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COPOLYMERS MADE WITH QUASI-LIVING POLYOLEFINGS AND UNSATURATED
ACIDIC REAGENTS, DISPERBANTS USING SAME, AND METHODE OF MAKING
SAME

FIELD

jo0E The disclosed subject matter relates to copolymers made using pobvolefing aud

unsatrated aeidic reagents, dispersants using same, and methods of muling same,

BACKGROUND

#602]  Copolymess of polyolefing and unsatunted acidic reagents, and dispersants made
from same, are usefil components in lubrivants, fuels, and other applications. For sxample,
polyisobutylene (PIB} succinic anhydride (SA) copolvmers, commenly referred i ag
“polyPIBSA,” are conventionally made by reacting PIB with maleic anhydride and s free
radical initiator. Optionally, the polyPIRSA is then reacted with 2 polyamine to form
polysuceinimides, or otherwise derivitized, for use in different compositions. For cxamples
of methods of waking polyPIESA and uses of sama, see, 2., ULS. Patent Nos. 5,112,507,
5,175,225, 5.616,6608, 6,451,920, and 6,506,011, the entire contents of each of which are

hereby incorporated hersin by reference,

{00031 However, polyPIBSA and dispersants made from polyPIBSA using conventional
methods do not necessartly have appropriate properties fo be useful in 8 varfety of climaes.
Feor example, conventional polyPIBSA, andfor dispersants mede from same, may have g Cold
Cranking Skmulator (CCS} viscosity and/or kinemstic viscosity (kv) that Is nof appropriate
for ail viscosity grades to enable the use of that pelvPIBSA. in lubricants intended for harsh

wirder elimates.

{084 Thus, there is & nead for copolymers such as polyPIBSA, and dispersants made
from same, baving appropriate properties for use in compositions in & vardety of climates,

e.g., 8t iemperatures below §°C,



SUMMARY

{6005) Provided herein are copolymers made by copolymerizing a quasi-living polyolefin with an

unsaturated acidic reagent, dispersants made using such copolymers, and methods of making same.

[6066] Under one aspect, a copolymer of an unsaturated acidic reactant and a high molecular weight
polyolefin, wherein the polyolefin comprises an exo-clefin terminated quasi-living polyolefin, is

provided,

[0007] In some embodiments, the exo-olefin terminated quasi-living polyolefin is produced by first
forming a qﬁasi-iiving cationic polyolefin under suifable quasi-living conditions, and subsequently
contacting the quasi-living cationic polyolefin with a quenching agent selected to convert the quasi-living
cationic polyolefin to the exo-olefin terminated quasi-living polyolefin. The quenching agent can be, for
example, at least one of a substituted pyrrole, a substituted imidazole, a hindered secondary amine, a

hindered tertiary amine, and a dikydrocarbylmonosulfide.

[0G08] In some embodiments, the quasi-living cationic polyolefin may be prepared by: (2} contacting
at least one cationically polymerizable monomer (such as isobutylene) with an initiator, in the presence of
a Lewis acid and diluent under suitable quasi-living conditions or by (b) ionizing a tert-halide terminated

polyolefin with a Lewis acid.

{0009] The copolymer of the present disclosure can be formed by contacting the exo-olefin
terminated polyolefin with the unsaturated acidic reactant.in the presence of a free radical initiator, such

as a peroxide.

0010} In some embodiments, the exo-olefin terminated polyolefin has a number average molecular
weight between about 500 and about 10,000, e.g., between about 900 and about 5000, e.g., between about
900 and about 2500, or, e.g., between about 2000 and about 4000. In some embodiments, the exo-olefin
terminated polyolefin has an exo-olefin end-group content of at least about 90%, or at least about 91%, or
at least about 92%, or at least about 93%, or at least about 94%, or at least about 95%, or at least about
96%, or at least about 97%, or at least about 98%, or at least about 99%, or ahout 100%. In some
embodiments, the polyolefin has a dispersion index (DI) of 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,



{6011} The unsaturated acidic reactant can be of the formula:

O

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

anhydride.

[0611a}] In one aspect, there is provided a copolymer of an unsaturated acidic reactant and a high
molecular weight polyolefin, wherein the polyolefin comprises an exo-olefin terminated quasi-living
polyolefin; wherein the polyolefin has a molecular weight between 500 and 10,000 and has an exo-olefin

end-group content of at least 90%; and wherein the unsaturated acidic reactant is of the formula:

wherein X and X’ are each independently selected from the group cousisting of -OH, -CI, -
O-lower alkyl, and when taken together, X and X are --O-.



10012] In some embodiments, the copolymer has the foromla:
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wherein n is 1 or greater; wherein either: R, and R, are hydrogen and one of R; and Ry is lower alkyl and
the other is high molecular weight polyalkyi, or Ry and R, are hydrogen and one of R, and R; is lower
alkyl and the other is high molecular weight polyalkyl; wherein the ratio of x:y is less than 3:1, wherein x
is at least 1 (e.g., between | and 3), wherein y is at least 1 {e.g., between 1 and 3}, and wherein n is greater
than or equal to 1 (e.g., between 1 and 20, or between 1 and 10, or between 1 and 5, or between 1 and 3,
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. The lower alkyl can be a methyl.

[0613] Under another aspect, a polysuccinimide prepared by reacting (1) a copolymer of an

unsaturated acidic reactant and a high molecular weight polyolefin, wherein the polyolefin
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comprises an exo-olefin terminated quasi-living polymeric product, with (2) an amine, a

polyamine having at least two basic nitrogens, or mixtures thereof, is provided.

[0014] Under another aspect, a [ubricating oil composition comprising a major amount of an
oil of lubricating viscosity and a minor amount of the above-mentioned polysuccinimide is

provided.

{6015] Under another aspect, a method of making a copolymer comprises forming a quasi-
living, high molecular weight, exo-olefin terminated polyolefin; and contacting the polyolefin
with an unsaturated acidic reactant in the presence of a free radical initiator (such as a peroxide)

to form a copolymer.

[0015a] | In other aspect, there is provided a method of making a copolymer comprising: a.
forming a high molecular weight, exo-olefin terminated quasi-living polyolefin; and b.
contacting the po'iyoleﬁn with an unsaturated acidic reactant in the presence of an initiator to
form a copolymer; wherein the polyolefin has a molecular weight between 500 to 10,000 and has
an exo-olefin end-group content of at least 90%; and wherein the unsaturated acidic reactant is of

the formula:

wherein X and X’ are each independently selected from the group consisting of —OH,
-Cli, -O-lower alkyl, and when taken together, X and X' are ~O-.



DETAILED DESCRIPTION

[0016] Unless 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 definitions for a term used herein, the definitions provided in this section

prevail unless stated otherwise.
[0017] As used hérein, “alcohol” refers to a compound of formula:

R-OH
wherein R is hydrocarbyl.
[06018] As used herein, “alkyl” refers to a carbon chain or group containing from 1 to 20
carbons, or 1 to 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.

[0019] As used herein, “alkenyl” refers to a carbon chain or group containing from 2 to 20
carbons, or 2 to 16 carbons, wherein the chain contains one or more double bonds. An example
includes, but is not limited to, an allyl group. The double bond of an alkenyl carbon chain or

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

4a
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sroup may be substituted with ong-or mtire heteroatoms. Ax alkeny! carkion chein or gronp

may contaln one-or move iriple bosads.

~

28] ALK osed hereln, Yallopnyd” refis 1o & carhon chaln or group contaiing o 2 1o
20 catbons, or'? 1 16 carbons, wherem the phain contsine one or more triple bonds. An
pxample includes, but fsnot Hmited te, & propargyl gréup. The tripde bond of un alkynst
carhon ohidn of grotp ey Be conj tﬁ\"‘aimi o another unsaturated grovg. A allvoyl sarbon
chatror group may be substitnted with one or et heterostorss, Aa slloynvl carbon chals ox

SIeNp mey contain ond o nie dos able bonds,

821 Asosed bepeln, Yy refors o g monocyctio or malifoyelic stomatiy growy

contaiing Formabout & o abowt 3 cabon atbing: Ayl grivups nclude, bt &{»it;wt {imised

oy, THorenyl, phenyl, or naphthyl.

22 As used heveln Sullaret™ refors to s arvl group substitoted with at least o aikyl;

alkenyd, oralkynyl groug.

(623 As used hereln, “sralkyl” refies w o akyl, alkenyl or alkpnyl group substituted
with af leastone aryl areup. |
ez As usgd hereift, “wronsatic or aliphatic fused ring™ rofbrs to the ving fs:mm{i%y Sy
adiacent carbow atouns on & pyrvele or imidazeds ring, and the ring thes fermed is fused to the
pyvoloor inidazcls ¥ing. Anoxample of a fused aromatic ring I3 & Benza group fised 0.8
pyrrole sing o imiduascloviig: A fused aliphatic sty may be s any oyehic ding structure fused
o a pyreole sing or imideesde ring,

GB35} Agused hereie, “amide’™ refers 1o » compound of formula:
g_
wherein Ri-Ry are eacy independently, hydrogen or hydrocarbyl,
H26 Axused horels, Carine” velds o g eenwponnd of foramla
Rs““ﬁﬁ1 Ry

s

whértin Ri-Ry até each indepenilentiy, by dmmﬁﬁ ot hydrovarbsd,

B

't
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0027 Asused hereln, “carbocgifon” and “carbeninm jon refer fo n positively charged

carbon plom

[0028]  Asused herein “curbocution terminsted polyolefin® rfors fo 2 pokyolstin,

conteining ot lesst ome carbocstion end g group. Exanwpies tnelude: but sre not Hnsted 10,

compounds of the formular

Polvolefi” 0H,

e

OIS As ueed horein, “chal aod {;{ams.m:mum T refers o the sunyofthe conceniratioos.
of ohefin exid ROUPS, torhhalide and groups, sl carboniuos fons. Whin 4 mond-fanotional
inftiator is used, the chain ond concentration iy spprnamsicly squal to the nitiator
sonoentration,. For amult-Rinciional inifiaor, when the fnetio wality of the inliistor squals
%, then the chainendwuncentration is approvimately equal torx Himes the inltistor

pomicenitaiion

FO038 A uewd herein, “ohabn tranefer agem” refors to a compound which fmerchanges

+

Ha hadide son with a.cavbeniom on 1 fron 8 new carbesium ion,

[0633} A% osed herdin, Ycommen ion salt” reflrs o onis salt thay Ty optionilly udded
e a reastion performed wnder guasi-living carbocationic polymertzation conditions fo prevent

dissociation of the propagatiop carbanhum fon and coumes-ion palrs,
pRgang ‘

O3 Asused herein Mcomimon idn sult precurser” refers i andonic saltthat s
optiondlly added to & reaction performed ander quasi-living sarbocationis polymerization
conditions, whish generates couier-snions that are identivel to thoss of the propesating

chain ends, viain stvregtion with s Dewds acld.

'E%}f}ﬁ} As used hersin, Mooy ;‘i et p:}lw{mn sefersin the product of the sddition of a

fatk3d] A ustd hereln, “diluent” refre do b Tpuld diluting sgent or sompound. Diluenis
may by 3 single or g misture of two or mors compounds, Dilients may corpletely dissolve
or pari;sa?i seissodvs the remeton vomponenis. Exdmples inchde; but ave notimited o,

Beviane of migthyl ohloride; ov mixnures therend,
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[OR3SL  As used hereln, “diydiocathylmonosulfide™ refers i a pompound of the forpala

whereln Ry and Ry arg each, independontiy, hysdrovarbyl.

JB036]  Asused hereln, electron doni™ refbrs 10 4 toulsiule that is capable of donminga
padr of eloctrons to sapther molecule. Examplesdrciude, but are not Hmited to, molscules
capatile oficomplexing with Lewis acids. Frrther sicamples includs, bat are not Hinited vo,
bases unctlor nuckeophiles. Further sxamples inchade, Baf are not Hovited a}:s:s,mfﬁm:u:}srs

capibile of abisttacting of removing &.prolon,
H3T Asused hensin, Yexe-alefin™ refers 1o 3 compound of the formuly

1
Prad

Fokeuiedin® TR

wheroin iz hydrotarbyl, e.x., iyl or et

{0038)  As used heredn, “eso-olefin end growp™ e “ego-clefinic snd group® sefersto 2

tevpinal olefig ety
{0039 Asused horely, “halide Shalo,” or “lslogen” mfer io F, Ol Broor &

(B4l Az used herein “hydmoarby ™ refers o 2 monovaleny, Hiear, branehed dr oychic

geempowhinh comaing ondy oatbon and hvdrogen ay amns.

'§f§}{§z£,§'§' As wsed hereti, “iifer™ rofers o 8 somponnd that sets e both an Fnitiatos anda

chain transfer sgent,

4 Asused hereln, “initiator” refersto x compownt that provides a e::ét?:;gmaiiqn.
Examples nelnde, but-avs not lndted to, compounds ar polyolefing with one or more tertiary
end groups.  Aninttistor may be mone-fongtionad o malii-fanstivaal, As used horein,
“reip-functioned nftiate” refers 1o an inltintor tial provides approximately one
sselchiometrie squivalent of carbocation relative to inftaion. Aswused hevsin, “multi-

functional inftistor” refers Yo an Inftistor that provides spproximeily 1 Syichiomelic

ttﬁ;il'iw werits of barhoration relative (o mitiator, wheren X topreschis the fuastionslity ofthe

initintor, When & mono-fusictional hxitister f8 nsed, the chain end concentration is

S

o
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approximately eoual 1o thiy initistor conventratives. For 2 maii-fonctional itiator, when the
Tctonslity of the dniliastor equals x, (hen thechnis ond tofient ration aqueals ©iimes the

initistor conventration,.

8437 As aded havein, “lonized polyclefin refers toa priyolelin contaittng &t last one

carbenim fon.

00441 A wnd herein, “Lawils si@” refers to a chemival sy that is vapable of

auceping 8 palrof eleotrons,

S Avused herein, “monomer™ refors o an elefin that s capable of combining withya

mrbac»ﬁmﬂ oy fhem atitther carbovation,

048] Asased horein, “nitroalkand” referms o RMOy, whessin R e alkyl, afi sl alkvnyl,

aryl, alkaryl, or arallpl

{0047 Asused bereln, “pittogan-sontdining fve-membersd sromstic sing’ s o

_iﬁ}!‘?‘?"&}i@ﬁ and hnidazoles contuining between oue and 1o nitrogen stoms i an. avgsatic risg,
and having fom about two to four alky] groups containing foorn shont L carbem siom o shont.
S earbon Mtowe altached to the vmg Cae sxapples of s altrogen-containing fecanembersd

wromatic fing compound is & substiated pyerole.

