WD 03/ 025034 PCT/ US01/ 28606 MULTI FUNCTI ONAL VI SCOSI TY | NDEX | MPROVER AND
DI SPERSANT  BACKGROUND OF THE I NVENTION 1. Field of the Invention The
present iwoastema4 rel ates to polyneric viscosity index i npcanesod/ddeeper sant
5 additives for lubricating oils. Mrre particularly, the present invention
relates to processes for preparing grafted, and optionally

am ne-functionalized, hydrocarbon polymers and their use in oi
conpositions, and includes an inproved solution process for grafting

unsaturated noieties onto the hydrocarbon pol yner by carryin he

graft reachdiQTIH‘UHCQ‘@ONtAIQNIS@@ﬂSJWcE{REX@ﬂé‘@ﬁ’ﬂ%ﬁ@@ Pry@l)ﬁpg#é{ c ester.
10 2. Description of Related Art Hi gh nol ecul ar wei ght hydrocarbon

pol ymers, such as hydr ogBAGICGROINND| QREHEE 8N VESIFOMNe and but adi ene,

copol ynmers of butadi ene and styrene, and ethyl ene copolyners, particularly

et hyl ene- gr opy A A eROIWRtIGN ar € known as  viscosity index (V.I.)
i nproving additives for oil conpositions, particularly 15 lubricating oil

conposi tions. '%}%lfﬁésteﬂﬂb@élntigﬂ d¥atf tPpdiRherd JiscR¥itPindetine 6t disponsaitds

further reacting these I mprovers to formmilti-functional V.I

| mpr gver s d'ﬁi'tivgéjttg%;ﬁau:b 1@29[%1%003?.' g\%ﬁ?er% gﬁﬁtmgﬁ%eﬁfl? gl%sé}lt MRERGdPleldidiadb 1 nproves not

onl y~the ¥ I'es al so 1 nparts dispersancy so as to

suspend sl udge that may. for uri 1 oper at i f I i

and to | nBE e Fiae g B Ty HBee fastr e ekl 5"o0s 267
i scloses a process for preparing a graft- ified ethyl I

copol ynmer painedis arshibeir g&mr%laf@mmgmagﬁ, é{liwngﬂés %Wﬁ%‘fe%’%gﬁggq ?rTE‘e?; \C/)\A'rt h a

di carboxylic acid graft-copol ymerizabl e therewith, or its graft:
for grafting unsaturated moieties onto the hydrocarbon polymer by carrying out the

graft reaction in a solution medium comprising at least one aromatic ester.

10 2. Description of Related Art

High molecular weight hydrocarbon polymers, such as hydrogenated

copolymers of isoprene and butadiene, copolymers of butadiene and styrene, and
ethylene copolymers, particularly ethylene-propylene copolymers are known as
viscosity index (V.1.) improving additives for oil compositions, particularly

15 lubricating oil compositions. A substanial body of prior art exists directed towards
further reacting these V.I. improvers to form multi-functional V.1 improvers. A
multifunctional V.. improver is a material that improves not only the VL properties
of the oil, but also imparts dispersancy so as to suspend sludge that may form during
the operation or use of the lubricant and to inhibit varnish deposition in engines.

20 U.S. Patent No. 3,928,497 discloses a process for preparing a graft-modified
ethylene polymer or copolymer which comprises reacting an ethylene polymer or
copolymer with a dicarboxylic acid graft-copolymerizable therewith, or its graft-

copolymerizable derivative in an alkyl-substituted aromatic hydrocarbon solvent in



copol yneri zabl e derivative in an al kyl -substituted aromatic hydrocarbon
solvent in 1 WD 03/025034 PCT/ USO01/ 28606 the presence of a radical

i nitiatorwoakmeamst erized in that the reaction is perforneecoisoescaeldi ng
the dicarboxylic acid or its derivative gradually to the solvent in which
the starting ethylene polymer or copolynmer is present. U S. Patent No.
4,089, 794 di scl oses et hyl ene copolyners derived fromabout 2 5to 98 wt. %
et hyl ene, and one or nore C3 to C28 al pha ol efins, e.g. ethyl ene-

propyl ene, that are solution-grafted under an inert atnosphere and at

el evated tenperatures with an ethylenically-unsaturated carboxylic acid
material i plaGencObLS ARl RitiaborNbithRadi@i¥RE irtdhef e decaoPyRbbanéd whily adi cal
initiator and thereafter reacted with a polyfunctional material reactive

W th carbQxy: uns. : « LO: W8, i , or (c) a
nycir oy ama e o B B B e ymer 1 ¢
derivatives, .whi hav ood engi ne_sl and varnish control behavior in
fuel s and STaﬁtbr?ggg@?’hegpogwﬁ%r.Orlcppglﬁrélern%lpg%gﬁtar wei ght is above 10,000, then
t hese polyners are al sq useful_as nultifunctional Viscosi i_ndex

i mprovers. U. S.U-ﬁa?ﬁﬁfﬂtlﬂb.‘h%%@, 4‘1%12’58?’% Y'6eeCP8 ﬂmeé%ﬁ?fﬁ’leé)ﬁi?f“s%’é’élf%y i ndex
i nproving 15 ethyl ene copolyners, such as copol yners of ethylene and

pr op§l ene;to 8B avteVhsthdenre, anpersyil rapie Gria (i @Jpléaf‘i’lﬁe;{nse?-& ethylgd" are reacted or
grafted with ethylenically unsaturated carboxylic acid noieties,

pr ef er abl yromilaiecthandrg dolutlen-goifietlivedgr aarivert atawispltbreindat ghoylatedni nes havi ng
two or nore primary am ne groups and a carboxylic acid conponent,

pr ef er abl yeapdextueaavinphy anyisgicaycinghtiend casbuoglinadd ankydt indke such as 20
pol yi sobut enyl succinic anhydride. O the grafted ethyl ene copol yner can be

react ed presence of a high-temperature decomposable free-radical initiator and thereafter
reacted with a polyfunctional material reactive with carboxy groups; such as (a) a
10 polyamine, or (b) a polyol, or (c) a hydroxyamine, or mixtures thereof, to form
carboxyl-grafted polymeric derivatives, which have good engine sludge and varnish
control behavior in fuels and lubricating oils. If the molecular weight is above 10,000,
then these polymers are also useful as multifunctional viscosity index improvers.
U.S. Patent No. 4,517,104 discloses oil soluble viscosity index improving
15 ethylene copolymers, such as copolymers of ethylene and propylene; and ethylene,
propylene and diolefin; etc., that are reacted or grafted with ethylenically unsaturated
carboxylic acid moieties, preferably maleic anhydride moieties, and reacted with
polyamines having two or more pfimary amine groups and a carboxylic acid
component, preferably alkylene polyamine and alkenyl succinic anhydride, such as
20 polyisobutenyl succinic anhydride. Or the grafted ethylene copolymer can be reacted
with already formed salts, amides, imides, etc. of said polyamine and acid component,
preferably imides of alkylene polyamine and alkenyl succinic anhydride. These

reactions are said to permit the incorporation of varnish inhibition and dispersancy



with already fornmed salts, am des, imdes, etc. of said polyam ne and acid
conponent, preferably imdes of alkylene pol yam ne and al kenyl succinic
anhydri dewoTh®3®34 reactions are said to permt the incorp@catison2sshe var ni sh
i nhi bition and di spersancy 2 WD 03/ 025034 PCT/ US01/ 28606 into the ethyl ene
copol ynmer while inhibiting cross-linking with resulting viscosity

i ncrease, haze or gelling. The aforesaid grafting reaction may be carried
out thermally, or nore preferably with a free radical initiator, such as a
peroxide, in a mneral lubricating oil, in which case the acid conponent,
preferably also acts to 5 solubilize insoluble conpounds forned by side
reactions,. i I; o g i : ted with
amne, to 1?t§g$£gy Fﬁ%ﬁoﬁ' rﬁ%%ﬂ % 6@%%;?%%%5?%3@(4 ‘gg{?gﬁ;ghgﬁgﬁg%ﬁepari ng oil
concentrates of the VI-dispersant additive fqr |ater jtjon to

| ubri cati ﬁ’@crﬁarSF’shaszf’égelg%ﬁ'e € %ﬁ“%?é@aﬁ%@aﬁﬁﬂﬁsees“ﬁ@% %‘%:tar bon pol ymers,
such as ethylene 10 copal yners, a:}aat y, .be reacted with unsaturated

ni t r ogen- ¢beimallnios gnars ReHRARLY gyith %f‘a"taglr%élt@&a@&r%g%ﬁ? f ECTREI%Es M a
synthetic hydrocarbon |ubricating oil in the presence of a free radical

i nitiator msinetl labrigetipgodxindehicirase thepmeidenmpogentf prsterehly alse p§ts i@ t h t he

ni trogen-contai ning nononers nmay be utilized as an additive for oil

conpesi t i apkibilizp aisdiublel carppuhdidbimat byngdeiehctonsposh ks makicemhpdride- di sper sant
additive. The polymer 15 reacted with carboxylic acid may be further

react ed WiddpaadingsicOlledstatiod AithRahe td therebly $thifiohdredommstionf unct i onal
V.I.-dispersant additive. The disclosures of the foregoing are incorporated

herein by ﬂaﬁic%[a?l@%einq;réﬂyﬁhé 0il @BhdenBhi¥s of the V.I-dispersant additive for later
addition to lubricating oils.
U.S. Patent No. 4,693,838 discloses hydrocarbon polymers, such as ethylene
10 copolymers, that may be reacted with unsaturated nitrogen-containing monomers or
unsaturated carboxylic acids in a synthetic hydrocarbon lubricating oil in the presence
of a free radical initiator such as a peroxide. The copolymer grafted directly with the
nitrogen-containing monomers may be utilized as an additive for oil compositions,
particularly lubricating oil compositions as a V.L-dispersant additive. The polymer
15 reacted with carboxylic acid may be further reacted with amines or amino-alcohols to
also form a multifunctional V.I-dispersant additive.
The disclosures of the foregoing are incorporated herein by reference in their

entirety.



