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The art contains many disclosures on the use of polymer additives in lubricating oil
compositions. Ethylene-propylene and/or other olefin copolymers and ethylene-alpha olefin non- )
conjugated diene terpolymers, which have been further derivatized to provide functional

- properties in Jubricating oil compositions, illustrate this type of oil additive.
20 . Therefore, what is needed is an olefin copolymer dispersant viscosity index improver for
use in lubricating oils in a cooled EGR engine to thereby achieve acceptable reduction in oil
‘thickening due to soot accumulation. Also desired is a cooled EGR enginé tubricated with a

lubricating oil confaim'ng such a dispersant viscosity index improver (“VII™).

s SUMMARY OF EMBODIMENTS
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Vmeant ‘and included copolymers or texpolymers of ethylene and C; to Cy alpha-olefin, and

‘ 30 optionally a nonmnjugated diene or triene, on w]nch has been graﬂed ethylenically unsaturated
carboxylic reactants
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It is to be understood that both the foregoing general description and the following
. 20 detailed description arc exemplary and explanatory only and are intended to provide fusther
explanation of the present invention, as claimed.
DETANED DESCRIPTION OF THE EMBODIMENTS
. In an embodiment is presented herein an EGR engine lubricated with a lubricating oil that
. contains, infer alia, a viscosity-controlling amount of a highly grafted, multi-functional olefin
25 copolymer that comprises the reaction product of (1) an acylated olefin copolymer, wherein the
acylated copolymer comprises copolymers or terpolymers of ethylene and C; to Cy; alpha-olefin
and optionally a noh-conjugatéd diene or triene on which has been grafted ethylenicaily
-unsaturated carboxylic reactants to a level of 0.15 to 1.0 carboxylic groups per 1000 number
average molecular weight units (Mn), and (2) a polyamine compound selected from thé group
30  consisting of: |

(a) an N-arylphenylenediamine represented by the formula:
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in which R and R" represent hydrogen or an alkyl, alkenyl or alkoxyl radical having from 1 to 14

carbon atoms; (d) an aminoindole represented by the formula:
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in which R represents hydrogen or an alkyl radical having from 1 to 14 carbon atoms;
25 () an aminopyrrole répresented by the formula:
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30  in which R is a divalent alkylene radical having 2-6 carbon atoms and R! is hydrogen or an atkyl
radical having from 1 to 14 carbon atoms;



R in which R represents hydrogens or an al kyl radical having froml to 14
carbon atons; 25 (e) an am nopyrrole represented by the formula: Rl 1 ‘HR
NH2 30 in which Ris a divalent al kyl ene radical having 2-6 carbon atons
and R is hydrogen or an alkyl radical having froml to 14 carbon atons; 3
~(f) an am no-indazolinone represented by the formula: H2ZN in which Ris
hydrogen or 8@aalldﬁﬁho-frfadioﬁ%néi@mdme&Bﬁmblfo&nqlaém carbon atons; (g) an

am noner captotriazol e represented by the forrmula: .10 Hin which R can be
absent or is a C1-Cl0 lineargor branched hydrocarbon sel ected fromthe

group .15 consisting of allyl, alkenyl, arylalkyl, or aryl; (h) and an
am noperi m di ne repr y the formula, 20 in which R represents
hydrogen or an al i koywﬂradical having from1 to 14 carbon atons;
(i) 25 am noal kyl im 8, such as 1-(2-am noethyl) imdazole,

1- (3- ami nopropyl) inRdazol e;}, and (j) am noal kyl norpholines, such as
4- ( 3-am nopropyl ) norpholine.

in which R is hydrogen or an alkyl radical having from 1 to 14 carbon atoms;

(2) an aminomercaptotriazole represented by the formula:
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in which R can be absent or is a C;-Cio linear or branched hydrocarbon selected from the group
15  consisting of alkyl, alkenyl, arylalkyl, or aryl;

(h) and an aminoperimidine represented by the formula,
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R

in which R represents hydrogen or an alkyl or atkoxy radicél having from 1 to 14 carbon atoms;
| @  aminoalkyl jmidazoles, such as 1-2-aminoethyl) imidazole, 1-(3-aminopropyl)
25 : ‘imidazole; and '
() aminoalkyl morpholines, such as 4-(3-aminopropyl) morpholine.
The novel lubricated cooled EGR engines described herein contain lubricating
compositions that comprise an oil of lubricating viscosity and a diSpersant VII effective amount
. ofthe highly grafted, multi-ﬁxﬁctional olefin copolymer dispersant as described above.
30 In an embodiment, polymers for use herein may include copolymers of ethylene and one

or more Cj to Cy3 alpha-olefins. Copolymers of ethylene and propylene are very effective. Other
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2- (2- met hyl| enelheigteispmpanepioniidnys ot feastiwg Rorspanjugrigd dauble bonds, and up to
: about 30 carbon atoms in the chain. Typical trienes useful in preparing the interpolymer of the
' invention are 1-isopropylidene-3a,4,7,7a-tetrahydroindene, I-isopropylidenedicyclopentadiene,
20 dihydro-isodiéyclopentadienc,'and 2-(2-metl1ylene—4—met[1yl;3-pentenyl)[2.2.1] bicyclo-5-
heptene. _
Ethylene-propylene or higher alpha-olefin copolymers may consist of from about 15 to
:80 mole percent ethylene and from about 85 to 20 mole percent C; to Cy; alpha-olefin with the
-xf{ole ratios being from about 35 to 75 mole percent ethylene-and from about 65 to 25 mole
25 percent of a C; to Cy3 alpha-olefin. In another len'lbodiment, the proportions are from 50 t0.70
-mole percent ethylene and 50 to 30 mole percent C; to Cy3 aipﬂa—oleﬁn. In yet another example,
“the proportions are from 55 to 65 mole percent ethylene and 45 to 35 mole percent C; to Cx3
alpha-olefin,
Terpolymer variations of the foregoing polyniers may contains from about 0.1 to 10 mole