HI648]  As sed herein, “percent by mude of all produts” refers o the propartion of the
rmaber of males of # partioular product of a reactionto the number of moles of all products.

of the reaction multiphied by one Bundred,

[BO48] As used heesip, “dsporsion index™ or DI fefers to the mtlo of the weight avernge.
molvewdar weight of o polymer %o the nomber averag o melenular welght of the polynier, and.
s reflzctiverof the disteibution of molecular raasses ina mh*mw. Aodiapertion index of 1

indlicates that the polymer Is monodisperse. A Stspersion index of greater thay 1 ndioates

that there dvu disteihuiion of mpledularmasses of rolvmer chaing inthe m:&i*'mer,

0058 Asused bereln, “sroton accepte™ refirvte g sopipound capuble of absascling a

privto

OUSIE  As used berein, “pydiding derbvative” refers 1o 2 sompound of the formula;

R
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Ry
whetein Ry, Ry, Ry, Ry, snd By are eacly, independen 8, hydrogen or fiydrocarbyl or Ry and
B, 0 Ry anud By, or By and Ry, or Ry and Ry b pendently form & fused aliphatic ring of

st 4 o ahons T oabos stoms or pofused g cafvatie ringof <a§3m§z i gbowt T omrbon stoms,

HOS2L Asused hereln, Sgquasi-living ¢ ar%’:ﬁa:&iﬁﬁné;t:gs,eijsfmaﬁmﬁzim-mmﬁiﬁﬁ“ﬁs’-’" reférs e
guasi-living ps,ivrmzmﬁimn onnditions that allow for the franation of guasi-living

sarhavativnis polyolefing,

00531 Asvssd herein, “guasi-living secbacationic polyolefin™ refors to 3 carbovationis

polyolsfin that has been Tormed vndes quasi-living polyemerization conditions,

oS4 As uved huireity, “quesi-living polymerizafion™ refers to ot ymerizations thet
proveed i the shsenop of repversible chadn-Besaking svents, Chassi-Hing pQE;}wmw‘?mq
-g;;rmamﬁr by inddation and Ts follwwed by propagation, whitsin propagating (Hving) species are

i oyuilibrium with rov-propugating (on-living) polvmer chains,

[0S8)  As used heredn, “quasi-iving polymenizetion condifions” refirs w0 resction

conditions thet allow Gugsi- xmz;g pobimerization © ooour

[0056]  Asused hergin, “quenching” refers 1o reseting a carbenivi fon with & guenching

agend,

[BO8T] A used bereln, “gpaimching agent” sofernio s compound thet can. sither alone e

incombination with saether componnd, react with v carbeniom jon.

-

8] As nsed hersin, “tormitnation” refirs to the cheniical reaction that ts}rmi;ifiziﬁi_ég;é_

;tn'si;,;.‘amzzi‘:é:&tim:g;sffxi_?f;@ss' org quenching tesction by destvuction of a Lewis acid,

B0 Asused berpin, Merndnator” reftry o & chemical com pound that forminsted &
polymerization provess ora quenching feaction, but may ¥ot simulidnsously fitiste & now

pobvmer wlain,
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fpeesl  Asused hersin, “tert-halide termingied polyotefin™ refers i a polyolefin that

cortaine b least one fentinry holide end growp. An example fncludss, bt is not iamiig_mi 10, &

compousd of formnlay

whergip X 5.3 halogen,
el Unlessotherwise specified, ol poreentages aie il welght perosat,

A5 This dpphoation ivrelated Yo the Bllvwing appdications, the matiee contsnis of eash

of which are mcm*mrmﬁi E:w ofsrenee Hersing

(L, Patent Application No. TH207,366, Hled Augnst 19, 2005 and entitied

“Method for Preparation of Polyolsiine Conteining Exo:Olefin Chain Eadsy”

LS. Patent Applicstion Wo, 13307377 fHled August 19, 2005 and srititlsd

"“*?ﬁﬁc;i‘hi}iﬁ. for Preparation of Polvolefing Containing Exo-Olofin Chain Bxds™

THS, Patent Application Ne. 1 HAD7 264, Bled Aupost i}\ 2008 and cntitled
“Wisthod for Prepasthg Polyolefins Contlning s High Pefvontige of Exo-Olefin Thadn
Eades™ and

1.5, Patent Application No. 124055281, flled Muech 25, 2008 and satithed

“Productivn of Viayldine Terndnated Polyolefing Via Quenching with Mofosilfides
METHODS

06631 Insome embodinwents, pethods of fooming copolymers sush as those described
hersin inglude dhe stepiad (1) providing abigh moledulr weight polyalefin, which is a quasi-
Hving polymeric product, and (2hreacting the pelyolefinwith an unsaturated seldic reagons

in the presence ofan inftistor, o form the copolyer,

[B8G4] by some smbodinients, the polyolefi is 2 quasi-living polyolefin having exe~
olefhric vhain dads, the mitalor 6 o peroxide; andthe msaturated acidic reagent s malile

ashydride. In such wabodiments, the resulting copobnmer 18 of the fovmiule

3
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Ry Ry
T
) ‘ .
Ry Ra i
S mo}ll
- o
whersin n zs i ar groater! wherein cithery
2 Ry and R ave hydrogenand one of Ry and Ry s fower alke! atd the
ather iy Blgh molecular welght polyalkyl, of
B. Ry s Bl ave hydrggerrand ong of By and Ry ds lovwer &‘i}\}imé the

&

other i3 Mgl molecular welght polyalkyl. In some smbodiments, the tilio ooy -is Jess than

<%

Yol whorsin x lva least 1 (6 & betivgen 1 and 33, whéreih V is sl least ] f{ﬁ:.-g.__\,%:‘bi_‘? voen b onnd
33 and wheveln n fs grestey than 1 (e, between | and 20, or between Land 10, or betwsan 1
and 5, ovbetween T and 3. ov 2 or groster), To soms embodiments, By and Ry i hvdvogen,

Ry swmethyl, and Ry ix2 high molecular weight polyiscbutylenschadn,

{0088 For sxemple, some entbodiments of methods forming polyPIBRA the

polvolefin is quasidiviog PI8 of the formula

LRe

i‘«‘myi&a&ut}éi&\ﬂﬁw A
and has v velutively high peroent of exo-olefinte end groups, 8.4, gresinr tan SI%, or greater
than 8156, or gromer thay S2%, orgreater than 93%, of greater than 94%, or greater ii‘k 1
ERE2NE grentér thear #8%. or greater than 97%, spgreator than D8R, or § greater than PG, or
even 1009 exe-slelinie end gronps. The quasi-tiving PIB slso has s relatively low D g,
betweon dhont 1.4 and 1.9, o0 mwm. ghont 1.3 and 1.0, or betweon abont 1.2 and 1.0, 0
bobwes about'1] and LU or showd 1O The goasi-Hving PIR ds vontaoted with the fee
radical initlater, 5., a peroxide such as distertamy! peroxide, and with the wsaturated

seddic redutant makelt anhydride,

31
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{6} W %zs,s sty copventional methods of pmknw poly PIBBA typloally tnvolve reacting
compreially purchased O otherwise conventional PIB with traleis & sibisdride and & free.
adical inftistor; the use of quasi-living PI provides muliiple banefits, velative to that
possible using cosvestions PIB. By “eovventional PIR™I s meant PIN that hasia redutively
low poercent of exo-olelin ond groups, e.g., less than sbout 8%, and has high di SR

dex (D e.g., _grea:a‘sa‘ than L4, Buch conventional PTB is sometimes raferesd to ay “high

methylvinviidens PIB; ar “highly resctive PIRS

s Among wher things, he use of puasi-living PIN in the E*ﬁmmtiﬁx af

pelyPIBRA provides a polymerie product having an baproved vigld, e ., greater than 8%,
o grepter than 85%, oy groster than B0%, or groater than 81%%, o reater than 92%, or groater
e B3, o groater than 434, or greater than 93%, or greater ther 96%, or grerer than
W¥%, or-groster thart 98%, or greater than GO, or even 30% Seyield T oonimst polyPIREA.
forroed: ;;:siag sorventional PIR typitally hay a relatively low vigld, & ., below about $0-80%
Adkditionally, the use of quasi-lving PIB dnthe formstion of polyFIRSA provides ¢ polymeris
wrodust baving ¢ relatively low DI, g.g between abott 1.4 and 1.0, or between abow 1.3 snd
L8, or bebweens sbout L2 and 1.0, or bebwesn about 1.1 snd 1.0, In contesw, nobyPIRSA
formied nising conventiona! FID typleally hos o relatively beh I8, ep., groster than sbout 14,
Tmproved yiekd of palyPIRSA i» wieful becanse Fmeans that there is & smalter amount of
apencted PIR in the product. This is advarageons boounse the wreasied PIB s

expensive dituent and farger amounts of vargacted PIR in the polyPIRSA increase the oversll
cost of theprodust, Adsa, the presence of Joss vnrescted PIB ean be useltl because PIB can
have lessuseful viscosity proporiies resulting i less tsefl low tomperine perforiancs, &
D of between about L4and 1.0 for the quasi-Hving PIB used fo nuke the polyPIESA Iy
useful because, without wishing tobe bound by theory, itis belioved that s Towar DL wil]
vosult by improved livw fetpersturs perfortnnge for the palyPLBEA and the polysuceinimides

soade froan qoasi-iviag PIB,

OS8R To additton to Improved vield and fower dispersion index, polyPIRSA fwmed

asing gaasi-Helng PIB, and derfvaiives thereof) also oxhibits improvied vistouity provertics,
Mubigrade aily (for example 2 10W30 0if) meet the BAB T0W viscosty Timit at low
tempertures and the SAR 30 viscosity Rmit at high temperatures) Ways to meet the desired.
visoosity targets indhide asing: 13 hlonds of different visco Sify base E%{ uraxample 100

stzustral plus 800 newtral oifs), ) dconventionsal bese wils with high viesasity index { ¥in Bre

A2
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detergant! “Anhibitor additive pack age with g lower Uold Crank Sinmlator {CCE) thickening;
and 43 visoouity ;m’%m iraprovers {VT wiprovirs) which improve the visgisity index of
formoulated ofls, The use of the right combitation of thess foli variables can produce
formulated ails with high Kinehistle viseosity (vl at FOOP and tow COR visvealty @, for

examinle, ZH°CL

;ﬁii‘ﬁ‘@} This iiﬁt‘:-‘iﬁf‘g}& IyPIRSA aad polysuceintdes madd Bom guasi-lving PIR are
cxamplis of mesting the desiigd Viscosity targets using @ detergentinhibitor additive package
with fnproved CO8 aud fov porformance se disclosed tn 35 above. Under sertain sonditions,
.. forahigh fued geopomy passenger sar ooy ofl (PUMO) Shomnlation It wiay be

desirable for w dispersant 1o have bet a low CUS viscosity ansd alow kv This con he
gefermined by measuring thy CO% and the by for a disporsant dissolved ns dilusig ol &

dispersant with # fower- CCOS and kv may Hove the best performance

{00761 Under ther pomditions, It is sometimes useful for the dispersant to have & high kv
and & low CUB viscosity so'that lese VI improveris needed tomzet the desived viscosity
grade. This'can bo determined by plotting the CUS versay kv and measuring the slope. The

dispersart with the lowest sinoe b we-dmproved perioemance.

]

E71] Forexample, as Hludlrated i greater detail in the “Exarples” seotion below, our
restlis show that for both pelyPIBS, A from ~1000 MW M8 and puty PIRSA from ~2300 MW

Pi5 the COB viseosity and kv were lower Tor the polyPIBRA dertved oo guastliving PIR
comparnd 1o the polyFIREA derfeed from the non-guasi-living P18, Withowt wishing to b
ﬁi@.;*;ngxﬁ..i:w theary, it is helioved that this sty bre e o she factthat fhe quasi-Hving PIB that
was-used o mike the poly PIRSAs in Bxamplex | and 3 had o fower dispersion Index (D] =
1.05-1, 11y than the son-quasi-fiving FIB \m =1 711 .8:5}} that was wed toomake the
polyPIRSAS in Examples 2and 4. This indicates that poliPIBSA mude Som guasi-living
PIR would be expecied to give bettey performabee than polyFIBEA made from nonEgeasi-

Hving PIB in arcoll where o high fuel eonnomy PUMO formulation is desized.

{8721 Asshown in Tuble 2 below, the slope of the 0O versis kv plot i the
podyPIBSA ninde from the quasi-lving PIR 1000 MOW) was lower than the slope for the
polyFIBSA made from the posequasi-living PIR (~1000 MW} This means that pelyPIBSA

wade fFomequasi-tiving PIB (~1000 MW} sould boexpectad 1o povform better tha
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polyPIEEA mads from non-guasi-Huing I8 1000 MW i av ol whers less VI TIMRIOVEY 15

noeded to meel the desired viscosity grade.

U730 Inoaddition, as Hlhsieated In greater detall in the © vmms@i A7 anotion below,

sestilts show that biah the CUS viseosity-wmnd the kv R the po Tysuscinimide made o the

=30 mplerular welght quasi-tving PIR were lower that the CUS wiscosity drid the kv for the
podyseccinimids mede fromthe 2300 molsealar weipht mm-guias -»'Eixsing PIB. This indicaies
vt polyPIBEAinade from the D30 moleoulsr welght quasi-living PIR would be sxposted to
ghve bener pevformance thar @c}iy}iﬁg A mads From the 2300 m{}i&a‘&i:&?%&-‘aﬁﬁi‘&’f\ﬁi Sereguatie
living PIR i avoil where » Migh fuel es oy POMO forondation s desiresdl This was sot
the case for the polysuceinimide made from the 1000 molecular, weight guast-living PIB. In
thig case hie CCS viscosity was shout the same as the OO viscesity forthe g&;;ség;-fmi;s::z:i timide
made from fhe 1000 molooaler welght non-quasi-living PIR, Moreover, the ¥y for the
polysigcinimide made from the 1000 meloonlar weight guesi-lving PIB was grepter tham the
v for the polysuechmide pade from the 1000 molecular welght ronsquasi-living PIB. This:
incicates thet polyPIBSA made front the 1000 molesular weight quasi-living PIB may ot
give betigr performanes thes volyPIRSA made Fom the 1000 moleonlar woipht noneguasic

fiving PIR where a high fael sconomy POMO formudation i degired,

T As shown in Table 4 helow, the slope o the COS versus ke plot for the
polysuccinimide made front the 100D molecular welpht quastdiving PIB (Sope = 188} was

Joveer thas the stope for the polysuccinimide made éifﬁﬁl the OO0 molecuiar weight non.

"

23
o

guasi-living PIR (sope =271} This means that the polysece ¢ s Toon the 100D
t:z’:{;ﬁ'ig&';\xii;x-'ﬁ:@ighf guasiliving FIB would mmpa,umi o perforny betier than the
‘miﬁm‘mcﬁ;gﬁn rde made from the 1000 moleeular welghi nonguast: vy PUS fean ofl whees

ess V1 improver is needed fmest the desired viscosity prade. This was sot frue for the

e

pmiysam&nﬁmiﬁsm:{sﬁ from the the 230 molerular welght guash-iving PIB iivan ol where.

lzas VI improver is needed fo mdet the desired vise mm arade
2

7S] Vorlous embodiments of ¢ Moren reactants sud diluents that can be wsed o fam
sopalvmess taade with gnagi- mm o olefing and unssturaiid soidic renctants, did weefal TANGEY
of reaction conditions for the formation of sucteeopelymers, will move be desmribed 0 greater
detail. Thon, some exenplary methods of prepating dispersats uing suel dﬁpﬁlymm& witt
b desenbed, and severatillustrative skumples provided,

w1

14
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L OUASEEITING, EXOOLERINT, CRMINATED POLYOQLE A

j0a76] {Eﬁz}ﬁi‘»iif&@t}&%-‘\‘._ii"‘-i;ﬁ}f“ffi fernbnated with exo-olefin groups, such as guasi-Hying PIB

with @ anexowolefin end group, can e prepared using & varkety of sulfable methads. Some

exempluey rosthods are dese cribad farther below.