3 WD 03/025034 PCT/US01/ 28606 SUMVARY OF THE | NVENTION I n accordance with
the present invention, hydrocarbon polyners, such as ethylene-al pha olefin
copol ynmerwoana23oes pol ymers, are reacted with unsaturated Ppcarusoxgsed€ aci ds
in at |least one aromatic ester solvent and/or diluent in the presence of 5
a free radical initiator, such as a peroxide. The polyner, after having
been reacted w th the carboxylic acid, nmay be further reacted wth am nes
or am no-al cohols to also forma nultifunctional V.I.-dispersant additive.
Hydr ocar bon pol yners such as ethyl ene-al pha ol efin copol yners and
terpolynmers may al so be reacted with wunsaturated nitrogen-containing
nonomers in an aromati ¢ eSSEMMARYORTEFACEENTIONLO free radi cal
initiator, such as a peroxide. The copolyner grafted directly with the

ni trogen- cont ai 1iaB0ebraBMR WISt heBYesi ikkdntibZ @ dasa®on pdiinters/ 8udhoas Oi |
conpositions, particularly lubricating oil conpositions as a

V.ol -di SPehAte 'c;léfYIfaWn?erP%&ﬂew}%éréf ard RBcRE Sa@NInshlivent i on is

directed to a process co sing solution grafting a hydrocarbon pol yner

D phar o, oRmItc 1iA0h A0S he bRl i B AT AR B Sen Y pALERAR £

pol ymer ha@f rage nol ecu Inthe ra rom
car by ?Saofa%q"raﬁﬁéﬁte«n?ﬁq? g @ﬁé“pér%fdseefﬁ]aépﬁf”'eﬁ?akﬁ'e i te“eﬁlﬁéﬁcﬁeed presence’
of an aromatic ester_oil of the fornula R, 20 R6 RZ RS
with the carboxylic acid, may be further reacted with amines or amino-alcohols to
also form a multifunctional V 1.-dispersant additive. Hydrocarbon polymers su'ch as
ethylene-alpha olefin copolymers and terpolymers may also be reacted with
unsaturated nitrogen-containing monomers in an aromatic ester in the presence of a
10 free radical initiator, such as a peroxide. The copolymer grafted directly with the
nitrogen-containing monomers may be utilized as an additive for oil compositions,
particularly lubricating oil compositions as a V.I.-dispersant additive.
More particularly, the present invention is directed to a process comprising
solution grafting a hydrocarbon polymer prepared from at least one C, to Cy
15 polymerizable hydrocarbon, said polymer having a number average molecular weight
in the range of from about 5,000 to about 500,000, with an ethylenically unsaturated

C, to C,, carboxylic acid material, using a free radical initiator, in the presence of an

aromatic ester oil of the formula

20 R, R,



RA 4 WO 03/025034 PCT/ US01/28606 wherein Rl, R2, R3, R4, R5, and R6 are

i ndependently selected fromthe group consisting of hydrogen, -COOR7,

- COOR8, -wWOOR®25034CO0R10i -COOR11, and -COOR12i provi ded trleatusoo28606 € t han
5 of R, R2, R3, R4, R5, and R6 are hydrogen, and R7, R8, R9, R10, R11,
and R12 are independently selected fromthe group consisting of 5 alkyl and
al kyl esters. In another aspect, the present invention is directed to a

di spersant-viscosity index inprover prepared by a process conprising
solution grafting a hydrocarbon polynmer prepared fromat |east one C2 to
C28 pol yneri zabl e hydrocarbon, said polynmer having a nunber average

mol ecul ar WREGER 110, RDOR [ RNGAH, af¢ REeRA0:ySRORd Eont thegpoug 500, 000, with
an et hyl eni caI 'y uridaturated C3to Cloéwar ngyl ic acid material, using a

e 120l el i TS, Ao SGURL eERgImal] of 1e

|ndepende2%%¥§f e { Pﬁ] ﬁ;rggereln ElstRﬁg_q{, ig¥$ anggggﬁare

5C§$R§a -R2 Rgblggﬁgzgh ndEEg1 23 ffR” pPOV|B%§' ﬂﬁﬂo o’ nor et han

and R12 arfe RndepBrdBnt ?‘Sﬁa%elaéeclp ‘%Peef’ii%'?flyts 8“5?1 @8%‘?‘9?"3&“&% of 10 RLL
5 alkyl and alkylesters.

In another aspect, the present invention is directed to a dispersant-viscosity
index improver prepared by a process comprising solution grafting a hydrocarbon
polymer prepared from at least one C, to C, polymerizable hydrocarbon, said
polymer having a number average molecular weight in the range of from about 5,000

10 to about 500,000, with an ethylenically unsaturated C; to C,, carboxylic acid material,

using a free radical initiator, in the presence of an aromatic ester oil of the formula

R,

15 5 3

wherein R,, R,, Ry, Ry, Rs, and R, are independently selected from the group

consisting of hydrogen, -COOR;, -COORg, -COORy, -COORy,, -COORy;, and

-COOR,,, provided that no more than 5 of R;, Ry, Ry, R, Ry, and R are hydrogen, and |
20 R,, Rg, Ry, Ryg, Ryy, and Ry, are independently selected from the group consisting of

alkyl and alkylesters.



al kyl and al kyl esters. 5 WD 03/ 025034 PCT/ US01/ 28606 DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS The present invention provides a dispersant-viscosity
i ndex i npwowes2dsys4 grafting an unsaturated acid onto a hi goTrusheesshar

wei ght hydrocarbon polynmer in an aromatic ester in the presence of a free
radical initiator and then, optionally, further 5 reacting the product with
an am ne or polyol. The high nol ecul ar weight hydrocarbon polymer is of

hi gh viscosity even at grafting tenperatures, so that dilution is required
for processing. Mneral (or synthetic) lubricating oil can be added to
forma finished additive concentrate after grafting with the unsaturated

acid or, if the prgyERIFFIOR GETHE PREFERREDEMBOBIVENTD form a

functionalized derivative, 10 the mneral (or synthetic) oil can be used

as another diluent tao carry. . i.td i o forma
:Jsef ul additi v:ﬁ’gé’ﬁ%sgﬂ 4 %1.0 8%%%Jlé;egc??rd;%e%:gagg?éﬁoslﬁgﬁlg%?@rgg ybtyone havi ng a
ow Vi scosity index and goo oxi dat.i ve, stabil.ity. .1t i.s preferab a

pht hal at e 8T#81n§ ff P’é%at‘ﬁ?teaé?’ap‘?ﬂtﬂél hemglepulpr Wﬁ‘ﬁ%tyhygfcicﬁﬁbgp !%é) Dot L J(1)I¥n of the
ester preferably is derived froma linear aor brapched al cohol. 15 and

cont ai ns farenatic ester ApthepressncepicnEee ripie “HF‘%tPéP%FEi n, qpﬁ’@”%}&’ fc portion
of the ester preferably is derived froma linear C4 to Cl3 al cohol. By

gr af 5i ng ireacsing dreopradia withsaneaming or pelpelaBethightmpleeulareveight any, of the
ester undergoes grafting. Therefore, nost, if not all, of the grafting

that is oagtfdchibenolymer ikef hidteviscosity evon abgchfiinpatemperapoty sethat Thi s
provides a significant inprovenent over the use of mneral oil as solvent,

frio Iﬂg gngs tdgrﬁgaﬁé fegﬁgq;\l;rlela;fb% ;?E%Meédiﬂg.e AteeH] 861t dyRthetiéiaricatngroimesrebe oi |
added to form a finished additive concentrate after grafting with the unsaturated acid
or, if the product is to be further reacted, such as to form a functionalized derivative,
10 the mineral (or synthetic) oil can be used as another diluent to carry out the additional
reaction and to form a useful additive concentrate.

