COPOLYMERS MADE W TH ALLYL- TERM NATED POLYOLEFI NS AND UNSATURATED ACI DI C
REAGENTS, DI SPERSANTS USI NG SAME, AND METHODS OF MAKI NG SAME

CROSS- REREBEMNOR0T9 RELATED APPLI CATI ONS [0001] This applpceatseaw/osdoas ns
pLIOFIty to U S. Patent Application No. 12/1 76,292, filed July 18, 2008,
the entir | j -“Jﬁ.@ﬁﬁi D NSENEARIDY: FI ELD
[ 0002] Th?@?@%ﬁ&%gi\ﬁwﬁq%ﬁ%féwge at elﬁgo coips)g ?r%s nma eﬁgi ng
poltﬁoldef p&N&E?ﬂImmMImG(OREAGENT&M&PERSAWSM§AMEngmma, and
met hods of maki ng same. BACKGROUND [ 0003] Copol yrrers of pol yol efi ns and
unsaturated acidic reagen@@ETEﬁﬁxﬁpgﬂéﬁgﬁﬁFkg from same, are usefu
conponents in lubricants, fuels, and other applications. For exanple,

pol yi sobut y! cpg J R IRENTICTRNRIUIA ey UIPLIRORPIONET S, commonl y ref erred
to as "pol yPl , ing PIBwth maleic
anhydride and a free radical initiator. Optionally, the polyPIBSA is then

(rj eact e[(fl()(i!li]'sj h Bhipapplavatine ctasm$ prionitycb b BiRatent dipplisatiasy Not RéH16,2%, filed
erivitijze or use. in different conmpositions. Far ex |l.es of nethods of
maki ngrubowa»@@sﬂwamrag@ger&f "igﬁ&,h &e FO‘@P&":‘P‘EX @?erﬁ‘&“teglh “Ros. 5,1 12,507,
5,175, 225, 5,616, 668, 6,451,920, and 6,906,01 1, the entire contents of
each of whi chpgfepher eby incorporated herein by reference. [0004] However,

pol yPI BSA made usi ng conventi onal methods does not necessarily have

appropriate properties to be useful in a variety of climtes. For exanple,
converf0P®al Bt giselBsal subiest matten 16 lstas o perolyaers MadsHstgrRoly Helinyande arrpcm d

Cranki ng .Si nul at or [ i Ly r, ki j i | (kv) that is
t oo hiﬂﬁatgrta[gldéllc Era {/e(él%% %’odé\%ﬁ%gsﬁigﬁ%fngggég’(aen%aglﬁgtg&ﬁ)ée(ffor\}/{v&%%§d%% enabl e t he
use of that polyPIBSA in lubricants intended for harsh winter climates.

[0005] Thus, BA€@IGROWBNDeed for copol ymers such as pol yPI BSA, and
di spersants nade

[0003] Copolymers of polyolefins and unsaturated acidic reagents, and dispersants made
from same, are useful components in lubricants, fuels, and other applications. For example,
polyisobutylene (PIB) succinic anhydride (SA) copolymers, commonly referred to as
“polyPIBSA,” are conventionally made by reacting PIB with maleic anhydride and a free
radical initiator. Optionally, the polyPIBSA is then reacted with a polyamine to form
polysuccinimides, or otherwise derivitized, for use in different compositions. For examples
of methods of making polyPIBSA and uses of same, see, e.g., U.S. Patent Nos. 5,112,507,
5,175,225, 5,616,668, 6,451,920, and 6,906,011, the entire contents of each of which are

hereby incorporated herein by reference.

[0004]  However, polyPIBSA made using conventional methods does not necessarily have
appropriate properties to be useful in a variety of climates. For example, conventional
polyPIBSA, and/or dispersants made from same, may have a Cold Cranking Simulator (CCS)
viscosity and/or kinematic viscosity (kv) that is too high at relatively low temperatures (e.g.,
below 0°C) to enable the use of that polyPIBSA in lubricants intended for harsh winter

climates.

[0005]  Thus, there is a need for copolymers such as polyPIBSA, and dispersants made
from same, having appropriate properties for use in compositions in a variety of climates,

e.g., at temperatures below 0°C.
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from same, having appropriate properties for use in conpositions in a
variety of clinmates, e.g., at tenperatures below QC. [0006] In addition,

pol yPlI BSAvord®/a03370g conventi onal nethods normal |y has acras2aegsmes of

ol i goneri zation and a | ow nol ecul ar wei ght. An-exanple of this is disclosed

in U 0068t entin baditién,polyRIBSA madd WS cohvantibril méthobiamuemidyids bheds carrying

out a conventi onal copolynerlzatlon reaction at | ower t enperat ure, results

in an degseecefxdigomerinasiapapdadowrmeleswamweightatAn pxamnle ehkisws disslpsed invei ght .
However;,o Wil ﬁ@es 4 SOﬁ%PRans% 391%@/%% hQRabuf PR & (ﬁz@h a%n@é tlonyer

tenperature e degree’o onerization 1S I ncrea t at t e Ssane

time tmpopﬁmmat]ommacwmatde@éﬁaﬁ@&auﬁe FR@lthingdn inolealihalie degrghdf di spersants
are generally useful in prevent|n vi scosity increase due to sopt, and in
contr o@lpg%ergmefg@ldatha mplgayiagpveight. Howexer, WD ene earfiEeut (EYCRPRhcr ease

the d I f
ool y P B2 U TPt B D o O Ay 1087

Pr ovi dsmhentiine the mrentcaqinky dmreasasad Sntmy htgmnblyemm weight dispasdnyd areer ni nat ed
pol yol efin W|th ﬁg{unsatur ated .acjidic rée (95th er sa‘gl N@ge usi ng such
copol yBEIRIY Hefulin EYRItDR VIRERI G NSHEAY dyedp6eqt r°°8§‘i 1885

copol y fit £pol leght

pol yol E?BISH mﬁgeg?ﬁﬂ% e po?yg?'é(ﬁn%relramﬁe?@greé'&@o &h&?gﬁ.@nﬁﬁ eg pol ymeric
pr oducand pdygucanindides mpdOHOIn pohy RIBSA whib@stllhmatme}mmg dighl peytent aetivenat ed

pol ymeric product is prepared by: (a) ionizing a polyolefin to forma

car bocati on tggmszé q, pol yolefin; (b) reacting the carbocation term nated

pol yol efin fr ) with an aIIyIS|Iane conmpound in the presence of a
Lews acid, and (c) termnating step (b) to formthe allyl-term nated

pol yme[oo7pr odustided Ré¥din]ardlosiilyracte e by eppslymetizimgpalajiyeterminatd
unsaturated acidic reactant and a hi gh nol ecul ar wei ght pol yol efin, wherein
t he poPSlyplefin mithrps ungayraigd agidig reagémndﬁa%révdltwaéq U§Ing puch CQBPIWE?F% andyr oduct ,

i's pr OPﬁ'efi)%ﬁS of making same.

[0008] Under one aspect, a copolymer of an unsaturated acidic reactant and a high
molecular weight polyolefin, wherein the polyolefin includes an allyl-terminated polymeric

product, is provided.

[0009] In some embodiments, the allyl-terminated polymeric product is prepared by:
(a) ionizing a polyolefin to form a carbocation terminated polyolefin;
(b) reacting the carbocation terminated polyolefin from step (a) with an
allylsilane compound in the presence of a Lewis acid, and

(c) terminating step (b) to form the allyl-terminated polymeric product.

[0010] Under another aspect, a copolymer of an unsaturated acidic reactant and a high
molecular weight polyolefin, wherein the polyolefin includes an allyl-terminated quasi-living

polymeric product, is provided.

[0011] In some embodiments, the allyl-terminated quasi-living polymeric product is
prepared by (a) forming a quasi-living tert-halide terminated polyolefin under suitable quasi-
living conditions in the presence of a Lewis acid, and (b) reacting the quasi- living tert-halide
terminated polyolefin with an allylsilane compound, and (c) terminating the reaction of step

(b) to form the allyl terminated quasi-living polymeric product.. The copolymer can be

2-
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[0011] In sone enbodi nents, the allyl-termnated quasi-Iliving polyneric
product is prepared by (a) formng a quasi-living tert-halide term nated
pol yol ef iwounthanezai t abl e quasiliving conditions in thePpTasemo@s®Hsa Lew s
acid, and (b) reacting the quasi- living tert-halide term nated polyolefin

W th aprakd by &sdta%m gGROPEYsIefin 3ith the hindabirhicd atidiOrebdigntiif #ed prosenoé obd ep (D)
to formthe allyl term nated quasi-living polymeric product.. The copol ymer

can befres rdigalipitiatart suchiang PerRXiqsol yol efin with the unsaturated acidic
reactant in the presence of a free radical initiator, such as a peroxide.

0012

e 00827 0T SHROSHPEMRnts I HtPRoBuGEY %ﬁgﬁ\@?&gﬁn“%%%ﬁ‘%%ﬁe

bet Weeﬁho&b(ﬂult woight yteababout S0@a aboug10, O@IEteVp,e,djet\aMboﬁﬂm(Bamﬂ aboout 2 500,
bet ween about 2 000, and about 4,000. In %Egaodl nts the

copol yg@p 0, ke betugrnabarcI0andabent 4 e00oe:s. %b‘&ﬁﬁ‘i"eﬂ“ abQHt het ween
about 106y gﬂ%oﬂ@%ﬁboﬁuﬁems ltf?e g@éﬁﬁmgg%&ﬁﬁc rétf@oﬂ%k%fénqwﬁt hasd an

allylic end-group content east about /5% or at ast about 90% or
at | eastiovabautbeSddn aboutal. 0 hedistiou byt Inde emmbagimemtashe phlyalefio 3% awr  at

| east 4% or at % or, at | east,about t | east
Lboct Shgi en-saqupdontint aE g easD st 35 Thapr e bt a0 0 85 et AP Fooss 1
some epbOdi0EMHa: 92%' CorPRl1e4et @Johmmsmaat qﬂem%bat DA &dmea@i aboRs §5%haatabout
2.0, or less than about 1A, or |less than about 1.3, or less than about 1. 2,

or | eskastihbout Q6% or 4t leastabowttSigik, ot avleaft 6baB|98Vn oz shisaxmboti 99¥ntos abewe hi gh

o e, PR e e PoROIekh R HoeF R il SR TR UERST 200 cha «

| engt hiekPthhesbus P14Ub# lekd thah Bbdutllr, @aldseithafiaboiitd .2,tof 1¢s€ i abBuPr.Odstct s. I n
sone enmbodi ments, the reaction pr oducts can dissolve in ali phati c and/ or

ar omat 8ouhy8r ocar bons such as lubricating oils and fuels in substantially
al | proport| ons. [0014] The unsaturat ed acidic reactant can be of the

for mul Blefiili® 8{8 (1R 9T OUP
consi s n%‘h ?ﬁ%ﬁe@%ﬂo&?me@f% Bh\%glﬁgha Rﬁpqﬁ%é%l?t ae > ﬁae& % and x
are - Qn soEQrenﬁioaimér&s, th&mgh@demliremgmmolymﬁn lnuslsuﬁ'a:wmlnmle)cular weight
anhydride.[0015] In saome, enbodi f‘ﬂg t he copol yner has the formul a:

and chain length to lend solubility in lubricating oil to its reaction products. In some

embodiments, the reaction products can dissolve in aliphatic and/or aromatic hydrocarbons

such as lubricating oils and fuels in substantially all proportions.

[0014]  The unsaturated acidic reactant can be of the formula:

wherein X and X’ are each independently selected from the group consisting of -OH, —Cl, -
O-lower alkyl, and when taken together, X and X’ are —O-. For example, the acidic reactant

can include maleic anhydride.
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wherein three of R, R2, R3, and R are hydrogen and the other is high

nol ecul ar wei ght pol yal kyl; wherein each of x,y, and n is, independently, 1
or great ewp2otvenei’n the ratio of x:y is about 2 :1 to alPowmus202,05@65 about
1.5:1 to about 1:1. In sone enbodinents, n is between 1 and 40, or between
1 and g@f1spr b@%meemto@mfénasothe%pé’lyﬁ{erﬁaﬁa&%mﬂbe hi gh nol ecul ar wei ght
pol yal kyl can include a polylsobutyl group having at |east 30 carbon atons,
or at least 50 carbon atons. [0016] Under one aspect of this invention, t he
copol ynmer of is_invention has a degree of oligongrization of between 1
and 40, or befwedn 1 and 2Q, or bet\wen 1 and 10, ¢r 2 or greater, and the
% actives is Qredte Q % or~greater 4 han about 70% or greater
t han about 75 oyt 8Pp%g or 8 ater than about 85% or
greater than abodt 90%\ or greater fhan|a a J 5 The term "% acti ves”
refers to thelamjunt of\copol ynmer inp th rod the reaction of the
unsat ur ated a¢r di|[C reactant and hi gih nof e maf pol yol efin. [0017]
Under anot her aspect of the present-¥ nventli on,| a|pél ysucci ni mi de prepared
by reacting: &) a copolynmer of an unsatpr@,edracijdic reactant and a high
nmol ecul ar wei ght pol yol efin, wherein the polyol Y includes an

al lyl -term nated polyneric product, with b) an anin8, a polyami ne having at
| east two basic nitrogen atons, or mxtures thereof, is provided. [0018]
Under C j or
amount CHPelhusBRR R Ry ey REASEL bPGoB pf ARGl B P A L

above- pelyhlkgin edelei mu%wm,rﬁhdals sndeGMddilﬂgl,lbﬂgl‘J:Qﬂer Wittedin alatatieof agpect , a
nmet hod_ of maki ng a copol yner incl udes ai formng a high nolecul ar vvel ght,

al | yl - iseabaytdal trpboyt Ldi efabeut had torsposlohit abt somee %m@od;s@w& &fis hetweem L
t t tiat
ity b B R T e L g 7 S TR T
f or m nyeighepgpdliyyl cahiimcludecd pdgsobayingrogp havieg bt leadt 36 eatben mioma, eclat least
and contacting the tert-halide term nated polyolefin with an

aIIyIsgéﬁﬁ@mbﬁﬂﬁﬁund and a Lewi s acid.

ct|o

[0016] Under one aspect of this invention, the copolymer of this invention has a degree of
oligomerization of between 1 and 40, or between 1 and 20, or between 1 and 10, or 2 or
greater, and the % actives is greater than about 60%, or greater than about 70%, or greater
than about 75%, or greater than about 80%, or greater than about 85%, or greater than about
90%, or greater than about 95%. The term “% actives” refers to the amount of copolymer in
the product of the reaction of the unsaturated acidic reactant and high molecular weight

polyolefin.

[0017] Under another aspect of the present invention, a polysuccinimide prepared by
reacting: a) a copolymer of an unsaturated acidic reactant and a high molecular weight
polyolefin, wherein the polyolefin includes an allyl-terminated polymeric product, with b) an

amine, a polyamine having at least two basic nitrogen atoms, or mixtures thereof, is provided.

[0018] Under another aspect, a lubricating oil composition including a major amount of
an oil of lubricating viscosity and a minor amount of the above-mentioned polysuccinimide is

provided.

[0019] Under another aspect, a method of making a copolymer includes (a) forming a

high molecular weight, allyl-terminated polyolefin; and (b) contacting the polyolefin with an

-4-
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DETAI LED DESCRI PTI ON [ 0021] Unl ess defined otherw se, all technical and
scientific terns used herein have the sanme neaning as is conmonly

under st oosiolrg1oames7ef ordinary skill in the art. In the ecgrus2abasidshere are
a plurality of definitions for a termused herein, the defi ni ti ons provided
i n thi $n&Aghe® acxarcefs@dténw&mr@%ﬁe@h@é 6h ﬁééﬂ.@awslﬁma&&& gdd)es ei n,
“allyl” refers to the following structure: -CH2-CH=CH2 [0023] As used

her ei n formyg kgpolymesf er s to a carbon chain or group containing from1 to 20
carbons, or 1lto 16 carbons. Such chains or groups may be stral ght or

branch e I iR ted to,
et hyl | ?6*)20 rstgll;’IX ﬁ*'!blé?ﬂsr%&tso "f&ﬁnng {He!pd u )’o &lnuiqgll'tﬁig yl‘ia'l H%ert but y! |

i ospe nt&imnammyﬁwﬂin ahé bbntaahtgythe teot- halﬁle Inﬁmynhatedﬂpolysleﬁn Ivﬂmeanrallylshlaner

al kyl"™ refers tqo carhon chains or groups having from 1l carbon atomto about
6 car b&pMBeWEndadevis agid.- used herein, "alkenyl" refers to a carbon chain
or group containing from2 to 20 carbons, or 2 to 16 carbons, wherein the
chain contain onds. An exanple includes, but is not
limted to, a%eﬁzwkgdﬁ il 1\pbl e bond of an al kenyl carbon chain or
group may be conjugated to another unsaturated group. An al kenyl carbon
chai n §0023} oug miass ds€insdibtheiwiet,adl tedhnfrabansl S@ienntgr: ¢erimstusedheroimghavatheal kenyl
carbon chain or rouB may O éaln(gﬁye or Jmore tri tﬁ 025tAs used
her ei n SSRSITREHDE & {S&prpmonly undersipechy eeof prdinay, il n 185 |r1.'i’ dm 2 to 20
car bonshat ere?art @ phitalé t?rolfqeﬁmtmﬁ@foe lafert@sed Matein, eRNd dintforR o @ded I tRist r i pl e
bonds. An exanple includes, but is not limted to, a propargyl group. The
tripl e sersion pesvad nleskstated otherwise chai n or group may be conj ugated to

anot her unsaturated group. An al kynyl carbonchain or group may be

substi Wi » r | carbon chal n or group
may coi@az?ﬁ On%@%sgﬁﬁlg%én gglg Irl‘l I%tg?ﬁequg‘ﬁ@% i{lgl%‘g%d herein, "aryl" refers
to a nmonocyclic or nulticyclic aromatic group containing from about 6 to
about 30 carbon atons. Aryl groups iCldl-GHeCHhut are not |imted

[0023] As used herein, “alkyl” refers to a carbon chain or group containing from 1 to 20
carbons, or 1to 16 carbons. Such chains or groups may be straight or branched. Exemplary
alkyl groups herein include, but are not limited to, methyl, ethyl, propyl, isopropyl, isobutyl,
n-butyl, sec-butyl, tert-butyl, iospentyl, neopentyl, tert-pentyl, or isohexyl. As used herein,
“lower alkyl” refers to carbon chains or groups having from 1 carbon atom to about 6 carbon

atoms.

[0024]  As used herein, “alkenyl” refers to a carbon chain or group containing from 2 to
20 carbons, or 2 to 16 carbons, wherein the chain contains one or more double bonds. An
example includes, but is not limited to, an allyl group. The double bond of an alkenyl carbon
chain or group may be conjugated to another unsaturated group. An alkenyl carbon chain or
group may be substituted with one or more heteroatoms. An alkenyl carbon chain or group

may contain one or more triple bonds.

