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BACKGROUND

[0063]  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, commeonly 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 int a variety of climates,

e.g., at temperatures below 0°C.
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[0006]In addition, polyPIBSA made using conventional methods normally has a low degree of
oligomerization and a low molecular weight. An example of this is disclosed in U.S. Patent No.
5,112, 3 &joluninsdidied, olyl Raverfiodnd dingtcoanyitigmitecteriserntionrdydusalyeverization reaction

at lowey RSBy G ISP ANIIGIPARS e sisphee of dlgppe AN and foe mplecular weight

However, \%%?en otétra carries out a conventlona{ copo%gmenzatlon gﬁower temperature, the degree of
oligomekatiwenisline febishtPBut e Saaneé Finvécthevpdroedtthetivarsyde pad sesnSiftienaigh molecular

weight dispersants e, generallyiRefuL IR RIS ING HISFOSIDAINEIEAR A g aP0h and in controlling

sludge and varnish, it is desirable to find a way to increase the degree of oligomerization of polyPIBSA

and poNiggsesHiralfasRdte RoleCpeR PHEDA WRIeSEl MRERtaNs AeFHRgH Yet cenveives. SUMMARY
[0006ajipafirt-Banerh RTS8 RIS RHROROMINEE ofi ShitnSaRERT e dRAdic I 8ackRaland a high

molecular weight polyisobutylene, wherein the polyisobutylene comprises an allylterminated
polyiscBIGIERE. (SoEEmh & Sasskarsarsct, SRsrdigh ravieaias Weight Serirsial Brepared by reacting

the copehungrasdefinadakangowithaipminead BAVRNIN, RaYiRa-ehiRash NG BaSIGMitrogen atoms,
or mixtures thereof [0006c]In a third as\&ge,ct, there is provided a lubricating oil compasition comprising

a majoV&RFlnt BrishBhIe R ATRY WshsEra e Seairo PhatisoRermDalRI¥ERRide as defined
above aR0pSg cifonidbsaspect:-dhesel P PROVORH i BiethedmbmakingRenalyseetethe method

comprising: (a) forming a high molecular weight, allyl-terminated polyisobutylene; and (b) contacting
the aIIyI-terminatg 1gﬁla/jﬁgt%utylene with an unsaturated acidic reactant in the presence of a free
radical initiator t olymer. [0007]Provided herein are copolymers made by copolymerizing

an al:ylﬂw@a;na;ed p%:qutesﬁrfméﬁﬁ, %&%%@&@000@ @@@fﬁgeﬁ%%%ﬁﬁmﬁm%@g such .
copolymers, and methods of making same. 1Under one aspect, a copolymer of an unsaturate
acidic P&gc?t&’ﬁ%qhﬁ%ﬂ’%"ﬁ ah%%aﬂ%?sa%gﬁ?%o |§7§‘r’é‘ﬂﬁ,tﬁ%@?bﬁﬁ%‘&%ﬁ%ﬁ%ﬁﬁﬁ?ﬁél&ﬂé‘%h :
allyl-tersminaded pdlyisebriglproduct, is provided. 100091In some embodiments, the allyl-terminated
polymeric product is prepared by: (a) ionizing a polyolefin to form a carbocation terminated polyolefin;
(b) reacti%pthe carbocation terminated polyolefin from step (a) with an allylsilane compound in the

preseri®8U8bh | ewisIAEAcAR TH)cEriRmaing ks B R TSHAIHBIGHIDT TRl Rt ER B MRric product.

copolymer as defined above with an amine, a polyamine having at least two basic nitrogen atoms,

or mixtures thereof.

: [0006¢] In a third aspect, there is provided a lubricating oil composition comprising &
‘major amount of an oil of lubricating viscosity and a minor amount of the polysuccinimide as

defined above.

[GO6d] In a fourth aspect, there 1s provided a method of making 2 copolymer, the method
comprising: (a) forming a high molecular weight, allyl-terminated polyisobutylene; and (b)
contacting the allyl-terminated polyisobutylene wi_th an unsaturated acidic reactant in the

presence of a free radical initiator to form a copolymer.

[0607] Provided herein are copolymers made by copolymerizing an allyl-terminated
polyolefin with an unsaturated acidic reagent, dispersants made using such copolymers, and

methods of making sarne.

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

product, is provided.



[00101Under 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. 100111In 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 ten-halide terminated polyolefin with an
allylsi lapgopmponkemarehieliewrpinatiogithetsaatiiaadfsiandgy seothimitheallytiesminated
quasi-living polymericgroduct,..The copo%ger can be WO 2010/009379PC§T/1U 2009/050965 formed
by contacting the poly&fin Wi HE BHRITH RN S A RPAHP TR BREEERE BF Aree radical
initiator, such as a perg¥ideedink2lin somestmbednisnts] poéyhighnfinkecutar faeidht polyolefin has a
number average molecular weiﬂhb%etw%e% acplg%tzp%%ear}gs%bggt f‘lolgé)vgl,sega between about 900 and
about 5,000, e.g., between ab8ut 908 &rid about % ,%r, e?lg., befween aaboutaﬁ, 00 and about 4,000.
In some embodiments(cihe teaopolgnnersheps(a) sademichatid Wi tostweded globurb drianpdoalpotut 2, or between
about 1.0 and about 1.5,. In some embodiments, the polyolefin has an allylic end-group content of at

least ahpyiigfS%, 1%@&:'%Lab&%@@?{oeo%W@?@H%&%@&@%&d%&@d@%ﬂmQ{ at least about

93%, oral least about 94%, or at least about 95%, or at least about 96%, or at least about 97%, or at
least atFoRleg89s Wi gh Relse kv rdyssindhapelicittningidenis atbdumiered aeshdnidffin has a
dispersipmindgx ohigss, lanARAt 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. 100131In some embodiments, the high molecular

weight palyolefin js polyisohutylene, In.so ‘e_ mbodiments, the high molecular weight polyolefin has
sufficieﬁ%(z%ﬂecuriglr%ﬂ‘g‘bﬁrtr1 A ‘@ﬁ&?ﬁ?@ﬁé‘%{gﬁgﬂl %%%Bﬂﬁ?]ﬁvlﬁ'gﬂ)c% irﬁlgré)oilqlﬁoltéc?é%ction products.
In somenepabatiiyéaitsorthinpeagtian- pradyuets-baiddissolve indabiphatidiandfer avgabitigiagdrocarbons
such as.lubricating. oils.and fuels in substantially. all rtions. [00141The un r L acidic reactant
can be (’5}'1{??@0?01}(3#&?3? l\l/lvﬁ%eergfﬁsin 3%8%;?' a?g%a%@ir%(gg&aeéﬁw%e e(t:#} lfrgyﬁ%%t{eérgﬁgagﬁonsisting
of-OH, t@inindkdvpetyaliefin anth wheiyiakere toeyapeandaaddoX tema iratimdhexearipte athdeacidic reactant

can incg@%)gﬂééﬁi&gghgp{é%iﬁﬁéés §%%T&T;%1§M5%Tp£&!‘&lzﬁ 28 W lymer can be

2010/0 T/US2009/050965 [0015]In some embodiments, the copolymer has the formula:
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wherein three of R1, R2, R3, and RI are hydrogen and the other is high molecular weight polyalkyl;
wherein each of x, y, and n is, independently, 1 or greater, wherein the ratio of x:y is about 2:1 to about
1:1, or abould.Ridighédaout 1:1. In some embodiments, ri is between 1 ang-4d;Rudakuesn 1 and 20,
or between 1 and 10, or 2 or greater. The high molecular weight polyalkyl can include a polyisobutyl

group hayingdah/east3acAopaioRE: Mt leasiharatacridlonsc {0 161Hngrsane agpect of this
invention, the copolymer of this invention has a degree of oligomerization of between 1 and 40, or
betweeraeARHPIBHHERSER 25 ARES1%r 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 85861 2)r grdatesrtessmbbdin@08stherhjgbateldahizer atsoghtgBYyolRio tam mandsiwsTagsiers to the
B b TSLin ane gt ot dbe feastaneldly isalaled addiomastadbend Mon
molecularweight pofyoletin. nder another aspect of the present invention, a polysuccinimide
preparef,&ifreactirgwamtopbitiendaboutiAsdrotedeachdiovesachkant P8 #ngbABlecular weight

pO'VO'efwoﬁzgeé%%&%lﬁ%p&lengomma@em\'ae@m PR TESiAPERdYEsitR) an amine, a

polyamine east two basic nitrogen atoms, or mixtures thereof, is provided. [0018]Under

another 2bspb 2t oa tabricatiehpeil lcd amsotiashiel Jaiseme sraRadimoin i epl midmd8fidating viscosity

and a minor, amgunbel heehoyesMentiansd pelysuesniatauPuavider { QL0 Ndader another aspect,
a method of making a coPonmer includes ag forminIg a hei%lgmolecular weight g\!g/%g)'minated
asg betse

polyoleffi:ahiastaPeBhiachiner ftdepsipbRhI WwhrPaA! 8 TITOTE SgeEp o6 o
2010/00234 3B 5T 445200/ 0oRPER unsalraied Bsidibsanomal in shr presenceWhadresoradical initiator

(such as a peroxide) to form a copolymer. [0020]In some embodiments, forming the polyolefin includes
forming HEEA-HBRAE ErmiRaiBg ot Bierl YR f&ﬁﬁﬁ%??&ﬂ%ﬁl%‘s R é%luﬁ%l%féfin with an

allylsilangssampasid aadcr leeyvisaaciboD E B AN s BESGRIPTIDN: tess than about 1.1, or
about 1.0.

[0013]  In some embodiments, the high molecular weight polyolefin is polyisobutylene.
In some embodiments, the high molecular weight polyolefin has sufficient molecular weight
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:

&)

@)

7N

HC X

HC X

A4

9

O

wherein X and X’ are each independently selected from the group consisting of ~CH, ~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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100211Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as is commonly understood by one of ordinary skill in the art. In the event that there are a
plurality of @efinitipnsies a term used herein, the definitions provided in tRiSIEBRAGH §5E¢aIl unless
stated otherwise. [0022]As used herein, "allyl"” refers to the following structure: -C112-CH=CF12
[0023]Ag¢43gd hareibmelabomfesatiohcarhdpubaiaschgfoopwantaining from 1 to 20 carbons, or Ito
16 carbons. Such chains or groups may be straight or branched. Exemplary alkyl groups herein
include, but are nat limited to, methyl, ethyl, propyl, isopropyl, isobutyl, n-butyl, sec-butyl, tert-butyl,

iospentyl, neopentyl, tert-pentyl, or isohexyl. As used herein, "lowgr alkyl" refers to carbon chains or
groups having frdm 1ljcarbon atonoto about 6 ¢arbon atoms. [0Q24[As used herein, "alkenyl" refers to
a carbon chain onf group wring fr 6 2D canbo or2td1 carbons, wherein the chain

contains one or nhore [doubleYponds. Ary example inglu és dtl npt limited to, an allyl group. The
double bond of ah alkenyl carjon chain or gro p may be co ug ted to another unsaturated group. An
alkenyl carboncrjain ¢r group may be substlt v%h ne gr mlj,)r heteroatoms. An alkenyl carbon

chain or group may contain one or more triple yondk. 10025]As jused herein, "alkynyl" refers to a
carbon chain or group containing from 2 to 20 carbgns Ror 21ta arbons, wherein the chain contains
one or more triplg bonds. An example includes, but is not limited t9,7a propargyl group. The triple bond
of an alkynyl carbon chain or group may be conjugated to another unsaturated group. An alkynyl
carbon SUBSTITUTE SHEET (RULE 26) W 2010/0&) 379PCT/U. /og 965 @laln or group may
be subswreiniRcsidor Fadfe- Btk als Rﬁeﬁlﬁ? 38N l§|n or SFoup ma C% contain one or

more dgyly Qﬁ”%@ﬂ@ﬂ?@i&ﬁdﬁﬁﬂ Aateins, Bydpeatzngiig hmgm@ch@erwnuhmwim@fr@matlc group
containing from about 6 to about on atams, Aryl groups |nc ar to, fluorenyl,
phenyl, Bravaphihly o Bt ias G5EaM, atf%nptglﬁ £ RS R dn Bt PTBE e

refers 0 an aryl group substituted with at least one
alkyl, alkgRyig Qs BHBAOIQuE. 20, or between 1 and 10, or 2 or greater. The high molecular

weight polyalkyl can include a polyisobutyl group having at least 30 carbon atoms, or at least

50 carbon atoms.

[6016] 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 10,0r2 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

polvolefin.

16017] Under another aspect of the present invention, a pelysuccinimide 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 tubricating oil composition including a major amount of

an oil of lubricating viscosity and a minor amount of the above-mentioned polysuccinimide is

provided.

[0015] 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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100281As used herein, "aralkyl" refers to an akyl, alkenyl, or alkynyl group substituted with at least
one aryl group. [Q029]As used herein, "amide" refers to a compound of formula: 0 RINR 2R3 wherein
R1-R3 aregachiindependently, hydrogen or hydrocarbyl. [0030]As usePREBFAL*HMIIET refers to a
compound of formula: R3-NRi R2 wherein R1-R3 are each, independently, hydrogen or hydrocarbyl
[0031]Agsiaaeee riidi ¢ cerbraaatiotis anesenerbénifren fedicabiaitiier fushive s RAEFS Carbon atom |
[0032]As used herein, r"car‘bocation terminated polyolefin” refers to a polyolefin containing at least o’ne
carboc W%ﬁ%pa%ﬁﬁ.'Examples include, but are not limited to, compounds of the formula: CH3

PolyolefinCH3 [0033]As used herein, "chain end concentratioﬂ;g[eef rs to the sym %the concentrations

of olefin[e#®lgroulsssame-prabadimsatsrsuping M SRATIMNG g d S5 ional -6- WO

2010/ Oqgﬂi%ﬁ%%%&l@@%f%@%@ﬁtacting the tert-halide terminated polyolefin with an allylsilane

compound and a Lewis acid.
DETAILED DESCRIPTION

{0621]  Unless defined otherwise, 2ll technical and scientific terms used herein have the
same meaning as is commonty understood by one of ordinary skill in the art. Inthe event
that there are a plurality of definitions for a term used herein, the definitions provided in this

section prevail unless stated otherwise.
[0022]  As used herein, “allyl” refers to the following structure:
~CH2~CHﬂCH2

[6023] 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.