The aromatic ester is preferably one having a low viscosity index and good
oxidative stability. It is preferably a phthalate, mellitic, or terephthalate ester. The
aliphatic portion of the ester preferably is derived from a linear or branched alcohol

15 and contains from 1 to 22 carbon atoms. More preferably, the aliphatic portion of the
ester preferably is derived from a linear C, to C,; alcohol. By grafting in an aromatic
ester, it appears that little, if any, of the ester undergoes grafting. Therefore, most, if
not all, of the grafting that is occurring will take place on the hydrocarbon polymer.
This provides a significant improvement over the use of mineral oil as solvent, since

20 the mineral oil may undergo grafting. Grafted mineral oil molecules are generally of

too low a molecular weight to be effective as dispersants, and, in fact, will generally

have a negative effect on dispersancy.



too low a nol ecul ar weight to be effective as dispersants, and, in fact,
wll generally have a negative effect on dispersancy. 6 WD 03/ 025034

PCT/ US01/w88062503he use of mneral oil as solvent for thepgmafSoi/esgoon | |

al so produce oil insoluble by-products causing excess sedi nent and
requiring nore extensive filtration. By using an ester conpatible with

m neral lubricating oil and thereby mnim zing | ow nol ecul ar wei ght

i nsol ubl e conponents, sedi ment and haze can be 5 substantially reduced and
t he unsaturated carboxylic acid and, if present, the nitrogen- containing
species are nore efficiently utilized. Polyners used in the practice of the

present inventi RN ISR CAUBDEL orBHAE SAPUTDbRAULAGI Vel ght of from
about 5000 to a ut %lfo 060 pre ereably f OOOé * , 000, 1m)re preferably

from about. 2 0 000 _and mnl rrow range of
nol ecul ar ‘Waq'ﬁt?a? By E&Oéilr‘flﬁg 8UBE €Y as m%ﬁ{‘%{ eéér{lgng%g% f/)gtrgrrlsryei ncl ude
honmopol ynmers and _copol yners of t nor e F@pomers

pr ef er abl yiilEstien ]ayu%ﬂl%?‘? Fiter copppat 8|"ﬁ"(f)1 BEE%H B?ﬁi‘ngloglfai“ §heé%l§' i nt er nal

ol efins, which may be straight or branched, aliphatic, aronatlc

al kyl ar oneminimizingdew andleswlariveigha insolufle qopmpeners, éﬁ@m&m and hageganps | 15 be
copol yners of ethylene with C3 to C28 olefins, nore preferably copol yners
of &t hyl esubstamihlly reueke mad thauhmtuﬂamdroadmmmid arat, ifaesehie theswtiogene| ude
styrene, butene, isobutylene, C6 and hi gher al pha olefins, atactic

i soprene, dutadheRRcicantk mbe dffidiently thidizaat ef erred pol ymers are prepared from

et hyl ene and ethylenically unsaturated hydrocarbons including cyclic,
alicyclic and agyghis W8 Brth@pctWfahdhREent invention typically have a number
average molecular weight of from about 5000 to about 500,000, preferably 10,000 to
200,000, more preferably from about 20,000 to 100,000 and will generally have a
10 narrow range of molecular weight.

Examples of suitable hydrocarbon polymers include homopolymers and
copolymers of two or more monomers of C, to Cy;, preferably C, to C; olefins,
including both alpha olefins and internal olefins, which may be straight or branched,
aliphatic, aromatic, alkylaromatic, cycloaliphatic, and the like. Preferably, they will

15 be copolymers of ethylene with C; to Cy; olefins, more preferably copolymers of
ethylene and propylene. Other hydrocarbons that can be used include styrene, butene,
isobutylene, C; and higher alpha olefins, atactic isoprene, butadiene, and the like.

The preferred polymers are prepared from ethylene and ethylenically
unsaturated hydrocarbons including cyclic, alicyclic and acyclic materials containing

20 from 3 to 28 carbon atoms, preferably 3 to 18 carbons. These ethylene copolymers
may contain from 15 to 90 wt. % ethylene, preferably 30 to 80 wt. % of ethylene and

10 to 85 wt. %, preferably 20 to 70 wt. % of one or more C; to Cy, preferably C; to

C,,, more preferably C; to Cs, alpha olefins. Copolymers of ethylene and propylene



20 from3 to 28 carbon atons, preferably 3 to 18 carbons. These et hyl ene
copolynmers may contain from15 to 90 wt. % ethylene, preferably 30 to 80
wt. % of woDlmlozsees and 10 to 85 wt. % preferably 20 to 7@cmtuso¥essbe one or
nore C3 to C28, preferably C3 to Cl18, nore preferably C3 to C8, al pha

ol efins. Copolyners of ethylene and propylene 7 WO 03/025034

PCT/ US01/ 28606 are nost preferred. Other al pha-olefins suitable in place
of propylene to formthe copolyner, or to be used in conbination with

et hyl ene and propylene, to forma terpolymer, tetrapolyner, etc., include
1- butene, 1-pentene, 1-hexene, 1l-heptene, 1- octene, 1-nonene, 1-decene,

etc.; also ai I ) I : = -tReNt ene,
& et hyl - 1P S SRRl R L S S B ProfS il R e L 8!
met hyl hept ene; 1,

etc., and .m xtures theregf, Th I jch termis
i nt ended t‘iS’PPW&e&o"é%BBBB‘Fiﬁ%BrCS, %P’éﬁ%‘b}”%éﬁ?}ene Pg‘i B‘g’ﬁﬁ y‘%fé‘?gma%d the |iKke,
used in the practice of the present jpvention can jpnclude ,one or nore
non- conj ugamRel T glerpqlymery ﬁ&’éﬁ*{”g‘éfiﬁl'g?te%ﬁ:%mnﬁgfa'gﬁ?ﬁnﬁi bherteas Wi 11 10
generally range fromabout 0.5 to 20 nole percent, preferably about 1 to
about 7 niatenepbmonerte, lisgseng, ein.; alse bravekad chaimairhagelingaueh as thanethd:- g
et hyl ene and al pha-olefin present. Representative exanpl es of
non- gonj ugbpedent, enrshiliiahexeas Smethgpdntens 1 14 é-dirigthylhleperdemnend 6-
1, 5- hept adi ene; 1, 6-octadi ene; 5-nethyl-1, 4- hexadi ene; 3,7-dinmethyl 15

1, 6- oct adi gafyIhepténedi reee hwld thixturecihagbogne; mi xed i soners of di hydro-nyrcene
and di hydro-cynene; 1, 4-cycl ohexadi ene; 1, 5-cycl ooct adi ene;

L 0o oSS e, ki b e e onpin dene
tetrapolymers, and the like, used in the practice of the present invention can include
one or more non-conjugated diolefins. The amount of non-conjugated diolefin will

10 generally range from about 0.5 to 20 mole percent, preferably about 1 to about 7 mole
percent, based on the total amount of hydrocarbon, e.g., ethylene and alpha-olefin
present.

Representative examples of non-conjugated dienes that can be used include
1,4-hexadiene; 1,5-heptadiene; 1,6-octadiene; 5-methyl-1,4-hexadiene; 3,7-dimethyl

15 1,6-octadiene; 3,7-dimethyl 1,7-octadiene; mixed isomers of dihydro-myrcene and
dihydro-cymene; 1,4-cyclohexadiene; 1,5-cyclooctadiene; 1,5-cyclo-dodecadiene; 4-
vinylcyclohexene; 1-allyl, 4-isopropylidene cyclohexane; 3-allyl-cyclopentene; 4-
allyl cyclohexene; 1-isopropenyl-4-(4-butenyl) cyclohexane; 4,4'-dicyclopentenyl
diene; 4,4'-dicyclohexenyl diene; tetrahydroindene; methyl tetrahydroindene;

20 dicyclopentadiene; bicyclo (2.2.1) hepta-2,5-diene; ethyl norbornene; 5-methylene-6-
methyl-2-norbornene; 5-methylene-6, 6-dimethyl-2-norbornene; 5-propenyl-2-
norbornene; 5-(3-cyclopentenyl)-2-norbornene; 5-cyclohexylidene-2-norbornene;

norbornadiene; and the like.



al Iyl cycl ohexene; 1-isopropenyl-4-(4-butenyl) cycl ohexane;

4,4" -di cycl opentenyl diene; 4,4'-dicyclohexenyl diene; tetrahydroindene;
met hyl t ewoabypeloed ndene; 20 di cycl opent adi ene; bicycl o (2P2TH)S01/28606

hept a- 2, 5-di ene; ethyl norbornene; 5-nethyl ene-6- nethyl -2-norbornene;

5- et hyl ene-6, 6-di net hyl - 2-nor bor nene; 5-propenyl -2- norbornene;
5-(3-cycl opent enyl ) - 2- nor bor nene; 5-cycl ohexyl i dene- 2-nor bor nene;

nor bor nadi ene; and the like. 8 WD 03/025034 PCT/ US01/28606 The conpounds
that can be grafted onto the hydrocarbon polynmer preferably contain from3
to 10 carbon atons, ethylenic unsaturation, and at |east one, preferably

two, carboxyl i crfcioth3hRifat O B RrARANALI 8 198 URbOR hoBnRP bidFer 1P UP
su car boxyl groups as

convertible into y Oxidation or hydrolysis.

