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| MPROVER AND DI SPERSANT BACKGROUND OF THE INVENTION 1. Field of the

| nvention ™ %PE9&ht invention relates to polyneric viscosiRGI/USKdR2606

i nprover/dispersant 5 additives for lubricating oils. Mdre particularly,
the present invention relates to processes for preparing grafted, and
optionally am ne-functionalized, hydrocarbon polyners and their use in oil
conpositions, and includes an inproved solution process for grafting

unsat ur at ed t he graft
reaction i nmmmgiﬂw Ommg@% - 10 2.
Description of Related Art h nol ecul ar wei ht hydr ocar bon pol yners, such
as hydrogenated copol yrrerBsA GROUND OF, ON copol yners of

but adi ene and styrene, and ethyl ene copol yners, partr cularly

et hyl ene- pr opyl eField opthedieérstiar € known as viscosity index (V.I.) inproving
additives for oil conpositions, particularly 15 lubricating oil

conposi tions. A $ubicadt dlveRflyrefestbigRlyniic vistb lySindtx &ﬁér/agg@.?ﬂﬁ

further reacting these V.I. inprovers to form mul t'i - functi onal

| mpr ov o\ fddﬂé!stféxfly&?éahﬂ%?h% More r)amgg r@seﬁ?ﬁx% tgil h efAfts tb PT Oves not

onIy t roperties nparts spersancy so as to

suspend sI ud th form he opera Lon.or..us t he | ubricant
and to i nhi BRE aﬂFéJ ﬁr?l’éﬂ‘bﬁ“x Rpsicalifsaf o bony '00g 497
di scl oses a process for preparr ng a_graft- rrodl fied,6 ethyl ene pol yner or
copol yner wpelEmersang theifazse i aik eompositiPns: angd| léﬂ@dq@@nymroverl solution process

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 V1. improvers to form multi-functional V.I. improvers. A
multifunctional V.I. improver is a material that improves not only the V.I. 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 grafi-

copolymerizable derivative in an alkyl-substituted aromatic hydrocarbon solvent in



copolymer with a dicarboxylic acid graft-copol ynerizabl e t hel4MARCH 2006i t s
graft- copol ynerizabl e derivative in an al kyl -substituted aromatic

hydr ocar bor’Wé@WQ@ﬁ%“ inl 14 MARCH 2006 WD 03/ 025034 PCT/ USORCIZ&393/28606
presence of a radical initiator, characterized in that the reaction is
perfornmed while adding the dicarboxylic acid or its derivative gradually to
the solvent in which the starting ethylene polyner or copolyner is present.
U.S. Patent No. 4,089, 794 di scl oses et hyl ene copol yners derived from about 2
5to 98 wt. % ethylene, and one or nore C3 to C2g al pha ol efins, e.g.

et hyl ene- propylene, that are solution-grafted under an inert atnosphere and

at el evat edthetpessederdflr radiculi indiaton, cHatucterized il thyt-the seictiomisqrfoan@dwiile ¢ aci d
material in the presence of a hi gh t enper at ure deconposabl e free-radical

initiator apgd ré;@é%?éa}%hé E&&Bﬁﬁs Mﬁ\}&n@e gﬁhﬂélﬁ%tth&ﬂﬂs'/enm ﬁﬁﬁcﬁ't}rer eactive

W t h car boxy g yam a polyo or (c) a
hydr oxyam n t re ar boxyl - grafted pol yneric
derivati ves% c?wyﬁeé\g@%gé E%éﬁg?ﬂ%&g %ﬁ{'egklgthd varni sh cont roI behaV| or in
fuels and lubricatin |f the ecul ar wei gh bov t hen

t hese pol ymers a ﬁga%‘t e &89J§4r¢gﬁ%lquW F’EFrﬁ%PO E%S‘?"c"? iﬁ'ﬁ’&b quﬁﬁr overs.
U S. Patent No. 4, 517 104 discloses oil soluble viscosity index inproving
15 et Wyl enetocpwt. Ynethylens, and one os st Fade Sxiphatdisfinsneg aathylenespy| ene; and

et hyl ene, propylene and diolefin; etc., that are reacted or grafted with
et hyl eni cal lbmpylamtthutateesblutitm'-gtaﬁydl hﬁdeﬁ&h(iheﬂtﬂtmbk]ﬂ&re ardedtefevled nul ei c

anhydri de noieties, and reacted with polyam nes having two or nore prinmary
am ne gr oup@nippRfhtdres Hith ax ethylerddaliflunsaturated carboxylic acid material in the
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 primary 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



conponent, preferably al kyl ene pol yam ne and al kenyl succi ni d4Mhgdu 2066
such as 20 pol yi sobutenyl succinic anhydride. O the grafted ethyl ene

copol ymer &103%’6593éact ed with already forned salts, am desPCT/HBU&8606et c. of
sai d polyam ne and aci d conponent, preferably imdes of alkylene pol yam ne
and al kenyl succinic anhydride. These reactions are said to permt the

i ncor poration of varnish inhibition and di spersancy 2 14 MARCH 2006 WO

03/ 025034 PCT/ US01/ 28606 into the ethyl ene copol ynmer while inhibiting
cross-linking with resulting viscosity increase, haze or gelling. The
aforesaid grafting reaction may be carried out thermally, or nore

pr ef er abl y iloldhe Bih{feRE coRsbrhc whildhhiBifg cro3sGkiAS withR8E M Rscosily @ i ner al

| ubricating oil, inh which case the acid conponent, preferably al'so acts to 5

annyar i de. aRpotPeE of SRR, ffe BB iRtk (RcATRRD B0RerREBITS, TR G T haze

formati on, articularly ep, preparing oil. concentrates of .t he
VI - di sper séh?"“&h&i Ct‘i"@‘é‘efpéi‘\?qgﬁag'tyéﬂap%l@’a? ?aidéﬂ’rl YEIafQr,$YCa A ARFTRNYEs N Yy S Pat ent
No. 4,693,838 discloses hydrocarbon polymers, such as ethylene 10

copol yner s, min¢rat luheisating oileincwhich oase the aeshecampanent, prefereblyralsomstsdpni ng
nononmers or unsaturated carboxylic acids in a synthetic hydrocarbon

| ubri sat i ngolubilizé insblubleoagonnds foahedby siderdaatibnssduch s malklioinhyddde as a

per oxi de. The copol yner grafted directly with the nitrogen-containing
NDNOMEr S Meytafhd if mbledlEs Atctdd vadiniihe/ So tRFebYiAhibiPARRSofh&Ibh, Particularly
| ubricating oil conpositions as a VI - di spersant additive. The polynmer 15

reacted wi &%-f%@%éncpraﬂrﬂg TR ¥%ohGentrifes BEfhe P RCdiGH ridnt S dXT< Y85 1204

am no- al cohiol s

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.I.-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.



