy polvamine (M,
=375 avatlable from Undon Carbide Corporation. Such polvamines encompass isomers,
sueh as branched-chain polyamines, and subntitited polyamines, including hvdrocabyl
sebstitnted polyamines. HPA-X heavy polyamine containg sn average of approximately 6.3

aming mtrogen Moms per molscole.

[08136]  The polynunine resctant ean be a slogle compound or a mixture of componnds
reflecting commencial polyamines. Typivally, commercial polvanines are a mibxture in which
ans of several compounds pradominate with the average composition indicsted. For sxample,
tetractiyylone pentamdus prepared by the polymerization of axiridine or the reaction of
dichloroethylene mnd amumonia typically tnchudes both lower and Righer amine members, &,

irtethylens tetraming, substfioied plperasines and postactiviens hemine, but the

ER.



al kyl ene gl ycol s and pol y(oxyal kyl ene) glycols such as
et hyl ene glycol, di(ethylene glycol), tri(ethylene
w@kapeardo1s di (propyl ene glycol), tri(butyl ene gPgLUBEI009/037517
pent a( et hyl ene gl ycol), and ot her pol y(oxyal kyl ene)
s %DWSQJ B i&% Kﬁ@?z@%ﬁgﬁi@& SRRAeNs ald 88 «0f: i UP (O P8 he mzai WHING
| es of Hyl ene gl ycol , propy[ene l'ycol, octyle
conghyrgoh £ x@w :.» appickisnagbsyibol ohetwictylu peolai@ucar bon at ons
in the alkylene radical. Qher useful polyhydric
iﬁﬁ% oﬂgil)i(’g:ﬁe‘g&l@qeaﬁr% Cﬁf%\k B8 tg,e i%@sh 59 ‘i%”&*’\liii amings of varous
sl S@l’ikﬁ walkyts, riam;nh&b;kr;: afixRreseyl @E\ﬁhﬂéﬁﬁﬂ&dh\éﬂ\,m)\é)ﬁxyi’&eﬁkﬁ\amzm One
col, and 1,3, 5-cycl ohexanetriol.
N *5 mo;»%h HPEg l@g}zg%da PR U SOBERONR fzf‘sxoggrsc\gg’%mhviem frigming
and BBSUSGud s hdvd Bhikab@Vogel , which i s i ncorporated by
referencé€ inits énti rety. [00161] Esterification can
be effected, for exanple, at a tenperature of about
W E@@C froseaBorbagoas & *ghiahab@m 101 BECA HOVEBOM. X6 ayed, the

saq@%\lry Ty aihae ﬁx@& %Qm'}e: m {;l& da}z lst“}?h a\stad h\m mm <s§ ixg g 10

wiﬁbm&ma&muwhafmd Qsaﬁ Ee x&nﬂlmy@dmaagm. si&h?ﬁiﬁ«nﬁﬂi@b&& and

vol atile reactants. In sone enboi dnents,
USRI OB RBURISE PR by & of S WlawT ARt 8¢ @r%ﬁéﬁw ip PEHACTHERES,
RxahBRE LI QM SAN B8 £ UR1R, §16::ARRERGR 0L (R1QALALYSE «nlT

in the presence of an aci dztype catal yst suc as
dodgriyiiewiab. ackdenrisof § onlsdlavisdsy ol awiies typBouoiis (apartiall

o S b £ acti on. ¢ onditigns and catal ysts

sank i il s Tl R B E s To56. | seuied Kov.

3, 1964 to Prill et al., which is incorporated by
B8] er Blloerss i bdosc@nivies ed/pol (4 w%ﬂJREA\TM&NE%M\% alkoyviene

POLYS NI M DES [ 00162] T e q ersancy and. ot her
p““ﬁ? FEr T SEHER ep%‘f‘ EHE \Pﬁr jrﬁ“d‘é* LRSS ’é‘ét‘fﬂ e and
am:;@@t@é&%ﬁ 15@u8 also RELYSUEELRLM des made using pol yPl BSA

made with quasi-living PIB and mal ei c anhydride, can

be further Jodified by reaction with a cyclic
L& 1eiE88ul ting posttreated product has one

or rmore nltrogens of the poI yam no noi ety substituted
‘ h &.:DYEroXy, Ry, OXYC, sod he
§i§§§§\§g?y o;(ig%al %k F N)g{gg%ga : b{'ﬁi\/ﬁy ?Eﬁ d'r%\)'(? ysgf\lk@/ {gl@?zhu hersn,
2.8 hy»émﬁ%?al dwj e»m&ipqii ARk hxysalikgilaam @)atei oanimdmtiwxeuit h@beef ander

TRRCY gg %1\6%& tgﬁf ;3\ i}sﬂb g'ﬁ\“dg‘g’t L{ “u‘&f‘dgr & 8' »?m%e!{ hglj at;x S@ ocarbon radical

and X is an integer representing the number of hpdroxy radicals and has a valve of from 2 1o

about 10, o some cwbodinments, the polynds comtain loss than 30 varbon atoms, angd have
from 2 o abont 10, e, 3 to &, hydroxy radicals. They are Shatrated by, for sxample,
afiovlene glyeols and poly{oxyatkylone) glyveols such ax sthyvlene glveol, di{etirlene ghveol),
irf{ethylene glycoly, difpropylene glyeol), tritbutyione glyeol}, pentadethvlene glyeol), ansd

N

other pobp{axyalbylene) ghyeods forwed by the condensation of two or more moles of
sthviens glveol, propylene glyesd, ootvlene glyveol, or s like glveol having up to 12 varbon
atoms in the dllylene radical. Other uselid polyhvdric aloohols include glyesrol,
vontagrythrited, 2,4-hesanediol, pinacol, srythritel, antbitol, sovbited, manaite], L3

eyuiohexanediol, xylylene glyeol, and 1,.3.5-cvclohexansiniol, Other usefid palvals are



conditions sufficient to cause reaction of the cyclic
carbonate with secondary am no groups of the pol yam no
waustzgouent s. Typically, the reaction i s condeCr/Es20a9/037517
tenperatures of about OC to 250C, e.g., from 100C to
dischQOCiy 830 Par NeOBKBBOUL 1150814105 188G &@9446é}1is}_|?@zmu rporated by
reacti on can be conducted neat and optironally is
refegne ucteentitgiyt he presence of a catal yst (such as an
acidic, basic or Lewi s acid catal yst). Depend| ng on
's}@_is&ﬁ VESCOSLE%L QY iy bheste &?%Sﬂk%wﬁil PG lRE a ab&{? 190°C 1o
duct the reaction UsinAg an t org
shogki ﬂ%}é{ﬁl\,w eatg}ui B uendwor it)(yi{ eene:iz;afﬁxartm e&u&xﬁp ssumttaﬁloet at
. ysts i el ude pihpsggorl c acid, boron trifluoride,
B aﬁ%&?fi F“‘aﬁ"ﬁ”swf%ﬁﬁ CUERIGH PIENEA PRAT VB RIRRAFFH Smployed,
N eant B«&ﬂ&@ﬂ@&@a&dx&o 3&5@] n\q}ﬁiﬁ&%mk ea{&fvhv i‘%§§f$§l§0m§{g of reaviants
cyclic carbonate is 1,3-di oxol an-2-one (ethyl ene
e @aﬁikﬁbﬁatié%} seaiiine el Binds tsuibteapkef p estal'&b‘s &armm gresence of an
mairiﬁgg i¥§x${ ' k%&b (lz:zené%?g;g%[a{: % ?‘l\‘l‘}?\é “aLQQ(ljl 15 I\ES HGE \, am: the ke,
Smiﬁﬁsm\tﬁe@tmmvres&d tively m&ae d.d@&. Sﬁﬁﬁﬁ em@ athi: rren st s shasedsned
the theoret| cal _nunber of _basjc nitrogen. atoms
NoG ot K ad T It ¢ %al FRRFHBORITB ST B HTERE UbkS fHEe
succinimde. Wthout wi shing to be bound by theory,
when gpeseguival entinel debrasthylenespent amne is
react ed wth two equivalents of succinic anhydri de,
he resulting bis-succinimde will theoretically v
e %‘?@En af i FRPEETEE SPEORRT Pegeticat My SuASRBTEP GRS mglescribed
sbofl ¥ LA R e S RIBIRIREL SRl 9?‘*“@3@
.m%*hﬁsia COTu ituiogém,mmna&h Wt hisstioasdh 6 cpdesiiafagy Bhe ewseliing post-
ate for each nol e eq i vaI nt .of succinj mde
weaGg PR PRL TSST T TR BYCRrE 1 AMpNBE e 6 G SHaR ek e
hydRbd hogeRaak EodwRibeall ¥ b dokbhgokangaiofuly omabont 4: 1
to about 4:1; preferably from about 2:1 ‘to about” 3: 1.
hydpopalbyprchedunspbr ey andliotes, propert hewodt
pol ysucci ni m des made as described above, e.g.,
gﬁﬁﬂ:@gy SH:C%% x{“ JEK g?ﬁng@d %x \BQ L&%L‘X E 'L F m%,?%a rdncted under
qu I'I'ving B and mal'éi ¢ an be FUrther
corrhrpokrsf sudith zmz i eaGt Emum thibbordit: sacmmmr\\ za« sdemishay arine groups
AE boron Kelolye und to . Po rat ed dj sper ant e
Of UETHRPROR0 FOVDBEIG. haich el BpIcHsn or g prispiteeRapifires of abou
$'C eoppoungs . nagl uder Q@BQ@WOX'gQQ&m QQ{{@ Rsdral d,deg@and
esters of boric acid. In sorme embod iments, from

{64]  Tho reaction can be sonducted nowt, and optionally is conducted in the presence of

v patalyst {sueh asan soldic, basie or Lowis acid estalyst), Depencling on the viscosity of the
rogetants, it may be usefid o conduet the resetion using an nert arganic sobvent or diluent,
o.u., toliene or xylene: Bxamples of sullable catalysts inchade phasphoric seid, boron

trifluoride, alliy! or aeyl sulforie ackd, snd alkali or slkaling canth cavhonate.

