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FI'ELD RECI RCULATI ON ENGA NES The present i-nvention in an enbodi nent rel ates
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| ubricated with a lubricating oil conprising a dispersant viscosity index
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acceptabl e reduction in I ncreased soot
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oi | s st estfilghickenirghine aomtieaheERt PEcaindlufe €ngi.nes exhibit undesirably:
excessive oil thickening because. of the way soot is being generated.
Increasing the treat rate of the standard dispersants in the lubricating

0i | s" haBAKGROUWE the 15 problem The art contains many disclosures on
the use.of pglymer additives in | ubricating oil. " conpositions.
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in a cool ed EGR engi Fe 10 There eve  acc fRgne:
- thi cke®asl agd Detreit Dissel iambsjﬁaﬂ tht: engine dlsyastedd itlieaboled BERCABIBH EFQNTI Ne

| ubrica cont ai n| ch a di spersant viscosity
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contai nlpﬁgﬂeg!ertal n olefin copolynmer ("OCP") dispersant Vils can reduce,
prevent "or mnimse the wundesirable oil thickening that, can occur in the

cool ed EGR el aeSontdys ‘heopaliscleurés be i@ @sel of polymer additives in lubricating 011
compositions, Ethiylene-propylene and/or other olefin copolymers and ethylene—alpha olefin non-
conjugated - diene terpolymers, which have been further derivatized to provide functlonal

- properties in lubricating oil compositions, illustrate this type of oil additive.
20 . Therefore, what is needed is an olefin copolymer dispersant viscosity index improver fef
use in lvbricating oils i ina cooled EGR engine to thereby achieve acceptable reduction in oil
‘thickening due to soot accumu!atlon Also desired is a cooled EGR engine lubricated with a

Iubricating oil contalmng sn_xch a dispersant viscosity index improver (“VII”).

a5 SUMMARY OF EMBODIMENTS

| It has been surpnsmgly dlsoovercd that the use m cooled EGR engmes of lubncatmg oxlsr |
containing certam oleﬁn copolymer (“OCP”) dlspersant VIIs can reduce, prevent or minifnisé the |
- undes:rab]e oil thlc‘kemng that ‘can occur in the cooled EGR engmes By copolymer” herein is
_meant ‘and mcluded copolymers or terpolymers of ethylene and C; to Cp alpha—oleﬁn and

' 30 - optiopally a non-conjugated diene or triene, on wh1ch has been graﬁed ethylemcally unsaturated
carboxylic reactants ‘




meant and included copol ymers or terpolyners, of ethylene and C3 to C23

al pha-ol efin, and 30 optionally a non-conjugated' diene or triene, on which
has been grafted ethylenically unsaturated carboxylic reacihntsy27- --
-------- - ---- 3 January 2007 The cool ed ECGR engines within the scope of
the present invention include autonotive engines, heavy and |ight duty
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di spersant viscosity index Inpprover in 15 an anmpunt and type sufficient to
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| DETAI LE%@%&%{&P 2] h@ﬂc@flguﬂ%r(ﬁm MEresult in the Mack 'I;-l‘l EGR equipped diesel
* engine test by maintaining a kinematic viscosity of about 20.0 or less, even at soot levels of up to
* about 8.9 % by mass.
It is to be understood that both the foregoing general description and the following
. 20 detailed description are exemplary and explanatory only and are intended to provide further
explanation of the present invenﬁon, as éléimed.‘
DETAILED DESCRIPTION OF THE EMBODIMENTS

In an embodiment is presented herein an EGR engine lubricated with a Iubricating oil that

i L _ contains, inter alia,a v-isf:osity-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_compﬁses_ copolymers or terpolymers of ethylene and C; to Cy3 alpha-olefin

' _ and optionally a non-conjugated diene or triene on which has been grafied ethylenically

. ‘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 pc_)lyanﬁne compound selected from thé group
30  consistingof: '
(8) an N-arylphenylenediamine represented by the formula:




I n an enbodi nent is presented herein an EGR engine lubricated with a
| ubricating oil that «contains, inter alia, a viscosity-controlling amount
of a highly grafted, nulti-functional olefin 25 copol yner thatuaco?fffi ses
the.reaction product of (1) an acylated ol efin copolynmer, wherein the
acyl at ed copol yner conprises copolyners or terpolyners of ethylene and C3 -
to C23 al pha-olefin - and optionally a non-conjugated diene or triene on
whi ch has been graft thfieni al |y 3unsaturated carboxylic reactants to a
| evel " of 0.15 to, 1. poxl| i qupPS per 1000 nunber average nol ecul ar
wei ght units ( }, i ne conpound sel ected fromthe group 30
consisting of (a) an aryl pheny RZ2ami ne represented by the formula: 2
3 January. 2007 i 3 RI-(( )r NN s in which R is hydrogen, NH.aryl,

-NH aryl al Tl | kyl ;.. por an strai ght chain radical having
fr oma'{l .t'g‘“éié clgrlgllc%]%o eéﬁfﬁﬂg'@ﬁf)ﬁgﬁg* 1%{“’,31_ t @ tyranched g stegight chain ky| |
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am noa I azol e

am nobenzqt hi azol e, am nobenzo-t.hi adi azof'e an 2, (c) an
anmi nocarBPBREMepr esented by the formula: HP-N 15 2N R Rl in which R

and B repr eggyuh ahiidbinaor ﬁumﬁaeg?dubxbnsisﬁhggfgyﬁin&mafdné<gﬁiﬁégé@gﬁ.fa§@ havi ng

froml to 14 carbon atons; (d) an am nol e repres ®f or mul a:
.. aminobenzo-thiadiazole and aminoalkyithiazole; :

(c) an aminocarbazole represented by the fo:mhla_:
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in which R and R tepresent hydrogen or an afkyl, alkenyl' or alkoxyl radical having from 1'to 14

carbon atoms; (d) an aminoindole represented by the formula:
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3 in which R represents hydrogen or an alkyl radical having from 1 to 14 carbon atoms;
25 (¢)-an aminopyrrole represented by the fonnulé:

R1 E /%.‘ R NH,

N
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30 ~ in which R is 2 divalent alkylene radical baving 2-6 carbon atoms and R! is hydrogen or an alkyl
' radical having from 1 to 14 carbon atoms; .