Mal ei ¢ anhydyide or, a deriyvative 5 reof is nprefer i not
hormopol yné%/’fléaén ﬁB’BPet(?i l%b(ﬁr}?onbaﬁ?m%ttett @2%@05 nts%thfaﬁlgh’ {)n?l a;ﬁrr%rs {?nc? ‘ %rregé\?f?@% t wo
carboxylic acid functignalities. Alterpative exanples includ chl oronal ei c
anhydri de,t™Py SEBAHHLC ARH\EIPYRIOT MV@I%&W‘&R’P&&,PO BETH %?@?’ﬂf{a‘blledmr ic

acid, nonoesters of the foregoing, and the like. As taught by U  S. Patent
Nos. 4, 16GudiBcarhowy! grovps ag by oxidatiancrdiyatoysis. Maleis sahydide o8 aderiviver s can
be grafted on the hydrocarbon polyner together with the unsaturated acid
conpénent .théeef is preferméddslit doesfnos bathopayroerinemppreciably, bitattaches tethent from t he
unsat urated acid conponent and contain a copol yneri zabl e double bond and

are copol yeBmerablpgowdd fivd ebaxyEahdld Airedomditics. cAlipombriexaaplebmciuded.  Such
conononers normally do not contain free carboxylic acid groups, but can be

ég ; ?IS E)ﬁ;r S SUbALRICEhGIHLR; BRI cORhFdrRSRIME BhltyARdé Mmdl&ie a&@] fim@fical cohol
acid, monoesters of the foregoing, and the like.
As taught by U.S. Patent Nos. 4,160,739 and 4,161,452, various other
10 unsaturated comonomers can be grafted on the hydrocarbon polymer together with
the unsaturated acid component. One or a mixture of such comonomer; that are
different from the unsaturated acid component and contain a copolymerizable double
bond and are copolymerizable with the unsaturated acid component can be used.
Such comonomers normally do not contain free carboxylic acid groups, but can be
15 esters containing o,[3-ethylenic unsaturation in the acid or alcohol portion;
hydrocarbons, both aliphatic and aromatic, containing o,3-ethylenic unsaturation,
such as the C, -C,, alpha olefins, for example, isobutylene, hexene, nonene, dodecene,
and the like; styrenes, for example, styrene, &-methyl styrene, p-methyl styrene, p-
sec-butyl styrene, and the like; and vinyl monomers, for example, vinyl acetate, vinyl
20 chloride, methyl vinyl ketone, ethyl vinyl ketone, and the like.
Nitrogen-containing unsaturated compounds are well known for forming

polymers useful as oil additives. These monomers can be grafted onto the

hydrocarbon polymer and include, among others, those having from 6 to 30 carbon



hydr ocar bons, both aliphatic and aromatic, containing a, (3-ethylenic
unsaturation, such as the ¢4 -Cl12 al pha olefins, for exanple, isobutylene,
hexene, mooaeam2sododecene, and the |ike; styrenes, for exaeplEso1/28696 ene,
a-methyl styrene, p-nethyl styrene, p- sec-butyl styrene, and the like; and
vinyl nononers, for exanple, vinyl acetate, vinyl 20 chloride, nethyl vinyl
ket one, ethyl vinyl ketone, and the |ike. N trogen-containing unsaturated
conpounds are well known for form ng polynmers useful as oil additives.
These nononers can be grafted onto the hydrocarbon polyner and incl ude,
anong others, those having from6 to 30 carbon 9 WO 03/ 025034

PCT/ US01/ %@(ﬁﬁ?andaﬁ&qﬁ t@%i{rf)g&]a!t?ltn? 4 nitrogen atons. Exanples of such
con

ni t rogen- al ni'ng nononers-include di met hyl am noet hyl nethacryl ate;

di met hyl am noethyl acryl ate:.. N-(1, 1-d]. - 3- t 1de;

gp (1, 2-di lrr;et hy@’%@?ﬁjﬁ -S%C-hc(n%%%et(“y‘f%ntag‘i‘:‘%f“ra&rénl”é‘gr;sqﬁ‘ﬁ‘?df ‘gh‘éﬁg{?}é‘ﬁ{%@*&?m hyl -3
oXopr oy acryl am de; A-methyl - | -3-Q ut vl th l,am de; N, N

di et hyl amrﬁ%%qﬁxlﬁteaéwi‘a%ﬂa%?eﬂ?ﬁ Hé&%‘gg\gﬂWl"é%@%éﬁg%%ﬁ%ﬁﬂ%?e; "N

di met hyl am nopr opyl net hacryl am de; N-vinyl caprol act ans;

N-vi nyl py M¥-glRcbmethyi -ethyhgtoxpbep) eerylamids &N-(B3dihrgl=rmethylipyr r ol i done,

4-met hyl -1 -vinyl pyrrolidone, 5- nethyl-l-vinylfyrrolidone,

3- et Byl - | -oxopydyPyacryddrhiderie-(1-3acthytlylphényl-B roxobyty Dok ihdeyiamide) N,N-

3,3-di nethyl -1 -vinyl pyrrolidone, 4,5-dinethyl-I-vinylpyrrolidone;

2- vi nyl pyrdigthyleminoéthyl auyylaidedi-RgdroRyensfl ayrylainidd; aydypyidei Ne;
2- met hyl - 4-vi nyl pyridi ne; 2-vinyl-5-ethyl pyridine;

e ARG A AL oy Kbl Opasioag ot usi 1
vinylthiopyrrolidone, 3-methyl-1-vinylpyrrolidone, 4-methyl-1-vinylpyrrolidone, 5-
methyl-1-vinylpyrrolidone, 3-ethyl-1-vinylpyrrolidone, 3-butyl-1-vinylpyrrolidone,

10 3,3-dimethyl- 1-vinylpyrrolidone, 4,5-dimethyl-1-vinylpyrrolidone; 2-vinylpyridine,
4-vinylpyridine; 2-methyl-5-vinylpyridine; 2-methyl-4-vinylpyridine; 2-vinyl-5-ethyl
pyridine; 2-vinyl-6-methylpyridine; and the like.

The grafting is carried out using one or more free radical initiators, such as
azoisobutyronitrile; 2,5-dimethyl-hex-3-yne-2, 5 bis(t-butyl peroxide) or its hexane

15 analogue, di-t-butyl peroxide, dicumyl peroxide, and the like. The initiator is
preferably a peroxide and is generally used at a level of between about 0.005% and
about 1%, based on the total weight of the polymer solution, and temperatures of
about 25° to 250° C., preferably about 100° to 250° C.

The ‘ethylenically unsaturated carboxylic acid material, which is preferably

20 maleic anhydride, will generally be used in an amount ranging from about 0.05 % to
about 10 %, preferably 0.1 to 4.0 %, based on weight of the initial solution. The

carboxylic acid material and free radical initiator are generally used in a weight

percent ratio range of about 3:1 to about 30:1, preferably about 1:1 to about 6:1.

10



azoi sobutyronitrile; 2,5-dinethyl-hex-3-yne-2, 5 bis(t-butyl peroxide) or
its hexane 15 analogue, di-t-butyl peroxide, dicunyl peroxide, and the

| i ke. Theworstemsor is preferably a peroxide and is gener @dnusosestoat a

| evel of between about 0.005% and about 1% based on the total weight of

t he pol yner solution, and tenperatures of about 25 to 250 C., preferably
about 100 to 250 C. The ethylenically unsaturated carboxylic acid material,
which is preferably 20 naleic anhydride, will generally be used in an
anount ranging fromabout 0.05 %to about 10 % preferably 0.1 to 4.0 %
based on weight of the initial solution. The carboxylic acid material and

free radical injti-at: : i | i 0 range
R o e L e O e
_03/025_034t gﬁ@USO 2868@ T e |g|t| Tl r af ina s &ﬁﬁg&& h¥€§arr|ed out
IR an i nerPtAORRSSHE UIOBY Piat EBEE HEETE TP FOgen bl anket i ng. Wi l e
the grafting can be carried out_ in fhe_  presence of air, .th ield of the
desired gragsengsoPhaiie the selgoh Meﬁ‘&ec{ gaft é’B{Y MFE &5 geRerglly theteby dﬁ‘ﬁé?%@(q to
grafting under an inert atnmosphere substantially free of oxygen, The 5
gr gl;nt i ng :as Bvegm@r{eﬂ t? gcpﬁfnmg/umn grelrrertcnﬁmf amhgllte -wg%;wllx geﬁ 8fiP8/Eepr dher abl y

ou . o] ours, nore preferably 0.5 to ours. The grafted
pol yser cagafbiag tierotitldiswallyhramgesiuor abdwg Oalionk2 hours, prefamablytframabout ¥enner
using reactants and conditions known in the art. Useful am ne conpounds

i ncl ude MBqo HROE RRIrY prefdesty D&orsthdur@m about 2 to about 60, preferably
from 10 about 3 to about 20, total carbon atons and from about 1 to about

']I:ﬁ’esgr gl;n.e;]gts) ! Xaiﬁegéepa%%ﬁ%lgrg%biaﬁ RS ed/with b sQEDE AhiREH 4 forvBidmal ecul e.
manner using reactants and conditions known in the art. Useful amine compounds
include mono- and polyamines having from about 2 to about 60, preferably from

10 about 3 to about 20, total carbon atoms and from about 1 to about 12, preferably from
about 2 to about 7 nitrogen atoms in the molecule. These amines can be hydrocarbyl
amines or hydrocarbyl amines having additional groups, such as alkoxy groups,
amide groups, imidazoline groups, and the like.