[0624]  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 alkeny! 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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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
concentratipg is ampserdmately equal to x times the initiator concentratio® CEFG44%E96éd herein,
"chain transfer agent" refers to a compound which interchanges its halide ion with a carbenium ion to
form a peuhGaTBeOH Maipbe KIBSSHAsdSEY brreinptre haworelemsaltnreleray s a9 e that is
optionally added to a r.eactionr E{%EQE{Q@Q & %rsguasiliving carbocationic polymerization conditions to
preven%‘?ggdﬁ?gtf‘t?ﬁngfriﬁgep?opagatlng carbenium ion and counter-ion pairs. [0036]As used herein,
"common ion salt precursor” refers to an ionic salt that |s opt'i??ér}ﬁ.ll dded to a reaction performed
under d082fiving Aarsed AR FEKImMETFALBA EXRARMGHS, ik U@%ﬁécrgfggl A8uRtettanions that are
identica] g those oS iha,BpRAGaNRG coaarBREOYR. IMsilugreaptibrinih bt ewisatdithi{od37]As used
herein, "diluent™refers to a liquid diluting agent or compound. Diluents may be a single or a mixture of
two or m@iemﬁoﬂmlmM@\%lm]ay completely dissolve or partially dissolve the reaction
components. Examples include, but are not limited to, hexane or methyl chloride, or mixtures thereof
100381fy8215ed hataissd tiapirsialkandsxtforsdo rafers! rotp sabeibiedeiiaigHea SR Yolecular
weight of a polymer to the number average molecular weight of the polymer, and is reflective of the
distribuﬁ&?‘ggﬁéé%ﬁflg mas8es in a polymer. A dispersion index of 1 indicates that the polymer is
monodisperse. A dispersion i_ndgx of greater than 1 indicates that t?gre iF a (?Jistsritgtsjtt{[&@eaf molecular
masses|#82flymekschreihBareihe palereforiopisekEbd Kepein ot BIsiGrFohor reters to a molecule
that is ¢ f 9%'@9 jr of electrons to another molecule. Examples include, but are not
limited t‘%ﬁ?ﬁ% eéc%ljlpes capatﬁre[p(‘)%J complexing with Lewis acids. Further examples include, but are not

limited to, bases and/or pucleophiles. Further exam inelude, Bug.are not limited to, molecules
capab|elﬁ?§dstra€tﬁwbs%$$8‘iﬁ‘6\7ir?énédﬁrg (tfgr’ﬁs-t?-ascﬁ%!ggﬁ%m SHEET (RULE 26) WO

2010/009379PCUUS2009/050965 [00401As used herein, "free radical initiator" refers to a material
that decomposes at elevated temperatures to f§trm free radicals which react with an unsaturated acidic
reagent and R, NR,R;

wherein R;-R; are each, independently, hydrogen or hydrocarbyl.
{0030} As used herein, “amine” refers to a compound of formula:

Rs_NR1 Rz

wherein R;-R; 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 polyoiefin
containing at least one carbocation end group. Examples include, but are not limited to,

compounds of the formula:
CHs

e

Polyolefin CHy

[0633]  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-
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a polyolefin to form a copolymer. 100411As used herein, "halide,"halo," or "halogen" refer to F, Cl, Br,
or!. 100421As used herein "hydrocarbyl" refers to a monovalent linear, branched or cyclic group which
contains oRCRHARR.and hydrogen atoms. 10043]As used herein, "inifer’prafarstesasonipound that
acts as both an initiator and a chain transfer agent. 10044]As used herein, "initiator" refers to a
compoye dhatipevid esakdrbarhtiar fatraiquashtiviogionialfeepolyin BrizaiiorioExamples include, but
are not limited to, compounds or. polyolefins with one o r Iaky. e rou |njfilator may be
mono-fEARERSITALGR ‘i’ﬁ-?dﬂ‘(‘ifb'rqg F%"s“ﬁ[s’é“ lﬁl[eorréi\rl\{, ﬁ%%?%ﬁ%ﬁ?r@%] idnﬁg%o%ﬂ{?(%%éﬁ{gagﬁ initiatgr that
provides, iy eadroiaialy mheosteinhvivretsieppaonakslysiuat o saiivasrBlaivéiaidinitiator. As used
herein, "multi-functional initiator" refers to an initiator that provides approximately x stoichiometric
equivalé?l‘i‘%%‘frégpdhation 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 [§OREENtratioHsedieaei Ryl HBRCHRREPTHERID e FPA S FRCHBA KB I SARTSE: equals x,

then thgtméfia@m%npsramﬁmﬁ%alﬁmmwdaﬂﬁe(mﬁqmentration. 100451As used herein,
"ionized polyolefin® refers to a polyolefin containing at least one carbenium ion. An example includes,

but is not limited to, a tep-halide terminated polyolefin that has been ipnjzed | ation
terminat@8pbly ol i SKAbRITE o SMPIE Kt E}{S "Batis ot io%}%esﬁ@é?%%{ q%g%%\?}%gc?grﬁggcaﬂon

terminaigd polydafirfivsthendxampigivicldebo tatisinpe imitsdaoomosndiios e eiited
polyolefin that has bgen ionized.into an. ionize i%ﬂﬂtg]r_i%l ilixing carbocation terminated
po|yo|eﬁhs.sﬂcfaﬁ%%f’i@%{ﬂ%%%fﬁéééf clﬂ’f%nn%tgl%rﬁed to, a polyolefin containing an olefin that has
been ionized into a quasi-living carbocation terminated pglyolefin or an ionide polyolefin. A further

exampldtdtlides Asuses RSFamitEaTTEnam IShT2E PN BT R SRR A ORCR Hriftat L0046 1As used

herein, %%Wﬁl iiarefers lRashepigehaatitnthaisoaratleabasoantiogdpririediactrons. -8- WO
2010/009379PCT/US2009/050965 [0047]As used herein, "monomer” r%f&rs to an E?tll?lﬁn that is capable
of combianltiong H'@&Fb%ﬁiﬁm%SWWMH%%%%%W?%&;E%?A% R PR Bpyridine

derivativg, efeis 19ia mampesd f ienfemauir.a@NR1

(6037} As used herein, “diluent” refers to 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 dissclve 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 ! indicates

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

[6639] 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.

SUBSTITUTE SHEET (RULE 26)



R4.R2 R3 wherein 111, R2, R3,124, and R5 are each, independently, hydrogen or hydrocarbyl; or RI
and R2, or R2 and R3, or R3 and R4, or R4 and R5 independently form a fused aliphatic ring o% about
410 qb(?lut\z(g'glﬁl.@gmﬁ;mns or a fused aromatic ring of about 5 to about 71’635?@8%”5%@?3365[0049%3 used
herel_n_, quasiliving carbocationic polymerization conditions” refers to quasiliving polymérization
conditipsbat allawder HaeforniationditauniinengretB se arpaerBb NI S™RISEY ' As used herein,

"quasiliving carbocationic polyolefin’ refers, i0.3,¢arhocatAMGR }

>t ylefinibathne begmfamied und
quaSIll\ffl]ﬁéa&ﬁWf%{ﬁbﬁ I:Oo?w?}cfmones? 1§8511As used herein, "quasiliving polymeriz%?ilon" refers toer
polymeysigationgithatforaceedpuitiisrabsence of irreversible chain-breaking events. Quasiliving

polymerizations proceed by initiation and is followed by propagation, wherein propagating (living)

fpecit_ag@rﬁ'n eqMﬂiQQd_’He‘MfH, nggigggp@ggﬁ@g‘(ﬁmngléuih@f@alqmeﬁlcmjms.I[OOSZ]As used herein,
quasiliving polymerization conditions” refers to reaction conditions that allow quasiliving

polymerization to occur, 100531A usecLhiereifé,r" reninatiank IN&tneh i i
, D, ngi 1t TREngtinehdetarsygithe chemical
Leact'lomter.nﬁﬁéi‘?g Qeﬁ%‘&rﬁgﬁf%%%nyprorgesgt%y estruction of ggly_’ewis gaizzid. 1(%?21As used
erein, steRphaAlidR terminatatynaiaetind tefdregenaipdlyolefin that contains at least one tertiary halide

end group. An example includes, but is not limited to, a com [
, : pound of formula: CH3 PolyolefinCH3 -9-
S UBST{(}HIF S"Jﬁ&%{gﬁléleﬁx?‘q)ﬁfer” refers to a compound that acts as both an initiator and a

chain transfer agent.

{0044} As used herein, “initiator” refers to a compound that provides a carbocation for a
quasi living or inifer polymerization. Examples include, but are not limited to, compounds oF
polyolefins with one or more tertiary end groups. An initiator may be mono-functional or
multi-functional. As qsed herein, “mono-functional initiator” refers to an initiator that
provides approximately one stoichiometric equivalent of carbocation relative to initiator. As
used herein, “multi-functional initiator” refers o an initiator that provides approximately x
stoichiometric equivalents of carbocation relative to initiator, wherein x represents the
functiohality 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 jonized 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.

-8-
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WO 2010/009379PCT/US2009/050965 wherein X is a halogen. [0055]As used herein, "vinylidene"
refers to a compound of the formula: Polyolef irrr'R wherein R is hydrocarbyl, e.g., methyl or ethyl.

When R is Refhylqhgvinylidene is methylvinylidene. 10056]Unless othenyiga spaeitismeall
percentages are in weight percent. [0057]This application is related to the following applications, the

entire szaﬁf of gach-afnuhich e ipERIPorRted by elerenaathetaiuble of dddbibaenidpplication No.
12/102,327, filed April 14, 2008 and entitled "Copolymers Made with Quasi-Living Polyolefins and

UnsaturttEpetied Rea aneth e RpsaHE Using Same, and Methods of Making Same;" and
U.S. Patent Application No. 12/055,281, filed March 25, 2008 and entitled "Production of
Vinylidepis483rminateddddiyatefifisyvid @ ueriching titfeid tme solfidestd MER-HODSI0058] In some
embodiments, methods of forming copolymers such as those described herein include the steps of (1)
providing a high molecular weight polyolefin, which isyan &llyl-terminated polymeric product, and (2)
reacting the polyolefin with an unsaturated acidic réageht in the presence of a free radical initiator, to
form the copolymer. [0059]In some embodimemﬁ, Igolefin is a polyolefin having an
allyl-terminated chain end, the free radical initiator isg peroxide, and the unsaturated acidic reagent is
maleic anhydride. In such embodiments, the resultingscopolymer is of the formula: -10- SUBS11 1UTE
SHEET (RULE 26) WO 2010/009379PCT/11S2009/050965 wherein three of RI, R2, R3, and R4 are
hydrogemhsrieinte.cRaek ishigindTdiastracvanssoprigaliyhyseesmos deerara by fidn sad
indepengenihyi 1.0k HEAEk; khaR] & LRLAIRENS B9 Mirkaifulieraiaaut Zidgterabout 1.1, or
about 1.5:1 to about 1:1, and ii is between 1 and 40, or between 1 and 20, or between 1 and 10, or 2
or greatéP.OUT 4 to about 7 carbon atoms or a fused aromatic rning of about 5 to about 7 carbon atoms.

[0049] As used herein, “quasiliving carbocationic polymerization conditions” refers to

quasiliving polymerization conditions that allow for the formation of quasiliving

carbocationic polyolefins.

[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 (Iiving) 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 exarmnple includes, but is not limited to, a

compound of formula:

CHy
X
Poiyolefin CHs

-9-
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[00601In some embodiments, RI, R2, and R3 are hydrogen, and R4 is a high molecular weight
polyisobutylene chain, Such a copolymer is referred to as polyallyl polyisobutylene succinic anhydride,
or polyally xiBafycke9a1]For example, in some embodiments of methodedfomsingspeipailyIPIBSA, the
polyolefin is allyl-terminated NB of the formula: H3C CH3 H3C CH3 PIB CH2 and has a relatively
high pemigf}glilygqlgg%g{oups, 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 a 6%, or at legst abouyt.97%,. or. 0 out 99%, or about 100%.
allylic e%(#%gbups‘?‘%ﬁéegﬁﬁﬁg Smina é@%ﬁéag lé%?i{gzg)g I%%g?{%erl?gg%@? 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. 100621The
allyl-terminated PIB is contacted with the free radicallinitiator, e.g., a peroxide such as di-tert-amyl
peroxide, and with the unsaturated acidic refabtaefinnal&c anhydride, to form polyallyl PLBSA.
SUBSTITUTE SHEET (RULE 26) WO 2010/009379PCT/US2009/050965 100631Whereas
conventignal methods, of ing po igathyrinvel I{ﬁ@g:}t W’aljy purchased or
otherwiéi‘(ie?1 %ﬁﬁ%gnx %‘X&F%ﬁ%%ﬂthg%a%%%ﬁ@y%@fe g%&;’%\ége radicgﬁlrﬁggtlor, the use of
allyl-termistayedrivBdprevides multiple benefits, relative to that possible using conventional PIB. By
"conventional PIB" it is meant PIB that has a relatively low percent of methylvinylidene end groups,
e.g., lespiBan abeii8Q%uadaspactiieh, dispersiam:iesarc(Ryaigyt rgreater than 1.4. Such
conventional PIB is sometimes referred to as "high methylvinylidene PIB," or "highly reactive PIS."
[0064]A other things, the use of allyl- i L iy ihe: ' I provides
a polym@ﬁgﬁrod ﬁ?ﬁgﬁ?ﬁ&?ﬁgé?ég%? gké%%ﬂ?ﬁ%%?# @éﬁéé%%?n%ﬂﬁ I%gr%ée;{%vgf%?ﬁnd 20, or
betweenflwarich B orc@rppotedisyr refecttice beraittives 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%, q5 grealenthanabRH39361 N1serperembadiments, thescapbiymidehas a succinic ratio
of between about 1 and about 2, or between abouﬁéﬁ.o and about 15. Inio%e embodiments, the
a8 st

polyolefiiAnalyreanadsiuLty Qligsidritans 5Lt BRRRraC G BSUt 90%, or at least

about 9B kpeaticasiatihO A Neaidaast aldin @30T atdeast 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%. In some embgciments, e Belyolglin A sispalsioiRdexobiassaeraheyt 2.0, orless than

about 1.4, or less thanh about , or less than about 1.2, or less than about 1.1, or about 1.0.

[0065]Wiittedatibeiat)\Gouhdeby-AeypaaticuPat thisdins Vie Querreng g digewidides.”
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 isan
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.