20 R" 2N~ H in which R represents hydrogen or an al kyl' radi cal having
from1l to 14 carbon atons; - 25 (e).an am nopyrrole represented by the . .
formula: RRNH2 NH 30 in which Ris a divalent alkyl ene faagixcZ07havi ng -
2-6 carbon atons and Rr is hydrogen or an alkyl radical having from1l to
14 carbon atons; 3 3 January 2007 (f) an am no-i ndazol i none represented by
the fornul a: H2N R H.in whi s hydrogen or an al kyl radical
havi ng from mof“b”!i‘ﬁ“"d%aﬁg}ﬁ"’a?wm 3’)’%"% Ehomarcapt otriazol e represented
by the formula: to N---1T- R iN HS-R NH in which R can be absent or is
a Cl-Clo linear or branchedohyd_rocar bon selected fromthe group 15 S
consi sting of alkyl (, arylalkyl, or aryl; (h) and an
am noperi m di ne fgR ed 'Ry the formula, NN20 OR

&

- inwhich R is hydrogen or an alkyl radical having from 1 to 14 carbon atoms;
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| (g) an aminomercaptotriazole represented by the formuia:
5 | | N— R
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- in which R can be absent or is a C;-Cyo linear or branched hydrocarbon selected from the grbup
15  consisting of alkyl, alkenyl, érylalkyl, or aryl;
(h) and an aminoperimidine represented by the formula,
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N
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in which R represents hydrogen or an alkyl or alkoxy radical having from 1 to 14 carbon atoms;
P R @ aminoalkyl imidazoles, such as 1- (2—ammoethyl) imidazole, 1-(3-aminopropyl)
25 : ‘imidazole; and
(j) aminoalkyl morpholmes such as 4-(3-aminopropyl) morpholme
. The novel lubricated cooled EGR engines d&;cnbed herein contain Iubricating
compositions that comprise an oil of lubricating viscosity and a dzspersant VH effective amount
© . ofthe highly grafted, mulﬁ-ﬁlﬂcﬁonal olefin copolymer dispersant as described above.
30 In an embodiment, polymers for use herein may include copolymers of ethylene and one
or more C; to Cy3 alpha-olefins. Copolymers of ethylene and propylene are very effective. Other




in which R represents hydrogen or an al kyl or al koxy radical having from1
to 14 carbon atons; (i) amnoallcyl im dazoles, such as 1-(2-am noethyl)

i m dazol e, 1-(3-am nopropyl) 25 inmidazole; and (i) am noal kiauaip2ggiiol i nes,
such as 4-(3-am nopropyl) norpholine. The novel |ubricated cool ed EGR

engi nes descri bed herein contain lubricating conpositions that conprise
anoi | of |ubricat ng viscosity and a dispersant VI| effective amount of
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i ncl ude mixtioreséresof.l - pentene, | -hexene, 1- octene and styrene;
a, wdiolefrns,such a - hex%di ene, . 1, 6-hept adi ene, 1, 7-octadi ene; :
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substrates,. often desi gnated as mterggl yners, may be prepared using a
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the cool abnbER seRBGH REH nod B6njlPkdddi G RAMGRES. IERGbRLInfugsiadid@ Prepare an
i nt erBQIyma_r substrate is a%grﬁ%ene nononer sel ected ™ fTom non-conj ugat ed

di end8 afempencatis ene hpwine from Gyherajons intke cheine dmensreatbodingnt fhe diemei ng

froms5 tenohdm 08P e . | he di ene
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S ot hy 1 i e e BB RE T PRl a0 ana
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T R L
1, 4- hexaditapelymFhwmbstratedn b4dexgdgmnent wi || have at | east two non-conj ugat ed
do u bl e b onds, Tﬂé.ltgieﬁbocoIn?)onent will have at least two non-conjugated double bonds, and up to
-about 30 carbon atoms in the chain. Typical trienes useful in prep'ar-ing the interpolymer of thé
‘ .invention-are 1-isopropylidene-3a,4,7,7a-tetrahydroindene, 1-isc;propy!idenédicyclopentadiene,
20 dihydro—isodiéygiopentadiene,'and 2—(2—mcthylene—4—meﬂxyl;3-pcntenyi)[2.2.1] bicyclo-5-
heptene. o ,
Ethylene-propylene or higher alpha-olefin copolymers may cossist of from about 15 to
‘80 mole percent ethylene and from about 85.to 20 mole percent C; to Cy3 alpha-olefin with the
‘mole ratios being from about 35 to 75 ;holc pt?rcént ethylene-and from about 65 to 25 mole
© .25 percentofa Cs to Cy3 alpha-olefin. In andthér embodiment, the proportions are from 50 t0.70
-mole percent ethyléne aqd 50 to 30 mole percent C; to Cy3 alphé—oleﬁn. In yet another exainple,
the prbpo;ﬁbns are from 55 to 65 mole percent etherne and 45 to 35 mole percent C; to Cp3
aIbha-oIeﬁn. ' | .
Terpolymer variations of the foregoing polymers may contains from about 0.1 to 10 mole”
?Io" . percent of a non-conjugated diene or triene. B | -




about 30 carbon atons in the chain. Typical trienes useful in preparing the
I nterpolyner of the invention are

1-i'sopropylidene-3a, 4, 7, 7a-t et rahydr oi ndene, 3 January 2007

1-i sopropyl i denedi cycl opent adi ene, 20 di hydro-i sodi cycl opent adi ene, and

2- (2-nmet hyl ene-4-net hyl - 3-pentenyl )[ 2. 2. 1J bi cycl 0o-5- heptene.

Et hyl ene- prop _hi gher ha-ol efin copol yners nmay consi st of from
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30 . peréegt of 8 non-conj ugated diene or triene. nuary 7 A'so
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pol yi sopr ene Bie temsaplymetandspydlgugsaersed gavericalip oy érsappaneahgaidr at ed

pol yigopé& Qh)(,mé y strate, that .is the et ene
copol yrrer(ﬁ’gfr?nfegb?pol yners,érggg’%@gﬁgllﬁ' g?%‘s-e sgnﬁﬁﬁ%ﬁycf’?tﬁl@é?m?fran}?f’ﬁtﬁe é*i“pol,ymer
havi ng. a°lefivipErnemers splengres thebisis chavadtestics ofdim alydae copdlyrkart @otl 50, 000 as

det er m nggi.B rmeation chromatography and universal calibration
strandar di zgtiaag%?lhnvﬁggh a nunber average nol ecul ar wei ght range of 30,000 to

110, 000. The Ther prdymaizativier reanticn as@bloy faem e &m@o&ﬁﬂﬁfc}?_&lﬁhbﬁﬂb@&zﬁéwmass
cont ai n e SRR iy of Bone IR oo entie e TGS o r alormesaplist . |
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: golvent 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
ghain paraffins having from 5 to 8§ carbon atoms, with hexane being preferred. Aromatic
20 hydrocarbons, preferably aromatic hydrocarbon having a singlé benzene nucleus, :;uch as
" .. benzene, toluene and the like; and saturated cyclic hydrocarbons haviﬁg boiling point ranges
‘ approximating those of the straight chain paraffinic hydrocarbons and aromatic hydrocarbons
' | B :,de_scribed above, are particularly suitable. The solvent selected may be a mixture of one or more
SR of the foregoing hydrocarbons. When slurry polymerization is employéd, the liquid phase for
| 25 - -polymerization is preferably liquid propylene. It is desirable that the polymerization medium be
L free of substances that will interfere with the catalyst components. -
An ethylenically unsaturated carboxylic acid material is next grafted onto the prescribed
- -polymer bagkboqe to form an acylated ethylene copolymer. These carboxylic reactants which
R are suitable for grafling onto the ethylene copolymer contain at least one ethylenic bond and at
. 30 least one, preferably two, carboxylic acid or its anhydride groups ﬁr a polar group which is
o r-c_onvertible into said qarbbxyi groups by oxidation or hydrolysis. The carboxylic reactants are in