[0025] As used herein, “alkynyl” refers to a carbon chain or group containing from 2 to
20 carbons, or 2 to 16 carbons, wherein the chain contains one or more triple bonds. An
example includes, but is not limited to, a propargyl group. The triple bond of an alkynyl

carbon chain or group may be conjugated to another unsaturated group. An alkynyl carbon

-5-
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to, fluorenyl, phenyl, or naphthyl. [0027] As used herein, "al karyl" refers
to an aryl group substituted with at | east one al kyl, al kenyl, or al kynyl
group. [08D@p10Am9zrsed herein, "aral kyl" refers to an akyplCT/uskéenyioss or

al kynyl group substituted with at | east one aryl group. [0029] As used

her ei NghaiBi S8up KRl DeSubsit@cd ViBVHEGr aforé BEtBROaMINL akznﬂcafgan@h@inemc h,

i ndependently, %ydrogen or hydrocarbyl. [0030] As used herein, "am ne"
refersgnoépalaofmp@uh@i&tﬁ”ﬂ@ﬁ%llbl? bRBINR 1R2 wherein Ri-R3 are each,

i ndependently, hydrogen or hydrocarbyl. [0031] As used herein,

"car bo kLpn” . 4]l I.en: : bt ] car bon
atom F@ggg] @‘%seggg{?ggelbﬁ? ﬂﬁgézg? E)O(r)%gl'? ?l%ér?% 'ng %Rﬁ?it%dgx %%ﬁoﬁgﬁégﬁﬁ‘p refers to
a pol yedmdihingdrm abait 6go aboutéashrbonatans. bAnydigraups éndudgl butpare otdimitets

i ncl ude, but are noi> limted to, conpounds of the formula: [0033] As used
her ei nto, flapigny, Bhehyb SR o@phthYt i on" refers to the sumof the concentrations
of olefin end groups, tert-halide end groups, and carbeniumions. Wen a
mono- f s k] onadd Ml hefedd, “hikayPefers REaCRl FroBp dusBRE&N iRt RAstioke alkyl,
approximately equal to the initiator conCentration. For a multi-functional

i niti aslsenylydredkymiybgrfoupcti onality of the initiator equals x, then the chain
end concentration is approximately equal to x tinmes the initiator

1 . N « d , H n h H f n 3
compoulfi2Bh cind e At sH3R0Y DRRG R R TP " ek n@HFRR SIS, F v
new cappgnt lkatiods arl @@l As used herein, "common ion salt” refers to an

ionic salt that is optionally added to a reaction perfornmed under
quasi | i vi ng carbocationi¢ pol ynerization conditjions to prevent dissociation
€

of t hel0928bagats wgd berennpmifel sHersia acompennd ollormular s. [ 0036] As used
herein, "common ion salt precursor” refers to an ionic salt that is
O
R1ANR2R3

wherein R;-R; are each, independently, hydrogen or hydrocarbyl.

[0030] As used _herein, “amine” refers to a compound of formula:
R3—NR4R,

wherein R-R3 are each, independently, hydrogen or hydrocarbyl.

[0031] As used herein, “carbocation” and “carbenium ion” refer to a positively charged

carbon atom.

[0032] As used herein, “carbocation terminated polyolefin” refers to a polyolefin
containing at least one carbocation end group. Examples include, but are not limited to,

compounds of the formula:

CHs
®

Polyolefin CH;

[0033] As used herein, “chain end concentration” refers to the sum of the concentrations

of olefin end groups, tert-halide end groups, and carbenium ions. When a mono-functional

-6-

SUBSTITUTE SHEET (RULE 26)



optionally added to a reaction perfornmed under quasiliving carbocationic
pol yneri zati on conditi ons, which generates counter-anions that are

i dent i calwoaotomoszyof the propagating chain ends, via i RCIIUSRMANDEF on W t h
a Lewis acid. [0037] As used herein, "diluent" refers to a liquid diluting

agent Ritiat6HTP a5 thePhbinemdoBdntatoRissippeixematklyeeqiiabUh€indfiatbmo or nor e
conpounds. Diluents may conpl etely dissolve or partially dissolve the

r eact i emcensratione fos a nElarfpncionaligitigins, whan the funchignaljty of {b@(jnitti@gor se%he or
met hyl

o periie P ia oo Faiod BEbERN mucShar'® {1ERE MR, 0 0SSl "ot

a pol yemicedteatione nunber average nol ecul ar wei ght of the polyner, and is
reflective of the distribution of nolecular nasses in a polyner. A

di spersion index of 1 indicates that the polyner is n%di sperse. A
di sper B084] i ndsuissel hgreun( ehaip franster agspt celesstompomnpopad which igterghapgsspyt i on

of nl ﬁ&hﬂel rgé?ﬁ?%f?}tﬁ?&fbeﬁ re@to%ﬁﬁ%e@v{laﬁﬂ%ﬁiuﬂ? ofmer. [0039] As used

her ei n, onor’ s to a nolecule that is capable of donating a
pair of electrons to another nol ecul e. Exanples include, but are not

| i mite085] noAseuset dsreigyatrhmonfion salirefeistg aniionic sadihet iseiptionalmaddadr

exanpl es include, .but ;are not .J.imted t bases and/.or nucl.eophil es.

Fur t hel BeRisTaeriofard HaferilsiiHit o isnRa N Bth P b RRELSRES A &Nt

abst r agikidaehtioh of @EPLbPLafinp tALEMuMABAGhd Ssunesgen peiei n, "free radical
initiator" refers to a material that deconposes at el evated tenperatures to

formfree radicals which react with an unsaturated acidic reagent and a

pol yol K036 t o Avised hereiipSFgmapron ipmemtrequssqys sefersde n jonie spd) thelds " hal o, " or
"hal ogen' rgf tq F, . Br . herein, - .acar byl "
refers® qbongﬁ%g(?\%e\flg ént %ul,oﬂggf?%?da%ncdﬁégg%érﬁlvé@?#ggégl}lgﬁﬁ?)\R}}ir%%&ggsn}t? ains only
car boncanditidng whigh gendrates colrli@aliomdshataedidentiail o thosanoffthe prapagaing t o a
conmpound .that acts as both an_initiatqor and a chain transfer agent. [0044]
As usethaerdsnviain sity reacton WiBededvis #1d conpound that provides a
carbocation for a quasi living or inifer polynerization. Exanples include,

but ar gyo39f 144 § LM hefin,CAMRMHPHTer8%0 a liquid diluting agent or compound. Diluents
may be a single or a mixture of two or more compounds. Diluents may completely dissolve
or partially dissolve the reaction components. Examples include, but are not limited to,

hexane or methyl chloride, or mixtures thereof.

[0038] As used herein, “dispersion index” or DI refers to the ratio of the weight average
molecular weight of a polymer to the number average molecular weight of the polymer, and
is reflective of the distribution of molecular masses in a polymer. A dispersion index of 1
indicates that the polymer is monodisperse. A dispersion index of greater than 1 indicates

that there is'a distribution of molecular masses of polymer chains in the polymer.

[0039] As used herein, “electron donor” refers to a molecule that is capable of donating a
pair of electrons to another molecule. Examples include, but are not limited to, molecules
capable of complexing with Lewis acids. Further examples include, but are not limited to,
bases and/or nucleophiles. Further examples include, but are not limited to, molecules

capable of abstracting or removing a proton.
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pol yolefins with one or nore tertiary end groups. An initiator may be
nono-functional or multi-functional. As used herein, "nono-functional

i ni tiatorwonefews3’m®o an initiator that provides approxi FaTAiSg009/080965
stoichionetric equival ent of carbocation relative to initiator. As used

her ei njooaop! tixsfudBE héepatkfridiadical Mitiatbefrefess thQ MitetislithatdfeBEmpERE apr ovi des
approxi mately x stoichionetric equivalents of carbocation relative to
i ni ti atlevatediiemperaturss todprma Sisp radiede whighaeacd mathj anunsaturaied jaidie ireggent andhen a

rmno-fémgltilngI 't?ni ticaotgh ie§ used, the chain end concentration is
appromﬂa?’%ley éoq A" A SPPRE i ti ator concentration. For a multi-functional
initiator, when the functionality of the initiator equals x, then the chain

end cofogn} r atAsaRe€hereins “balidesfislot he “halogemt efercoRc€hBradrilon. [ 0045] As
used herein, "ionized polyolefin' refers to a polyol efin containing at

| east gne_ carbeni umion. An ex e.includes, but is not Iimted to, a
tert- h@Bﬁ%ﬂe te‘\srﬁsﬁ‘éb%félr‘péﬁyafﬂcé‘fml fefels 13 mope e‘}tolﬂﬁ%g’r?‘wbga & 4i'bocat i on
term n?ﬁ\?lﬁﬁ%?éhy&hﬁﬁﬂsrbnlﬁfﬁr%ﬂQ&fhﬁ'di’@@gﬂ fombcl udes, but is not linmted to, a

quasi | g carbocation term nated polyolefin. A further exanple includes,
but is not limted to, a vinylidene term nated polyol efin that has been

i oni ze@O0#3k o & usodhereth, Pimifpr] refarsitoor capopmindithdt agts @a bbthosx inviatarendianat ed
pol yolﬁ{in. Affurt er exanple includes, but is not limted to, a polyolefin
cont ai HMPHYTYRSPE ' that has been ionized into a quasi-living carbocation
term nated polyolefin or an ionized polyolefin. A further exanple includes,

but is[ooad] | | MstiREd héreirdPinit@idbZeRf@otyot&hpsundahit\wesviliésutabodatibh €r.a [ 0046]
As used herein, "Lewis acid" refers to a chemcal entity that is capable of

accept fy§i bvipapr ingfer polumeriggion doxmplesdneludsy byearengt limipd repmppeddsr t o an
ros! . L O PR . A
car bocl fahSy R BRCLEmBle ERER Bhd Goltht, 1 4% if R0 60k Rinbilo- RECMANRE T

conpoumditBfunttienal.oABubat headie) ‘@hond=functonal RBtiatBy”, refendtoRm iaitatearahdt,
i ndependently, hydrogen or hydrocarbyl; or R and R2, or R and R3, or R3
and. RAPTOBeRABNeRImBLETY, aRpEALRIMSTE sduHYalentd éEF%BW’&’?afF'iaEV? IngitaoTagtut 4 to
about QLR Bl AMBuRfiofal it B8 A PREd fn Mnithdodtha UesappRo:aRAy £ carbon
at ons. [60049] "As usedlq 1gr eiln, " aue?sf}ﬁi vllgnné] car bocﬂ%}?{gni o %)g? yneri )éat ion
condi t $toichibmegicggmivtatents of carbocation relative to initiator, wherein x represents the

functionality of the initiator. When a mono-functional initiator is used, the chain end

concentration is approximately equal to the initiator concentration. For a multi-functional

initiator, when the functionality of the initiator equals x, then the chain end concentration

equals x times the initiator concentration.

[0045] As used herein, “ionized polyolefin” refers to a polyolefin containing at least one
carbenium ion. An example includes, but is not limited to, a tert-halide terminated polyolefin
that has been ionized into a carbocation terminated polyolefin. A further example includes,
but is not limited to, a quasiliving carbocation terminated polyolefin. A further example
includes, but is not limited to, a vinylidene terminated polyolefin that has been ionized into
an ionized polyolefin or quasiliving carbocation terminated polyolefin. A further example
includes, but is not limited to, a polyolefin containing an olefin that has been ionized into a
quasi-living carbocation terminated polyolefin or an ionized polyolefin. A further example

includes, but is not limited to, an ionized polyolefin derived from an inifer.

[0046] As used herein, “Lewis acid” refers to a chemical entity that is capable of

accepting a pair of electrons.

SUBSTITUTE SHEET (RULE 26)



quasi living polynerization conditions that allow for the formation of
quasi |l i ving carbocationic polyolefins. [0050] As used herein, "quasiliving
car bocat iwoi2e1opb3zel ef i n" refers to a carbocationi c pol yolrafseevotob@ss has
been fornmed under quasiliving polynerization conditions. [0051] As used

her ei njooagpasiAd wed GefR, YABhbAaL I refers to@h®léfir thaPie cxpadld gfjontising th 4r oceed
in the absence of irreversible chain-breaking events. Quasiliving

pol yreedrbegationto tormcaaedensarberatipat i on and is fol | owed by propagation,
wherein propagating (living) species are in equilibriumwth

Son o (Ul ;i i &s@ﬁ”ﬂéljeir%/ ?‘@%}dif?@ | [’i{“aiiv&f}%iﬁégfto 4 Pﬁﬂumfﬁ%nﬁﬁgei n,

" quasi pol yneri zati con ons ers to reaction conditions that
al | ow quasiliving polynmerization to occur. [0053] As used herein,

“term nation" or "terminating" refeRs {bBichenical reaction that

term nates a polynerization process by|dedqtruction of a Lewis acid. [0054]
As used herein, "tert-halide term nf orgol efin” refers to a polyolefin
that contains at |east one tertiary haligle end group. An exanpl e incl udes,
but is not limted to, a compound of fornula:wherein X is a hal ogen. [0055]
As used herein, "vinylidene" refers to a conpound of the fornula: wherein R

i s hydhAeRItY, R,ERY Ry, dfRIKYdre @4iche ind¢penddhiy) hiRdiogeet Bydrocdrbd; vi Ryariddene is
met hyl vi nyl i dene. [0056] Unl ess ot herwi se specified, all percentages are in

wei ?ht Rper Ko and R 0arSRe) amitRus orRpanddis independently) fara @ fugsdiahiphatin Tingwhg
nt=pe | _ . . 5
EF er chiouPR% atdlf 7lbh GRS CargfiAfil rife ot 530 B IRERY UGS Y.,

2008 and entitled "Copol ymers Made with Quasi-Living Polyol efins and
Unsat ufedued Adidhised Remit, &qiasilivikhgs@ebsatidsic pPslyngriZatien caddiodst edels tof Maki ng

Same; " and. U.S. Patent, Appli.cation . 12/.055,281, fjled .March 25, 2008 and
ent i t| gpst W‘Eﬁ.iBRJY‘PS%Z%‘P“VP?A}PP%ﬁ@-%%éﬁg%eetg”}?’?ﬂ‘y’o‘?tjé’fu?ﬂg"“{}ga Quenchi ng
wi th Mopgsiatibhid$elyolefins.

[0050] As used herein, “quasiliving carbocationic polyolefin” refers to a carbocationic

polyolefin that has been formed under quasiliving polymerization conditions.

[0051] As used herein, “quasiliving polymerization” refers to polymerizations that
proceed in the absence of irreversible chain-breaking events. Quasiliving polymerizations
proceed by initiation and is followed by propagation, wherein propagating (living) species are

in equilibrium with non-propagating (non-living) polymer chains.

[0052] As used herein, “quasiliving polymerization conditions” refers to reaction

conditions that allow quasiliving polymerization to occur.

[0053] As used herein, “termination” or “terminating” refers to the chemical reaction that

terminates a polymerization process by destruction of a Lewis acid.

[0054] As used herein, “tert-halide terminated polyolefin” refers to a polyolefin that
contains at least one tertiary halide end group. An example includes, but is not limited to, a

compound of formula:

CH;
X
Polyolefin CH;
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METHODS [ 0058] In sone enbodi nents, nethods of form ng copol yners such as

t hose descri bed herein include the steps of (1) providing a high nol ecul ar
wei ght powveabsidomg7owhi ch is an allyl-term nated pol yner ipcTaseaaosqoeand ( 2)
reacting the polyolefin with an unsaturated acidic reagent in the presence

of a fﬁvﬁ@refn@@ﬁs‘@halbgh‘ﬁ.i ator, to formthe copolynmer. [0059] In sone
enbodi nents, the polyolefin is a polyolefin having an allyl-term nated

chain end, the free radical initiator is a peroxide, and the unsaturated
aci di cl0P83lgentAs usedrheusing “wintlidened sefersrio g gempentsbef the farsnulahe resul ting
copolymer is of the fornula:wherein three of R, R2, R3, and R4 are
hydrogen and the other is high nol ecul ary wei ght pol yal kyl; wherein each of
JC, vy, and n is, independently, 1 or grédater. In sonme enbodi nents, the
ratio of x:y i's fromabout 2: 1 tR®¥8But ® 1, or about 1.5:1 to about 1:1,
and / is between 1 and 40, or between 1 and 20, or between 1 and 10, or 2
or gre [ 6 I o) i , -ar ogen, and R4
is a h?’é reirrrlol# gsgld%?ca\g\%iﬁ ’g%‘fg" %%Pl 3,'@ 8%&@%@3 %Eal}l%t?lg}g&ﬂcgﬁqulgdggg yner is

ref er r g@thyvimdidesd.yal | yl pol yi sobutyl ene succini ¢ anhydride, or polyallyl

Pl BSA. [0061] For exanple, in sone enbodi ments of methods formng

pol yal | yL PI BSA, the polvyolefip s . allyl-termnated PIB of the forrmula: and
has a (08PG} | vé—h}e%io&??’WWéB‘FﬂIH?fL aHIHeW%P@g%e&B’G@F PRCENL. at | east about
75% or at |east about 90% or at |east about 91% or at |east about 92%
or at 0989 AR appBatid is@élaﬂe@@éEhe%ﬂé%in%‘yf{%liéhﬁoﬁi th@tire 8ORbits 9p&achor  at
| east about 96% or at |east about 97% or at |east about 98% or at |east
about @B%hicharedhearpora@ddy rafdrgricedieramat gr oups. The allyl-termi nated PIB al so
has a DI of |ess than about 2.0, or less than about 1.4, or |ess than about
1.3, or less bout 1. 2. I Al .0. [0062]
The allyl-ter @ﬁ%@%‘%@*‘a"%ﬁ%ﬁgﬁ? aﬁ?g@,mﬁe{%ﬁ%ﬁ% Iéléz(r)éa%?@ %tlr?glti at or,
e.g., eCpiyniérd®llclittaQuaki-Lliging Pamolefiaad Uigatusie Atidiv Reetantsat ur at ed
acidic_reactant mal ei c anhydride, to formpolyallyl PIBSA [0063] Wereas
convenPisperaantabsmgdiamss apghMethpds of MakpaSangsi aad |y i nvol ve reacting
commercially purchased or otherw se conventional PIB with nmal eic anhydride

and a free (s Patent Application No. 12/055,281, filed March 25, 2008 and entitled

“Production of Vinylidene-Terminated Polyolefins Via Quenching with Monosulfides.”
METHODS

[0058]  In some embodiments, methods of forming copolymers such as those described
herein include the steps of (1) providing a high molecular weight polyolefin, which is an
allyl-terminated polymeric product, and (2) reacting the polyolefin with an unsaturated acidic

reagent in the presence of a free radical initiator, to form the copolymer.

