GRAFT COPOLYMERS, METHOD OF MAKI NG AND COWPCSI Tl ONS
CONTAI NI NG THE SAME FI ELD The enbodi nents relate to
graft copol yners, lubricating conpositions conprising
the graft copolynmers, and engines lubricated with such
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They are generally long-chain polymer compounds such as, for example,
polyisobutene, polymethacrylates, polyalkylstyrenes, partially hydrogenated
copolymers of butadiene and styrene, and amorphous copolymers of ethylene and

propene.

Additives for lubricating oils have also been proposed to provide
Simultaneously the improvement of the oil viscosity index and the dispersion of the
slurry they may contain. Such additives are, for example, graft copolymers resulting
from the grafting of acrylonitrile or aminoalkyl methacrylates on amorphous
copolymers of ethylene and propene, or also statistic copolymers obtained by radical
~ polymerization of acrylates or alkyl methacrylates with vinyllactames such as N-
vinylpyrrolidone or aminoalkyl methacrylates.
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A lubricating oil composition is provided in an embodiment, comprising a base
~ oil and a polymer backbone which has been grafted with a reactant selected from the
group consisting of N-p-diphenylamine,1,2,3,6-tetrahydrophthalimide; 4-anilinophenyl
methacrylamide; 4-anilinophenyl maleimide; 4-anilinophenyl itaconamide; acrylate
and methacrylate‘esters of 4-hydroxydiphenylamine; the reaction product of p-
aminodiphenylamine or p-alkylaminodiphenylamine with glycidyl methacrylate; the
reaction product of p-aminodiphenylamine with isobutyraldehyde, derivatives of p-
hydroxydiphenylamine; derivatives of phenothiazine; vinylogous derivatives of

diphenylamine; and mixtures thereof. In an embodiment, the graft copolymer is used
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BRIEF DESCRIRTION OF THEVDRAWING FIGURE

Figure 1 is a graph showing viscosity increase in test oils in connection with the

Mack T-11 Test procedure.

DETAILED DESCRIPTION OF THE EMBODIMENTS
The polymer backbone used for making the graft copolymers of the

embodiments may include polyisobutene, polyalkylstyrenes, partially hydrogehated
polyolefins of butadiene and styrene, amorphous polyolefins of ethylene and

propylene, and isoprene copeolymers. The polymers contemplated for use include
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More complex polymer backbones, often designated as interpolymers, may be
prepared using a polyene monomer selected from non-conjugated dienes and
trienes. The non-conjugated diene component is one having from 5 to 14 carbon
atoms in the chain. In one embodiment, the diene monomer is characterized by the
presence of a vinyl group in its structure and can include cyclic and bicyclo
compounds. Representativé dienes include 1, 4-hexadiene, 1,4-cyclohexadiene,
dicyclopentadiene, 5-ethylidene-2-norbornene, 5-methylene-2-norborene, 1,5-
heptadiene, and 1,6-octadiene. A mixture of more than one diene can be used in the
preparation of the interpolymer. In another embodiment, a non-conjugated diene for

preparing a terpolymer or interpolymer backbone is 1,4-hexadiene.




trienes. The non-conjugated di ene conponent is one
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aforementioned polymers and copolymers are also contemplated for use in the
methods of this invention. High Mooney amorphous polymers are also suitable.

Specific materials which may be useful as the polymer backbone include:
Mitsui XLL-10, XLM-12, XLH-15 and XLH-17 amorphous ethylene/propylene rubbers
sold by Mitsui Petrochemical Industries, Ltd., Tokyo, Japan; VISTALON
ethylene/propylene polyolefins, sold by Exxon Chemical Americas, Houston, Texas;
Shell Vis polymers, such as, SV-250 hydrogenated isoprene copolymer, SV-200 and
SV-300 styrenefisoprene polymers, and SV-40 and SV-50 styrene/butadiene
polymers sold by Shell Chemical Co., Houston, Texas; Dutral CO and Dutral CT
amorphous ethylene/propylene elastomers, such as, CO-034 and C-043, Buna EPM
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An amine reactant is grafted onto the prescribed polymer backbone to form
the resulting graft copolymer. The amine reactants are selected from the group
consisting of N-p-diphenylamine,1,2,3,6-tetrahydrophthalimide; 4-anilinophenyl
methacrylamide; 4-anilinophenyl maleimide; 4-anilinophenyl itaconamide; acrylate
and methacrylate esters of 4-hydroxydiphenylamine; the reaction product of p-
aminodiphenylamine or p-alkylaminodiphenyiamine with glycidyl methacrylate; the
reaction product of p-aminodiphenylamine with isobutyraldehyde, derivatives of p-
hydroxydiphenylamine; derivatives of phenothiazine; and vinylogous derivatives of

diphenylamine. Mixtures of these reactants may also be used to advantage.
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wherein Ris selected fromthe group consisting of H
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and w 1. In one enbodi nent, the amne reactant is
grafted onto the prescribed polynmer backbone to
p-Hyslroxydiphe rylaring deyivativéstvi ng from 0.5 to 10 wei ght
percent of the pendent groups. |In another enbodi nent,
t he pendent groups wl |l conprise from ™Mto abobs 8