30 percent of a non-conjugated diene or triene.
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slurry, or gas L
_ processes, as known to those skifled in the art. When solution polymerization is employed, the

solvent may be any suitable inert hydrocarbon solvent that is liquid under reaction conditions for
‘polymerization of alpha-olefins; examples of satisfactory hydrocarbon solvents include straight
chain paraffins having from 5 to 8 carbon atoms, with hexane being preferred. Aromatic
20 i:ydrocarbons, preferably aromatic hydrocarbon having a single benzene nucleus, such as
.- benzene, toluene and the like; and saturated cyclic hydrocarbons haviﬁg boiling point ranges
approximating those of the straight chain paraffinic hydrecarbons and aromatic hydrocarbons
:_'de,scribed above, are particularly suitable. The solvent selected may be a mixture of one or more
A ipf' the foregoing hydrocarbons. When slurry polymerization is employed, the liquid phase for
’ ';.25' ‘ vpelymerization is preferably liquid propylenc. It is desirable that the polymerization medium be
. free of substances that will interfere with the catalyst components.
An ethylenically unsaturated carboxylic acid material is next grafted onto the prescribed
. polymer baekbone to form an acylated ethylene copolymer. These carboxylic reactants which
_ are suitable for grafting onto the ethylene copolymer contain at least one ethylenic bond and at
30 Jeast one, preferably two, carboxylic acid or its anhydride groups er a polar group which is
. -c_onvertible into said carboxyl groups by oxidation or hydrolysis. The carboxylic reactants are in
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Thie grafling reaction to form the acylated olefin coﬁolymers is generally carried out with
 theaid of a free-radical initiator éither in solution or in bulk, as in an extruder or intensive
* mixing device. ‘When the polymerization is carried out in hexane solution, it is economically
o convenient but not required herein to carry out the grafting reaction in hexane as desc;ribed in
25 ULS. Patents 4,340,689, 4,670,515 and 4,948,842, incorporated herein by reference. The
' resulting polymer intermediate is characterized by; hz;.ving carboxylic acid acylating functionality
. randomly within its structure. | '
The highly grafted, multi-functional oleﬁn copolymer dlspersant VIIs used to lubricate
the cooled EGR engines of the present mventlon can be incorporated into a lubricating oil in any
30 . convenient way. Thus, the highly grafted, multi-finctional olefin copolymers can be added
B directly to the lubricating oil by dispersing or dissolving .the same in the lubricating oil at the



.10 provide one carboxylic group per nolecule to the grafted polyner while
mal ei ¢ anhydri de can provide two carboxylic. group's per nolecule to the
graftedpol ymer. In one enbodi nent, the carboxylic reactant is grafted onto
the prescribed pol yner backbone in an anount to provide O- 15 to 1.0
carboxylic. groups per 1000 nunber average nolecular weight units of the

pol yrrer hagkbasri of'shehikion. Osact B!eﬂdiﬁéfr}}%{; te}.ﬂé(Xll%'ﬁatgl?OMp%axp% cur . rbR0.
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Mh of 20tomeratyre opelayateddtespperptust dltematiealh dheyhizldy grafap gnytfupsibyatwlefishai n
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carri ed edditive; altbmerefiewiromiaboyt 40 to 6BwEREgedbitBdséd/on thocoreeaitart wdight. not

- required herei .0 carry.out .the.grafting reaction in ane as_.descri bed
O Hetus, e i B g et o1t Cooger b s et g e

her eime byo hbfieatecvoked EDReengines of the p@sanoiny&ftion find heirpdinatyetilisy ia hetiredgy | zed

by having..carboxylic.acid acylating R.nctjonalit i mdo withinits

structur g’?l %ﬂ@o%qod’ﬁ P’g’}‘(’g,ﬁg‘f’f}’gd‘,b"?ﬁﬂlgf'ﬂhmi‘ ?%ﬂﬁ'lve%ﬂ“é‘thWFv(?EB%P?dei sper sant

VHs “used Sich basbbilDmkebe daieal; SatkecoriiRual Heis Pise bilesuftalls Gttusé Mvent i on can

be incorporated.inta a lubricating ojl in any 30. convenient way. 1lus,'the
hi ghl yngPSPRERE ‘hﬁﬁ%%w%"r‘& ﬂaf?fah%srmgf @#tbﬁpfei?ab'r“ﬁ?&%me'aﬂe theserpaeatioplyect | y

to 't he | whiployad b9 Garlkcase Wybridting QK15 Fop Gpalt-ighiteBAld b fre S-S AR ih@mbe
lubricating,oil at .the 7 desi;gg_level of concentration- Such blending into
the |'Bbr icERPYIge gPgnesaHchsayomabile apdruck spgiass pafpig 2pd ragrqag siese] engines,

t enper at uh@the iRkt ernatively, the highly grafted, multi=functional olefin

copol yners ca e blended with a suitable oi]-soluble solvent/diluent (such
as ‘benzene, 3? £ gl,'eparatlon of lubricating o1l formulations it is common practice to introduce the

‘additives in the form of 10 to 80 wt. % active ingredient concentrates in hydrocarbon oil, e.g.
__ mineral lubricating oil, or other suitable solvent. Usually these concentrates may be diluted with
20 310100, e.g., 5 to 40, pasts by weight of lubricating oil per part by weight of the additive
i)ackage in forming finished lubricants, e.g. érankcase motor oils. The purpose of concentrates,
of course, is to make the handling of the various materials less difficult and awkward as well as
to facilitate solution or dispersion in the final blend. Thus, the highly grafted, multi-functional
-olefin copolymer dispersant VII would usually be employed in the form of a 10 to 50 wt. %
.25 concentrate, for example, in a lubricating oii fraction.
_ . The amount of dispérsant viscosity index improxfer in the lubrcating oil in the cooled
- . EGR engine can be from about 20 wt. % to about 18 wt. %.
_ - The highly grafted, multi-functional olefin copolymer dispersant VIis used in an oil to
. lubricate the cooled EGR engines of the present invention will generally be used in admixture
| 30 - with a lube oil basestock, comprising an oil of Iubricating viscosity, including natural lubricating
oils, synthetic Iﬁbricating oils and mixtures thereof. Natural oils include animal oils and



toluene, lubricating base oils and petroleumdistillates) to forma
concentrate, and then blending 5 the concentrate with a lubricating oil to
obtain the final formulation. Such additive concentrates wll typically
contain (on an active ingredient (A 1.) basis) fromabout 3 to about 45 wt.
% and often fromabout 10 to about 35 wt. 9% highly grafted,

Cmulti-f uﬂegdta‘hlh'idlls({é g1 ta3toe,amaloi)Biguid pekeiidriny Gils A8 GydrBiefnddl §@Vent freleaRout 40
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| ubricatin I co ositions of the present invention inclu hose
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100, e. g N art by. wei ght
of the a dnri Eé)anﬁ%g l\gﬂﬁg%lﬁ il hﬁ'&géf IL,H% Sﬁg g-.%?\fhgr iﬂcmg lcggxgosp tion cogt%

mot or oi Itheoiﬂﬁiecqmlypwséasmaub‘ﬁﬁémcnwddmem of course, is to make the

handli ng of t . ss difficul

to' facilitat zﬂssdﬁ H"l?écé)lﬁs g%tegwcsl%lé%gl?lganm?uﬁ HHRETE N t}‘e ﬂl%méﬂdgﬁﬁ he h| ghl y
grafted, (ASIM D‘I‘L&iaﬁa’s&iﬁaition ﬁiré?fll-fhmtsmlmr-fl (maﬂqn)amm Mutd T-\mmdsdwhislual ly be
enpl o d 0 w con ent .at e, exanpl.e, in a
Uy 5 ek cdsR HHE Bfics saipalehod Rortses s oF SRRk b PR e over
in the I ut;hlcmiha hgn@hhg mhcctrmn)simobedameﬁhe@mﬁnmepdﬁmrldéspémmmva}b@mﬁbB&) w. %
t o -about % The highly grafted, nulti-functional ol efin copolyner

di spersanaf ‘\'ﬁ Is used in an oil to lubricate the cool ed EGR engi nes of the
present i nvenflhehighiyl grafieh endti-functienalislefin icopohahmdr ¢t én the oils to lubricate the

cooled EGR engines of the present invention may be post-treated so as to impart additional