also forma multifunctional VI -dispersant additive. The di sclédaRcH 2006 he
foregoing are incorporated herein by reference in their entirety. 3 14
MARCH 2006 WAD03®@50335034 PCTI USOL/ 28606 SUMMVARY OF THE | NVENPCONISO1/28606
accordance with the present invention, hydrocarbon polyners, such as

et hyl ene-al pha ol efin copolyners and terpolyners, are reacted with
unsaturated carboxylic acids in at |east one aromatic ester solvent and/or
diluent in the presence of 5 a free radical initiator, such as a peroxide.
The pol yner, after having been reacted wth the carboxylic acid, my be
further reacted with am nes or am no-alcohols to also forma

mul tifunctional V.I.-disper SIIMMARY OFSTHENONVENTION pol yners such as

et hyl ene-al pha ol efin copolynmers and terpolynmers nay al so be reacted with

unsaturated nitrppgRofdintéivith iBe pre8@iiRiventidh, APdr8EABBA p6lyRefCudnhst he
presence of a 10 free radical initiator, such as a peroxide. The copol yner

fied di I : ¢ ) . i zed
o it veoyielesiohdl oleh coBliingRSRA AL BRI TRRREP bRl | 20 55
as a V.I.-disg

ersant, .addi tive. Mre particularly, th resepnt inventi.on is
i roct ed 1 oCHDBBE BUGS EARIFISE PRGoBBRGEFcEr et MidHey RSB PISSRICB ey et
prepared fromat |east_ one C2 to gq 15 pol l}l/mer i zabl e hydrocarbon, said
pol ymér hav# fige sadigashinétiates, suelyas ansrerdde. aFhepolyner, after havingrbesy éeagteds r om about
5,000 to about 500,000, with an ethylenically unsaturated C3 to C30
car boxyl i ¢ withdheedreoxydit acidsinay bafurtheereacigd eath dnmines art amino<alcohbls ter esence of
an aromatic ester oil of the formula
also form a multifunctional V I.-dispersant additive. Hydrocarbon polymers such 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,




20 4 14 MARCH 2006 WO 03/025034 PCT/ US01/ 28606 wherein R, RA4 NRRRCR20065i
and R6 are ind%PendentIy sel ected fromthe group consisting of hydrogen,

- COORY7, - /025Q30RS, - COORI 0, -COORI I, and - COOR12i pr oRCUESO28606 no
nore than 5 of RI, R2, R3, R4, R5i and R6 are hydrogen, and R7, Rg, Rg, R10,
R, and R12 are independently selected fromthe group consisting of 5 ‘
al kyl and al kyl esters. In another aspect, the present invention is directed
to a dispersant-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

nmol ecul ar wehegéih R,NRY, R, RgRycamf Rf are independently Sdéttddfrom thdgrotipS500, 000, with
an ethylenically unsaturated C3 to Cl O carboxylic acid material, wusing a
free radi Cadonki&ixig @E@Hrolgzeﬂ, JOTPOR), CXRIOR,, CCOOUR ALCOBR, S -CODR,,, 9hd of the
formul a 15 wherein , i’ R3, R4, R5, and R6 are in ependenily sel ected
fromthe gr

- CORI 1 angﬁb%%%%ﬂ%\gﬁéé@%?%@g%f Ry Ry o R T ﬁig dﬁ%?m%%; 0i:e5|,
R6 , 20_R1, , R R12 L.

SR TE TR S W W e

2000 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,4 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

15

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

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

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

alkyl and alkylesters.



WO 03/ 025034 PCT/ USOL/ 28606 DESCRI PTI ON OF THE PREFERRED ENVBORINVERTGIBS20061e
present invention provides a dispersant-viscosity index inprover by grafting
an unsat ur av@ds/ezspsk ont o a hi gh nol ecul ar wei ght hydr ocar bopcaniseiBisokn 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 wei ght hydrocarbon polyner is of high 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 product is

to be further reactf m ’i'ﬁi:(r]@' iﬁﬁ; W tlve 10 the
m neral (or synthet|g.‘§0| can g’?use as an er diluen Filcarry out the

addi ti onal reacﬁ‘on and.to form a, sef uI addi t.i ve concentrate. The aromatic
ester is preferabM§PEsentinyention pro g dispersantyViscasiRInd iy s ¥er bxi dat i ve
stability. It is preferabl&/aphthalate mel litic, or terephthalate ester.

The al i phagraBinganunsafuested aid @otea high atlecular yveight gdiogadhon pelymer in #ear or
branched al cohol 15 and contains from1 to 22 carbon atons. Mre preferably,
t he al i phat aronmatic esteninahe piesence of e frep radieal miitiayor anddthen, optionallypfimther near C4
to C' alcohol. By grafting in an aromatic ester, it appears that little, if

any, of thereﬁéﬁ@rtha@ﬂﬁﬁﬁpﬂﬁhgﬁamwpowerwﬁ@mghnimé‘aﬂariv&e.%mot all, of the
grafting that is occurring will take pllace on the hydrocarbon polyrrer Thi s

R e ey L C LR
o8 95T 2 e SR By B b B RSP et P>
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 Cy; 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 graﬁing. 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.