generally carried out in the presence of a conventional Ziegler-Natta or
met al | ocene catalyst 15 _ system The pol ynmerization nediumis not

speci fic and can include solution, slurry, or gas phase prdcksses200as known
to those skilled in the art When solution polymnerization is enployed, the
sol vent .may be any suitable inert hydrocarbon solvent that is |iquid under
reacti.on condjtjons for ol ymeri zati on of al pha-ol efins; exanples of
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whi-ch is conyertible.into,said carboxyl .groups by, oxidation_or hydrolysis.
The car boxyl i iénorné:g Hipgnt, the cqrpoxyfic @éﬂdgﬂ‘@&g@@‘?m‘bﬂéscgwmt sel ect ed
f r om t he baekboge io an amsint RepreFidat.A yid K0 cd?ﬁi;?l@@grb‘ﬁﬂs‘jéer' 1000 Aadbé av&agd Oni C,

mal ei c, f-ugari' c a_gg i Iacf?lﬁi C lrea tq&%s: ternatively, the carboxylic
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s-1inked structure during the free-radi‘cal grafting

tendency to forma crQs;
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20 dispersancy performance in the lubricated cooled EGR engines.
Thie grafting reaction to form the acylated olefin co;-:»olymers is generally carried out with
: fhe aid of a free-radical initiator éither in solution or in bulk, as in an extruder or intensive
3 mixing de'vi_ce. When the polymerization is carried out in hexane solution, it is economically
o o convenient but not required herein to carry out the grafting reaction in hexane as dcséﬁbed in
, '_'-"2'5' ~US. Patents 4,340,689, 4,670,515 and 4,948,842, incorporated herein by reference. The
~ resuiting polymer intermediate is chamcterized'bﬁ hﬁving carboxylic acid acylating functionality
E i’éndomly within its structure. _ , | '
The highly grafied, multi-functional olefin copolymer dispersant VIIs used to lubricate
] . the cooled EGR. engines of the present invcntion can be iﬁcoiporated into a lubricating oil in any
30 . convenient way. Thus, the highly gmﬁed, multi-functional olefin copolymers can be added
E d;recﬂy to the lubricating oil by dispersing or dissolving the same in the lubricating oil at the




carboxylic groups per nole of reactant to the grafted polyner. That is,
nmet hyl nmethacrylate can 1o provide one carboxylic group per nolecule to
the grafted polyner while maleic anhydride can provide tws aanbmoplic
groups per nolecule to the grafted polyner. In one enbodi nent, the
carboxylic reactant is grafted onto the prescribed polynmer backbone in an
anount to provide 0.15 to 1.0 carboxylic groups per 1000 nunber average
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in the preparation of lubricating oil 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 Iubricaﬁng oil, or other suitable solvent. Usually these n
concentrates may be diluted with 3 to 100, e.g., 5 to 40, parts by weight of lubricating
oil per part by weight of the additive package in forming finished lubricants, e.qg.
crankcase 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 fi‘nal blend. Thﬁs, the highly grafted, multi-functional
olefin copolymer dispersant Vil wodld uéually be employed in the form of a 10 to 50
wt. % concentrate, for example, ih a lubricating oil fraction.

The amount of dispersant viscosity index improver in the lubricating oil in the
cooled EGR engine can be from about 2/ wt. % to about 18 wt. %.

The highly grafted, multi-functional olefin copolymer dispersant Vils used in
an oil to lubricate the cooled EGR engines of the present invention will generally be
used in admixiure with a lube oil basestock, comprising an oil of lubricating viscosity,
including natural lubricating oils, synthetic lubricating ocils and mixtures thereof.
Natural oils include animal oils and '




(such as benzene, xylene, toluene, lubricating base oils and petrol eum
distillates) to forma concentrate, and then bl ending the concentrate with
a lubricating oil to obtain the final formulation. Such addiabaae2007
concentrates will typically contain (on an active ingredient (A 1.) basis)
from about 3 to about 45 wt. % and often fromabout 10 to about 35 w. %
hi ghly graft %Snéltl-functlonal ol efin copolyner additive, and nore often
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The highly grafted, multi-functional olefin copolymers used in 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, phosPho:yIatioh, and maleination.

A In another embodiment herein, the EGR engine is lubricated with a lubricating oil forther -
- comprising an additive selected from the group consisting of zinc dialkyl dithiophosphates,
i friction modifiers, antioxidants, defoamants, surfactants, corrosion inhibitors, extreme pressure
‘25 agents, detergents, and pour point depressants. '
- Thus in another embodunent an EGR engine is lubricated with an oil comprising a
h]gh[y graﬂed multi-functional olefin copolymer viscosity modifier, also called a viscosity index
improver, comprising the reaction product of an acylated olefin copolymer and a polyamine,
~wherein the acylate(i olefin copolymer comprises an olefin copolymer having grafted thercon
‘ --_30' from 0.15 to 1.0 carboxylic groups per 1000 number average molecular weight units of olefin
copolymer and wherein the olefin copolymer has a number average molecular weight of between




an oil to lubricate the cooled EGR engines of the present invention will
generally be wused in adm xture with a |lube oil basestock, conprising an

oi | of lubricating viscosity, "including natural |ubricati ragas2007
synthetic lubricating oils and.m xtures thereof. Natural oils include.
animal oils and 8 3 January 2007 vegetable oils (e.g., castor, lard oil),
l'iquid pet e s and hydrorefined, solvent-treat ed or acid-treat, ed

m ner al Eé}h&d%‘gﬁﬁﬁr&l’%l | s of the par af fini c, naphthenic and nixed paraffinic

naphtheni ¢- t yiReothel lnfpoptnt blrhﬁdd?xﬁ&dt,nﬁae\/lhﬁ&ﬁéh (olkP L dnfih0 e (P by Shal €

are al so,useful base_ oils. The sint hetic lubricati ng S us
i nvent i offVEHIM R SyRdsiegly any thaMbdl ESR gosbenturrasyandsdigpersanehtest, the T-10

hydr ocar ggf) a9 luse Mabd h1i e&! (‘E@ﬁﬁ € f:peﬁrcﬁesaoénginlzﬁj] t@&v@&mnﬁf)luﬁn@uﬁg%ﬂs

ol efins, alkylated aromatics, | 'ene oxi de mers, 1nterpo
copol § e FeptaRiAg (eraiy &P?%s’lsp?lﬁ@ﬁ%(bﬁdm EthyFee HKEG@ fAl72 hjspessmt] a:grmmps have

been mdﬂfsb&%nb”lﬁsﬂa% héd B'z{?y é‘%? fdﬁﬁéfﬁ?&s ﬁtc%o{eﬁsééf{sﬁng . ghcf urt her

di carboxyl1c acids and si con resent i nven
di r ect eddispersanh¥lindisclesed herpinay lumjulflu daﬂmm:mg orlymarcdolédl EGR dijine canbennged

dur abi | i C thod
conpr i segs!ym%hlggt 10%% (gﬁcf %ﬁﬂg%ftgng%ﬁ?] %ﬁgcﬁ“gl%% 5?’7 %yf?]“ef Et%é@lsg?