Useful amines include 1,2-diaminoethane; 1,3-diaminopropane; 1,4-

15 diamonobutane; 1,6-diaminohexane; diethylene triamine; triethylene tetramine;
tetraethylene pentamine; 1,2-propylene diamine; di-(1,2-propylene) diamine; di-(1,2~
propylene)triamine; di-(1,3-propylene) triamine; N,N-dimethyl-1,3-diaminopropane;
N,N-di(2-aminoethyl) ethylene diamine; N,N-di(2-hydroxyethyl)1,3-propylene
diamine; 3-dodecyloxy-propylamine; N-dodecyl-1,3-propane diamine; tris

20 hydroxymethylaminomethane; diisopropanol amine; diethanol amine; triethanol
amine; mono-, di-, and tri-tallow amines; N-(3-aminopropyl)morpholine; 3-
dodecyloxypropylamine; N-(2-aminoethyl) morpholine; 2-amino pyridine, 2-

methylamino pyridine; 3-methylamino pyridine; 2-aminothiazole; 2-amino-

11



ani nes or

1, 6-di am
tetraethy
di-(1,2-

- di am nop
N, N-di ( 2-
N- dodecy!l
di i soprop
tri-tallo
N-(2-amn
3-net hyl a
PCT/ USOL/
nmet hyl - | -
i m dazol e
t her eof ;

phenyl ene

tertiary

i mpor t ant
above 0.1
of am nes

10

15

20

hydrocar byl am nes havi ng addi ti onal groups, such as al koxy
groups, am de groups, imdazoline groups, and the |ike. Useful am nes
i ncl ude 1wd-odioaswBnoet hane; 1, 3-di am nopropane; 1,4- 15 di a0onsoutsne;

nohexane; diethylene triamne; triethylene tetram ne;

| ene pentam ne; 1, 2-propyl ene diam ne; di-(1,2-propyl ene) di am ne;
propylene)triamne; di-(1,3-propylene) triamne; N Ndinethyl- 1,3

ropane; N, N-di (2-am noet hyl) ethyl ene di am ne;

hydr oxyet hyl ) 1, 3- propyl ene di am ne; 3-dodecyl oxy- propyl am ne;

- 1,3 -propane diamne; tris 20 hydroxynet hyl am nonet hane;

G AR AR 0 o N

oet hyl) norpholine; 2-am no. pyridine, 2- nethylanno pyridine;
RAsTYPIAlnA @nilipe; 'aw&qprwbﬁ%@a@k’a%ﬁdn@ﬂﬂts\?@65%25034
28606 2thi azoline; 2-am no pyrimdine; 2-am no benzothiazol e;

piingprohyldryarelidene andamsants Hieresit] Naminnrppd piparidine aapr st

and variants thereof; N am nopropyl pyrrolidone and variants

Nhareof) dpphényl pixnglenedlamiae;zamd thakikeant s t her eof ; N- phenyl

diamne; and the like. 5 Especially preferred are am nes having a

singlse prinmary BipebRlPpREReddrd Aminefiavdid @ singlaprithagy Anips gupseith bei ng
am ne groups. This inhibits cross- linking which is particularly

: : ¢ ! i Tdity, e
%@Sd?l}l%rr&ﬁm?@%%ﬁ%%%@%& Beih g katidryhind i Gpsdeﬂﬁﬁﬁlh;)gﬁ cRRsdIty, e.g

0 xtures conprising about w . % or

h

of acidity, e.g. above 0.1 meq./g. of polymer. Mixtures comprising about 70 wt. % or
more of amines having only a single primary or secondary group can be used with
small amounts of amines having two or more primary or secondary amine groups.
Acidities below 0.1 meq./g. polymer are less sensitive to cross-linking and amines
with 2 or more reactive groups, i.e. either primary or secondary amine groups, or both
primary and secondary amine groups, or a primary amine group and an alcohol group,
can be used.

The amines will generally be used in the range df from about 0.1 to about 10
wt. %, preferably from about 0.5 to about 5 wt. %, based on the weight of the
hydrocarbon polymer. The amine is preferably used in an amount that neutralizes the
acid moieties by formation of amides, imides, or salts.

Preferably, the amount of amine used is such that there is 1 to 2 moles of
polyamine reacted per equivalent mole of dicarboxylic acid. For example, with an
ethylene-propylene copolymer of 40,000 number average molecular weight, grafted
with an average of 4 maleic anhydride groups per molecule, preferably about 4 to 8

molecules of amine are used per molecule of grafted ethylene-propylene copolymer.

12
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10 srmall ampbunts of am nes having two or nore primary or secondary am ne
groups. Acidities below 0.1 neq./g. polyner are |ess sensitive to

cross-| i mkorg/oaseds am nes with 2 or nore reactive groups, PCTAISOB2g6her
primary or secondary am ne groups, or both primary and secondary am ne
groups, or a primary am ne group and an al cohol group, can be used. 15 The
amnes wll generally be used in the range of fromabout 0.1 to about 10
w. % preferably fromabout 0.5 to about 5 wt. % based on the wei ght of
the hydrocarbon polynmer. The amne is preferably used in an anount that
neutralizes the acid noieties by formation of ami des, imdes, or salts.

Preferably, the_anount of L ne. used is. such that, there.is 2 nmol es of
20 pol yanine r ROy PEr 878 g%??’étfné‘ﬁ lcrfB?lgﬁ%sf P e(:r%?%(l)nxiﬂh?%one&e}lﬁ‘%ﬁ%or exanpl e,
with an ethyl ene-propyl ene copol yner  of 40, 000 number average | ecul ar
wei ght, greapelda abowtthuie 2wt JgePreierabbnld 430 Whivg &P yg@ﬂd@gﬁ}ggeag ¥ nol ecul e,
preferably about 4 to 8 nvolecules of am ne are used per nol ecul e of
grafted etreydtehwithropydsbpdeatgolt ghemperatipe offrapbasd94° Bdv/208D%/ 28606 The
polymer, grafted with acidic noieties, preferably in solution generally
equal to ahefetabhy fiemtabodOl 26 to 950°1C, ddefranlapodtd.§ 6o SPunid O ool yner, can be
readily reacted wth amnes by heating at a tenperature of from about 100

C 105250 GrefePit®f £6@RbYutl ¥ @abdkoshodrd0 The heidig G prefiiatly camriabomtto0. 5 to
about 10 hours, 5 preferably fromabout 1 to about 6 hours. The heating is

I
Fat i o8 oo o B e B s e R amounts of
excess, 1y, e%er? ingb ggodnsth]:e %a%?a%ts, %rﬁguﬁtg or &c‘égs, type of bonds formed, and the like.
In a preferred embodiment, about 5 to 95 % of the copolymer is dissolved in
95 to 5 wt. % of the aromatic ester to form a solution along with about 0.05 to 10 wt.
10 9% of the unsaturated material and about 0.005 to 10 wt. % of the initiator based on the
weight of the solution. Then, after the grafting step, about 40 to 500 wt. %, based
upon the weight of the solution, of a mineral or synthetic lubricating oil is added,
followed by the addition of an amine sufficient to neutralize the acid and heating at
100° C to 250° C for 0.5 to 10 hours.
15 The advantages and the important features of the present invention will be
more apparent from the following examples.
EXAMPLES
A series of products was prepared as detailed in Examples 1 through 3 below.
The procedure in all cases was performed in two steps.
20 In the first step, the grafting solvent media were added to 375 g of ethylene-
propylene copolymer (EP) (in which the polymer substrate consisted of about 57 mole

percent ethylene and 43 mole percent propylene having a number average molecular

weight of about 20,000), in a one to three ratio, and heated to about 180° C with