[0059] In some embodiments, the polyolefin is a polyolefin having an allyl-terminated
chain end, the free radical initiator is a peroxide, and the unsaturated acidic reagent is maleic

anhydride. In such embodiments, the resulting copolymer is of the formula:

-10-
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radical initiator, the use of allyl-termnated PIB provides nultiple
benefits, relative to that possible using conventional PIB. By

"convent iwoabioRioB79it is neant PIB that has a rel ativel yCras@ens®ns of
met hyl vi nyl i dene end groups, e.g., |less than about 80% and has a high

di spersion index (OQF), e.g., greater than 1.4. Such comwentional PIB is
sonetines referred |to "hi gh nethyl viny idene PIB," orl "highly reactive
PIB." [0064] Anmong [other things,othe use jof allyl-ternminated PIBin the

(7]

formati on of polyal|yl feric pro ucdt having a degree
of oligonerization |of t wezn 20, or between 1
and 10, or 2 or i i gfeat an about 60% or
greater than abo —0%— er than about

about 95% In sone |[enbodi nents, the copolynen h inic ratio of

bet ween about 1 and about 2, or between about| 1. out 1.5. In some
enbodi nents, the polyolefin has an allylic endgroup contlont of at |east
about 75% or at |east about 90% or at |east about 91% or at |east about
92% or at |east about 93% or at |east about 94% or at | east about 95%
or at Mdhaein thipceuaf 196% Rz:adeiaashwdmgoman@tZ%otlmrisaﬁgheaziu%o’u:tigl%% or at

| east abpu 99 t 100% §oIE S8 |rrent the polyqlefin has a
d aper BB RAMrap ef Bl * hd s pIPEBITT. | SLEpitn 1A50HE Hbatimpy oo
than aleubtid ofx:y & fréBeBobt BN (kU 11, dr aBUut'lgSIStotaﬂb@ﬁt BDOAd Alislbet@eermbout
1.0. [0065 ]ye not bei ng bound by a parti cul ar theory the relatively
hi gh degd é Oébemelegdrmﬂﬂﬁa‘tribﬂﬁweﬁn bm@&%lloyﬂmrsmtqrs believed to be due to
the fact that allyl term nated PIB has fewer allylic protons conpared to
conven a i gher
degr eet[%‘%%gl i gh?@’?’??a}*{b:"gﬁ‘%(‘h| g ere aﬁ{jfﬂ 2 &Wdﬁ%%&k‘tgégg% ?elcgbag

enbodi meighs polfyisdbilitl he thai eSaélﬁmt@poaynﬂends referédstot 3ol yadinl pelyisskutylene f or m
copol ynmers , ﬂ@ wi th al LYB erm nated ol efins and unsaturated acidic

r eact aﬁ‘f°§m‘%1 ydade. o PPAdELIBSA-eacti on conditions for the formation of
such copolyners, will now be described in greater detail. Then, sone

exenpl gjos1]ret hefexghpl! BR8N B dHREAS BN théal REmIMCHblyallylPIBSA, the
polyolefin is allyl-terminated PIB of the formula:

80% or greater than apout 85% or greatextranéabot 90% or greater than

HsC CH; HiC CH;

PIB

\CH2

and has a relatively high percent of allylic end groups, e.g., at least about 75%, or at least
about 90%, or at least about 91%, or at least about 92%, or at least about 93%, or at least
about 94%, or at least about 95%, or at least about 96%, or at least about 97%, or at least
about 98%, or at least about 99%, or about 100%. allylic end groups. The allyl-terminated
PIB also has a DI of less than about 2.0, or less than about 1.4, or less than about 1.3, or less

than about 1.2, or less than about 1.1, or about 1.0.

[0062]  The allyl-terminated PIB is contacted with the free radical initiator, e.g., a
peroxide such as di-tert-amyl peroxide, and with the unsaturated acidic reactant maleic
anhydride, to form polyallyl PIBSA.

-11-
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copolynmers wll be described, and several illustrative exanples

provided. (1) ALLYL- TERM NATEDPOLYOLEFI NS [ 0067] As noted above, in sone
enbodi menwe,20aldoy37ot er m nat ed pol yol efi ns are prepared pgTfisSc@w/05@6f zi ng a
polyolefin to forma carbocation term nated pol yolefin, followed by

reacti pesf thﬁh&%mﬁ@&mmat ﬁl@moas':t&ﬁ%aﬁé ﬁ@l'y?iBS‘A\fyﬁll‘hl nddlvY keastih@ne
conmpound to formthe allyl term nated pol yol efin. OCATION T NATED

POLYOLanmgc[a(bkyaslrcl@sedomahqwetc@nmm@nécPIBomlmtr@fqm@nlwdyldbendmfr@e by any
sui t abl e. chude, but
o aortidEin B B2 b oIS Riued i proyiekn ALt pefgiBERERT ve RERRES, Po
pr ef or pegibohsify efniventidrialPEB. PBOtedhveAtidra@ PIRPOit Y Ednt IPI tiid had fdlativebnoner
under qguasi living carbocationic polynerization conditions; or perforn1ng

the "i K Bereentaf psthylyindstene ppd stowes, e?rﬁadGSSrfbim about BQ¥ec andolrsathigh t er ni nat ed
ggdljggl 8{5 5189 %&kggbﬁ ?) % a%'}ea@rtﬁancﬁﬁb ?8@% éo?xl e S gﬁfﬁjg%Omeﬂm%g Serred

term na contalns one car%ocat I on

end grwﬂngﬂ methhndidens PImhos ;highle remlbeem P’on ter m nat ed pol yol efin
contains two carbocation end groups. In sone enbodi nents, the carbocation

erbodi TRRL, Ao Becamceri e abe AL LiFrBaT el O B P Raabiy pLBYREN ene
Wi th appgdA fb‘v?de‘%‘@%pgfn‘?%{% ol?‘rb&hé ‘H?ﬁp?%%@%ﬂ Q?g?ﬁ%orﬁé}?z(lﬁéﬁ BPG&Wean] heg m nat ed

polyolefin I's a co a) Carbocation
t er mi néf,eul bpistepnllend 29, érrtwwedar t aithl 0, de of @&ACY; dnd Hweive aetivesds geates, t he

carbocation term nated ef i sderlvedfro | ide term nated
pol yol Qoqt§0£s}‘%ﬁ’ég@ﬁﬁgg}a¥f€hf’§t é)rc,gé"ra%&}éﬁq %’Hn{@r aﬁrE%erpth?ﬁ%’ftl nis

deri Veﬂo%oéx’f@raat&ﬁhﬁn %Hu@'%%eoi gfegt‘ef‘ﬁiaﬁ@b&ﬁ@@% QF bfvatel - IE. Ler m nat ed
pol yol efin, or tert-iodide termi nated polyolefin” I'n some enbodi ments, the

car boc @Qm@ﬁnb@mm\en@x the cgmlymmelﬂasm juscidigratieof beteasrmationt 1 apdabeutdeor

termn r te bromd rm.n I n ne
erboc Resrer AR 8l Byt G5 iR afelEhBOIPERROICER uEl kit S
tert - chloap lcdxﬁeﬁt&ffm reagt%oms%,&ﬁlw Ieﬁbt%eut@fo% he af lHaétQWoﬂt@D ooy drsk aft0071]
Tert-halide_ term nated pol yol efins nay be made by any net hod known to those
of about 92%, or at least about 93%, or at least about 94%, or at léast about 95%, or at least

about 96%, or at least about 97%, or at least about 98%, or at least about 99%, or about

100%. In some embodiments, the polyolefin has a dispersion index of less than about 2.0, or

less than about 1.4, or less than about 1.3, or less than about 1.2, or less than about 1.1, or

about 1.0.

[0065] While not being bound by any particular theory, the relatively high degree of
oligomerization of polyallylPIBSA is believed to be due to the fact that allyl terminated PIB
has fewer allylic protons compared to conventional PIB resulting in less efficient chain

transfer and a higher degree of oligomerization (higher molecular weight).

[0066] Various embodiments of different reactants and diluents that can be used to form
copolymers made with allyl-terminated olefins and unsaturated acidic reactants, and useful
ranges of reaction conditions for the formation of such copolymers, will now be described in
greater detail. Then, some exemplary methods of preparing dispersants using such

copolymers will be described, and several illustrative examples provided.
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skill in the art. [0072] In sonme enbodi nents, the carbocation term nated
polyolefin is generated by contacting a tert-halide term nated polyolefin
with a LewD=20m0iosk79l n sone enbodi nents, the carbocati onPCEUsR0R0EE6S

pol yolefin is generated by contacting a tert-chloride term nated

pol yol ef i n, tegzﬁmnijkERmmmgqugpoquﬂEﬁmmm, or tert-iodide term nated
polyolefin with-a Cews acrd. ITn sone enbodl nents, the carbocation

term nated polyolefin is generated by contacting a tert-chloride term nated
bl yol #0067 i t hs RotEd Abayeath seme aoPrEl mews b leamiaisdmoholeins B PEPRShal | de

is deriyv f.rom I Nl o ( i . ! hos from

or ef or A Sopapa el Bliss) St ST RERIS G EREN BAHER AR talIB RN bD

t er m na¢ztopof thelcafbotation tetenihated pbliyokefia wirhedroal by dilgnel cpoipefindito formslre

enbodi nents, such prefarnmed pol yol efin contains one or nore doubl e bonds.

I n soméllEkiseeinaed palyokfish pref ormed pol yol efin contains one doubl e bond. In
sone enbodi nents, such preforned polyolefin is a polyisobutyl ene

derivative. |nys i t f efin contai ns one or
A ;@I@%ggﬁ;tgfnlqﬁ PERFHNA PEB PO DO LI G

nmore endo ol efin sone enbodi nents, the carbocation term nated
polyolefin is generated by contacting a proton source with a preformed
pol yol ¢0068]i n Cabopatiesderornaiéd polyelafins mey de made by any switablil methpd knpwe

carbocati,on term nated pal yol efi.n i ener at ed 0 o f or med
pol yol df 1ee B i g i Exipfes i B Bhlm (e BB Sbeuliel o7 TP
pr esenc@Rf Léwisavids io?a@ﬂiﬂ’gba pR{GaR postinBith 8 prétbe seacd) peBimeizidgem nat ed
pol yolefin is generated by contacting a prefornmed polyolefin containing one
doubl e obimamoparperanderaiuesilisingreaebacatianie pylymsEARONEPNETIPRS;08 PHEPINING fes onre
enbodi nent s, tpedcar bocation term nated polyolefin is generated by

cont act ?nﬁ%ram&?l‘)yi sobutyl ene derivative with a proton source in the
presence of a Lewis acid. In sone enbodi nents, the carbocation term nated
pol yol g6069]i s Besateadntsbdinertgnhacdrbowgtian parmifietedesb] paltfpot@itains conoanoieng one
or nore endo, olefins with a profon source in the presenc f Lew s

aci d. ( CRoesHinseRdigs P e Fhiqat @aﬁwﬁwaﬁse ﬁ%erFadmnttﬁ"émPﬁF‘? B&yﬂgﬁﬁod [ 0076]

;2 SO HIARR TP AL Scatiol end BFRPC 3h s&He EABOUIRRLRIHRRAMRL Al teirtind@a! ved from
polyolefin contains two carbocation end groups. In some embodiments, the carbocation
terminated polyolefin contains three carbocation end groups. In some embodiments, the
carbocation terminated polyolefin is a polyisobutylene with a cationic end group. In some

embodiments, the carbocation terminated polyolefin is a compound of the following formula:

,C. CHs CHs

H @
Po|yisobutylene\)<)\
CH

(a) Carbocation terminated polyolefins from tert-halides

3 .

[0070] In some embodiments, the carbocation terminated polyolefin is derived from a
tert-halide terminated polyolefin. In some embodiments, the carbocation terminated
polyolefin is derived form a tert-chloride terminated polyolefin, tert-bromide terminated
polyolefin, or tert-iodide terminated polyolefin. In some embodiments, the carbocation
terminated polyolefin is derived from a tert-chloride terminated polyolefin or tert-bromide
terminated polyolefin. In some embodiments, the carbocation terminated polyolefin is

derived from tert-chloride terminated polyisobutylene of the following formula:
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i nifer using nmethods known to those of skill in the art. Non-limting
exanpl es of such nethods are described in U S. Pat Nos. 4,276, 394 and
4, 568, 732voeammogd7owhi ch i s incorporated by reference heceius20005®6e5e
enbodi ments, a nononer is reacted with an inifer carrying at |east two
tertiary hal ogens under cationickgglmngriza}gon conditions. In sone
enbodi nents, the inifer is a bini or a tiringfer. In some enbodi nents,

the inifer is tricunyl chl éde pa adicu chl oride, or tricunyl bron de.
(d) Carbocation term nated po ol Sflnic nononer s under

qgquasi -living carbocationic polynerlzatlon cond ¥ ons [0077] In sone

enbodi nents, the carbocation term nated polyolefln is derived fromolefinic
mnom(o‘mgnde&eﬁ%aﬂd hd i filed g&%ﬁama bgfaﬁg%etﬁ&dﬁromsghos%
conditions, a quasi-living ca catlonl I'S generate uch
condi t skolhén thawrtbe achi eved by any quaS|I|V|ng met hod known to those of

skill in the art. In sone enbodi nents, a nononer, an initiator, and a Lew s

id d. Non-| i | f h d d EP
5067572 TS Do BIbe iR S AT, E AR AR S m@n?srgsﬁér%{é'gﬁe a
ref er eq@achRb §itdht-hhRQ Rl minAted YoB RO B MeSvis 4di® FAIRRCAHBIIMERS, rfhél at ed

polyolefin is a quasi-living carbocationic polyisobutyl ene of the fol | ow ng
f or mul @arbqO@Gm]er@mdmiycblpﬁm isi geperatedrhyl contagfing e sgyephloride trmonatiidt | ons

R T I O

pol ymer éwigtatidndn E&Q&Q}nbbam%m@ tl%f’daﬂdicﬁi%ﬁ rmirfAkdipalydlefrois gefierate@ ®Fpound or
pol yol efin with one, nore than one, endaeﬁ;roup capable of initiating a

cat i on¢antastiag larﬁerpéhlméﬁ terminaser patypleln vt acLewinecidni t i at or can be a
conmpound of forrmula (X -CR aRb)nRc wherein Ra and Rb are, independently,

hydrogﬁmﬂﬁal Kth orﬂé%h‘rboailnﬁﬁghhe 12h-1ali @Heriv?d’ mﬂnd(ﬁlgn fgtat at |east one of R
rogen; an as a valence of n, an is an integer of one
to 4. X1 is an acet ate, etherate, hydroxyl group, or a halogen. In sone
enbodi nents, (R, RiarbodatRm termimtdd polobdinsdrem paefoontedi polywdeforse car bon
atomto about 20 carbon atons. In a preferred enbodi ment, R, Rb and Rc are

Qg(r:lnraocr'i)ht?‘?]n IR $ERe (e:r%rl])%g]n?ean the Carboca (S)nnte%gl ed po?yo?éﬁn i% d(e:g{/et:)é) ﬁ"or%taons' In
preformed polyolefin. In some embodiments, such preformed polyolefin contains one or
more double bonds. In some embodiments, such preformed polyolefin contains one double
bond. In some embodiments, such preformed polyolefin is a polyisobutylene derivative. In

some embodiments, such preformed polyolefin contains one or more endo olefins.

[0075] In some embodiments, the carbocation terminated polyolefin is generated by
contacting a proton source with a preformed polyolefin in the presence of a Lewis acid. In
some embodiments, the carbocation terminated polyolefin is generated by contacting a
preformed polyolefin containing one or more double bonds with a proton source in the
presence of a Lewis acid. In some embodiments, the carbocation terminated polyolefin is
generated by contacting a preformed polyolefin containing one double bond with a proton
source in the presence of a Lewis acid. In some embodiments, the carbocation terminated
polyolefin is generated by contacting a polyisobutylene derivative with a proton source in the
presence of a Lewis acid. In some embodiments, the carbocation terminated polyolefin is
generated by contacting a preformed polyolefin containing one or more endo olefins with a

proton source in the presence of a Lewis acid.
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enbodi nents, X is a halogen. In a preferred enbodi ment, Xlis chloride. In
sone enbodi nents, the structure of R, Rb and R mmcs the grow ng species
or nononmewo 2brv/®e3m enbodi ments, such structure is a |- ralraiskeoglsrygs et hane
initiator for polystyrene or a 2,4,4-trinmethyl pentyl halide initiator for
pol yi sobutyl gge. |@ar%oﬁﬁﬁ$l?ferrﬁﬂnﬂmqwl fins fFom tRe ififél Me@o@ each
hydrocarbon groups containing one car bon atomto about 8 carbon atons for
the initiation of an isobutylene polynerization. I n sone enbodi ments, the

i ni ti at®¥76] s dnsemplembaidien)s, ths carbqcation ferminatedepoly@efn js dssived é%h@m ary
; |
' n| ti a; e? H 1§§ h%ga%ggkﬁw E)% t;]h%gé; gﬁs%m B{ﬁggﬂ( Ndn-lﬁmmn%rué}‘éln)p?ég ot'sh

3 5- hethods el des@ribed ipoPyak b&i@z‘aB% 394 end 4,668,732 myith efwhich de) ;
4, 4-trimethyl -2-chl oropent ane -acetyl - 2- phenyl pr opane,

|,

X

2,

acet at BCOPPORieshbIoTeferencedieasii lbﬁ%%ﬁ'@bo imgnts, %wpmﬁf &;p%g% \é{ltﬁ an 1n1¥er
2-

I,

I

Ze ?&%’Yyl@% g%}}' Evppr opy?)hﬁbﬁg‘ésn‘é’?déwé‘mﬂ%(‘% tron COPdlthPl Sn some

, 3, 5- tmb@cﬁmrmushuhxymferps apirifebenz t:rnnferl Iresqmec embmhmwhusp&hy:hlfeenherc)lmyl

2 chl or 4, 4-trine ent ane T , 3-di (2-chl or o- 2- propyl ) benzene,;
and |, @BT‘QQZPE‘H‘FIGPB‘% %‘PB‘E?IW-@W t-rOIB Ibenzene (bDCC). [0082] In sone

errbodl ments, the initiator can be npno-functional, bi-functional, or

mul ti - funct i qggl . éﬂmc%mrﬁﬁn%drﬂawém%ﬂwﬁm@I.ﬁ(ﬁm.raérs e de

2-chl oro-2- phenyl propane, 2-acetyl -2-"phenyl propane,

2- pr opi onyl - 2- pherguasi-bpimgsarbocatiohisxpyolymerinating enonslitions
2- et hoxy- 2- phenyl propane, 2-chloro-2,4,4-trinethyl pentane, 2-acetyl-2,4,4,-

2" ot e s 2 Soé pBERBIRG i o loR R YA e i s lriyet fame.  ana

2- chl ovlefiRic4ndhonidrsrahdey ansmllm chamarmh&ﬁom‘ Ibnhdem RGdH evnditionsj 4 i at or s
i nclude |, 3-di(2-chl oro-2- E ) benzene, 3- dlg t hoxy- 2-
pr opyl ﬂ%hg@ﬁg caqbogfatmn(@p@lﬁq)lg BJszgcme{ﬁSgA )&iyéhi:gﬁ@ 1ons may be achieved by any

, 4-di l;
5 ter t EGIE I HYmEaRAGRY 0 BEREGRGaMHhe . In some egbodiments, s monomer, an
mJI ti - fnueatdd, embd Lewistacad ae :isedh ANomkbinditisg EcadnipléLo fduklo mettidbde mopddsehenlziene and

Car bocgi) Zbﬁﬁgelég mgéﬁ&im&ﬁ%ﬁﬁgﬂgg%hl gpen;?lggrp]:)r()airte uyarselfe_rlerllc\(eI heYein.
[0078] In some embodiments, the carbocation terminated polyolefin is a quasi-living

carbocationic polyisobutylene of the following formula:

H3C CH3 CH3

Ponisobuterne\)Q){19
CHsz

[0079] Some non-limiting examples of reagents and conditions suitable for

polymerizations producing quasi-living polyolefins will be described below.