[BET7] o some embodiments, the guasiliving polyolefin can be g polvmer of a single
typeof ofelin or it can be o capolymer of tvo of more types of olefing, so Jonp as the olelin

=

hes @ ralatively bigh percentage of exesolefinic pnd groups (o, groater than shont S%%, or
préater Thé‘“‘s about $1%, ¢ r‘;gmaiiifrfi%mﬁ about 2%, or greater then. about BI%, br grester than
about 34,94, o greater than about R5%, or yreator that aliont ¥636, or greater than abhow §7%,
‘o grester than about 98%, dr greater than shout $9%, ur groater than about 109 and hus a
relatiealy tow T _{é, g, Betwesrenbont 1.0 and 1.4, or about 1.0 80d T, or abowt 10508 1.3,

or sboe L0 and L1, or abows Ii

[BG7EL In shone embodimenis ¢ s quast-living polyolefin hav s “high nedecnlar weiphe™

\"

The term “bigh moleonlar welght polyolelin™ relrs o an polyelsfin { {including polyolefing
aeeing restiun] wssiuration) of sefficient mole aufar welpht and vhein lengilr o lend

solubifity fn Tubricating o1l to el resption products, The tore “roluble in hébveating offf
vofery torthe %Mim of a material to dissobve in eliphatio asd sromatic hydrocarbons sochas.

fubsicating oils o fuels i esse eittially aH proportions,  Typleally, polvolefing having ghout 30

warbons ofgreater, or 54 carbons or greater, are considered 1o have s “high molecudny weight™

el diszolve in izzifa“zmum ailg amﬁ Fuelz.

HET] Insome embodiments, the quasi-Hiving polvtlefin hus o tumber average
molenudar welght (MY fronm abowt 300 1o about TEOMY, or from abow 00 1o sbont SO0, ue

fromm about $90 to-sbout 7500, or from sbowt 2009 fo about 4000,

£4) Guast-liviag, Fxo-Olefln Ferminated Polyslefine Farmed By Quenching

Fouized Polvolefing

HEET Iy some embodiznents, the quast-Hviag potvololin is an sxo-obefln waminated
polyolefin formed by guenching an jontzed po wi efin, having, .., ous, tvg, thiee, on more.
cxtionic end groups; to Sovean exo-olefinis snd go sy Insoror emnbodiments, the Jonized

pobvslefinisa pzsiwwmmme with @ eationic end group, g, having o iw:mg formuta
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meswt}aﬁﬁamk N‘\« M}\\

and the quasi-living polvalefin is an exg-olofinerniinated dedyise %sm‘sﬁ sng. &8, having the

following fornuls

Polpizobulyiens

A3 Jonized polvelcting

fis forized polyoleft ;" K *mm fert-Nalided

BUBTL I someemboditnents; the lonized polydlefin is devived fom a tert-halids

terminated pobvolelin, suchas e teo-chloride terminated polyo Eam\ tert-hronddd teeminaed
polvolaiing andlor tert-iodide terminated polyelefin; h'gtéé{}iﬁﬂiﬂjs-y,_. i some sinbodiments, the
tort-halide tevninaied polyolofin iy contasted with o Lewis asid. The Lewis avid shsiracts the

teri-halitde group fram the pelvolefin, fonning » curbooalionie polyolefin

{082 Terthalide terminated polyolefing may bo made By any suitable methed, e,
.

asesi o zm?f:a? isthods Kaownan deemt

] fa}} mrza:gaf o foalefing i e m*e?m’m?cf pofvnlefing

{0831 Insome embodiments, the lonieed polyolefinds devived from o preformed

it 2.0, 2 prefonmed polvelelin having one sramore doshle bonds, suans oy

substantially ol of wiich ave “cmﬁa o sone o substariafly all of which e wRi™ Foy
example; pre<lonned polyisobutelone, or g derivative thereof, can be vsed, The preformed

palyolefin is contacied witha Lewls acid to ponerste the lonized polyoletin,

ot fonizad o potvelefing derived Seon olelinie monaniers wnder el iisdng

gerbovarionic pol vinarization vonditions

[HOB41  In some smbodimens, the fonized polvelefin iy devhvd from alefinie monomers.

urder quasi-living catbocstionic conditions. Under sueh eonditions, g quasi-tiving

~if-
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carbnrationie polyolefie Is generated. Suck conditions may baz achdeved by anyseltable.

siethed. Noo-Hmiting eosopples of such m@h&:&s are deseribed in Eﬂ?:ﬁ-&éﬁ?-ﬁéﬁ}i}..gm_d. WO

I0UETINSAT AL the cmm contente-of both of wWhich are écrporined herein by reférence:
(BORS] 1o somve smbo dimenis, imonsmer, an dnitiaton, dnd & Lews seid sre nsed to form

e guasi-lhving fondsed podvelefin, e.g. n quasi-living sarbosativnic pelyisnbutyisne, .¢., 5.

compouns of the fui*m&*z"ﬁw formuda

Polylsobuyieng, A

{1} Initiators for gussi-diving carbaestionte polyawerisations

{es6]  Insome embodiments, e imtister s & compound or polyalafib with one, of mwre
than-one, tortary wad prosps. Hor exanvple, the Inttiator can be & compotind of formida (X~
OBy kR wherein Re: Ry and R, are independently, al teast 6ué of alkyl, sromatic, alkyl
‘arommatic groups, and can Beibe same o different; and Xis an soctite, stherate, hsstond
sroup, or 2 nlogen. by some smbodiments, R hes & valenos of' g, :.md. f13g a0 éﬁﬁ;agé:-wf? ohe
I some whiodihonts, Be Beand B are hydrocarbon groups containing one owrhon
aton 1o ghon 20 corbion efoms. In sofwe. em‘»&mmeﬁs, o He ond B oare iwtims:tm‘hm group
containing oo carbon storm te about § carbon atoms. 1o some smbodinents, Kis a 2 hefogen,
in some embodimenty, X' is ohloride. In some embodiments, the stretare of Ry, Ry and Be
mifsies the growing spocies opmonomer, Ik someervbpdineets, such sihehwe dsa 1-
phenylethyl derivative for polystyrens o 34,8 imethy] penty] derfvative for
pofyisebuyiens: T some embodioents, the taitiator i a oyl oty or Wewmd halide

I some ombodimenty, olloridey sroused

087 Bowe oxemplary inftaters nelude 2 «céﬁ'aresJ‘Ef}riﬁ&ﬁ:ﬂ;mmgmm&; i, curne] shiboride;
1 T-chioeo-2-propylibenzens, Lo, dionmiehivvide) 13540 3o hiorn-2-
propehbotizens, Lo, tifcunyichloide) 34 Srtmethyl2 ~s..hia:»mpuz‘mm~ Feapetyids

phenylpropane, Le., cnmyl scetate; 2-proplonyl-2-phenyd propase, ¢, cuny] proplonats;

Zemnethoxy-2-phenyipropane Lo, cunylmethy] ethen LaAdi2methoxy-2-propviibenzene,

Laigthoxy-d-popyhbonvene, e, vl cumylmethyd

ROt

fe difrenyimethiyl ether 13,308
gtherl; Zodkdons-2 4 4yl ;‘%sﬁzm ne {TRPCH; I '~é§'{EE.»:ciﬁam.-’:?;“gar;s}_p}%}Eam:i@ﬁ&; afxd

L3 eore-2-propyt)5 -teri-buiyibensens (FOCO).

KEE
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[0088]  1nsome embodimenss, the inftiatst can be mono-finetional, hi-funetionsl, or
muulii-fumstional. Some ekamples of miono-finctional initators Include J-ohloro-o-
phenylpropase, Tasetyb-2-phonylpropane, 2 propivaybZphenvlpropane, 2-methowy3-
phenyipropans, 2-sffiony ?'\pﬁmﬂpr{\mm Z<chlor-24 4 rhmethyipentane, T-acetvil 4.4~
trimethylpentane, Tprapionyh 3,4 4-drimethyipantane, :2.-*&?’.%%_;‘-?}}{3%@.}!»2’;“@,ﬁ@a‘i?!iﬁtﬁ}&fﬁ%}&i}’t&%ﬁiﬁ?__2..-
sthoxy«d 4 Strimethylpentane, and Zeatlore.2 4 darimethylpestans. Some examples of bi-
functional initisters dnedude: LA-dHC-ohioro-Topropylibenzens; 1,300 2-methoxy-2-

progslibenzens, La-di2-chloro-2ipropvihansens Lad-dif-methoxy<2-propylibenaene, and

Frerbutyl LA -82-chiorp-2-propyl) benzeng. Surme examples of mult-fimetions] nitatory

yera.

inchude L3S ’“gi"d\a-"ilﬁii‘i'\}m-*"‘ifﬂﬁ?§?@&Ekﬁ‘}ﬂiﬁ s 1,3 S

{2-metiingy-S-propyl bersong,
{1} Mononwrs for guasb-bving polymerization regvifons.

onsY T some ombodiments, the monomer Is @ hydeocarbon monomen, 18, 5 compound
cortabning oaly hryais\wggs:ﬁ angd a:»m:sgm mems, invluding but nos limited ¥o, oleBusand
iohaiing, and those baving Trom abott 2 o sbout 20 carbon aitinw, oy, from shout 4 fn
about ¥ carbon stoms, Soms exemplary snomers dnciude tsobutylene, styrens, betd pineng,
isoprene, hiiadions, ansd substitnted compounds of the preceding types, €., 2-ietivkd-
bt Savethyl L-Hutene, domethyb baontene, or belpepinene, Mixinres of mopusmions can.

ahie beused,

[Hasy It some ambodiments, ihe meoncuers are polyvmerized o produce polvmers of

diffsrent, but substentially unitorm molemdar wetehts, Insome emby sdivonts, the modecular

welght of the pelymer s fromabow J00to o excesy of niliien ghoel. In sons

enthodiniens] such polvmis are fow svoleiular welght faa;mﬁ o vioous polymers hevinga
g

woldcutar weight of fromy gbout ZHY to 1000 g/mal, or solid wasy 1o plaste or elastomeriy

materkids baving molecular we tivhi'» of from ahout’ 3(}\:5?{){1 o LOOUODG gimal, or miore

i fonized polvolefins from the dnifer iethod

MY Insoe embodimends, the lonized polyolefin is derlved from an inifer, 2 g, BRing.
wethods kuown to thoes of skl v the art, Non-Hnditing sxamples of such motheds uie
deseribed In ULS, Pat Nos, 4,276,394 and 4,568,732, the entire civtonts of sach of which ix
incorparated hoteln by refersnos. In sotne einbodiments, 2 mordsmer is reacted with an inifer
raeying atleustwe serthary hatogens under cationie polymerizetion conditions, I some

Ed

w §‘jg,.
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ernbmding sls, Sfﬁfc wifer 19 o atifor or g oinifer. In some ambodime erits, thetoitfer 18 trlouw

chiloride, par sdivninyl ehloride, or m:m'a“' | Bromide,

ey I the methuds pravided herein, fn some simbodiments, the Lowis sl 3 5 B

protic acld ez, 8 mulal hatide or non-menal halide,

10693]  Some exanples of metal halide Lewis scids hotude a tianium (IV) halide, a zine
(1t} dalide, & tin VY balide, and an alontrum (11 halide, g, Hantum etrsbromide,

Haniurn terachiorids, zine olforide, AR, and gl hf sluinuin halides s such asethyd
alumsimun Beldoride and methyl shosinum romide. Somé examples of non-mstal helide

Lewis Ackds nchude un antimiony (V1) hadide, & gellivee (D) halide, or 2 boron (1) hadide,

.- boron {oichloride, or o wialke] abwinms mmz:mmzai suolt #s imiehyl shurhing,

] Mlixtores of s, or toore than twe, Lewis adidy can also used, I one e mp?fﬁ :
enbodimerts, the stolchionstrio ratio of sluminu {Eﬁ‘ Halide to i;‘%aiii?x-fi aimmmmﬁ?is- gmfé;.ire:r
than 1, while dn other embodinenes, the soichiomeirie 1aiis of sluseinum (11 halide

irfatkyl aluminun v lest thas 1. Forexamyple, 2 stofchiometsio ratio of ghout {1 ﬁi{iﬁi&igzim}
(U hadide totraliy] dlursinue compound; astolchiomsrte rativ of 201 sl (0D
hatide o wintkyd alusvium compotnd; o 3 stoichismetrie ratin o8 122 atuminen (D balide
1o trlallyl dluinintm dan bewsed. In snother oxample, poixie 'a‘.ai‘:“ alussinuen tribeonide and.

trimathyl shurndnnrn bs sead

[BO9S] Jusome umbodimenty, the Lewis soid et be added o s sultabie mumbee of.

aligunty, o in oheabiquet or more thay one aliguet; & &, b aliquots,

¢ Electron Donory

I0896Y  hsonme embodinents, gy olectmon donor ts wsed to convirt s fraditional
polviberieatiog eviiens fnio a Qtﬁ@bnm g ps,ah wierization and/or W anhanee control overe
gussi-living polymerization reacon. As is woderstood 1o one of ordinary skill in the st
some eleiron dontes are tapable of sovverting vaditionsl polymeriation svstets indo st
Hvin 2 Wcsia snerization svsteing andfor onhancing Control Sy 'agaassieiivmg: polymerization

regotiohs,

PR
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}ﬂ&%’?} In some emiimﬁiiﬁwnm the slectron donor i mg}ﬁui of connplexing with Lewds
acids. Insomi enbodiments, the slectron donor it & base anddor mucleoghile, &g, #9 organic
has, _3.1'& somne embodiments, the electron dorior is capabile of ahstrachisg or 1o SOV ng &
proton, Bome exemipley sleotron donots inclids dnides sueh & N N-dimethyiformamide,
N N-dirmethidscstamide, sndfor N N-disthylscetanide; sulfoxides such ag 's:%i:mi'ézyi
suifoside; esters such ag E"l&‘ﬁ*‘i‘*ﬁ goemate andior ethyl sestate; phoyphate sonmpunds such as
trimethyl phosphate, ity phosphate, mndie anide hevametylphosphate; and oxygan

azxﬁmwm& metal vonmowndd suel astetralsopropy! tanate.

HIOR] b some envbodiments, the electrondonor Ts pyridine or & pyriding dertvative, e g,

s compound of frmul

o

whareln Ry, Ba, Ro, R, and B aveeah, Independently, hydrogan or hydroenrbyly or Ry and

o

Ry, onRyand By, pr By and By or Rpand Ry iﬂ’d{*?iifid@?‘ thy forar s fosed wliphatic vdag of
about § to-shout 7 carhiar sloths ot a fsed wromete tog of about 3 o about 7 carbon aloms,
ta some embodiments, By and Ky wre euch, independently, hydrovarbyl, snd Bo-Bg are
hydrogen, Someusmplary pyidineg dedvatives uselal as clpstron donors include 2,8-lers
butytpyriding, 3 &-hutiding, 2 4-dime thyipryiding, 24.0-timethylpyridine, Javethvipvriding,
andfor pytiding. Diher exemplary dleciron donory inelude N N dimethylaniline srdfor K-

dimathylohuidine.