13



In a preferred enbodi nent, about 5 to 95 % of the copolynmer is dissolved in
95 to 5 wt. %of the aromatic ester to forma solution along with about
0.05 to 1WowB/025030 % of the unsaturated material and aboutrC@/uX0H28606 10 wt .
% of the initiator based on the weight of the solution. Then, after the
grafting step, about 40 to 500 wt. % based upon the weight of the
solution, of a mneral or synthetic lubricating oil is added, followed by
the addition of an amine sufficient to neutralize the acid and heating at
100 Cto 250 Cfor 0.5 to 10 hours. 15 The advantages and the inportant
features of the present invention will be nore apparent fromthe foll ow ng

exanpl es. AWPLE erd %gﬁéénebﬁaﬁﬁ?t RILAAME \»@S.Sdl;%'b ar gghi@s a&?‘iﬂﬁé Gdsin

Exanpl es 15 WI?‘% procedure 1n a cases was performed in
two steps. Int e first ste the aftln ent ed to
375 g of et @eﬂ%é‘ tn‘&yd?ﬂ?‘feé‘h%o g‘btfﬂt ca(rﬁg) %eﬁp\ﬂ%? e g%‘é\éﬁmgr&gﬁbst rate
consi sted of about 57 nole percent ethylene and 43 nol e percent. pr.opyl ene
havi ng a neredwur.afeiozige Cﬁ@l}’éb@ll -nbutyhaergkidelvasastdad corrusisaly maratosfe to
three ratio, and heated to about 180 C with 13 WO 03/ 025034 PCT/ USO1/ 28606
stirring, Aeithaespettioghemeleandabydridertoibe adied. Efterthe addidensweate Mal ei c
anhydri de was added, as a thirty percent concentrate in a carrier solvent,
at agate afm@eté@4hg£dmcmmme§s washmacted Raropdridd of sinal spéficigndio enspuet y|
peroxi de) was added concurrently in a ratio of 2.43 with respect to the

mal ei ¢ anhyddsni QiR FdllPeroxiie! ahid Was RHGWEd BgactemsstippisgMittied, the
reacti on nass was post-reacted for a period of time sufficient to ensure
nitrogen sparge to remove residual maleic anhydride. After the grafting reaction was
completed, there was added a sufficient amount of solvent neutral 100 (SN100), a
paraffinic mineral oil, to bring the polymer content to 50 % to facilitate handling.
10 In the second step, the maleated polymer in oil was stirred with an equal
amount of SN100 oil and heated to 160° C under a nitrogen blanket. Neutralization
was then carried out with an equimolar amount of amine based on the charged maleic
anhydride, followed by a nitrogen sparge for three hours to strip out water produced
by the reaction. Dinonyl phenol was then added, in a ratio of 2 with respect to the
15 amine charged, as a co-solvent. Each product was then cooled and filtered through a
100 mesh screen.
Example 1
EP was grafted in the presence of dibutyl phthalate as the grafting solvent

medium and derivatized with N-(4-anilinophenyl)-3-aminobutanamide according to

20 the above-described procedure. The product will be referred to herein as Prodex 1.

14



t he deconposition of all peroxide. This was followed by vacuum stri ppi ng,
wth a nitrogen sparge to renove residual maleic anhydride. After the
grafti ng weastesmas was conpl eted, there was added a suffi ecantSoanssoant of
sol vent neutral 100 (SN100), a paraffinic mneral oil, to bring the

pol ynmer content to 50 %to facilitate handling. 10 In the second step, the
mal eated polynmer in oil was stirred with an equal anount of SN100 oil and
heated to 160 C under a nitrogen blanket. Neutralization was then carried
out with an equi nol ar amount of am ne based on the charged mal eic
anhydride, followed by a nitrogen sparge for three hours to strip out water
produced by the reaction. D nonyl EQ%ﬂgkﬂyas then added, in a ratio of 2
with respect to the 15 am ne charged, aS a co-solvent. Each product was

t hen cooled and_filtered through a sh en. anpke 1 EP was
grafted in the i waggadieddn H\eﬁ’g‘fﬁ?f‘c t‘ﬁ'é‘ﬁ?cgl ‘iﬁf‘?ﬁﬁg a3 5281‘%@? 08 3375 nt
medi um and derivati zed Mﬁth.hgié-anLlinophenyl)-%;aning@ytangnide accordi ng
to 20 thenediovend dedyatised wiihdtEtrariinophreylhs BaIROUGNAMIGSACEILRE R t o
herein as Prodex 1. 14 WO 03/025034 PCT/US01/28606 Exanple 2 EP was
grafted i rthe heoverdeseaited pobceditreu ribheqybdyshwithbeareferses toherai asRiodgx 3ol vent
medi um and derivatized with N (4-anilinophenyl)-3-am nobutanam de accordi ng
to tshe above-described procedure. Eksmpledluct will be referred to herein
as Prodex 2. 5 Exanple 3 EP was grafted in the presence of di-isodecyl
phthal ate as t hep gj,abldfag i Bley#Bence of di-isodecyl phthalate as the grafting solvent

medium and derivatized with N-(4-anilinophenyl)-3-aminobutanamide according to

the above-described procedure. The product will be referred to herein as Prodex 3.

Example 4
10 Comparative Example
EP was grafted in the presence of solvent neutral 100 (SN100) as the grafting

solvent medium, as disclosed in U.S. Patent No. 4,517,104, and derivatized with N-

(4-anilinophenyl)-3-aminobutanamide. The product will be referred to herein as

Prodex 4.

15 Deposit Control Test
Thermo-oxidative Engine Oil Simulation Test (TEOST)
TEOST Formulation
The additives were tested for effectiveness in a motor oil formulation (See

description in Table 1 and compared to an identical formulation.

20
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medi um and derivatized with N (4-anilinophenyl)-3-am nobutanam de accordi ng
to the above-described procedure. The product will be referred to herein
as Prodexw®.o3lxmapl e 4 10 Conparative Exanpl e EP was gr af tred/isa1/24ve6
presence of solvent neutral 100 (SN100) as the grafting solvent nmedium as
disclosed in U S. Patent No. 4,517,104, and derivatized with N
(4-anilinophenyl)-3-am nobutanam de. The product will be referred to herein
as Prodex 4. 15 Deposit Control Test Therno-oxidative Engine Ol

Simul ation Test (TECST) TEOST Formulation The additives were tested for
effectiveness in a notor oil fornulation (See description in Table 1 and

conpared to an identical fornulation. 20 15 WD 03/025034 PCT/ US01/ 28606
Sol'vent Nfutral 100 Balnce ouer bacddoed! cam Sylfohate botergent 1.3
Rust / Cor r dsi on I nhi bi t%@d%%”i&?tgggﬁcfé’ﬁ‘lﬁ‘gtﬂgé?‘ ase Midhia Dot eroent 4.3
Weight Percent
5 Solvent Neutral 100 | Balance
Overbased Calcium Sulfonate Detergent 1.3
Rust/Corrosion Inhibitor 0.75
Antioxidant 0.5
Pour Point Depressant 0.1
10 OCP VI Improver 5.5
ZDDP 0.8
Example X 2.5

The Deposit control properties of the above examples were determined in the
Thermo-Oxidative Engine Oil Simulation Test (TEOST). The test is used to
15 determine the amount of deposits formed by automotive engine oils, and is run as a
version of ASTM test D6335-98 with the number of cycles increased to increase the
severity of the test.
In this test, a sample of engine oil at a temperature of 100° C that contains
ferric naphthenate and is in contact with nitrous oxide and moist air is pumped at a set
20 flow rate past a tared depositor rod. The rod is resistively heated through 9.5 minute
temperature cycles that go from 200-480° C. When all cycles are completed, the rod
is rinsed of oil residue and dried to obtain a gross mass. The oil sample is flushed
from the system and passed through a tared filter. The mass of deposits on the rod
and filter is the total deposit mass. Performance is measured as total deposit mass in

25 milligrams with results typically between 10 and 100. The lower the number versus

16



Pour Point Depressant 0.1 10 OCP VI Inprover 5.5 ZDDP 0.8 Exanple X 2.5
The Deposit control properties of the above exanples were determned in the
Ther no- Oxwvoasioz®3€Engi ne G| Sinulati on Test (TECST). The tre3tusos2868€d to 15
determ ne the anmount of deposits forned by autonotive engine oils, and is
run as a version of ASTMtest D6335-98 with the nunber of cycles increased
to increase the severity of the test. In this test, a sanple of engine oil
at a tenperature of 100 C that contains ferric napht henate and is in
contact with nitrous oxide and noist air is punped at a set 20 flowrate
past a t arthelrefigpusi therbettenthe prronmseice of the oil fermyatipnn aabledk kit Bgh 9. 5

m nute tenperature cycles that go from 200-480 C. Wen all cycles are

conpl et ed,patdueetére dor ths TEOSTeab peffoantd, vet sidtsdouthdigrafiandodesivetiged a gross
mass. The oil sanple is flushed fromthe system and passed through a tared
filter. ThRiyResn MinddfRAShingled (Etdigplesad4) fanad fni Tabde 3. Resuits atothal deposi t

mass. Performance is neasured as total deposit mass in 25 mlligrans with
results t Jhe | ower the nunber versus 16 WO
03/ 025034ya%é%%%§%&‘§)§1§)§%%ﬂtt he%?%?%ﬁgsé the better the performance of the
oi | formlatten—TFabte—2ti+sts—the—parameters for the TEOST as periorned,
withsresulits for the graft and derivdable@d polymer in mineral oil ganples
(Exanpl es |1-4) found in Tabl e 3. TR&SII Rmameterst he average of two runs on
two separ gte btenmdsT dihons Setting
Reactor Temperature 100° C
Temperature Cycle 200-400° C
10 Number of Cycles 25
Cycle time 9.5 min
QOil Flow Rate 0.45 mL/min
Oil Volume 116 mL
N,O/moist air Flow Rate 3.5 mL/min
15 Catalyst (Iron naphthenate) 100 ppm