(i) _Initiators for quasi-living carbocationic polymerizations

[0080] In some embodiments, the initiator is a compound or polyolefin with one, or more
than one, end group capable of initiating a cationic olefin polymerization. For example, the
initiator can be a compound of formula (X'-CR,Ry)nR. wherein R, and R;, are, independently,
hydrogen, alkyl, aryl, alkaryl, or aralkyl, provided that at least one of R, or Ry, is not

hydrogen; and R; has a valence of n, and n is an integer of one to 4. X' is an acetate, etherate,

-15-

SUBSTITUTE SHEET (RULE 26)



[0083] In sone enbodi nents, the nononer is a hydrocarbon nononer, i.e., a
conpound contai ning only hydrogen and carbon atons, including but not
limted two 20l0a0p378 anddi ol efins, and those havi ng frompalbaistod/os@embout 20
carbon atons, e.g., fromabout 4 to about 8 carbon atons. Sone exenpl ary

mnomh?dx’oﬁbﬂ'g‘#&&) b5 ® Balb¥d1e M@, sofle)endAim&fs, R,PRNGRER aréﬂ?dl‘%eﬁbob%f(ﬁ@b ene,
2- et hyl -1 -butene, 3-nethyl- 1-butene, and 4- net hyl -1 - pent ene xtures of

monomeEentaiaing Hne satben giose o atpusa carhon gamse m)@mqf@mdsembq@mm Bakeangr e

| 1 i f
ot Do SRR USSR P A B APRLINERE ol D0 e
i's froembbditienSOR' it @ hialogei CBES pmferﬁ:drenwddﬁﬁexg/ Xoik chlofide. OITEscmli’éf)Odl ment s,

such polynmers are | ow nol ecul ar wei g uid or viscous polyners having a
mol ecuFRPOHBIERH the rEetiis of Feuks %bR« @mws 8@@@%& SPegjEs QIMPROTRIx Nt o

2ot oy TS 55, 100 B G 5B Bl o oo

100, 00
car bocaibnincetipd Ipentyt hezlaiel initiatoe dort podyisoHudl&sd. Ihra prbkrra&bimd)ddmmnmﬂadﬁd

her ei n, sone .enbodi nents, the Lewis acid, is a nonprot c cid, e.
et o1 e Rt Bt IBAC Rt B SravRS OnBE Bre Sehes aRaigbe T SrbimatorSiif,

Lew s gl 1g§1aﬂ15}%f"ﬂﬁs@o&il&%&ﬁnéﬂlé&lohaid e Entddtferts lthe Hidtéiis aufyd (1'V)

hal i de, and an al um num ( de, e.g. , titaniumtetrabroni de,
titani dwumtmlauhuruyhl@éldem nc chI or| de, Al Br3, and al kyl alum num halides
such as ethyl alum numdichloride and nethyl al um num bromni de. Some

exanpl n-netal halid Levm de .an _anti.non I|de a
ool | TuleR] | e crBmelEy iifphinodt s Plar Gt ot & Y itar R

a tri allktydl(za&mmonpmo@s)nmueﬁe $.4G @i(@smyIchIveidby 1,308 -2 hioro{20087] M xt ur es of
two, or nore than two, Lew s acids can_ al so used. In one exanple a mxture

of an Brapx)benzexe, i.g) tHawmylehlondel 24 4-Hingthy kE-ghiorepentoapbeerdyrs used. | n
il kop A, YipRh e DBt 631 e prBpa Pl plopiBnd e ©

st oi chpan@&haxye2- phérly(lprolf)arﬁl Lé7] cuniylrety) ethat; |1d%d1t(2>rridtlmdyl<ybro@l> Dbénwene,i s | ess
than 1. For e stoichiometric ratio of about 1; alumngm [11)

hal i de’€o l&wlmwhywﬁﬁa)nh%éé&ﬁ%wmxyg -RIOBY RPRTE RS f- Fetrf(a?'mﬂl“&ﬁt
al um ngief)! 3 tRoro-2,4,4-trimethyl pentane (TMPCI); 1,3-di(2-chloro-2-propyl)benzene; and

1,3-di(2-chloro-2-propyl)-5-tert- butylbenzene (bDCC).

[0082] In some embodiments, the initiator can be mono-functional, bi-functional, or
multi-functional. Some examples of mono-functional initators include 2-chloro-2-
phenylpropane, 2-acetyl-2-phenylpropane, 2-propionyl-2-phenylpropane, 2-methoxy-2-
phenylpropane, 2-ethoxy-2-phenylpropane, 2-chloro-2,4,4-trimethylpentane, 2-acetyl-2,4,4,-
trimethylpentane, 2-propionyl-2,4,4-trimethylpentane, 2-methoxy-2,4,4-trimethylpentane, 2-
ethoxy-2,4,4-trimethylpentane, and 2-chloro-2,4,4-trimethylpentane. Some examples of bi-
functional initiators include 1,3-di(2-chloro-2-propyl)benzene, 1,3-di(2-methoxy-2-
propyl)benzene, 1,4-di(2-chloro-2-propyl)benzene, 1,4-di(2-methoxy-2-propyl)benzene, and
5-tert-butyl-1,3,-di(2-chloro-2-propyl) benzene. Some examples of multi-functional initiators

include 1,3,5-tri(2-chloro-2-propyl)benzene and 1,3,5-tri(2-methoxy-2-propyl)benzene.

(ii) Monomers for guasi-living carbocationic polymerization reactions

[0083] In some embodiments, the monomer is a hydrocarbon monomer, i.e., a compound

containing only hydrogen and carbon atoms, including but not limited to, olefins and
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halide to trial kyl alum num conmpound; or a stoichionetric ratio of 1:2
alumnum (111) halide to trialkyl alum num can be used. In another exanple,
a m xt ur evof2olaepd7zaum tri brom de and trinmet hyl al um numpPC3/uss@d/05¢96988] | n
sonme enbodi nents, the Lew s acid can be added in a suitable nunber of

al i quodisiefifis, 3ind thde qaaﬂn%lcf) oV MBou@ D téBbsut R0 BrbdAQtothd, dYOtfrord aBout 4t 140

aliquots. (i V) Electron nors for quasi-livins car bocat i oni c pol ymeri zati on
react i ahovt § cobon atasnsi Someckxenpsy MaROBISE ielude isohetylensigtyreng, petaanene; | sone

I d bl
Sy <t ontbonrt ShaBhE, GRRINS Phat ERDITEpACAT A BARGURRVERRENE T U0 (e

met hodsliers bf ARdomersedan akodeagéd.orned i n the presence of an eI ectron
donor. [0090] In sonme enbodiments, the electron donor is capable of
conplexing wwth Lewis _acids. In sone enbodi nents, .the el ectron donor is a

base al983%r n%ﬁ%%ﬁ‘i“b@d‘meﬁtssﬁ}?é“@??mff #reolymarked de BroduemPRISRSHS G's capabl e
of abskifrefehl, A QlbsfaRfIAK B fmH0k0lar hlighRITEn %mﬁ Bhients! {1 RORENEOD
donor 1's an’organic e. In sone enbodi'nent’s ectron onor is an

am de. wélghtsafrrhe p@tpmér ivefindrs abolteS 06 Ite ot m@nssdlfmmlhcm g\lmldi[mmdwl f or mam de,

N, N- di met hyl acet a or N, N-die acetam.de.. | n.sone enbodi.nments, the
N oot r DRGNS Soh PElypTREs At oW oI AR i fr VIS ONe POV BT B ehor | s

di met hyhleguhf R¥igHeor ﬂr&n%a@t mﬁsdor@@ogﬁnoﬁ Bﬁs&ﬂde\%xry% pHRAE  orlehas@in@rt er. I n
sone enbodi nents, the electron donor i's nethyl acetate or ethyl acetate. In

some embiedalsbatisg mdiecuddrovdightn ofifiomrabost H0MHBsto HA09, drgsmeh @r mare.some
enbodi nents, the electron donor is trinethyl phosphate, tributyl phosphate,
or triamde h t.h Il%hsrp@%t 1 n SOTE, enbodllmants oLhe c?l ectron donor i
S an oxygen- COft&rnt iy hetar conpott : e el ectron
donor is tetraisopropyl tltanate [0091] In some enbodi rrents the el ectron
donor [088Flyr i dh tr racthadptovided Berdad, i &inhe/@mbddimeanEthe Heody sdiss ndnRe

el ectron donor is a conpound of formul a: wherein R, R, R3, R4, and R are
each, WHH‘éB@ﬁd’e&tPV‘et%@deg@rP(@rmﬁ?Hh%@ér byl; or R and R2, or R2 and R3,
or R3 and R4, or R and R independently forma fused ali phatic ring of

{0086] Some examples of metal halide Lewis acids include a titanium (IV) halide, a zinc

(II) halide, a tin (IV) halide, and an aluminum (III) halide, e.g., titanium tetrabromide,
titanium tetrachloride, zinc chloride, AlBr3, and alkyl aluminum halides such as ethyl
aluminum dichloride and methy!l aluminum bromide. Some examples of non-metal halide
Lewis Acids include an antimony (VI) halide, a gallium (III) halide, or a boron (III) halide,

e.g., boron trichloride, or a trialkyl aluminum compound such as trimethy! aluminum.

[0087] Mixtures of two, or more than two, Lewis acids can also used. In one example, a
mixture of an aluminum (III) halide and a trialkyl aluminum compound is used. In some
embodiments, the stoichiometric ratio of aluminum (III) halide to trialkyl aluminum is greater
than 1, while in other embodiments, the stoichiometric ratio of aluminum (III) halide to
trialkyl aluminum is less than 1. For example, a stoichiometric ratio of about 1:1 aluminum
(IIT) halide to trialkyl aluminum compound, a stoichiometric ratio of 2:1 aluminum (III)
halide to trialkyl aluminum compound; or a stoichiometric ratio of 1:2 aluminum (III) halide
to trialkyl aluminum can be used. In another example, a mixture of aluminum tribromide and

trimethyl aluminum is used.

[0088] In some embodiments, the Lewis acid can be added in a suitable number of

aliquots, e.g., in one aliquot or more than one aliquot, e.g., two aliquots.
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about 3 to about 7 carbon atonms or a fused aromatic ring of about 5 to
about 7 carbon atonms. In sone enbodi nents, R and R5 are each,

i ndependemol2gio/doyztpocar byl , and R2-R4 are hydrogen. [ 00®2ir/UsSro0eos®6s
enbodi nents, the electron donor is 2,6-di-fr -butylpyridine, 2,6-1utidine,
2, 4- di met hyl pry) BieBRon Dofe3-1bF §umi-Niying i ldicBBonid pbBindyikdior ridusreons Or
pyridine. In soneenbodi nents, the electron donor is N, N-dinethylaniline or
N, N-di net hyl t ol ui di ne. I n sonme enbodi maHL%,t the el ectron donor i

) S
2, 6-1 ul0089he. Asvy uadsssieed taornesfjordinanyskilbiy the prt, somecglectigngdongss &fiasi - 1 i vi ng
car bocat i, oni L Zex d i i : L dBALiSn conmmon
ion sa sag)ltlgr0 ?gﬁﬂe%g%tﬂ%@gp%%&%%ygﬁgﬁll?/tbggggg%{l grb?ﬁghreaéti on
m Xt ur gystemsadnlsémeambodiarenisntheepdthodsndestribet hetedn etegetfoaned onthe présancone
enbodingg;i, such salts may be used to increase the ionic strength,
suppr e$ GEONEFREOT and interact with Iigand exchange. In some enbodi ments,
the conmon ion salt precursor is tetran- butylammnium chloride. In some
enbodi [RYYF. 1 EorhO BBAdihRALsS Blelel DR WoAGK is Lipab®e droRiPidhaMiMmTiewn | odi de
I n sone enbodiments, the concentration of the common ion salts or salt
pr ecur aods Insompembodiamentse ghetdlentromidonar is arhaye fral/ornuckeephidergle somem about

0. 0005 |l es per.liter to about 0,05 l.es..per liter. In so enbodi nment s,
the cofBBMPstdhe troulmmusrorel L AP EegPE i oSt RiokTt TreoRE  ne
range EmBsRiRERY thE clROPEn B8R 3s Lorghhic Vasd. AnabeidtentboddBenid li@selp@tfon i ter. In
sonme enbodi nents, the concentration of the common ion salt or salt

pr ecur 8@105 is an 4npide.hin someembedimentsoilie elpetyon derards N¥dimethgHormamigeut 0. 007

A AL S etk oD T S S b OMS o BRI B 1

been gRnesubeide. i sonke drhlegdiments; thd electrbn donoalid dinsithyd Relfeddpolnsdnieo f or m an
allyl-term nated polyolefin. In one enbodinent, the &I gl si | ane conpound
used | AMPoimeRisThy slertEon denar feamesisr Th somhe pmbadimsatsy testsaironiaaos e

foll 0V‘1n@ﬂ1ly§5cre%% o &r;%}él @trclf%'t n |_%ome %ﬂbo%f;ﬁjenﬁz Y Geoionois% pho@ﬁﬁ‘a@tr yl, or

ar al ky n sone e I ments
compound. In some embodiments, the electron donor is trimethyl phosphate, tributyl

phosphate, or triamide hexamethylphosphate. In some embodiments, the electron donor is an
oxygen-containing metal compound. In some embodiments, the electron donor is

tetraisopropyl titanate.

[0091] In some embodiments, the electron donor is pyridine or a pyridine derivative. In

some embodiments, the electron donor is a compound of formula:

Rs~N_Rq
R4 7 Rz
R3

wherein Ry, Ry, R3, Ry, and R; are each, independently, hydrogen or hydrocarbyl; or R; and
R;, or Ry and R3, or R3 and Ry, or R4 and R;s independently form a fused aliphatic ring of
about 3 to about 7 carbon atoms or a fused aromatic ring of about 5 to about 7 carbon atoms.
In some embodiments, R} and Rs are each, independently, hydrocarbyl, and R»-R4 are

hydrogen.

[0092] In some embodiments, the electron donor is 2,6-di-fert-butylpyridine, 2,6-1utidine,
2,4-dimethylpryidine, 2,4,6-trimethylpyridine, 2-methylpyridine, or pyridine. In some
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SUBSTITUTE SHEET (RULE 26)



can be, independently, nethyl, ethyl, propyl, or phenyl. In a preferred
enbodi nent, the allylsilane conpounds is allyltrimethylsilane. [0095] In
one enbodvoento/b37bhe present invention, a carbocati oni ecpalsg@oesions chai n
end is reacted with allytrinmethylsilane in the presence of a Lewis acid, as
i 11 ust mbsdimbals Otive RRICHEh @bhdiis N;N{dikéthyabitihe [0f BON]dihR@yleMidin@CintoRN be
one of the Lewis acids |isted above.ln Section IA(d)(iri), or can be

anot heembedimgptsethe glgcomdpnpr is A.6dnediaganpl e, the Lewis acid is Ti d 4.

[ 0097] In another enbodi nent of the present invention, the carbocationic
pol yol ef in cha{ N Bt oS ICSAIKEnd ORI EARLESok A9 RRL YTEE] GbLOROART ¢ he
conmpound i s cooduwetredtionraictions For further details, see the foll ow ng
references, the entire contents of each of which are incorporated by

refere erein: "One-pot synthesis of allyl-termnated |linear and tri-arm
rar pORG3Lon e graneabolienis Sepmonier b5yl PREVEERGRDC SRGTRY om 1 van
et al . adadd tPMeteactioh mixRRE fn LAd&fn DRr ir;-repf%l@em&%‘o]f{me 14 dondRdin' Hndlovel

Met hod for the Determ nation of Propagation Rate Constants: Carbocationic
A i gonembodimients, sich salttmay bewsed'to Reré¢asethedbnic sivengthysuppress free 285, apgd.

6104- 6109 (1996). (,11)COPOLYNMERI ZATI ONOFALLYL- TERM NATEDPOLYOLEF]I AND
UNSAT@%E%@%%%“&@& &rsiy BOSAIGBFAPGPREPPBIOPT 3 HEPTEFYTST It I nat ed
pol yol ghufyldremeniuntidridd GhRbMefbolinknts, ikecothrhih idnSafiphdufdr Rokiehef in is
copolynerized with an unsaturated acidic reactant. In sone enbodi nents, the
copol yewtylapemendemiiedige ln geme dmbadinteatsy thesoneantigtion of thegomanrtirciah sl a1 at or .
In one . of the c I rizatien i | v, Pl BSA.

1 00007 “E5HE s I G RoREadaR e AP RSB ARk A o BRI e b e

bel ow Jiter eHouoM95 s ek (iR [PsorhNSATSIRAEH, AESIcDh&nREETANRe L6RARA] The
term"unsaturated acidic reactant refers to maleic or fumaric reactants of

the gelRBrsalts eroiathprePuRiont isiim th ranee from abeutdR405 melepperdder tpyrbew &4%d from
the grouRs (fogpﬁ‘t'els.t fn%nféferﬁlgdimér%,’thé concentration of the common ion salt or salt

precursors is in the range from about 0.001 moles per liter to about 0.007 moles per liter.

B. REACTION OF THE CARBOCATION TERMINATED POLYOLEFIN
WITH AN ALLYLSILANE COMPOUND

[0094] Once a carbocation terminated polyolefin has been generated, it is then reacted
with an allylsilane compound to form an allyl-terminated polyolefin. In one embodiment, the
allylsilane compound used in the preparation of the allyl-terminated polyolefins has the
following structure:
Rs
| "Rg
/\/ Si. R7

wherein Rs, R, and Ry are alkyl, aryl, alkaryl, or aralkyl. In some embodiments Rs, Rg, R,
can be, independently, methyl, ethyl, propyl, or phenyl. In a preferred embodiment, the

allylsilane compounds is allyltrimethylsilane.

[0095] In one embodiment of the present invention, a carbocationic polyolefin chain end

is reacted with allytrimethylsilane in the presence of a Lewis acid, as illustrated below:
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O | ower al kyl, and when taken together, X and X are -O. [00101] In sone
enbodi nents, X and X are such that both carboxylic functions can enter

i nt o acylwabi2om/mexet i ons. Mal ei ¢ anhydride i s one exanplreTafS2a090s@6ul
unsaturated acidic reagent. The use of maleic anhydride in copolyners such
as those described herein Fﬁ:ﬂgghg;ularly useful because the resulting

succi ni ¢ anhydri de groyps thro imd.he copol yner c n subsequently be

nodi fi ed, i bed_in greaf er r further

modi y thﬁ’é’ﬂ%ﬁ?@fe?&% Cs og WEAGPO! ;?dr?g)’g'e(ﬁ@) FrEE OGRS G AToR
Ica

[ 00102] A variety of free ra Initiators are suitiable for use in
initiating the copolyrrerizatlon of the allyl-term nated pol yolefin and the

di 001
comol yIPBE ¢ (TR e RAE B br E0er b Lan5 R TRBREPTEL SestPE M i 5 or
Such f ggafbd dtheabuitabie Iatioasidane onebtanflOWRe Léwisheideis triC,00104]

Per oxi de-t ype pol ymer| zation initiators, azo-type pol ynerization
initiators, and radi ation_are exanpl es of useful free initiators_ for

copol yHP Tk at ilBAnqtherambndimentat thesprepras BIVaREANY thseearbrsationic Pphold®] The

er oxil sSone
P g b s Weiifed B0 GuabiMiling bOlynfe Dyt IR SRE I Sivide” SOT%,
r adi catarbowtibidc lchalﬁehde&hthcthé akbyltsiﬂdne compopnd Brehdudteinaituh¥Fdr gdrer and any
or gani radi ca thRBand R3' can be or ic . radica
hygr océ?%@%a SeeéLfyfoEf MAng Esferencesi @aﬁgnrec?ﬁmea%aq |e9clb%f? h@reslasglpmf‘éirhys such
as hal Qg&gBsce R “AsHa: ﬂdtg}'ﬂthé@s @P‘eﬁmkéﬁl&ftedjlﬁfgay%ndj@f% include ditert-

anyl peroxide, di-tert-butyl peroxi'de, tert-but per oxybenzoat e, di cunyl
per oxi nelybebmﬂynespmbmoatg— ari(hhlydmy*ylﬂehedmhdsathemfm ” Teantat at.yJ. Ratyy ISci.,

Bt yl P o ookt S d R RSBl A ek SrarEod e Belominion sty benzoat e

and t hprdpaffion h&%@@&sta}h@ (?a%@cdaﬁ@ﬁc@fé@ﬁféﬂgﬁmntdmkéﬂ el Rbi@al.al pha’
-azobi si sobutyronitrile, are also well” known free radical pronoting

mat er | Masrompiiesules 39cppvso Ot 08 41096 def| ned as those haV| ng present in the

nol ecul e group -N=N- wherein the bal ances are satisfied by organic
(II) COPOLYMERIZATION OF ALLYL-TERMINATED POLYOLEFINS

AND UNSATURATED ACIDIC REACTANTS

[0098] After formation of the allyl-terminated polyolefin (e.g., allyl-terminated PIB), the
allyl-terminated polyolefin is copolymerized with an unsaturated acidic reactant. In some
embodiments, the copolymerization is performed in the presence of a free radical initiator. In

one example, the product of the copolymerization is polyallyl PIBSA.