Yeb Conmonin selis snd fon sali precursosy

[ Inthe msthods provided bereln, lu some erbodiments, common don sals or sals
precursens may be optionally adided fo the reaction mixiege in addition o of iy seplacement of
the electron donor, Tn some eibodiménts, such salts may be used fo Increase the fnnle
steonigth, suppress free fons, and neract with lgand exchange. Telra-n-bud viammonium
chioride and ¢ imﬂnﬁnmvizm snomurn iedide are examples of common on salt presusors, In
some smbediments, the concentration of the comemon fon salis of salt provusors n the lowl

reaction mixture shay be i the renge frow abogt 00005 maoles per Hierto abost 0.0% moles
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pey Hler, .., frenr abiout §.0005 sodes per ey t-abowm BAZF moles pey Hter, g, from

about 001 molss per Hier o sbout 0.007 moles por liter,

{2} Szenty for Gengrating Bae-Olefin Tersinated Polvalatis from Tonized

Pobvolofin

W06 Adter foomiog an lonlzed polyolefin baving & carbocationicend grovp, the.
eashogntionic end grovp can be sonvarted to at exo-olefinie end gronup by regoting the
fonized pol Ivoletin with suitable reavtanty; Bome cxnmples of ajenis seliakie oy converting
carbocationic end gronps & exo-olefinie eud groups wre previded btow; however itshould
Bereeogried that many other types. of aponts vaw be suiebly tsed to provide pobvolefing

hgving exo-olefinic snd grouss:

) Nizrogerebaved euenching agents

BRG] o some embodiments, o nitropein-base sed guenching agent, such sz hifropen-
-t:’fmi,aézifiﬁg- Tive-memberad aromatio ring compoond, g% subisid st pervoly or substitned
imidazele: L ndered secondare o tertlary amineg @-r-a-z‘s'zi’xmm_ﬁf & *;iiztys}geﬁ«a:{.%f\;‘im‘mﬁg fives
zmmbemiﬁ arematic ring and & bindered secopdary or ferliary smine, 38 wsed as # queiching

agent v the preparstion of exe-ofefinie polyplefine. Without belng Hmited o any- thsory, the

crution may procead by the following scheme:

gL O ‘3?‘?3 ; ~"_<'-;_ POTCTURR 0 )
Pl .;b[‘ﬁ E Miogen-bassd. H; $ .r{*"‘-gs =
5 Qmm"nm f’i m*
Fotvisotrdviéng., X’\ e e Pl sohutylane x\\
! Y \\"‘\w o «.\ TR \ _,,» \

5.(.« ?“i;

HHETDZY  Withoo! being Bmited o any theory, i somne embodiments, the zdtrogon-based

guenching sgent, s, substinutad pyrvole or mukdarole, complexes with a Lewis acld (such ag

@ tianfun halide counteriony and converss the sationiy end group of the polyclefin o a exo~
olefinend group. In some embodiments, this couveraion regeneratss the nitrogen-hased

gienching agent.
BOI0Y]  Some exemplary niirogen-based guerehing agents will now be desesibed.

[BU104]  Inosoine cboditnents, the vubstiuted ppsvole has the foomdas
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‘ «.-W‘“’M s"\ - .
1 *i

g 2?';

Tnsome ernbodiments, Ky sad Ry s o, independently, wikyl nod Ko amd Ry are, independently,
hydiogen of atkvl, dyeloatiodd, syl or dlkwsd, Tnother embodinmnts, Ry ad By form o Tosed
aromatic g of from about § to 10 sarbon, atoms, or arraliphatic ring of From shout 4 16 8
varbon atoms; and Ra Is albyl; aveloalk ¥ aryd, alkared, v avaliyl, In other enzhodinents, Ry
and B P a mw;ﬁ,_ avotnatic sing of frony about 6 1o 10 tavhon #tdms or wn aliphatic g of
fromy abow 440 ¥ carhon nicms, snd R and Ky are; independent] yoalkyl In 343 other
emsbodimends, both B and R;z_f and Ryand Ry, token in pairs, indepiendanitly T acfused
arcmatic ring of fowm abowt & 1y 18 carbou atonis or ar aliphatit ring of From ghont 410 €

Rarke atonis;

[RI85]  In some sombodinsents, the substituted imidarole has fhe Smmala:

¥

whereln Ry iy branched alioel, and wheveln efiber Ry and By wee fndepend ently Bydroger,

m}\:;yé“;.ar:s-fai_s:seﬁk.}%i?_ar}-‘-i, alkaryt, ovaralkyk op By and Ry forn & fused svomatic vingof from

about 6 o 10 carbon sfoms or an aliphatic ving of front 4 10 8 carbon sloms,

He18sl  Somw non-tiriting examples of subiahls nitrogen- containing five-membered

areanatic ring compowids nclnde 2.8 ~dimethyipyrrale, 3.3 -dimethylindole, and curbaz
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-

3. s~a§;mw‘ﬁw hoddale Carhanole

PBOWT]  The sitogen-vomaining five-membered dramatie xing compound is st sne of the
I g sompaunds: 244 vumw‘mmmﬂ L L2 S-winethvipyole; Sphenylindole; 2-
wothyfteszinddarole; 1, 2-dimethvinidaroley 2-phenylimidazoleor 14,5

friphendimidazole;

0188 The hindered Secondary or tertfasy anning Hus the general formnia:
Rie R
M.
R

whare Ry, Ry, sod By avey independently, hydrogen, snd hvdrmearbyl, ., slkyl, eysloatiyl,

aryl, atkaryl aralkyd, ovar leastong of e paiz (*E E{; and Ry, Ry and ¥y, 00 Ry and Ry

independenty formg ¢ fused aliphatio ving of fon about 4 10 8 carbior atoms.

HOI8%  Ihsome smbodimends, the hindered & m:s.n or tertlary wnine Bag the formuln

s ~ N %Mﬂfa

[

whivein cowof Ky and By is vdropen and the other is 2 brasched atbvl of ghout 3 0 28

a:-ass'*h&n--&i&}.msa;, aryl of about 1Whin 30 carbon atpms, o seatky] of shous 11 60 380 carbon atoins;

2 R, rsed R ave, independenily, hydeogen, aikyl, <;§asﬁ-§é‘;_ésiik§~'§$_ arvh alfearyt amalkyh prat

feast ofie of Rayend By, Ry and By Ry and B and Ry aad Ry fakon i patrs, independently

%

o
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Fad -

form a fused aroratic rngof from about § to ¥ carbon stoms, or an aliphatie ring wof fram
ahowld i § ﬁ&jﬁ‘i‘:@ﬂ atornsy provided thay TR, and Rz torm o fused aliphatic or gromatic ring,
then Redx s branched alkylof about 316 20 carbont wloms.ary! of about 10 {0 3 carhon
atoms, vr avalkyl of abowt 1 10 30 carhan atotns, and provided that TR, and R o 2 fused
z%‘.}_igfhe;iis_::j of atomnatic ring, then R 15 & baapched alkyt of abont 3 10 20 corbony s afiims, avyl of
abiout 10 to 30 carbon atoms; or aralkyl of wbont 11 to 30 curhon atoms.

{B8138]  Other hetorcaroroasie ving stauctires are possible. For exangple, the hndered

senondary of tertiary amine dan have the fmmla:

Re

iy

L
£

wheretn one of Ry and Ha ds hydrogen sud the other Iy alkvl, eveloalkel, aevl, aralkyd, or
atkaryl, one 6T Ry eiid R Is hydeogen and the other is alkyl, srvd, sralkyl or s Boarylyora
feast one of By and Ry, and Ry and Ry, takew in pais, %'a_éﬁpamigmﬂy forn & fased arhmatic

ving of from shout 5§ f0 7 cacbon atoms or aliphatic ridg from about 4 10'§ carbon atoms,

eTLL O, for exatople, the Madered secondary or tertiary amine can Bave the following

formuly

whurein Ry, Ry, Ry, and Reave, independently, hydogen, alkyl eycloalksd, sgyl, stkaryl,

sralkyl; ov whebsin at Jeast one of Ry and By, or By and Ry, tilen in pairs, indenendently fonn
a fosed wrbmatie ring of o about 518 7 carchon alnnes, of an 1 aliphatic ri_ng.- of from about
to & carbon ators provided that iR Is hydrogen then Ry and Ry are Independently allovl,
eycloallopl, aryl, alkaryl, o aralioyl; and provided that #F Ry or R fs hyditgen, ten Ry is
storl, eveloulkad, aovl, alkaryl, ovarsiiyt,

Y
A
i
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HOIIR] Oy, Bor exaunple, the hindored serondary o Tertlary munine can huve the following

formaias

??

“;,.«""f Ty ﬁ:“):;‘ ™

whesein Ry, By and By are-independentty hvdrogen, sllod, eycloaliovt, aikarel, or arallyl,

{113 Some nonclimiting exanples o suitgbde Madored seoondary or terfiary madnes

incdude:
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Previding
whersin B iy, ndependentty, hydrogon or hydroopebyl

JO8114 The hindered yecpndary or tertiary amine 8 not one of the following compounds:

tricthylamine: irb-i-butylamine; wihexvlamine; 4l .}m:zy famitie; 2-phenyipyiiding: 2,3+

eyelododenopyridive;, di-plolylaming qm:;a} dine) ar} Povrading-evolopentene.

iﬁi}ihi For further defalls, see UK Patent &ppaiiﬁaii@m -“ﬁfi‘:.t; 13207366, filed Angust 18,
Tads i%ze entive poiients of vely c‘z Sre ing mr;m.\c.mzi} h}:‘ :::“s‘i._ﬁi’&'&i&_ﬁﬁ-}’im aing TR, Patent
AppBeation No. V207,377, Aled Augast 19, 2008 snd wmitled “Method i‘im Prepavadion of
Polvolefing Containing Bo-Olefin Chalh Bnds.” * the entirk cotitsnts of whic ‘"; ang.

wmeorperstsd by rsimmm herein and WY Patent Application so, TUZ07264, filad Asgust

g E}“
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1 T005 and entided “Mighod Tor Froparing Polvoleling Contalning » High Porventage of

Exo-Cetin Chatn Bady™ thy entire contents of which ars fnsorporated by reterense herein,

3 ¥

Hiae aecnts. could Broton soceptors

;

Bl Monase

o

'§'E§€}'§ I8 Inosome embodioenis, ¢ monosaifide resg ety 8.8 a dihwdrocarbvimonosuifide

sagent Having the Frmaly:

Ry 8-Ry

sehiorein Ky aud Ry are cach, independenily, hydooarbyvl, is complexod with thé donived.

polyolefin. Then o proton sceeplor is introdueed to generate & polyolefin with mn exox

olefinfe ond group, and opionally o regenerate the reonosulfide reagent.

BETIT]  Insome smbodiments, By and Boare each, independentlyy allopl, alkenyl, sllomyl,
aryl, alkaryd, aralkyl, or gyeloaliyl In some embodisents, the dibydroenrhbyimonosulfide i
diethylsuifide, dipropylanifide, diisopropylsuifide, dialivlsulfide, disommylonifide, disee
butyl sulfide, diisopeatyl sulfide, dimethallyisuliide, methel erboctybsullids, dinonyd

snlfide, divciadseyt sulfide, aﬁi}"f}:ﬁ‘n sulfide, di-tort-dodeed sulfide, or dialbvlsalfide.

8118 Without boing Hinited 1o any theory, In some embodimerns, the
hydrocarbyonosdiide reacts with the lorized polvelefin to fomn 2 stable sulfenium fon
treminated polyolefing The sulfontun jon terminated pelyciafin pyay be lowepaieed with a
Leowis actd derived countetion, .4, a tiamiun halide sueb s "THTCl. Reaction of the
compden wilth 3 profon anceptor geperates ad.exo-olefinte volvoletin, sod rogevorstes the
dihydrooarhvimonosulfide. Witheut being Hanited 1o any theory, I some smbodinsents, &
grmm mm;:*oa sbisirsets o muism oo the sulfonlung fon t&f}nmamd pal };f»;}.?ﬁ‘f_iij&. Without

S

e;%iI%ryﬁm.(:,szrm-'im»:mﬁm3f dey fontued ;}a} vk s:ﬁ:‘;, a;::»é‘i .p‘mms‘s-ﬁmmpﬁsf ;:ss_*.m:t‘:_azis_ v the reaerion

pathuway described inthe following scheme

o g S R B o f' " *’k’-i ; DO Serepior iy ;.:‘? )
prg WS UETEL pim ”‘\»f—" 5‘@““ > vk P ™ 5 meSeR,
i \ ilﬁa_{:!g Y 3 ;:w v s

BEIIST  The proton acieptos can have sither the satny, or g differens, formuls than the
sledtron donor desaribed, supia. Dy some embodiments, the proton scceptor an organie:

base, such as as anoe Reving the formula:
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wherein By, Reoand i\), e esoh, makpmjms%\ hydrogen e hedeovarhv, g, alkyd; alkenyl,
alicynsl sveloalivl, alidrel, ar atkyl orapyl In 3&?3?*:‘3’:f@?hﬁiﬁiméﬁiﬁ.E}, Atd Rg, fﬁgﬁﬁn‘:&; ol
aring of from ghout 340 about 7 earbon atoms. In some smbodiments, the profon seceptor
has more than o ~NRR; group. Bysome smbodiments, the profon asceptor 15 & priftary,

&

socondary, ot tertiary sutae. Some sXamples of saitable amings clude dimethyl astz:i%:sis:.;

dicthiy? smiing, digropy! amine, bty aming, toebbutyl aming, seobuivi aming, Qo

butylamine, ansling cyclohexylamios, syclopantyl amine, ferb-anrylaming, trimethyl aming,

tricthylansise, wipropy! atdne, and twibutvisniing,
{U0120] o someembodiments, the proton acosptor i3 analeohol having the formala

RO+

wherein B i hyvdrosabod, e, Bis albol, alioonyl syl alkandd sealkyl, oravvl, 1o somw
embodimerits, the O s atathed o aprimary, %ema@dm, ortertiaey carbon: In some
apbodiments,. by somg prnbodiméonds, the protom accepior has more than one~0H group.
E-x;mwi ez of suitable aleobols tnclude methanad, ethanel, Lpropanol, isopropenc], T-butanol,

E~butanod, terisbutanel, cyclohesanol, eyelopentanc, and phericl.