{00168]  One oxample of 2 usefid eveliv carbonate i 1 3~doxokn-2-one {sthylens

carbonate), which atfords sultable reanlts and iy readily avatlible commercially,



about 0.1 equivalent to about 1 equival ent of boron
conpound per equival ent of basic nitrogen or hydroxyl

WO poobhz9otdnposi tions of this invention may be ROPUS0EA037517
(V) LUBRI CATI NG O L COVPQOSI TI ONSAND CONCENTRATES

16014201681 Rolysuesh BE Mo hased RRiRek KPIHBSARIG Wt Bition is,
quasi -1iving PIB and mal ei c anhydrl de, such as those

in s eR P B eabobesd dren s durcing! detler gehesiapigrogen ama\ contained

mh %?@ﬂ«e{r@i@(‘h&@ﬂg et o?ﬁu \@;L;H@b{[z Q as{ iﬁ%zé %“;Lpigi’m 1] i& ’w s,zd %a i%w
whegame lae;wusiedi dmcfa{muﬁktrﬁ* ;ﬂﬁm&b&u& rdactedl @ltotto &ﬁuﬁﬁ&zﬁem succio

f the tot

lx%zmogﬁt}%ﬁgz%%g *:i?c(i%sl Xze “t‘h*airfﬁ‘at bo aily ¢ g*éir’i%e f\’ﬁﬁﬁ\‘v\éﬁb{}ﬁm stoms.
AcchbRI@R skl eSphaskis hy 2AGHK ;Y@}%@Q%k 8 fs'eP‘iji'raC ALeSy awt?tiéf::k of vyelt

onl y the active ingredients of the polysuccinim des
carbgpele dopdideive drantienc dsrien ¢ inghit hes asrmuim obfvefih earbonate fw
s.’?cl\}@%q!{“ ﬁ«!(°¥i§ &{\%gb i i\éeﬁ"% ﬁi{z hk%ﬁ & ?n?{\};aeig ‘i% B\C\ﬁ& S“gp é’é%{ C}};}{Qi{; B?‘{*}:’}ﬁ‘.
mrsp@h)aﬁd efically ar @ exghwd @dm dpkess othenwt S erdiadbiat@ad abou 211

%n .describing the l'ubri cati ng oil and final
i ositions or concentrates, active ingredient

contents are intended with respect to the
§§}€}mz ys@&‘: 't‘@éxm: R8S o Q’@@@&]?y a8 J}‘IU;Q!‘ $&dds hﬂﬁd@\ daddS @‘j{imcm

h the pol ysucc:|n|m des” may be m neral or synthetic
oGl B oRls b ﬁi@‘&r@%ﬁ@a&u as«mgs;mi%@hd tpmé’f\emm«w SuingdbBBend muleis
anh \’K\Q{(&? \,(‘\ r}li;tEQaﬂg (ek? ggsg é{.‘fliiﬁ?b\\ %{}F 'ieiitr gﬁ.ﬁffiééﬁ i!;iﬂ lélf'ié‘fﬁé' (”\tﬂf»}cdﬂu
£ ix\l’h‘iSiﬁ@&l:‘tﬁ yz*«p&fr&@bﬁ Ut 2d800n Sk RLEAF cfadleB8E) sl iohi2 BoknGSnpounds
21C0F . fuI mneral_oils jincl ude .

““E*ﬁf&rhaﬁ“ e %‘Ht FoeraRIeBtHePTis s ngiegrebodiments, from
abogl § &bk 19 r%@ %%93? iR i:;k*t?i(,;‘ @tﬂo@% 94*}]@(&9%9@\ Jz\oiné"t of basic

Synt hetic oils incl b hydr ocar bon synthetic ol ls
sitreand vsindrhetliio iie*st’@rm ..iaUSeﬁuﬁwswmm mpyRydmgdardion

oi I s include polynmers of al pha ol efins haV|ng sui tabl e

Vi 5008k Uy im0 Gryndihe: AL pERIRL S Liauhdy ol GO

Cto pha~otefrs; ~stch™as

Li keW| se aI kyl benzenes of proper VI scosnty such as
{5 igkY o diééy!mbiehzianei* cad ohenlS b A dsaf whithsynthietig PES hed Sialol

; %1 e the esters oAf bot h roongcar, boxylic a i ds_and
Anhyey *‘yc%*f“%tix%‘“‘cd‘é‘é‘ HEVRely Wl Pp AR ORY! HpIcaTSH %ddw B3 i
tubr RBGhPOY OhSd oAb ARk B8 @K R gk}@@@&%ﬂ oAdl ﬁ%@‘-ii ﬁ@ venweininides can be
ent aer yt hritol tet racaproate, di-2- et hyl hexyl

wsedgdisparaly adiphadr! yp@éwacxa*tmr»anﬁw heﬁam ke nGeivpisdrsiestiohs toial

comBEERA € &d fgg&%{m AL egm\,mt by weight {on an sclives basis). Actives basis

4.) &3

indicates that only the sotive ingrediznts of the polysuceininddes are considared when
determining the amount of the sdditive relative 1 the ramainder of & conposition. Diluents
ard any other Inactives, such as weeacied polyolefly, are sxeluded. Unless ptherwise
indicated, in descnibing the lobrivating ol and final compositions or concenteatss, active

mgradiont contends ave ttended with respect to the polysuccinimides,

100169 The hubricating ol used with the polyssccinimides may be minerad or synthetio
ails of hubwicating viscostty and praforably suttable for use in the crankease of an intemnal

corbustion engine, Urankease lulwicating oils typically have a viseasisy of abont 1300 oSt &

‘-"v\
-3



nmono and di carboxylic acid and nono and di hydr oxy
al kanol s can al so be used, [00170] Bl ends of
whyweoz®idhon oils and synthetic oils are al so RCEUS009/037517
For exanple, blends of 10 to 25 wei ght percent
i hydrogenated, LRl T Mo i [ { apshithent
vr ger cgﬁtmﬁo E%S %OggF {\mﬁﬁe\,}g@&ﬂ (;gaﬁli%é‘gqg&%&kegggf TL m;whuz ¢
and [piisr Peathishgreshfat S?e W{ @0&@1{]&1@' kdre wad*dmww:e§>§mmmh o i\ nelude

both I(T%\%iw iggﬂéi d&aﬁ%tz 83‘{\ <m e?“'b‘gg]g ):steirsug%“r%}ﬂlnh* %ﬁs %‘%‘ zgzr 83??? nils

incldpsBitonSl Rk alelideantiby AlIohS: viRQWRy RAL Nhe hydrogenated ingmd
depr essant s, %ntl oxi.dant s wear inhibitors, zinc
olEETERIE Brice phiat B ‘gﬁ‘iﬂ*“a“v&rﬁ‘*ét‘(y‘ ot Brnr Likenise khdrienzenes
‘{‘Y&‘g@f@q f,lé«‘!i@sxm}g QK giégtlﬁs,l A ‘klﬂscz ' 20 60! \?"{RL | e\qatﬁwu wsgvs inglude the
pol ysucci ni m des pr épar ed as described above can be
¢<i¢§rrﬁlx*0§le?@ﬂm&dﬁapb¢ st sndgndyvideteyge rmés e kﬁy ekr ﬁiui"ti* e«ésam
bl i ds, R cha Mb icants and the
atsely et el ndre SRS S R B el ottt >
ethylheky! Qi SuPRRRERL BN WRIENE: (RN (BRLAGT EM8x prapared from mixtuses of
pol ysucci ni m de basis) to the fluid, and preferabl y at
“Nm‘r%‘*ﬁw\%@ RIS e PR PP red A dury alkaaeKicve alao be tsed.
poI ysuccini m de basis). [00173] Pol ysuccininides can
0Bl nio DS »eid“‘ §le@ t & Z\Sem\f{" erlgﬁtﬁkr@&e@e \aiw{a\%hv" ‘}qﬁzsqu% e, blonds
odi nents i'nc from90 to 10 percent, ¥6
of 1 6@3 \‘péerr\ghmu p@c@e mqs &ra\@émm‘ briga:m* mztquw‘d THlid uémmahpk,w ont 150
‘:gmi s} € 3 % #% 9* g to 40 wei ght
s R ﬁb‘a‘@f’é‘)* SR Fcai ni m de.
Typl cally, the concentrates contain sufficient diluent
[BH70] mekeet heimeasyhitiomhandhaseund g BRAEIRIRGIARM: detergons
__stor Sui t apl e d| I uents for the concentrat es
fovy iné?“ﬁg‘é‘ éﬁ’y*‘ﬁ“’ﬁ*&*\%‘* EbiERtitopy Sret WwhNiEn wig! depstivators, powr

f;sasml* QQ‘:&&@&K NG }41\1\’39&5'4 Y iisilhat, azultﬁ%ﬁ%gmﬁﬂ iﬁu TRY%08 o cther

readily mixed wth ubrlcatlng o]l
e kgbrhedtitings.oi | conpositions. Suitable I ubr| cati ng
oil's which can be used as diluents typically have

t f b 1300 .cSt, at
o0ngE S5 G H0PR LT AREH o IRR SRl SEpove can e
gmg\af\ wdl Hbtiseatdnngu (&Q@&fﬂ%a@ﬁﬁmﬂﬁx sl HR0AY dhnhentiiseds: and
n fuels, eful concentrations_ of poI succi ni.m des

the e dAFEat SEDHUTERINoRE PABOUE PO ERIH ARG 1P Speroent by

W *cz\d@{@{ HERGY e EJ;z&&W%Q@%«FP&%@M@ Lel %aﬁgﬁi&@g ?&a Gito s
i ncluding the type of used ¥ esence o

wehile pErgEnts topcidic gpbssantisidy ’rwt«he r

T3] Polysacanimides oan alsy be wed i additive concentrates, which in some
emmbodiments nchade fons B0 1w 1 percent, o, 20 10 50 weight pervent, of av organic
Heuid diluent and from 10 to 80 weight perost, e, 80 1o 40 weight percestt, {on 2 dry basis)