[0099] Some non-limiting examples of reagents and conditions are provided below in
Sections II(A)-1I(D).

A. UNSATURATED ACIDIC REACTANT

[00100] The term “unsaturated acidic reactant refers to maleic or fumaric reactants of the

general formula:
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radicals, at |east one of which is preferably attached to a tertiary
carbon. Qther suitable azo conpounds include, but are not limted to,

p- brono bwozerewbzrzoni um f | uor obor at e, ptopydi azoam nob@nTArse009/050965

p- br omobenzenedi azoni um hydr oxi de, azomnet hane, and phenyl di azoni um hal i des.
(C) DI LUENTS [00107] The copol yneri zatioon reaction can be conducted neat,
that is, the quasi-living allyl-term pated pol yolefin, the unsaturated
acidic reactant, and the free radical |nitiator can be conmbined in the
proper ratio and then stirred at the eqctlon tenperature. The unsaturated
acidic reactant can be added over me, & all at once. [00108]
Alternatively, the reaction can be Eonducted in a diluent. For exanple, the
reactants can be conbined in a soI nt he diluent can be a single
conpound or a mxture of two or /ﬂpounds that conpletely, nearly
conpletely, or partially dlssolves t he’reacti on conponents. After the
reaction is conplete, volatile conponfints can be stripped off. (D) REACTION
CONDI TI ONS [ 00109] I n sonme enbodi nent t he amounts of the different
reactants and the tenperature of reaction-are selected to provide the
resulting copolyner (e.g., allyl polyPIBSA) with the desired

char act eich} b & O 400 TR ATAND ool 16 HAYHAR coh iAol 0. P! oY

excl usiv adi at1 on, ar ge ext nt “on t rticulaf free
r adi caD—ilcrwdrlaMyd),randrvd%nakehhegedhee;‘Xrand@@careemd the reaction conditions. In
sone enbodinents the free radical initiator is soluble in the reaction

di t £, f bet 0. 001
T aniOEEY B g SRl X g apee gt it 5 puPodiedhadfioBs £ 6
r eact aftte adyl4tion re&ItAS nl\/ﬁle@@%dﬁﬂgls(bn@(éx&n ROFhsefunus@fRatedhadicnent s, the

pol yneri zation tenperature is sufficiently high to break down the initiator
to protaeentt Hae yssol malcicranbydridsi i gppolamarssyches thosg deschedrhsagindmt s in a

liquid t essure at nospher i essur
L0011 SpRAERE Thsd SRS ORGRHES Siid St prine BIBE RS IarulbE RSN Rber
t he subgt abbéqkhtyy bompUEled, £ N¥eddtAbedoh ghdigeratetaill teldveas baddt tafgther

quasi-living allyl-term nat ed polyolefin to
modify the characteristics of the copolymer.

(B) FREE RADICAL INITIATOR

[00102] A variety of free radical initiators are suitable for use in initiating the

copolymerization of the allyl-terminated polyolefin and the unsaturated acidic reagent.

[00103] Insome embodiments, the copolymerization can be initiated by any suitable free

radical initiator. Such free radical initiators are well known in the art.

[00104] Peroxide-type polymerization initiators, azo-type polymerization initiators, and
radiation are examples of useful free initiators for copolymerization reactions such as those

described herein.

[00105] The peroxide-type free radical initiator can be organic or inorganic, in some
embodiments the organic having the formula R?*OOR> wherein R® is any organic radical and
R? is selected from the group consisting of hydrogen and any organic radical. Both R? and
R* can be organic radicals, e.g., hydrocarbon, aryl and acyl radicals, optionally carrying
substituents such as halogens. Some non-limiting examples of useful peroxides include di-

tert-amyl peroxide, di-tert-butyl peroxide, tert-butyl peroxybenzoate, dicumyl peroxide,
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copol ynmer. Exanple reaction tines are between one and 24 hours, e.g.,
between two and 10 hours. [00113] As noted above, the subject reaction
occurs i nwbiguidoighase. The quasi-living allyl-term nat edTaskgolosdish,
unsaturated acidic reactant, and free radical initiator can be brought
t oget hgdnzbN &Ml@&'lé@@*l%ewwheﬁ tetiary batig PetoRades ! 8- ditihdsib-Heh¥dyng
allyl-term nat ed efin and unsat ur at ed aci di c reactant are brought
i nto iparoxide, 6elttl©m-h'¢tb’1 hydrepriopidegepiybhydroperexide distbalpsrogeeasbenat®l by t he

free r lca . gt or o Oc{th‘é’f*ﬁ”pl e, the reaction can be conducted in a
batch %atqé 3? 408" qu si-ITving allyl-term nated polyolefin is added
all initially to a mxture of unsaturated acidic reactant, and free radical

i ni tiaponoelal trhenas-eype, cotrﬂpbuﬂdlﬁsyplﬁed/byl@lph@IaWIﬂiae-faZdibm@dbubﬁoﬁmﬁﬂeﬂare also
|ntermttently or continuously to the reactl on pot. The reactants can al so
be addwell knows free rashied prometyg eatsHplse T he g0 sompqURtparbrcimed 8MRFBd aci di o
react a ,%ag] (N

al |yl It{%}evr1 na?ee poF?/r(l) lg él%ﬁg anot_ﬁ\gfrlerﬁgﬁhgpgh&%etagkgsﬁggﬁidn?%bliéhﬁg

react i mdicaisxdtueasst aneeo“a\dmeti icprefarahlp agached to atestiary cexdbon e &thearrsuitatilerazo

conti nuous r of a ortJon of the r oduct 0O a, recove train or to
ot her §3RQUY %mcﬁidg Pytaze n"FH‘ém "éiafetPgFP"E% enZen 1%49?{%?‘90&0&5@ PPace in a

col | - LBEaiEERA 1H?béﬂﬂﬁ{eeplﬂ?@rn896?ﬂe&%ﬁﬁz%nﬁhﬁhﬁggﬁae HzofiBfhafl, BT € POINLS
al ong t e col 00114] "Arter substantial conpletion of th

copol yplenyklétzoolwm hagleslual unsat urated aci di ¢ reactant can opt| onal |y be
renmoved using conventional techniques, e.g., by reducing the pressure over
t he copol ynelrvéggbmmi ally strip off the reactant. (I11) DI SPERSANTS
USI NG COPCLY! H POLYOLEFI NS AND UNSATURA TEDACI DI C REACTANTS.
AND COVPOSI TI ONS | NCLUDI NG SAME [ 00115] Copol yners nmade with

al lyl - [:oamoﬂ]natIeﬂ copblyfieeitativh reidlionrtanby candudtedaiedt, chat & cleafuiasi-living . |,

pol yal | Pl BSA forned using the nethods descri bed above, can be reacted

with v%lfyl é@@%%p@m@ﬁpﬁh@wa@qturﬁwd@ﬂsm wactantgard the dree gadieal dwRTor gamand/ or
to adj fg}é& orfBiR&] A gfotp%{]fa%'aﬁé tf¥n dsfnﬁ%d%%%'ré%%ﬁ tergﬁhfr‘atﬁﬁes Ul Lﬂ@%tgglgé@l Lyl

Pl BSA rivatives ¢ en be used I n various co t1rons, suc
| ubri catidingeaoianscarf heeddkled anet toneyoe atlnadrs.

[00108] Alternatively, the reaction can be conducted in a diluent. For example, the
reactants can be combined in a solvent. The diluent can be a single compound or a mixture
of two or more compounds, that completely, nearly completely, or partially dissolves the

reaction components. After the reaction is complete, volatile components can be stripped off.
(D) REACTION CONDITIONS

[00109] In some embodiments, the amounts of the different reactants and the temperature
of reaction are selected to provide the resulting copolymer (e.g., allyl polyPIBSA) with the

desired characteristics.

[00110] The amount of free radical initiator to employ, exclusive of radiation, depends to a
large extent on the particular free radical initiator chosen, the olefin used, and the reaction
conditions. In some embodiments, the free radical initiator is soluble in the reaction medium.
Exemplary concentrations of free radical initator are between 0.001:1 and 0.20:1 moles of

free radical initiator per mole of acidic reactant, e.g., between 0.005:1 and 0.10:1.
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A. POLYSUCCI NI M DES [00116] A pol ysuccinim de can be prepared by reacting a
copol yner nmade as descri bed herein, e.g., polyallyl PIBSA made with

al 1yl -t erwDreatoad9#bB and nal ei ¢ anhydride, with either &O0TAIS2000/08096%

pol yani ne, under reactive conditions. Typically, the amne or polyanine is

enpl oy @sb1iD] aMRYNE embohinidhed, tﬂé(}%’l?mé‘xﬁ@hti@nlelhﬁbrituﬁa BGufficideRttgiofo ani ne or
pol yam ne per equival ent of acidic groups in the polyallyl

PI BSA/ hrsiaidewn ghejinisiatartie preduca theydesiredaiEpe-radiqali and tp maieain barwainsing, a
pol ya us havi ng t t ons and 4 to 20 carbon
atomsmll Sfﬁﬁe a?ﬁ’enﬁacnl?e pgéesg'l’lrgg(glgé #}%S&’Ig é&)gfe@?ﬁ& reaction in an inert

organi ¢ sol vent. Useful solvents will vary and can be determ ned from
|'i t er a{00142]s ouh eexe @mbbdiniidnts; tiexapactionaiths is shjfiienltd yesult hnetheesabsttamialliys
conduct ed at tenperatures (n the range of from bout 6 QOC Q0C, e.g.,

1500C femaleiesenvergpn of fie agilicireastaphandayssiiying al Ijl te“t“r“éWF‘é’B efmnioy 6
hours. J;yo@tlﬁ ”E}kamrprbereﬁﬁﬁﬁltﬁrﬂ& dr8 bgﬂ%‘éH%flggm§94 AbRYte dgt BOSREE WSal BFSUr €;

however ower pressures can a e used dépending on the
reactlhuwtenperature desired and the boiling point of the reactants or
solvent. [00118] Water, present in the system or generated by this

reacti n per ved rom.t actlon te uri the qour se of the
Feact i I1FE" ASeeirbiong bF SthiettridRR ey B shite dthelaliunBihen %t ne

syst emyfdle REnsbd b@l%}éﬁﬂt u&'aﬁft‘ﬁ%@Qcﬁiﬁr}@ﬁﬁﬁ{tUérﬂsfrc(etr)i@ﬂcﬁﬁhitiét@r(b@Q@et 0 2500C)
and reduced pressurés to renove any vol atile conponents that may be present

| n t he bmuehm@gethe[rommm}sulmlearmmrmgaswdsuttx@mhmquasshu@gdﬂlybtegmmaépdpo| yam ne

mne nitro to 12
am ne- RobFBTRASE BaduriRAReRE A lidy HRDeR SRR Tout e Bitiarshtt Cogen
atons Bee rddida&%éh@raﬁ‘eﬂrby&hé@reb@adi@eﬂﬁinltlﬁbﬁeF@lS@meld?@ieyﬁhd(Bm&:aﬂ(bbyam nes al so
contain fromabout 4 to 20 carbon atons, gf from2 to 3 carbon atons per

al kyl efsendygied in & hegtch ﬁy%wl@ﬁ%@auq:%ﬁtlsvmmlby Feraipged pelyolefinripaddediallt i o of
from 11r;it1g118/ Q' rdixture of unsaturated acidic reactant, and free radical initiator; alternately, the

quasi-living polyolefin can be added intermittently or continuously to the reaction pot. The
reactants can also be added in other orders. For example, the initiator and unsaturated acidic
reactant can be added to a reaction pot containing the quasi-living allyl-terminated polyolefin.
In another manner, the components in the reaction mixture are added continuously to a stirred
reactor with continuous removal of a portion of the product to a recovery train or to other
reactors in series. The reaction can also suitably take place in a coil-type reactor where the

components are added at one or more points along the coil.

[00114]  After substantial completion of the copolymerization, residual unsaturated acidic
reactant can optionally be removed using conventional techniques, e.g., by reducing the

pressure over the copolymer to substantially strip off the reactant.

air) DISPERSANTS USING COPOLYMERS MADE WITH
POLYOLEFINS AND UNSATURATED ACIDIC REACTANTS, AND
COMPOSITIONS INCLUDING SAME

[00115] Copolymers made with allyl-terminated polyolefins and unsaturated acidic
reactants, e.g., polyallyl PIBSA formed using the methods described above, can be reacted

with various reactants in order to provide a desired functionality and/or to adjust other
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[00120] Non-limting exanples of suitable polyam nes that can be used to
form succini mdes of copolyners such as those described herein include the
f ol | owi ngwoebroeedityl ene pent am ne, pentaet hyl ene hexam meT/USew9Mmsd9&D heavy
pol yam ne (Mh =303, avail able from Dow Chem cal Conpany), and Uni on Car bi de

HPA- X BRaNotedicy afthR@opdMmerss! SThea¥aillimdpslyallyd PIRBAQRriGaR Vs den BRhper at i on) .
Such pol yam nes enconpass isoners, such as branched-chai n pol yam nes, and

subst | tsfdde Ve Pyseampesitions shclinkpbrigatingcalsbipelsud ¢angenteptgfol yani nes. HPA- X
heavy pol yam ne contains an average of approximately 6.5 am ne nitrogen

atons per nol egu E‘?ﬁﬁ i ments pol yet her diam nes such as
Jeffam ne(r) ) g)gb[‘g%g t eI I'Ke,” avail abl e from Hunt sman Chem cal Conpany,

may be used. In sone enbodi nents aromatic am nes such as N phenyl -

1, 4- ph§o0iil6he dA poiysecdimiPRid)andredrepeeed bk eanting beopmdyder hadesrdesartieddi nent s
m xtures of am nes am nes, .polyether diamnes, and aro i C.am nes may
be use ?re[%é-ﬁzfp?wﬂépgﬁ%ma_ﬁ%WﬁBé@ g?ﬂ@%dgba?“gi‘ﬁépé a@é}ﬁ%@%ﬂ&’“gr a

m Xt ur gjiedr aﬁ%ﬂﬁé’&daspél%&xﬁﬁ} h¥Rr FABTR! Srdltidde! VR AIBS the IRhE & polyamine

commer ci al polyam nes are a m xture in which one or “several conpounds
pr edonistampoydd in anfeenti\seclathat therepas Otli torl . § eqliivalemssl of Sumeen gofylaniine per

tetraethyl ene pentam ne prepared ol rization of aziridine or the
Feact | BRSO SRS ORPRY el B RS AR A e UEPHESE ouer and
hi gher pagiuRe INBIMEEBboBn@nts; a pélyShinelig D& RV RNt Mist i irbidH K8mPaAEHazi nes
and pent aet hyl ene hexam ne, but "the conposition is largely tetraethylene

pent anihe0 egibon afemenpiri cal fornula of the total amine composition closely
approxi mates that of tetraethylene pentam ne. [00122] O her exanpl es of

suit abi@l}izu’m%%eid@%a%?eetoac%ﬁhﬁ&gl:iegxfeﬁ@fonaiﬂ"a@?ﬁerf’f)r A isgﬂgn{.*%’s@ﬁx‘r" ar

I
wei ght are mxtures o ehe Ariam e an eavy pol yam ne.
One exesipéras Wil ohryant ren Beldetstmined fromalitBiaxire seurc@drabnfimgexpefimientswei ght
di et hyl ene Eri am ne and 80% by wei ght heavy pol yam ne. [00123] In sone
enbodi rEpcally. thepsagtipnds candugied a temperafures pip Hgirage of feora apowwAC t¢ he ani ne

Is a pri ohe, ¥.§§"T‘50% 10> PRPOIRE oS 1 T& lﬂéﬁﬂfre?%E ﬁgﬁleé%fout A0fs % shave at

| east carbon atons, e.g., between 12 and 18 Tarbon atons. Aronati c,

al i phafliypicaldytthe @hetthn iandnducted at about atmospheric pressure; however, higher or lower
pressures can also be used depending on the reaction temperature desired and the boiling

point of the reactants or solvent.

[00118] Water, present in the system or generated by this reaction, can be removed from
the reaction system during the course of the reaction via azeotroping or distillation. After
reaction completion, the system can be stripped at elevated temperatures (typically 100°C to
250°C) and reduced pressures to remove any volatile components that may be present in the

product.

[00119] An amine or a polyamine is used, e.g., a polyamine with at least one or more
amine nitrogen atoms per molecule, e.g., 4 to 12 amine nitrogens per molecule. Polyamines
having from about 6 to 10 nitrogen atoms per molecule can also be used. Some useful
polyalkene polyamines also contain from about 4 to 20 carbon atoms, e.g., from 2 to 3 carbon
atoms per alkylene unit, and in some embodiments have a carbon-to-nitrogen ratio of from
1:1t0 10:1.

[00120] Non-limiting examples of suitable polyamines that can be used to form

succinimides of copolymers such as those described herein include the following;:
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unsaturated am nes may be enployed. Useful am nes include aliphatic primry
am nes. Exanples of suitable am nes include, but are not limted to,

oct adecylwoizom/mpsfododecyl am ne. An exanpl e of a suit ablPeTriszamensosed am nes
is tallowam ne (a partially saturated m xture of am nes including mainly Q

ani nestetrhQVi et pvtarhine SentdettiRéRarek iR meaDEWEM P it agSpolpdmine (Med03 Al so,
pol yoxyal kyl ene pol yam nes (for example, materials supplied under the trade

nane Jafilable frepr Ppwarhenaigs] mmasldéanorapgtbl%@ﬁrm@wy pejggming (M,
PQLYEST %?Se{]a%%%l%% P‘ﬂ}n}{&? E%b??ecéﬁrlpgfang‘%)ggiélﬁg dngmfr{%g%I‘l&gﬂ? £ fRRRy mer made

as desctiba erein |V|n

allyl - 4ehas bﬁhelﬂbdlé%ilﬁuﬁpkdymhes canarsbysinutd@pommihea, 1poluylmg hyldlﬁdﬁfbyrleact ive
conditions. The polyols have the fornula R'(OH) Xwhere R" is a hydrocar bon
r adi casubghitted m&vaann%nﬁé’g’ex heapy palyamingcontaansAnaysragsof gpprogiyattlyf-tal s and

has a %rg'ilrrllgggﬁigefl afb%s;qetr%(ﬂp&ﬂé mso$€eﬁ83§n?gg}%gy%§mrﬁllﬁgs Eli%'h%é?' s contain

| ess t ar bon and have from
hy dr oxJeffamie®AED-90hand the dike,| dvadablafrech ]Hyntsrhem Chgmiqal éipnq;lahy,lnmebegl ycoI S

T R LN T
pent a(gﬁﬂpﬂ%d%é’ fiRé dna %qlsé’& hﬁxrsoﬂ%' Erﬁié’hﬁ ﬁs@fﬁﬁﬁhés é&g%fhe?y the
condensation of two or fore noles o ene gl'ycol, propyf gl ycol

oct yl epdyahercitdmines, aad lardoeatiyl anoinks tmaybclgsasﬂp to 12 carbon atons in the
al kyl ene radical. O her useful pol yhydri c al cohol s include glycerol,

pent ae It 4- hexanedi ol a thritol, arahitol, sorbitol,

rann; cE01H 5 The plamIRE Ragrn et A et oot orgppet e B bbRpous

1, 3, 5- YiedtRlgevaitedrtiaPholysliRs. Tsiédily, fahmercsal %b@amlﬁ&l #26 8 ehikfurdinSvhibRt . No.