6 14 MARCH 2006 WO 03/ 025034 PCT/ U801/ 28606 The use of m nerk4 VBiRCHa2)06

sol vent fo rafting wll also produce oil insoluble by-products
causi ng ex@é@@?%g?ﬁ“nent and requiring nore extensive filt r%?f@ﬁ‘?”@ﬁ?“usi ng

an ester conpatible with mneral lubricating oil and thereby mnimzing |ow
nmol ecul ar wei ght insol ubl e conponents, sedinent and haze can be 5
substantially reduced and the unsaturated carboxylic acid and, if present,
the nitrogen- containing species are nore efficiently utilized. Polyners
used in the practice of the present invention typically have a nunber

aver age nol ecul ar wei ght of from about 5000 to about 500,000, preferably

10, 000 to 200, OUbe usesfamineral ait adsofveint fomthdgraftingGyvill@Botppodhide 0ill00 and wi |
generally have a 10 narrow range of nol ecul ar wei ght. Exanpl es of suitable

hydr ocar bo nineahmeag?rbmfdw@hﬁsihg ERERY YeiRhént AidireqaRMG! iR lextenbivé WO Or nore
mononers of C2 to , preferably C. to C8 olefins, ~including both al pha

ol efi ns andgjnt.-er n f,l | -{;3%- . i . . al i phati c,
aronatic, a%{%laé'oﬁ tulgl(y:lg a%%%%%%%%g I C t}pglh%{’{l ﬁ'lebg'lﬂ%tkl%.rmgr e eP%ng, they wll
15 be copol yners. of, et hyl ene w.th.C C26 olefin re.preferably
copolyer s, Bitizing o Blesy g Biolitie faTERoRe e, SRR AL BHrcan R De used
i nclude styrene, hutene, isobutylene, C6 and hi_gher .al pha olefins, atactic
i sopréhe, b#rbstantially redynedand the yasaturated eareaxylic akid pad, jhireseng, the piteogared from
et hyl ene and ethylenically unsaturated hydrocarbons including cyclic,
alicyclic acahtziomgIspeciesmremost efficientiyautilizedy 20 from 3 to 28 carbon atons,
preferably 3 to 18 carbons. These ethyl ene copolyners may contain from 15 to
90 wt. % et hyl enPolymesfigedii the pthactice 8Otheprestit diveatiby typivallp Adve 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 C,;, 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 C;; olefins, more preferably copolymers of
ethylene and propylene. Other hydrocarbons that can be used include styrene, butene,
isobutylene, Cq 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 C,, preferably C; to

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



10 to 85 w. % preferably 20 to 70 wt. % of one or nore C3 tgﬁ%o 006
preferably C3 to O ., nore preferably C3 to C8, al pha olefins polyners
of et hyl enav@osioospyl ene 7 14 MARCH 2006 WO 03/ 025034 PCTI geq. fﬁs%? §fsar €
nost preferred. Qther al pha-olefins suitable in place of propyle netoform
the copolyner, or to be used in conbination with ethyl ene and propyl ene, to

forma terpolyner, tetrapolyner, etc., include 1-butene, 1-pentene,
1- hexene, 1-heptene, 1- octene, |-nonene, 1l-decene, etc.; also branched
chain al pha ol efins, such as 4-nmethyl 5 1-pentene, 4-nethyl-I-hexene,

5- et hyl pentene-1, 4, 4- dinethyl-l pentene, and 6- nethyl heptene-1, etc., and
m xtures thereof. The r h ter nt ended to i ng¢lud
copol yrer s, afedp w%‘evgf &%{F'&B%‘P $ guita EH@P gep w@pﬁeg%t? °ﬁmttﬁ% practice

of the present invention can include one or nore non-conjugated diolefins.
The anount oépalymerg onjalrused inicehkinatipnavith ethylengeansk propylenes tgéormrom about 0.5
to 20 nol e percent, preferably about |I to about 7 nole percent, based on
the total atepolymer, tétyapohyseerac, inelude 1-butdng) Bipentans] 1ahaxene, d-kdpténe, pr esent .
Represent ati ve exanpl es of non-conjugated di enes that can be used include

1, 4-hexadi epgrend . 1ondHeRE, A4 E3Rs, elo, CrlCBranthed Shain HPhA Ylefihs, SubtedP4lnRigy1-

3, 7-di net hyl 5 1, 6-octadi ené; 3, 7-dimethyl 1, 7-octadi ene; m xed i'soners of

di hydr- 1Y S A0 ALt Gk U SSrenhdiniel NSNSl pCt 2t ene:

1, 5-cycl o- do ene en opr opyl'1 dene
cyclohexane yclope tene yI cyclohexene
1- |sopropen9ﬁaWﬂFH eﬂ?tf" ﬁﬁ@&ﬁ ¢ 4, 4' - di cycl opent enyl

The polymers, which term is intended to include copolymers, terpolymers,

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; S-propenyl-2-
norbornene; 5-(3-cyclopentenyl)—z-norbbrnene; 5-cyclohexylidene-2-norbornene;

norbornadiene; and the like.



di ene; 4, 4'-dicycl ohexenyl diene; tetrahydroindene; nethyl t&4 MaRaH H0dene;
20 dicyclo i_ene; bicyclo (2.2.1) hepta-2,5-diene; ethyl norbornene;
5-nethy|en&ﬁgbﬁﬂgﬁﬂyl-2-norbornene; 5- et hyl ene- 6, 6-di net hYFTASAK8606 nene;
5- propenyl - 2- norbornene; 5-(3-cycl opentenyt)-2-norbornene;

5-cycl ohexyl i dene- 2- nor bonene; norbomadi ene; and the |ike. 8 14 MARCH 2006
WO 03/ 025034 PCT/ US01/ 28606 The conpounds that can be grafted onto the

hydr ocar bon pol ymer preferably contain from3 to 10 carbon atons, ethylenic
unsaturation, and at |east one, preferably two, carboxylic acid groups, or
an anhydride group, or a polar group convertible into such carboxyl groups
as by oxidati on @he bordpamingsitimt cAfbbeegraftehimtd thedleydowcasbahepolyraér prefefablsher eof i s
preferred as it does not honopol yneri ze appreciably, but attaches to the

pol yner to ginedih@ni 30 CRERBYN hiotsasthfledit BAsahitadn, ah@ &t 1ed¥t loRE Tblerlyexanpl es
i nclude chloromal ei ¢ anhydride, itaconic anhydride, hem c anhydride, nmaleic