0T Hor fuether detudls; ses 118, Patent Spplication Mo, 12/085,288, Bled March 25,
S00R snd entitled “Productionof ¥V m\flj&‘?}}ﬁiﬂiurmiﬁ{ﬁiaﬁ Folyolefing Via Onenching with

Blovosdiides,” the entire contsnte of wiich are inctrporated by reftrencs hersin

(B Ouasidiving, ExesOlotin Termbegted Polvelefing Formed Bith Porassiom

feri-Rutovide

WO Quasi-living, exo-olefinterminaied. pudyedeting oo aliematively be formed by
reacting a tortdadide terminated p{s%*«fsicm {zex above) with potassiun tert-butexide (-
BuOR), Bmeﬁv i one embodiment, the teri-halide tenminated polyolefin (g, chlorides
fepminated PIB) ivreflhged in wetrahvdrofiman (THFY (Y mﬁ G0y, and o solution of tBUOK.
i THE (2.030mi) Is sdded dropwive overs pariod of 10 minutes, sifoed for 20 howrs, and

{hew conied o oo tomperstiee,. Subsegusatly, 30 md s-besiane s added, stirred oy ¥ o

mipnstes, 536 ml distilled water Introducsdl red R 10 nidnutes; tHe orgsnit nver 18 then

W

38
e
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washed theoe thmes with 130wl distilled water exch, ﬁm{?&i‘&‘i o} and deted with anhydrous
wagnestm solfite, Finalfy the produst §s Shered, the mizx-*mi;mzm ved by evaporation, and

dried Invawno st 75°C m**mm‘m

WBI3]  Fer further details, see "New Telechelio Polyimers-and Seguential Copolyomers by
?‘@Ey_ﬁmsiiim al Inttistor-Transfor Agents (nifers) V. Sonbesiyof a-tor- Rity -

isoprepenvipobdsobutylene and & e-Bisopropenylipalvisobutviens)” Joseph B. Kemmedy,

Vigtor 8.0 .s‘{?.:hm}_ge;é Robert Slan Smith, Belw lvan, Polmer Bulletin 1 STSNERN19TYY, the

ntive contems o which are incorpmmed by reference heveln

0 UNSATURATER S80I RESCTARE

HEI34E  The tery “unsaturated acicie rempent rofirs jo muleie or fumans reavtants ol the

general formula:

N
H(} o
s_g
b
S
Wk '“sm X and X ate the same or different, provided et af Jeast one of X and X i s-group

that ds papable of reaiting 16 ostedly alpohols, fun amides, o mnihe salts with ammmonia o
anines, forovimetal salts with mactive, mstaly or basieally reac tm\ ragtal cofpotuly and
othereise finction a3 sty lating sgents. Typically, Xandior X s 0, ~E-Pvdiatbl ~
{37 whers M represents one equivalent of w metal, ammoniom, or amine satior, ~NHs, ~CL
~Br, and taken together X and X7 can be U 00 av to forny an anhydeide. T some
emthodiments, Xand 3 are such that buth carboiylic fonetivng mn piter imd aoviation
reattions, Maleis anhivdride s one examplo of a nsefid wasntorated scidic resstant. Other-

s

sultable nosaturated acidic reagtants nglude slectron-defidient olofing such s monophe eyl
atsic anhedeide; monoms thiyl, dmm“h%ﬁ mioniceh %Oﬁ'{};'}ﬁﬁﬁﬁébﬁ’{?fﬁﬁg_'?ﬂ@i‘:{}:ﬂg{{}f{}? dehior,
andfor diffupro siadele anhydride; Nephey! imaletnide sndfor otffer substituted msisimides;

Dsomalsisdés; Ranasie aoid; malsie asld; :ﬁh’ hydeogen mulosics and/or fomuraies; dialkyl
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fomarstes andfor malcwies; Senaronitic soids andlor maleanic noids; ami_ maloonitrile andior

Suneroninis

NIRRT The wee of malec anbydeids o copalymers suek sy these deseribed bersin is
partionkedy vsefyl beeawse the remulting swosinde anturdride groups tuoughontihe sopolyiser
can subsequentty be modified, e, as deseribed tn groater dotall hlow, in ordér fo Rutier

modify the chavicteriatios of the bopolvines

xf {{}f}{}g{a\\gi; .-“f c‘% ii r.{}f ;xi}g

BOI6] A variety of indiators are suitable for vse In iitiating the o apolemenization vithe
_ﬁg’&fzﬁ:.ér%%‘?i::;g polyelelin and the tnsatwratnd eckdic maciant. In some smbodimenis, e.g.,
srphodimengy in which the guagd-living ;ﬁﬁf{éiﬁﬁﬁ s prodused by pubymeriviog & monomer .
the presence o an iniflator, an a8ditons! htintor ned net e wsed o mt e the
copolymerization reaction. Bnsech embodiments the initiator of the quasi-living resetion wan
slso be used o the Inftiator of 'the copolymerizative reaction (noting that & sopalymerization
Wnitator would also be added). Inother emibbdiments a vopelymentation iniiator pas Be

arkded,

{ﬁiﬂ?ﬁ?} In some smbodiments, the eopolymerization can be initisted by any soitable fres

radicsl initistor, ‘wmh fnitiators arg well }\mwn iviheash

{8 Peroxide<type polymerizmion nitigtory, azo-type pobvmesization initiators, and

’

usefil initdators for copolymerization resctions such as those:

P

radintion are examphs of

daosoribed beseln,

4

UL Theporoy mcniy*gsu mtiater gan be organie or Inorganie, fn some snbodinienis the
srganiv heving the fomula RIOORY whersin R i sy organio radical and RY & selscted
rom the gioup sonsisting of hydrogen and auy organic radical, Both B3 wid R3 san b
organic radicals, e, hydroosrhon, aryland anyl radicels, -iipﬁ'{}jiaﬁ}" carrying substituenss.
such ashalogens. Seme non-limitiag examsplos of nsefud perasides inclade distert-amyt
perokide, dis dert-botyt peronide, tert-buty! perokybenzoute, dicimy! peroxide, beneoyl
perowigke, latrovi peroxide, othier tertiany butyt peroxides, Z4-dichinre-benzoy peroxidy,
sstiary-bulyd hydroperoxids, acelyl hydroperoxide, dicthylperosyeabonste, wrtiary butyd

perbenzaste, sod the ke
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{00138 The azo-type compounds, typified by alpha; alphe” @Amﬂwmm@m%yzk, s alag

well kpown fee radical srosnoliny haterials, Tm BZD ﬁ‘gmpm@g}m o be defined e those

having present in the molecule group ~ =N wherein the balances eve swisfied by organie

radicals, at least one of which s proferably attached 10 ster thary carbon. Other sutableans
cxnpousdyinedode; bt aor not Hosted w©; pebrome bensenedisonium floovoborsie, pr

ﬁﬁp}f&i&ma;étz‘hf_izi‘;%)en:aﬁma. s-bromobenzenedinzoninm hvdroxids, spomethans; and.

shemyidizzonivm halides

AV RILUENTS

013 Thecopolymenization veagtion can be conducted neat, that i, the guasi-living
m?x plefln, the unzararated acidie reactant, snd the hotlaior con be combined 1 the st
ratio and then stivred ot the renciom emperatorg. The nosatarsted aoidio reactant can be

added over fime, ot 1l af once.

[E0132]  Altematively, therreaction o be conducted i o diluent. For sxaraple, tis.
sgaciants oan be combired in g solvent. The dfuent van be o single comipound or s mixtore
of tero of minte pornponnds, that completely, nearly completely, or partially dissolviss the
reaction vonmponents, fnsome embodiments, the diluent hay wlow boiling paint sndior lew

Teiring poist,

HOI33T A variety of'snitable difoents can be psed, such as an slkane, an alkyl monchatide,
o s alhyl polvhalide. Examiples of suitahio norma! alkaves nchude propians, nonmal hutane,
sorieal ptane, normal hexane, notmal heplims, sortad ootane; notmal nonave andior
nermal decans. Examples of subale brasnched alkanesineluded ﬁﬂhi&i&iﬁﬁ,_iﬁ{?ﬁ%ﬁi}ﬁ&&é%
menpentane, sehunase, Danethylpentane, 2 2-diethdbutane, andos 3 3-dimsthyibutane,
Exaoples of suite thlg §mlm¢mz§m§ alkanes nclude shdoroftrm, sthylohioride, s-buiy chiovide,
'ﬁ'ﬁ&lﬁhﬁ%iﬁm‘é*Q?ﬁ,:s‘:fﬁ_&‘-ﬁﬁk__m&iﬁyi chinrids, 1.2-dichloresthams, 1,12 3meblaoetane, pwbon
teteachioride, 1.1-dichlcrosthons, v-propyl shicride, isovpropel chdoride, 'iﬁ;‘_;ﬁéﬁéﬁ-hia‘.s;‘;:‘:s;'?mg}arm

angdior _,.3\:~éﬁéhi.ﬁ?ﬁ;}t‘x}?mm;

WEIM] Alenes andior balogenated glitenes oy alse be used ay diluents, oz, viny

chdoride, 11 -lichioroathene, ar 1 2-dickidroethase, Subsitued begzones sre s suitable,
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[BU138]  In some anbodiments, the dilnent is one ov more of varbon disulfide, sulfyr
dioxide; acstic anbyedrids, sostoniirily, benvens, twhwas, sthyibenpene methyloyolohesane,

chloreberwens, and a nitvontoang

IBOL36T  Varlous rafxiuees of dfvends con bewed, s, amixtirs of hexane and methyl
chloride. In some embodiments, sachanigture i from abont 30770 s about 700
sexane/methy!t chloride by valume, o, ez, Tromm about 5030 1o about 1000 haxsne/methy]
cliforide by volure; or; &g, Trom about S50 woabout 7030 hevavefmethy! chlonde by
vohune, on e s abowt S0 hoxsmelmetind chiofdy by volunte, or, o4, about SGHS0

hewape/methyt chloride by volime,

R3] Adter thersaction I8 complete; volatile components cur be siripped off!

3 RESCTION CONDITIONS

TO01381  Insome smbodiments, the amdonts of (e different reactants and the temperatire
of resetion are selgcted o pr miﬁ o the re mh‘sng popolymer{ {o.g, pelyP i*&% ’m with e desired

sharactenstics,

BOIESE  The amount of indtistor (o enploy, exelusive of radiation, dependsto alarge.
exientnn the particalar infilator shosen, the olofin vend, and the reaction conditions. In some
cmbodiments, the Inftiator fs soluble in the renction medhun,  Exeninlany coscantiationg of
intator are between Q0001 and 0201 males of inftiptor por mole of seidic reastant, s.g.,

between 00N L and 1ML,

BHI40) Ty scome embodiments, the ;}s;f}m@x ston femperature s sulliciently high o
bregk down the inftiator 1o prodoce the desired fiee-radicals and o maintain the resctante in &

\

Hipald phase g the reaction pressure (o, almaspherie prossirel.

[UO141]  Insome embodiments, the reption time is suffioiont to resull B the substaniaily

comnpiste cunversion of the weddie reactant and guast-iving polyolefin to cupolvmer,

Hxample resction times are betwsen one and 24 howes, ag, betwses two gad 10 hows.

OO14Z)  As moted above, the subleet resction pectrs in lguid phase: The Guasi-living
poivelefin, unsaturarel aclilfie regetans, and &utisior can b brought ngethierin any suttabls.
manner, o2, such that the guash-lving polyolefin and unssturated aoidio reattont are broughit
tnfo intimste contact in the prosence of free radicals generated by the inftiater. For esample,

=32~

HJZ



WO 2609/126015 PCT/US260%/637517

the reaction can he condugied in s balch systens sehove the quasi-ving polpalefinis added oll
indtially o & mixiuee of tnsatosed acidie reactant, and inftises; alte nately, the guasidiving
patyalefin can be added intenminently or Sovti suesly tothe reaction pot. The ieastants ca
#iso be added I other orders. For example, the nitiator _ai}&;unsatma%:ﬁé acidie veactant can
be wdded 10w reavtion pot containing the guasi-tving polyolefin. Tn another mawnes, the
comporents in the rosction mixture are added contiononsty foa stired veavtor with
continuous removal of s m;’tzm ofthe ;;m;fia;xs;,t’ o9 recovery frain or foother veastoryin
saries: THe resesion car also suitably toke placetng cotl-iype reastor where the COMIPONSTIS

ave added 8t one or more p\\ﬁiib slong the 'c%a‘ii.

{81431 After substantial sompletion of the copulymerization, vesidusl wnasturgted soidis,
reactant can optionally berevoved using conventions) e chudques, 2. by reducing the

pressure over the copolyingr fo substindally sty off the reuctans,

DESPERSANTS ESING COPOEYMERS MARE BITH oU ASELIVING
POLYOLEFINS AND NSy TURATED ACIDIC REACTANS 52 AND
LOMPOSITIONS INCLUDING SAME

(0044 PolvPiBSA copolyiners made with guasi-fiving ?a}ii}rﬁ}ﬁfz'ﬁ.;ﬁﬁ and vnzaburated acidic

reaclatily, .., aving the methods described above, van be reavtod with v arious reactints in
et 1o provide s dedired functionality and/or . adiust eaher charatieristios of the

mp@}ya&em, The resulting polyPIRBA derbvatives an then beused in various compositions,

sach @ tubricating oils, fuely, and conventnites

(8 EOSTTREATIMENT QF POLYPIBSA WY ACIRTO INCREASE YIELE

[B045) 1o some sinbodiments, the yight of'the copoiymer, ¢.8., pelyPIBRA, can be

inoreased by rencting he polyPIRSA with wrwinaturated aczdiﬁ, reagent at elovaind
temperature, in ihe pressace (72 alviing wiid. Without belng Bmied any thoory, the
unsaturaind achdic seactant rescts with residual ooreasted polyodsfindn the copolymes, thay
inereasing the vivld of the copolsmet, The yosaturstes aciii resgent car be the sarvie oy
different s wa‘:‘ﬁ:&%ﬁa&iiﬁf nsed fo form the copalynis (e.u., a8 described abo et Then osulting

prodoct s ariiite of polyPIREA and acidruatalyzed theemal PIBSA,

01461 The form “sirong a6l reforsto an avid having s pKof Tess than shoni 4, ¢ ol

abott - HY to Jesy than 4, s, - hetwen about-3and +2, Th sonie smbodiments, the sty

33
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acid is sy olbsoulile, strong or ganic seid. Bepresontative clisses of the oil-soluble strong
aoids see reprosented by maleicacid, nualonic aoid, phosphosic acld, thioph M§s%m soud,
_pi\ csphonic jeid, ?_E:«_mgs%m;*% EHEC \wiﬁ sutfonic -&ﬁ&ﬁ._.;_sui forieanid, and aigﬁxa&ahgtﬁf’i'ﬁtﬁ& oy

comain fom 1010 TS oabon Homs, 5.8, Mo A parken stoms, Sl oy Méﬁ o B carbon stoms,

aod the syl grovp s e, syt In ane exanple, the strong seidis subfonte soid whol as

an atiyl aryt sulfomic acid, eg., nwhick thealind gronn has from 4 40 3 cashon atoms..

81471 The reaction is conducted with an exvess of the wassturated a:céfiia-m&eimm al
shevatad fempératurss, in the prosence of the stong acid. The prodoct of the thon iy

-

roibred o hoveln gs Macid-vatalveed theomeal PIRSA

601481 In someembodiments, the strcdiy ackt i s presenit B an amountin the range of, 2,
Teom. §,0025%. o1 0% hased on the 10 Fweight of uneescted gobydeling The nosaturatid
seidiv reaciant oan Be added Gver o pariod of time to the copoelymer Gwith residusl

polvolefing o.g. from 0.5 0.3 bours, orcan he added sl atonge. The mols safie of the

mszmsmeﬁ.-s?;aié.i‘i;‘-zfgmz;m.m unsgaeted patvoloBn s et syt L, &4, fom D wani,
The temptrature can vary over g wide rangs; e, from PRUNC 10 24070, and the provsure san:

e atmospheric, sub-atmospherie, or supsratmpdphenc,

{8149]  When the resgtiom i complete, the wreacied inssturated acidic reavtand is

rarneved, and the resetion medinm cosled, and optionally filtered.

{08181 For fusther dwx;&\ see LLE, Fatent Mo, 6453920, the entire cottents of whick ane

incorporated by reforenee horsln,

(0 BOLPRCTRNIMIDEY

U153 A pobvsuseinimidecan be peepired by rescling § copolymet made 88 described
hevelr, S, polyPIBSA made with quasi-liviag PIR ad mafele anhedride, with eitheran
aiHne o & polvamine, ender reavtive conditions. Typically, fhe amine or polyaming iy
cmplpyed In amountasuch hat there are 0l o 18 eqqubvatents of A oF polyamine per
equivalent of avidic groups in the polvPIBEAAcid-outalyied thermsal PIBRA misure. In,
seme eebiodiments, 8 polyamine is wed having at least tece nikowes mtoms aad 4 20 20

carbon sfcame.