wei ght percent of the graft ol yner. [The anoynt of
[ ol ymsr [
' use

amne r ant . glﬁsn réad—in
he m ni mum

| evel of f onal ity
the m nimum sati sfactory di spersanci, performance in
the |lubricated cool ed EGR engines. Gafting of the
arwingreiruRe aindriRy mayp bertbe sameoott diffepit amdrarb aeldnbed froanthe

groug%f radicals consisting of hydrogen, alkyls having 1 to 18 carbon atoms, aryls
having 6 to 18 carbon atoms, alkaryls having 7 to 18 carbon atoms and aralkyls
having 7 to 18 carbon atoms;

_ wherein R; and R; may be the same or different and are selected from the

- group of radicals consisting of hydrogen and methyl; and

wherein R; is a radical selected from the group consisting of alkenyls having 2
to 18 carbon atoms.




acconpl i shed either in solution using a solvent or
under reactive extrusion conditions in the presence
or absence of solvent. The am ne-functional nononer
may be grafted onto the polymer backbone in nultiple
ways. I n one enbodi nent, the grafting takes place by
a thermal process via an "ene" reaction. |In another
Phepdaidzimdetitgtiveg-af ting is carried out in solution or
solid formthrough a free radical initiator. Solution
grafting is a well known nethod for prodygei ng grakied
pol ymers. Ih such a process, '

ei t her nea ropri atle sol veqts
The 10 desir [ € e
separated for reacti

inpurities by priate T ' The free

radi cal catalyzed graft+ng of the pol Rger with the
functional nononers @évn be carried out in solvents

r BT g fog e P o Al B P arp lactied From the
grodph&f radica s @fnsk@iﬁgldf (hyd&?éﬁ alkiyTseh SR 1 Yo ]I@Qﬁrb@h aithifs, aryls

and nore prefera 0C to 200C., e.g. above

having Gdo 1&1CQ{b§6IaWﬁ§: alkarrischaring 740 fiérearben ptasms endianglkyls

I ning, e.g. | to 50, preferably 5
hawﬁ%?téofvﬁ%%}'ﬂﬂg %]‘hglon the initial total oil solution of
t hetherdinl R;poldyREmagie theaiapiabl differsitrandnareidcted from the
environnent. The free-radical initiators that may be

grouaﬁdaﬂﬁelwsﬁneﬂfeagrogwoﬁwp@ebw ¥ and azo
c f ree- ical .
TREATRs i< AR et T I Bl sl R akenyis having 2
to 181banhmmalﬁmsaadd getonpose thermally within the grafting
terrperature range to provide free radicals. Exanples
of, such initiat i ncl ude apd .di al kyl .
o etBobi it e difineeadient s arale onls e essitrspolymer
backb®hens ppeVia 'actﬁéft poRRREPHAINRrBRIGHRS 10Rﬁé|@m’ S&ricehfof the
eroxyketal s, hydroperoxi des and azo initiators.
penqesy geuN: dnianstheriambedimena tbe aneslden’s@@upa will sompgise from 1 to

soo 3 yuh B Ehuot o e bAGBI" Al poms

" desitegighube fi nélq.'ﬁolyrﬁéﬁmll (ﬁapeﬁhd-dn M&émmf@ﬁ Rpetticsnd intended

de; t- yl - oxi de; yl
use fgthggﬁe&lpblmqr aﬁgrﬁ)%rﬁgwm thpmlmrptum level of functionality is

the 186 60686816 bEhiele 1AM IhinRih Qi¥sAERN lsBerdancy performance in the

iubricated cooled EGR engines.

Grafting of the amine-functional monomer onto the polymer backbone can be
accomplished either in solution using a solvent or under reactive extrusion conditions
in the presence or absence of solvent. The amine-functional monomer may be
grafted onto the polymer backbone in multiple ways. In one embodiment, the grafting
takes place by a thermal process via an “ene” reaction. In another embodiment the
grafting is carried out in solution or solid form through a free radical initiator. Solution
grafting is a well known method for producing grafted polymers. In such a process,

reagents are introduced either neat or as solutions in appropriate solvents. The
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butyl peroctoate; benzoyl peroxide; di-t-butyl peroxy
pht hal ate; 2,5,-dinethyl-2,5,-di(t- butyl

per oxy) hexane; 2,5,-dinethyl-2,5,-di(t-butyl

per oxy) hexyne; butanenitrile, 2- nethyl, 2, 23-azobi s;
propanenitrile, 2-methyl, 2, 23-azobis; 2,23-azobi s(2, 4-
di net hyl pentane nitrile); 1, 1

desifegsipmet Véﬂmmgéﬁféﬁﬂﬁémbh@e sepapatealiginy Ue tdddtibR
(AIBN); hy dro?en per oxi d

solvents andferdrepe @&W@p@r@nr@e pyrifierticasieps.uper ox(r), Elf
At ochem Phi |l adel phia, Pa); cunene hydroperoxi de;