acid, fumarj Idot; . i i ke aught by
0s. pat ent PR SHERYITRICERLE, o ) abQuiOREaR, St paR kbl obkRICh 7
conononers can b r,afted on the hydr rhon ner .t t her .wi t t he
Cnsat ur at od AR PERHRSRE S B ROl SRt S edhefiss ' are
different fromthe upsaturated acid conponent and,¢ontain a copol ynerizabl e
doubl @ bontererisreferred as i daes pothomopplymenzeany ; BubaftachestodBeponent can
be used. Such comonomers normally do not contain free carboxylic acid
groups, butpaymeibio provide two sarboxyligianid fgnctionalities. hiltemativaicraaiplesandlade i n t he
acid or al cohol portion; hydrocarbons, both aliphatic and aromati c,
cont ai ni ng ¢hl¢rdntldiyyanhyddde) itaednis aihydride, hemic anhydride, maleic acid, fumaric
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 comonomers 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 ¢, -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



such as the C4 -Cl12 al pha olefins, for exanple, isobutylene, 1RevigRen 2006€Ne,
dodecene, and the like; styrenes, for exanple, styrene, a-nethyl styrene,

p- met hyl stywp&BResogs Sec-butyl styrene, and the like; and vi mgm%g%rs,
for exanple, vinyl acetate, vinyl 20 chloride, nethyl vinyl kétone, ethyl

vinyl ketone, and the like. N trogen-containing unsaturated conpounds are
well known for formng polyners useful as oil additives. These nononers can
be grafted onto the hydrocarbon polynmer and include, anong others, those
having from®6 to 30 carbon 9 14 MARCH 2006 WD 03/ 025034 PCT/ US01/ 28606 at ons
and froml to 4 nitrogen atons. Exanples of such nitrogen-containing
nmononer s i nclude di met hyl am noethyl nethacryl ate; dinethyl am noet hyl

acryl ate; Natomsiand;frem dytp 4iGREmmAYINS.acr yI ani de;

N-(1, 2-di net hyl -1-ethyl -3-oxobutyl) acrylam de; N (1, 3-di phenyl-1-nethyl-3 5
oxoproyl ) acryl afxdmplesiof $uchatitnggent-quintainihg Sroosmbrstipdh)deedinethyldminoetieyl N, N-

di et hyl am noet hyl acryl am de; 2-hydroxyethyl acrylam de; acrylam de; N

di met hyl am mqphapite @ikt lardinetee acitard; N I Bdimdthylt AoEcbubyl)acANdrpide;r ol i done,
N vinylthiopyrrolidone, 3-nethyl-I-vinylpyrrolidone,

gt hyl - ROyt liﬂ%?l-%{bggtgﬂﬁl?x&ryiaﬂ&é?ﬁ- /3 fPheAAEmethyl-3-

3-ethyl -1-vinyl'pyrrolidone; I'- Vinyl pyrrolidone, .
537 nyeyr ! B e T RS ke B s
g \r/r:e wlyl 64n&%‘%?‘%’%&‘ﬁ&%@,ﬁhﬁﬁ}é’yﬁﬁ ég%{alﬁg eir;] gi;j"Y}ag‘i‘éeérNT ed out using
one or e d];nrxeetﬁyl;r?ﬁ(ﬁo;?clpyil gie;[hizlgrtyl?l:n?&e; ?\Ilf\(/:igylg:prolactams; N-vinylpyrrolidone, N-
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 éthylenically 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-butyl14¥AROHZIV60r
its hexane 15 anal ogue, di-t-butyl peroxide, dicunyl peroxide, and the
like. The YWP03%58H is preferably a peroxide and is general PGT¥S8L28606 o

| 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 1000 to 2500 C. The ethylenically unsaturated carboxylic acid
material, which is preferably 20 maleic 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 materi al
and free radi cal ThlrifibOraing igSRRIABIY YarHSE6ut if al ilvel Aiiosplfeed, 68él ay at i 0
range of about 3:1 to about 30:1, preferably about 1:1 to about 6:1. 10 14

MARCH 2006 Yy Wﬁéé@fﬁt@%?@ﬂﬂ&%@@%ﬁi fie AR AbeLhRldd 8 irl fhePr €f erably

carried out I n an i1 ne ere, suc S obt al ne nitrogen

bl anketing. Wiile the graftj cagn.be carri.ed aut in resence,of air,
Che yi el d-opreomise abar, 86 visld fng Brrad sF P bedrPelydRersty fEEPERL ey “as
conpared to grafting under an _inert atnosphere substantiall|y free of oxygen.
The 5 graft %omnaﬁidg 19 87 wgulaﬂwnﬂmetmsabﬁraﬂ&ﬁtanb@@ Ires oLOmBER sThe
preferably fromabout 0.5 to 10 hours, nore preferably 0.5 to 3 hours. The
grafted pol graftingdtime Wil usmally magevrom about 0.1 4b[12 hawisyprefenably fromabout @4al

manner using reactants and conditions known in the art. Useful am ne

conpounds {00 hisies, more-preferblyd. y e013 hesrshavi ng from about 2 to about 60,
preferably from 10 about 3 to about 20, total carbon atons and from about 1

to about 12, prefgs ghinéd bbBMer 8RPbH redctb® with QUbitdbl® bR S B cBhRABond! t he
nol ecul e. These am nes can be hydrocar byl

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 ax;'nines; N-(3-aminopropyl)morpholine; 3-
dodecyloxypropylamine; N-(2-aminoethyl) morpholine; 2-amino pyridine, 2-

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

11



ami nes or hydrocarbyl amines having additional groups, such b MaR@K3006
groups, am de groups, imdazoline groups, and the |ike. Useful am nes

i nclude 1, 7Qi0¥A25det hane; 1, 3-di am nopropane; 1,4- 15 di amPOIMIL0AL8606

1, 6-di am nohexane; diethylene triamne; triethylene tetram ne;

tetraet hyl ene pentam ne; 1, 2-propyl ene diam ne; di-(1,2-propyl ene) di am ne;
di-(1,2- propylene)triamne; di-(1,3 -propylene) triam ne;

NN- di met hyl - 1, 3-di am nopropane; N, N-di (2-am noet hyl) ethyl ene di an ne;

NN- di ( 2- hydr oxyet hyl ) 1, 3- propyl ene di am ne; 3-dodecyl oxy- propyl am ne;

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

di i sopropangl,.am.ne;, di et hanol. ..amne;. tri et hanol, am ne; Jjono-.. di.-, and

e ool | ow SRS - IRBIHEE S brtroraeele; sgbld:pRBN et ne.