X
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01321 hray be dexivable o conduel the reaciion iy an inerd organie sodverd, Liseiud
sodvents will vare and can be ﬁaﬁgznmim from orntire sonroes o sovsine expirinents,
Typteally, the reaction Iy conducted . Inndioratiires i the fange of Suanabour §6°C 1o

.?.S‘i}“{i;- 8.8 1530%C e i.'?i‘i*é‘,:, for from abeot 1o [0 howrs, eg, from about 7 o 6 bowrs,

=t

-

Pypically, thy reavtion i condupted at about anpospheric prossures howsver, hagher arjowey
pressures can alve be ueed depending on the ressticn temprrsties desivad and the boiling

S

poing of the resdiants granivent,

HOLS3T  Warer, pressntin the systeny or generated by this reaction, can be mmbved from
the redetion sysiem during the covrse of the reaction via srectripivg or distillation. After
resction eompletion, the systen can b stripped ot elevated temperstures {yplcally 1007
ZREC) and veduped pressures 1o remove any volatile components that way be present in the

produst

BULS4]  Anamine opa polymnioe used, eg. 8 polyamine with st least three ansins
nitrogen storas per tolscule, e, 410 12 amine sirogens por melecale. Polymmines having
From about 610 10 nitrogen stoas per molecule tan also be useld Same waeild .;g*mﬁi';s-’f&iikgjm:
podvammines alse corntan o abowt 410 20 cashon atoms, e, from 2w 3 exbon atoms ey

alkviene tmi%;f&:‘iﬁ iy some embodiments kave s carbonvio-sltmegen ratin of fom 1 o 11

[B9ISA]  Woslimiting x:mzmpix:ﬁ of suitabde pobranines that can bewsed fo form
suseinimides efcopolymery such as those desoribed herein Inchude the following:
tetracihyiene pentaming, pentasthyieng hesamine, Dow E-100 heavy polyamine M, 5303,
availeble fom Dow Chemieal Company), and Union Carbide HPACX heavy g;ts’iﬁ;;&i;;}i‘z;{:;{'@iﬁ

q

Hadsle from Undon Cabide C sorporation]. Such polyamines encompass fomers,

suhy as._%ar.amhed—&ham.ps:ﬁy:&m.mes_;,.. and substituted polyamines; inchiding hvdrbealvl-
wabstituted polvamines. HPA-X heavy polyseine containg o avernie of spproximaly 6.5

gring ritrogen sloms per mokonie:

{00138]  The polyamine reactant can bera single sompowsd of'a mixtuge of contipounds
refleeting commercial pol yumines, Typivally, cominsreial polvamines are s mixtive in which
ansor seversl conpetnds predominate with the average composition tadicated. For sxamyple,
tetvactindone pontamive prepared by the pelvmerization of aviridine orthe vesction of
dichlorcethylene wid ammonia typicelly inchules both lotver snd Kigher amine members, a8,

tristhylene wiatiine, abstfoled plpcrarines and pontactindene Bestamine, but the
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sornpostion 8 lugely wirsethyione penteming and e empirioal Lm:imziq of the il amine

composition clossly spproximates that of toirsethyions penfanne.

HRERT] Odir exasoples of suitabls polvamines include admixtores of amines of varing

-

msieonlar weights: Inchuded ave miviures of diethylone thunine and hegey polyamine. One
i3 &

exerplary pelyamine sdmitee is 2 mbxiure somiaining 200 by waight diethylons triaming

and $0% by welpht heavy polyaning

{83188] o some embodiments in which an amine, .8, RTRCROATIDE, 200 employed, the
aming is.2 nrieary smdne, secondary amilneg, ormizture thereo!, and san have atileast 10
carhon oms, €.g., betwveen 12 and 18 carbon atoms. Sromatit, shphatic, satormed, and
wesaturated amines gy ;E}&i-.e:.;ﬁ.gﬁa}faﬁ . Lheefnl ondnes inclode aliphatic pﬁ‘imar}_* aniney,
Exarnples of suitable amines include, bur sy not Hedted ag, .e:sa;mfiaayimiﬁﬁ and
dodecylaming. A exainple of @ suitable mizsure of Isines I8 wllowamine (& partialiv.

saturated sabdire of amings dnclading m_;;sits,i}*{.‘f,gg;_amiws}.

IS Mixteres of moncamines and polyamines can beused Alse, polyexynikyviene
polvamines (for exanmple, matrials suppilied under the Wade wame Jellionins) and

aminnsleohols can also be subtally axed,

() POLYESTERS

FHHEOT  Polyestors can be prepared by repoting 8 copolymer made 3 deseribed herein,
g, polyPIBRA made with gquashdivi ing PR and mudeic anhydride, with & pelvol, wder

senctive condifions, The poly ols havesthe For mﬁa R Hiy whigre R" s & hydvocarbon madical
and ®'isan intoger repressntivg the pumber of Redroxy radioals and bas.a valve of from 2 to

abiowt 10, T some cmbodiments, the polyods contain less than 30 varbon atems, sl have

from 2 to ahont 10, a0, 3 0 6, Tydrony i"iiﬁ*ﬂ&i& They are Rudirated by, for fxample,
afleyd poe plyeols dod: p@i*«mxm kylene} plveoly \mh ax ethylene glyeol, difethviene glyeol),

i

trifethylens glyeal), difpropyiens gi};cm withutvlens glyooll pentalethylene g.i;;&iﬁ}, gt
other poleloxya &\,%m\. ¥ ghyests foved by the conderisation of two or mére molss of
ethyiens ghiveol, propylene glyedl petviens ghyedl, or 2 ke glyeol having up 1o 12 earhon
atoms in theallovione sadical. Other ueefid polvhydiie aloohols inghiade glyesvol,
pontasryshritel, 2,4-hexanediol, pinacol, erytheitol, arabitel, sorbitol, mannhel, {2

A

eyelohexanediol, xylylens gy '-‘{}' and 1 3_:’3»‘::%‘0&&}};%“?@,{;‘}0; {ther usefid polyolyare.
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disclosed fn 1.8, Pat Nol 4,034,038, issued Jul. 5, 1977 o Vopsl, whivh is ingorporated by

e

referencs n its ontizety,

H0I6T]  Esterification cun be effecisd, for example; st 3 temperatise of abotit 100°C 1
sbaut 18050, @ig. about TS0°C, to shout 180°C Ordinarily, the reaction i canied st at
anbstantially atmosphede possue, sithongh pressurss abovy stmospheric canbe éﬁmg}ib}%é%.

g, with more volatile reactants. In sote emboidments, ‘-s.isiic.:hi{m;i%izﬁw o of renciants

e employed. The resction can be nae tn the absenve of o calalyst, or fn the presence of an.

aviddvne vainlyst such as mineral wnids, sulfonic ‘“usis iba;aﬁ»f%s%\ﬁpe-&aﬁ_{és and the fike.

s

Suitable reaction conditions and catalysts sre dsolossd fo LS. Pay No, 5,155,686, tseued

Nesw: 3, 186410 Pritl et al, whinh Mm\\,z;w;awé by reforence fnits onsirety,

() POST-TREATMENT OF POLINLCCINIMIDER

i ;fs'?f‘§ The dispersincy and other properiioy of polytucchmmides made sy desoribed

above, €.8, pelysucointmides mude gsing polyPIBEA made with Quas;_iéﬁ#:in:g PR andmalsin

<

anhydride, can be firther modiSed by vescion with @ wvelie carhonste, The ress mN oSt
treated product has cne or mere nitrogss of the polyumine molety substituted with a
hydvoxy hydrosarby] oxveschonyd 2 ivdrory polvlosvalkyleng f\a{ychzrmm* &

hydroxyatkyione, hvdrowvaliylencpolyfonyalbylone), of mixtore thereof

00153]  Disome smbodiments, the cyelié sarbonats posi-treatmsnt i conducted under
conditions sufficient fooormse wasotion of the ovohie varbonate with seeondary anting groups
nfthe polyvamine substiuents, Typleally, the resction is sondinted st temperatares of about

G080 350°C, e.g, from 1007 to 200°C, v, from aboit 150°C 1o 1807,

B0I64] The resction can beeonducied nest, and optionally 18 conducted fn the presence of
a watulyst (such as an scidie, basivor Lesle acid eatalied) Depending on the viscosity of the
riERCiany, it may"éitses'ﬁsafuf} v oonduct imz LUON URInG 21 et erganic volvent or diliegl
&, tohierie or xelens: Bxamplesof suilable catddysts Inchnde phosphorio aaid, borew

trifluoride; alkyl or az}i sulfonic adid, and alkalt or alkaline sarib cwhonate.

FH0168]  One sxanple of s usefid cye e pachomate 13, 3-8 oxolen-2-one {mthyiens

shrbonate), which affords sultdble resules and v readily svailbde commersially,

~3
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108166]  The molar shargeof syelic cwrbiniate aiployed in e post-trpatment reastion is,
21 sone epvhodiments, based uposcitbe theoretioal rueber of basio nitropen atoms contained
i the polyamine substititentof the sucoinimide. Without wishing to by bownd by theory,
whien one gquivalent of wfma,im*im ‘pentaming i regoied wilh two eguivelents of succinie
anthyidride the revuliing Mesuctintmide will theoretically contain three basies mitrogen soms.
Ascordingly, 2 melar charge ratioof 7 wookd theoetically miggzéz-'é:ﬁ thay two okl of eyelic
carbonate be added i’_mz';;ﬁ;agéh: basie niteboen, oF i this cass -g} mokes of eyelic carbonuld Hy
erch ok sguivalent of suecinimide, Mode ratios of the oyelie carbonate to the basle anine
nitrogen.are typioaily in the range of fromahouwt Llte zﬁ“‘{}‘ﬁ 4115 preforably froum aboag 211

to ghout 301,

8I6TT  The dispersancy end other propesties of podvsusciningides made e desoribe
shove, e.g., polysucciuimides made using polyPIRSA made with quasi-lving PIB and maleis
anhydeide, can be further modified by resoton with borie aold or @ sindlar boron sompound
tor form borated dispersants. In addition to bovic sl examples of suitable boron compounds
include boron oxides, boron halider andesiers of boste soid I some smbodiments, fom

about 0.1 equivalent to abowt 1 equivalent of Borgn compound pef suivalent ofhasi

sitrogen or hydvowyl B the compositons of thistovention ey be soployed,

£V LUBRICATING QUL COMPUSITIONS AND CONCENTRATES

[00188]  Polvsuceinbmides based on polvPIBSA mudy with quast-diving FIB snd malsic
anhydrile; such agthase deseribed above, we ussilid as detergent snd Hepersant additives in
fubrioating pils. Trpieally, when smployed in prevkease oilg, sueh ;;_miy*&;’tié{:s:iiéséiis'z:ﬁxiaﬁ‘ can b
s by avnonndy of about ¥ roaboot 10 percent by welnht (ol dn adtives busis) of the il
composition, e, ey than sbowt 3 pereent by welght {on an actives basis), Actives hasis
indigates that only the setive ingredients of the polysuseininnides sre considered whe
determinhig the smount of the additive relative o the remainder of 8 soanpoaition. Diluents.
aud any other Inactives, sueh as uneencted polyolefin, ave excluded. Unless otherwise
indioated, In deseribing the lubsivating ol and fin al compositions or concentraiss, antive

'mvw&smt contenty are tuended withorespestio the polvsuccininidia.,

0165 The abricating oif ned with e pelveaceinimides way beoineeal ov syntheti
oils of librigating viscosity and praforably suttalile for use i the crankease ofan dntemal

cornbustion engine, Crankenss Hobvicating oils typivally bave a visvosity of aboit 1300 o8ty

S 28
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R (I 9227 oSt s 210°F {89°0) Usefl mineral oils ingd Inde parsfiinic, naphthenic
and othur oils thet ave sultable for use in hmm?wg* ol compositions. Synthetic oty incliade
both hvdeticarban _s_a;;anﬁmgi::{}igi-s- and synthstic ebters. Usefil synthetic hydrocarbonoils
inciude podymers of alphe oleling having suitable v iswosity, £.8., the hydrogenated Heuid
oligomers of O 1o Orp alpha vlefing, suck as 1-deceny teimer. Likow tse, alkyl benzenes of
fruper vissosity such as ﬁiﬁﬁﬁéﬁﬁ:}’@ bengent ¢an be used, Useful sytithetio esters fnglude the
esters of both sMonocsrbonyHe acids and polycarboxylic avlds as well as monnhy ooty
alkanols and polyols, Ex&zmﬁu am ﬁia‘m&acyi adipate, penteerythritol tetrasaproate, divle

ethythesy! adipate, difawrylsehacate and the fike, Complex e5ts prepared from mixtres of

rwng and dicarbogyBie weld and mone and dibvdroxy alkanols can als ey b e
B6178]  Blends of hyifrocarbon oile and synthetic oife are also tsefil, Fig examiple, blnds

of 1l1e 25 weight percent m,airmm stesd’ I_*ﬁ_e;?{?a}i‘_iﬁ‘l 'ifimar“\-ﬂ-"it?i;? te 90 welght pevoont 150

8US ¢ M Ty pineral 6if ghees an excollont lubric cating off basey

BRITEH Other additivos whtioh say b present Tn the Tormulstion iholeds detergents

3 ks g
gowfi,,,.mi st sear-nverbusedy, rost inhibitors, foam inlifbitors, tetal desctivatons, pour
poing deprossaiits, antioxidanty, weat intdbi a8, zine dithiophosphases and & variety of oiher

wall known sdditives,

_§§J{?}:‘-?;?;§ drislse mxaiem*aiaéﬁd that polysuesinimides jeapared us desoribed & above can be
coprayed av-dispersants angd detergents in hvdranke Suids, i oraskease ubriomits snd
the bke, nsowse &?&mﬁmﬂ-ﬁ'mm{a,-%i%a'-g_:m bysuochdmide is added ot fromy 0.7 10 3 pergen ?*w
weight (on ai active polysucoinimide basisy to the Bwid, snd wreferably at o 0.5t 8

welgbt percent (of an sctive polssuccinimide tamis).

[G8173]  Polpsuccinimides can sles he peed in sddithve concenirates, which fvsome
smbodiments inelnde from 59 to 1 pereent, &g, 20 10 60 weight pereent, of an organic
Hauiddiluent and Som 11090 :maig%zi_fpﬁmm&i e, Bl o 40 weight peroe et fom a dry Sasts)
of the polysuecinimide. Typieally, the concentrates vontain suflivient diluent o make thim
eazy 1 handle dwing shipping and stordge, Snffable diluents forthe conceninates include any
st difvent; peeferably an ofl of Yubricating vwispasiy, so that the concentrate iy b readily
ixed with lubricating olls fepropare fubrivating oil conypositions Suitabde Tubricating oils
which can bensed s diluenis ty prically have viscositios i the ratige fromebowd 130008t w

OF 178 e 227 oRear gt s ‘*?‘?‘t} sithongh an oll of lbrizating: visgosite can be used,
£ ‘ jad

34
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(B FUEL COMPOSITIONS IND CONCENTRATES

2

{i}é}i?aﬁf Whenrused infue elsy uselul concentrations of pol ¥ sccinindides prapared as

soribadd above, tor oblaiy the desired detorgency i dependent upen a variety of fators.
including the type of fiiel used, the presence of -a:;zehr;r detergsits or disporsantyor oiher
addivives, ote; In some embodiments, the range of congentration of the pelysuseininide in {he
buse foel iv 10 to 10,000 weight parts per million, ¢.g.. fom 30 10 5,000 parts per millisn.
ofher delebgents dre pregent; & losser amonnt of the polwieehdnide may boused.
polysuccininvides canalso be Rrmulated uy o foel concentrate, gsing an E;‘z‘eﬁﬁm&ﬁs‘ aigj%-sﬁpﬁiiis
solvent botling Inthe vange of abow 150-400°F (§5.6-204.4°C): Usetul solvents boil in the
gasohis ar diesel fu 1l ranbe, n some embeidments, an aliphatis of o aromatie bydrosarbon
solvent iy tsed, such as o bunzene, tohiene, xviene ar. Eveé‘svr«iw?fm arotutios or mmm:ﬁg
thinners, Adiphate aloohols of ahont 3w 8 carbon stoms, suchas _ié?i{??f&‘@i?{%ﬁ'%}f,

'Es»;a“;&;&i@'ﬁ.ﬁgaﬁ.}im&_ s-butanol and thy Tk i combination with hydmoshion splvents see alsy

suttable foruse with the polysucclnimide, In the Tuel concentrate, the amount of the
solysuecinimide will, in some embodiments, be atleast § perceny by we ight and not more 78

poroent by walght, ey, from 510 50, o g, from 101 38 Seeipht pegesats
EXAMPLEY

[B8175]  The investion is furthier ilusteated by the following exsvples, which are pot to b

vensidored ay Bindtative of Bty scope.
Example &
Byrihetis of Exo-UOlefin Terminated Quasl-living Polvischubvlone

TS Aot peck, 5 L vound bottosn Rask squinped withh an overhesd stircer and

thermoconple was sabmerged I x heptane bath malntained at -80°C, The apparstus and baty
were wnclosed within'a glove box contalning anhydrots nftroges as the Inert atmosphoere.