&

of the polysueccinimide. Typivally, the concentrates contain suilicient diluent to make them
easy to handle during shipping and storsge. Sultable diluents for the conventrates inchude any
et diluent, preforably an off of tobricating viscosity, so that the concentiate may be radily
srixed with lubricating ofls te prepare lobwivating oif compositions, Sultable Jubricating oily
sehich can beosed as diluents typicatly have viseosities in the range from shout 1300 o8t ae

OUF (-17.8%0 1o 207 o84 o 210°F (99°0), although an oll of Inbricating viscosity can be uaed,

S30.



additives, etc. In sonme enbodi nents, the range of
concentration of the polysuccinimde in the base fuel
WO 2002029005 10, 000 wei ght parts per mllion, e.gPCT/U82909/037517
30 to 5,000 parts per m'IIion | f other detergents are
pr esery;, siasd esseroamunt ofn theypolysyest ni m de may be
used. The polysuccinim des can al'so be fornul ated as a
‘ ”“E concentrate, usi n? an inert st abI e ol eophilic
RS vent=BarTy Wgith Wohe! parvgerdons Bonely 250N gD BEs m;* arodd &
drs\o( @*«5\'& @’f\a%@"’tff'i@?am Lrﬁeﬁ& zs:d;mie,t%ﬂ S Ro 1o »\‘fl‘&{]‘eg th R &‘Sa? L {mmx
di esel fuel range. In sone nab d ?1
me wﬁ@ﬁz :dronet fud myi&rimm\ bors sbbvaemgmgmus edu\;wm vas; @m
adaen: {; Lol ue n{ﬁ % .ene or her-boiling ar omati cs
S S P R T RS PEE AR b’ﬁé\’ti “awam@ cpthegpdipegningde n the
haacBueiak DO R: 8l 08B wel vk o Oty U i
n- but anol and thg&iﬁ?ﬁg‘ﬁl n§2g§rg=oﬁgtlker?J ?\/IQ? %Yi{@@ g@ﬁ?‘uii,{ o i
othes BRIGRAES ey BoEse lsupt @m@iﬁb thopsdswk qmmtsﬁsew be v:»u. The
mm@?&%ﬁ%&@\ e xi}qg ia\, k\Q Fg“*‘ RESE ;59%9“({ entrat e, i d} ::il;gn? i \&B\g? oleaphilic

I'n"sone erb
plvatt Hwéa@t s5§3<ﬁ&t‘@®lﬂsi‘b}&t e @‘ar aﬂ?fd{\ﬂﬁm 4TOX e/ RACGRNE0I in the
5

rom5 to 50, e. from10 to 2
w\%r O o oMo s, ST TG ErEn ST e hydrocarbon
solviting h@f@ %dxh%@tﬂi?@i‘iﬁge by ‘i R.e \t FLzl, QWaﬁQwe?&@ | {%%m%\ &rhmmsm
are not to be consi dered imtative of its SCO
thinmrangirgsi Synlihest dwof 3 &@a@:@fa rnFenwhnatedrop m

A YR VIR XN 3% W N\
ot R 0ROl S RE 0 DR DR e e o o
sutiadbediot Der woie tenody: vzeﬁn@umr&ﬁ gedibincacheptane Datdh of the

mai nt ai ned at -60C. The apparatus and bath mere

POLYBHETTHEEE Wit 1 9 GHOFeErBB% beohlearin Figosah Ry shetihs and not more 70
rercBs Q88 RAS L hed DT o 2 The;foLLowing were
iﬁ&gﬁnggdafgtfhggituﬁg{bng6n1 Fggi g?ﬁkpﬁ“n%khexane

1429. 8 annethyIchIorlde 422.5 nL isobutylene (5.17

mol ) ,£4DWEELY 2-chl oro-2, 4, 4-trimet hyl pentane (0.1 34

mol ), 14.2 niL 2, 6- Lutldlne and 1.14 g
E%i}iﬁgﬁ {)\;stj\g%- {%ﬁ’m@'ﬁ% a;umi @M &eimon?\r’{e%?’éhg%%tz %r‘%ﬂ‘]‘% are nnt to be
sens@lpd dshirditimivatsd i’iﬁ@(@.}i&, T hen, 64. 7 L

Fxample &
Synthesis of Exo-Qlefin Terminated Quasi-living Polvissbuiylene

HEITS] A4 neck, 5 L oround bottons flaek squipped with an overhead stirver and
thermocnaple was submerpad in 3 heplane bath malatained at -S0°C, The apparstus and bath
were enclosed within 2 glove box containing anbyedrous nitrogen as the inert atmosphere.

The fedlowing were charged 10 the round bottom flaske 21447 mi hevane, 14208 mi
methylchloride, 4233 mL bsobutylens (317 mad), 18958 g Tohlore-2.4 A timethyipentans
{0,134 mol}, 14.2 mb 26-Lutidine, and 114 g wetrane-butylammonium oidoride. The mixtie
was alloead to sty wti! the solution meached thermad eouilideiom at 608, Then, 847 mi
{0.58 moly THCL was charged to the reactor 10 fndtiate the sobutyiens polymerization. The

podymerization was allowed 1o proceed for 15 min, at which time 232 sl (0.228 mah) 2,5

<k



(0.59 nol) TiCU was charged to the reactor to initiate

t he i sobutyl ene pol ynerization. The polynerization was
wW@Rkloomesd1z o proceed for 15 mn, at which tinme PGI/BS2909/037517

(0.228 nol) 2, 5-dunethyl pyrrole was charged to the

b RaRh ablx JELQ%&E&{%R% BB (St e fQF « a0 ad0i 4.0 9;@?%;}5@%&

mn., and the reaction vvasthentermnatede
minpfang zmswwm“)m fetrhanohatef 00L7TT ST (HCRT urd) masanol,
renoved fromthe gl ove box and the volatiles vvere
oo EMapoTal @kg\é%{ Q. gt ii? &0t LLon ——
gam o a}}ie!r wa Si ex“f rac ﬁngf oare d‘?{nddtli‘ia hini is.,g ‘}mi evaporatod
ove m%ﬁ dmz@msxﬁ@ﬁﬁ ER2@ St t'i| h@rm Lms!ae@“ w\thhrdm@mﬂzﬁdm&@m g 3%

. and t.h dried .ov neS|umsquate
HOH T B S T S o s Bt B AP GOk St bon dried over
mapbehiidheuand. Iht beangehy@Ndshiabilded tthﬁ aﬁ%@f‘& WA And silica pol and
rem)ved vi a vacuum di stlllatlon to aff &

fnafpgoReirat sy remseg %'PEB\aumﬁei!ﬁﬁbdmto éé;mf apmesin®Toy 275 ¢ FIR,

The %&%‘(9‘5‘94 QI 'i;pnxﬁﬁg” ggc/)&!‘?%es yés m g{ z<* m‘éﬁ“ﬁ %%Er mang%néﬁz i}i 1.5,

Quasi -1iving Polyisobutyl ene The quasi-living PIB (M
1007) was prepared using th&xsagee: Brocedure as in
Exanpl e A except that we used 1002. 8 nlL hexane, 936.5

mL et hyl, opu (.4.80
43. 249 gl"z‘“é‘h%‘%?‘g* E“*%%‘Em Frﬁ?i‘ﬁéﬁy‘%‘gﬁf‘ﬁﬁéi‘é*@*‘?@i‘“ﬁﬁ?‘)ﬂm
1.248 nL 2,6- Lutidine, and 1.668 g
t etihaquedbiil Ylaarma R, u &) kb @Le:m{@ deRigahdni: Xﬁ&;ﬁ*%m@&m as i
-45C was added 13. 8 Tid . 4 073 rml)

ExagBioy hBF PRI RON® Reg! aﬂ%h&/eéa “F%J*fbr vttt ff@ieihsbﬁiﬁwwg ml.

w0 7@&;% -@Q{‘B‘!\ﬁm ;46*?‘2 ﬂ?‘m O:p“{ @-@ f ;9 ﬁ %g‘gx- l 38w ToHe
) {vvasf’ alcli ded fof | owedg by ani%addl t%{%ﬁg} ég (0} %} ;IIB 1248 m. 26
Letidiop 566 inpit)g iﬁ'?fh-e» Itk uresrwas o8ipritde. et tlos nmuaﬁﬂi k4 i“ﬁm:k& added

o P S RS el PTG DI 2583
v«bxdhﬁizﬁ;f hz}/ ‘Q Afit geprapyiaddid (ORE) 81 e AEEES LR by an additional

5 m erature had cool ed back down to -24 C and 94 15 nL
& ‘}F*rét ahdh 9 rany Hb‘i*)“%g ﬂ‘a@dfé@b\i Brevpfiidare fpleninutes at which

tinse pa@%é%?ﬁ Eﬂ&;tﬁﬁe%ﬁ% {9 L85 HRACHLON AR UL ﬁ(F LY tiedty.