| ubri-cat HnBE@EISTL%aImﬁTECM’IG’@laloae n¥irg usddhe lubticitd NCuamels\o6ied EGRR:ﬁglﬁ@nt VI
descr begﬁh Sﬁh Al so provided is a nethod of sinultaneously passing the
Mll GRan -TBS‘t ests (ASTM D4485 classification for Cl-4 oils D02.B0 C
1-4 Ballot) -and the Mack T-11 test which 15 are cooled EGR engi nes. Said
met hod conprl,ﬁ 5 adding to and operating in the crankcase of the vehicle
tHe | ubricati % 0I conposition containing the ol efin copolymer dispersant

VI describedy.1: abeveHFive hi ghl % geakt edwesaiissze f ungtdanal o eistd
copol yners us ed int 8 nthe oils to Iubrlcate the cool ed E&R engi ngs t)¥ t he

present invention may’be post-trkdted so as %o inpart %dditi @A8¢ 20
propgsties nexessarysor desired for a specifigc |ubrigggt apphiheation.
Post-treatnment technjques are well known in the art and include

bor onat i on, p%osphor% ation, and®%&l ei nati 0oA7 In anof8r enbddi2Bent herein,
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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 Iubricated engine achieves a viscosity increase of less
than 10 cStat 100° C at asoot level of up to 6,0%m in the Mack T-11 test.
A Another embodiment herein provides a lubricated EGR engine wherein the Tubricating oil
. 25 . -passes the Mack T-11 testat a viscosity increase of less:than 8 cSt at 100° C ata soot level of up -
10 6.09%m in the Mack T-11 test. .
Further provided herein is a lubncated EGR engine wherein the lubricating oil ‘has a
' VlSCOSlty increase of Iess 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 pamcles cause abrasive wear on valve trains, rings, dnd 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, COr I 0S| on inhibitors, extreme pressure 25 agemaauargzlmtoergents
and pour poi nt depressants. Thus, in another enbodi ment an EGR engine is

| ubricated wth an oi I corrpri sing a highly grafted, nulti-functional
olefin C%%B I VIS ym)dlfler also called a viscosity index
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oi I's. 5 chareal nCorgbusen shging nowmpriding pe reseled sxhast lgds mg:n‘c‘ﬁlht)dn Systml 6K &) 5772
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conj L 1u§ ‘?\(}\{l hI ot her dispersants. Table | shows Hi TEC(r) 5777 al one,

Hi TEC 7 %Pus Hi TEC(r) 5772, and Hi TEC(r) 5772 al one, when used to

| ubri Cat e a Cﬂ.lﬂirlbmmgaﬁbﬁhﬁb E%uﬁﬁglﬂﬁemeﬁn Qoﬁcﬂ Jafedr &ﬁﬁrsﬁﬁlUVHs dd@Rlendreif- 1 -
Wt . %5777 %dACt'Yl ¢ 772 % Act.i v Vi scosity 1.41 0 0 25.04
15 .2 4. BT FxF 6“6"’ rmange iy the Mag 1T615§‘?3t Foducg bth bghzsdiw tmperagugs 1. 01
66. 73 Thicluing, gbie siRsioP§lud PSR nded WK SioMes: PHBBRISh #dmAbotl 00 C.

Tabl e 1 cl earl

gtner embodiment, the present invention provxdes a method to extend the service
L 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 engme of an olefin copolymer
T dlSpersant VII as described herein.
The oils containing the olefin copolymer dispersant VH 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 sledge
suppression perfonngﬁce; provides superior performance in EGR engines; good shear stabiﬁty,
pérmanen‘t and HTHS; excellent dispersanqy for soot handling and improved wear protection;
~-altows for lower additive treat rate; and excellent used-oil low tcmperatufe viscosity properties,
P relative to the low temperature viscos‘it& properties of oils not containing the oléﬁn copolymer
' 25 dispersant VII as taught herein. | -
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20 that H TEC(r) 5777 dispersant controls the viscosity increase while the
use of -the dispersant viscosity nodifier H TEC(r) 5772 does not (higher
viscosity of 66.73). In yet another. enbodi ment, the | ubricalkduengioie
achieves a viscosity increase of less than 10 cSt at 100 Cat a soot |evel
of up to 6.0%nin the Mack T-1 | test. Another enbodi ment herein provides
a.lubricated EGR engi ne #sFdrhl {eséKpmddlsi cating oil 25 passes the Mack T-1
| test, at a viscosity increase of less than 8 cSt at 100 C at a soot |evel
of "up. to 6. onin The NMacK T IT Test- —Further—provided herein is a .
| ubricated EGR engi ne whateih ¥ e UprrESsL i ng oil ha$ a viscosity increase
of less than 1Qegesf—at 100 C and-up to 6.0%n soot injthe Mack T-11 test. It
i's known that hard soot parth[es cayse .abjasi ve weaf on val ve trains,
rings, ‘and lfiners.} 30, Thick Tubri c?ltl ng @il -filnmsjcontaining the oI efl n
copol.yner dilspéPEapt—vris deft nea tref et bcn signiffcantly and
surprisingly gee > S md M1 1 test :
per f or mances é]ﬂ@ﬂu_ 'I:.\nll,'-\r\l 9007 1 FITFLd t.hifck _hQH,Q,Q y films providing
percent- filh gesisfance val ues of /80 t 0 abgut|{-Q5eabifr 2000 seconds in the.
High Frequercy Rec procatlng Rl L FRR) t. EGR te$ts results have shown
soot thi ckeiti nd T Bl RpopiaceieaE A s superiof to that seen in the
T- 8E ‘test- WubrPe%} ng orts—contarntng-—the-jol efi n copol yner di spersant - VI |

5 describediher epm—h&ve‘—beeﬂr—w@eessim#y_._t ested in ¢ool ed EGR engines from
Cat’, Mack, Gumm n&? VoPfo; &¥d Detroix®wDi esel . Thus anot her - embodi nent

her.ei n provijdes a use in an %°h#®rnal Conbustion eng{ ne, conprising a

cool ed exhaust gas recircuration system of a tubritating oil conprising a
base oil, andigue ] Blagtratesiihat by Bfeivse indhrodopled EGR egoesfiatubicaiogsilt y i ndex

i npr. over, tﬂm uced oil

t hi ckeni r?galﬁ{gt ?gdﬁﬂ%%#géa? %telg}, I%g#ﬁge(%}%g?'?%e Ogllt ﬁxg{blt?cpn%%ggﬂ? i ning the
olefin: cw@mwmrlo 1S Bt doen notihdreasclmpidhyeid h@rseotﬂoadpfgowhdeasmmﬂxdn&lﬁb

per f or reduce -bot 40w Lenperat ure

Phi ckent Haosilybr i3S shidsh feftdince B B ELR Bl bSOl st il 5L o

pr ot ect ilovelf Fxgmeslcsbows vlncoamea foelubdedtiagbiloring Grbep Pand Grop I baseils.on provi des
a nmethod to %ﬁa%&lar@%s&%fafefc in-copolymer dispersant VII for addmon to a lubricating oilin a

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

Virginia.