17



5 Table 2 TEOST Paraneters Conditions Setting Reactor Temerature 1000 C
Tenperature Cycle 200-400 C 10 Nunber of Cycles 25 Cycle time 9.5 mn GOl
Fl ow Rat ew0.08623984 M n G| Volunme 116 nL N20/noi st air Fl eeTRS0e2806 nl/ mn
15 Catal st Iron na phthenate) 100 m 17 WD 03/025034 PCT/ US01/28606 Tabl e
3 TEOST Results Exanpl e Description Deposits (ng) % Deposit Decrease 5 5
Base Blend' 70.2 N.A. 6 Base Blend with Prodex 1 37.5 46.6 7 Base Bl end

with Prodex 2 36.4 48.1 8 Base Blend with Prodex 3 34.8 50.0 9
with Prodex 4 42.6 39.3 10 ' Base Bl end

Table 3
TEOST Results
Example Description Deposits (mg) % Deposit
Decrease
5 5 Base Blend! 70.2 N.A.
6 Base Blend with Prodex 1 37.5 46.6
7 Base Blend with Prodex 2 36.4 48.1
8 Base Blend with Prodex 3 34.8 50.0
9 Base Blend with Prodex 4 42.6 393
10
1 Base Blend refers to the formulation in Table 1.
It can be seen from the above data that using the phthalate esters as the
grafting solvent media for grafting reduces the total deposit mass. For instance, the
15 addition of Prodex 3 to the base blend reduces deposit formation by 50 percent while
the addition of Prodex 4 (comparative) to the base blend reduced deposit formation by
only 39.3 percent.
Physical Properties
Kinematic Viscosity/Hunter Colorimeter Haze Test
20 The kinematic viscosity and haze value of the products of Examples 1 through

4 were measured. Kinematic viscosity was measured at 210° F (about 100° C) and is
reported in Centistokes. The additive concentrates were placed into 2-cm polystyrene

tissue culture flasks to determine haze value using a Hunter Colorimeter.
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'Base Blend refers to the fornulation in Table 1. It can be seen fromthe
above data that using the phthalate esters as the grafting solvent nedia
for graftwogsnessces the total deposit nmass. For instancepcrhsol/agsoaddi tion
of Prodex 3 to the base blend reduces deposit formation by 50 percent while
the addition of Prodex 4 (conparative) to the base blend reduced deposit
formation by only 39.3 percent. Physical Properties Kinematic

Vi scosity/Hunter Col orineter Haze Test 20 The kinematic viscosity and haze
val ue of the products of Exanples 1 through 4 were neasured. Kinematic
viscosity was neasured at 210 F (about 100 C) and is reported in

Centi stokes. The additive concentrates were placed into 2-cmpolystyrene

ti ssue culiture flasks to determ ne h%%e al ue using a Hunter Col orineter.
18 WO 03/ (25034 PCT/ US01/ 286 Ta k@n m?é%z\% (%)g& Ki nematic Viscosity
Exanpl e Ddscription Haze Val f8®&5i%ESEPEY s 10 odex 120667911 {Pr odex

2 12.9 797 12E§£r gx 3 (2. q)gsq,l:lipﬁ(;ln?, PriodexaZe ¥8u@ 651 10 Wsceap be |seen,
a o WS £+ H

usi ng the {phtha e—estef—as—a—grafFting—sotvent—mediuprhras o —apprdci abl e

effeat on|the viggosity bf tieoddxial prioduct 20ut can|inpro$@dthe haze
11 Prodex 2 12.9 792
12 Prodex 3 12.9 811
13 Prodex 4 | 59.0 651

10 As can be seen, using the phthalate ester as a grafting solvent medium has no
appreciable effect on the viscosity of the final product, but can improve the haze
value significantly versus using mineral oil as the grafting solvent medium.

In view of the many changes and modifications that can be made without
departing from principles underlying the invention, reference should be made to the

15 appended claims for an understanding of the scope of the protection to be afforded the

invention.
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val ue significantly versus using mneral oil as the grafting sol vent

medium In view of the many changes and nodifications that can be nade

wi t hout wepmaneiosg from principles underlying the inventi @aI/usei/escesnce
shoul d be nade to the 15 appended clains for an understandi ng of the scope
of the protection to be afforded the invention. 19 WO 03/ 025034

PCT/ US01/ 28606 CLAIMS What is clained is: 1 1. A process conprising
solution grafting a hydrocarbon pol yner prepared from 2 at |east one C2 to
C28 pol yneri zabl e hydrocarbon, said pol yner having a nunber 3 average

nol ecul ar weight in the range of from about 5,000 to about 500,000, with an
4 ethylenically unsaturated C3 to Cl&§ gpyRoxylic acid material, using a
free radical 5 initiator, in the presence of an aromatic ester oil of the
formul a 69R1' 7, R6 ;.0 R4 1 wherein Rl, R2, R3, R4, R5, and R6 are

i ndependent 9t S&I2UBSEY fr om the group .2 consisting of hydrogen, - COOR?,

- COOR8, -COOR9, -COOR10, -COOR11,.and ..3 - 2 rqvi ded that .ng nore
thadn 5 of Rl, R Preeess eompigns %ﬂﬁﬁ‘oﬁ@f%ﬁ‘%g ﬁ%h?ﬁaﬁ&w 12{6??7’?& BS™ 9 R10,
R11, and R12 are independently selected fromthe group.consisting of .5

al | and atllkast et 61 . C;t pplympigable bixlsecprlsm, saidpatymer gvénsed BuRE hydr ocar bon
polymer is a copolyner of 2 ethylene with a C3 to C28 al pha ol efin.

3 average molecular weight in the range of from about 5,000 to about 500,000, with an
4 ethylenically unsaturated C; to Cy, carboxylic acid material, using a free radical
5 initiator, in the presence of an aromatic ester oil of the formula
6 R,
7 R, R,
8
9 R; R,
R,
0
1 wherein R, R,, R;, Ry, Rs, and R are independently selected from the group
2 consisting of hydrogen, -COOR;, -COOR;, -COOR,, -COOR,,, -COORy;, and
3 -COOR,, provided that no more than 5 of R, Ry, Rs, Ry, Ry, and Rg are hydrogen, and
4 R, Ry, Ry, Ry, Ry, and Ry, are independently selected from the group consisting of
5 alkyl and alkylesters.
1 2. The process of claim 1, wherein the hydrocarbon polymer is a copolymer of
2 ethylene with a C, to Cy alpha olefin.
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20 WO 03/025034 PCT/ US01/28606 1 3. The process of claim2 wherein the
copol yner conprises fromabout 15 to 2 about 90 wei ght percent ethyl ene
and, corrwepasesosgly, from about 85 to about 10 3 wei ght poarusentseod t he

al pha olefin. 1 4. The process of claim2 wherein the C3 to C28 al pha
olefin is propylene. 1 5. The process of claim3 wherein the C3 to C28

al pha olefin is propylene. 1 6. The process of claim1l1, wherein the
copolymer is grafted with the unsaturated 2 material by dissolving the
copolymer in the aromatic ester and adding the unsaturated 3 material and
free radical initiator over about 0.1 to about 12 hours at a tenperature of

4 firom aboyt 2 #1209 vhereln the cOPSlyRELERSSise! fremaibaubl SMeer ei n about
5 tlo 95 %O%'f tﬁg&c%rgg y(r%er all%g di segol ved ia2yi n 95 to 5 w. %of the aromatic

ester to for solution, .t t : t d®oaf 1@l 1s about
0.05 to 1&% AwﬁgtHerﬁ%%ﬁnﬁhegg\%fﬂgcﬁ?geg%o}ﬁtﬁ ﬁglﬁgﬁﬁt#g? %jtél ang{ %(ﬂe armount
of the initiator is ag&gt 91.60?%t0 10 wt. % based on the weight of the 5
sol3uti on. Weight peseent PERE P3O m 7 further comprising, after the
grafting step, the steps of 2 adding about 40 to 500 wt. % based upon the
wei ght of the solution, of mneral or 3 synthetic lubricating oil and then
adding an am ne sufficient to neutralize the acid and, 4 heating at 100 C
to 250 C far 0. Thé protesshdetegn 22dheydn 08/ Q28 (34alperplepis/presdee 1 9. The
process of claim8, wherein the unsaturated naterial is maleic anhydride

1 5. The process of claim 3 wherein the C; to Cy; alpha olefin is propylene.