l'ute ric aci
Adtat dsremmmﬂ:«a watenutea e ttzh;eﬁmmh\dms@&dvmthdawhysdr‘aes ancd 94 15 ml
e TRGNESILYM S ulfatdfeqm foll orweglg filtratjion. The product
AL e W Bt TR BRSSP REFERIS tart Fioht Bhigiction
wat Rk @hid00n# A0S loShib ke 80 @bt 0@y 80 swater, and then was

dried with anbydrous magnesium sulfate, followsed by fination. The product was further
purified by passing this roaterial through a columm of 200-450 mesh siliva pel {100g) and
cluting with hexane, The hexans was rersoved in vacuo o give the FIB produet, The BIR
product from this reaction had a Mg = 1007, 2 DU = 110 and 94% exo-olofin end-group

gosrdond,
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eluting with hexane. The hexane was renpved in vacuo
to give the PIB product. The PIB product fromthis
W0 emwetizoms had a Mh = 1007, a DI = 1.10 and 94%CT/US2009/037517
exo-ol efin end-group content. Exanple 1 PolyPIBSA from
Quasi -1iving Polyi sobutyl gngmk@0478] To a 500 L flask
equi pped wth a condenser, overhead stirrer, heating
mantl e and two syringe punps was added quasi-|iving
PIB from Exa#%i‘%g)éé‘“‘f%%’“@? UprpdyinpFolvimbatiee7, D =
1.10, and 94% exo-ol efin end-group content). The
geLspperak uns ﬁwaa il s 4 .
i peETgm de (1.5 QQ;&@%@@CL;&Q{ ;Lgﬁxd% rrtta[)lw("esl’}%£ ad;ﬁi%k hd'a{m“ mant
and (% SAREG § ‘“0&“&5%\@641 9 QA}@F@?‘&@@B&? eep?a&*amehgf ?\A\Esa ot WORS wol, f"«in
SYhI.NG] AP { h:per ‘ dride
o0 D B L B R B Dt HET eFing Bl e
%e‘a |‘} e ehmB&tm\s*yﬁl Age. Nesd @81 \WeH e1pas Mmﬂe@um& PW 5157 mod)
urface of the liquid so that_the tlps of
M‘f @dgewgi}wxe?é‘f ‘dé‘t‘*"t“bu‘&ﬁﬁﬁﬁ%éﬁh‘“ bt fffé‘tﬂ‘“*‘ci'hekrie*aé?tud@h dride was

fea @S {h@a&ﬁ@la& a8 % Bediht 9\5}% “2“ h. é:.&st . F\}gh%ﬂ%m%%m wore

mal ei ¢ “anhydri e Was reno IFon®
posi r‘@wc‘ew‘pt“@eguae et B@Gd ov én, A az«vZ;gh op &ra meehiteThere just tonching

R e
a8 @z@fﬁx&ti fﬁ@dﬁ@@s«i% ot HEREH VB Sure EDERBUGELPL 6 WA Ne) MWRSelvPIRSA
The succinic ratio refers to the rati o cal cul at e&

bad iiﬁ %é&%ﬁ@aﬁe@?wﬁt HiopHen ‘}5‘-\%@%@@@‘”@ T habhehBtdoal 1414 mg
KOH QE’*‘?J“ Q%@gg ‘Jiar»{-h’rs'agia 9l ?@%&éﬂ?@%« QY %0\ RALEN ratio refers

“her eby 1 ncor por at ed
fos the eﬁereahméﬁ&hm & seremm rxat*ym I}d&m&&i eyapt tﬁhae\szmaa@maewm set forth

e i ALTLOLT 4 unper ccini.c groups
e ?“but‘%%é"? P Pl Moo ek oo i é*%abf‘rﬂ*‘ﬁ&éﬁif—%ﬁ‘ reference

in itd BRLHEUCChRLORT abixgchigh @Fi% kel RALE BlkB0Qfr SUGGE B G per
anhydr| de groups to polybutene tails that are prese tri

po \F‘Wﬁ‘%@hpiﬁﬂf PrBSRICO POk y&*sémi‘ @ﬁp‘i»@hiﬁk(f%‘i“atftb \}e)“m of
< B ! dving Polyi se@‘ " .
HeQ F \8 {%T §€ ii%{‘nﬁs \é%#s?\%/lé i3 61;“ xfr;]\o i‘t, suﬁaéf <I§\(/}I? ﬁgg’ﬁ’le{ {?i)

was prepared in a manner |dent| cal to that described
i n Exanpl e 1 except Exhaddd DO gmphraidnl quasi-living PIB
prepared by the BF3

PolyPIESA from Noa-Quasi-liviag Polyissbutylene

TS PolyPIRSA derbeed bom son-quasi-living PIB was prepaved in o manmer bleantical
ter that deseribed in Example oxvept that 100 g of nog-quasi-living PIB prepared by the BE,
catalyzed polymerization of isolutviene (1.096 mol, M, = 1046, DI= 171, 83% exo-olefin
end-group content), 1.74 g of di-tert~any! porokide (8.01 mued) and 15 g of malele anhydride
{03 mioi were ased. This polyPIBSA had a SAP mumber of 1337 mp KO and

contsined L6 wi % aotives, The succinic satio was 1.8,



catal yzed pol ynerization of isobutylene (0.096 nol, M

1046, DI = 1.71, 83% exo-ol efin end-group content),
wazood/1zpoef di -tert-anyl peroxide (0.01 nol) aneC/BS0w637517

mal ei ¢ anhydride (0.153 nol) were used. This pol yPl BSA

had a SAP nunber of 123.7§mﬁ;§gtgg and contai ned 81.6

wt % actives. The succinic ratio was 1.6. Pol yPl BSA

from Quasi-1iyVi Pol yi sobut yl ene 00180] Pol yPI BSA

derived fromiqie i‘ﬁf’%%?ﬁb{}m*%ﬁﬁ’ﬁ% irliebtBEnpl e A

was prepared in a manner identical to that described
gaig) Exampbmda excentid Dl Oy & 0y le A was b din
§ quasi | i vi ng PIB ﬁgw rﬁgag&ﬁgﬁﬁi@% nggiaggpr?gl\gggw was preparedin
a mygsryendil dothgl deppribedln OB pmalnd 9Teiakadiief ¢ ), @hdmg‘.n@ Wpasi-

i GO0l ufh sl S5 1 BRI 8, 5905, dng o
al »;p;r@dtgﬁbu;pm*mf?k BSA shaidii ac:SAR yhprbeitie 06 08BufMBh KO § malein
% act |ves, and a succinic ratio of 1.
‘ﬁhjégéi @ﬁ‘a?“t*bbnﬁéi&aé ié*é)%‘“%wm BERYY bad o SAP number of 58.6 mg
KOt mfh@fkﬁsm oyl ng Rl SoBULX] 6AG L 091811 Pol yPI BSA
dérived from a non-quasi - TIVI ng b was prepared in a
manner identical to that described i Exanple 1 except
that 97.5 g (0.041 rAukyuion{Gomsirdtivgng Pl B prepared
by the BF3 catal yzed pol yneri zati on of isobutyl ene
having a n D HeG LAl 389, D =
180, and BN euaar AR OR A e el B85 0
ditert- any peroxi de (0.0074 nol), and 6.4 g nal e|c
&b hy i gl B0, Ot Ifs)ww\@ = »quisx ﬁh&?ﬁrmﬁqmp pal iR BSher

aenf G GRRAT R Tl MPotmestt FREBulpal Prbioerinpr o

riggne PR
prepheell Qydh ORE, SUITBLI e hRatabbeisdin il Rudag Qa@mu&aiw e

and physi cal ropertles for po IyPI BSAs in Exanpl e
melepaigy @@13@}}* th SU-¥% @ﬁéiw&qwa Plot SR BoRs »pzvfes@aé@& of di-
tort-hh OIMANAR o o ?’4%1 B U ELUl Y RMBDI DAL B ke used.

1S and gher "% actives, at

p;‘o\qum ﬁ?i@‘%m(jﬁ(}; N4 hamupol y P, BSA&&D‘& gp a&eﬁkaf T?)‘msst zhﬂ\ on, and L7

non-quasi -living PIB. Wthout wi shing to be bound by
SCPHBBEY: it is believed that the higher %actives and

t he hi gher SAP nunbers is based at |least in part on

[Rle  The data from Examples 1 o4 are sunnarized in Tatde 1

Table L. Chomieal and phyvical propertivs for pelyPIRSAs fis Examples 1.4

Sample PIB (PR | PIB paly PIBEA polvRIBSA | polyPIRSA
My I | %ooxeeolefin | BAP, mp KU | Woactives | succinio watio

and groups

Fxample | 1007 110 %4 1414 50,2 16
Example 2 1046 | 1,71 83 ' 237 &1% 16
{Comparative}

Example 3 22T 105 | 97 588 847 15
Exanyple 4 2389 1B0 88 561 737 ¥

{Comparative)




fact that quasi-living PIB contains higher %
exo-ol efin end-group content than the non-quasiliving
wer®9/17%0e5 1000 nol ecul ar wei ght pol yPl BSAs al seCTIES2009/687517
general hi gher SAP nunbers than the 2300 nol ecul ar
E{?{} ghﬁk@m”‘wﬁ ﬁSAS(h &\%\\gmgt}ﬁ\ﬁnd & &R‘gi ft‘(g‘h‘ ang‘?@’%gﬁ }kﬁé {‘,i}mu w\{:\
[ IS bellevedthat thi's i s because
hig %éﬁ ﬁg}éfyﬂ‘ﬁé‘t*@r Mp@a Haveadivgeaa bt p‘eer*@ewt\agse miofratich ean gwoh PIBSAS

& TORY l‘ ji23 S PR % PI“BSAS
pr 5‘9*@55*3? Eg;g\t\g ilLi230()§‘ ﬂ?ecu ‘}rﬁg‘\ G ﬁgl%)ﬂ‘ﬁg?yAg‘ COy i i