10059} 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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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 o@ga%%%ggiﬁg (higher molecular weight). [0066]Various embodiments,gé 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 formatios, of such copolymers, will
now be described in gredter detail. Then, some exemglary methods of preparing dispersants using
such copolymers will be descfibed, and saweral illustrafive examples proviged. -12- SUBSTITUTE
SHEET (RULE 26) WO 201010093793PCI7 0p096p (1), ALL_YL} TERMINATED
POLYOLEFINS 100671As noted aboye, in some embgdim nts,zally(LTer ipated polyolefins are
prepared by first ionizing la polyolefin to form a/carbocation ferminatéd golyolefin, followed by reaction
of the carbocation terminatedjpolyolefin with an ally! silane ’Eo bouryd t¢ form the ally! terminated

polyolefin. A. CARBOCATION-TERMINATED POLY EFiNS joos |Cdrbocation terminated
polyolefins may be made|by any suitable method known to tho&e offskil in|the art. Examples include,
but are not limited to, ionizing a ten-halide with a Lewis acid; ionizing a pref@armed polyolefin with a
proton source; polymerizing an olefin monomer under quasiliving carbocationic polymerization
conditions; or performing the "inifer" method. [0069]In some embodiments, the carbogation terminated

polyolefil MIRARESIRL B Mok searfdtaie i uHagsb et i Y8R HESRMTSHE Wrishrbocation
terminatgdipakyglelifeesniains sme gambeadiandependeadp, Innsereeranhadine imbbdmaiinycation

terminated polyolefin coptains two_carbocation end groups. Jn some emhodiments, the carbocation
terminatg't? 6%?390‘]&!%’ é%ﬁf’é?nibﬂ’r%% ?:E?rﬂ%%‘éﬁi%’rf ’e‘ﬂg[é%ﬁ)‘é.‘ql ﬁos%?ﬁ%trgfibﬁﬁrﬁé%%?tfﬁ%e% rbocation
terminatendptilycidittvisea palydstlh utytenessith andatiyricodegtamsp. In some embodiments, the
carbocation terminated polyolefin is a compound of the following formula: H3c CH3 CHB is

Polyisobigiyégne (p-aRe eI RINOAE RRONQIRINFSIR/B-538 IS is = high molecular
weight polyisobutylene chain, Such a copolymer is referred to as polyallyl polyisobutylene
succinic anhydride, or boiyaliyi PIBSA.

[0061]  For example, in some embodiments of methods forming polyallylPIBSA, the
polyolefin is allyl-terminated PIB of the formula:

HisC CHy HaGC CHy

PIB

\CHZ

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 21%, or at least about 92%, or at least about 93%, or at least
about 94%, 61’ at least about 95%, or at least about 96%, or at least about $7%, 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 Jess

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

[0662]  The allyl-terminated PIB is contacted with the free radical initiator, e.g., &
peroxide such as di-tert-amy! peroxide, and with the unsaturated acidic reactant maleic

anhydride, to form polyallyl PIBSA.
-11-
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100701In 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

ten-chlorideggrminaigd-golyolefin, ten-bromide terminated polyolefin, or tep-jodide, iapinated

polyolefin. In some embodiments, the carbocation terminated polyolefin is derived from a tert-chloride

terminateg)palyolefingelensRiamids AsHminaiedmalvalsin:p asme embadimentss tbe.gagoocation

terminated polyolefin is derived from ten-chloride terminated oniszu%Iene of the following formula:

-13- SUBSTPRIS T SpieEaser o etizsyisg coprrrtiosd 278 pety igs ubpds fseCH3
[0071] Tegkhalidedapninatast Reypleinsmarpe mads Ry mghachknoweiigthesenat skill in the art.

[0072]In some embodiments, the carbocation termlnat?géo_l olefin is generated by contacting a

tert-haliReTEHRHsRgCABFSH R TR a Bewrenyertiapel bHe dnt ik hesbsdati¥terminated
polyolefipis enatiethay Goniaig adeprehilice. lesmimatesbpel\suefianteR:prcinide terminated

polyolefin, or ten-iodide terminated poly%%fin with a Lewis acid. In some emhodiments, the

carbocaflbRYSHRRAEH (5O 6187 TR MRS by E AR PR A IEhID R SR PTHEIEE B olefin with a
Lewis acisl“hQBi/3¢h deineldenzaelin)eats; Hipaiierdiahde s derived from an inifer (b)Carbocation
terminated polyolefins from preformed polyoletins [0074]In some embodiments, the carbocation

termi”atﬁf{):a?ﬁ'yQ'e/fﬁ%%gS[ﬁ‘é?%%%'&" @P&?E‘gg&?gﬁ%ﬂl&% B?Mﬁeef&u%éﬁlﬂi%e&‘%o% preformed

polyolefin contains one or more ¢ ble bon . some embodiments, s preformed polyolefm
containsPéR8Alpubisiesonpolirssin eredisbbiivionts degich preligpmeetipoiyolefihdtrgolyisdbutylene

derivaﬂ%,'&%Qm@em%ei@@?@%&%@ﬂ%ﬂ?&ﬁ@%ﬁ@'&%@&%@Qﬁ@%eaeavméﬁf@g%{@rolefin&

[0075]In some embodiments, the carbocation terminated polyolefin is generated by contacting a proton

source i AhsE e et BatpER it rrR R Ge AE ET6RIET BN & RRYH 7 HT s OF TR BEMARNE, the
carbocation, terrpinatedHar Yelelinde.generaird Ryrcaniacing apreierpachpabmiesikycontaining one or

more double bonds with a proton source in the presence of a Lewis acid. In some embodiments, the

carbocafiORG &R Fo 6 etrrlgeraatctr o e P e prerahrut i aksi coftaining one

double hendewitibapromandanag instheptesessdafimdayimagslybeFamasembpdimends, the
carbocation terminated polyolefin is_generated by contacting a polyisobutylene derivative with a proton
L8t rapmunt 4 et i

source 1B FRESEAEL B HARRILET AR REL ABBHANE B BaARSLAHO RS AMSESd polyolefin s

generatedduy $2infactind: aspabluttsth palyoledin sentahing ane kusnsseueddtoptefandensth a proton

souree igl:g]uet %%%@%? 1@2& é'beo%it%i?%?br 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.

[0063] 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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-14- SUBSTITUTE Si.' FET (RULE 26) WO 20101009379PCT/US2009/050965 (c) Carbocation
terminated polyolefins from the inifer method [0076]In some embodiments, the carbocation terminated

polyolefin isderyad,ftqm an inifer using methods known to those of skill ig the art, Nongimiting
examples of such methods are described in U.S. Pat Nos. 4,276,394 and 4,568,732, each of which is

incorporated by re%eﬁggmrgingﬁ@nggﬁgyonomer is reacted with an inifer carrying
at least two tertiar under cationic polymerization conditions. In some embodiments, the
inifer is a binifer or a trinifer. In some embodiments, thé ipﬂifer IS tricgfm%illy%rl%ride, paradichyI chloride,
or tricumBdmid B9 eLB%aBI IR BEK o rAS T BRI RS AE B SRYSF quasi-living
carbocatigrigspNmeEzagisinotens dbsQ0TFocatonaembadideriis) the, dalbeaation terminated
polyolefin is derived from olefinic monomers under quasi-livi arbocationic conditio nder such
ConiiorEe i G AR L AT BRI 2 gl o e by
any quasilyingrmethabipohmiafito those of skill in the art. In some embodiments, a monomer, an
initiator, and a Lewis acid are used. Non-limiting examples of such methods are described in EP

206756 B1 and WQ 2006t 964 - fihrP iR @MYRIS T RIF peFORRG IS TNy reference herein. [0078]In

some embodiments, the carbocation terminated polyolefin is a quasi-living carbocationic
polyisobutylene of the following formula. 1.4,C ¢cH3 CH3 PolyispbutyleneC)C,--2 [0079]Some
non-Iimitiﬂéﬁ&am&398??3%%@’%8%?‘[%%%%5&% %W%&/ﬁ%ﬁ?&%ﬁ%ﬁé&géﬁ%w&uasi-living
polyolefins tholdast desicibie el BuatiplaitiatondSomguasihdving car g detiaivig palyrhelidations [0080]In
some embadiments, the initiator is a cgompound or polyalefin with one, or mare than one, end group
capable S’F?hﬁi ﬁﬁ'és§°d§ti5’r9?5‘8ge?iRrﬁcﬁgﬁ’gﬁé}ﬁ%&o ())(?’1 %gr%r&tté)? P RO BSH AR ompound of
formula {eGRadhb) R pte rpiasRiaiap ddineatoimcpgenceintiyiohydrogemsatkybesimatiahy, or

aralkyl, prgl\llljdrgd ti‘t%%gt least one of Ra or Rb is not hydrogen; and Re has a valence of n, and nis an

integer of She't0 5 R s an acetate, etherate,

[0669] Int some embodiments, the carbocation terminated polyolefin contains one or more
carbocation end groups. In some embodiments, the carbocation terminated polyolefin
contains one carbocation end group. In some embodiments, the carbocation terminated
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 CH,

H &
Poiyisobutylene\)k/k
CHs

(a) Carbocation terminated polyolefins from tert-halides

[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:

13-
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-15- SUBS'I'ITUTE SHEET (RULE 26) WO 20101009379PCT/US2009/050965 hydroxyl group, or a
halogen. In some embodiments, Ra, Ri, and K are hydrocarbon groups containing one carbon atom to

about 20 caghps,ptRms:dn a preferred embodiment, 1(3, Rb and R3 are hygasaidaonsasesps
containing one carbon atom to about 8 carbon atoms. In some embodiments, Xis a halogen. In a

preferred embodiment, Xis chloride. In somg,enhipdimegts, the structure of Ra, Rb and R., mimics the

growing species or monomer. In some embodiments, such sfgycture is a 1-halo,l-phenylethane initiator
for polystyrene or a 2,4,4-trimethyl pgntyl halidg initiator fef polyisobutylene. In a preferred
embodiment, Ra, Rb and Re are each ctarb oups @p,taaining one carbon atom to about 8

carbon atoms for the initiation of an isobutylene polymerization. In some embodiments, the initiator is a
cumyl, dicumyl or tricumyl halide. [0081]Some exemplary initiators include 2-chloro-2-phenylpropane,
i.e., cumt§PEHoridd e had Q-W@qopeb%%ﬁz@ﬁé,bP.érzaér(éurﬁwcmhaéw@fsﬂfﬁk@%rﬂgro-z-
propyl)hgnzeng,d &+, tri(cumylchloride); 2,4,4-trimethyl1-2-chloropentane; 2-acetyl1-2- phenylpropane,
le., cumyl acetate; 2-propionyl-2-phenyl propane, i.e., cumyl propionate; 2-methoxy-2-phenylpropane,

ie., thyl ether; 1,4-di(2:methoxy-2- Db e, di Imethyl ether);
e LA R e U o e L A —
(TMPC}piht2:1i@ ackioieRdp tepyiizeat polyphrdc $yBhdi(Restikoaci® - prappdd) Sniertdibenyibtezene
(bDCC). 1([)308 lin somea%Hboggig]ths the init{ oozri/ c&r}lggt{ggg?é _Qﬁmﬁfaé,t% ﬁl}pnal, or

I nclu 0

. CEU,E OCaLL {ermin P o 1s gefnera g&
multi-functional. Some examples of mong-functional initators e 2-chloro-2- phenylpropane,

2-acetylp2ipblefiylpesplios;idepropionayadt 2adyelafiiproparne odided tnoigrzditedysipfiopdaiies
2-ethony.2;pheny PIOBBINE AiShIOKRLA 4 DEIHRRNIARE, AASKIT e Jemslbyipentane

2-propiony ,4-trimethylpentane, 2-methoxy-2,4,4-trimethylpentane, 2-

ethoxy-2en@ctipgattsyipeiaais, ardipatisd ordyelafim wiitettytpanagite. Some examples of bifunctional
initiators include 1,3-di(2-chloro-2-propyl)benzene, 1,3-di(2-methoxy-2- propyl)benzene,

1,4-di(2{0bton0-2-proRyhdense i dnd, di{e ereHandy 8 dye ) beRz en tsifid
5-terr-butyl-1,3,-di(2-chloro-2-propyl) benzene. Some examples of multi-functional initiators include |

,3,5-tri(2-chloro-2:propyhbenzene and, 1.3.5-t5(2- %ﬁ? 2-pr [ nomers for
quasi-living carbités)atiorﬁa&?ﬁ%‘}ﬁﬁr&w’éﬁ%ﬁg% 1 'ﬁ%&ﬁ%%%ﬁgégﬁﬁ?ﬁ%ﬂﬁe monomer is a
hydrocarbon monomer, Le., a compound containing only hydrogen and carbon atoms, including but
not limité97d) oleflRsema erbodiosats thy perkygation gapingtespolygieiin is derived from a

2010/00937REd S 2R0/ 0RO Ralslinsnand hiepereavingdiaiy skadi-iimmbont 20 carbon atoms,

e.g., from about 4 to about 8 carbon atoms. Some exemplary. mgnomers include iso utMene, styrene,
beta pinBitEe AiBERan At dRRATRS SPRUHIANE. SHIBRECTMEH RN BTN SOHATARFARYE'T -pentene.
Mixturehdn QR esAg! 880 dsenke HBRG oS4 negmefemMbogihenibutiienndatvakrs. ale

polymerized to produce polymers of different, substantially uniform molecular weights. In some
e B S B BT E RGO SE0h 300 (v LELEE of a milion gimol
some embodiments, such polymers are low molecular weight liquid or viscous polymers having a
molecul##878ight &1 firome ahnbwidoents, 1 Gadegation sredlistsdngtelefiads geseatadtemeric materials

having rogleciiar wWeights o fram,ARAYLLRR-0000 A A% A0RORRbRE B1f €Al R1MS @eids for
quasi-living carbocationic polymerization reactions _ ]
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.