20  properties necessary or desired for a specific lubricant application. Post-treatment techniques are
well known in the art and include boronation, phosphorylation, and maleination.
_ In another embodiment herein, the EGR engine is lubricated with a lubricating oil further
' comprising an additive selected from the group consisting of zinc dialkyl dithiophosphates,
friction modifiers, antioxidants, defoamants, surfactants, corrosion inhibitors, extreme pressure
‘25 agents, detergents, and pour point depressants. )

B Thus in another embodunent an EGR engine is lubricated with an oil compnsmg a
hzghly grafted, multi-functionat olefin copolymer viscosity medifier, also called a viscosity index
improver, comprising the reaction product of an acylated olefin copolymer and a polyamine,
‘wherein the acylateci olefin copolymer comprises an olefin copolymer having grafted thereon

' {30' from 0.15 to 1.0 carboxylic groupé per 1000 number average molecular weight units of olefin

copolymgr and wherein the olefin copolymer has a number average molecular weight of between



3.0 with a tube oil basestock, conprising an oil of lubricating viscosity,
I ncl udi ng natural lubricating oils, synthetic lubricating oils and

m xtures thereof. Natural oils include animal oils and 8 Ir vegetable oils
(e.g., castor, lard oil), liquid petroleumoils and hydrorefined,
solvent-treated or acid-treated mneral lubricating oils of the

par af f i ni.m,000apdYftegoc and m xed paraffinic- naphthenic types. Gls of

| ubricating viscosity derived fromcoal or shale are al so useful base

0i I's. The synthepether| inpertenttsmhodimant the debricated lspaled H(Rneagine pﬁ@heupteseohe of
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but are not limted ha- ol efins, aronat I c%s, erne
oxi de pol YHerrd “Frﬁlé“lkpﬁlg r?ésrts{EG Wﬁﬂfbﬂt?s%rmgid | \ﬁ%qnwé@naitlhbm@mﬂg vxﬂrer e
the tes m QalaidAegen kAt as é}ea\f,?s he ng%‘lh;]* eﬁ i) b @é% on: |
etherification etc, esters di carboxyl'1 c aci ase
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cl assit®i cafter 350 houws.Cl -4 oils D02.BO C 1-4 Ballot) and the Mack T-1 | test
whi ch -15 are cool ed EGR engi nes. Said nethod conprises adding to and
operatl ng in the crankcase of the vehicle the lubricating oil conposition
cont ai ni ng thél“ab]eéfl n copol ymer dispersant VII described above. The highly
grafted, rrult C ol efin,copol ymers, in the oils to |lubricate
the cool ed E 5&4@2—# t he pﬁégg!#? %@ﬁﬁg‘n&yi%—ﬁ%st 01 SO as
to inpart addlltlonal 20 propertiesdinecessary @r desiredpfor azspegcific

| ubri rC@nt applj cati on, _Post - treat t t echni g:dgs are V\%H known in the art

and i Al ude bdronati ot phosphor t| on, and*fal ei nat PdB. 1 n 4488 her
enbodi nent - her¥in, thel EGR engi nen 85 | ubri caggd with @7pubricaghgg oil

further , .
- 4 0 0 5.35 1.01 66.73

The viscosities of the used 15W-40 oils were measured at 100° C. Table I clearly shows
20  that HiTEC® 5777 dispersant controls the viscosity increase. while the use of the dispersant
viscosity modifier HITEC® 5772 does not-(higher viscosity of 66.73).
In yet another embodiment, the lubricated engine achieves a viscosity increase of less
than 10 cSt at 100° C at a soot level of up to 6.0%m in the Mack T-11 test.
Another embodiment herein provides a lubricated EGR engine wherein the lubricating oil
25 - 'passes the Mack T-11 test at a viscosity increase of less'than 8 ¢St at 100° C ata soof level of up
_ 10 6.09%m in the Mack T-11 test.
Further provided herein is a ]ubncated EGR engine wherein the lubricating oil has a
wscosﬂy increase of less than 10 cSt at 100° C and up to 6.0%m soot in the Mack T-11 test.
It is known that hard soot partlcles cause abrasive wear on valve trains, rings, and liners.
30, Thick lubricating oil films containing the olefin copolymer dispersant VIIs defined herein can
significantly and surprisingly reduce this abrasive wear. Oils with good M-11 test performances
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conprising an additive selected fromthe group consisting of zinc dialkyl
di t hi ophosphates, friction nodifiers, antioxidants, defoamants,
surfactants, corrosi on inhibitors, extreme pressure 25 agents, detergents,
and pour poi nt depressants. Thus, in another enbodi ment an EGR engine is

| ubricated with an .oil conprising a highly grafted, nulti-functional
olefin ccfpuﬁqdnbick\bogad;sfr filmsnprdvifiing rperc@hisHine adsis@flceavaliics @O S0 tty abnAd @S after
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bet ween Qdei@;b@ﬂ)(he&ﬁnd hilﬁeO b@@[)sucl:ﬁsﬁ[l?tthﬂéd hmedslte&rm;e ehgdés B0, Chi)eMack,
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di sper sa OIS &?FtO‘\/P’F%at heaveens sle ‘Bé@WllﬁBﬂf Sispersanh yiscsity ingex t hese

tests. in ggedved iEGRM08 ReFicielN® reBheNBE S20hnt it |s§0tqh<§.ﬁ!sd)§ﬁ%1@fé'nﬁ{ Tof%he -
useful -i nla#;ubrl cating oils in a cooled EGR engine can be used | r%
i

conj uhtt FiPHot her di spersants.. Table | shows H TEC(r) 5777 al one, -
H TE 5777 d VA
i TEC(r.) I.RJbH&atmE“ oTlEﬁi(ﬂs) coﬁ%?xﬁng ﬁi& OIH" a E&Eorl}%mé d;%ygﬂ NS5 Yi’%ﬁ%ld%ﬁgxb LUk %

| ubricate a Cumm ns cool ed EGR engfvI ours.
H5777% AdPdqexerilen perfopmaaeq ipclbe | a«ﬁks“éémsy r¢duce both1liglp sud low temperature