¢l @0 0kumoleic yhary wetl g tud Gl RLBSAS | hﬁﬂ:}%ﬁiz IREG D BRLEMES it on the
han t he 2333 nmol ecul ar. wei ght E]E Ql yPI BSAs; wi t hout
YRGB e PretRg By R Sofyp-o f‘“lk%*‘“ﬁ@? ﬁ@eve@nt ¥ae the non-guasi-
:uzﬁ*m“i& HeDeoAUREANS WRANERD M@Eﬂ: QQ& hth% d ip?g,tg'
mml/m_) is greater for the rmeCu ar vvel Pﬁ
awepa A Rghe t&ﬁ@} @%@ihm‘»emm Bty fi\&i‘g‘kﬁ; vt Buandidhes éé boend by
theg %igggzgon gg é \ii%tfgﬁi \‘CE&‘E reaCtssiuaJ I }SBQI ilghr{ *zr;,g,tﬂgi agg of
the sme 3 gz!haf}e i tiS‘ﬁ(zﬁ@Em%m be %E&%ﬁ%%@;«w& %J; e hﬁm%%zm tar
;l;ﬂ } cosity at | ow terrper ature and the S ‘
it Belser 554 hiiht G *ﬁ‘?iwi*t“éh*fjé%‘ét‘éﬁ?é’%“‘&ﬁ%F‘ie@ﬁ‘b‘?ﬂ away@ than the
;‘t Q !@% g’ C '}9\,_ 1‘\) ST
34 bl ign Js EB »’é‘ fﬁzkfe’ﬁ?) VT z‘ectgiél t%i\%@ég&gé Eil(u E‘k im\§§ﬁﬁr belteved
that 31?@@! s uusa kmpi{\us*:zﬁ@ﬁsm eUﬂi&n alm%m, Rigfud { 1&)10111%@ ohvengtiboRathe 1000
\'- TPy t‘ 2 N I nd N 34 )
ol GIREp G I hPpiThOe S43F PRt oh B fage Pl b Bordiverneang
ol &@akw&&wk@%&ﬁu(&%) hlh&a‘?\kem ng and 4 ) viscosity
i ndex inprovers (VI inprovers) which inprove the
viscosity index of formulated oils. The use of
appropri ate cofiiftiseizonst Srswiticlos ¥ssmpleradrfabl es can
produce fornulated oils with high kinematic viscosity
EQMSK?’) b m&%@i@xﬂﬁgmk PGS 2 M hiRe RSkl Y@t 1fe0ly e%@ﬁ%%u\m it at
[00185] Under certain condi'tions, e.g.
ow hp‘i‘gﬁhﬁq‘ifp @nd é@dﬁb&\y pa.aggzengemi gdm\}q‘gﬁm‘i Hirde. (i‘ﬁm:sa ui WAYE
" ?(, ul. ati o JBY, D& Lspersant 1.0 ha Ve
E*Ik.wbt it hk \‘I\ ek&é i" “i ‘f‘éfi‘ #yil‘*én ékif W R’{f »?’ﬁeﬁl‘sémqb*g% ;bjéx ¥ H \{is}i
exargled emmmeﬁ! bys T&B@&H&Eihﬁ gitthe) Geonangstfialol Ok itRhigh viscosity
di_spersant dissolved in a di | uent oil. A disper sant )
ndexi YR 3 9 Simes e b o kﬂviizﬁeﬁw selagE piith § Eﬁaﬁpéyé Crank Simuolator

(COREELQEIBRGR 4) viscosity index improvers (V1 iprovers) which improve the
viscosity index of formulated oils. The use of uppropriate cowbinations of these four
varfables can produce frmulated vils with high kinematic viscosity (v at HIEC and Iow

08 visvosity af for example 0°C,

MBS Under cortain condBions, o.g., for a Migh fuel cconomy passenger var mostor off

(PUMO fovendadion It may be nseful for o dispersant to have both a low CUS visvosity and a
tow kv, This can be determined by measwring the CCS and the kv for o dispersant dissolved

i @ diloent ol A dispersant with a lower CCS and by may exhilit fmproved performance,

[BRE88]  Under other conditions, It is sorpetimes useful for the dispersant 1o have a high ky

and 8 low CO8 wiscoslty suthat less V1 hnprover i needed o nieet the desived visonsity

Pt £
3



[00186] Under other conditions, it is sonetines useful
for the dispersant to have a high kv and a | ow CCS
WOR®e02901y so that |ess VI inprover is needed POI/IE®D9/037517
the desired viscositygrade This can be determ ned by
gral Dk binghd MRGEERMEY SUSik\rand snRasH ki Bk %1&% SHORS: slope, The
The di sper sant Wi th the lowest slope may have |f‘rprov R
SSERROVRR A M PB O REY st deptore! pefiohstesat e t he
|nproved | ow tenperature propertles di scussed above

@ﬁim pQ y‘EL B@?ﬁn@}%&h\;}’& ‘i?‘I\’ § %L»Qléé% w %Eﬁlt‘%kﬁ &:3?@ .{ath’\‘sﬁd aborvg

t he non-quasi-living
for zsr hﬁﬁl"& ‘o*ﬁ@f{‘v@@@oiw sebiity FR dasnherdé mm emima;mmssmﬁg PR | ihe
, sur ~for the rodpcts of Examples 1 to
ol SRR QPR TS pleautfoul PREaBe 5B (s s
he mah\)&&“s h@;m@{)i YPEBSAS it BXATR8Rd s 45081 L B8 snatveis the
g;ﬁ in Chevron 100 neutral dil uen} oil at a ose
polysi By \wtf% GRS ntoberohey forelrobirdut e 1 !hménitdzbwm Pisat a de
434008 el Ak ei18 LS e "
0 )%‘E meg{s%l\{ggté3 Esf}ﬁﬂ- Ag‘lﬂ\ff%gﬁ{ ‘Tﬁ{tg\co di }‘aﬁkiz@i‘“‘“‘““m“
% scsqs hu“k\attb I 1@‘@@8}%\1@&“%33@%@ ch SN Q@QAS?% RBRO93ankTR@S Ry (00K

are Lp, Tapl e 2. Tabl Ie PI B
“‘"‘“§b‘ﬁ?‘8é§ BYRe ﬁ%%"’p RV T g ¢ 9"‘* waﬁ‘ e 09 (cP)
(cSt) slope 4 1075 4.692 1 quaS|-I|V|ng 1007 1.10 8
1475 5.526 440 4 1163 4. 85%.f:Non-quasi-1iving 1046
1.71 8 1714 5.851 494 (Cbnparative) 4 1276 5.003 3

ast |-V ng -2248--1+-06.8..2053..6 267 495 .4.1479.5.582 4
ﬁkﬂr‘? Weiasi - | Hﬁ% Agiorgg kibhhe BE43 Fome3lAs7 kv CCS ve kv plat

( Conpar at i ve) {wi¥)  {oP)  {oSy slope
. B S

guasi-iving 1007 L1000 & 1475 5526 44
4 1183 4851

Nemguasi-living 1046 171 8 1714 5831 494

{Conparative)

4 1378 5003

. {iiga_.‘\ji“ii%’iﬁg TATE 105 2 083 a7 A8
i 478 5882

4 Non-quasi-living 2389 189 & 2643 7.563 Y

{Coraparative)

RE188]  The results show that for both polyPIBSA from ~ 1000 MW FIB and polyPIRSA
from ~2300 MW P the CUS viscosity and kv were Tower for the polyFIBSA derived from
guasi-living P8 compared o the polvPIBSA dertved from the m’:n«q&sasidix-‘ing PR,
Without wishing o be bound by theory, belipve thet this s due to the fact thet the quasi-
Bving PIE that was wsed to nuwbe the polyFIBSAs in Bxamples 1 and 3 had a lower

s

stigpersion jndex (T = LOSL1T) than thie non-guasi-Hying PIB (O = 1711 B9} that was

used 1o make the polyPIBSRAs In Examnples 2 and 4. This indicstes tha HyFIBSA made

froen quast-living PIR would be expested to give betier porformanics ‘iﬁfm polyPIBRSA mads



[00188] The results show that for both pol yPI BSA from
1000 MW PI B and pol yPI BSA from -2300 MW PI B the CCS
wWor®enzity and kv were | ower for the pol yPl BSAPAEDR20821037517
fromquasi-ltving PIB conpared to the pol yPl BSA
Srorelesi-yed fik oM iREn RORHGHASE 5 hiciNg LhBumn VEERRY b, W
to be bound by theory, bel i eve thgt it nr| ‘s I's duﬁe}v ﬁ QngQg
desiptiet that the quasiliving PIB that was used to rrake
the pol yPIBSAs in Exanples 1 and 3 had a | ower
{0 s PeRST AN § NIE% LD Fe Jideany o + feam the
nog- quasi -11vi ng Qé’ b&Q,;S\ %71 3\% g 71 t“?“3 [BTg dppdegrom b
quayraens He {péwylp?*ﬁglks a$ h‘\%EX drpliessidnaiad td poTHNB S A made from the

cate made fro SI-|IVIn Pl B
‘*‘“““"*QQW‘d“B%S“‘@eé?‘ga%g FA Vv fiart gt “8}0“ SR Yued tHaruas living PIB
nal\mﬁ&ﬁ\ m@s{ ;fd@mﬂ e &. BuaSherdel ‘séiaﬂ%mﬂ%@}% R @Ot non-quasi-

el econonmy POMO forfulation is desi red.
3““1‘@@%89}”“ %bﬂ“e‘“@i&‘fﬁ@i‘*’sﬁt@{aé SRR @@s&xérzsus«km\ pmmﬁ
\:»Jv‘?{» glglg pol yPIBS A made fromthe quasi-living PIB
OLO was | ower than the slope for the pol yPIBS A
rrade fromthe non-quasi -living PIB (-1000 MN. This
means that pol yPl BSA nmadeffsmopieduasi -1iving PIB (-1000
MA woul d be expect ed to performbetter than ponPI BSA

prefRaRgh 2B 0P HifNovetin Pl ok eGut i BT pEE me e MHugapati-ivine P

vi scosity gr ade Exanpl e S Preparation of bis TEPA

{H81po) ysm:mmom #80 fol o RO by RINBSAKRGES 118 WA UASH ki ViRg:,
g 0190 To a 4-neck 250 mL round bottom fl ask

co au‘l ﬁéﬁf&af PEPEE HERHE SETPFBRIC EEHESHE epd nigRn inlet tubs

WaS ixﬁﬂlﬁ‘itt{ AP 3 ah e%v‘i)@gg%p%‘?k (LEIRGL ALY @G Q?kﬁ&gl € r“fki 1‘531% Was

and nitrogen inlet be was added 26.%62
ackiog gy POy HREY dllnt ng! The mmmsame ii{;m?% dtsh i $3Wasud to this