The fdlowing were charged o the round bottemn fask: 20 &?;-4,“? ik Z'z exane, 1429 8 mi
methylchionde, 422.3 mL isobutylens (3.7« % 1595 ¢ Sohlove- 24 vimethylpentang

{00038 wmol), 142 Ll 28 Lutidine, snd 1144 bty lismoniis oidoside, The sainiurg

was gllowed sty until the sohution wached thepmal sguiibdivm at 500, Then, 847wl
(0.3 mely T L was charged 1o e 1eactoe to it the lsobulylene polvmetization. The

polymerization was allowed to proceed for 13 min, a8t which thme 232 mb (0228 fd) 2.5+

EhH N
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t‘imaﬁ‘i‘%ig‘mﬁk was charged ©0 the reacipn. The mixurs wag stireed for an additional 57

min and the reaction was then terminatesd with 1075 nl (2657 mio 1) methanol,

[OEITY] The misture was removed from i glive box and the volatiles were evaporsiod
¥ sz‘rm Sht vy ameblat conditons.. The organdc laver was extracied repestedly with ¢ a 9%
HCVdatontzed HrQ solution, washed with detonized FO unti] sengial, and ther drind over
magnasivey sulldiz. The crgasic layer was then filtered through both Cilite and silics geland
fnslly, the hevane win femoved via varoum distillalionte ai’i’érgi pproximately 273 g, Fi.

The prodoct contained 7% exp-clelin endogroap woutent, had M= 2278 aid g D= 105,

Example B

,

Syathwsty of Exo-Olefin Tornminsted Quasi-living Polylzobutylone

-

¥

The quasi-living PIB (M, = 1007) was prepared using the saine procedurs as in
Example A except thar we vsed 1002.8 mL bexane, 936.5 mL miethyichioeide, 403 mb
iobutylens (480 moll, 43.249 g Z-chlove-2 A d-trimethylpentane (0291 moll, 1295 mil, 2.6~
Lutiding, and 1668 g teras-butylamruonives chiovide. Toothis mibxturs ot -45°C wus added
13,8 o T {0073 moll, The polymerization was alloweid 1o procesd for 60 minutex st
‘mﬁ%}i{ﬁl U 482% mb sopropyisalfide (0.319 mol) was added followed by an addivionsd
58.05 g TiCls (0,506 mol). The misture wee stiveed {or an additionsl o ooy stwhich
time n-butylamine 18595y (2,543 maly was added. The tomperaturs rose e C138(C brieily.
Aftor ap additional six rainutes the mowerstore had cooled back down 1o 299C and 94,15 wi
arthanol (1327 molf was added o terminate the reaction.. The praduet feom (s reactig
was preeified by washing with diiote hvdrochloede acid sohution, then with seater, and then way
drizd with anhveous magrisium sulfate, followed by filation, The product was further
purified by paasing this rsterial through a colmm of 200-450 nissh silida’ g‘g_ﬁ% {100y andd

chuting with hexane. The hexane was removed fn vious 1 give fe FIB product The PIE

produet from this resction had a M= 1907, 2 D= 110 and $4% exo-olefin end-gooup
gesrstant,
i
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Examphl
FolyPIRSA from Quasi-living Polylsobuiyiens

HOL78]  To s 300wl sk squippod with a vondenser, averhead strer, B ating manile
and P sytinge patips wes sdded quasi-living PIB frow Bxample B {ﬁa g 0. O8RS mol, M =
1007, DE= 130, aned 94% wio-vledin endhgronp voment) The temperative way incressed
1507, Distoreanyt poroxide {1.59 ¢ & D651 rhol) and ﬁm eic anhydnde (1548 0157 mol)
wereadded sepatately Vi two syringe pamps over 2 2 ko period, The malsic ashyydride was
Thenssd o prester i‘-:h&m.iii}f’i]_i 50 _ﬁm.{' the saraple was ¢ Hapid, Both syringy peedies wais
positioned belew the surface of the Rauid:se thar e tips of ‘f.f‘&. vepdles were Just touching,
pach other. The reattion was hoatsd for s an addittonal 2 & They the exossy mulely anbydridy
wag removed by distliation at reduced pressure 5t 180°C oyer a 2 hperiod. The polyPIREA.
had & $AF aumber {saponifcation rumber ge determined by ASTM DS of 1414 Mg
KO and contained 900wt % actives, The suscinie ratio was L8, The sicainic ratio refers
fo the malio caloulated in iifi:il’.f}f{im&ﬁwiﬂf}. the procedire and methematizal sgustion sefforth
i columng 5 and 8 of LS, Palent WNa; 5,334,372 E swhich iy hereby ing prporated by reference
i s entivety, Normatly, the suecinto ratio rofers to the niunber of succisie groups pey
polvbaites il In the condexd of Sy spplication, the succinie ratio reforg o the mtio of

sustinie anhyleide groups fo pelybulene tails that are prosent i e polyPIBSA copolyser
Exawmple 3 {Usmparaiive)
FolvPIBSA from NonQuasi-Hving Fulyisobusylone

0T PolyPIRSA dertved fom nonequasi-living PIB wag propaved in & mannér ideationt

tor that described In Bxample | extep that 100 g of hon-gusi-living PIB pﬁ:}pﬁﬁfﬁfiﬁ;i}}* ihe B

PO

catalezed polymerizaticon of isobuiviens (0006 mel, M, = 1046, D= 171, 8%% exo-olelin

sahegroup content) 174 g of di-tertammy! perogide (001 moly and 1S gof mzﬁ:ﬁmgﬁ &;ﬁz;aﬁ:‘jﬁﬁ

{0133 ol wereused, This polyPIBSA had a $4P sumbey of 1237 g KOH/y and

Ef’«":

confained BLEwi % actives, The succiniv satio was 1.8,

,-,..;;,‘"?:;_:
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Esanple 3
FolyPIBRA frowm Quas-living Polvisabuniomg

{HHB]  PobyPIBRA devived from quasi-living PIB prepdied 1y Bxample & was -prfmm'ﬁ{i i
a resemer identioal 10 this desoribad iy Example ¥ mw;ﬁt that 9.1 g (0.04 mob ol quasic
Hving PIB having a number avemge moolecular welgh of 227 78, DI 105, and 97% gxo-
olefin ﬁﬂ'ﬁf"‘%}'&i&}? -x;.z_ammm I g of divtert iyl ;amzmdﬁ {13, e‘?(? e}, and 837 o maloin
arthydride (1,06 mol) wevk ssed, The pisdust ;g}y:}l_}f}??ﬁ?ﬁﬁ&% haad & SAP nomber of 588 g

KOHA sample, 84.7 % astives, and asucciniy ratio of 1.5
Exarmple 4 (Comparative)

Poly PIBSA from Non-Quasi-Living Palvizobutylene

BRI PolyPIBSA dedved from ;1-;i@g}ﬁ~§;ﬁ§&s{:§-@§;&$ﬁi‘ﬁ.g; FI was prepaved in & manner
identical 1o i‘%};}z deseribed in Brumple ! oxeept tht 97,5 g (4 £41 mol) non-quesi-Hving PIB

prepared by the BF; catalyzed polymerisation of isobutyions having 8 number ave SPARS
moleculer weight of 2389, D= L3R, and $5% exo-clefin end-grovp sontent, 1.2% gof di-

tert-arnvl peroxide (0.0074 mol), and 6.4 ¢ maleic anbydrde (007 mol) were tsed The

prodiet pelvPIBSA had o SAP nopber= 56 1 mg KOM g sammple, 73,79 actives, and 1.7

sucsinte T,
BBIRY] The datarom Sxamples 14 aresumimasized In Table 1.

Table 1. Chemical and physical properties for polyPIRSAs in Examples 14

Banyite TPIB ORI PR g:%&ﬁﬁ??iﬁ&%’ polyPIBSA | polyPIBSA |
: Mo © DU | 9% excedlefing | SAR; mg KORY

g Thoattives | succinio ratio

ond groups

Examplz 1 107 U110 104 _E@z—z.vs;. o se2 16

[Fxampie 2| 1046 | 171 B3 RREER $15 T

{Comparativel

| Bxamaple 3 122980 103197 RS ' g7 1.5
| Example ¢ 23851 1B% L ES 361 B L7

{Copartive)
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JORISI] T resalts show that polyPIBSAs propared from quasi-living PIE usebilly have
higher 5AP symbers and higher % sctives, 2y abest the same suceinie ratio, than polyPIRSAs
prepared frons the nos-guasi-lf wma PIB. Without wishing fo be bound by theory, it s
betieved thas thy Righer Y netives and the higher 8AF msnbers iv based w loss In pat on the

£

o4 that guasi-living PIB sontaing higher % sxo-olefin end-gro wpeontent tan the non-quagi-

i;m-‘z.:;g FIB. The 1000 maolecudar woight PolePIRR Ay alie hnd, In geverml, ngher RAR

numbery thas the 2300 moleoular weight poly PFIBSAS; withont wisking o be bonnd by

théory, i is belioved that'this I8 because the ¢ anhydrids se;:mzp&"?m:m;ﬁ greawer perosntage of

th total welg i‘i o the 1000 molosuiar weight poly P?i‘ﬁ"é As sompared wethe 2300 moleeniar

welght polyPIBSAs, The HOOU moleeila weight ;ﬁ?ﬁ}{?ﬁ?&ﬁ&ﬁ_ﬁa@_%;'ighm:’?i‘é,i zv_aa_‘:ti*»‘s‘:_-g:ﬁ%em&hﬁ.

300 moleotdar wiight polyPIBRS Ag; withous wishing to be bownd by theory, # s believed
that this is because the concentration of the doukle. ‘sﬁ;'zﬁ?{.ﬁfmmo faal Y dx greaisy-for the 1000

moddoutar welght PIB than forthe 2300 nseleonlur wwveight PIR and therefirme e 1000

mideceiar weight PIR rodefs at a B gher rate,
Comparison of Resuliy for Exaniples 14

[00I84]  Multiprade oils (e example a W, 30 oty et the RAR 1OW *siggzasii&y Hidt gt
Iow tomperature and the 8AE 30 viscosity Hinli gl high feraperatare. Examplesof ways
moet the dostred visnagity targets are 1o usin 1) lends of differem wisoosity hase oils {;ﬁax
exampie 100 neutral plus 600 nentral 03l 1) vnconventional base oils with high viscosity
index (VL B a detergent/inhibitor additive o package with 2 lower Cald Crank Slenlator

(O thickening wnd 43 viseasity indes fprovers (VI ioroversy which imbrote the

viscosity index of fermulated olls. The asg ol uppropriste combinations of these fHur
wiabiles can ;smdee formutated vils with high kinematie viscosity (ovyat 180 and Tow

COB viseostly at for example Q0%

1

{BO1881  Under corain consditions, o.8. for s bigh fuel econdmy pussenper-eat miotor-ofl
EFUME formulation B may be usefl fea & spersant 4o have both  low €08 viscoaityand a
low kv, This can be determined by measuring the CCS and the kv for s tigpersant dissolved

i gdiluent ofl. A dis spersant with o lower COS aid v inay exlibit improved performance;

Tg 1

OR8] Under other conditions, It s sometimes usefil for the disporsant 1o have a hieh kv

and g 0w COS visnoslty sorthat dess VI hnprover s netded to nicet She desived. viscosity

2y
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prads 'i‘f?*-% s cafr e determined by plowting the GOS8 versug kv and mensuring the slope,. The

amgwmm with the lowest stope may have improved performance.

_iﬁé}ig’}i’jﬁ I order 1o demonstrate t?’u. iviproved lovw femiperatin? properies disoussed sbave
Lold Crapking Stmulator (CC8) v seosity wms:i the kinematio viscosity (kv were migasured for
the products of Exanples 1 0 4. The results sre prosented in Table 20 For this analysis the
polyPLBSAs in Bxamples 14 were first dissolved in Chevron 100 newtzal dilnent ol) st 2 dose
of 4 wide and R with. Cheveon 100 nouteal diliuent ol is a group 2 difoent ol The kivematic

viscosity. Gy (@ 100°0) was mensured using ARTM D445, The eodd crank slmiator (CUR)

wasmeasired nging ARTHEDE2S X3, Thede results ape shovn in Table 2,

Tabie 2
TErample PR Sowee PIB ML B Bose kT ECS v kv plat
{wi%y oFr oS shope
TR 4 h
3 aguasi-living W LM & 7% 5526 440
4 163 4858
2 Menquasbliving 16 171 & 1714 5851 494
{Conwarative)
4 1276 500
3. guasi-liviog 2WIE LLE 8 3053 suav 488
4 7R L3882
4§ Non-quash-diving  238% 189 & 2643 7583 437

{Comparative}

TOUISS]  The resulty show et for both, polyPIBSA from =000 MW PIB and polyPIBSA

from ~Z300 MW PIR the CCS viscosiy and kv were Jower o the polyPl,

A dertved from.
gussi-Hving PIR vompared io the polvPIRSA d@z‘z*&mﬁ:&’mm the non-quast-living PIR,
Without wishing fo be hownd by theory, beliove that this Is due tothe fact thet the quash-
Hving PIB thatwes usad to nm}m the poly PIBSAs o Bxamples 1 and 3 had 2 lower
dispersion index (D = LAS111) thdn ths son-guesi-lviag PIB O3 = 1711 SR8 that wa
usetd 1 make the g}r;‘-.ﬁ.}'*?i‘i%ﬁ.ﬁ&s”m Exanples I and 4. Thivindicatos the polyPIREA ma(iél
from quast-living PIR would heexpected to give better performance thax polyPIBSA mads
o G
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from nomquasi-dving PIB fnan ol where 2 high fuel economy POMO formalation is.

das ired,.