4,034,038, issued Jul. g 1977 to Vo% whi ch i's incorporated by reference
rave

i n it sonerfiriseversl coppoundy predeminaty Witk @ge pempesiien mgdicatesk Fexexamme, at a

t enper Crd about
16Q0C. %@ij{ﬁﬁyr%g% I?et?’%{"ﬂ%%g) dooftggi%lé&?r e no%f?azétl(ﬁggg hﬁg%gf){ly?at nospheri ¢
press udlehloﬁletﬂymg lng hamseHie sypidally éndiides bottelower apdhighecdning ysnbees,@.g., Wi t h
nore vol atile reactants. I n_some enboidnents, stojchionmetric anmounts of
r eact atiethylene tetramine, substituted piperazines and pentaethylene hexamine, but the

composition is largely tetraethylene pentamine and the empirical formula of the total amine

composition closely approximates that of tetracthylene pentamine.

[00122] Other examples of suitable polyamines include admixtures of amines of various
molecular weights. Included are mixtures of diethylene triamine and heavy polyamine. One
exemplary polyamine admixture is a mixture containing 20% by weight diethylene triamine

and 80% by weight heavy polyamine.

[00123] In some embodiments in which an amine, e.g., a monoamine, are employed, the
amine is a primary amine, secondary amine, or mixture thereof, and can have at least 10
carbon atoms, e.g., between 12 and 18 carbon atoms. Aromatic, aliphatic, saturated, and
unsaturated amines may be employed. Useful amines include aliphatic primary amines.
Examples of suitable amines include, but are not limited to, octadecylamine and
dodecylamine. An example of a suitable mixture of amines is tallowamine (a partially

saturated mixture of amines including mainly C,3 amines).

225.

SUBSTITUTE SHEET (RULE 26)



are enpl oyed. The reaction can be run in the absence of a catalyst, or in
the presence of an acid-type catalyst such as mneral acids, sulfonic
aci ds, LewD=otoygoes7aci ds and the |ike. Suitable reacti onpcons2emos®eand
catal ysts are disclosed in U S. Pat No. 3, 155,686, issued Nov. 3, 1964 to

Prill 124]- . MilRtueds ofSnbrivasii G At minef @nherased. ks, poBiokiyalRyene C.
POST- TI\/EI\FI' OF POLYSUCCI NI M DE 00127 The di spersancy_and ot her

pr oper pelEamiaes (fon grampld, matsrirds supptied yadardbe radsameplsiiemine®y and

pol ysugcci ni S |1yl PIBSA made with quasi-Iliving

al |yl taérlrrr’ioﬁla hoggﬁrﬁ%qsé)ny 4r‘rlg?blg'g’lsgfﬁhydr| de, can be further nodified by
reaction with a cycliccarbonate. The resulting post-treated product has one
or nore nitro@nBOLYESEERS| yam no noi ety substituted with a hydroxy

hydr ocar byl oxycarbonyl, a hydroxy pol y(oxyal kyl ene) oxycarbonyl a

T, e bR b o T oy

conduc} gd ,UDsiey| p@BszIrﬁa&%tﬁauési-ﬁ»ﬁ@talmt&mdﬂmdqaalefc ahh?dﬁd’e(:l ic
car bonaté Wlth secondary am no groups of the p éam no substifuents.

some ewitbdipobot,sind¢rreactyaconditions The rpdb@ﬂ%hbvatthet mpelaR (O whemRbuts aOOC to
2500C,

from C .to 2000C, froma 0Cto.1 00129]
The r oot 200, 6 SHeRE aePrestnting e RSReF §f PEESh PRI e
pr esengRuobs fork 2tteh¥sit 10SHCRnRSerabb il Cthe BaSbE RhtakiflbSthak 30 cadoal yst) .
Dependi ng on the viscosity of the react ants, it may be useful to conduct

the r e@t@msmddmmgomre forabout H, qm %tmllvémxycadlgnhs ey areeillystratedbyefae or

I t ahl t ts h
1 iR B o ol DR P p Rk RS ROARIRAE B1vR) feBELRR,
car bongltyeol), &@@&@@dne@mo@x axrqpﬂopyleﬁe aly¢sBf tlﬂ1|(b1§-tyl©h¢ ?lyeall) tpmai(ahylsne
| , 3-di oxol an-2-one (et hyl ene carbonate) fords suitable results and

i s readyFoh aoépt@bp@ymmmnw glycols @Uﬂ?ﬂ]bﬁh“eWﬁS’I@&W@ﬁ Sf Lo BF MER| i ¢

car bon t [ nent s,
based ok SPROMACelE! BopORAL o SEORNne ALY A3 e ghych RAVRG SEROSTEN b
pol yantaiboxsaldﬁat; irf tht @lidylevk radiealsOder nserﬁ;ﬂ;mlyl\@ldtnhcaﬂﬂohmlsaimlngs tlgcdrel,bound by
th , I f tet I ted th t
eqﬁf\r,gpeé}gqequlaq?tgg Fets Ft:aﬁvaage(io pgl)nacole erry?lmto}/ a?a%?top sor 1to rr]r?anlmstolr ?%C ed w wo
cyclohexanediol, xylylene glycol, and 1,3,5-cyclohexanetriol. Other useful polyols are
disclosed in U.S. Pat. No. 4,034,038, issued Jul. 5, 1977 to Vogel, which is incorporated by

reference in its entirety.

[00126] Esterification can be effected, for example, at a temperature of about 100°C to
about 180°C, e.g., about 150°C. to about 160°C. Ordinarily, the reaction is carried out at
substantially atmospheric pressure, although pressures above atmospheric can be employed,
e.g., with more volatile reactants. In some emboidments, stoichiometric amounts of reactants
are employed. The reaction can be run in the absence of a catalyst, or in the presence of an
acid-type catalyst such as mineral acids, sulfonic acids, Lewis type acids and the like.
Suitable reaction conditions and catalysts are disclosed in U.S. Pat. No. 3,155,686, issued

Nov. 3, 1964 to Prill et al., which is incorporated by reference in its entirety.
C. POST-TREATMENT OF POLYSUCCINIMIDES

[00127] The dispersancy and other properties of polysuccinimides made as described
above, e.g., polysuccinimides made using polyallyl PIBSA made with quasi-living allyl-

terminated PIB and maleic anhydride, can be further modified by reaction with a cyclic
26-

SUBSTITUTE SHEET (RULE 26)



anhydride, the resulting bis-succinimde will theoretically contain three
basic nitrogen atons. Accordingly, a nolar charge ratio of 2 would

t heor et i cabl2g1ovoeepTor e t hat two nol es of cyclic carbonat eChasaddesishdr each
basic nitrogen, or in this case 6 noles of cyclic carbonate for each nole

equi vatf£Bénads. ThY GESuling iRt-trdfitEprloahiétdns Ghe bh@ofafilrbgens af Rnlyaniigo t he basic
amne nitrogen are ty IEI cally in the range of fromabout 1:1 to about 4:1;
it

pr ef er aiolefy suhsmmsbw zhxdltoesy hpdugcarbyhoxycaboyl) ahnéroay@abr(@%ky ¢HRY ot her
ol yout A nAESHR) Hhe B30 PRV RUPRAHRLIHER SR, Sembieeimereot,

allylterm nated PIB and nal ei ¢ anhydride, can be furt her nodi fi ed by

reacti {00128} h Ib@mine eatbiodintnt s thiei dy'chacarbmawpmmamuﬂat isacohduetedbandet ed
di spersants. g_addltlon to boric. acid, npl es .of suitabl e boron

corrpouﬁ‘&&d‘tl“ﬁ@lst} 195 FQFRUSK Fe@etion ¢fd %ﬁymm §af§rm ECRIRS AN ETRURS i d. | n
some emgg@ah&no %Jb%@,?e% steJcnﬁ)gHinYé'hlt@%e &Qctﬁ)mqyko&du%&alaval ent of boron

conmpound p ui val'ent of basic nitrogen or roxyI I n the conpositions of
t hi s i tewgetditames nfigbone 04l 2508@, e. £, frotBRIOBATY 1&@ O & gCOvROsIOTIE CARSCAND

NL&@ ES [00133] Pol ysucci ni m des based on polyallyl PIBSA made with
quaS| ng allyltermnated PIB and nal ei ¢ anhydri de, such as those
descri bed above, are useful as detergent and di spersant additives in

| ubri cpgoi1n9) OITlfe rezWﬂi%ﬂ cBABE BNRRicied neARBKE GRBMILY S cortGiic PR 48 YESenveifdes
can, for exa be used in amounts of about 1to about 10 percent by

wei ght a caalya mh as\msacuh@,lbg;w of Lewis acist eatalpgshhisperding on ghegviscosidg ef thean
?Eg?t oﬁel t%{rlt%glrt]tggs%e &t g%oe(%f glr{'(? the Ei tho%sus}i)rf%lé.nsﬁlert O?é%h}é:es% \pe?f blsdlll{éq{ cates

ive i SUCCi ni re consi dered

when degeltcstuéneng xtyl“&lealﬂiaﬂﬁﬁlemfshh@oladéihlylswend’l@deaﬁhdsﬂldrim dcitg bomimi nder of a
conposition. Diluents and any other inactives, such as unreacted

pol yol Efﬂq‘i’”dﬁ,raékﬁé!@é PW&éH‘fO%P%éssanétaIWW@ékqhﬁlieéréh gbonaie. descri bi ng t he
| ubricating oil and final compositions or concentrates, active ingredient

Contengﬁ) %gﬁmcpﬁeeégggq) ﬁ}«chusreﬁﬁe eaic dPodlife @qlavéluﬁslaﬂ'2%&6(§thy[e99134] The

| ubricatin the po ysuccini mdes may be mneral or synthetic
carbonate), which affords suitable results and 1s readily available commercially.

[00131] The molar charge of cyclic carbonate employed in the post-treatment reaction is,
in some embodiments, based upon the theoretical number of basic nitrogen atoms contained
in the polyamino substitutent of the succinimide. Without wishing to be bound by theory,
when one equivalent of tetracthylene pentamine is reacted with two equivalents of succinic
anhydride, the resulting bis-succinimide will theoretically contain three basic nitrogen atoms.
Accordingly, a molar charge ratio of 2 would theoretically require that two moles of cyclic
carbonate be added for each basic nitrogen, or in this case 6 moles of cyclic carbonate for
each mole equivalent of succinimide. Mole ratios of the cyclic carbonate to the basic amine
nitrogen are typically in the range of from about 1:1 to about 4:1; preferably from about 2:1

to about 3:1.

[00132] The dispersancy and other properties of polysuccinimides made as described
above, e.g., polysuccinimides made using polyallyl PIBSA made with quasi-living allyl-
terminated PIB and maleic anhydride, can be further modified by reaction with boric acid or a
similar boron compound to form borated dispersants. In addition to boric acid, examples of
suitable boron compounds include boron oxides, boron halides and esters of boric acid. In

some embodiments, from about 0.1 equivalent to about 1 equivalent of boron compound per
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oils of lubricating viscosity and preferably suitable for use in the
crankcase of an internal conbustion engine. Crankcase lubricating oils

t ypi cal | ywbavw/moarpscosity of about 1300 cSt at QOF (- 1PC38ASpoowosS®ES 7 CcSt
at 2100F (990C). Useful mneral oils include paraffinic, naphthenic and

ot her @k livaldiidt baYi@nitetRb BydreXylys thel donlpabitiofabf s il éntloTRashd | ons.
Synthetic oils include both hydrocarbon synthetic oils and synthetic

est er sempogédsl synt hetic hydrocarbon oils include polynmers of al pha ol efins
havi ng suitable viscosity, e.g., the hydrogenated liquid oligoners of C6 to

C 2 al pha ol efdn -dRC i i 1 %ﬁpfﬁ enes of
proper vi scosi 'yigm%fméoﬁzmg?zsﬁgoygnxgg é?gdétﬁse u gynt hetic

esters include the esters of both nobnocarboxylic acids and pol ycarboxylic
aci ds @0138y | Padysoocinimjidesbagedibk polyhdyldfiBSpahydd with Euasipiivesz alyé- di dodecyl
adi pate, pentaerythritol tetracaproate, di-2-_ e | hexyl agdi pat e,

di | aurgﬂr@g@%é’ﬁ@ agﬁmlﬂeanh l.decgwﬁ@éﬁwégflg%cybs g%yﬁeayef%ﬁlﬁ%iﬁtirss%t of
nono a ' [ ; i hka al so be
sed. T A b R R b S oo

usef ul polfsuccimiraiddps ean, idreaxdsple, be Os¢dain 2B amstsgiftabpetr lcterebohty Hi peyesndbed

1-decene. trjmer w.th 75. 0.wej ght t 150 .SUS (1000F) m |, oil
i ves gﬁl@%&%@@ﬂﬁ{l:ﬁwﬁg{ PR ‘E’W;XSE{OE‘S%;&@%SS &(aﬂeangdsgg%v%%a}%lﬂohay
e pregsiiin ) r -

non-pover basdggg,s r ag?ﬁﬁ?b}){&ghﬂgaﬁf tc‘::a%i ghli?btigfortgv,e 1@%1?21” latélr’ea(t:l‘?einvat ors, pour

poi nt delysussiormidss argrronsidergd nchen dgieaminingthgiameuat ofzthp edditive radpinsdpiet es and

a variety.of other well k ddi,tives. 01371 .1t .is. al | at ed
Chat poryeties P FrmBe et BB M BaR bt b 8ier uaPdvesl wih ah SpRegRa PO

di sper grnksluddttl Uedse bRy e imtibuel, anlbéseribingitkkslubrigiti npeoiLarahfeAase | ubricants
and the like. In sone enbodi nents, the polysuccinimde is added at fromO0.1

to 5 peerepasitiony oneprpRpirgien aghveineredienpeoniente ererniended wilrespeetdo thee f1 uid,
ol youbePHRBn B O %1 001387 Pol ysuci ni m des can al o be used in
additive concentrates, which in sone enbodi nents include from90 to 10
per cen{00184]g. , Th2QubricaGfig wiliugéd withrthepdlysuwtinanides gmyibe rhingal or Qinthetint  and
L;gim S)l gil;[ of lggric\gl%ln Qgsc seltrycaen tp’ref%'ra%ly su81t(é)1b]teofor4 Ssevﬁlt ehér Case g% an igl?err]nzﬁ dry

combustion engine. Crankcase lubricating oils typically have a viscosity of about 1300 cSt at

0°F (-17.8°C) to 22.7 ¢St at 210°F (99°C). Useful mineral oils include paraffinic, naphthenic

and other oiis that are suitable for use in lubricating oil compositions. Synthetic oils include

both hydrocarbon synthetic oils and synthetic esters. Useful synthetic hydrocarbon oils

include polymers of alpha olefins having suitable viscosity, e.g., the hydrogenated liquid

oligomers of Cg to C); alpha olefins, such as 1-decene trimer. Likewise, alkyl benzenes of

proper viscosity such as didodecyl benzene can be used. Useful synthetic esters include the

esters of both monocarboxylic acids and polycarboxylic acids as well as monohydroxy

alkanols and polyols. Examples are didodecyl adipate, pentaerythritol tetracaproate, di-2-

ethylhexyl adipate, dilaurylsebacate and the like. Complex esters prepared from mixtures of

mono and dicarboxylic acid and mono and dihydroxy alkanols can also be used.

[00135]  Blends of hydrocarbon oils and synthetic oils are also useful. For example, blends
of 10 to 25 weight percent hydrogenated 1-decene trimer with 75 to 90 weight percent 150

SUS (100°F) mineral oil gives an excellent lubricating oil base.
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of the polysuccinimde. Typically, the concentrates contain sufficient
diluent to nake them easy to handl e during shipping and storage. Suitable
di | uent s wonotomzmoncent rat es i ncl ude any i nert dil uent pCcprust@oablogs an oi |
of lubricating viscosity, so that the concentrate may be readily m xed with
| ubri cfg0i186] Oidthert Mditvepahéch by be piekérd ivite fommylaser inohele dSetdeatsl e

| ubricating oils which can _be used. as diluents typically have viscosities

in t he(qvaftwdf angricatpygibaseshorustgnhibitorsy foam inhibgiges, megal ﬂzaqlveers é’PquCDF

A G s PRy

concentwteﬂﬂ(nows additiped. ysucci ni m des prepared as descrl bed above, to obtain
t he desired detergency, i s dependent upon a variety of factors including

the t d, f th det ts dj t
ot ner” SAS0H v dEis A Eoncim e Fof BOamReinaIdes RiePE s Corcr BEh e AT o of
the pobMsiGEd N dsokesant zinﬂ%e@%éitg Mq{ydl'a%hé(flu‘id% HAriA0 LranR LU RREAS aRET

mllion, e’g., from30 to part's per [Tion. If other detergents are
pr esenthe lacel &5 seme embediments, thhqwbehg&smandmlsmdd@l atdionb 8. 1Lie Scherceme by
polysucc des

b | at .a fuel t
et St Brapashir R sruanE B iodbe A et Pars@tg A hAUEs 163 2000k
(65. 6- %@hﬂpé}@m(J,isﬁ{wtwg(pbg@{j@cgmmdjé basis)t he gasoline or diesel fuel range.