N- (2- am noet hyl ) mprpholine; _2-am no pyri.dine, 2- nethylarnino pyridine;

3- met hyl ami rparapwmpﬁ@? aniling; Nyamigopyapy mlgﬂZﬂh%mea@a¥M$@NzoO6 WO

03/ 025034 PCT/ US01/ 28606 2t hi azoline; 2-am no pyrimdine; 2-am no

benzot hi azolaminapeopyy pyirolidome\and Nguiandy thareof, Nraminopoonyh piperiding and varégnts

N-am nopropyl im dazole and variants thereof, N am nopropyl pyrrolidone and
vari ant s t hgheedf, Npteaylphenylenddiaping ahd thedikend vari ants thereof, N-phenyl
phenyl enedi am ne; and the like. 5 Especially preferred are am nes having a

singl esprimary amsheciglytererrdll hit arfilys IRVIEMa SMPIOSrith PpRpMwithel ng

tertiary amne gro psl. hi's inhi bltls cross- limking which T's particularly
LDee! B e e oS e S SN UE eSO b © O

linking which is particularly important when the polymer has a relatively high degree

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

10 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.

15 The amines will generally be used in the range of 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

20 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 Me are used per molecule of grafted ethylene-propylene copolymer.

12



nore of amines having only a single primary or secondary grolpMarCiHZ00¢sed
with 10 sm%@ﬁ%pj ts of am nes having two or nore primary or secondary

am ne group |t| es below 0.1 neq./g. polymer are | essPSENSPYI8606 ¢ o
cross-linking and amnes wth 2 or nore reactive groups, i.e. either
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
amines will 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 weight of
the hydrocarbon polyner. The amne is preferably used in an anpunt that.

neutralizes the Tagp aym %Hﬂ%%\Hﬂxi&dlgﬁ{dnéms%eﬁ%ﬂﬁﬁsohﬁbﬂ?&erﬂf sal ts.
Preferably, the anmpun f "am ne used is such that there is ZY nol es of

20, pol yan neaoeackigs 855 S WY Blerlibf 191 S0 SA DU 861 B il exampl e,

wi th an pr opy ene copo aver age nol“ecul ar

wei ght, grafted, w,th .an avera of 4 maleic rid r nol ecul e,
preferably E6td withamines by fie erﬁggtsatawpgwq{gogﬁgna@ ﬁ@? Cﬁ{ﬂp%%q?eé of grafted
et hyl ene- propyl ene copol yner. 12 14 MARCH 2006 WD 03/ 025034 PCT/ US01/ 28606
The pol yner Pfe&f@hl’ﬁ’émfﬂbpht 120°dp 2300 Cefor &iom ghout @54p1apoutnlOshguis.i on gener al | y
equal to about 5 up to 50 wt. % preferably 10 to 30 wt. % pol yner, can be
readi |y reprefaablydibin abounkso dhouh 6dibiirsg ’Ehehaatixfgrtpprefemblgcatfneﬂmnuabout 100 C
to 250 C, preferably fromabout 120 to 230 C, for fromabout 0.5 to about
10 hours, SfRbefoemaidnyof iides ah@ binidks.t Re#dtioH ratfositan vary cbsidéraslyi ng i s
preferably carried out to

depending upon the reactants, amounts of excess, 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 % 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



favor formation of imdes and am des. Reaction ratios can val4 MaorcH 2006abl vy,
dependi ng upon the reactants, anmpunts of excess, type of bonds fornmed, and
the |ike. MWO&3/Mse34erred enbodi ment, about 5 to 95 % of the poapuEoynsso6i S
dissolved in 95 to 5 w. %of the aromatic ester to forma solution al ong
wi th about 0.05 to 10 wt. 10 % 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 wupon the weight of
the solution, of a mneral or synthetic lubricating oil is added, followed
by the addition of an am ne sufficient to neutralize the acid and heating at

Feal Slr s of Simegnddf plfortd #Pf%%t? wz*ﬂ’ﬁh%gﬁ “%%@QQS%%Z%%F‘?? %ﬁ&dfﬂ%%%??ém g
. EXAMPLES A [ ' [
Bxanpl o5 1 #HHEa YSE pEREER: CPREMITIO A SR KT AOHF. B GEGCPhBRBREET i n {wo

steps. 20 In the first step, the grafting solvent nedia were added to 375 ¢
of et hyl ene-onphapy |Penexideoeatalystédi-t-mRyl geroxidd)ivds added pasicyrrentlyintasratia of
consi sted of about 57 noble percent ethylene and 43 nol e percent propyl ene

havi ng a nuigrwitly fespete tartHeanaléia anhyteidg lod beaddedo Wifte? Cheddiditionsiwere One t 0
three ratio, and heated to about 180 Cwith 13 14 MARCH 2006 WD 03/ 025034

PCT/ US91/ 28@9:%p1_%¥éd,r tHeBactidh Hivdss Hval b&it%é‘di'e@fo%‘ﬁ%ﬁod Bk shffRieRPto'GRure
di ssol ved. Maleic anhydride was added, as a thirty percent concentrate in a

carrier sol Yﬁ%&oﬂboﬁtiérﬁ&@alpﬁergxiﬁg4Tg{s Wal feed by vacuum stripping, with a

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 SN'100 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



one hour. Peroxide catalyst (di-t-butyl peroxide) was added téMARCHE2006y in
aratio of 2.43 with respect to the naleic anhydride to be added. After the
addi tions W& 83625 #¥npl et ed, the reacti on nass was post - r eacPEWUSONV28606er i od
of time sufficient to ensure the deconposition of all peroxide. This was
foll owed by vacuum stripping, with a nitrogen sparge to renove residual

mal ei ¢ anhydride. After the grafting reaction was conpleted, there was
added a sufficient amount of solvent neutral 100 (SN100), a paraffinic
mneral oil, to bring the polynmer content to 50 %to facilitate handling. 10
In the second step, the nal eated polyner in oil was stirred wth an equal
anount of SNI100 oil and heated to 16 xgnwj gr a nitrogen bl anket.
Neutralization was then carried out w an equi nol ar anount of am ne based

on the charged t’%mét%ﬁ&%géhgéxgsgngélfﬁ&dg 1 hﬁx'afa{ qge%fa@tr sofl three

hours to strip ol pro |on non was t hen

added, in a o the 15 ami ne char

co- sol vent . me&ew aa#&&a&ﬂasﬂwﬁﬁﬁﬁéa@meﬁwa Sramipgbutenany %wﬁr "0 mesh
screen. Exanple 1 EP was grafted in the presence of dibutyl phthalate as the
grafting sotheahove-desciibed proceduie.i Ve productwill e referred to herein as Prodex 2.