B. 24.51. aﬁﬂ:kgﬁng? @%Z sﬁ])%ngl?’slﬁlc@c ﬁgrﬁzor;lgncéoéﬁ g%ﬁt sﬂg&oﬁwgéjprc%&gn ﬁ%m soot.

In another embodiment, the present invention provrdcs a method to extend the service
15  time between oil drains in a vehicle equipped with an exhaust gas recirculation engine up to
about 60,000 miles by the addition to a lubricating oil in the éngine of an olefin copolymer
o dispersant VII as described herein.
The oils containing the olefin copolymer dispersant VII as taught herein also have the
following advantages when used in cooled EG_R engines: excellent for building film strength and
_ 20 reducing wear; low treat rate of, for example, 8.5% wt. (~ 9.5% vol.) for 15W-40; strong sludge
suppression performgnce; provides superior performance in EGR engines; good shear stability,
pérmanent and HTHS; excellent dispersancy for soot handling and improved wear protection;
allows for lower additive treat rate; and excellent used-oil low temperatltl;e viscosity propetties,
_relative to the low temperature viscos‘it} properties of vils not containing the olefin copolymer
" 25 dispersant VII as taught herein. ' ‘
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The viscosities of the used 15W40 oils were neasured at 100 C_ Table |
clearly shows 20 that -H TEC(r) 5777 dispersant controls the viscosity

i ncrease while the use of the dispersant viscosity nodifier H TEC(r) 5772
does not (higher viscosity of 66.73). In yet another enbodi nent, the

| ubri cated engi ne achi evemae yir3cesi kgsuitncr ease of less than 10 ¢St at 100

C at a soot level of upto 6.0%n, iii the Mack T-11 test. Another
enbodi nent herern—providesa-tubriecated—ECRengi-re—wherein the lubricating
oil 25 'paspes the MacKrarkI-1f Visestitycraasyi scosity irjcrease of less'than 8

cSt at 100 Gat, g soot level of up to 6.09%nin the Nack T-1 1 test. _
Furt her prov ded hEI’GI n is a lubricatgd EGR engine wherein the lubricating
oil has a v|scOstily lncrease or Tessfthan{10 cSt at |100 C and up to 6. 0%n
soot in the Macke ¥4t Lcm.' tHHs—kngwi—tha hard sogt particles cause
abrasi ve weal fmo.0¢g j _and 1{n THi ck lubricating oil
films contai- 1|g1g|uorore olefin- cooolv T . di spef SCIGMP' defined herein can
significantl. /iaQQou urprisingly red,u/ce this-abragigg,Mear. O ls with good

M 11 test peffornarices 10 forrred [
filmresistanceVaIGES Gl asJutided
Frequency Re{i proedt+hae

6 sults have shown soot
t hi ckening ffomdde pre ] 11 hat seen in-the T-8E
test. Lubricating ©o®ls @ent aiopi ng-ob he s@¢ ef fomo copol yngr di spersant VIl 5
descri bed hefein have been sueetessfully tested in cool ed EGR engines from
Cat, Mack, CUummins, Voivo, —and Detrort—breset—Thus—anot her enbodi ment
herei n provi dEigum lu¥estiates tat by the ea:eﬁalthe@oﬂb:IJEGR&nglﬁmgl‘ di@bri@dnpsil Si ng a

base of | CoA ”@fﬂgﬁﬁs%éfi R S R e T
i mpr over viscosity anha9drt mau;fof:s Wit @rcieabcrapidlyis Righ beot mmugtwl&freas t}&tlgﬂdﬁﬁue ed oil
the. ol of (RSt ednd s yabRln bR T o Barmamhb derr bt ceordiein ent |
per f orsmarieel.i Flgllrbd! shMm:iEeéiﬁestfaﬁ]hbnd‘a&ﬁigJ&iE usiak Grélipghind GeovpdTbdse gper at ur e

B A particularly useful olefin copolymer dispersant VII for addition 16 a lubﬁwﬁng oilina

cooled EGR engine is HITEC® 5777 Dispersant available from Ethyl Corporation, Richmond,
Virginia.

The following examples further illustrate aspects of the present invenﬁoh but do not limit

10 the present invention.
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t hi ckeni ng, give superior sludge performance, and give superior wear
protection fromsoot. In another enbodi nent, the present invention provides
a nethod to extend the service 15 time between oil drains in a vehicle
equi pped with an exhaust gas recirculation engine up to about 60,000 mles
by the addition to a lubricating oil in the engine of an ol efin copol yner

di spersant VI| as described herein. The oils containing the olefin

copol yner di spersant VII as taught herein also have the follow ng

advant ages when used in cool ed EGR engi nes: excellent for building film
strength and 20 reducing wear; low treat rate of, for exanple, 8.5%w. (-

9.5%vol .) for 15W40; r nc provi des
superior performance in Eéa?gﬁﬁbﬁg3%73235&3%%H99§fjﬁhﬂ5t %ﬁérnanent and
HTHS; excel l ent dispersancy for soot handling and |nproved wear protection;
allows for lower additive treat rate; and excellent used-oil |ow

tenperature viscosity pwneRert-BeSootadt oL b@ R pbRWLLETRSIALY €
Vi scosity propertles of oils not containing the olefin copolyner . 25

di spersant VI as Yaught Rereip. 11 MagKk I-I1 [l est ResultTs 80, ¢0—70.0
60. 00 a 50.00 O 40.03§ 30.00 20.00 1§.00 0.0Q 0.00 . -

5 - /

E 80000 - /

c | %p-'l/

% S0000 qu /

Z e ] Group II

Wt % Soot, TGA,

Figure 2 illustrates the effect on viscosity measured at 25° C of increasing weight percent

5  of soot loading in a lubricating oil containing an olefin copolymer dispersant viscosity index
improver, Ethyl’s HITEC® 5777 dispersant additive. The Figure shows a curve for Group I and

' for Group 1 base oils in this low temperature Mack T-8E test. In this illustration, the additive

' HlTEC® 5777 allowed the maintenance of low temperature vxscosny below-the 15W limit to a

- loadmg of over 6% soot in Group T base oil and to over 9% soot in Group I base oil.
10
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Mack T-11 Viscosity Increase 2.00 4.00 6.00 Soot, %n 8.00 10.00 t Ret
-s-Goup Il E--Goup | Figure 1 illustrates that by the use in the cool ed
ECGR engine of a lubricating oil containing-the olefin dispersant copol yner
VI described herein, the oil exhibited a kinematic viscosity at 1000 C
that does not increase rapidly in high soot |oading, whereas the kinematic
viscosity of the industry standard reference oil increases rapidly beyond
the 4% soot |oading 5 level. Figure |I shows viscosities for lubricating
oils using Goup | and Goup Il base oils A particularly useful olefin

copol ynmer dispersant VII for addition to a lubricating oil in a cooled EGR

eRngihne ijs Hi\/TEC(r) 5777 D_isper.sgr)(tt@ygb:(ﬁmggmgmll Cor'E)orat}on'E f
chnond, irginia (0)"1 ex u e.aspects o

the present 1 nventi | e t .1

he b nvent  detiul St et WHHTHEEEGH B727.is TR 12

H TEC(r) 5777 Extended T -8E Tests Mack T-8E Soot Effect on Low Tenperature
Vi scosity 720000 100000 80009 60000

8o

70 dH-4 | |
' . : . 1 |e
&0 ra
. _ ' /
. /
3 | i
¥ a0 : 4
E se IBCEEM - o
O = T
[l o
0
o & A P P AP T P P & &£ aF & F
Soot, Yam
.5 Figure 3 illustrates the performance in a cooled EGR engine of a lubricating oil labeled