I n sone enboi dnents, an aliphatic or an aromati c hydrocarbon solvent is
used, such as a benzene tol uene, xylene or higher-boiling aromatics or
ar omat 180138} n Relwsucoinimyes Gan alsocsrised iaddifis qongentigtes, whichdn seens, such as

'SOpro%E%lmehﬁ%?éf@afé £&8h%Nn8h o IQ{chgt]t 9@0,'20%5"30%?%41&35 eht“o MHg%tc' on with

hydr ocarbon sol'vents ‘are "al sos use w ysu cinimde. In
t he fubfuiddiloanthdtiem the Hnweight gercdnne. HO8YRUOCWeIEhT lﬂ’,ecexmt |(bn aidny bawi®)
enbodi nFnts be at least 5 [i)ercent by wei ght .and, _not rri)re 70 per ent by
vei ght of e golysugeiipide. Typically, dheyconceptgies)goniain suffigientg ueaéwcre'ﬁlfe ERAMPLES

[ 001400 ,s] he hAdE R Shi i \&brabd | HshbRIEBeRY fdriife ESHLAABTinEKARRLES
whi ch é}g not to beﬂgzegnJ%red §§g+|n1tat|veeo (%tsescgpe ghp l e f
Pr epar atertalluedt, picferably en ol rm:ﬁﬂtﬁdw@h& }8O3sity] soAhitahe coreehtrad® dtryrhel readilyt er
round- pn%etdovmt}]; lu%rsliéat}/rvf?gsofsq Pe%are IV\1)rtlchati%g o1 Vc%gnrbos%ons Suitable lubricating oils
which can be used as diluents typically have viscosities in the range from about 1300 cSt at

0°F (-17.8°C) to 22.7 ¢St at 210°F (99°C), although an oil of lubricating viscosity can be used.
E. FUEL COMPOSITIONS AND CONCENTRATES

[00139] When used in fuels, useful concentrations of polysuccinimides prepared as
described above, to obtain the desired detergency, is dependent upon a variety of factors
including the type of fuel used, the presence of other detergents or dispersants or other
additives, etc. In some embodiments, the range of concentration of the polysuccinimide in the
base fuel is 10 to 10,000 weight parts per million, e.g., from 30 to 5,000 parts per million. If
other detergents are present, a lesser amount of the polysuccinimide may be used. The
polysuccinimides can also be formulated as a fuel concentrate, using an inert stable oleophilic
solvent boiling in the range of about 150-400°F (65.6-204.4°C). Useful solvents boil in the
gasoline or diesel fuel range. In some emboidments, an aliphatic or an aromatic hydrocarbon
solvent is used, such as a benzene, toluene, Xylene or higher-boiling aromatics or aromatic
thinners. Aliphatic alcohols of about 3 to 8 carbon atoms, such as isopropanol,

isobutylcarbinol, n-butanol and the like in combination with hydrocarbon solvents are also
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mechani cal stirrer and platinumresistance thernoneter. This assenbly was
imersed into a heptane bath at -70C under dry nitrogen gas in a

subst ant ivabI2g10/a0e370 at nosphere gl ove box. The fl ask waspChars2@basgesl w t h
the follow ng reactants: 809 nL hexane equilibrated at -700C, 756 ni net hyl

chl ori dgta8RUbY udervaitiethedo stﬁ&ﬁamﬂ@e 3n EHeaIEl OABEATaSS ket arh@ne ohytdr ochl or i de,
1.16 nL 2, 6-di net hyl pyri grans tetra n-butylanmoni um chl ori de,

and 32501ysu¢gmamdpwuuwpmeenéz?dlmmw@@aleaﬁt5 PROERD! by O asts PR Rt oSt ‘Ent s of
t he roun I r brated at -70C.
[00143 %‘}Q% Vn%%d \sgﬁsretrglrgndg(]g Hext Zng%{@%E%éSA Lhar ggd ?o t he fl ask.

The pol yneri zation was allowed to proceed 57 mnutes and then 49.7 nL of
allyltrinmethyl BXAMPLES:S charged to the reactor. After 3 mnutes m xing
time, 28.0 mM Tid4 was charged to the reactor and the solution was all owed
to rea

char ge tOllﬂ)(?]t er rhed'g‘%%té‘%f’ﬂgs ‘%‘Q&E%J]Bﬁtratfcbg’?ﬁlﬁ nl%h‘@l %}(%B@ ‘&ﬁgﬁP'@rﬂ?vgdb‘? rom

t he gI%éig%agrpgmyéﬁlvgroﬂt@s@o%gponents (e.g. nmethyl chloride) were
evapor at ed under anbi ent conditions. The organi c phase was extracted with a

5% HC aqueous solution followed by extraction with deionized water. The
purified organi c phafizamgde { Horepdratinh ofi AMylivggainatéd PIRred, and sol vents
vacuum stri pped to yield 310y allyl-term nated PIB. NWR characteri zati on

number (B0 4Hagd FEraeth SpOGEEERkintaRRoR HER GisREHFBR Wit phyERad T
usi ng ﬁl@bhaﬁﬁfahﬁﬂ’tdr@ﬁd cpmtmmtxegstammhamummad Thig diEs&nHlyIWas iamggreed iases | i ght
scattering detector and a refractive index detector. nple 2. grepar ation

of al | heptgnsihath #sA0{@pades frymetragersensin asbsientisHy dnsw atmgkheéaaliom with a
conden septum and two syringe punps
conSen L BUEEER TS B BT

809 mL hexane equilibrated at -70°C,

756 mL methyl chloride equilibrated at -70°C,

90.3 grams pentaisobutylene hydrochloride,

1.16 mL 2,6-dimethylpyridine,

1.39 grams tetra n-butylammonium chloride, and

325.7 mL of isobutylene equilibrated at -70°C.

[00142] The contents of the round-bottom flask were mixed thoroughly and equilibrated at
-70°C.

[00143] With continued stirring, next 4.7 mL TiCls was charged to the flask. The
polymerization was allowed to proceed 57 minutes and then 49.7 mL of allyltrimethylsilane
was charged to the reactor. After 3 minutes mixing time, 28.0 ml TiCls was charged to the
reactor and the solution was allowed to react for 9 minutes before 100 ml methanol

equilibrated at -70°C was charged to terminate the reaction.

[00144] The solution was removed from the glove box and volatile components (e.g.
methyl chloride) were evaporated under ambient conditions. The organic phase was
extracted with a 5% HCI aqueous solution followed by extraction with deionized water. The
purified orgapic phase was then dried with MgSOQy, filtered, and solvents vacuum stripped to

yield 310g allyl-terminated PIB. NMR characterization indicated the PIB contained greater
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1 (0.095 nol, Mh= 1050) under nitrogen in the absence of diluent. The allyl
PI B was heated to 1500C and to this was added 1.66 g of di-tert-anyl

per oxi de Ww0.20l/med7p vi a one syringe punp at a rate of 0POT/US2000/081965 and
16.2 g of molten nmaleic anhydride (0.165 nol) via a heated (8Q0C) syringe

puNp aghag 98 alote fdrcéht HAG dhakd ¢HdS. AThEnBeRtadérad ABleahilaptdight 6N1 080sg/moh. The
m xture was then heated at 150C for an additional 4 h. The m xture was then

heat edanddDhg0C wiasl d@th@nmnd eaeg el prameptionaahrgrartperapina sayipprsl st pmucuo.
[0014%%16 &O%gg§a2e ar]n'érabr%f ?&%%Rf?&‘éx e?eac%ron number as determ ned

by AS g, an dactrves content (weight percent of

pr oduct cont ai ni ng anhydri de groups) of 86.5 wt% and a succinic ratio of

1.2. The nunber aver agéxdampleu| Rrepaeitini ofcillyl pelyPiBSAct (determ ned using

gel perneation chromat ography with Univer sal Cal i bration) was 1940 and the

di spersi on_i ngdex S 84. The syccinic r rs to the ratio
cal (F:)ul @Pi@li nqg&%d&ﬁégu% }P(ﬁtoﬂ‘hg I?QLE‘H%PG é"‘ F'Pféfré)tvieg'ﬁ?d &]‘:Tl‘gt i on set
forth joigelamms sepifd aﬁd 9{/0 fgeF’ PRhfRtwAAdd& B §f2eiuy1 P fRmt Ekdnpslent ent s

of which are 1 ncor por at ed erence herein. Normally, the succinic ratio
ref ersl ((bOQSrmohMﬁéE)S(b)furElacmtmgw igrtbe plssepmofpsbluymutﬁweﬂlthIB washedted cont ext

of this f

anhydr 3O 5ol B et aesy T Sorkshd b apy Ceghnar 0Py 3nf priiteEsn -
pol ymﬁum&@%{@éﬂ 0/61 fmmmineanﬂ 16@ ¥PMBR RiaRRAB dFiBO(0. D6 Diol) via a

met hyl vi nyl i dene PIB at 1500C [ 001 @J To a 500 nL flask equipped with a

ﬁonﬂenbféited @0'éDIspringspymp 8t 3 fahfe%'tﬁ(? hef mb/mine Thedotalime i ﬂ%@opmg hyas added
'9 mlafl XNasgg nr% #e)% a(t%[gg ?for ah%gg tlg%tl '4 }l.\’hrﬁe &1%(4{91' ape%s tﬁirék%%’ed t%3 %

rret hyl vi ny erature was increase

'terlm|anﬂ¢lﬁé)%ﬂré@te((ﬂ-m3%1<ganh9dﬁde Wwad Jenfoved V6. anhydride (15 g, 0.153
nol ) were added separately via two syringe punps over a 2 h peri od The

mal ei ¢ aMdrlde was heated to greater than 80C so th t t he Ef“
i qui dl00&dIn &%.pﬁ@ﬂéwhmn %éPmebbsgp@mB??é@n% ehietemned by 68

0 i 0l O 8 ) GRORSEqbiti QUENL G 10T yari de
was r egroups) ol $6.divetls,lahdaisoociaitc ratbaloC . ffhessmber averaps oolcoNerwagl df peri od.
the product (determined using gel permeation chromatography with Universal Calibration)
was 1940 and the dispersion index was 2.84. The succinic ratio refers to the ratio calculated
in accordance with the procedure and mathematical equation set forth in columns S and 6 of
U.S. Patent No. 5,334,321, the entire contents of which are incorporated by reference herein.
Normally, the succinic ratio refers to the number of succinic groups per polybutene tail. In

the context of this application, the succinic ratio refers to the ratio of succinic anhydride to

polybutene tails that are present in the polyallyl PIBSA polymer.

Comparative Example A. PolyPIBSA prepared from high methylvinylidene PIB
at 150°C

[00147] To a 500 mL flask equipped with a condenser, overhead stirrer, heating mantle
and two syringe pumps was added high methylvinylidene PIB (100 g, 0.096 mol, M, = 1046,
DI = 1.71, 83% methylvinylidene content). The temperature was increased to 150°C. Di-tert-
amyl peroxide (1.74 g, 0.01 mol) and maleic anhydride (15 g, 0.153 mol) were added
separately via two syringe pumps over a 2 h period. The maleic anhydride was heated to
greater than 80°C so that the sample was a liquid. Both syringe needles were positioned

below the surface of the liquid so that the tips of the needles were just touching each other.
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[ 00148] The pol yPI BSA had a SAP nunber (saponification nunber as determ ned
by ASTM D94) of 123.7ng KOH g and contained 8 1.6 wt % actives. The

succi ni c watow/mex9l. 6. The nunber average nol ecul ar weipgmtusedostob®epr oduct
(determ ned using gel perneation chromatography with Universal Calibration)

was 13TRe aacidrhwashicardrfs anadditienal 2as TRebthe ekostp afaldit uchydxidemae B.

Pol yPI BSA prepared from hi gh methylvinylidene PIB at 14C0C [ 00149]
Conpar emayed bx displlation stgeduces prasare @k t¥HE QVEhe 2hcsiod- anhydri de (14. 34g,
0.146 nol), di-tert-anyl peroxide (1.4g, 0.0096 nol) were used, 25g

tetrac Hiog?ﬂeg%léﬁ;%@%%%ﬁ% S&p ﬂuﬁx‘BEn\’@gﬁéJm%@oﬁ REmbEMREcRfifedBs 140C

i nst ea 1 he sol vent was reno In vacuo to give a product that
had a ASFPMIDABEef 128.7g KOHyg lK@tHcgntaame 8¢ .6amiloconvesi rite s6dciRi%oraios waes.

[ 00150] The sucginic rati s 1..7. The nunber aver.age nol ecul ar wei ght of
the pr iéurcjr?‘e OHBOET RCHEG ‘E‘(%)'F arg‘@?‘glbteqfh %PﬁogﬁCtéﬂ?tﬁﬁﬂPg(gPﬂ%ﬁévﬁef‘He%fﬂ“ver sal

Cal i br gt 2R cVsy WAB0UARErshINCal fHr RS Ha8M 31 O QK thaRTspérsiod inGOIRAS 2lhV e
Exanpl e C. Pal yP?’BSA prepared from hi gh nmethylvinylidene PIB at 900C

[ 00151] Conparative exanple B was repeated except that high

met hyl vi Gympdeativeliangple B. FplpPDBSA pakpareddran higmmethylviaylidenerijiBat| 50

nol ), t-butyl peroctanoate (2.25g, 0?8‘?@ nol ) was used, and the tenperature
was 90C i nstead of 14Q0C. The sol ver} s renoved in vacuo to give a
product that had a SAP nunber of 47.6 ng KOH g sanple and contai ned 52%
acti vep)01d9le Cingparatdeledhinplenasvds répeattdexoepritei nalee ageydade €484y, Ovelicght  of

t he product, (determ ned using gel permneati on chromat ography w th Uni versal
Cal i br BEvoDeRteticamyl peroxided 1 hge 002G B10L) Were iuﬁ%jﬂeQS&/&‘érashlsmeﬂ[%@ma}s usRd

copoly | SEJ b€ r af.l I hrough C
oo shivh oA A0 T8 ShRERRG ETTR T AT ROE Iht YR hERofd
react i eacubesrpee atpuoduct that badea BAP runebetof86.# mesKObE/g sample and contained

61.2% actives.

[00150] The succinic ratio was 1.7. The number average molecular weight of the product
(determined using gel permeation chromatography with Universal Calibration) was 1130 and

the dispersion index was 2.59.

Comparative Example C. PolyPIBSA prepared from high methylvinylidene PIB at
90°C

[00151] Comparative example B was repeated except that high methylvinylidene PIB
(102.5g 0.098 mol), maleic anhydride (14.7g 0.150 mol), t-butylperoctanoate (2.25g, 0.0098
mol) was used, and the temperature was 90°C instead of 140°C. The solvent was removed in
vacuo to give a product that had a SAP number of 47.6 mg KOH/g sample and contained
52% actives. The succinic ratio was 0.9. The number average molecular weight of the
product (determined using gel permeation chromatography with Universal Calibration) was

1560 and the dispersion index was 5.34.

[00152] The copolymer characteristics of Example 2 and Comparative Examples A

through C are shown in Table 1.
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pol yPI BSA prepared using the conventional copolynerization process with
hi gh nmet hyl vi nyl i dene PI B decreased from81.6%to 52% while the M

i ncr easedwbnomvebsrat 1310 to about 1560, In contrast, uSCmYSLIVE/050965
allyl-termnated PIB to nake the copolynmers of this invention, the M of
t he pol yPI BSA was 1940 and the % acrapleg was 86.5% [00154] Since high
nol ecul ar wei ght di spersants are generally useful in preventing viscosity

i ncrease_due-to soo and—in controlli Rg s ||r|ru:\ and—var-ni Sh, these—results
show fRsamRlae copol yrePlBf Exdiepile D Sadévasr om t PAPal | y1 ASEr hibiadwsd P B i n
Exanpl e 1 gives a h|gh\degree ef ol ) gonerizati %IIJ still | mappt ai|ni ng

hi gh percent actives. Il\g?/v Te=m)ertature Performan@ gﬁlts for Exanplle 2 and

Conpayative Exanple| A [03015%] M[bti gragé.soi |l $ (fe8.4exanpll€ a| 10930 qil)

neet he SAE 10AM Vi Scosi ty Limt L ow-t enpérature and the SAE 30

vi scostempritye Aat  hi gl46emper é@‘hr el Eﬁér?pl elof Mays to et [t Hlfes)red

Vi SCOSRLY Largehsa gUSE™ md —diffe Vi[S Ty e oils
(for e Cb])rfrlﬁéﬁh%g et raqa pl us g%% neut r%(!ﬂ(8 oi ll's §§ ung oﬁ\?gm i olﬁgﬁ base

oi I's WChbhphiagle €1 SCPsi toasl ndex oYl )| 3) 52 det er gemsll nhi 9ig or addotijve
package w f h a lower Cold Cilank Simul ator (CCS) thickemning and 4)-vilscosity

i ndex i nprovers (VI inprovers) which inprove the viscosity index of
formul ated oils. The use of the right conbination of these four variables

can g‘@%&lggcf i églﬁ sﬂbmhawa It %gﬁ tF@g%%? {%' 12&91%atﬂae6)<xam%5 5&0000 and

| ow osity or exarrp e - er certaln conditions,
e.g. pdlgaPIBSA]p@baﬂedalsmgct}mmmyemmbmlymrzamm processIW1¢tmlgﬁ)) formul ati on

t b bl t t bot h i i d
T O8RS B g AEh BT V48 ST e MaERAS PR gBrg e o
di sper gapbgi s5%0! \Iﬁéomfas@ uSkhl We g%ému?ate’d ﬂ@foﬁﬁa&emkgp@yh%ﬁﬁ?s and kv

may have the best perfor mance. Under other conditions
sonet i meentohms theddh ef tlmrpoﬂyPéBSAszpasrlé}Aﬁtandcbhdq%vaetlaesrww&ﬁ%and a | ow CCS
viscosity so that less VI inprover is needed to neet the desired viscosity

The- o1 AT iR IR Bl UEF weRa et b Rshr B Bl B T or rance.

viscosity increase due to soot, and in controlling sludge and varnish, these results show that

the copolymer of Example 2 made from the allyl-terminated PIB in Example 1 gives a high

degree of oligomerization while still maintaining high percent actives.
Low Temperature Performance Results for Example 2 and Comparative Example A

[00155] Multigrade oils (for example a 10W30 oil) meet the SAE 10W viscosity limit at
low temperature and the SAE 30 viscosity limit at high temperature. Example of ways to
meet the desired viscosity targets are to use: 1) blends of different viscosity base oils (for
example 100 neutral plus 600 neutral oils), 2) unconventional base oils with high viscosity
index (VI), 3) a detergent/inhibitor additive package with a lower Cold Crank Simulator
(CCS) thickening and 4) viscosity index improvers (VI improvers) which improve the
viscosity index of formulated oils. The use of the right combination of these four variables
can produce formulated oils with high kinematic viscosity (kv) at 100°C and low CCS

viscosity at for example -20°C.

[001S56] Under certain conditions, e.g., for a high fuel economy passenger car motor oil
(PCMO) formulation it may be desirable for a dispersant to have both a low CCS viscosity

and a low kv. This can be determined by measuring the CCS and the kv for a dispersant
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[00158] In order to denonstrate the inproved | ow tenperature properties

di scussed above for allyl polyPIBSA derived fromallyl-term nated PIB
conpar ed wo 20tveopssby Pl BSA derived from conventi onal hi giecmaishgoowsovgs i dene
PIB, the Cold Cranking Sinulator (CCS) viscosity and the kinematic

vi scosalssm\(eh\m a\aﬂu&nmaw BRgesatt Willea RWRE CUSSand kvExayRhw tBe 88 Conparati ve
Exanple A. The results are presented in Table 2. For this analysis the

pol yPI B8smanceExanpl e 2 and Conparative Exanple A were first dissolved in
Chevron 100 neutral diluent oil at a dose of 4 wt%and 8 wt% Chevron 100

neut r i ue E kv @
103C) all\/(\)ggé‘} uagjl?rd g{jé)tl}}érlscr?%d%klﬂqb%fgb#ﬁgg dg cr an %Fstdhpto\ﬂ(a ?Z%g)%%h\és( '
nmeasurledandsi loy @SS Nﬁd@BﬂQ&so thindss Vlemmrb@eras" ﬁeeslhabmmeast tRabitsire? viscdsityl e 2

[ 00159] These results show that .th ol ymer of Exanpl.e prepared from
the al #9fe B¥pfambedetpmpngd brpiot get%ifﬁﬂéer%dman@ﬁ@e@aﬂ%g é@él%d

Vi scos al P E onvent i onal high
met hyI(?/llgﬁny ng,}ltglﬁ% %%%Iosﬁﬁrhg?ltve rf({e A). This result was unexpected

because the nol ecul ar wei ght of the copolyrrer of Exanple 2 was greater than
t he noj0@ti8]ar Imerdghto demanistraie chwimprevedlowlempenastre peopEriaspliscugsed above

ht gher Oy ALEEShEIBS Y dEved s et bl (i Gy o e PREETE S il
f or mul g¢h RenHtiBA&ANEh Aqethpwlbyli&he Pag kaeeld @"ra %%Sl'ﬂ‘llﬂ@tbfj(@@ J‘g&%‘élty

Exanpl e 3. Reaction of | 'yPIBSA with eram ne an n aromatic
am ne and th@kmﬁlaap@wmtm(hv)rmre r{l@@mg@]fornbe arosiwsmeaamew fndask equi pped

h Kk d
cont r PP BPeR el PRy FRNERINEe PR Ror Y & B s RORRIE esn as

prepar MBS@samEJx lea;nQndz@oﬁ n@eya&@melmediﬂsmagolwdlm Chagrofi oour e was
heat e to 1000C and phenyl phenyl enedi am ne (NPPDA) was added.