-14-
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[0085]bl the methods provided herein, in some embodiments, the Lewis acid is a non- protic acid, e.g.,
a metal halide or non-metal halide. [0086]Some examples of metal halide Lewis acids include a

titanium (IV);habigler@ggc (1) halide, a tin (IV) halide, and an aluminum (Bh-halisige ggestitanium

tetrabromide, titanium tetrachloride, zinc chloride, AIBr3, and alkyl aluminum halides such as ethyl

aluminum dichlorigie ang-mg iyl al IRME HRITYER o RAMCHoHMGH AL RB:MIal halide Lewis Acids

include an antimony (V1) halide, a gallium (lll) halide, or a boron (lIIl) halide, e.g., boron trichloride, or a
trialkyl aluminum compound such as trimethy] aluminum. [0087]Mixtyres of two, oy more than two,
Lewis aéﬁ@@hn a@&%&&?ﬁ%@"&&rﬂiﬁ& ﬁ?ﬁ&ﬁ?etemﬁaﬁgr?ﬁh]#? ) ﬁé‘“ﬁ% R Halkyl
aluminumaiéargag tisodsedohmamicemifetithents: the Moichinitatiexatislef éluminum (111) halide to
trialkyl aluminym is greater tha hile in gt bodi e stoichiometric ratio of aluminum
(1) hacE TR TR L Bt e S SEha e VB 8 about 11 aluminur
(1) halidectopckalied! taluefimenedeerabnu fd sarstoinbimhinatnics r ativoob idr adwreaimeda(idh) dnakickerto trialkyl
aluminum. compound: or a stoichigmetric ratiq of 1-2 alumi 11): halj rial inum can be
used. Incangtlﬁé)r'd gﬁfgﬁﬁp eo, 5&%&?&@%@%&%&%&%&‘%&3&%% %ﬁr%%%ﬁﬁ@é#%mmgﬁ%ﬂgsed 100881In
some erabbditinestts, the indfwissechdnifon treadddiderinla sutabrebedintset othdiibsisdricumydne aliquot
Or more LA 80 algial. 09 e ARl TeSHRBTITUTE SHEET (RULE 20) WO
2010/009379PCT/US2009/050965 liy) Electron Donors for quasi-livime carbocationic polymerization
reactions 10089]As is understood to one of ordinary skill in the art, some electron donors are capable

of convening tradffbonal pdTherasicnitaraisatdnpi ifinsifoamy sime MeRRST ARARE. 1n some

embodiments, the methgglssdasatbest-Becgtivale pavieregtiodheniasance of an electron donor.
100901In some embodiments, the electron donor is capable of complexing with Lewis acids. In some

embodimgpys, the gleclion dpnaris:f.0ase adiaroncleanliles I soms e BedneRis, he electron
donor is capable of a g%racrfllng or removing a proton. In some embodiments, the electron donor is an
organic bifmi¢nrsorrecomipddimuatis|ithacatedicoatigororoisdiivamidinder seshe@mitvdisnents, the
electron gaor & Nreimeiismanids dbelmenaselamiffoAu b sdistdacetarige. In some

embodiments, the electron donor is a sulfoxide. In some embodiments, the electron donor is dimethyl
sulfoxidélupsibising BATRSHIRRNTS afeosttrbHIdBIET Bl afncoRe FBeMBHBMARITBSTIAR electron

donor is gk, acetate Rt el acslate. NeemeaphedimentscihrelRekendgpatismahgsphate

compound. In some embodiments, the electron donor is trimethyl phosphate, tributyl phosphate, or
triamide Fex8fethfibrrb 200 d4A%8 bivbdihahihitle b oTPesHst 1Y EHOKYtehftdMtaining

metal compound. In some embodiments, the electron donor is tetraisopropyl titanate. [0091]In some
embodinf#n8} thelelsmireerdbodirisny nbinmdoaapyridineiterddaivigolaf some eredddiments, the

electron do ”O%Q{ESO%E%Q%BQ&%;}%@ W following formula:

3C CHg CHB

H
F’oiyisoi:»u‘cyIene\)k/&B
CHy_

[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 polvmerizations

{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'-CRRy)R, 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,

w] 8-
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wherein RI, R2, R35 RI, and R5 are each, independently, hydrogen or hydrocarbyl; or Rl and R2, or
122 and R3, or R3 and R4, or R1 and R5 independently form a fused aliphatic ring of about 3 to about
7 carbon atgpps,ppadkegd aromatic ring of about 5 to about 7 carbon atopsy)psSesnesaspbodiments,
R1 and R5 are each, independently, hydrocarbyl, and R2-R.4 are hydrogen. 100921In some

embodipeiisqheSlpcHoNERRHISIR &ticteritadipridioe R Srlutidine e dwlismsashirividine,
2,4,6-trimethylpyridine, 2-methylpyridine, or pyridine. In some -18- SUBSTITUTE SHEET (RULE 26)
WO 2016706379 PrS FATZSIRISTD SIS el EHIRIL AR d e eliF Sa0 SBPRIERNLFre thy Rfliline or
N,Bl'dimREWH@%%B&bB?WQﬁ?Q@meB& éaﬁ,@mm?wm IS chdutidings. (v)se@mon lon Salts
and lon Salt Precursqrs, for quasi-living carhocationjc polymerizatiqn reactions 100931In some
embodirﬁ%‘rl?@j,lﬁ’c?mﬁ\ $‘Fo%%i‘f%e& ﬁ&%%ﬂ%??h?%@bgﬁ%%ﬂ%ae%‘@m% reaction mixture in
addition émbsdimeepadersenditoftbé fejeRt anddonaimin sstmgrewihg dpaded srsuchosadts inay be used to
increase the ioxﬂnj‘)c 3tren thé s%pSQre s free iqr_’l%}aq(_:l E{‘tefﬁ%ﬁ%iéﬁdiﬁ%d {exch n e'e!n% some
embodiments. the e NI AR Ui Brreegiﬁsor |sofetPar?3§uPty amimonium chiBride 16 Some
embodirieis;itnettpimonoyi hati daltireoufeopis istiantietylainmprifsmed dideolhirsemeRenflsodiments,
the concengration of the common ion salts or salt precursers in the. fotal reaction mi y be in the
range fr%&é%gﬁ? %?8‘65@%822"8&“1’.{? r t%"%%z%‘f' g?% Mo é% é]tégr |ttér.g$r% gogrﬁg e%qb%%#r%&img, the
concentthtidnititivre ofom mdniiplesais ynednbrc lrsomsd Sinbgdimane thoinidéonise G005 oles per
liter to agg 023, 00les Rek diter. In some embodiments, the concentration of the common ion salt or
salt precursors is in the fFange from about 0.001 moles per liter to about 0.007 moles per liter. B.
REACTION OF THE CARBOCATION TERMINATED, POLYOLEFIN WITH AN ALLYLSILANE
compddRiBljoogBREE T ERB R ATRA R PR e AR AP BRER e AHRY. RYOTHEN reacted

with an gllylsilanacespewis ipdarenan. allditaimingirei@olyneinrii @breroodiment, the allylsilane
compound used in the preparation of the allyl-terminated polyolefins has the following structure:
wherein *ﬁ%?ﬁ%?%?&%?earE’%ﬁW}?"a‘f}&)f?%?ﬁ%réf?é‘ﬁé’fg KH?’?&W@%@B@%@H@&Z R5, R7 can be,

indepenggailiproeihy) i ethylnplopylae:; pheoplotyislpseéariastemipodimeninib ealpyisitane compounds
is aIIyItri?%Q Isilage. 1001951In one embodinrr;f(:a‘}r%t(g Pg; thkg}aﬂqrg_s(ﬁ ing&ntiorh a cart‘ﬁ%cationic polyolefin
t

chain end is re%ﬂédpvl\llﬁrﬁyﬁ%%%th@rsﬁ%é INIhe precence ofa Lews adid, a& ifustrated below: -19-

i.e., di(cumyimethyl ether); 1,3,5-tri(2-methoxy-Z-propylibenzene, i.e., tri{cumylmethyl
ether); 2-chloro-2,4,4-trimethy! 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-acetyi-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, Z—methoxy'Z,4,4-trimethyipentane, 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-chlcro-2-propyl) benzene. Some examples of multi-functional initiators

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

{ii) Monomers for quasi-fiving carbocationic polymerization reaciions

[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

-16-
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SUBSTITUTE SHEET (RULE 26) Polyolefin SiMe3 Lewis AcidPolyolefin CH2-CH=CH2

[00961The Lewis acid can be one of the Lewis acids listed above in Section IA(d)(iii), or can be
another suitglleg:gnis:asid. In one example, the Lewis acid is TiC14. [00@ ¢ anniiepsmnbodiment of
the present invention, the carbocationic polyolefin chain end is derived from a quasi-living

polymerizalignsandithe seasion abhassas-iving sabesainnicshainetomibte altsilane
compound is conducted in situ. For further details, see th%égg%jn‘g references, éhe entire contents of

each of WA SAEDRT A1TDate OTRR STEIRIAGE HRARITE SRR SHE- STANE SR RRLE inear and

tri-arm stapRal/isokdiviRnessagiepextnansihivdiokyldeles) ehesithergiyom fetvaneet al., |. Poly. Sci.,
Part A 28, No. 1, pp. 89-104 (1990); and "A Novel Method for the Determination of Propagation Rate
Constan¥8¥ ¥ RRSRRBIgBHET 258 4t 1sobutylene,” Roth et al., Macromolecules 29, pp.
6104-6109 (1996). (INCOPOLYMERIZAHON OF ALLYL-TERMINATED POLYOLEFINS AND
UNSATIRNTED BGHMC dRiBAGTANST She monomers are polymerized to produce polymers of

different, but substantially uniform molecular weights. In some embodiments, the molecular
weight of the polymer is from about 300 to in excess of a million g/mol. In some
embodiments, such polymers are low molecular weight liquid or viscous polymers having a
molecular weight of from about 200 to 10,000 g/mol, or solid waxy to plastic, or elastomeric

‘materials having molecular weights of from about 100,000 to 1,000,000 g/mol, or more.

(il Lewis acids for quasi-living carbocationic polymerization reactions

[0C8S5] In the methods provided herein, in some embodiments, the Lewis acid is a non-

protic acid, e.g., a metal halide or non-metal halide.

{0086} Some examples of metal halide Lewis acids include a titanium (I1V) halide, a zinc
(I) 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 methyl aluminum bromide. Some exarnples 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.

[0687] 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 (II1) halide to trialkyl aluminum is greater
than I, while in other embodiments, the stoichiometric ratio of aluminum (III} halide to
trialkyl aluminum is less than 1. For example, a stoichiometric ratic of about 1:1 aluminum
(111} halide to trialkyl aluminum compound, 2 stoichiometric ratio of 2:1 aluminum (1II)
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.

[6088] 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.

17
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(0098]After formation of the allyl-terminated polyolefin (e.g,, allyl-terminated FIB), the allyl-terminated
polyolefin is copolymerized with an unsaturated acidic reactant. In some embodiments, the

copolymerizgion igqeshermed in the presence of a free radical initiator. InpeReRXNMEEyEhe product of
the copolymerization is polyallyl PIBSA. [0099]Some non-limiting examples of reagents and conditions

are provided beloy,inEResianS kb )ok ki Aivi B IR AN ED, NoHHG R B §ANA [00100] The

term "unsaturated acidic reactant refers to maleic or fumaric reactants of the general formula: -20-
SUB ST |L.UTE SHEET whe e| and X180& each |nde ndentl selec % from the group
consistir‘%ﬂg% H, ‘AEI - ?8%8? é?g) S O er%ﬁléir%ltloge%h g.?’g 8n0 6(% 1] En some
embodirgmtde Xfandvéttarg mnahdtmﬂmammwmmns qamsémeg ipodyasylagioprreactions.
Maleic anlydiide 3 ane SXBNIRIE Albanealudasaalsch gkl egentrii Hpmobmalsic anhydride
in copoly?iners such as those cr| herein Is particularly useful because the resulting succinic
anhydridé grolgeschrdenghout the copolymer can subsequently be modified, e.g., as described in
greater detail below, in order to further modify the characteristics of the copolymer. (B) FREE

RADICARgOTIATIO BIR0d0B M Maniedyeé Bleeraslicsddniiatgrmrrefsiadiaiag ustiDdnidating the
copolymerlzatlon of the ally|-terminated polyolefin and the uns&%rate acuiié? ja ent. [00103]In some
c

embodirfidfits oS SEMERERIHAEAICHRIRIAAREH 5,7 AARP &Rl BUFE R AN iR or. Such free

radical igitiBbarmeie, wiedlfeomwn ﬂa)ﬁbeiaﬁaﬁdwaeﬂHBaf@wd@-Qrpem@&wgermm |h1tmﬂes, azo-type
polymerizatio |n|t|at0é8 ?Tnd radjation are examggaf.ci Pseful fre |atorsf rcop lymerization
]

reaction& S RAAL rd HPHETREIETT FOBTYEITRE plr it % rnel%nr%i&lc |n| itiator can be

organic dsriopiganienidesdmsome embodimerts, the e!ectron donor is N,N-dimethylformamide,

N,N-dimethylacetamide, or N,N-diethylacetamide. In some embodiments, the electron donor
is a sulfoxide. In some embodiments, the electron donor is dimethyl sulfoxide. In some
embodiments, the electron donor is an ester. In some embodiments, the electron donor is
methy! acetate or ethyl acetate. In some embodiments, the electron donor is a phosphate
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 R
I

RS Y R,
Ra

wherein Ry, Ry, Rs, Ry, and R; are each, independently, hydrogen or hydrocarbyl; or R; and
Ry, or Rz and R3, or Rz and Ry, or R4 and R 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 atormns.
In some embodiments, R and R; are each, independently, hydrocarbyl, and Ry-R4 are

hydrogen.

[6092] In some embodiments, the electron donor is 2,6-di-fert-butylpyridine, 2,6-lutidine,
2 4-dimethylpryidine, 2,4,6-trimethylpyridine, 2-methylpyridine, or pyridine. In some
-18-
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embodiments the organic having the formula R300R3 wherein R3 is any organic radical and R3' is
selected from the group consisting of hydrogen and any organic radical. Both R3 and R3' can be

organic radig@yS, g Hediyslrocarbon, aryl and acyl radicals, optionally carrym%lg&w)dgi%such as
halogens. Some non-limiting examples of useful peroxides include ditert-amyl peroxide, di-tert-butyl

peroxideniaHaRHE O RPHESRAPRR S WY RS ISt op WBR Bk frsiifait. (Blwfes benzoy!

peroxide, lauroyl peroxide, other tertiary butyl peroxides, 2,4-dichloro-benzoyl peroxide, tertiary-butyl
hydropetBbeiniadty i eifsHarodener hathyitdeycarbonate, tertiary butyl perbenzoate, and the like.
[00106)The azo-type compounds, typified by alpha, alpha'-azobisisobutyronitrile, are also well known
free radical promotingimatesialfonl Se/8zaneb iapobidPeanbhe definedhasithiose havinggiesent in the
molecule group -Nr-N;nvgr}gr lior;?tpe% Q%I%nces are satisfied by organic radicals, at least one of which is
preferably attache%e%?fe%ml%mrf Other suitable azo compounds include, but are not limited to,
p-bromo benzenediazonium fluoroborate, ptopydiazoaminobenzene, p-bromobenzenediazonium
hydroxid80¥¥bomelhsaacaiabodnsitiaconugs Felisds ¢CIB NUENTS 0By F PhecE8HBlymerization
reaction,gandag grNducied REatIR! 13aihenayasiiving-alvider Brnatel RRIYIsHY. the Waraturated

acidic reactant, and the free radical initiator can be combined in the proper ratio and then stirred at the
reaction®fBRASERERIe STHSHAS BRI Reeral iaiEraera iR S ALY BB e ECHIAF athce.