C1-4 D1 containing HiITEC® 5777 versus a standard reference oil CH-4 in the common
" extended T-8E test for viscosity change ‘caused by soot loading. It is clear that the use in a
cooled EGR engine of the olefin copolymer dispersant VII described herein significantly
‘ . .feslﬁcted the viscosity increase at higher soot levels. o
6
" EXAMPLES:
Example I.
In an example of an embodiment herein, a cooled EGR engine was lubricated with an oil
containing an olefin copolymer dispersant VII prepared as follows: An acylated ethylene-
15 ~ propylene copolymer was prepared by free radically grafting maleic anhydride, in the presence
ofa éolvent, onto an éthylene-propylene copolymer backbone. The acylated ethylene-propylene

14



40000 20000Goupll 0 0 2 4 6 W %Boot, TGA a 10 Figure 2 illustrates the
effect on viscosity neasured at 250 C of increasing weight percent 5 of
soot loading in a lubricating oil containing an ol efin copol ymer dispersant
viscosity index inprover, Ethyl's H TEC(r) 5777 dispersant additive. The
Figure shows a curve for Goup | and for Goup Il base oils in thliEkgmg
t enper at e ' | ) i it]ve | r
nmp WoBolYREKal a%m%%grgé%@&l?&ﬁar weidr 5t {p@[‘ox%ﬂtelgg@]@a §e< fiined by’ o1y
linmit to g pérogeionghsmatogeaph it egetctipmca@diiops andoeds poifortamsiof maleiver 9% soot

: i - hyl. C1-.4 D1l.with
:—ETS‘C? :J;:) _ %&%?@%e%%r&%&éﬂ? 60;5?%@&3’%96 E‘IIC§ Elair £2 gn%le@:ile?/ of mréleic ydx%ct

were grafted onto the olefin copolymer backbone. This is equivalent to 0.36 carboxylic groups

5777 all owed t he nmai nt enan ow t enperafttire vis SICOW™

5  per 1000 Mn of polymer backbone (i.e., 2x7.2 = 14.4 carboxylic groups/40,000 Mn = 0.36
carboxylic groups/1000 Mn) to form the acylated ethylene-propylene copolymer. The acylated
ethylene-propylene copolymer was reacted with N-phenyl-1,4-phenylenediamine (NPPDA), in
the presence of a surfactant, at 160°C for approximately six hours. The NPPDA was added in an

. amount sufficient to theoretically react with all of the grafted carboxylic groups.
10 ExamplelL

In another example, a cooled EGR :f:ngine was Jubricated with an oil containing an olefin
copolymer dispersant VII prepared as follows: The highljr_ grafted, multi-functional viscosity
modifier of Example H was prepared in the same manner as that of Example . .‘However, a
sufficient amount of maleic anhydride was added such that 14.2 molecules of fna!eic anhydride

15  were grafted onto the olefin cdpolymer backbone. This is equivalent to 0.71 carboxylic groups
per 1000 Mn of polymer backbone (i.e., 2x14.2 = 28.4 carboxylic groups/40,000 Mn = 0.71
carboxylic groups/1000 Mn) to form the acylated ethylene-propylene copolymer. "The acylated
‘-cthylene'-propylene copolymer was reacted with N-phenyi-1,4-phenylenediamine (NPPDA), in

| the presence of a surfactant, at 160°C for approximately six houf.s. The NPPDA was added in an

20 . amount sufficient to theoretically react with all of the grafted carboxylic groups.

It ha.s been noted that the use of some dispersant polymers and copolymers in lubricating
oils used in cooled EGR engines did not prevent severe oil thickening, unlike the olefin
cépolymer dispersant VII described herein when used in an oil to lubricate a cooled EGR engine.

In certain embodiments herein, the olefin copolymer dispersanf VII can be present in the

25 lubi'icatiﬁg oil in the cooled EGR engine in an amount of from 2 weight percent to about 18
weight percent. Active material range from 0.55 to 10.0%m. |

Other embodiments of the present invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention disclosed herein. Itis

.intended that the specification and examples be considered as exempfary only, with a true scope

30 and spirit of the invention being indicated by the following claims. This invention is susceptible

to considerable variation in its practice. Accordingly, this invention is not limited to the specific

15



00O0'yo- MOryy 1b G6 y tP tr0O &1 sowf. n, .5 Figure 3 illustrates
the performance. in a cooled EGR engine of a lubricating oil |abeled -Cl4
D containing H TEC(r) 5777 versus a standard reference oil CH4 in the
common extended T-8E test for viscosity change caused by soot |oading. It
is clear that the use in a cooled EGR engine of the olefin copolynmer
di sper Sandeibhificiaan/sbOein Rataish.s! AL BRihlchiod € a&tpfnq{)eeg dtifia WopE 88| 1Y
i ncrease at higher soot |evels. In “an e anpl e of
an embodi hearpepded slagms, includinedhe Ema!ﬁﬂgilth@e(\fa@lwbm Tmatad ofilavh an oi |
contai ning arbakid. &RPAbMAREA & RRRLS AN idldsePLARAENAS plePhbAYShd &7
acylated ethylene .15 propyl ene copol yner was prep aredzg F |caIIy
graf ti ng Hhareem apndigdesed sodifivatians opaltesatiopemafot htesxﬂbf\f«'éhmthm thecceps of the
et hyl epe %KPQQ G\ ropylene 14
copolsﬂer&%gﬁﬁh%ﬁﬁﬁgggﬂg%g?gbﬁﬁ%D ecﬁpg%hékﬁﬁﬁhﬂé(%u%mrox§] y 40, 000 as
determ ned by gel perneation chromatography- The reaction condltlons and
nol ar proportions of maleic anhydride and ethyl ene-propyl ene copol yner
were such that 7.2 nol ecules of naleic anhydride were grafted onto the
ol efin copol yner backbone. This is equivalent to 036 carboxylic groups 5
per 1000 Mh of polyner backbone (i.e., 2x7.2 = 14.4 carboxylic
gr.oups/ 40,000 WMh = 0.36 carboxylic groups/I 000 Mh) to formthe acyl ated
et hyl ene- propyl ene copol yner. The acyl ated ethyl ene-propyl ene copol yner
was reacted w th N-phenyl -1, 4- phenyl enedi am ne (NPPDA), in the presence of
a surfactant, at 160C for approximately six hours. The NPPDA was added in
an anount suff|C|ent to theoretlcally react with all of the grafted
car boxylic groups.
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10 Exanple I'l. In another exanple, a cooled EGR engine was |ubricated with
an oil containing an olefin copolyner dispersant VII prepared as follows:
The highly. grafted, nulti-functional viscosity nodifier of Exanple 11 was
prepared in the sane manner as that of Exanple 1. However, a sufficient
anount of nal ei c anhydri de was added such that 14.2 nol ecul es of maleic
anhydri dVHATUSCALAMIED B8d onto the ol efin copol ymer backbone. This is