N- (4-ani | i nophenyl ) - 3-am nobut anam de according to 20 the above-descri bed

procedure. The product will be referBxdniplederein as Prodex 1. 14 14 MARCH
2006 5 10 15 20
EP was grafted in the presence 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

15



WO 03/ 025034 PCT/ US01/ 28606 Exanple 2 EP was grafted in the pguedarce 2006

di -undecyl phthalate as the grafting solvent medium and derivatized with

N- (4-ani | i voQl&n3so3+ 3- am nobut anam de according to the abovg-HeshifklRd
procedure. The product will be referred to herein as Prodex 2. Exanple 3 EP
was grafted in the presence of di-isodecyl phthalate as the grafting sol vent
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
Prodex 3. Exanple 4 Conparative Exanple EP was grafted in the presence of
sol vent neutral 100 (SNI 00) as the grafting solvent nmedium as disclosed
in US. Patent No. 4,517,104, and derivatized w thN-

(4-anilinop - 3-am nobu . odu € er ei n
as Prodex #. Deposit Control Test Th@_ﬂbbloxi dative Engine Q1| Sinulation
Test (TEOST) TEOST For m8AE iloW-30MaionOd Foosulatiore(Base Bdand) or ef f ect i veness
inanotor PpiT fornulation (See description in Table I]and .conpared tjo an
i dentical fprmulation. 15 14 MARCH 2006 5 Weight Percent
5 Solvent Neutral 100 Balance
Overbased Calcium Sulfonate Detergent 13
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 isrun 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



10 WO 03/ 025034 PCT/ US01/ 28606 Table 1 SAE |OM30 Mtor G| HFdMukRel 2006
(Base Bl em&qV‘éi ht Percent Sol vent Neutral 100Bal ance Overbased Cal ci um
Sul f onat e 8?/’5‘89?{41. 3 Rust/Corrosion Inhibitor0.75 Anti oxi #@RUS0G28606

Poi nt Depressant0.1 OCP VI |nprover5.5 ZDDP0.8 Exanple X2.5 The Deposit
control properties of the above exanples were determned in the

Ther no- Oxi dative Engine G| Sinmulation Test (TEOST). The test is used to 15
determ ne the amount of deposits forned by autonotive engine oils, and is
run as a version of ASTMtest D6335-98 with the nunber of cycles increased
to i ncr easethereferengs; dhe pssieg the peeformance of the ¢ff formulation.; Tablgd listsghe engi ne oi |
at a tenperature of 100 C that contains ferric naphthenate and is in

cont act wi tparametersfor the TEOShas performed; with seSplﬁsrﬁvedgeazraﬁ agdderipgized ow r at e
past a tared depositor rod. The rod is resistively heated through 9.5 mnute
t enper at ur epalymeércia niiheral @bsaiipbed (EREnpI891-3) folndrin TableCy Re&altsiire thonpl et ed,
the rod is rinsed of oil residue and dried to obtain a gross nass. The oil

sanple is fi\‘é?ﬁg%%f two runs on two separate blends.

5 Table 2
TEOST Parameters
Conditions Setting
Reactor Temperature 100° C
Temperature Cycle 200-400° C
10 Number of Cycles 25
‘ Cycle time 9.5 min
Oil Flow Rate 0.45 mL/min
Qil Volume 116 mL
N,O/moist air Flow Rate 3.5 mL/min
15 Catalyst (Iron naphthenate) 100 ppm

17



fromthe system and passed through a tared filter. The mass o I on
the rod and filter is the total deposit nass. Perfornance |si?reg§§g¢qa%€o S
total deposig 3dN 25 milligrams with results typically between 10 and
100. The |ower the nunber versus 16 14 MARCH 2006 5 10 15 586

PCT/ US01/ 28606 the reference, the better the performance of the oil
formulation. Table 2 lists the paraneters for the TEOST as perforned, with
results for the graft and derivatized polyner in mneral oil sanples
(Exanples 1-4) found in Table 3. Results are the average of two runs on two
separate bl ends. Table 2 TEOST Paraneters ConditionsSetting Reactor

Tenper at urel000 C Tenperature Cycl e200-400 C Nunber of Cycles25 Cycle

ti ne9.5 m nS+—FHeowRatetA5—+Hrr—+—VYotureti 6——N2 O+ not-st—at+—Foqw
Rate3.5 nln n Table 3
TEOST Results
Example Description Deposits (mg) % Deposit
Decrease
5 5 Base Blend! 70.2 N.A.
6 Base Blend with Prodex 1 375 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

! 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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Cat al yst (iron na hthenatel00 m 17 14 MARCH 2006 5 10 WO 03/ Q3MZAcH 2006
PCT/ US01/ 28606 Tabl e 3 TEOST Resul ts Exanpl eDescri ptionDeposits (ng) %
Deposit DecV@A38239%hse Bl end' 70. 2N. A. 6Base Bl end with ProdecTiGshindéos6
7Base Blend with Prodex 236.448.1 8Base Blend with Prodex 334.850.0 9Base
Blend with Prodex 442.639.3 '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 grafting reduces the total deposit mass. For
instance, the 15 addition of Prodex 3 to the base blend reduces deposit
formati on by 50 percent while the addition of Prodex 4 (conparative) to the

base bl end reduced deposit formation by only 39, 3 percent. Physical
Properties Kinematic Viscosity/Hunter %l?ﬁi net er Haze Test
Haze and Kinematic Viscosity
Example Description Haze Value Viscosity