100108 }ntteseehvalYighifl keaeHRp-Can ffnenshitnt-tna MiluMafar exane.dhadeaqtants can be

combined in a solvent. The diluent can be a sinétqle com_’gound or a mixture of two or more compounds,

that conTpREE K HRARKIBARHSRESIy Tb5as G0 OIS Re St EOPARARIAT LSS EFRAER! RABK 3 reaction is
completeuvpiatite eRmpiot RS sathhestippachel, H2) RN AR RIS oH0R1Q%E In some
embodim?nts, the amou%ts of }rhe different reactants and the tem eratLg)re oge?z} ion are selected to
provide TR PEETRSAE 4B A RIRY FRGOLIFBER PR SRR TAR2E AEPR AR AR RReIR6 1101 The
amount bfefreeatadica i watos terdivgploly exctusivedimadiatinn cdepeandd do of ldrgeomdent on the
particular free radical initiator chosen, the olefin used reaction conditigns. | e
o o e e e Y D0 R o e S B8 s o
free radmaldspatdnearelbetweesbalifidngn the Qedemmlesnafiiieecadicad iwitiaddr pesainole of acidic
reactan . : 10: - . 26
2010/0Ot%rg%rﬁ%%%%éq%%%%%g%%gf%é%%ﬂﬁég%%%%Q%{%Fe%%tg{ﬁﬁgs g?f;%@%% é%iloYtr\%%em perature is

sufficiently high to
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
'\ “Re
///\/ S[ ~ R7

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

allylsilane compounds is allyltrimethylsilane,

[C095] In one embodiment of the present invention, a carbocationic polyolefin chain end

1s reacted with allytrimethylsilane in the presence of a Lewis acid, as illustrated below:

-19.
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break down the initiator to produce the desired free-radicals and to maintain the reactants in a liquid
phase at the reaction pressure (e.g., atmospheric pressure). [001121In some embodiments, the
reaction timgis-syfipiant to result in the substantially complete conversion&f e asigigdgactant and
guasi-living allyl-terminated polyolefin to copolymer. Example reaction times are between one and 24
hours, e.g., between two and 10 hoyts~[00113)As noted above, the subject reaction occurs in liquid

phase. The quasi-living allyl-terminated f2, unsaturated acidic reactant, and free radical initiator
can be brougiy; Wau%d@uitame_mannex,e.gpgw; asidi!\_/iiggﬁﬂlggégminated
t

polyoletin and unsaturated aclidic readtantsreigrought into intimate coptact ifh the pres@nce of free
radicals generated by the free radical initiator. For example, the reaction can be conducted in a batch
system where the quasi-living allyl-terminated polyolefin is added all initially to a mixture of

unsatu_rdﬂéi?@!cidiéf &@ab@aﬁﬁza@&rﬂqaeé)frmmf thﬁ@é@o’fi,sawédﬁéiﬁéw, aheve mraﬁenvmglﬁéﬁ)ﬁlié}iman be
added inteymitianthe. o faBHnHoNRI i hG RRAIOR.BRL FBE RACIANSCARAISO be added in other
orders. For example, the initiator and unsaturated acidic reactant can be added to a reaction pot
containirfﬁﬁthe guasi-living allyl-terminated polyolefin. In another manner, the compo?ents in the
reaction [i%tlre af® EHEY EBHONBERI IS HHHTEH TOELRPRVIIF CARRTADORNC RIS a portion of the
product b esdiadyrivah fesrtoaqibey 1edatopsivhaeiesod Bed arcitabtannalse guikablyitake place in a
coil-type reactor where the components are added at one or more points along the coil. [00114]After
cbstantE BT SR T8 AU JRIANE SeBR IR S R e ES P Chn optionally he
removedietaifygseenivefiionalke ckfatanes, thgeryerechiems dheaphasSutich\wet theogematyiieyr to
substantially strip off.the xeactant. (IDISPERSANTS ING COPOLYMERS MADE WITH
POLYOIf%I Iﬂgﬁﬁﬁ%I\@)&W&Kﬁ‘éﬁs1]&&%5&6@@8#%?%&5988%&ITIONS INCLUDING
SAME [@olvis]Styohaners! epmewitll Alrdiaepiniciathdl jos hhetefinsghtvemsaslicatetbjcific reactants,
e.g., pol IR formed s ethod [ c e jth various
reactantﬁygrélgr%'pgoe}!)dg%%é%#g%%r#:i]tc?or% ity%%g%qrh?g?%?&g%a c% egrn%é%%{@%é/j}STlTUTE SHEET
(RULE J8pmeetizoRis00sromGsT Creixnedios0 S uhenastoisicisdfutieoopdhpthersalThe resulting
polyallylﬁ%éﬂggg{giygsp%a@1@@_@@%%'n various compositions, such as lubricating oils, fuels,
and concentrates. A. POLYSUCCINIMIDES [00116] A polysuccinimide can be prepared by reacting a
copolymer made ag described herein, e.g., polyallyl PIBSA made with all
anhydride, with eifeldh k&R A4t EmEE -d R DHRRALELBEEN YR amine or
polyamine is emplaae irvar POiRg BECh Aaiihe rerare 4vtns1.5 equivalents of amine or polyamine
per equivalent of acidic groups in the polyallyl PIBSA/acid-catalyzed thermal ally! PIBSA mixture. In
some ergﬁq%’men' ine.j 18V ifrogen atc O.garbon
atoms. [ Ollhlllt. r%g)% t')Pe gﬂgﬁﬁ to%i% gﬁ%’%ﬁ[&éﬁ %éeﬁ%%ﬁgggiﬁér% ?gggﬁmﬁgjﬁint. é%?ul solvents
will varyaéiy&féanlb@edez@mﬁﬁéd ficwphisreetirs Goiiffcer wrsrduritrs arjskeiraesiant TYpRsag, the reaction
is condugiad AtGMPaIaLYRT MR AR0R E&Jf&%&%%@%&&.&@@& 83 raB0F iRk QC 1 for from

about Ito 10 hours, e.qg., from-about 2 to 6 hours. Typically, the reaction is conducted at about
atmospHé’ﬁceW%@?%MéﬂfHWBFW%M@Q@M Bi&®Pe used depending on the

reaction temperature desired and the boiling point of the reactants or solvent. [00118]Water, present in
the syst¢@099] gengsaieddylimaitgaationpleanfreagmovad fwiditions are provided below in

Sections [{A)-II(D).

all I-terite PIB and maleic

A. UNSATURATED ACIDIC REACTANT

{00106] The term “unsaturated acidic reactant refers to maleic or fumaric reactants of the

general formula:
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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 100C to 250C) and
red.uced pressles I,ngrﬁglove any volatile compongnts that may be prese%iﬂﬁtgﬁ}g@%% [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 molecgle. Polyarnines 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 1:1 to 10:1. [0@12Q] Non-limiting examples of suitable polyamines
that can be used to form succinimides of co mers 3uch as those described herein include the
following: -24- SUBS IITUTE SHEET (RULE j ) WO 20101009379PCT/US20091050965
tetraethylene pentamine, pentaethylene hex#&fhine, D&w E-100 heavy polyamine (M" =303, available
from Dow Chemical Company), and Union CaWPA-X heavy polyamine =275, available from
Union Carbide Corporation). Such polyamines engompass isomers, such as branched-chain
polyamines, and substituted polyamines, including hydrocarbylsubstituted polyamines. HPA-X heavy
polyamine contains an average of approximately 6.5 amine nitrogen atoms per molecule. In some
embodiments polyether diamines such as Jeffamine(r) ED-900 and the like, available from Huntsman
Chemicalizeshipdnyndiake sdeckdipacinel e pedadih énta drogratip amsiveisisoth@E, NGihenyl- |
,4-phen.yé)e_ri1ggti3arglw¥e[\ (%dPENIBé? t%fggnégeé%gr@ggn%e}é;sa(raéj._w_some embodiments mixtures of amines,
polyamines, pofye €r diamines, an ATOMALIC amines may be used. 1001211 The polyamine reactant
can be a single compound or a mixture of compounds reflecting commercial polyamines. Typically,

commert94ilBblyariinesa fankadiaents it which dre BekERsrhpEormbennls fypstHonsipaitEith the
average;Gmpesianndice dn BN SXamBIcI JEIARIBY SRS PENEARIAG RreRaraditiiing polymerization

of aziridine or the reaction of diehloroethylene and ammonia typicallé%ncludes both lower and higher

amine nf&A§EErs Tasseridtmplsirnbrdridadn sopdimessirashees daserven ey féne hexamine, but
the compasitipnrds @kl tetaetindens peptamingant fhe enpiiea issnpub ofHheoliBh-amine

composition closely approximates that of tetraethylene pentamine. [00122]Other examples of suitable

\ thyle e. [
polyamirt8R SHRAEECAH R L Brda e JESARSAdhenTatanI dr RIL RISy chdRs d e Biktures of

diethylengotiigniiee e e vy ndl et e exemplary polyamine admixture is a mixture containing
20% by weight diethylene triamine and 80% by weight heavy polyamine, 1001231 In some

embodiments in wij I%ﬁﬁﬁ [ & ine, are employed, the amine is a primary amine

! RABIEA INFPERIOR'®, ! !
secondary amine, or mixture t ereo‘% 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 MUY aliprigrichrint drse drdisasingizisnpiss Biehieie whinddtiairg®ebut are not limited to,

octadecyaipinganaideoscyamifiecAh Sxainiie okt sHilaipe midtiraed aminasdgdallowamine (a
partially saturated mixture of amines including mainly C18 amines). -25- SUBS [ITUTE SHEET (RULE

26) WO 009379PCT/US2009/050965 1001241 Mixtures of monoamines an%h Q%yamines can
b useq A (o e SRR e A A AR R T TR S AR o> =
Jeffaminagiyphindt atnin Gaich fisisrediva sotheosuitabie il sedvB iPOE YESTERS |

[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, dicumy! peroxide,

21
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1001251 Polyesters can be prepared by reacting a copolymer made as described herein, e.g., polyallyl
PIBSA made with quasi-living allyl-terminated P1B and maleic anhydride, with a polyol, under reactive

conditions. Jhe.pal¥alsfaave the formula R"(OH)" where R" is a hydrocarhon radicalapslx is an

integer representing the number of hydroxy radicals and has a value of from 2 to about 10. In some

embodipents, he RONOIS GAYIIBES SRR LAURAN BI%RR,AR6 NANEEaB.4- R:3Rkgut 10, e.g., 310

6, hydroxy radicals. They are iIIustrated’.by, for example, alkylene glycols and poly(oxyalkylene) glycols
such asksteyidaeieieot bafdthylenpeaniids) aastatiydiqacancdn, HRbBpIRRS YRRBNC tri(butylene
glycol), p&g%@@gj@ﬁ@&yﬁg}e,@g pihekpoly(oxyalkylene) glycols formed by the condensation of two
or more moles of ethylene glycol, propylene glycol, octylene glycol, or a like glycol having up to 12

carbon s in the alkylene radical. Other useful polyhydrjc.alcohaqls include glycerol, pentaetythritol,
o a-hex VB oit B GreelSR AT Ao RO Y AR E S BRI T BRE glycol,
and 1,3, wetyicohextiaettidlc4D fremipsiafuimalyials. dfbdigcloseghdnndSaR at, dbindddB41038, issued Jul.
5, 1977 to Vogel, which is incqrporated by reference in its entirety. 1001261Esterification can be
eitected e BRI L (GO re B Abo OB B BB ABEE & 60 3. P 188 b about I60C.
Ordinarityditedsreattionhdsecaf riducbus ptesefablaratialifeatmashéaiy prassur®tbdthoiighiprgssures above
imosPc SAMDS MBIV the 1l Rote VaIBHIE KeRclADiR, N RS STRgIdmants, stoichiometric
amounts of reactants are ’employed. The reaction can be run in the absence of a ca alyst, or in the
presencpdazasitingpencenal ysbaunhbasaenndiacasirs hudtonits avigmethanis age acids and the like.
Suitable, ﬂiﬂQzBQRQHiH{l&i@Qd 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, ECQD HE imides made using polyallyl PIBSA made with quasi-living
allylterminated PIB and maleic anhydride, can be further modified by reaction with a cyclic -26-

SUBST I[P |SHERTC (R E 2B WO 201 H0S@3ZORETUSOSH/ 050 96 Shearbasnditeng he resulting

pOSt'”e%é WEQHH%B@}%Q%}‘?JE ”El%rﬁ.g% (8%‘? agfdﬁg‘ire%@{@ﬂ‘é% eo%‘?é&%'zi'?c%tf‘#%ﬁ?%\{j@m hydroxy

hydrocarbyl oxycarbo roxy poly(oxyalkylene) oxycarbonyl, a hydroxyalkylene,
hydroxybékspenenssitoyalkepenetio prgidiarestiteadaf fooE2eiensemeservsodirhe nEsatheiegdclic
carbonaje; pastireatimentis LRrRAuUced;upder senditiQas sufficient to cause reaction of the cyclic
carbonate with secondary amino groups of the polyamino substituents. In some embodiments, the
reaction js ducted at temperatures of abouyt OC to 250C, e.g.., from 100C to 20QC, e.g., from about
500 10 B ER8l [0 A SG AR HSm RO CPB PRI RS BAINSBROBES WD olEred i the
presenceaftancatatyist (suedhirrs amaitienhdbhe dilhewianbidcatalissthripepadding mixte viscosity of
the react?rtmts it rgla%/ be useful 0f onduct Ehte Ireactiqn usin an inert g{ggyicdsol\ﬁent%r diluent, e.qg.,
toluene Or )%,/ ene. %acr?ﬁ% SRR %tbci%m Fa?ygtsn fRCrGeT 8sep¥ic9rr| aC|a,)601r%Sr? Fr?ﬁuo?ide, alkyl or aryl
sulfonic meidicardrajialeats alkadinte edbticar omane] {60 1 3R Dnecexampies ofatesefifipedatic.carbonate
is 1,3-dioxolan-2-one (ethylene carbonate), which affords suitable results and is readily available
commercially. [00}3] Ik bq ol Ghanaemiysis carbonate employed in the post-treatment reaction is,
in some embodiments, based upon the theoretical number of basic nitrogen atoms contained in the

polyami stitutent of the syccinimige. Without wishing, to be bound by theory, when one
Curval i Eh SRR 1 RSB AL 0 L LIGRRETr QA RCHRyEn . the
resultingbrsastiosimieniclecndit! thosettzaihe cenilspthseelpastd ngrogen peorR B Asrormlingty, a molar
charge rgetécl)r é)J %WOL{Iéj.theoretically require that two moles of cyclic carbonate be added for each basic

. aracClCrislics, . . L.
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:PUbE8erablie RBwrabsliirseragistdnitizier roempprkedisher shmdaing slerangrdpdrties of
polysuceipigudesmmAd8ARHARSARPREL 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.
29
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above, e.g., polysuccinimides made using polyallyl PIBSA made with quasi-living allylterminated NB
and maleic anhydride, can be further modified by reaction with boric acid or a similar boron compound
to form borgigs:gispessants. In addition to boric acid, examples of suitabledpianromaesnds include
boron oxides, boron halides and esters of boric acid. In some embodiments, from about 0.1 equivalent

to aboutg eriuiyaleRtefR%aBERMRAY &H@ﬁiyavaﬁuﬁﬁﬁab&&ﬁaﬁwﬁawsf BHEHWO
2010/00 379PCT/1182009/050965 equivalent of % |Ir é é’l in the com%osmons of this

inventioRFEABETERHIBIRLOTT PIISHEIEKE (eeired) i RARAPES

[00133]Riglygyseitiatidesbrsod prepobellyl. Phﬁﬁuémaﬂﬁpwtbm@aa living ally!- terminated FIB and
maleic anhydride, such as those described above, are useful as detergent and dispersant additives in

ubricatiignoisy WiPHET BN fgﬂ%ﬁ@‘lh&%&ﬁ&ﬁwﬁ%% RAkSHGRTRITIARS i5aR. (ohexamplp. be used in
amount utlfoa out perceht by weight (on an actives basis) of the total compdsition, e.g.,
less than@@dcﬁt’&m@mwVh@l%ﬁ(@@&ﬁ@étﬁ?@é&b&%@Vi%ﬂvékﬁﬁﬁ@ﬁﬁﬂm’é@]ﬂfﬁt ®nly the active
'ngfed'e%?&&m PelysaciRiniges @R carsideedwhen deiarmining hermaudtabiradditive
relative to the remalnder of a composition. Diluents and any other inactives, such as unreacted
polyolefifuife excluded. Unless otherwise indicated, in describing the lubricating oil and final
compositions or concentrates, active ingredient contents are intended with respect to the
polysucqtmm'tqes A08334 Lhe, lukricating aibttradosithdhe pplispbasainTHeguasylibeygnineral or
synthetic s of lubric sity and fer sujtable for.use in the crankcase.of an internal
combus i ST BR G EEA LA QIS B R A0 P B RS0 ot at OF
(-17.8C)towhitaptat ok (@8E)dsafmeningraeishactidgpardffinig, aﬂiaplt&hem@tahd other oils that
are suitable for. Guse lubri ica O.I| compositions, etic oils |n Iude ynthetic
oils and 2§ %ﬂ? fic eSters? s Fral scyf(r% ﬁeeflc ydrocaF8¥%0| st?nlgltu & po yr%?eg}:_':}r]oq‘X ‘%(%‘Tir% having
suitable ﬁmdlmlegnazh@hwmeﬁmwdi@ﬁhmmw@mﬁm ot Ot @mzmha‘u@m‘ﬁbﬁs such as |
cecene it ienarlvaenaRhe no R M e TR doiodredl RapreRe pan be used.
et rboxylic aci

Useful synt etlc esters incl esters of both mo nd polycarboxylic acids as

well as notidhydrexyisiiesrdisneatirsotyiolsi diseaspnas ané dreordisaldnipater; plemeEelith ol
tetracapgogle Idif%-p%ﬁwl@ﬁmaﬁda@%@de@'ﬁ%ﬂﬁ%@ﬁﬁ% eaﬁlm%u itgﬁY@P@&%ﬂ%fﬁ Pgeared from

mixtures of monoand dicarb oxy ic acid and mono and dih y roxy alkanols can also be used.