(e Sl g, 5 mbeat o B P Sl ot Gy 3, bRy Frbem
groups/ 1@8es Khipptiong mnhgmhetedéxyﬂlatcenibmnbnyi:ﬁheermimpylﬁ&m eorﬁﬂzpﬁlll)bmﬂmgme

acyl at ed ,,.&f eNg1Sopo acte

X hony 1 B ERE R RRD S ORI riRe i B edh ot adatrast e a
160C f or d@qpprsm|mat}ynsiex itvprover inThe dvRRRAsuffiSieraddeddicd B agbbunfidP Wit
sufficie tic react wwth all of the grafted carboxylic groups
It has bgltélﬁﬁe%% gga[cﬁalfm?wgyoﬁ%e of sone di spersant polyners and copol yners
in lubri catl ng oils used in cool ed EGR engi nes did not prevent severe oil

t hi ckeni | ke.th I ef.in cp&l? ger dis ant VI] descrjbed herein
when' use 8’?5‘"“‘[ aUBr]r ¥hergin "c%‘ g § canprsescasradditive sdlesdadh nent s

her ei n, tﬂma thefgnﬁupc O] SN fof it Qi8N tditlophdsplhtdae RS CAbdikis! BErroston
in the cool ed EGR engine in an ambunt of from 2 wei ght

| ubri cati,

per cent t‘glggig tSXYEMe RRESYR 285 ctpXIdants, @’@“ﬁﬁt‘%ﬂ"ﬁ@tﬁ“ﬁné‘éﬂﬁwaed PIuR o
10. 0%n Qohrdepesaand. tents of the present invention will .be apparent to
those skilled in the art fromconsideration of the speci fi cation and
practice of the invention disclosed herein. It is intended that the
speci fi cati on TRAEnAXAGPHG Powkadis ke Rd oﬂ%f%i&el'm]l @b, 9i”| se:é@keh*h&n e
scope 30 and spirit of the- i'nvention being Indicate % | ow ng
clai ns. TEPW Soptidingiobpatpzal l“@‘t@ﬂ%?‘lsb#mthetl@“bmgmj@Fsamdemvhlmsaluqrmf inits
practice- Accordingly, this invention is not limted to the specific 15

exenplificatiogns set forth herei nabove. Rather, this invention is within
the spirit andhecpgiee of claighb whsendedbase ail ok the Inbiicating gil tsheclestadi footh @it s

t her eof ax&ip abisRiAS of aﬂﬁﬁati Pdils Olede@Ble di E c%ﬁt{;e&I qﬁrddgl?shtﬂj% pla@&&nlq &R,

dedl cate _any disclosed enbodi nents to
~ hydrorefined, solvent-treated or acid-treated mmeral lubncatmg oils of the paraffinic, naphthenic

and mixed paraffi mc—naphﬂxemc types, oils of lubricating viscosity derived from coal or shale,
poly-alpha-olefins, alkylated aromatics, alkylene oxide polymers, interpolymers, copolymers and
derivatives thereof where the terminal hydroxyl groups have been modified by esterification or

etherification, esters of dicarboxylic acids, and silicon oils.

5. The engine of claim 1, wherein the at least one dispersant viscosity index improver in the

lubricating oil comprises an olefin copolymer dispersant viscosity index improver.

6. The engine of claml 1, wherein the at least one dispersant viscosity mdex improver in the
 lubricating oil compnses is selected from the group ‘consisting of polymethacrylates,
'_ethylene!propylene . copolymers, polyisoprene  or  saturated  polyisoprene, and

.-polyisoprene{satmated polyisoprene copolymers. |

17



t he extent any disclosed nodifications or alterations may not literally
fall within the scope of the clains, they are considered to be part of the
i nvention under the doctrine of equivalents. 16 WHAT IS CLAIMED IS: 1. A

| ubricated engine conprising an exhaust gas recirculation system .whereby
exhaust _gases conprising soot generated in the conbustion in the engine of
fuel conthct dbt ¢bgineaf |Chgnd| |Whemdlet®ginﬂbﬁ isclatteal ﬁamckherwuupeconme{gebm sai d
| ubricati nd .at d| spersan

i scos ¢ yiurnfidve CERE RERy Aq 1BREaRl o Bl R0 Hihuetons femsmilive! o

oi |t hi choginesbyloid Intvenal Qmbwstibi/electdd énginds. The engi ne of claim 1, wherein
the |ubricati ng oil further corrpri ses an additive selected fromthe group
consisting of Zinc. dialkyl 'dithiophosphates, friction nodifiers,

corrosi orB. i nAhbedgnesof Mhl‘lﬁﬁﬁerf‘lhﬁ&ﬁlﬂldﬁstaﬁeﬂlkﬁewsaaﬂ\tléc@%itydﬁdﬁxSmpﬂﬁEﬂﬁFﬁ@eﬂt S,

'surfacta et er ge our oi.nt ress nts. 3. The engi ne_of
claimi, b %cragl%m % n%g'gégﬁ%f -Jrultfenctionsf d'\‘f'ﬁ‘i‘ F‘Fﬂ? oger ﬂ]a%"‘g’éﬂrbf*ést @8 T$3E408 t he
group consbdict nf @f anaidylagdd- olefibrdopelimard whetetn tRy BéYMRLd CopdiRhdrCeihfiBeLi | S,
and mxture thereof Oim\eéﬁofeeg%ne of laim 1, wherein the base oil of the_

| ubri cat |°f?8 IS O fgand g mﬂ)'czx:élﬁ&ﬁ alefim gnd foptipnatly) 2 giops

veget abl econjugsted @it it @iehe oh avicHOhis béehoéibﬁl:dp&infl&h@a!lﬁﬁ lﬁllszlxt&vated heaeloRygd 1 ned,
sol vent - tre t ed or]%ﬁg g treated m neral lubricatin | s of the paratfinic,

napht heni €% a&'ﬁd"rﬁ %P 49 P/ n DY B ErpuRs er d §Yfbaum W@%ﬁmhwlaca@nghg
Vi scosi t yurite (Mg and QPAPSI9Bhin®Eoryitdh&, POl'y-al pha-ol efi ns, al kyl at ed

aromatics, alkylene OXIde pol yrmer s, |nterpolyners copolyners and
derivatives thereof where the term nal hydroxyl groups have been nodified

by esterid.i catihenfie of s} inflcirdhe BRI RpBiRPI N Froff 1l Saro lgaersam'

silicon oils engi ne of claim wherei n’t east one -
Vi scosi t)/“"i“ﬂﬁg‘%qfrrprover inthe lubricating oil conprises an olefin

copol ymer di S Reyad My Kh&RSkinind Meteol FBIGUES fonflopa:The: _engi ne of claim 1,
wherein the at | east “one di spersant viscosity in ex i nprover in the

| ubricating oil conprises is selected fromthe group consisting of

pol ynet hacryl at es @ ——@i:

in which R! is hydrogen, -NH-aryl, -NH-arylalkyl, -NH-alkyl, or a branched or straight chain
: __radical having from 4 to 24 carbon atoms that can be alkyi, alkenyl, alkoxyl, aralkyl, alkaryl,
hydroxyalky! or aminoalkyl; R?is -NH;, CH;-(CHz),-NH,, CH,-aryi-NH,, in which n hés. a value
from 11010; and R® is hydrogcn, alkyl, alkenyt, alkoxyl aralkyl, alkaryl having from 4 to 24
Acarbon atoms; .
(b) an aminothiazole from the group consisting of aminothiazole, aminobenzothiazole,
: :'arhinobenzo-thiadiazolc and aminoalkylthiazole; |
(¢} an aminocarbazole represented by the formula:

0

‘HolN :
. R

Rt
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et hyl ene/ propyl ene . copol yners, polyisoprene or saturated polyi soprene,
and . polyi soprene/ saturated polyi soprene copolyners. 17 7. The engi ne of
claim1l1, wherein the engine is selected fromthe group consisting of
autonotive engines, heavy and light duty truck engines, gasoline combustion
engi nes, diesel engines, hybrid Internal Conmbustion/electric engines. S
The englne of cIa|n11 wherein the at | east one dispersant viscosity index

i mprover t|n oil is hl af ted | t.i nct i Qpa

ol efin cdhg' cﬂ?{ tgtl';I%“(:)srrpr e Han ?@5 flggﬁyo%ﬁ@&}g?dlgﬁfwﬁygg{ mg 'ét ed

ol efin cccprbbyabm,s, (ﬁhﬁrmmomtﬂtﬂe&ﬁiy&k@teﬁd)yﬂﬁh(m@hyﬁer conpri ses copol yners or
terpolymers of ethylene and C3 to C23 al pha-olefin and optionally a non-
conj ugat ed di ene orR 2 u'ICh has been grafted ethylenically
unsat ur at ed car box Iiclé’? s toalevel of 0.3 to 0.75 carboxylic
groups per 1000 nbfeber ~a nol ecul ar weight units (M), and (2) a

pol yam ne conpound,. 9. The emglne of claim8, wherein the polyam ne
conmpound i s sel ect ed fron1thé*group consisting of (a) an

N—arylphen§he§ di am ne r presented y the forpmula: in which Rr is hydrogen,
NH- ar yl TeRIeREpfs hye Ngﬁl’aﬂfléylalk}'b‘ﬁd‘aa’l’ﬁlﬁ‘ﬁﬁ%ﬁ% 14¢ 14eatbgnptemshai n  r adi cal
havi ng from 4(é)an dtirfe @re?%e%ﬁ&d e oamupe al kyl, al kenyl, al koxyl,

ar al kyl , aIkaS?l hyg?ggya kyl o%ganlnoalkyl R2 is -NH2, CHz- (CH2)n

NH2, CH2 aryJ- NH? ich qﬁgas a value from1 t 010; and R3 is hydrogen,
aIkyI “al kenyl Rark ar & al karyl having from4 to 24 carbon
atons; (b) an anlnothlazole fromthe group consisting of am nothiazol e,

am nobenzot bi azol e, #m nobenzo-t hi adi azol e and am noal kyl t hi azol e; (c) an

~am nocar hazgid K RRIGARAT Akid ddic flﬂrlﬂg'ﬁ—@carbdﬂ atdlns and R' is hydrogen or an alkyl

radical having from 1 to 14 carbon atoms;

() an amino-indazolinone represented by the formula:
0 .

HoN- NH
/

N
\

_ H
. m which R is hydrege'n oran alkyl radical having from I to 14 carbon atoms;

(2) an aminomercaptotriazole represented by the formula:

T
: N/N
HS—™R [

H

' in Wthh R can be absent or is a C;-Cyg linear or branched hydrocarbon se!ected from the group
: cons:stmg of alkyl, alkenyl, arylalkyl, or aryl '
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in which Rand R represent hydrogen or an al kyl, al kenyl or al koxyl

radi cal having from1l to 14 carbon atons; (d) an am noi ndol e represented
by the formula: H in which R represents hydrogen or an al kyl radical
having from1 to 14 carbon atons; (e) an am nopyrrol e represented by the
formula: RNH2 H in which Ris a divalent alkylene radical having 2-6
carbon atons and R, is hydrogen or an.al kyl radical having from1l to 14
carbon atons alfb ' r ted by the fornmula: in
which Ris hyé&gggﬁﬂor aﬂgg?gﬁﬁéﬁgﬁgg yﬁggﬁﬁﬁa?ronll to 14 carbon atons;
(g) an am nonercaptotriazol e represented by the formula: / ,N HS-RI1 HR
i n which R can be a t or is a Cy-Cl9 |linear or branched hydrobarbon

sel ected fromthe graup consisting of alkyl, alkenyl, arylalkyl, or aryl;
19 (h) and an am m di ne represented by the fornula, in which . R
represents hydr og an al kyl or al koxy radical having from1 to 14

car bon at ons; Qal kyl i m dazol es, such as 1-(2-am noethyl)

i m dazol e, 1-(34% pyTR i mi dazole; and ('j) am noal kyl norpholines,
such as 4-(3-am nor pholine. 10. ' The lubricated engine of claim
1, wherein the amount of the dispersant viscosity inprover in the

| u br icati mgvhiéh R represerdnhydrogen gfvin afiet eetiitoxly adidabhtivingGronel eht4 d@ﬂ{oﬁ%{b&ns

(1) aminoalkyl imidazoles, such as 1-(2-aminoethyl) imidazole, 1-(3- -aminopropyl)

imi&ézole, and

() aminoalkyl morpholines, such as 4-(3-aminopropyl) morpholine.

10. - The lubricated engine of claim 1, wherein the amount of the dispersant viscosity improvef

. in the Jubricating oil is from 2 weight percent to about 18 weight percent.

11, The engine of claim 1, wherein the engine is cooled by the circulation of a material

N ‘selected from the group consisting of water, a water/hydrocarbon mix, water/glycol mix, air, and

- gas.

12.  The engine of claim I, wherein said lubricated engine achieves a viscosity increase of
- less than 10 ¢St at 100° C at a soot level of up.to 6.0%m in the Mack T-11 test.

- 13 The lubncated engine of claim 1, wherein the Jubricating oil passes the Mack T-11 test at

- a Viscosity.increase of less than 8 ¢St at 100° C at a soot level of up to 6.09%m in the Mack T-11
test.