5 10 Prodex 1 20.6 679
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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20 The kinematic viscosity and haze val ue of the products of 1&EMaRCHERZ00
through 4 were neasured. Kinematic viscosity was neasured at 210 F (about
1000 C) and is reported in Centistokes. The additive concentrates were

pl aced into 2-cm pol ystyrene tissue culture flasks to determ ne haze val ue
using a Hunter Colorinmeter. 18 14 MARCH 2006 5 WO 03/ 025034 PCT/ US01/ 28606
Tabl e 4 Haze and Kinematic Viscosity Exanpl eDescri pti onHaze Val ueVi scosity
10Prodex 120.6679 11Prodex 212.9792 12Prodex 312.9811 13Prodex 459.0651 10
As can be seen, using the phthalate ester as a grafting sol vent nedi um has
no appreciable effect on the viscosity-phmife final product, but can

i nprove the haze value significantly versus using mneral oil as the
grafting solvent nmedium In view of the many changes and nodifications that
can be made without departing fromprinciples underlying the invention,

EleLonce SO Do e ok ol S ARBAYESe TR iR ©
at least one C, to C,; polymerizable hydrocarbon, said polymer };aving a number
average molecular weight in the range of from 5,000 to 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

wherein R,, R,, R;, R,, R, and R are independently selected from the group
consisting of hydrogen, -COOR,, -COOR;, -COOR,, -COOR,,, -COOR,,, and
-COORIZ, provided that no more than 5 of R}, Ry, R,, R,, R, and R, are hydrogen, and

R, Ry, Ro, Ryg, Ry, and R,, are independently selected from the group consisting of

alkyl and alkylesters, whereby the aliphatic portion of the aromatic ester is derived from a

linear C,4 to C,; alcohol.

2. The process of claim 1, wherein the hydrocarbon polymer is a copolymer of ethylene

with a C; to Cygalpha olefin.
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14 MARCH 2006 CLAIMS 1. A process conprising solution graftilg MARgA26@&Er bon
pol ymer prepared from at |east one C2 to C28 pol ynerizabl e hydrocarbon,

sai d pol yner having a nunber average nol ecul ar weight in the range of from
5,000 to 500,000, with an ethylenically unsaturated C3 to Cl O carboxylic
acid material, using a free radical initiator, in the presence of an
aromatic ester oil of the fornmula wherein R, R2, R3i R4, R5, and Ra are

i ndependently selected fromthe group consisting of hydrogen, -COOR7,
-COORI, -COCK,, -COORIO -COOR31li and -COOR12, provided that no nore than 5

of Rl, R2, R3,3 R4, TReprcdss 6i%lahe Wnes&in 9 vopsiptheRompRises fflm R O 15Rbl, and
R12 are i ndependently selected fromthe group consisting of alkyl and

al kyl esters, wher e;tg%w%:%}g pg{'dggﬂ%{’;]&‘f%%‘i&gsﬁndﬁ%@b?&%m?i cgepter iy derived

froma |inear C4 e proces claim1, wherein the
hydr ocar bon p r_1s.a-copal - of ethylene with a C3 to C28 al pha
olefin. 20 14%65%36){%60%%%3@&%5 of claim2 wherein the copol yner
conprises from15 to 90 weight percent ethylene and, correspondingly, from
85 to 10 weight percent of the al pha olefin. 4. The process of claim2
wherein the C3 to s al pha olefin is propylene. 5. The process of claim3
wherein the C¥ to GP8PEICESELIS|adm 2vhegeip |t fres alpha of¢fin is pErpylegeof cl ai m 1,
wherein the copolynmer is grafted with the unsaturated nmaterial by

di ssolving the copolymer in the aromatic ester and addi ng the unsaturated

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

6. The process of claim 1, wherein the copolymer is grafted with the unsaturated

material by dissolving the copolymer in the aromatic ester and adding the unsaturated

material and free radical initiator over 0.1to 12 hours at.a temperature of
from 25°Cto 250° C.
7. The procéss of claim 6 wherein about 5 to 95 % of the copolymer is dissolved

in 95 to 5 wt. % of the aromatic ester to form a solution, the amount of the
unsaturated material is 0.05 to 10 wt. % based upon the weight of the solution,
and the amount of the initiator is 0.005 to 10 wt. % based on the weight of the

solution.

8. The process of claim 7 further comprising, after the grafting step, the steps of
adding 40 to 500 wt. %, based upon the weight of the solution, of mineral or
synthetic lubricating oil and then adding an amine sufficient to neutralize the acid and

heating at 100° C to 250° C for 0.5 to 10 hours.
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material and free radical initiator over 0.1 to 12 hours at. i Vesrear2006r e of

from25 Cto 250 C. 7. The process of claim6 wherein about 5 to 95 % of
the copolyner is dissolved in 95 to 5 w. %of the aromatic ester to forma
solution, the ambunt of the wunsaturated material is 0.05 to 10 wt. % based
upon the weight of the solution, and the amount of the initiator is 0.005
to 10 wt. % based on the weight of the solution. 8 The process of claim?7
further conprising, after the grafting step, the steps of adding 40 to 500
wt, % based upon the weight of the solution, of mneral or synthetic

lubricating | and then addin n.amne sufficient to neutralize.the acid
and' heat| g bt 100eERGsSRG G e g TaghireF Beechd RS SHE The
process of claim 8, wherein the Ll!]ns turated material is maleic anhydride and
the amine is 3Rd¢the amips s gfranilporheodhd-amHebutansmide. 10. The process of claim
7, wherein the unsaturated material is a nitrogen containing ethylenically
unsat urated nononer. 11. The process of claim 10, wherein the

ni t rogen-contai ning nononer is selected fromthe group consisting of vinyl
pyridi nes, vil@yl EhepoddesoofadaimVi, mpereinthelansetueated mattriahis aaitgygenp- cont i ni ng
acrylates and nethacrylates. 12. A dispersant-viscosity index inprover
prepared by aoptaidrgsahytertigally Shsaguratedmohomer. graf ting a hydrocar bon pol yner
prepared fromat |east one C2 to C29 pol ynerizabl e hydrocarbon, said

pol ynmer having a nunber average nol ecul ar weight in the range of from5, 000
to 500,000, with an ethylenically unsaturated

11. The process of claim 10, wherein the nitrogen-containing monomer is selected
from the group consisting of vinyl pyridines, vinyl pyrrolidones, vinyl imidazoles,

‘and amine group-contining acrylates and methacrylates.