The following examples further.iltustrate aspects of the present invention but do not limit
10 the present invention.
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15 tinme between oil drains in a vehicle equi pped with an exhaust gas
recircul ation engine up to about 60,000 nmiles by the addition to a
lubricating oil. in the engine of an olefin copolyner dispeymhamy3l0f as
descri bed herein. The oils containing the ol efin copolyner dispersant VII
as taught herein also have the follow ng advantages when used in cool ed
EGR engi nes: excellent for building filmstrength and 20 reducing wear;
low treat rate of, for exanple, 8.5%w. (- 9.5%vol.) for 15W40; strong
sludge suppr essi on performance; provides superior performance in EGR

engi nes; good shear stability, permanent and HTHS; excellent dispersancy
for soot-handling and inproved wear protection; alloms for lower additive

treat rate; and excel | ent FfpyeE properties,
relative to the Iom1tenperature V|SCOS|FEE§$@pe i'es g?ﬁj?# not contai ni ng
the ol efin copalynmer .25 dispersant VI|I as taught herein. 11 3 January '
2007 MACK 1-1 1 1 est Results Mack T-11 Viscosity Increase 80.00 70.00-.
60.00 50.00 o0 0 Ref 48ag0T-BE-SGrbERedtoy L3O DOmpardind|Vis2sit 10. 00
0.00 .. s 0.00 2,00,4.00 6.00 8.00 10.00 Soot, %n Figure 1 illustrates
that by the use in the cool ed{ EGR engijne of a Jubri.cat|ng ol

100000 . )
| | | v

peP

—

=1 , Grpup 11

Mscosity @-25 C{

Wt % Sooft, 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 FITEC® 5777 dispersant additive. The Figure shows a cutve for Gioup I and

" for Group II base oils in this low temperature Mack T-8E test. In this illustration, the additive

' HlTEC® 5777 allowed the mamtenance of low temperature wscosﬁy below-the ISW limit to a

et

B ' loadmg of over 6% soot in Group I base oil and to over 9% soot in Group H base oil.
.10 '
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containing the olefin dispersant copol ynmer VII
exhi bited a kinematic’
i n high soot | oading,
standard reference oil

viscosity at 1000 C that does not
whereas -the kinematic viscosity of t

i ncreases rapidly beyond the 4% soot
| evel .- Figure 1 shows viscosities-for lubricating oils usi
Goup Il base oils. A particularly useful ol efin copolyner
for addition to a lubricating oil in a cooled EGR engine
Di spersant available from Ethyl Corporation, Richnond, Vir
foll owi ng exanpl es further
do not limt to the present invention. 12 3 January 2007
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Figure 3 illustrates the performance-in a cooled EGR engine of a lubricating oil labeled
C1-4 D1 containing HiTEC® 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
_ . ,fesnicted the viscosity increase at higher soot levels. o
.'Id' :
" EXAMPLES:
Example I.
" In an example of an embodiment herein, a cooled EGR engine was lubricated with an oil
conitaining an olefin copolymer dispersant VII prepared as follows: An acylated ethylene-
s " propylene copolymer was. prepared by free radically grafting maleic anhydride, in the presence
S of a solvent, onto an éthylene-propylene copolymer backbone. The acylated ethylene-propylene

14




H TEC(r) 5777 allowed the maintenance of |ow tenperature viscosity bel ow
the 15Wlinit to a |oading of over 6% soot in Goup | base oil and to over
9% soot in Goup |l base oil. 10 13 3 January 2007 Ext endexlJaiuB¥20D8st s
Ethyl Cl-4 D1 with H TEC(r) 5777 vs CH+4 G| 70 O040. LL 20 ,0 0 OO0 J,
lip*'V % 44 P. 4 4y 4 44 49 4a 01 4" Soot, X m.5 Figure. 3 illustrates
the performance in a cooled EGR engine of a lubricating oil |abeled C14 D

cont ai ni B%Eljim-EEEXJQ ncRlbed aVRig® Hiblctulid ABERIH GRG0 8bh gs%e%nﬁéd bpe _common

ext ended test for vi sc03|t¥h§|han ge Caused by soot 1o0a cl ear
that the8tPemeatiop chepspategrapher FRetenspnditiens ohdiplar nml{smmymf mdlegper sant VI |

descri beghHyar®i Ad %{1@{1&82 E@@Eﬁé’capoly&@%&l: Qﬁé?i%ﬁtt he nYdl&ﬁ@? bf ﬁéal{«:ln %nhﬁ%nﬁ% odi ment

hi gher soot |evels
her ei n, ¥exegmibied opigthenigfinnopolimet lmgkbcmat 'éhisweuhlvaimtm 0 36 Ganbdxalmgmg)san

PR e A g e s R
anhydr i dearbexyli¢ proupy’ K166 v to foim thesoyluted ethylond-propyleretchydlaner- Theaylede
copol yme gy Dtk A8 ene LoFo G s FcRh W R Sh R PPY LB enctfiamine (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 grafied carboxylic groups. '
10 Example L. |
In another example, a cooled EGR ;angine was lubricated with an oil containing an olefin
; copo!ymer dispersant V1l prepared as fOHOWS' The highljr grafted, multi-functional viscosity
| " modifier of Example II was prepared in the same manner as that of Example I. ‘However, a
sufficient amount of maleic anhydride was ‘added such that 14.2 molecules of malclc anhydride
15 were grafted onto the olefin copolymer 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 = 0.7.1
carboxylic groups/1 000 Mn) to form the acylated ethylene-propylene copolymer. “The acylated
lethylcne-propylene copolymer was reacted with N-phenyl-1 4-phcny]ened1amme (NPPDA), in
A the presence of a surfactant, at 160°C for approximately six hours. The NPPDA was added in an
20 . amount sufficiént to theoretically react with all of the grafted carboxylic groups.

h has ‘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
cépolyr'ner dispersant VI described herein when used in an oil to Iubriqate a cooled EGR engine.

'E - In certain embodiments herein, the olefin copolymer dispersant VII can be present in the
25 luﬁﬁcatiﬁg oil in the cooled EGR en.gine 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 exempiary 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
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3 January 2007 copol ynmer had a nunber average nol ecul ar wei ght of

approxi mately 40,000 as determ ned by gel perneation chronatography. The

reaction conditions and nolar proportions of maleic anhydr3 theusmnad07

et hyl ene- propyl ene copol yner were such that 7.2 nolecules of maleic

anhydride were grafted onto the ol efin copolyner backbone. This is

equivalent to-0.36 carboxylic groups 5 per 1000 Wh of polyner backbone

(i.e., ZHmﬁllﬁc&&n&s&ﬁi’rﬁh%Wldaﬁeﬁr RABRL s O is mﬁféﬁe spitt Q{a rrALlJe%f

groups/l Vh) gﬁg formthe acyl ated ethylene ropyl ene ‘copo The

acyl at ed PRPF' AMSIPSIERG the spesVelents thagsef availablead awatter of law.