14. " The lubricatéd engine of claim 1, wherein the lubricating oil has a viscosity increase of

' less thari 10 ¢St at 100° C and up to 6.0%m soot in the Mack T-11 test.
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1 i. The engine of claim1, wherein the engine is cooled by the circulation
of a material selected fromthe group consisting of water, a

wat er / hydrocarbon m x, waterlgl.ycol mx, air, and gas. 12. The engi ne of
claim1, wherein said |ubricated engine achieves a viscosity increase of

| ess than 10 cSt at 100 C at a soot |level of up.to 6.0%nmin the Mack T-11

t est. . 1315 Thahbuky inGalfemenOsi#us@én &lgleBothpriihies Bddled &ﬁaﬂsﬂngs'rﬁﬁxtchﬁgorp R
*passes the Mack T-11 tes‘Ej at _a viscosity. increase of less than $ cSt at

100 C at ¥S€BR 3 lubrgatipg o, Gomprignepm bgse iof, mdleatNggskore-olafin ¢apglymen disperysat

| ubri cat edsdﬁﬁlgj e imfiloRdrNnlan WIQEIsBICRAL loURGEEAKE NehoRhd oGt ﬂdﬁéeﬁ(l\:ﬁﬁ' ty

| ncr ease t?) Iess than.1Q eSt at 100 C and up to 6.0%n soot in the ck
T-11 test® chepinaof theJubriqaérg 9th an I nternal Conmbustion engi ne conprising a
cool ed exhaust gas recirculation systemof a lubricating oil conprising a

base oil,_and at | east one olefin_cop olgner di spersant viscosity index
i nprover” 14 arb BEtad of sdyanecthe sotinslupeddhiskeningeof aruhrivating oibwsed td lbiteata oi |

thi ckeni nghoRll dxRSust YhY }&ﬁ‘&dlzﬂ Foénlgme%ﬁ wlﬁcﬂ%&%c@ﬁuﬁtgﬁd}ﬁb{h@gm@ N&id d method
soot -i nduced thickening o ubricating oil use rrca cool ed
exhaust g%t%nnﬂé@lsrl%hﬂcatmgﬁbe émg!ilméﬂdlﬁ Iwbricetingseib toraprisingLd bzatsegxluandtarsaffmdnt sai d
met hod - CQH@“ bricating oil conprising
a base oil ar?déf;ﬁgﬂé F%#ﬁ%hér%ﬁ%g&ltgﬁg anﬁm\ﬁlmE Enn C(P)pol yner di spersant :

Vi Scosi ty i ndex inprover. .17. A nethod of |rrpr oving fuel econony of a

vehi cl.e hayin | [,C ti.on en ereln sai d

met hod co??/prl g%@eglggbﬁ%p?%&(?%g%a O(r%é"?hw?ﬁm?ﬁ'aacrﬂ?%g% ol ga’éal d vehicle
a | ubri catecingplatioh c@mrpwbtrbmcadmﬂtodlcnmpgseaa&iﬁgtn(anciaﬁ;ﬁerzﬂjn@wmc ofanktdae: @3l ef i n

copol yner .. Slt d.ndex i.np scr‘ng g in. 18. "A
met hod of |drjr+pe?'%§ﬁ ail% ‘%ueP ec%or’\n A PR 1$ §/S oAy eLhg [Fﬁﬂﬁo%"}%%l ed
exhaust gélspemaamlscoutyandeumnmgﬂniescn\héteheee;m said nethod conprises adding to
and operating in the crankcase of said vehicle a lubricating oil
conposition containing a sufficient amount of the ol efin copol yner

18.  "A method of improving fuel economy durability of a vehicle having a cooled exhaust gas

 recirculation erigine, wherein said method comprises adding to and operating in the crankcase of
said vehicle a lubricating oil composition containing a sufficient amount of the olefin copolymer

- dispersant viscosity index improver described herein.

19, Amethod of simultaneously passing the M-11 BGR test, T-10 test (ASTM D4485
. classification for AP C1-4 oils), and the Mack T-11 in cooled EGR engine, said method
- -COmprising adding to and operating in the crankcase of the cngfne a lubricating oil composition
i * containing a sufficient amount of the olefin copolymer dispersant viscosity index improver
- descﬁbed herein.

20. A method to give superior oil sludge performance in a vehicle with a cooled EGR engine,
- said method comprising adding to and operatmg in the crankcase of the vehicle a lubncatmg oil
composition containing a sufficient amount of thc olefin copolymer dispersant viscosity index

improver described herein, whereby the oil sludge performance is superior to the oil sludge
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di spersant viscosity index inprover described herein 19. A nethod of

simul taneously passing the M1 | EGR test, T-10 test (ASTM D4485
classification for APl Cl-4 oils), and the Mack T-11 in cool ed EGR engi ne,
said nethod conprising adding to and operating in the crankcase of the
engine-a lubricating oil conposition containing a sufficient amount of the
ol efi n copssioymmee i seneled HAR enigirpodian piliwithent thewlefovepolyches dispaaa: Yishosiyn.  20.
A net hod j i i ..l sludge performance in a vehicle with a cool ed
ECGR engi n]g%ﬂ?gﬁgg%ﬁdggag%%ﬂ sing adding to and operating in the
crankcase of the vehicle a lubricating- oil conposition containing a

sufficie a t |l efin copol ymer. di spersant. vi scosity. index
i mpr.over _nid]és g?ly E%tgg_%uteor_ ‘l?ené,?lpg Oér‘%eﬁrylg}P Jﬁguoé'iffo"éfoﬁgﬁ‘e@ Y }C*éoerq}’r‘&ﬂ%‘t: l_§a§?$%jri or
t ?1 t hle ]9! EGR lengige s2id mhddmonmﬁfiag ladding Q:Emkle;gergﬁg angd aeni@hseaT R %ngénethgmu_t

e ol efi.¢ r spersant .vi scosi | i ndex_ i nprover .descri bed herein.
21 A ngtlﬁ_gfz?ﬁ_é éﬁi@;%%@ﬁ Bl 5?@3%&%; P Bl opd oetreret
equi pped Vi n veldase ihein, S&trdb S8RIoh HoDsRE 3! s n
oper‘ati'ngm‘;’,n he cr.ankcase of the gl ' e)gml briiﬁcat_iong OQiT_COITpgeSIitit((%n
cont ai ni ng- & R R OnhﬁngaB‘?"le:ﬁéglegﬁ‘f‘% “g'a‘ﬁ’éﬂdyﬂﬁ'ra"d‘?‘kﬂg?%ﬁhe olefin
Vi scosi t yeopolgheer dispersastasiscodydfideR adplocsrAefribddRF@DY t he wear protection from

soot is superior to the wear protection fromsoot in a cooled EGR engi ne

| ubricated.with an oil without the olefin copolymer dispersant viscosity -
i ndex | NZDOVEIA dRE1E itd ettedPiheistvR8 time bellcA Al drineil £0GidD Eqiflc vith & ™
bet'\/ve_en,-_oix:h drains_.in a vehicle equipped with an exhaust gas recirculation
engi ne up™MBhEBIPCisEaBobengteaw tBRbew S0.88milply the additiendeiadabivatingpil in n
the engi nlie efghte S Subfdi@ hmSaR 8P kn Qlf:ﬁl?-eoﬁalﬁ{ek His Zﬁﬂd M%Eitﬂnﬁmeras

Vi scosity,ingex. inprover as -described "hérein
OST Y ses e nereh.
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