> ent THe o e e
v e G BT S0 B BR L P e omperer
aﬂﬁt@&(ﬁﬂkm =@ EEPivi 1e:8otmmigh. The i ineba oyl | Teen @R saction
he erature was increased to 170C and kept
L “*t*ﬁ@f‘% BVéF?ﬁi“‘@ﬁﬁ‘f’ YPRETEOEGT (e ASEEBEBER Y THeA He @ 100°C -
srad&action was cool ed. The product polysuccinimde (52%
actlves) had 2.9 %N and vis @100C =

Example & (Comparative}

Preparation of his TEPA polysuccinindde from polyFIBSA made using non-quasi-Hving
PiR

9] Toa 4eneek 500 mb round bottom flask equipped with an nverhead stirrer,

copdeaser, Dean Stark frap, houting wantle, fomperature controller, and sivogen inlet ube

was added 4354 g {480 numol) polyPIBRA {non-quasi-lving) from example 2. To this was
added 27,52 g Cheveon 100N dilvent oil. The tomperature wag invrsased o 15307 and o this

was added 4,33 g THPA (34.0 nunol). The smdnefanhydride CMRB = 0.5 The temperaturs
wis ncroased e 17070 and kopt there vvenvnight. The color tumed dark brown, Then the
reaction wascopled. The prodoecy polysusolnindde (32% antivex) had 2.5 WM aud vis @

100°C = 8721 %0



6725 cSt. Exanple 6 (Conparative) Preparation of bis
TEPA pol ysucci ni m de from pol yPl BSA made usi ng
Womev9gemss -1 i ving PIB [00191] To a 4-neck 500 pdT/D820021037517
bottom fl ask equi pped with an overhead stirrer,
condenser, Dean Stark tragxakgadtng mantle,
tenperature controller, and ni trogen inlet tube was
adde 9&&48 0 mol ) yPI BSA g(%non quasi - 1i vi ng)
Prefgi §%‘§<§h§?‘*é‘ W&‘f*h"ﬁ%ﬁ“ﬁ% ‘?ﬁ%}ﬁ@ég‘?ﬁ B2 yadhevnonukOdNing FIR
di luent oil. The tenperature was increased to 150C and
BOLQLt NS aWaGcRA406h 14+ R34 BotERA (240, ant 6
§ g b anhxdrl e CI\/RY— aiigu Tﬁ% 1(&2 iﬁ{pe}ﬁr{?{sj}h ﬁTQ\e chead stirres,
*f‘f“t‘ﬁ’e?“e?séfa ot trodeang kepte, tdami‘e;ﬁmve“nmz o, e,u*“{'h*e*r@airxaﬁiu tube

w0, 9Lk B, TOGRLS L5811 00 8 S0P, TR

zddwd s* s@gm&ma?}m dilueStoiPrepakab q@{ky@{ﬂ DS ro iR 1 PRP0 and o this
ql.y ,g%% ny from pol yP BSA made using quasi-living

w *ﬁﬁr@%\ﬁs 325 # t‘fzw%éc&?kz@nmﬁtﬁ Fohish {H\ﬁﬁt v dbk lomperaty
was@RULRRed; MikD AR LaMaRle q\‘“\ st kﬁxrz‘zel{ae 1 %9%?&!9{1%9{0@ {Im:\. prostocy

Stark trap, heating mantle, tenper ature controrte
polsawdinintkogars dotivet hedbe ‘M&de«dﬁdiﬁs‘aEYi@‘ (3. 2 mm| )

pol yPI BSA (quasi-living) fromexanple 3. To this was

added 17.61 g Chevron % %I gent oil. .The

tenperature was increaSsd Pt A BHAHY this was

added 1.64 g HPA (6.0 mmol ). The am ne/ anhydri de CVR =

0. 4epfiheet efiporidf arivascibhsiedsed pbd MIREE @0de kERE non-guusi-

there 7 hrs. Then the reagti or% gas cool ed. The product

pol ysucci ni mi de (52% acti Ve&RHikd 1.2 9 and vi s@o0C

- 492 cSt. Exanple 8 (Conparative) Preparation of bis
{8016RA pod ysueek DRIhA e -LEOPReh YIRLBRA: RE Q. lSIiNGrerhesd stirre

non- siliving PIB [00193] To a 4-neck 250 niL round
condsgpy glﬁm Mk Eguhpped iR amreverh earadish pp pitrogen ket be
was & an%giﬁztﬁ i e%gﬁ%?& F}gxtﬁ.gﬁg‘a g\ehg ‘ilin}{@Qf Gy exmanle 4. To this was
suddded §<% 43 g Cheveon 100N diluent o, The teraperature wag increased o 150°C and o this

was added 188 g HRA (6.8 mumol) The anune/anhydride COMR = 0,45, The temperature
was fnersased to T70°C and kept there 7 hew. Then the reaction was cooled. The product

polysuccinimide (31% activeal had 1.5 %N and vis@100%C = 1414 ¢81

FTable 3, Chemivel and physical properties for poly PIRS A in Example $-8

Sample FIB | PIB | Amine | %N polysucoinimide Viscosity 1000,
My 93 e gotives ol

Example 3 06T 10 TERA 1S e 6735

Example 6 046 LT UTERA 2.8 a2 &73

{(Comparativel

Bxample 7 IO T HPA 12 R 492

Example 8 IIRG IR HPA 15 1Sy - 1414

{Comparative)

A7



was added 30.45 g (15.2 nmmol ) pol yPlI BSA
(non-quasi-living) fromexanple 4. To this was added

w@200432991Chevron 1 OON diluent oil. The tenper aRCr/ESX0%037517
i ncreased to 150C and to this was added 1.88 g HPA

§€}i}1‘¥@§ 8 Wi e aRRe,AnhyEE bl ia% p& Qs ﬂ@mz_{hﬁ\ r‘“*da, from HONO

L enper at ure was increased to 170C d Kept there
e ‘Ffr"é*“" Ve b ﬁé’**f‘*e"étw‘r@ﬁ apHs “eddbeds g\'\shevmmm nme iz mz the 2300
moi@&g %%&Q{Q&t &?%&*{?x ¢ te?nwyca w\%d 1! %)@%?Qgr%g% ‘T‘zégmu\ made

fronf @3& ipm} ;zP{iBSM wwgiﬁx;:amﬂd Hy &1*8[“{}0&9«43\3@3931&@5@ ncfabk8aple 5
“?% t @té {BQ\/\é 0 for, the pol ysuccini m des made from
han %*Ob“ ‘ecu 87 0BT g P BeRerR YRR fophdR T opene weight
non b@:@@k%&u@ End fram, LRCHL AL 3 mmsde Teoey

Ho e BB e e Ao wds LB N i Blipe ade trom
the § ‘F‘r@ W?%}%ﬁé’t‘i‘i@ﬁﬁrﬁiﬁﬁ inmiei fﬁmm ii\h»efi” FO0E Shdlsmoylial i comparad to the
\Mg(ug!?ttm i’ a*sfh o 1%%% s SI ty %gxéig;ggge‘g?ég i 7520% \gtgtsz fving PIB
;_vu;zp@t?ysmmgm k1] de rrade fromthe 1000 nol ecul ar wei ght

non-quasi-living PIB (672 cSt, Exanple 6). The

viscosity of the polysuccininide ngade fromthe 2300

nol ecul ar wei gﬁ@“gﬁ‘é PR of e PR s Wl (492 cSt,

Exanpl e 7) conpared to the viscosity of the
180198] ySHesiRimdensmaaf e ddhesn &Q@pé{&&%k afrpueight

, non-quasi -living PIB ( 4H cSt, Exanpl e 8) . Conparison
polygfcoresiiep o iE?é‘éﬁp#‘te%i‘B g IFogmdBid Krigrkder Siroiluo if UR)

L& qued, g e85t Qmptes § to

viseq S I AL R ARLANER, B PRI A PURRE B iRamptes s o8
The ﬁmismb a@b greimgd 8’1 mmga@ OF of 1BEShalskiscimshd! yxaﬁmiiwiﬂﬁlﬁ in Examples 3-8
. matic visco ;{ % wer.e rmeasur ed for, the
“"““p Tﬁb’d&i‘s“gf“ ‘é‘n‘b’F’* 0 GG SR O R S gPE a?‘é ﬁré%éﬁ
ChedeBn T@@Lz&si&ﬁ A bhisgs arab ysiigehhg, pol ysucci ni ndes in