1 6. The process of claim 1, wherein the copolymer is grafted with the unsaturated
2 material by dissolving the copolymer in the aromatic ester and adding the unsaturated
3 material and free radical initiator over about 0.1 to about 12 hours at a temperature of
4 from about 25° C to about 250° C.

1 7. The process of claim 6 wherein about 5 to 95 % of the copolymer is dissolved
2 in 95 to 5 wt. % of the aromatic ester to form a solution, the amount of the

3 unsaturated material is about 0.05 to 10 wt. % based upon the weight of the solution,
4 and the amount of the initiator is about 0.005 to 10 wt. % based on the weight of the
5 solution.

1 8. The process of claim 7 further comprising, after the grafting step, the steps of
2 adding about 40 to 500 wt. %, based upon the weight of the solution, of mineral or

3 synthetic lubricating oil and then adding an amine sufficient to neutralize the acid and ~ _
4 heating at 100° C to 250° C for 0.5 to 10 hours.
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2 and the amne is N-(4-anilinophenyl)-3-am nobutanam de. 1 10. The process
of claim?7, wherein the unsaturated material is a nitrogen- 2 containing
et hyl eni cablog/oesesat ur at ed nmononer. 1 11. The process of clpairmsaD286uher ei n
t he nitrogen-containing nononmer is selected 2 fromthe group consisting of
vinyl pyridines, vinyl pyrrolidones, vinyl imdazoles, 3 and am ne
group-contining acrylates and nethacrylates. 1 12. A dispersant-viscosity
i ndex inprover prepared by a process conprising 2 solution grafting a
hydr ocar bon pol ynmer prepared fromat |east one C2 to C28 3 pol yneri zabl e
hydrocarbon sai d pol ymer having a nunber average nol ecular weight 4 in
range pf fr hgal |y
at ur at ed(; -‘@f Iﬁg&%&f}?(ﬂg eﬁgﬁg}?ﬁ ‘agrgr%l? %%i gl\é‘[etnglsl??ga%mﬂr}gg radi cal

|n|t|ator n the ce 0 aro tic er oil of the fornula 7 8
2 Re Ry 218 thpaRE F? ot 13“&41“’1’@%9% SR §<§1 PCT/ USO1/ 28606 3 wher ei n

Rl R2, R3, R4, R5, and R6 are independently selected fromthe group

1 10.  The process of claim 7, wherein the unsaturated material is a nitrogen-
2 containing ethylenically unsaturated monomer.
1 11. The process of claim 10, wherein the nitrogen-containing monomer is selected
2 from the group consisting of vinyl pyridines, vinyl pyrrolidones, vinyl imidazoles,
3 aﬁd amine group-contining acrylates and methacrylates.
1 12. A dispersant-viscosity index improver prepared by a process comprising
2 solution grafting a hydrocarbon polymer prepared from at least one C; to Cy,
3 polymerizable hydrocarbon, said polymer having a number average molecular weight
4 in the range of from about 5,000 to about 500,000, with an ethylenically unsaturated
5 C;to Cy éarboxylic acid material, using a free radical initiator, in the presence of an
6 aromatic ester oil of the formula
7
R,
8
R R,
9
10 R; R,
L1 R,
12

22



4 consisting of hydrogen, -COOR7, -COOR8i -COOR9, -COOR1O -COOR11, and 5
-COOR12, provided that no nore than 5 of Rl, R2, R3, R4, R5, and R6 are
hydr ogen,wand/02®3R7, R8, R9, R10, Rl1l, and Rl12 are indepemrdentsoy2sed ect ed
fromthe group consisting of 7 alkyl and al kylesters. 1 13. The

di spersant-viscosity index inprover of claim12, wherein the hydrocarbon 2
polymer is a copolyner of ethylene with a C3 to C28 alpha olefin. 1 14. The
di spersant -vi scosity index inprover of claim 13 wherein the copolynmer 2
conprises fromabout 15 to about 90 wei ght percent ethylene and,
correspondingly, 3 fromabout 85 to about 10 wei ght percent of the al pha
ol gfin. 1 JRereillie, Hi, J0ERS AN and REQSiikdepbntidany segpravesmalie gloapm 13 wher ei n
the C3 to C28 2 alpha olefinis propyf)ene. 1 16. The di spersant-viscosity
i ndex 1 npr : i 4. eif CZ800R, alobery) eid n is

pr %;e)yl ene. Qo%ﬁf'ft};?g q‘ﬁ@hﬁ%@%@%&’v&%ggf’% i ndex igprwbver of claim 12,
wherein th ol yner i ] he, ugsat u d I

i S5l vi ng GPGREopor st hoth e ol ik, Ry T R B RSy Flogh, e
unsaturated nmaterial _and free radjcal, initiatar. over about 0.1 4 about
12 thours akn&st Befew &tufBd Kpz 377 Gifle %‘ﬁ?"%?ﬁf‘é&&fr%g‘hetg@%%&&f’sb*%“é\%f 03/ 025034
PCT/ US01/ 28606 1 18. The di spersant-viscosity index inprover of claim1l7
whét ei n aballyl adekkylpstess. 2 of the copol ymer is dissolved in 95 to 5 wt. % of
the aromatic ester to forma solution, 3 the anpunt of the unsaturated
material is about 0.05 to 10 wt. % based upon the 4 weight of the solution,
and the amount of the initiator is about 0.005 to 10 wt. %

1 13. The dispersant-viscosity index improver of claim 12, wherein the hydrocarbon
2 polymer is a copolymer of ethylene with a C; to C,; alpha olefin.

1 14.  The dispersant-viscosity index improver of claim 13 wherein the copolymer
2 comprises from about 15 to about 90 weight percent ethylene and, correspondingly,
3 from about 85 to about 10 weight percent of the alpha olefin.

1 15. The dispersant-viscosity index improver of claim 13 wherein the C; to Cy,

2 alpha olefin is propylene.

1 16. The dispersant-viscosity index improver of claim 14 wherein the C; to Cy

2 alpha olefin is propylene.

1 17.  The dispersant-viscosity index improver of claim 12, wherein the copolymer
2 is grafted with the unsaturated material by dissolving the copolymer in the aromatic
3 ester and adding the unsaturated material and free radical initiator over about 0.1 to
4 about 12 hours at a temperature of from about 25° C to about 250° C.

23



5 based on the weight of the solution. 1 19. The dispersant-viscosity index
i nprover of claim 18 wherein the process 2 further conprises, after the
graf ti ng woap/02i0be st eps of addi ng about 40 to 500 wt. 9% PC3/usawzessoapon the
wei ght of the solution, of mneral or synthetic lubricating oil and then 4
adding an amne sufficient to neutralize the acid and heating at 100 Cto
250 Cfor 5 0.5 to 10 hours. 1 20. The dispersant-viscosity index inprover
of claim 19, wherein the unsaturated 2 nmaterial is maleic anhydride and
the amne is N-(4-anilinophenyl)-3 3 am nobutanam de. 1 21. The

di spersant-viscosity index inprover of claim18, wherein the unsaturated 2

material ifga npfd Gﬁg&sm%ﬁbﬂmﬁd&lmp}&% eRbihih LNSAbIAbeG SRnosey . 1 22.
The di spersant viscosity indexinprover of claim2l, wherein the nitrogen-

t
py%ogl ﬁ:&gl Hh%?ﬁpp%r]%ﬁer 1? 9‘% ol\? gihg gS t(i;/ Ign%t}[ ‘beoﬁhg [rrﬁﬁ@%kté]t fonfgrrg fa ngumﬂl,

ar oup contini 1r1]1%u 3% yLea E]r?s%tu%}cgd ?nage%la 1S aggut%t &s fo 120 wt. % based upon the

the amount of’
4 weight of the solution, and the amount of the initiator is about 0.005 to 10 wt. %
5 based on the weight of the solution.
1 19.  The dispersant-viscosity index improver of claim 18 wherein the process
2 further comprises, after the grafting step, the steps of adding about 40 to 500 wt. %,
3 based upon the weight of the solution, of mineral or synthetic lubricating oil and then
4 adding an amine sufficient to neutralize the acid and heating at 100° C to 250° C for
5 0.5 to 10 hours.
1 20.  The dispersant-viscosity index improver of claim 19, wherein the unsaturated
2 material is maleic anhydride and the amine is N-(4-anilinophenyl)-3-
3 aminobutanamide.
1 21.  The dispersant-viscosity index improver of claim 18, wherein the unsaturated
2 material is a nitrogen-containing ethylenically unsaturated monomer.
1 22.  The dispersant-viscosity index improver of claim 21, wherein the nitrogen-
2 containing monomer is selected from the group consisting of vinyl pyridines, vinyl
3 pyrrolidones, vinyl imidazoles, and amine group-contining acrylates and
4 methacrylates.
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