[00135]Bref@ateFHy Bl Badcd 8 aﬁtffsg)‘fﬁﬁénE@il§%@%@ﬁé@%¢*@&n€mﬁa‘5¢e€ﬂ@w 10 to 25

weight pricent bydwaghated 4dasghe ﬁam%ﬁmﬂ'rng?zﬂ@cﬁ&mwhg @ﬂsqqemﬁgt&&&m&m mineral oil
gives an_excellent lubricating oil base. -28- SUBSTITUTE SHEET LE 26) WO

2010/00@3%?%8%@%8@@@8‘[%13’6i@ﬁéF%m%gfﬁf?ﬁ%ﬁ w@waggﬂf 9 thiti¥ulation

include defekgani (exaHase teand ANt 9 yortiased khesoiiibitorsctoasnyinhibitors oietal deactivators,
pour point depressants, antioxidants, w r inhipi inc dlthJOphO hates and a; arle of other well
known atféft %é“[%ﬁ?%ﬁ‘ismeﬁ%téogom iﬂaqtlééaﬁ‘éfaé LEhhsich éyﬁree €§Fécf as ge t?Fbed above
can be emmh&mdta&@sqﬁ&r&a%anﬂ:detemmaﬂmmdmuhﬁ fluids, marine crankcase lubricants and
the like. In some embodiments, the polysuccinimide is added at from 0.1 to 5 percent by weight (on an

active PO 'n"m@g Wasehin e dics andaiglesably Al itamd sdedar el paicentian an active

polysucc nimide ba 1001381Polysuccinimides can also be used in additive concentrates, which in
some reactant can optionally be removed using conventional techniques, e.g., by reducing the

pressure over the copolymer to substantially strip off the reactant.

(1) 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

-23-
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embodiments include from 90 to 10 percent, e.g., 20 to 60 weight percent, of an organic liquid diluent
and from 10 to 90 weight percent, e.g., 80 to 40 weight percent, (on a dry basis) of the

polysucciniggigagsihpigaly, the concentrates contain sufficient diluent to makegggseasysto handle
during shipping and storage. Suitable diluents for the concentrates include any inert diluent, preferably

an oil of dybrieating i Seesityo 561 fhRtiha o RaRiL P Ay PEPTeail ierivat witatubeic ating oils to
prepare lubricating oil compositions. Suitable lubricating qils which can be used as diluents typically
have visttSiBS 3 MR TARBESHHHP 60 CE AR ER N U (119 BEYIE YT S E&ER 210F (99C), although
an oil of lubricating viscosity can be used. E. FUEL COMPOSITIONS AND CONCENTRATES
[00139]When usedkin Bédls( SiSErIINbRMOE IBtions 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 presgjag §f othesslpisrariia R dispersrpisAnnihaaddifiesoRinclapI S RYABHRENtS, the
range of concentration of the %{Iésuccinimide in the base fuel is 10 to 10,000 W%g%\ot parts per million,
Bt it

e.g., froRFIng 5000 imgAe ivithal ddrererrddriBaed oyl eirpalgd of the

polysucGRi¥ide Mands Ry FhshahiGeivinidesnaaibalsThadaimylateshias arfveheansentrate,
using an inert stable oleophilic solvent boiling in the range of a}bout iS -400F (65.6-204.4C). Useful

solvents'bEMHARE Jhammats SerBBHRITFAG L. i bmE U B SRR AS B Y SHEHEBF BR aromatic
hydrocagaaf skelvesttdsidisedospic ds psigatenelBsluane-xytdrecdriigher HgiiniRdtomatics or
aromatic thinnerls. Alliﬁhati(%%cohols of aPoutB to 8 c%rvgon atongsés%h as isogro %@l’nd
isobutyl&’é’rgﬁf&, R- BRSO e RR ke P R B A TS ﬁl"?ﬁ%&} ERIOST SO E s -529-
SUBSTIBUITESiERIFRULE 26) suitable for use with the polysuccinimide. In the fuel concentrate,
the amount of the polysuccinimide will, in some embodiments, be at least 5 percent by weight arid not

more 7%9@{@9{“ By WEIOKY £SO éo%écg’tﬁeg-e%&wﬁ L0400 deighiPereRAl BEAYIPLES

[00140]The invention is further illustrated by the following examples, which are not to be considered as
'imitative@VRBISSG e apiena SR be Hetpained iTomuliiAtaaia s RRSS IR (U6 12 SR RCTBIFDNeck 3000
milliliter repadipotinmdlagknas GRviREE ddiRRMmANehe ad Magbarigahsirgk apepiatinum resistance

thermometer. This agssembly was immersed into a h\iaé)ltane bath at -70C under dry nitrogen gas in a

substanti&yGned alrfbSpRer&gtover BBRmARAU Asio WA EtHEN TR bRl MRTHREGS g reactants: 809
mL hexangrauilitratedaior QCorSerd aaibyt shtssie:6 yldsaiethaives; Hgher g ser

pentaisobutylene hydrochloride, 1.16 L 2,6-dimethylpyridine, 1.39.grams tefra n-bytylammonium
Chlor s PR BRSPS AR bl B PR O JEm B 45 ARG R LS BYHE round boton
flask wepaiftisé¢chthemughlvansegquilibrated at

[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
aming 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
1:1to 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:

-2de
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-70C. [00143]With continued stirring, next 4.7 mL TiCl4 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. Aftey@3 mipdies;mixing time, 28.0 ml TiCla was charged to the reagtgnaaghihg@etution was
allowed to react for 9 minutes before 100 ml methanol equilibrated at -70C was charged to terminate

the Le?q%?a@[{g@é%emwwgtmd raﬁe(hggdxﬁﬁﬁmdmlmevgio_ / v@gbmqngpwfﬁiﬁwmmoe,nts Eje.g_. i
methyl chlgyi ere evapqrate er ambient conditions.. rganic phase was exjracted with a
5% HCIaﬁalg%g(fggrv 2B JARN %BWS?JJ&‘?@?&%&&HW l%%%ﬁ%‘ga g\{gﬁg?{l h%gvﬁflﬁﬁl%%?ge ni¢ phase was
then dried 2jthvbabR 4:di efebnahstisdl EotporadunnSsictp pelg 4o el d Sddgpally iderrainated PIB. NMR
characterization indjcated the PIB contained greater -30-.SUBSTITTJTE SHEET (RULE 26) than 98
role perCaH R AP M ATSSr e e ST LF gt ST 1058 AR SR of 1.1 e
determiselsktitsirrg Wﬁmmbmama@hymﬂmam withvarag@ltbfaam@iasertdlglﬁt%cattering
detector, aad. aefragtive dex detector. Examplect,BIsRAIRIAN oL Al LPORIBSAA01451 To a 250
mL round bottom fask equipped with a condenser, overhead stirrer, heating mantle, septum, and two
syringe jffapse@anaee aG0ty dikallgvAigdkedrmrEkumistean(C1098 ¢abovmr@BP) maribe nitrogen in the

absenc%%fd‘.jiiki%ﬂ J 05 Al SR RS RGRGH .1 306 20K IHIsIWaR Adde AR gk di-tert-amyl

peroxide (0.01 mol) via one syringe pump at a rate of 0.017 mL/min and 16.2 g of molten maleic
anhydridd{BDsHandihvibks heatbe {SBC B yamgeplntragsratx or o, POAMIYM PRITHBINS Al time of

addition W?%tﬁe'?d?a'ﬁ‘ﬁﬁ@%ﬁﬁ@é@’&ﬁﬂ?@%ﬁ%@% tL5QCfor an additional 4 h. The mixture was then
018

heated tp 0C and the unreacted maleic anhydride was removed in vacuo. [00146j The product had
a SAP number (saponification number as determined by ASTM D94) of 98.4 . mg KOH/g, an actives
content @/\% tpﬁ%ﬂ?@?ﬁ’r@&dﬁf’%ﬁﬁﬁﬂﬂ g af iﬁ@%ﬁ%ﬂﬁﬂ%? g%%%%ﬁcé%’bpg cinic ratio of
1.2. Tha¢flonhgr avenage shpiderdngeeibiicdithecprocesti{tptéyanitineck usingrgekypennedticn
chromatoP%raé)hF%/ wi Universg[lsl CaI'braIiop W, St%940 and the disgjg(r)%iondigdt%é vigarsez.gnd_lf. l'léhe succinic
ratio ref&Fs 0 tHETFAnG CHRUMRRE T HCEE dance W?tﬁ“[ﬁg%rg%%lgﬁrlelanc’ln fsthematicar eq%ation set
forth in catasindénapentofité. SrePatahbNdep 834,824 tibwe afitthid dontentscateehioh &fre incorporated by
reference herei aormally, the succinic ratio refers t number pf succinic grou r polybutene
i I R e B B S e o
polybuténetalisie atramepsresdntiinitd eipotpalhdsPiRiSantesimisneCdenyparibatEkample A. PolyPIBSA

prepared from.gh i%%%%i}’ri[%{P&We%%Eaﬂ%&%&9%@@%&9&?&%@@%&%%9%%“ a

condenser, overhead , heating mantle and two syringe pumps was added high methylvinylidene
PIB (100Gnmgdernsbstli epnougnpesthay of SameindangwiiEeAR content). The temperature was
increased to 150C. Di-tertamyl peroxide (1.74 g, 0.01 mol) and maleic anhydride (15 g, 0.153 mol)

were adpigd g paraiply MiadwlsyisgieplyppE/ 2veied ddlpkrchikhecafeit arlvdrdgivas heated to
greater than 80C so.that the sample was a liqujd.. Both syringe.needles were positioned below the
Surtace BOREA H 8 T IRSTLE S S FERRILT IS, EBIRRATS BSE QSPRSE: DS TITUTE
SHEET ¢RihpEa26)o M 20 HdRD38r9P € G200 56186 3 (h dyessixhn dish eatedafainan additional
2 h. Then al’@?ﬁ):ess mﬁntl iC argfgf?'rid% was removed by distillation at reduced pressure at 180C over a
2h periga. 1 é’]“ﬁ%% pglfyalg RAd'S SAP number (saponification number as determined by
ASTM D94) of 123.7mg KOH/g and contained 81.6 wt % actives. The succinic ratio was 1.6. The
number [@fé2dbe foserambeimeatsie phiduet fgetssmitied HSRRAGERD Sih &Rl edrlihatography

with Uniygrsal CAOSRRAIOMNAS {2b88RY dhediSRErHanderyiasd oh 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|g amines).
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Comparative Example B. PolyPIBSA prepared from high methylvinylidene PIE at 140C 100149)
Comparative example A was repeated except that maleic anhydride (14.34g, 0.146 mol), di-tert-amyl

peroxide (1‘%%, ﬁﬁ%gﬁgop were used, 25¢ tetrachloroethylene was useq,@%ﬁé%\é%%g@d the

temperature was 140C instead of I50C. The solvent was removed in vacuo to give a product that had

a SAP nyas Of D40 J e, SAMRIS AN ARIAINS .12 AR, [ANERLTRBUCCiNiC ratio was

1.7. The number average molecular weight of the product (determined using gel permeation

chromaejbaprgenilirsniepianesgmrtmPiekuriso han b e igseldismine®y #4s 2.59. Comparative

ExamplgﬁﬂgQ&ﬁMgg%@gl{{g% kigh methylvinylidene PIB at 90C [00151) Comparative
example B was repeated except that high methylvinylidene (102.5g 0.098 mol), maleic anhydride

(14.7g 0.150 mol) tbiy%ﬁ%% te (2.25g, 0.0098 mol) was used, and the temperature was 90C
instead of 140C. Ttie's moved 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

molecul#iddight Beliesioradarcbedurparaddy triringal prrehatomedirontesaizgshieiith Universal

Calibraiop) s, 3601894 he ey i infsx s BuhhA0A 94k e ARy shagacterisics of
Example 2 and"Comparative Examples A through C are shown in Table 1. -32- SUBSTITUTE SHEET

(RULE 26fhwin!zoh 0r6tso s hvsTors 2ims/ 05uass yphbieve theatermalp RE(WH T 8hgr b bttives

hydrocarbon radical and x is an integer representing the number of hydroxy radicals and has a
value of from 2 to about 10. In some embodiments, the polyols contain less than 30 carbon
atoms, and have from 2 to about 10, e.g., 3 to 6, hydroxy radicals. They are illustrated by, for
example, alkylene glycols and poly(oxyalkylene) glycols such as ethylene glycol, di(ethylene
glycol), tri(ethylene glycol), di(propylene glycol), tri(butylene glycol), penta(ethylene
glycol), and other poly(oxyalkylene) glycols formed by the condensation of two or more
moles of ethylene glycol, propylene glycol, octylene glycol, or a like glycol having up to 12
carbon atoms in the alkylene radical. Other useful polyhydric alcohols include glycerol,
pentaerythritol, 2,4-hexanediol, pinacol, erythritol, arabitol, sorbitol, mannitol, 1,2-
cyclohexanediol, xvlylene 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
substantiall§ 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 irn the absence of a catéiyst, 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-
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SAP mg KOH/g ASR Product Mn 2 1050 150 86.5 98.4 1.2 1940 Comparative A 1046 150 81.6 123.7
1.6 1310 Comparative B

WO 2010/069379 _ BCT/US2069/050965

carbonate. The resulting post-treated product has one or more nitrogens of the polyamino
moiety substituted with a hydroxy hydrocarbyl oxycarbonyl, a hydroxy poly(oxyalkylene)
oxycarbonyl, a hydroxyalkylene, hydroxyalkylenepoly(oxyalkylene), or mixture thereof.