N-pheny! - 1, 4- Dgan@B asksawt Henl NP&’éaﬁhte a&l:njgdls&&%d BhEaRRGRs Bfthéﬂptﬁ;tt& faﬁ§l ANt at
was ad

160C for rOX|nateI si X _hours. I'n an -
suf fici ethe ntany Stseefeéamcyfqaearaormtwlcmp Fﬂal‘)fmttlmalbrfalﬂ wétkiingbe Sygptyrbf tige

groups. tRink#ePhe cbﬂs:del'éa GALS bﬁ?&f the iy tl n ut?dep e ld?&n &% Oes, V@S

lubricated with an oil containing an o copo |spersant VI |
prepared as follows: The highly. grafted nultl-functlonal viscosity )
nmodi fier of Exanple Il was prepared in the same manner as that of Exanple

| .. However, a sufficient amount of mal ei ¢ anhydri de was added such that
14.2 nUIecuIes of mal eic anhydride 15 were grafted onto the olefin

- copol ymer backbone. This is equivalent to 0.71 carboxylic groups per 1000
Mh of pol ymer backbone (i.e., 2x14.2 = 28.4 carboxylic groups/40,000 M =
0.71 carboxylic groups/101)0 M) to formthe acyl ated et hyl ene-propyl ene
copol ymer-. The acyl ated ethyl ene-propyl ene copolymer was reacted wth
N-phenyl -1, 4- phenyl enedi am ne (NPPDA), in the presence of a surfactant, at
160C for approxi mately six hours. The NPPDA was added in an 20 anount '
sufficient to theoretically react with all of the grafted carboxylic
groups. It has been noted that the use of some di spersant polyners and
copolymers in lubricating oils used in cooled EGR engi nes did not prevent
- severe oil thickening, unlike the olefin copolyner dispersant VII

descri bed herein when used in an oil to lubricate a cooled EGR engine. In
~certain enbodi nents herein, the ol efin copolynmer dispersant VII can be
present in the 25 lubricating oil in the cooled EGR engine in an anount of
from.2 weight percent to about 18 weight percent. Active material range
from0.55 to 10.0%n O her enbodi nents of the present invention will be
apparent to those skilled in the art
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from consideration of the specification and practice of the invention
di scl osed herein. It is intended that the specification and exanpl es be
considered as exenplary only, with a true scope 30 and spi r3 langiry 200&
i nvention being indicated by the followng clains. This invention is
susceptible to considerable variation in its practice. Accordingly, this
i nventi oflaimsnot |imted to the specific 15 3 January 2007
exenplifications set forth herei nabove. Rather, this invention is within
the spirit and scope of - the appended clains, including the equivalents
t her eof AvAiubsitated asgine nempisingé cocled efhavispgasorticsialiopsystem, i ntend to

dedi cat egﬂ&ﬁég??ﬁ%u@? eErEBﬁhg gﬁgﬁﬁot Oq%nle%?ed%%é chzl»r?tglr%g?{\;ﬂlltpg{éﬁguﬁét ent any

di scl ose I'cat1dns or not wthin the
scope of oftfnel coptagt alubscatingejl usee tcckdhmaﬂ@md enging.awviperein said Iulbre:aimg'ent i on

under thg gé?ﬁﬁr{segea B’efiseecﬁpé?{&‘gﬁﬂéﬁ onégilsg ﬁgﬂféﬁﬁ&ggﬁyﬁéﬁg ﬁcﬁ? Vet on syst em

Iubrlcated engl ne conpri &ing
wher eby @Wh@!‘m tgamh@ronmdugﬁcri@nsa@wtatege:!ﬁmmoedlymﬁr anda polybugtE, tn in t he

engi ne I ai d engi ne,
wher o1 n SaeOFsREAFle @alche BRI nRTg & e RIEREG o2 < “one
di spersant viscosity index inprover conprising the reaction product of an

acyl at ed Oﬁféfé :rféod?f%la}’rﬂqrw Qr‘é hQ‘HJntNi@?M&E‘on fIJr‘Pher%B ﬁ?éﬂ”'én ?&H@\) eClent to

reduce t amount of ol l Kent n ubrica The engi ne
of clai mqectem&wéuths group Icgmlﬁstmmf ﬁth@‘lialle datmcmosnlmm |ﬂyé|9n arodifig.t i ve

sel ect echrfo%lU}p iGbitre %Qtr&ﬂ@%ré&shf}%a%ntsz 'aﬂﬂ\m&ﬂaﬂ sk}ﬂafog*ntamsogut}f’a%m es,

friction iers, corrosion | tors, extrene pressure agent's,

anti oxi dégiergenigetnshpaunpoint depressanismt s,  det er gents, and pour point
depressants. 3. The engine of claim1l, wherein the base oil of the

| ubricating oil is selected from the group consisting of natural

| ubricat$. &%ﬂgkwe of glairn dt wherelidhe dbase ﬂigm‘dh? dibrigaftngreilis selecied fra@r eof . 4. The

fengl ne OfheGt@igRohsishhiFbiaturhNEohatify O, sﬂ{thétﬁquﬂrﬁgﬁh&@ﬁs' Bfd Ripktules Sel ected

thereof.

4. The engine of claim 1, wherein the base oil of the lubricating oil is selected from
the group consisting of animal oils, vegetable oils, castor ail, lard oil, liquid petroleum
oils, hydrorefined, solvent-treated or acid-treated mineral lubricating oils of the
paraffinic, naphthenic and mixed paraffinic-naphthenic 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 acylated copolymer comprises copolymers or
terpolymers of ethylene and C3 to C23 alpha-olefin and optionally a non-conjugated
_diene or triene on which has been grafted ethylenically unsaturated carboxylic

reactants.

6. The engine of claim 1, wherein the acylated copolymer comprises copolymers of

ethylene any propylene on which has been grafted maleic anhydride.
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the group consisting of animal oils, vegetable oils, castor oil, lard oil,
~liquid petroleum oils, hydrorefined, solvent-treated or acid-treated
m neral lubricating oils of the paraffinic, naphthenic and hnsaey2007
par af fini c-naphthenic types, oils of lubricating viscosity derived from
coal or shale, pon al pha- olefins, al kyl ated aromatics, al kyl ene oxide
pol ynmers,, int copol yners and derivatives thereof where the
t er mi nal 7hydr'§§e€/ %‘F"oﬂé%‘a‘ﬁh\}e eel thoengineds spjectedtfegm fliec aroip womgsisting of
etherifi a@binbtive &ﬁg‘irfé& Shea@}f aftl ﬁg{t !l’{l& éﬁ%ﬁn@f a?ﬂ?ﬂe %bllnbl&ﬂgn g%r?cs 513861