12, 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 5,000 to 500,000, with an ethylenically unsaturated
G, to C,, carboxylic acid material, using a free radical initiator, in the presence of an

aromatic ester oil of the formula

e
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C3 to Cl10 carboxylic acid material, using a free radical ini14MaRCH2006t he
presence of an aromatic ester oil of the formula 22 14 MARCH 2006 wherein
R, R, R3, R4, R5i and R6 are independently selected fromthe group

consi sting of hydrogen, -COOR7, -COOR3i -COOR9, -COORIO -COORI,, and
-COOR12, provided that no nore than 5 of RI, R2i R3, R4, R5, and R6 are
hydrogen, and R7i Re, R9, RIO Rlli and R12 are independently selected from
the group consisting of alkyl and al kyl esters, whereby the aliphatic
portion of the aromatic ester is derived froma linear C4 to C13 al cohol.
13. The di spersant-viscosity index inprover of claim12, wherein the

hydr ocar bonwhetemR{, R5 R3, RQIRQ) andeR, avé irrlepatidendy veélédtedfréid thegfatlp al pha
olefin. 14. The dispersant-viscosity index inmprover of claim13 wherein the

copol ymer  cedgNiing ®F hydiped 2COORY XRIOR], -0OORENLCODRY] 000X d and
f 8 p

correspondi ngly, rom to 10 wei ght percent "of the al pha ofefin. 15. The

‘. I ne from ( f ( el o
ol P Tn Rot - YeREe: brovle that RELBEEIhal s SHHE I, &, RO Sall ROEreRaltcbel’dha?. P17,
wh i h 8 al ph | efi i | . 7. Th ..

di g:)glr 2 atnt ?sﬂ%;%m%m ﬁdg%&l ﬁpﬁ&%@&ﬁﬂngéﬁﬁﬁ%ﬁg@fl fslﬂ{gﬂga se{omeoe%msﬁfrer is

grafted with the unsaturated material by dissolying the. copol pn the
aromati ¢ eslkgramdredkderteragvherebyihsatiphaticarpriient %ﬁla r%a‘jlchsge ‘érlcr}a%{"ég

initiator o%&rn aoli%eatr& t(}%lpgg&ﬁ)lat a tenperature of from25 Cto 250 C. a3

13. The dispersant-viscosity index improver of claim 12, wherein the hydrocarbon

polymer is a copolymer of ethylene with a C; to C,; alpha olefin.

14. The dispersant-viscosity index improver of claim 13 wherein the copolymer
comprises from 15 to 90 weight percent ethylene and, correspondingly,

from 85 to 10 weight percent of the alpha olefin.

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

alpha olefin is propylene.

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

alpha olefin is propylene.

17.  The dispersant-viscosity index improver of claim 12, wherein the copolymer
is grafted with the unsaturated material by dissolving the copolymer in the aromatic
ester and adding the unsaturated material and free radical initiator over 0.1to

12 hours at a temperature of from 25°Cto 250°C.



14 MARCH 2006 18. The di spersant-viscosity index inprover of 14MiRaHZ006
wherein 5 to 95 % of the copolyner is dissolved in 95 to 5 w. % of the
aromatic ester to forma solution, the anmbunt of the unsaturated nmateri al
is 0.05 to 10 wt. % based upon the weight of the solution, and the anount
of the. initiator is 0.005 to 10 wt. % based on the weight of the solution.
19. The di spersant-viscosity index inprover of claim18 wherein the process
further conprises, after the grafting step, the steps of adding 40 to 500
wt. % based upon the weight of the solution, of mneral or synthetic

| ubricating oilL and,t addi.ng an mne suf f | t neutralgz e acid
and heating at %100%8tcg3p25§9n@"f ’tylﬁ B MBrovE” ﬂt)é?'g‘n” f:i)erﬁ*ﬂe 3 5%

di spersant-viscosity index inprover of claim 19, wherein the unsaturated
material is mef Hiecopeimper 18@@8%!74@# NS tafivie s of the raatie psteTsp AT Jalgion,

am nobut anam de. 21. The di spersant-viscosity index inprover of claim18,
wher ei n t he uithseamouat efttheunsturatedingtesiahist r og@SdoriOaitninkpsed bigdnghe cal | y
unsat urated nononer, 22. The di spersant-viscosity index inprover of claim
21, wherein t wveight bfthgedutimqrahdit}reiang:unwfaheinitiasorsiel ect 8005 tohd wheogr oup
consi sting of vinyl pyridines, vinyl pyrrolidones, vinyl imdazoles, and
am ne group- cbived ik weEight Gfltes sctibnet hacryl ates. 24 14 MARCH 2006 23. A
di spersant -vi scosity index inprover, obtainable. by a process according to

any one of claim1 to 11.
19.  The dispersant-viscosity index improver of claim 18 wherein the process
further comprises, after the grafting step, the steps of adding 40 to 500 wt. %,
based upon the Weight of the solution, of mineral or synthetic lubricating oil and then
adding an amine sufficient to neutralize the acid and heating at 100° C to 250° C for

0.5 to 10 hours.

20.  The dispersant-viscosity index improver of claim 19, wherein the unsaturated
material is maleic anhydride and the amine is N-(4-anilinophenyl)-3-

aminobutanamide.

21.  The dispersant-viscosity index improver of claim 18, wherein the unsaturated

material is a nitrogen-containing ethylenically unsaturated monomer.

22.  The dispersant-viscosity index improver of claim 21, wherein the nitrogen-
containing monomer is selected from the group consisting of vinyl pyridines, vinyl
pyrrolidones, vinyl imidazoles, and amine group-contining acrylates and

methacrylates.
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23.

14 MARCH 2006

A dispersant-viscosity index improver, obtainable by a process according to any one

ofclaim 1 to 11.
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