The t erpyipldiliest of at ah@smog fhoyt&o ops8 When Gherrasakdnepgahdibisat eihis 700Dy of
Jef f am ??L%O W%E%BQ Qw%@iagg g}ésgz)?&h(lég '@%%) wa%wewed%\éﬂll | RO HE4M HNt sman

Chem ca
cold crank simulator (CCS) was measured using ASTM D5293. These results are shown in

Table 2.

Table 2

. Dose CCS kv

Example

(wt %) (cP) (cSt)

4 1181 4.837
2
8 1873 6.010
4 1163 4.851
Comparative A

8 1714 5.851

[00159] These results show that the copolymer of Example 2 prepared from the allyl-
terminated PIB of Example 1 gave about the same CCS and kv viscosities as the copolymer
prepared from conventional high methylvinylidene PIB (Comparative Example A). This
result was unexpected because the molecular weight of the copolymer of Example 2 was
greater than the molecular weight of the copolymer of Comparative Example A and therefore

the copolymer of Example 2 would have been expected to give higher viscosity values. This
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tenperature of the m xture was increased to 1650C and held at that
tenperature for 1 h. Any remaining water was renpoved in vacuo and the
product avbaesmdopzrocool. An additional 20 g of Chevron POTNSdOsIYss oi | was
added. The product had an actives content of 50 wt% a nitrogen content of

0. 847%Novrer VRBDbsitl ésdlt 1D AELraBle AR BEmAIRTiSE BRtBRENtYinKibidt 1%&9@% fof us¢-if2 Ny
KOH g and a TAN (total acid nunmber as determned by ASTM D664) of 4.55 ny

KOH/ g. cothelimaigs.t enper at ur e properties of this polysuccinimde nmade from
allyl polyPIBSA are presented in Table 3. Conparative Exarrpl e D

E\re'? E)a/llr ?‘l& lﬁg‘ﬁheg%ne %‘%EF@B@QW‘?’%&@%%Q@&%@“%r ouar?l 0 t skﬂletgnl pped

w th an overhead stirrer, conftaasspolyPaedininiidek trap, heati ng mant | e,
tenperature controller, and nitrogen inlet tube was added 43.54 g (48.0

Toot hi BUAE S et domk 3t GhaiaTok B pesshe i ot Sk o et Bt
i ncr ea&ﬁ%rttemﬂaéfa&résdn;o@ne; hhd hsth Fﬂ&'ﬁﬂ: \f&as%ded a@tza %%m&rep&ypm/ﬁa& ne

(TEPA, 24.0 mmol ). The am’ne/ anhy The tenperature was
i ncr eapeegarcdinZO0dpladcnd 2ptg Qﬂ(dreefrawkﬁw @Ihtent EﬁheTbc)hoxtutwaﬁel@ba&airtk br own.

2. 5 oa G 01 o G B Denen Phem rssebintoh PyeR By S RS B el L) ™

[ 001621heldﬁx@lw%s {hen ARARREd {4 °t had 708 YRR RN IEEEDEIFY (@R RiRper ti es
di scussed above for pol ysuccinimdes derived fromallyl-termnated PI B

conpar digming, +H20 Wmatlﬂ@ﬁéﬂonhlighﬁmamﬂmmﬁﬁl Company, Byastaddedolbe Cr anki ng

or  t nisPTE SRR el Mirdalfe 8 (RTT A RS B s insl®t ELPY 7

pr eseniedthinifig Watek WaBrem(RQH i hh@oaaaﬂlthepﬁ)du&tmlomuy@MJ Mnddd@sonan2@xanpl e 3
and ConParatlve Exanple D were first dissolved in Chevron 100 neutral

di | uen®f Ghevron IQ%d@mgll“ﬁa@é@ﬁdedT herprodstt Badan goiver comtpritaf SOWIEdsi ty (kv
1000
@ 10008k opifedRARHF Fa ) RIpARINLPIAR e, SO AR SATHA PROOAARS) v

measur e results areé shown in
4.62 mg KOH/g and a TAN (total acid number as determined by ASTM D664) of 4.55 mg
KOH/g. The low temperature properties of this polysuccinimide made from allyl polyPIBSA

are presented in Table 3.

Comparative Example D. Preparation of bis TEPA polysuccinimide from polyPIBSA
made using high methylvinylidene PIB

[00161] To a 4-neck 500 mL round bottom flask equipped with an overhead stirrer,
condenser, Dean Stark trap, heating mantle, temperature controller, and nitrogen inlet tube
was added 43.54 g (48.0 mmol) polyPIBSA (from high methylvinylidene PIB) of
Comparative Example A. To this was added 27.52 g Chevron 100N diluent oil. The
temperature was increased to 150°C and to this was added 4.53 g tetraethylene pentamine
(TEPA, 24.0 mmol). The amine/anhydride CMR = 0.5. The temperature was increased to
170°C and kept there overnight. The color turned dark brown. Then the reaction was cooled.
The product polysuccinimide (52% actives) had 2.5 %N and vis @ 100°C = 672.1 cSt.

Low Temperature Property Results

[00162] In order to demonstrate the improved low temperature properties discussed above

for polysuccinimides derived from allyl-terminated PIB compared to the conventional high
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Tabl e 3 [00163] The data in Table 3 shows that the polyneric dispersant of

Exanpl e 3 made from al | yl

pol yPI BSA had | ower

CCS and | ower

kv than the

pol yrer i cwaizepansant of Conparative Exanpl e D nmade fromplirgis2009/050965
met hyl vi nyl i dene pol yPI BSA even t hough the allyl

exanp

the sa
even t

oug {{% g&ﬁ

Afiedth ’r%b‘?

YITEr i ¢

gh fuel

¢ BORY L

I sper sant

econo
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for rml wsPeHy (on vigramepsied fadhepnognes pEExanaple seafCompaainredi@™PIfRy about

pol yP

t han t Bﬁtl?ﬂ@ﬁylfﬂ%h@?lwltlgbem&Dﬁnhﬂg)ﬂﬂhMr (TOS3 vizeysityeand elsé klahhet,lc for
use 1n a ni

car

%?géégﬁ%ﬁﬁﬂé ﬁgﬁﬁg&%ﬁgher

not or

| BSA had a hi gher M

oi | (PCMO)

|&anple D
t han t he

pol yneandCampaeti eeBtanople Cowprrfast dissobvedripCheon THD sicutey] doleentes] atald e i n

cases where | ess VI

Soot DAgse treligatsd @é@h{mr Ofer

out O”AShﬁd

t hi ckeni ng nch test

reference herein.In the soot thickening bench test,
is neasured with and wt u%
|y TaRlg

of an oi
known to aggl onerat e,

this nornm

is needed to
IBUAtELECOgIty Q%‘f
gghysqfﬁ@wa%ﬁm ggulﬁes@@@ts) Fafhefihd LIS ASTRBBS03. nTﬁése soot

t

WG

desired v&
Bap SR E

scosity grade.
41'8% carried

s of "this test are described in
Pat ent reNolts &re IByOITakld®. entire contents of which are |ncorporated by

the kinematic viscosity

arbon bl ack. Since carbon black is
es an increase in the kinemtic

viscosity of the oil. Consequently, a dispersant that gives a | ower
viscosity increase i thexdifsengepgie Jar@on hva Slb?e pxpected to perform
better than a disperdant that giVJes a highef visdosity|increase in the
presence of carbon bllack. That i<(b©%@L§@Ph deSpgrsant |t hat has better
per f or mance prevent s fhe—agetorefation ug "'rbﬂa The results of the
soot thickening bencH test are presénte ?i% 4% 4. Table 4 [00165] The
results of the soot tfhickeni ng beMT TEST AU Tte 2glpal t he percent
viscosity increase uding the pol ysuccinim de of anpl ¢ 3 was | ower than
t he percent viscosity increase in agforfmbafedsi|l thaj does not contain
any dispersant. This [test indicafles that theé polwvisucci him de of Exanple 3
is an effective dispgrsant. 4 1034 | 4.761

Comparative D 8 1293 | 5659} 271

[00163] The data in Table 3 shows that the polymeric dispersant of Example 3 made from
allyl polyPIBSA had lower CCS and lower kv than the polymeric dispersant of Comparative
Example D made from high methylvinylidene polyPIBSA even though the allyl polyPIBSA
had a higher M, than the high methylvinylidene polyPIBSA. This may be desirable, for
example, for use in a high fuel economy passenger car motor oil (PCMO) formulation. In
addition, the polymeric dispersant of Example 3 had about the same CCS/kv slope as the
polymeric dispersant of Comparative Example D even though the polymeric dispersant of
Example 3 had a higher M, than the polymeric dispersant of Comparative Example D. This

may be desirable in cases where less VI improver is needed to meet the desired viscosity

grade.

Soot Dispersancy Results

[00164]

at different dosages in the soot thickening bench test. The details of this test are described in

Soot dispersancy tests were also carried out on the polysuccinimide of Example 3

U.S. Patent No. 5,716,912, the entire contents of which are incorporated by reference herein.
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[ 00166] While the present invention has been described with reference to
specific enbodi nents, this application is intended to cover those various
changes am0 2u0®p37buti ons that may be nade by those ski lPlceaiseovotobmenr t

wi t hout departing fromthe spirit and scope of the appended clains. WHAT | S

CLAI ME[¥ thd soo‘t\tmepailﬂgséncﬁftesanh@ﬁﬁﬁinuﬁ@wﬁeoﬁﬁlo@‘laﬁ of198 fle@fiirecdMothanti gh
nol ecul ar wei polyol efin,” wherein the yol efin conprises an

al lyl - wethmtwat o blasky Sendecaghonhlesk. is BDOWlhéD aggborhsraigs thid ngrmallhcauseqasr ei n:

bol yo Dee 5 hEFRRARET s b alr CrEhut i SBRER s i Bveb BTbFREC: R

car bocaistaity irredse at &hd ppesei @ &f darbont48ksit eRpeced tiptHomi batidrith&i 4 ane
conmpound in the presence of a Lewis acid, and (c) term nati ngIstep (b) to
y

f or m t Aispessany that gives Ahighar peegsifeincesse @aﬁ@tpresgnce(cpfi oprhaneblagh. yihat & nat ed
pol yme ro

P cpar upag © fiaplrsi 4 18 bifcr pBHRRRE SRS g Aol MR EPERFOPbRRLCL |
under The teaxlﬂtseofqhasoo«tlthwltdmmgcmdhtesom prcnsehtla& ipTalsledce of a Levvl s acid, and
(b) reacting the quasi-living tert-halide term nated polyolefin with an

al l'yl'sil ane conpound, and (c) termpating step (b) to formthe

allyl-term nated quasi-1living pol ymrgﬂ"& roduct. 3. The copol yner of claim
2, wherein the aIIyIS|Iane conpound conprises allyltrinethylsilane, or

wherein the free radqrc rrar qﬁos%ggwe?ﬁ /ﬁVﬁ’selrngf%' 4. The copol ymer

of any one of the prece I clal ns, e copo ner is fornmed by
contacting the polydgl efin with tjhe ungaturafed agedi c rpactant in the
presence of a free rjadical3 initijatar 5 The copolyner bf any one of the
precedi ng clains, wherein: 6 104.0
Baseline 0 280.0
(No dispersant)

[00165] The results of the soot thickening bench test indicate that the percent viscosity
increase using the polysuccinimide of Example 3 was lower than the percent viscosity
increase in a formulated oil that does not contain any dispersant. This test indicates that the

polysuccinimide of Example 3 is an effective dispersant.

[00166] While the present invention has been described with reference to specific
embodiments, this application is intended to cover those various changes and substitutions
that may be made by those skilled in the art without departing from the spirit and scope of the

appended claims.
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(i) the polyolefin has a nunber average nol ecul ar wei ght between about 500
and about 10,000, or between about 900 and about 5,000; or (ii) the

copol ymerwbasionosireci ni ¢ rati o of between about 1 and alPoWtus20090509&t ween
about 1.0 and about 1.5; or (iii) the polyolefin has an allyl end-group
cont entyiQAT 3 JI9GMEDS% or at |least 90% or (iv) the polyolefin has a

di spersion index of |less than about 2, or less than about 1.4.6 . The

copol yner of any one of the preceding clainms, wherein the polyolefinis
pol yi sbbut yAereolymer ghat ensaturaied acidistraaciant and e highanpleglanweighs of the

cona s PoNSRR Sllefin B bolyolPhf oBREH; ¢ PASET A DENERLCRBIRT "X Sna

are -O; or wherein the acidic reactant conprises maleic anhydride. 7 . The
copol yoer oThacpobymecraif ciaiva lpméemdin:ng cl ai ns, wherein the copol ymer has the

formula: wherein three ORL, R, R3, and R.are hydrogen and the other is
hi gh mol ecultar \A@Féhi’l'tﬁﬁpy‘&f%ﬂoyyrﬁ?f& Wﬁg?‘@i‘ Oé%‘ﬁ%giﬁf Xx,y, and n is,

i ndependent |y, 1(a9riogaaﬁ.gae;;oly&}@ﬁlnwﬁ&ﬁia&a&maﬁa{ﬂegnﬁlfatea-@m)iofrefai,I to 1:1. 8.
The copol yner of Claim 7, wherein n is between 1 and 20, or wherein the

hi gh nol ecul ar wéi) ghactinglthatachocationperimgeatedipgpdlyfin bloot step (v outh amavi ng at
| east carbon atons. 9. A polysuccini m.de prepared by reacting the
copol y%lgy S@Pe 8?&”%‘1‘@8&%W&%‘F%%iﬁiﬁ&“scqcé(gﬁggm th an anine, a pol yani ne
having at |east tWwo bgghmalihg 5ePEH) BBHS thetllyekiniHagsl fdrehesd prbductfor
| ubricating oil conF05|t|pn conprising a major anmount of an oil of
| ubri cati ng(ii sctsiatlyl-grainatedi pebymeriopredudiis amdybderypynated avan-tigingf cl ai m 9.
11 . A et hod of kin copol ymer, the nmethod conprising: (a) formng a
hi gh nB@E%ﬁV%Puﬁﬁﬁgﬁ?gggf?§l-terninated pol yol efin; and (b) contacting the
al l'yl -term nat ed(apol yfr@ingn ghdshliaihguarsahlidetatinaed pobole@mainet suitabiehe
presence of a free radical initiator to forma cqpol yner.,
quasi-living conditions in the presence of a Lewis acid, and
(b) reacting the quasi-living tert-halide terminated polyolefin with an
allylsilane compound, and
(©) terminating step (b) to form the allyl-terminated quasi-living polymeric

product.

3. The copolymer of claim 2, wherein the allylsilane compound comprises

allyltrimethylsilane, or wherein the free radical initiator comprises a peroxide.

4, The copolymer of any one of the preceding claims, wherein the copolymer is formed
by contacting the polyolefin with the unsaturated acidic reactant in the presence of a free

radical initiator.

5. The copolymer of any one of the preceding claims, wherein:

(1) the polyolefin has a number average molecular weight between about 500 and
about 10,000, or between about 900 and about 5,000; or

(i1) the copolymer has a succinic ratio of between about 1 and about 2, or between
about 1.0 and about 1.5; or

(iii) the polyolefin has an allyl end-group content of at least 75%, or at least 90%; or

(iv) the polyolefin has a dispersion index of less than about 2, or less than about 1.4.
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12. The method of claim 11, wherein formng the allyl-term nated pol yol efin
conprises: (a) ionizing a polyolefin to forma carbocation term nated

pol yol ef iwQ 20twyoopamact i ng t he carbocati on tern nated pol yolrafSeevofosmas st ep
(a) with an allylsilane compound in the presence of a Lewis acid, and (c)
t erm ngt i ng Tht efpdlPhet 6 dn§ o bhthedrédelinigedlatindabRéteipahy polgblefin isl 3. The

met hod of claim12, wherein the allylsilane conpound co rlses

al | yl t PPlyisohyyknpgrevhessin firscynspinraterbadidie aeackamt 01 theformuleor conpri ses a
peroxi de. 14. The nethod of any one of clains 11 to 13, mherein: (i) the
pol yol efin has a nol ecul ar wei ght betweep about 500 and about 10, 000, or
bet ween about 900 and about 5,000; or (i|]) the polyolefin has an allyl end
group content of at |least 75% or at |lea8t 90% 15. The nethod of any one
of claims 11 to 14, wherein the unsaturated acidic reactant is of the
formula: wherein X and X' are each ipgdépendgntly selected fromthe group
consisting of -CH, -d, -O1ower aIkyit and mhen taken together, X and X
are -O; or wherein the unsaturated agi dic reactant conprises maleic
anhydri de. \\

C

O
wherein X and X’ are each independently selected from the group consisting of —OH,
—Cl, —O-lower alkyl, and when taken together, X and X’ are —-O—; or

wherein the acidic reactant comprises maleic anhydride.

7. The copolymer of any one of the preceding claims, wherein the copolymer has the
formula:
0) _ _
o O
Rz T4
c—¢cC
— T
- dn

wherein three of Ry, R;, R3, and R4 are hydrogen and the other is high molecular
weight polyalkyl; and

wherein each of x, y, and # is, independently, 1 or greater, and wherein the ratio of x:y
is2:1to 1:1.

8. The copolymer of claim 7, wherein 7 is between 1 and 20, or wherein the high

molecular weight polyalkyl comprises a polyisobutyl group having at least 30 carbon atoms.

9. A polysuccinimide prepared by reacting the copolymer of any one of the preceding
claims with an amine, a polyamine having at least two basic nitrogen atoms, or mixtures

thereof.
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10. A lubricating oil composition comprising a major amount of an oil of lubricating

viscosity and a minor amount of the polysuccinimide of claim 9.

11. A method of making a copolymer, the method comprising:
(a) forming a high molecular weight, allyl-terminated polyolefin; and
(b)  contacting the allyl-terminated polyolefin with an unsaturated acidic reactant

in the presence of a free radical initiator to form a copolymer.

12.  The method of claim 11, wherein forming the allyl-terminated polyolefin comprises:
(a) ionizing a polyolefin to form a carbocation terminated polyolefin,
(b) reacting the carbocation terminated polyolefin from step (a) with an allylsilane
compound in the presence of a Lewis acid, and

() terminating step (b) to form the allyl-terminated polyolefin.

13.  The method of claim 12, wherein the allylsilane compound comprises

allyltrimethylsilane, or wherein the free radical initiator comprises a peroxide.

14.  The method of any one of claims 11 to 13, wherein:

) the polyolefin has a molecular weight between about 500 and about 10,000, or
between about 900 and about 5,000; or

(ii)  the polyolefin has an allyl end group content of at least 75%, or at least 90%.

15.  The method of any one of claims 11 to 14, wherein the unsaturated acidic reactant is

of the formula:

0

g
0
HC X

\C

|

)

wherein X and X’ are each independently selected from the group consisting of —OH,
—Cl, —O-lower alkyl, and when taken together, X and X’ are —-O—; or

wherein the unsaturated acidic reactant comprises maleic anhydride.
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