[60128] Insome embodiments, the cyclic carbonate post-treatment is conducted under
conditions slufﬁcient to cause reaction of the cyclic carbonate with secondary amino groups
of the polyamino substituents. In some embodiments, the reaction is conducted at
temperatures of about 0°C 1o 250°C, e.g., from 100°C to 200°C, e.g., from about 150°C to
180°C.,

{00129] The reaction can be conducted neat, and optionally is conduected in the presence of
a catalyst (such as an acidic, basic or Lewis acid catalyst). Depending on the viscosity of the
reactants, it may be useful to conduct the reaction using an inert organic solvent or diluent,
e.g., toluene or xylene. Examples of suitable catalysts include phosphoric acid, boron

triftuoride, alkyl or aryl sulfonic acid, and alkali or alkaline earth carbonate.

[66130] One example of a usefu! cyclic carbonate is 1,3-dioxolan-2-one (ethylene

carbonate), which affords suitable results and is 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
1o 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 | equivalent of boron compound per
27.
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1046 1140 61.8 96.4 1.7 1130 Comparative C 1046 190 52 47.6 0.9 1560 [00153]These results show
that as the reaction temperature is lowered, the % actives for polyPIBSA prepared using the
conventiong},gopelmgrzation process with high methylvinylidene PIB deggaagses) fsaansit.6% to 52%
while the Mn increased from about 1310 to about 1560, In contrast, using the allyl-terminated PIB to

make th@q&%@ﬂf‘&?'&ﬁ@ﬁ‘ﬂéd?k’ﬁBF%%FB}?}/MH gkthanmeMBIRS Hrwasik04ianthlyendo actives was

86.5%. [00154]Since high molecular weight dispersants are generally useful in preventing viscosity
increasee{’i‘l?@i’édsoot, 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 maintairingifipRICaaHNG YV Es (L OM FOSIHQNScAPTN O AENTEAEESHr Example 2 and
Comparative Example A 1001551 Multigrade oils (for example a 10W30 oil) meet the SAE IOW

ViSCOSiM(yﬁ@Eﬁt Polysuccinimides based on polyallyl PIBSA made with quasi-living allyl-
terminated PIB and maleic anhydride, such as those described above, are useful as detergent
and dispersant additives in lubricating oils. When employed in crankcase oils, such
polysuccinimides can, for example, be used in amounts of about 1 to about 10 percent by
weight {on an actives basis) of the total composition, e.g., less than about 5 percent by weight
(on an actives basis). Actives basis indicates that only the active ingredients of the
polysuccinimides are considered when determining the amount of the additive relative to the
remainder of 2 composition. Diluents and any other inactives, such as unreacted polyolefin,
are excluded. Unless otherwise indicated, in describing the lubricating oil and final
compositions or concentrates, active ingredient contents are intended with respect to the

polysuccinimides.

[00134] The lubricating oil used with the polysuccinimides may be mineral or synthetic
oils of lubricating viscosity and preferably suitable for use in the crankcase of an internal
combustion engine. Crankcase lubricating oils typically have a viscosity of about 1300 ¢St at
0°F (-17.8°C) to 22.7 ¢St at 210°F (99°C). Useful mineral oils include paraffinic, naphthenic
and other oills 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 I-decene trimer. Likewise, alkyl benzenes of
proper viscosity such as didodecy! benzene can be used. Useful synthetic esters include the
esters of both monocarboxylic acids and polycarboxylic acids as well as monchydroxy
alkanols and polyols. Examples are didodecyl adipate, pentaerythritol tetrécaproate, 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.

[60135] 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.

-28-
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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 negtakeileleeunconventional base oils with high viscosity indexcd)s Bpaogdeigrgent/inhibitor
additive package with a lower Cold Crank Simulator (CCS) thickening and 4) viscosity index improvers

(VI imprepgas) whishdmpigive dhe Mds asity ia gess af: fiorthe Ratesubitsonlineluse det¢hzaight combination of
these four variables can produyce formulated, ojls wjith high kinematic viscosity (kv) at 100C and low
CCS vis@“gg %%%3?%98%%\'8&}2"6@{6%5 ﬁ*&ésr é%%‘%%ﬁ%?ﬁb’ﬁ‘éf*‘é%%?%ﬁ‘ﬁugﬁ‘%ﬁra economy
passengeiatepretame) {REN@Yierwedaticibitorayzbe didsinpblesfbatasdispersanttiodiaiechoth a low
CCS viscosity and a.lpw kv. This can be determined by measuring the CCS and the kv for a dispersant
-33- sué’%ﬁr &%@iﬁ%ﬁ (RULE 26) dissolved in a diluent oil. A dispersant with a lower CCS and kv
may have the best performance. 1001571Under other conditions, it is sometimes desirable for the

dispersdffid Havdtdsrilgn sentarapialed et lisesdnimidemarcrased asiAsssover RPABRERLY% meet the
desired ViscRAY N adp Rl candas Arierminad B PRIRMING &nS erRussk AR Measyring the

slope. The dispersant with the lowest slope has the best performance. [00158] In order to demonstrate

the impré§dtkfoditempserane Braperte Patsirsipianidsose48rhay BRI BB A REETRR P¥rom
allyl-terngigiatedonlih Gempaiss ser tha naly BiS iervRd drent gesremtionalidighmeshylvinylidene FIB
the Cold Cranking Simulator (CCS) viscosity and the kinematic viscosity (kv) were measured for the

productSVSHERLBFHSR 087 EMVHBPRRSRUANA5I83 5  he results are presented in Table 2. For this

analysis the polyPIBSAs in Example 2 and Comparative Example A were first dissolved in Chevron
100 neufféi d38penP oy sutcaiviosd wfcanvee dadihiyaddtizeromadtraiestrdiighianpoitis a Group 2

simulator TR e By e e S able 2.
Dose COgvid/dHnannphul from 10 to 90 weight percent, e.g., 80 to 40 weight percent, (on a dry basis)

of the polysuccinimide. Typically, the concentrates contain sufficient diluent to make them

easy to handle during shipping and storage. Suitable diluents for the concentrates include any

inert diluent, preferably an oil of lubricating viscosity, so that the concentrate may be readily

mixed with lubricating oils to prepare lubricating oil compositions. Suitable lubricating oils

which can be used as diluents typically have viscosities in the range from about 1300 ¢St at

0°F (-17.8°C) to 22.7 ¢St at 210°F (99°C), although an il 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, et¢. 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,

isobutylicarbinol, n-butanol and the like in combination with hydrocarbon solvents are also
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(wt %) (cP) (cSt) 411814.8372 818736.010 4 1163 4.851 Comparative A

WO 2010/009379 PCT/US2609/050965

suitable for use with the polysuccinimide. In the fuel concentrate, the amount of the _
polysuccinimide will, in some embodiments, be at least 5 percent by weight and not more 70

percent by weight, e.g., from 5 to 50, e g, from 10 to 23 weight percent,
EXAMPLES

[00140] The invention is further illustrated by the following examples, which are not to be

considered as limitative of its scope.
Example 1. Preparation of Allyl-terminated PIB

[00141] A four-neck 3000 milliliter round-bottom flask was equipped with an overhead
mechanical stirrer and platinum resistance thermometer. This assembly was immersed into a
heptane bath at -70°C under dry nitrogen gas in a substantially inert atmosphere glove box.
The flask was then charged with the following reactants:

809 mL hexane equilibrated at -70°C,

756 mL methy! chloride equilibrated at -70°C,

90.3 grams pentaisobutylene hydrochlornde,

1.16 mL 2,6-dimethylpyridine,

1.39 grams tetra n-butylammenium chloride, and

325.7 mL of isobutylene equilibrated at -70°C.

100142]  The contents of the round-bottom flask were mixed thoroughly and equilibrated at
-70°C.

[60143] 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 TiCl; 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.

[06144] 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 org;nic phase was then dried with MgSQs, filtered, and solvents vacuum stripped to

vield 310g allyl-terminated PIB. NMR characterization indicated the PIB contained greater
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81714 5.851 1001591 These results show that the copolymer of Example 2 prepared from the
allylterminated FIB of Example 1 gave about the same CCS and kv viscosities as the copolymer

prepared freys epravpeitenal high methylvinylidene PIB (Comparative Examptarddsoblorssesult was
unexpected because the molecular weight of the copolymer of Example 2 was greater than the

moleculggvetahbRf fhe &rrOIDRE f ey pakaiiie Exarapledland therdfdrefri@ Sbpohaher of Example
' v%[gues. This -34- SUBSTITUTE SHEET (RULE
C

2 would have been expected to gjve higher viscosit
i ; R R AR e RBR W8 PP ating

26) WGEBORORd05 MR EFATRIE0S/BE 8B EPTWEP
detergenidlinhaibittichacisagdsddetseinnd s elimaies itdeanighe®r Reaction of ally' polyPIBSA with
polyetheramine and an aromatic amine to form a polysuccinimide 1001601 To a 500 mL 4-neck flask

equipped with a Dean-Stark ﬁ%m‘{ﬂ@;d_?rﬁ%kﬁ\ﬁm?@fjﬁ 'fSBiW‘&ature controller, and heating
mantle was added 40.22 g of ally} polyPIBSA as prepared in Example 2 and 20 g of Chevron 100N

diluent oil. The mixture was heated to 100C and 3.49 g, of N-phenyl phenylenediamine (NPF'DA) was
added. T4 48hpraffebrthEornbrEem ?ﬁ%ﬁqmgs‘&%é‘ 'i%% al(f@’éjpgaga;sagﬁ%minee ED-900

(a pOlYQﬁBﬁEr@?ﬁﬁiﬁ@; S%@M%mwﬁdwmc daﬁﬁ@h?&ﬁﬁ rilgaif@nmmﬁy&m;a&mh@mh . The
temperature of the mixture was increased tqo 165C and held at that femper or 1 h. Any remaining
water whs4dmdvel M“\?'a\ga\g)éwé]%’éﬁﬁ?gaﬁ& Efﬁ)%’égl% gggﬁuﬁﬂeaﬁﬁigﬁﬁ%gwg %aé%%ron 100N
diluent ail Via8agsed. hkeyasodidetiHagbanddctivies-eorylgrirofiBe Wb, raahjtvaegemecoritegst of 0.847%, a
TBN (total base numb etermined STM D2896) af 4.6 . / N (total acid
numberpéléngeatte?ﬁ?iﬁ]eocf @J@?fg{fﬁ%géﬁf{%?%o Iﬁ% %8”;‘53 %gj%hor\,/rvgﬂ tlgren%bé%%%gogrgﬁgrties of this
polysucbiritedd@0itade-firm mitybpo by BB SAGt84omdsente dline TabldiBiec@d ashiiatvesE Xdmple D.
Preparatipn of his TEPA po inimige-fr, J ' | lvinylidene PIB
100161 gﬁongxﬁﬁ%gf %gnm csalrljgcgr%ﬁgogt%rrt? Ias%%ﬁéﬁ)%@mgﬁagr?{ggﬁ#e%%gZ%E%{e}r{?%:yéﬁ?gnser, Dean

Stark traS0eatidghmanttesshmdestand: pdndoivas remo it dgEachilet tube was added 43.54 g (48.0
mmol) polyP1BSA (from high methylvinylidene PIB) of Comparative Example A. To this was added

27529 @b‘f‘éﬁp“ I9eNdiuaniaila The ampRIataRMRsiNG easatiaslhGranddo s meas added 4.53
g tetraethylene pentamine (TEPA, 24.0 mmol). The amine/anhydrid(i CMR =0,5. T%;g{r% erature was

increasé%gfa PFGE L RefB BULYR SRDH R R TREE A B BE O TREH W & h was
cooled. gRemRiedes PolysUsainmide iR iacives) Mad RumbeNaaad adsr@lctORE we 2 df cSt.

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 5 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 poiyallyl PIBSA polymer.

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

[06147) To a 500 mL flask equipped with a condenser, overhead stirrer, heating mantle
and two syringe pumps was added high methylvinylidene PIB (106 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.
31-
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" Low Temperature Property Results 1001621 In order to demonstrate the improved low temperature
properties discussed above for polysuccinimides derived from allyl-terminated PIB compared to the

conventiong{Bigf§a3es3JBSTITUTE SHEET (RULE 26) methylvinylidengRiBsihe slgLranking
Simulator (CCS) viscosity and the kinematic viscosity (kv) were measured for the products of Example

3 and Comypaketive wxenepled Borldreatiiptidtsad tehp MRseniedeiedsa binldickahikisanatgsis, the
polysuccinlmldiﬁ in Ex}ﬁmple 3 aratlve gz?gl Ie D re flI’SJ dissolved in Chevron 100

a
neutral ATAXEDIAEH ﬁtb%régtl’ffg%%et slué%laé I‘(’Fﬁea iB¥1€Cosity (kv @ 100C) was

measured using ASTM D445. The cold crank simulator (CCS) was measured using ASTM D5293.
These rééti#Shre ThopeliRIBEYIGSB! TEHEB Bumbam(skrBesealDS W Bioped (rme)edPy (cSt) 3 855

ASTM D9%4) of 123.7mg KOM/g and contained 81.6 wt % actives. The succinic ratio was
1.6. The number average molecular weight of the product (determined using gel permeation

chromatography with Universal Calibration) was 1310 and the dispersion index was 2.59.

Comparative Example B. PolyPIBSA prepared from high methylvinylidene PIB at
140°C

[00149] Comparative example A was repeated except that maleic anhydride (14.34¢, 0.146
mol), di-tert-amyl peroxide (1.4g, 0.0096 mol) were used, 25g tetrachloroethylene was used
as a solvent, and the temperature was 140°C instead of 150°C. The solvent was removed in
vacuo to give a product that had a SAP number of 96.4 mg KOH/g sample and contained
61.2% actives.