Exanpl es 5-8 were first dissolved in Chevron 100

neutral diluent oil at a dose of 4 wt% and 8 wt %

Chevron 100 neutral diluent2idEB is a group 2 dil uent

oi | . Table4 Dose CCS kv CCS vs kv pol ysuccininide PIB

PrBATTITE™ (W TPy {T Sty ptot Dose OGS kv COS v kv

polvasuesmninids PIB PIB  Amine w1 &Py {8 plot
My ) siope
Bxample 3 guasidiving 007 TERA 4 1008 08
] 1290 8308 FR
Examnple 6 Norquasi- e THPA 4 1934 4761
{Comparative) ftving 8 LK R it 27
Exampls 7 guasi-living 2278 HPA 4 Wy 497
§ 138G 5641 338
Example 3 Mor-gquasi- 23R HPA 4 1114 3048
{Conparstive) Hving 8 1831 6323 2RT




Mh %9 slope Exanple 5 quasi-living 1007 TEPA 4 1028
5.023 8 1290 6.369 186 Exanple 6 Non-quasi- 1046 TEPA
Wazommpoals 761 (Conmparative) Wing 8 1293 5. 659rQI71S2009/037517
Exanpl e 7 quasi-living 2278 HPA 4 1070 4.779 8 1390
z}@ms@m rB3Gskxanphe s N IQUASE v Lo 4 R0 Q48
(Co rag ive) i VI ng 8 1?;%66 %%?%9??5%%‘6%?%1 o tysuccininide
“mﬁ"’e‘é‘d e sHoMPE et apst phicnesidoSuyy Bt osistiywangiat He RUS viscosi Hy

&ﬂd&g{ ki § &?ﬁRO;L ¥§s"{“€‘°ﬂ@ﬁﬁ}5ﬂ GIRAG, fLomd ?ﬁ\ézg’g ’ig yrohecul Fhasi-Teving

quasi BYWere Tower
PIRy| aé‘zmdt&yiea Hght M!ie“}ﬁié A ofadt Renpak PSUE slofi: [Iiad% TR el a0ne FIR
ecul a wei ght non-quasi -|iving 'ILh

woyt E ] Sﬁ%*é‘%‘g%ﬁ &t ?yﬂkﬁgﬁ%aémw Hige ”‘2?3@@ %‘lﬂeﬁﬂl?%ﬁ“
e mﬁ@ht g aghsduk Va‘aiﬁgn&h (G %Pé%'xl ,Q Re.EXPeO! £ 1 ﬁili Y%”é \60

better performance than pol yPl BSA made fromt
forrppitasyp SEsiWgi Jis Worne Basiasd f ity B eiininais aidkis ilver S 1000

2 f-: | AN % S 2 e
ol &i&. rg&.z.a,‘lri%iz& %G&J?QW PC}'\{%‘Q 6123];{1&?:& hl n.:i,gg \ﬁgdée}f‘?‘om%qﬁé}“ as e

he case *for ep
¢ ‘:i\im lmum p&i»mghﬁmﬂmk- ldr‘d R0 L Bro ki RS 18398 - quasi

§%CQ§ v{| SCOS I;}é ? about the sane as the
by fiﬂ & £y Y G g 1\b‘o ‘y@f)ée‘?ﬁ???‘m‘% e Tep é)‘iiﬁ t*«ﬁ@ n:a@@m ar woight
L;u.zﬂl@i‘\ BGUkiay \&Xi@i*sgp%r 1@%@?‘&‘“@%\! ¥ \QQ \‘Eﬁ!(‘%‘*n'q/b mm -?i{lfﬁf}
for t”he pol ysucci ni m de made rom he 10t
wolygaiag e igi azgxw;erwmg*zﬂi’ig V\st gmeateert%zﬁlpahi’i ﬁﬁé‘x k‘%dﬁ@i’on the 1006
ucci. i m .he 1000 nol e

maﬁésﬁ:mm \}u%ﬁﬂg h*“&%‘ais“ s di \} ﬁbn lg;PBuWﬂ PSR Pi?‘a‘%‘éé %qgétx}lx RS A made

fwnpﬁ%k MF?B;B&% SRe vt {@m&zb@\%@l@%ﬁng%@ AWRIRGDE coonomy POMO
quasi-living PIB may not give better perfor mance t han

‘?9““%%}‘37‘@ B&XHade fromthe 1000 nol ecul ar wei ght
non-quasi -1iving PEB where a high fuel econony PCMO

joeshor mubatdian disndeskngdy, U’ QLI ¢ Ihﬁ?i%&%i A0 e 1000
versus kv pl ot f or the pol ysucc:| ni m de nade %!yr omt he

mokpobe weight quasi-tiving PIR (slope = 188} wus lower than the slope for the
polysnceinimide made from the 1000 molocular welght non-quasi-living PIB (slope = 271
This means that the polysuccinimide made from the 1000 molecular welght quasidiving PIB
would be expectad fo perform better than the polysuscinimide made from the 1000 molecular
waight non-quasi-Hving PIR in an ofl wheee less VI mprover is seoded to niset the desived
viscostly grade. This was not free for the polvsuccinindds made from the 2300 moleoular
weight quasi-living PIB in an oil where Iess VI mprover is needed 1o meet the desived

viscosity prade.

JRIREE  While the present invention has been desoribed with refirence 0 spegific
embodiments, this application s Intended to sover those varivus changes and substitutions
that may be made by those skilled in the s without departing From the spivit and scope of the

ST {;q 3 »)ir‘:- 3
\i}‘ i,f\»ﬁi; 20 CIEIMIN.



nol ecul ar wei ght quasi-living PIB (slope = 186) was
| ower than the slope for the pol ysuccini m de nmade from
w0 b@A200s nol ecul ar wei ght non-quasi -1iving Pl BT/EWpE037517
= 271). This means that the pol ysuccinim de nmade from
t he 1000 nol ecul ar wei ght quasi-living Pl B woul d be
expected to performbetter than the pol ysuccini m de
~_made fromthe 1000 nol ecul ar wei ght non-quasi-|iving
WHRBS(H- AP where less VI inprover is needed to neet
the desired viscosity grade. This was not true for the
polyysucgi alhe, om the: )0 .ol [ Lalt. ...
s -1 1 o B R AR OR R Ih AL weign
polyns@dedhdron tieetolyHelidasirads ai sweadefiyiegniadied of@0198] polyolefin.
VWil e the present invention has been described with
reker eng b LiGinewhodi S...L:NkS,. appli.cation is .
i nt 'endegﬁ? %%8 g@gﬁg 0? higisng E‘\/ar |r%§§£ ec‘i%‘aa%igté”z“@ﬁg}““ sy Foduded by:
subst i t {(# fonsng hagasnByind eativatepdiyoltthoseeskiithble duddh liv e
C(m%rigmvgthout departing fromthe spirit and scope of the
appehdgd clainms. WHAT IS CLAIMED: 1. A copolyner of an
unsat ur gb echiagingive: Geackant caRdicdohlcBNinPHES BaRbhing agent selected
rein the polyolefin conprises an

wei ght pol yol efin, wh 1.CC
to coyg? [hﬁ e Brlsp Rte é@ut%a GasP D Ry apsl Yardring podyolafie

copol ymer of claim1, wherein the quasi-living
poByol efhddpsiviicodiisigeh DWiheb @) tHeQubNE pdiyalas is tebd g,
cationjc polyolefin under suitable quasi-livin

. Si - Li ving
contpesig it IFBHE1E RN BYY BYNRECEADIGMPINE % YAS) An jifipteg in the presence of a

LewGakidoRi @R Yah 8l ‘ﬁl{%iaili‘q#? Mﬁkt%ﬁ.ag ent sel ected to

convert the cationic polyolefin to the exo-olefin

term nated quasi-living polyolefin. 3. The copolynmer
of ¢l hs FrelygREf i Erebaein tratope Poupfin s foantbbimedizing a
tem}%d&%%Eédﬁ%i;%ﬁqﬂn%%aE&%g%@i‘d! oni cal Iy polynerizable

nononmer wth an initiator, in the presence of a Lews

acid and diluent under suitable quasi-Iiving .

cohdi t i Bfscopglynhel deipol.yrsreinfheciuaiohing aswkievaipristshe least one of
a sutfBLA RN EroROL YUk oL Bk ch ONbAIPIoine, o hindered tertiary
oSN XALSLATH AT SO0 e gt
amine, and a dihydrocarbylmonosulfide.

&, The copolymer of claim 1, wherein the quasi-living product is formed by

contacting a tert-halide terminated polyolefin with potassium tert-butoxide.

7. The copolymer of claim 1, wherein the copolymer is formed by contacting the

polyolefin with the unsaturated acidic reactant in the presence of an initiator.
8. The copolymer of claim 7, wherein the initiator comprises a peroxide.

8. The copolymer of claim 1, wherein the polyolefin has 2 molecular weight

hetween about 500 and about 10,000,

1 The copolymer of claim 1, wherein the polyolefin has a molecular weight

between about 900 and about 5,000,



5. The copol yner of claim2, wherein the quenching

agent conprises at |east one of a substituted pyrrole,
w@2@ahzois ut ed i m dazol e, a hi ndered secondar yPERUS)9/637517

hi ndered tertiary am ne, and a

di hydr ocar byl nonosul fi de. 6. The copol yner of claim1,

wherein the quasi-living product is forned by

contacting a tert-halide term nated polyolefin with

pot &ssi dhs t@etrburbsiate 1. Wherdih éhmwag'meham suctinicratio of betwesn

[ e copolynmer is fornmed by contacting the

3b0‘}£@|e“§}§|ae‘flf‘2'mh the unsaturated acidic reactant in the

presence of an initiator. 8. The copolynmer of claim?7,

whéi.ei nThheopiohintdr af orine dmprdrsie sheacopelvoxi te.a @oeciifieatio of between

qpol yner. .af, claim 1, wherein the polyolefin has a
abﬁ}uﬁrg%eaé})égg?m\%/é%'ght bet ween about 500pané about 10, 000.