{89 InTabled the slope of the CUS versus Ky plot iy the polyPIREA made from the
st %mrw PIB (~1000 MW) was lower than the slope for the polyPIREA made fron the
non-ghasi-Hving IR CI000 MW This means that polyPIRSA made from guaspliiving PIB
CLOB0 MW would be expecied i perforn better than polyFIESA made from non-quasi-
Hiving FIB (~ 1000 MW i an o Whers less V1 riprover s nesded o meet the desirad.

viseodity grade,
Example &
Preparation of Ms TEPA polysuccintinide from polyFIRS A made asing guasi-living PIB

fnag §§f§§' To & dnock F50ml round bottowy flask equipped with an pverhesd st frver,
condenser; Doan Btark trap, hotting mantle; lemperturs contoller, and nitrogen inlef fubs
was added 2680 ¢ 333 mumod) polyPIBSA (¢ ‘@mm Hving) Bom esample 1. To this was
added 2138 g Chevron TOON dilnent olf. The temporaturs was increased to 150°C and to this
was added B3 7 g TEPA (168 ool The imtossnbidride CVR = 0.5, The omperairs
wis inersssed 1 1707 and Kept there avernight, The color turned brown. Then the resction

waweooled, The produst polvsnecintmids (52% sctives) had 2.9 %N and vig G 100P0 =

$728 o8t
Cxamphe 8 (Comparatived

Prepavation of bis TEPA polvsuecinimide from polyPIBSA made wing won-guasi-Bving
PIn

B Toadneek S00.mL round botiom Hask eguipped with an overhesd stirrer;

& mz\immrl Drean Stark teag, %matmgw, sty omparaiure conirolls st and nivogen mis;t tube
was added 4354 3 (48.0 momel) polyPIBS A {ndnquasi-hving) Bom example 2. Th this'was
added 3752 g Chevron JOON $luent oil, The temperature was ingreased to 18070 and to this
was added 4.53 ¢ TEPA (240 mumel), The andnedfanhydeide CMR = 0.5, The tempetaturs
wits irigrensed to 17050 and kebt tiere sregiighit The color turned dark browa, Then the
i‘éé‘ai?tidii'%"1'%3‘::3{3_&}:;&?&_ The prodect polysuccininide (S2% avtives) had 2.5 N and vy @

BP0 = 872, oBL
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Example 7

"

Frepacation of bis HPA polyspocinimide from polyPIBSA made using guasi-living FIR

WB192)  Toad-peck 250 ml wund hottom fask Sidoped with sn overhead sirrer;
condenser, Dean Stark trap, heating nuntle, tem porstwre controlier, snd nitrogen fndot tube
was added 2537 g {132 numal) polyPIBSA (guasi-Hving) from exaiple 3. To this wis
added 1781 g Choveon 100N diluent oil, Thetanperaurs was Incheased . 30°%C and o ils
was added 164 g HPA 6,0 minolh The a;mémifa;;ﬁﬁ}ﬂrédm CMR = 348, The lemperature
wag fnreased 1o 170 and kept there 7 s, Then the reaction was cooled The prodacy
10050 = 497 08t

potysuccinimide (529 sctives) bad 1.3 ﬁf\ and
Exsmple & (Cranparative)

Frepuration of bis RPA pelysuccinimide from poly PIBSA made using now LR
meg _E?Eﬁ' :

-

{0193 To g dsheck 250 ml rotind boltom flask equipped with au overhesd stirres,
condenser, Dean Btk trap, hoating e, temperature controllir, and nitrogen ks b
was added 3043 g (152 miniall polyPIBKRA. (neinguasi-thving) fromoranple 4, To this was
3i§§§&£_§ M4adg iﬁhﬁvmn 100N diluentoll, The foraporature was Dureased fo 150 snd to s
was added 183 g HPA (6.8 munol), The amdne/sabivdride OMR = .45, ﬂm'mmpﬁramirﬁ
was terensed 1o 17070 and kept there 7 hrso Then the resction was copled, The product

pelyvsiectnmide (51% actives) Kad 1.5 %N and VisERI 000 1414 o8t

Table 3. Chembvel and physical propevties for pelyPIBSAs in Exawph §8

Sample ) BB PIB | Amine | %N palysuceinimide | Viscosity @ R |
My DI % actives L ot

Example 5 1007 LI0TTEPA (308 TTTTTESS
TExample 61 T0IS T TERA (3T R 1672
+ {Comparative) |
CBvample 7 2I78 LGS THFATEE 492
PExample 838G IR0 HPA 15 |5 | B4
{Conmparative) |

47
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OIS Thedwsin Table 3 ¥ shovis that the %N forhe polysuccinimides made Do 0
modecular weight I weere ?ugm than the 96N for the pot ysuscininides made frows the 2300
moleoudar weight PIR ateguad actives, The viscosity s @100 for the polysuccinimide made
frome the 10500 molscudar \mgﬁ “guast-Hving” PUS was much higher {6725 ¢8Y, Bxample 53
tham T Visoosity @ 100°C for the polysuceinimide made Som the 1000 moiecnlye weight
non-quast-iviag PIR (72 o8y, Example 6, The viscosity of the polysoccinimide made fom
the 23 molveular wel gt glaasi-iving PIRE wad lower (492 oS, Hxamphs T3 comparad {o the
wigsosity of the polysuccintinde madé Somthe 2300 molecularw eight non-quasi-lving PIB
{1414 o8t Example ¥),

Compuiison of Resuliy for Fxmmples 58

BHI9ST o ordertt demonstrate Inproved low tempersure properties for
polysuccinimides derived From guusi=living ?E:Ei,.ﬁm Cold Cranking Simulnior (OO8)
viseost %:yi:ané; t_i;gg&:-iaimmaﬁia vissosity (Rv) seere messursd for the products of Bxamples 5 to'%,
The results are presented in Table 4. For this analysis the polyssceinimdes in Exanples 3-8,
wee firstdissobved dn Cheveom, 100 nevtral dnentall st adose of'4 wiZh and 8 wi%s,

Chevron 100 nevtral ditusnt oit iy a group 2 dilueht oil,

Tabled

Dose OC8 % U8 vk

ebysupeinimide PR PIB Amine vt &P) 4o plot
Ay, k2 stope
Brampte § . gusai-lving ' TERA IR R )
R 1390 5369 186

Exumple § Nestgusst 1046 TERA 4 134 4781
{Comparatien} fiving & 1393 3859 271

Example 7 guasi-living 2278 HPA 4 A 4w
B0 ss4 335

Fxangle § Won-gusi- 2388 HPA 4 1134 2048
{Comparathve) ving 8 1531 6523 297

A~
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D819 The rosnles show that ji:«ni%a.ﬁse R viscosity and the kv for thfs-gm.f yauscininde

made from the 2300 mudeoular weight g {,‘umviwm“ PIE were Tower than the COS v Visgosity
and the kv for the polysoceininride made Som the 2300 molseula wetght nopeg msé_»,izifﬁs:hag-
PIB, This indicates that polyPIRSA made fons the 2300 molboular weight guesi-Hyving PIR
would He expented 10 give betier ;:tizrgssmmnm than podyPIBSA made front the 3300
melecittar weight son-goasi-Hving PIS dn anofl where s-high finl cconniny POMO

v

formatiation is desived, Thiv was nol the Sass Torie polvsiiceiniaide made from the 1000
moleadar weight quasi-Hving PHS. In s cass ﬁ";ﬁs U8 viscosity was shant the same as the
O3 vissosity for the polysucelnimide made frony the. 100D molesilsr weight nof-puasi-
Hying PIR. Mureover, the kv fur the polvsuccinimide mide fom the 1000 molecular weight
guasi-iiving FIE was grobier than the by f the polysuceintmide made from the 1060
wmoleaular weight nos-quasi-living PIB. This indicates thet polyPIESA mady from the 1800
‘mplecdar weightuash-living PIB may not give better performanics thar polyPIRSA muade
Hony the 100 malesular welghi pon-quast i,xﬂﬁgxg. ZEv‘j}B-w}zma;a.ajhigit fuel seonomy POMG

formmitation s de »%ma:i,;

pillte e The slope of the CCS verag v plot for the pelysucoininide made Trom the 1000
modveulnr welnht guasi-livieg PIB (slope = i‘éés"twaa lovwse them the slope for the
palysnccinimide made from the 1000 molecnlar weight non-quasi-iving PIB (slope = 2711,
This means that the polysueciniinide wiade frovn the 1000 motecudar weight upshdi -’j%ngf-ﬁ.iz‘é.
wnild be expiotid to perforw befter than the 9()&\’:«&25,&2315.?}}361& e fromy the 1000 woleoular
weight aon-guasi-living PIB inan ofl whess dess VT iniprover s nesidord 16 mivet the destied
vispastty gtade. This was notfres for the pobvsuceihioide made Tiom the 2300 fuolenutar
weight quasi-lving PIB inan ol whers leas VEiimprover bs peeded 0 meot the-desired

viseosity grade.

JG6198]  While the presentinicntion | e boon destribed with reforence W specifie
smbodisaents, this ppplication is intended to cover those varions ﬁmngw and substiiitiony
that may bemade by those skilled in the ael without departing from the spivit sid seppe of the

appended clatms.

S
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WHAT IS CLAIMED:

1. A copolymer of an unsaturated acidic reactant and a high molecular
weight polyolefin, wherein the polyolefin comprises an exo-olefin terminated quasi-
living polyolefin; wherein the polyolefin has a molecular weight between 500 and
10,000 and has an exo-olefin end-group content of at least 90%; and wherein the

unsaturated acidic reactant is of the formula:

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

2, The copolymer of claim 1, wherein the quasi-living polyolefin is
produced by:
(a) forming a quasi-living cationic polyolefin under quasi-living
conditions, and
(b) contacting the quasi-living cationic polyolefin with a quenching
agent selected to convert the cationic polyolefin to the exo-olefin terminated quasi-

living polyolefin.

3. The copolymer of claim 2, wherein the cationic polyolefin is formed
by contacting at least one cationically polymerizable monomer with an initiator, in the

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

4. The copolymer of claim 2, wherein the cationic polyolefin is formed

by ionizing a fert-halide terminated polyolefin with a Lewis acid.

<50-
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5. The copolymer of claim 2, wherein the quenching agent comprises at
least one of a substituted pyrrole, a substituted imidazole, a hindered secondary

amine, a hindered tertiary amine, and a dihydrocarbylmonosulfide.

6. The copolymer of claim 1, wherein the quasi-living polyolefin is

formed by contacting a fert-halide terminated polyolefin with potassium fert-butoxide.

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

contacting the polyolefin with the unsaturated acidic reactant in the presence of an

initiator.
8. The copolymer of claim 7, wherein the initiator comprises a peroxide.
9. The copolymer of claim 1, wherein the polyolefin has a molecular

weight between 900 and 2,500.

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

weight between 900 and 5,000.

11.  The copolymer of claim 1, wherein the copolymer has a succinic ratio

of between 1 and 3.

12.  The copolymer of claim 1, wherein the copolymer has a succinic ratio

of between 1.3 and 1.8.

13.  The copolymer of claim 1, wherein the polyolefin has an exo-olefin

end-group content of at least 92%.

14.  The copolymer of claim 1, wherein the polyolefin has an exo-olefin

end-group content of at least 95%.

I5.  The copolymer of claim 1, wherein the polyolefin has a dispersion

index of less than 1.4.

16.  The copolymer of claim 1, wherein the polyolefin has a dispersion

index of less than 1.1.

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

the formula:

-51-



wherein X and X are each independently selected from the group consisting
of =],
—O-lower alkyl, and when taken together, X and X* are —O—.

5 18.  The copolymer of claim 17, wherein the unsaturated acidic reactant

comprises maleic anhydride.

19.  The copolymer of claim 1, wherein the high molecular weight
polyolefin comprises a high molecular weight alkylvinylidene polyolefin having at

least one branch per 2 carbon atoms along the chain.

10 20.  The copolymer of claim 3, wherein the cationically polymerizable

monomer comprises isobutylene.

21.  The copolymer of claim 1, wherein the copolymer has the formula:
O p— —
0 0 '
R, Ry
G
X
- s
i Ri Ry 1y
L _n

wherein either:
15 a. R, and R; are hydrogen and one of R3 and Ry is lower alkyl and
the other is high molecular weight polyalkyl, or
b. R and R, are hydrogen and one of Ry and R, is lower alkyl and
the other is high molecular weight polyalkyl; and

-52.



wherein each of' x, v, and n is, independently, 1 or greater, and wherein the

ratio of xy is less than 3:1.

22.  The copolymer of claim 21, wherein each of x and y is, independently,

between 1 and 3, and wherein n is between 1 and 20.

5 23.  The copolymer of claim 21, wherein the high molecular weight
polvalkyl comprises a polyisobutyl group having at least 30 carbon atoms.

24, The copolymer of claim 21, wherein the lower alkyl is a methyl.

25. A polysuccinimide prepared by reacting the copolymer of claim 1 with

an amine, a polyamine having at least two basic nitrogen, or mixtures thereof.

10 26. A lubricating oil composition comprising a major amount of an o1l of

hubricating viscosity and a minor amount of the polysuccinimide of claim 25.

27. A method of making a copolymer comprising:
a. forming a high molecular weight, exo-olefin terminated quasi-
living polyolefin; and
15 b. cbntacting the polyolefin with an unsaturated acidic reactant in
the presence of an initiator to form a copolymer;
wherein the polyolefin has a molecular weight between 500 to 10,000 and has
an exo-olefin end-group content of at least 50%; and

wherein the unsaturated acidic reactant is of the formula:

20 O

wherein X and X are each independently selected from the

group consisting of ~OH, —-Ci, ~O—lower alkyl, and when taken

-53.
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together, X and X* are
e,

28. The method of claim 27, wherein the exo-olefin terminated quasi-
living polyolefin 1s produced by:
{a) forming a quasi-living cationic polyolefin under quasi-living
conditions, and
(b)  contacting the quasi-living cationic polyolefin with a quenching
agent selected to convert the quasi-living cationic polyolefin to the high molecular

weight, exo-olefin terminated quasi-living polyolefin.

29.  The method of claim 28, wherein the guasi-living cationic polyolefin is
prepared by contacting at least one cationically polymerizable monomer with an

initiator, in the presence of a Lewis acid and diluent under quasi-living conditions.

30.  The methed of claim 28, wherein the quasi-living cationic polyolefin is

prepared by ionizing a ferr-halide terminated polyolefin with a Lewis acid.

31.  The method of claim 28, wherein the quenching agent comprises at
least one of a substituted pyrrole, a substituted imidazole, a hindered secondary

amine, a hindered tertiary amine, and a dihydrocarbylmonosulfide.

32.  The method of claim 27, wherein forming the polyolefin comprises

contacting a terf-halide terminated polyolefin with potassium fert-butoxide.
33. The method of claim 27, wherein the initiator comprises a peroxide.

34.  The method of claim 27, wherein the polyolefin has a molecular

weight between 900 to 2,500.

35.  The method of claim 27, wherein the polyolefin has a molecular

weight between 900 and 5000.

36.  The method of claim 27, wherein the polyolefin has an exo-clefin end-
group content of at least 92%.

37.  The method of claim 27, wherein the polyolefin has an exo-olefin end-

group content of at least 95%.

-54.



38. The method of claim 27, wherein the unsaturated acidic reactant is of

the formula:

wherein X and X’ are each independently selected from the group consisting
5  of-Cl,

~O-lower alkyl, and when taken together, X and X’ are —O—.

39. The method of claim 38, wherein the unsaturated acidic reactant

comprises maleic anhydride.

40.  The method of claim 27, wherein the polyolefin comprises a high
10 molecular weight alkylvinylidene polyolefin having at least one branch per 2 carbon

atoms along the chain.

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

monomer comprises isobutylene.
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