engine of ¢laim1, wherein the acylated r conprises

t er pol ynﬁ‘i‘%“"ﬁfhyé’f‘ﬁﬂ“@ﬁé‘ %’?ﬂ’“@m@ﬁcmsﬂahgha ol efin and opti onal ly a
non-conj ugated diene or triene on which has been grafted ethylenically
unsaturated carboxylic reactants. 6. The engine of claim1, wherein the
acyl at ed copowmé@ﬁﬁ‘ﬁmbsfv@whyﬁép@t ofe digeisyit @izeositn jndpr mnybme: @a which

e D bRl B b8 b NG, Wil fuddicnar et copatim P REMs? G renstine oy i ng
of aut oﬁ@@mﬁet)feﬁljl m@cylmwefhncbﬂolygict Whidrgint thuczicylaiagld'@?@lm&a%&h s

conbustl nes rid In n ustiq ectrlc ,
engi nes. é‘g 3’?1 tie% ? fls ?pag bqmie \%Aq&gltﬂ e 'g‘f' q?egﬁsﬁnﬁb?ﬁmﬂ? B’pér -
Vi scosi tyommml d!mp.’r ox/menf: ront Which [hab rbbﬂﬁ"gtaft@i @iblylehBally Bisgita¥edOéabds

rrultl-fu r.that co s the reaction ro uct of
(1) -an a%;%{; egpoev éotagjo}?)r%%"xﬂﬁér‘é‘fpﬁg? %ﬁeym%éue%pm o wedghbr i ses

copolynemmm,mnﬂol)wmly&mﬁfecembwnene and C3 to C23 al pha-ol efl n. and
optionally a non- conjugated diene or triene on which has been grafted
ethyl enically unsaturated carboxylic reactants to a level of 0 3 to 0.75
car boxyl be gr'nwpaagﬁﬁroﬂaﬁ& S| UNRLdin MESFAHADLGRpuAd iV EILRN frdh) &9@; and
(2) a poll%/a.r% onpound. 9. The engine of clai'm8, wherein t % m ne
conmpound 7!

S or

cted fromthe group consisting of
() an N-arylphenylenediamine represented by the formula:

OO,
N _
A 2
m which R! is hydrogen, -NH-aiyl, “NH-arylalkyl, -NH-alkyl, or a branched or straight chain
- :radical having from 4 to 24 carbon atoms that can be alkyl, alkenyl, alkoxyl, aralkyl, alkaryl,
- hydroxyalkyl or aminoalkyl; R2is -NHy, CH,<(CH),-NH,, CH,-aryl-NH, in which n has a value
.ﬁom 1t010; and R? is hydrogen alkyl, a!kenyl alkoxyl aralkyl, alkaryl having from 4 to 24
carbon atoms; ,
(b) an ammotlnazole from the group consisting of aminothiazole, ammobenzotluazole
: _.ammobenzo-thxadlazole and ammoa]kylﬁnazole

(c) an aminocarbazole represented by the formula:

)

‘HoN : _
O 10,

R
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(a) an N-aryl phenyl enedi ami ne represented by the formula: | R3 N in which
R is hydrogen, NHaryl, -NHarylalkyl, -NHalkyl, or a branched or
straight chain radical having from4 to 24 car bon at ons t hitancan200g al kyl ,
al kenyl , al koxyl, aral kyl, alkaryl, hydroxyal kyl or am noal kyl; R2 is
-NH2, CH2-(CH2)0-NH2, CH27aryl-NH2, in which n has a value from1l tolQ
and R3 is. hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, alkaryl having from4
to 24- carbon atons; (b) an am nothi azole fromthe group consisting of
- ami not hlﬁhﬂh&nRaﬁanb &t Ry dazeh grotels

am noal kyl t hi azol e; %gl;é anlwgm nogpa?nbgﬁz?c]ﬂ e rgéfglgeﬁgg%ﬁlﬁ%h@ Y AN
HoN R1 188rbonpiers (4 ap gmyinoindple pppresntedhbithrbormuley esent  hydr ogen or an al kyl |
al kenyl or. al koxyl &adl | having fromlto 14 carbon atons; (d) an
“ami noi ndol e repres formulat RD H2N \/ N H in which R
represents hydrog%g\l radi cal having froml| to 14 carbon atons;
(e) an am nopyrrdl4’ repreSenged by the formula: R1 R NH2 N H

|
H

"in whlch R represents hydrogen or an alkyl radical having from 1 to 14 carbon atoms;

(e) an ammopyrrole represented by the formila:
R1 E . ] R NHz_

: in wlnch R is-a divalent alkylene radical having 2-6 carbon atoms and R is hydrogen or an. alkyl
radlcal having from 1 to 14 carbon atoms; '

(£ an amino-indazolinone represented by the formula:

HoN- /NH
' N
\

S H
. m whichR i_shydrdge‘n oran alkyl radical having from 1 to 14 carbon atoms;

- (&) an aminomercaptotriazole represented by the formula:

N——I——R
HS—R '?‘
Y

‘ '.m whlch R canbe absent or is a Cy-Cyo linear or branched hydrocarbon. selected from the group
cons1st1ng of alkyl, alkenyl, arylalkyl, or aryl

19




in which Ris a'divalent alkylene radical having 2-6 carbon atons and R is
hydrogen or an. alkyl radical having froml| to 14 carbon atons; (f) an
am no-i ndazol i none represented by the fornmula- 0 HZN P6H IWJQMmﬁzmhlch R
i s hydrogen or an alkyl radical having from1 to 14 carbon atons; (g) an
am noner capt ot nazol e represented by the formula: ,N HSSR NI H in which R
can be absent or is a Cl-ClIOlinear or branched hydrocarbon sel ected from
the group consisting of alkyl, alkenyl, arylalkyl, or aryl; 19 3 January -
2007 () and(endaRORPERIdHISpERREEBRHE SN, the formia, \Z N~ NORin
which It represents hydrogen or an al kyl or al koxy radical having froml -to
14 carbon atons; (i) am noal kyl im dazoles, such as ]-(2-am noethyl)

i m dazol e, 1-(3-ani bropyl) i mdazole; and (jj) am noal kyl -norpholi nes,
such as 4-(3-am no pyl) norpholine. 10. The lubricated engine of claiml,
wherei n-the anmpurfd of Nt he di spersant viscosity inprover in the lubricating
oil is from2 weijght percent to about 18 weight percent. 11. The engi ne of
claim1l; mherel -qggulne is cooled by the circulation of a materia

QUL

sel ected fron1J! ii::}coﬁtlstlng of water, a water/hydrocarbon mix,
1 I : ’ ’

wat er / gl ycol ~ and

in which R represents hydrogen or an alkyl or alkoxy radical having from 1 to 14 carbon atoms;
" () aminoalkyl imidazoles, such as 1- -(2-aminoethyl) imidazole, 1- (B-mnlnopropyl)
_im:dazole, and ‘

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

10. * The lubricated engine of claim 1, wherein the amount of the dispersant viscosity improver

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

11, The engine of claim I, wherein the engine is cooled by the cxrculatlon of a material

""sclected from the group consisting of water, a water/hydrocarbon mix, water/glycol mix, air, and

. gas_

12.  The engine of claim 1, 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.

' o 13 The lubricated engine of claim 1, wherein the lubncatmg oil passes the Mack T-11 test at
. aviscosity i increase of less than 8 cSt at 100° C at a soot level of up 10 6.09%m in the Mack T-11

test.