10. The copolynmer of claim 1, wherein the polyolefin

has3.a nbhecpobmeanel ghim betiween talhpitcldB8tand caboltfin end-group
-..2..000..11. . The copol yner of claim1, wherein the
¢«<>mgf}§r§)grig}ﬁ%5}9¢:§s a succinic ratio of between about 1 and

about 3. 12. The copolyner of claim1l1l, wherein the

copdl ynEre fipshyancs uclim €, wiatdio tlef pobetofecns abowui-olkiid end-group

aﬁdfagou% ;{,8 13. The copolyner of claim1, wherein
contPif et BFYHPRFI n has an exo-ol efin end-group content of

at | east 90% 14. The copolymer of claim1, wherein

t hés.pol Yied efpblynhast anineXoxiahaf ki el gintup 2 ConteRh iffex of less
i a% It ast 95% 15. The copolyner of claim1, wherein
an ARl 30'on efin has a dispersion index of |ess than

about 1.4. 16. The copol yner of claim1l, wherein the

pokg.ol eThacdpaima: di Sp@l 81 aR:rdin dpcdioldRSS:s hAaRe8RAUdex of less

1.,1. 17. The copolynmer of claim1, wherein the
than ghidtlvrat ed acidic reactant is of the

17.  The copolymer of claim 1, wherein the unsaturated acidic reactant is of the

formula;

wherein X and X7 are each independently selected from the group consisting of -OH, —

ClL -O-lower alkyl, and when taken together, X and X are (.

18. The copolymer of clairo 17, wherein the acidic reactant comprises maleic

anhydride.
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formul a: wherein X and X are each independently
sel ected fromthe group consisting of -OH d,
wo avboaers al kyl , and when taken together, X anPCUSH0P®037517
-O. 18. The copolynmer of claim 17, wherein the acidic
reactant conprises mal ei c anhydride.19. The copol yner
of claim1, wherein the high nol ecul ar wei ght
pol yol ef i n conpri ses a high nol ecul ar wei ght
al Rg?J vi it caehengel yelref i whiteivitkghigh mobasier opighbpdngeiin
comg iseg @l h%%} %Qﬁs\ﬂgrox% Laﬁ%@ééy{l?ﬁgﬁ?@sgp?lie/i%gg?v;/[tpé?t?%gg+r}éer§£nch per 2
carbOd BOARI2IGQNYY ¢is@s | sobutyl ene. 2 1. The copol ynmer of
claim1, wherein the copol ymsr has the fornul a:

rOSh e e b ARSI Gy AR el g
combh&sdcheryidns. hi gh nol ecul ar wei ght pol yal kyl, or b. R
and R are hydrogen and one of R and Ris Iower al kyl

anchei n Bacsrobrs o YRR ) ol B Ry Pt

gr eatrer, and V\/nerelnthe ratio of x:y isyless than
3:1. {22. The copol ymer of ¢l ai m 21, wherein each of x
and ¥ is d and wherein

n is ibet of claim 21,
wher @i n <y| conpri ses
a poljyis bar bon at ons.
24The e | ower

al kylj is~a nmethyl. 25. A pdly uc Wl m prepar ed by
reactii ng the copol ymer of claiimg wirt,hjah am ne,

#

wherein # is 1 or greater;
wherein either:
a. R, and R; are hydrogen and one of Ry and Ry is lower alkyl and the other
is high molecular weight polyalkyl, or
b. Rz and Ry are hydrogen and one of R; and Ry is lower alkyt and the other
is high molecular weight polyalkyl; and
wherein each ol X, y, and n is, independently, 1 or greater, and wherein the ratio of x:y is

less than 3:1.

22, The copolymer of claim 21, wherein each of x and y {5, independently, between |

and 3, and wherein n is between | and 20,

23. The copolymer of ¢laim 21, wherein the high molecular weight polyalkyl
coraprises a polyisobutyl group having at least 30 carbon atoms,

24.  The copolymer of claim 21, wherein the lower alkyl is a methyl,
25. A polysuccinimide prepared by reacting the copolymer of ¢laim 1 with an amine,

a polyamine having at least two basic nitrogens, or mixtures thereof,
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a polyam ne having at |east two basic nitrogens, or

m xtures thereof.26. A lubricating oil conposition
w@wpne®ishg a maj or anmount of an oil of | ubri cBET/E§R009/037517

viscosity and a m nor anmount of the polysuccinimde of

claim25. 27. A nethod of making a copol yner

conprising: a. formng a high nol ecul ar wei ght,

exo-ol efin term nated quasi-living polyolefin; and b.

coRtact rigbtidagngol! y@mesﬁsiiaipfwwﬂpriaimg@ﬁs?a’@wml@domﬂ adi @f lubricating

vischd § ;ltnéﬂ mmcnrzagﬁ%?g LFREBSS «d,xq,c?i?m dlen)EI)?%g Qémtesef orma

exo oI efin term nated quasi-living polyolefinis
pr éduced rhsthod at)mﬁio’nsm'a rgpodyrgerasinphisiegng cat i oni c

pol yol ef i n upder yas) vin .
(b) contact |§1} fr}*?e q%}éiéniﬂFc \‘ﬁ‘ﬁeiéha T‘%%}iﬁgggo m‘ gq quw kag

polyoldfin; @adquenchl ng agent sel ect ed to convert the

quasi -ljiving cati.,onic efln to the h..nol ecul ar

wer ght » Pex o, BIHFRE BN Ba LA PSP AU Jaretiin e
presé®e ol BR i1RLAAM (9 £L@iomg8, wherein the quasi-Iliving

cationic pol on efl n i's prepared by contacting at | east

one catijonicall rlzabl mononer Ww th
.n§§1 at 5?6 “’ﬁeﬁ“’fil‘fé Eﬁi‘ %eﬁr@@rw  SPET mé‘emam&ﬁﬂ aHRyE e

pogyg@@grgs subiRble. quasi -living conditions. 30. The nethod
cl aim 28, Wwherein the quasi-living cationic

poI yol efd)formgngpt aypsi-BeinByatiosn palyrjelin tnsier 2nghle guasi-living
te d,polyolefin with a Lewis acid. 31. The
Eﬁ}lﬁ%; faal m 28, wherein the quenchi ng agent
conpri sés caztx‘iad:‘f'e@ghx onei-bfingcgighsticd xoiedth wigk & ghanchiag agent selected
Itute

o “H“’ﬁ%g}c (,HXdi}l »m a;?iogiﬁ]pﬁiéfa %1513 gircehwh mgi%mq %a%%", 8&-018in

mmﬁhdwﬂ{aﬂﬁa‘ﬁbsyg;b’mmﬂs&ﬁ&fl de. 32. The nethod of claim 27,
V\,her ein formng the pol on efin conprises contacting a

?E‘ hatﬁ 15(;(11 8&1%{1 nhr) gitmegS v%w}/em ﬁie ql?zaa\ﬁn iﬁt\ mop g%%wmc p(lillvoieim is prepared

by mmacimg at least one cationically polvmerizable monomer with an initiator, in the presence

of a Lewis acid and diluent under suitable quasi-living conditions.

30. The method of claim 28, wherein the quasi-living cationic polyolefin is prepared by

ionizing a tert-halide terminated polyolefin with a Lewis acid.

31, The methed of claim 2§, wherein the quenching agent comprises at least one of a
substituted pyrrole, a substituted imidazole, a hindered secondary amine, a hindered tertiary

amine, and a dihydrocarbylmonosulfide.

32, The method of ¢lalm 27, wherein forming the polyolefin comprises contacting a

tert-halide terminated polyelefin with potassium tert-butoxide.
33, The method of claim 2%, wherein the initiator comprises a peroxide.

34, The method of claim 27, wherein the polyolefin has a molecular weight between
about 560 and about 10,000,
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33. The nethod of claim 29, wherein the initiator

conprises a peroxide. 34. The nethod of claim?27,
wob@pa29913 he pol yol efin has a nol ecul ar wei ght PGBUSE9037517

about 500 and about 10, 000.35. The nmet hod of claim 27,

wherein the polyol efin has a nol ecul ar wei ght between

about 900 and about 5000. 36. The nethod of claim 27,

wherei n the pol yol efin has an exo-ol efi n end- group

coifent Toé matholledskirg@% wigTein Teepoimstitiodhas h redieduinr 22jght between
. i p th ol efin has an exo-ol efin end-grou
dbm\‘igg}%t&g}'ﬁ‘?d%?ﬁg ”gast 95% 38. The net hod of cl gi mg7,

wherein the unsaturated acidic reactant is of the

f oBful aThehetheidn! Xaand? Xvharie tegelydleftdpe nd ext-blgfin end-group

sel ected fromthe group consisting of -OH, - O,
com#e’%ﬁ%‘\%\%?“?ﬁ@l, and when taken together, X and X are

-O. 39. The nethod of claim 38, wherein the acidic

r e&€t antthe onprod o€ slaima @) wheari h fidr dotkenletdthas Thexsrekhiodndtroup
__claim27 erein the polyolefin conprises a high
"’Qmﬁﬁtl"éjénbﬁé%t 9%ﬁ"ght al kyl vi nyl i dene pol yol efin havi ng at

| east one branch per 2 carbon atons al ong the chain.

41 38The Theirhdadof calmal i RS reintienaksutahd scalid emiigalkd of the formula:

pol yrrerd' zabl e nonomer conprises isobutyl ene.

wherein X and X are each independently selected from the group consisting of <OH, —

Cl, ~--lower alkyl, and when taken together, X and X are —0—

39, The method of claim 38, wherein the acidic reactant comprises maleic anhydride.
40.  The method of claim 27, wherein the polyolelin comprises a high molecular

weight alkylvinyiidene polyolefin having at least one branch per 2 carbon atoms along the chain.

41.  The method of claim 29, wherein the cationically polymerizable monomer

comprises isobutylene,
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