{06150} 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 P1B
(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 vsing 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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4.432 35964 4.750 281 8 1104 5.225 41034 4.761 Comparative D 8 1293

WO 2010/609379 PCTUS2009/650963
Tabile 1
Example PIB Temp % actives SAP ASR | Product
My C mg KOH/g My
2 1050 150 86.5 98.4 1.2 1940
Comparative A 1046 150 81.6 123.7 1.6 1310
Comparative B 1046 140 61.8 96.4 1.7 1130
Comparative C 1046 50 52 47.6 0.9 1560

[00153]

polyPIBSA prepared using the conventional copolymerization process with high

These results show that as the reaction temperature is lowered, the % actives for

methylvinylidene PIB decreased from 81.6% to 52% while the M, increased from about 1310
to abous 1560, In contrast, using the allyl-terminated PIB to make the copolymers of this
invention, the Mn of the polyPIBSA was 1940 and the % actives was 86.5%.

[00154]

viscosity increase due to soot, and in controiling siudge and varnish, these results show that

Since high molecular weight dispersants are generally useful in preventing

the copolymer of Example 2 made from the allyi-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

[06155]

low temperature and the SAE 30 viscosity limit at high temperature. Example of ways to

Multigrade oils (for example a 10W30 oil) meet the SAE 10W viscosity limit at

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.

{00156]
(PCMO) formulation it may be desirable for a dispersant to have both a low CCS viscosity

Under certain conditions, e.g., for a high fuel economy passenger car motor oil

and a low kv. This can be determined by measuring the CCS and the kv for a dispersant
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5.659 271 [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 Qighgngidvinylidene polyPIBSA even though the allylpolyPIBSA/hegh@ bigher M" than the
high methylvinylidene polyPIBSA. This may be desirable, for example, for use in a high fuel economy

passengakeRednateunildRGMQ) inipruation:agditianC hendalymekihaienhesait of Example 3 had
about the same CCS/kv slope as the polymeric dispersant of Comparative Example D even though the

polymeﬁ&rmgﬁ%‘i’%%nt of Example 3 had a higher Mr, than the polymeric dispersant of Comparative
Example D. This may be desirable in cases where less VI improver is needed to meet the desired

viscositj0giade. Sond®isfiersamdytivesiltis oIBUSodedisplr&uriby dsmer seatéodisuecahigh out on the
Polysucginiids Y BrsRleatiRt HiRFRLE9TapeRdlLine RARLINGHRIN DB ol detals of this

test are atent No. 5,716,912, the entire contents of which are incorporated by

referencafieldis casbedspaminedity sHERTtROCS yepupky 20d 076598 PERISTORS200%/050965 In the
soot thig@@@&@%ﬁg%&@ﬁ Kingmatiendseasiy e-aa-Rik is measured with and without carbon black.

Since carbon black is known to agglomerate, this normally causes an increase in the kinematic

viscosity of the oil. Consequently, a dispersant thaj gives a lower viscosity ingrease in the presence of
carbon iﬂg&ﬁsﬂs exXPOLHs Y58t aﬁ%&?@rlﬁ%fﬁvef ' &%’Eﬁ?fﬁ@f%ﬂf@geé%@%%?%@%@%%ﬁvﬁ?crease in
the presengyoheabinsblackvih @ios: biehuse astispPIBanirthaiddas Hetier peifdrmdadezprevents the

ST i L oLk The 3t 2 LS SRS SSELISE SR Tebe ¢
and the kinematic viscosity (kv) were measured for the products of Example 2 and
Comparative Example A, The results are presented in Table 2. For this analysis the
polyPIBSAs in Example 2 and Comparative Example A were first dissolved in Chevron 100
neutral diluent oil at a dose of 4 wt% and 8 wt%. Chevron 100 neutral diluent oil is a Group
2 diluent oil. The kinematic viscosity (kv @ 100°C) was measured using ASTM D445. The

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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136.1 6 104.0 Baseline (No dispersant) 0 280.0 1001651The results of the soot thickening bench test
indicate that the percent viscosity increase using the polysuccinimide of Example 3 was lower than the
percent visgesibtyinesease in a formulated oil that does not contain any digpgrsanissldtgstest indicates
that the polysuccinimide of Example 3 is an effective dispersant. 1001661 While the present invention

has beep dasathndyvisbuiefempreatie apesifianbosienigethisiappicatjaoksgniénded ta cover those
various chan(I:]es and substitutions that may be made by those skilled in the art without departing from
the spirifHAGEREEE of the appended claims. SUBSTITUTE SHEET (RULE 26) WHAT IS CLAIMED:
1.A copolymer of an unsaturated acidic reactant and a high molecular weight polyisobutylene, wherein
the polyEximplicheRerntivisef iy bipli@iBimtetipphlisshatymine 20Tncupombicapiseim 1,

wherein: 5(i)the allyl-terminated pOIViS?WLeB&ﬁJQHHﬁﬂiEX:

[66160] To a 500 mL 4-neck flask equipped with a Dean-Stark trap, condenser, overhead
stirrer, temperature controller, and heating mantle was added 40.22 g of allyl pﬁIyPIBSA as
prepared in Example 2 and 20 g of Chevron 100N diluent oil. The mixture was heated to
100°C and 3.49 g of N-phenyl phenylenediamine (NPPDA) was added. The temperature of
the mixture was then increased to 140°C and 7.06 g of Jeffamine® ED-900 (a polyether
diamine, ~950 MW, available from Huntsman Chemical Company), was added. The
temperature of the mixture was increased to 165°C and held at that temperature for 1 h. Any
remaining water was removed in vacuo and the product allowed to cool. An additional 20 g
of Chevron 100N diluent oil 'was added. The product had an actives content of 50 wi%, a
nitrogen content of 0.847%, a TBN (total base number as determined by ASTM D2896) of
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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(a) ionizing a polyisobutylene to form a carbocation terminated polyisobutylene, (b) reacting
the carbocation terminated polyisobutylene from step (a) with an allylsilane compound in the presence
of a Lewis agisl@ndod®{e)terminating step (b) to form the allyl-terminated polyisotustykanss; or

(H)the allyl-terminated polyisobutylene is an allyl-terminated quasi-living polyisobutylene prepared by:
(a)forminghyauasitivirdi@tthaktied€nmkate & ipalasofCYRNe scotlity prdsbakaeahaticewis acid,
15(b)reacting.th asi-living tort-halide terminated polyispbutyl with an allvlsi ompound, and
(©) term?ﬂﬁf)gigtys@égpy&?r{:or?grgr%uﬁ%qgﬁ)E/ii{?grrr%?ﬁg ed ciﬁl)fasr %i#g%ﬁ%?;?s%%%f%%ggi . glgbpoﬁ)ymer of
claim 2, Mieeesilishe: apitytsiakicdatpe dndoothiprhsely o roiistogisiondssd Mhwagmdol/mer of any

one of ol IR 2. uNSECE FRRAIVAR IRAITIRA PYAOKAEHDG dog-eliseRUbang i the

unsaturated acidic reactant in the presence of a free radical initiator. 5.The copolymer of claim 4,
whereindbrefisdicadital Fitiktdr dmphivaracoBpergkidly 62 HeopsighTarastendyeine of claims 1 to 5,

wherein, @it DRMSIRUENE-Mae AR R de MalsrUIALMRION PAteen; S0fhand 10,000, or
between 900 and 5,000; or the polyisobutylene has an ally' end-group content of at least 75% or at
least results are shown in Table 3.

Table 3

Example Dose | CCS| kv | Slope
(wt %) | (cP) 1 (cSt)

3 855 | 4432
3 5 964 14750 | 281
8 1104 § 5225
4 1034 1 4,761
Comparative D g 1203 | 5.659 1 271

[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 desirabie, 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
ay be desirable in cases where less VI improver is needed to meet the desired viscosity

grade.
Soot Dispersancy Results

[00164]  Soot dispersancy tests were also carried out on the polysuceinimide of Example 3
at different dosages in the soot thickening bench test. The details of this test are described in

U.S. Patent No. 5,716,912, the entire contents of which are incorporated by reference herein.
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3090%; or (Hi)the polyisobutylene has a dispersion index of less than 2 or less than 1.4. 7.The
copolymer of any one of claims Ito 6, wherein the unsaturated acidic reactant is of the formula: 0 /C\
HCX 1 I HCd bBiosoee37¢ Wherein X and X' are each independently selectggfkamihasgsgsip consisting
of -OH, 5-Cl, and -0-lower alkyl; or when taken together, X and X' are -0-; or wherein the unsaturated

acidic reaGiRNGLEOMRISAERRKR AWYHH U emati Byi {RGIEPRPNBRN Phiiaited wihesatn the copolymer
has a succinic ratio of between 1 and 2 or between 1.0 and 1.5. 9. The copolymer of any one of

claims I8 BIOWRErBAT (HaoptRiRarTRaE et otdmanm to agslgRerdn tRikReEPRY $895%8Mand R4 are
hydrogem@astihe GEhehisdaigh vielanyar weigint pehdsaluir, anflspersant thiheradn RO X, y, and n
is, independently, 1 or grea&ger, and Whefrei%the [iatio_of 15x:y is from 2:1 to 1:1.

vIscosity Increase in the presence of carbon black is expected to perform betier than a

dispersant that gives a higher viscosity increase in the presence of carbon black. That is

because a dispersant that has better performance prevents the agglomeration of carbon black.

The results of the soot thickening bench test are presented in Table 4.

Table 4
Example Dosage (wt %) | % Vis Increase
2 136.1
3
6 104.0
Baseline 0 280.0
(No dispersant)

[00165]

increase using the polysuccinimide of Example 3 was lower than the percent viscosity

The results of the soot thickening bench test indicate that 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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10. The copolymer of claim 9, wherein n is between 1 and 20, or wherein the high molecular weight
polyisobutyl has at least 30 carbon atoms. 11. A polysuccinimide prepared by reacting the
copolymer of any one of claims 1 to 10 with an amine, a polyamine having at least two basic nitrogen
atoms, or mixtures thereof. 12.A lubricating oil composition comprising a major amount of an oil of
lubricating \‘/fiﬁ*g‘c{f't r%%r:ég]&%@inor amount of the polysuccinimide of claim 11. 13.A method of making a
copolymer, € prising: (a) forming a high molecular weight, allyl-terminated
polyisobutylene; and (b) contacting the allyl-terminated polyisobutylene with an unsaturated acidic
reactant in the pre$ence 6FCAPREE ¢aHTERIYRTRAGISD FERR BIGHBRAErhigh TRBRWEWST claim 13,
wherein forpuigahevidhd- terendivefechbplyisohidyteneposep s ety 10 a)iewrit idyagpotyisabutylene to
form a carbocation terminated polyisobutylene, (b)reacting the carbocation terminated
“polyisobutylene fram stefrija)uithyasr afiyisineseerapound in the presence of a Lewis acid, and
(c)terminating step;(b) to fprm ihe At reinatsgpalkigabiiyiens- 15.The method of claim 14,

wherein the allylsilane compound comprls%s 15a||>éltr|meth Isilane, or wherein the free radical initiator

comprises a peroxide. 16 The m&thod 68 SURY PRSI PLRsPPE RA &SN Athe polyisobutylene
has a moleé@igpaReigeithetween 500 and 10,000, or between 900 and 5,000; or

(b) reacting the carbocation terminated polyisobutylene from step (a)
with an allyisilane compound in the presence of a Lewis acid, and
10 (c) terminating step (b) to form the allyl-terminated polyisobutyiene; or
(ii} the allylterminated polyisobutylene is an allyl-terminated quasi-living

polyisobuiylene prepared by:
(a) forming a quasi-living ferf-halide terminated polyisobutylene in the
presence of a Lewis acid,
15 {(b) reacting the quasi-living tert-halide terminated polyisobutylene with
an allylsilane compound, and
{c) terminating step (b) to form the allyi-terminated quasi-living
polyiscbutylene.

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

4. The copolymer of any one of claims 1 to 3, wherein the copolymer is formed
by contacting the polyisobufylene with the unsaturated acidic reactant in the presence of a

free radical initiator.

5. The copolymer of claim 4, wherein the free radical initiator comprises a
25  peroxide. |
8. ‘The copolymer of any one of ciaims 1 to 5, wherein:
{i) the polyisobutylene has a number average molecular weight between 500
and 10,000, or between 900 and 5,000; or
{ii) the polyisobutyiene has an allyl end-group content of at least 75% or at least
30 90%; or

(i) the polyisobutyiene has a dispersion index of less than 2 or less than 1.4.
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(ithe polyisobutylene has an allyl end group content of at least 75% or at least 20 90%. 17.The
method of any one of claims 13 to 16, wherein the unsaturated acidic reactant is of the formula: 0 HC/
\x HC V0 wherein X and X' are each independently selected from the group consisting of
-OH, 25-Cl, and -0-lower alkyl; or when taken together, X and X' are -0-; or wherein the acidic reactant

comprises maleic anhydride. . . .
7. The copolymer of any one of claims 1 to 6, wherein the unsaturated acidic

reactant is of the formula;

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

wherein the unsaturated acidic reactant comprises maleic anhydride.

8. The copoiymer of claim 7, wherein the copolymer has & succinic ratio of
between 1 and 2 or between 1.0 and 1.5,

9, The copolymer of any one of claims 1 to 8, wherein the copolymer has the
10 formula:
o _ -
0 o}

Rz T4
C C

- o]

i Ry Rj 1y
L n

wherein three of Ry, Ry, Rs, and R, are hydrogen and the other is high molecular
weight polyisobutyl; and '
wherein each of x, y, and n is, independently, 1 or greater, and wherein the ratio of

15 xyisfrom 2:1 %0 1:1.

10. The copolymer of claim 9, wherein n is between 1 and 20, or wherein the

high molecular weight polyisebuty! has at least 30 carbon atoms.

11. A polysuccinimide prepared by reacting the copolymer of any one of claims 1

to 10 with an amine, a polyamine having at least two basic nitrogen atoms, or mixtures
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thereof.

12. A lubricating ol composition comprising a major amount of an oil of

lubricating viscosity and a minor amount of the polysuccinimide of claim 11.

13. A method of making a copolymer, the method comprising:
5 {a) forming a high molecular weight, allyl-terminated polyisobutylene; and
{b) contacting the allyl-terminated polyisobutyiene with an unsaiurated acidic

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

14. The method of claim 13, wherein forming the allyl-terminated polyisobutylene
comprises:
10 {(a) ionizing a polyisobutylene to form a carbocation terminated polyisobuiylene,
{b) reacting the carbocation terminated polyisobutylene from step {a) with an
allylsilane compound in the presence of a Lewis acid, and
{c} terminating step (b) to form the allyl-terminated polyisobutylene.
15. The method of claim 14, wherein the allylsilane compound comprises

15  alyitrimethyisiiane, or wherein the free radical initiator comprises a peroxide.

16. The method of any one of claims 13 to 15, wherein:
() the polyisobuiylene has a molecular weight between 500 and 10,000, or
between 900 and 5,000; or
{if) the polyisobutylene has an allyl end group content of at least 75% or at least
20 90%. -
17. The method of any cne of claims 13 fo 16, wherein the unsaturated acidic

reactant is of the formula:

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

wherein the acidic reactant comprises maleic anhydride.
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