14. " The lubricatéd engine of claim 1, wherein the lubricating oil has a viscosity ,fncrease of
less than 10 cSt at 100° C and up to 6.0%m soot in the Mack T-11 test. '
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gas 12. The engine of claim1, wherein said |ubricated engi ne achi eves a
viscosity increase of less than 10 ¢St at 1.000 C at a soot |evel.of up.to
6.0%nin the Mack T-11 test. 13. The lubricated engine of c3Rinmari200@herein
the lubricating oil passes the Mack T-11 test at a viscosity increase of
|l ess than 8 ¢St at 1000 C at a soot level of up to 6.09/umin the Mack T-11
test. 14. The lubricated engine of claiml, wherein the |ubricating oil has

a viscosilfy |mnmaseamrntems¢mmmnmg.@&onqinsﬁq@(acaolemdxmsttg@s&:Mé@ot in
the Mack _T-:11 EIE’E’%&O 3. Januar he use in_an | nternal

2Q07
Combust i H8h Bio “r?&'l’ ® 818 ‘éﬁﬁﬁ‘ﬁ@'t legst on¢ glefip copolmes dispergant em of

a lubri caiscdsgy Gidex GaFpIves i gn ambafesullidient 49 deddte HRARMORNBf Qbfildic&Onp! v mer
i ndex..i nprover in an anmount sufficient to reduce the

di spersapt . Vi Ssc
anount op‘%ﬂf‘g?ﬁgﬁh’éﬁ"%ﬁngmt hi ckening of the lubricating oil. 16. A nethod

of redu0|ng the soot-induced thickening of a lubricating oil used to
| ubri cat& }ﬁoolﬁpg(??xhau,st gas recircul ating engine in which soot
accumul atts i redugigg the saptadnced- thigkening aip lublieation il npd thlubderts me i th

a | ubri caddiciexdabst GRATRENRURGNA ARE] nowiucﬁ@go@ac%u&l&a&é %ggh %ﬁ@t&ﬂﬁagﬂf an.

ol efin copol ymer di spersant Vi scosi tgwn ex_1Inprover.
i mprovi nEemRisingdebiffatpe Be cagipe mith| alubtsafing) ol cowpiisin @ kit and assufficient

reci r cul ghb@R o£RUIEKH copbG el dis &Mﬁ%{}?ﬁ%ﬁ;ﬁ%&%@s adding to and operating

in the crankcase of said vehic ‘ o'l conposition containing
‘a sufficient amount of the olefin copolyner dispersant V|5005|ty I ndex

| nprover y4lesc roying econony

dur abi | i tg ongQg%ﬁ "@%mﬁel egééoo @ﬁlglll}nﬁn%%\%m ‘?dé’éﬁar“&ﬁaﬁt i on engi ne,
wher ei n wnreiﬂmmﬁin@mprenwsl mdhbd’tgnipﬂsﬁladhﬁg)ﬂraaﬁ bﬁkgatin@ i ﬂnecﬁma-,ag@case of
sai d veh : 0si.t.i on n | ci ent anmount
of ¢ he ofd Fetad LbLERE B cGpor RPN igE st Hamienthof e ol Germ o
her ei n.” @BperAntrésdosity iodexsimprivtiakeenibed yergiassi ng the M 11 EGR test, T-10 test

(ASTM D4485 classification for APl C-4 oils), and the Mack T-11 in cool ed
EGR engi ne, said nethod

18. "A method of improving fuel economy durability of a vehicle having a cooled exhaust gas
- _rec:rculation, engine, wherein said method comprises adding to and operating in the crankcase of
said vehicle a lubricating oil compositiqn containing a sufficient amount of the olefin copolymer

- dispelsant viscosity index improver described herein.

19 Amethod of simultaneously passing the M-11 EGR test, T-10 test (ASTM D4485
_.classiﬁcation for API C1-4 oils), and the Mack T-11 in cooled EGR engine, said method
. comprising adding to and operating in the crankcase of the engine a iubricating oil composition
P containing a sufficient amount of the olefin copolymer dispersant viscosity index improver
o desc:it_ied hezein.

20.- A method to give superior oil shadge performancc in a vehicle thh a cooled EGR engme
- said method comprising adding to and opemung in the crankcase of the vehicle a lubncatmg oil
- composition containing a sufficient amount of the olefin copolymer dispersant viscosity index

. improver described herein, whereby the oil studge performance is superior to the oil shidge
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conprising adding to and operating in the crankcase of the engine a :

" lubricating oil conmposition containing a sufficient anount of the olefin
copol yner di spersant viscosity index inprover described heyRimy 207 A
nmet hod to give superior oil sludge performance in a vehicle with a cool ed
EGR engine, said nethod conprising adding to and oper ating in the
crankcase rpf the vehicle a lubricating oil conposition containing a

suf fi ci eRTIOSRBRRAN B FodlebEGR epgipe elasailywighoutith plsfin septolymies dispérsant visctsity

i npr overnﬂ@.@ﬁ;ﬁljrmgd&eﬁ@dﬁmeWer eby the oil sludge perfornmance is superi or

to the oil sludge 21 3 January 2007 performance in a cool ed EGR engi ne of

an oil without the ol efin copolyner dispersant viscosity index i rrprover

descrl beg. her&h[éth L.prote soot
in"a vehicle equi Saé?jgr\?\netgﬁka coéafglg’ke\éwgngll’oge ‘s’%’l'c ?95{%%‘"@@
addi ng tEGBrR?g@&e‘iﬁﬁl nethod meElmraddﬂngasmbdpetahng ange manla:asd ¢ﬂlh¢ eﬂémen:g 0| |

- conposi t lu%HcaQﬁgtoﬂ' Qllddsiflo Hgnft:hr?ih% a su %trf\glfglat Eg}ﬁo‘]l‘?ef‘f Fﬁw%ar

di spersant cosit I naex 1 nprover

protecti vﬁcofsrztjomdsmmnpro@r deqoabdddierding wlt:hby ‘ﬂea#eapﬁxﬁteetﬁim fEin §do@ 1] s‘&@éﬁor ki a
cool ed

di sper sant Vi stosﬁty in %(ﬁq?gﬁ\%}?cgv@(}geegﬁ?‘?b@ i{i@i%h‘gfl'gl I‘“’E]tho‘figgo‘li'}éq’?(r)

extend t tapolyerey fisperdantrdisdosityindx imptovelrdibofibed Reréinvehi cl e equi pped with an
exhaust gas.recirculation engi'ne up to about 60,000 niles by the addition

to-a [ubricating oil in the engine of a sufficient ambunt of an olefin
copol yme22 di- s efettiidito \ekfid el strvidtAe baREAVG drdids i @910 85hifRAGKHI arf 2

- exhaust gas recirculation engmc up to about 60, 000 rmles by the addition to a lubricating oil in

' the engine of a sufﬁment amount of an olefin copolymer dispersant viscosity index improver as

* desciibed herem
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