{ B rieBdapareash Ed dramnlior e BOVREL Hihife (PR

t he above classes nit r’specitical
monomiers adobs omwedbeuhmeszbtwents tikbbeatemy) thlaepe cawI@h'ue or hexane.

dj cal tiat th hout, the entire
The F&AgtBRds E%F'@?Z%'a? & eﬁﬁ@)@%@%‘(ﬁ%{m iniBe Gng] PI0°C to

250°teaﬁﬁe'ré}ﬁbl e?éd@et ahg @%ﬁr&f&ﬁblﬁt%@ Bt6900%€, e.g.

perOX| cat yst nitiator
abm@‘fﬁﬁfﬂ ¥ aes@l\@nt,rmemrablmesmlmrm Inbricatingesibssiatien eontaining, e.g.

ove.wh readi | nitia reaction and .
1 to BARIAAPES o ad Whop. 3R o kBl B st o B said
polymel afél préferatfip DREELSN NS ehliforFhtTUM react i on
tenperature is comonly dictated by the effective

characteristic mnimuminitiation tenperature of the
i ni he lieeradicakindiatasg dhgt way belusedtisclude parodidessihydraperoxides,

o § 38k tboRte! PR ANy 18 el Pl AP LAY 5 bt

pointcgrenterttean Abyut mﬂ"@aﬁd deyordposs mbrmlu? viganthd graeRe

or di ssolve the renaining onents o t he reaction
temparatirg EangedoP¥iRediae rad&al%ggxar@ptﬁacé saspriritiaters inclusde alkyl
and Lgllgg(ny g@l‘nge n’p?gﬂ )?ﬁgo %’gﬁ;‘t) %cotlé Sf/)g!éé?ﬁl@ﬁecﬂgforﬁe%eromdes
perosydicargbhhateisaparcoyetiess) qjeedxyddeltam,atydromroaidleswidl azo initiators.

RepRSREIoR SN2 eclpSe Tt PnbRct 1dBetite which is
mcor%Fét@&l‘ BRASIR by r@feh‘éﬁéé’ nSBQ&lhé"lrﬁ orsdt?c?rﬁgbrf;g'a‘?@@ HEHH' e, for

and ot hers. Ip hati c ket ones exa acet on
examplecdig;busgltparexidel dlcurrarhnemmde.: i—é)ﬂt}d-hembbemxdealtmtyl

sol.vent erein. Nonreactive .
perb SRl ho R R e BistodR E 3 oroxy benzoate; t
butyl@groctearn beAgoy! qieedsbh@é Qﬂftftil.ﬂ{/lq:ergi(y ithal0é:00 5 eafnaAf-2,5,-di(t-
- ot hers are al so useful
butyl peroxy)hexane 2,5,-dimethyl- 2 5 -di(t-butyl peroxy)hexyne; butanenitrile,2-
methyl,2,23-azobis; propanenitrile,2-methyl,2,23-azobis; 2,23-azobis(2,4-
dimethylpentane nitrile); 1,13-azobis(cyclohexanecarbonitrile); azoisobutyronitrile
(AIBN); hydrogen peroxide; 2,5-dihydroperoxy-2,5-dimethyl hexane (Luperox®, EIf
Atochem, Philadelphia, Pa); cumene hydroperoxide; t-butylhydroperoxide; t-
amylhydroperoxide. Any of the above classes of initiators or specifically listed
initiators may be used in combination to provide optimal radical initiation throughout
the entire reaction process. In one embodiment, the grafting reaction is carried out in

solution in the presence of a peroxide catalyst.
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sol vents. Another category of solvents useful herein
is a base oil stock which has a low aromatic content
and which will be suitable for incorporation into a
final lubricating oil product. Any base oil nmay be
~used which can disperse or dissolve the remaining
conponents of the reaction m xture without materially

PAF AT BEH inﬁﬁatéﬁbdrhmdnﬁﬁﬁéé Qrd:hafactéﬁ%ﬂi:' rﬁﬁwﬁlhﬁﬁtemperature
reacti ons to an unacceptab ree. ecifically,

aboveywiRigh itawil seadibisivitiage ageagtgg"ea bgfomaw ichl inigiation will proceed

morE BB 3.0, G B LA B Al

comimensi dictafédbypthe effectile dhipatteristiomisinien kedtior! tenip¥ature of
I eveI s (if present at all), since aromatic materials

the ipiigtose reactive with each other or other reaction
conmponents, particularly in the presence of

'ert%)ﬁ% %’é%’écfbmghgtgjv@ﬁt@qrse@ Herbifs HUTRR @Eléttﬁ;e gavéntg‘mat are

or produce unwanted produc
readilynfarsevatie frpretengraftet ped yarlefin aftexdhetreactmn 5 cm‘n;slaml | Any
soivaT 1) BEFRGC ML CRRA Aoy o ISRavR 8Re EXBRlIGHoo bponpas o
the ré&MRIN Mfxt@reCARS WhichOMR trick Bﬁmo?pdt@ aPpF&iaBg th 8RS FeRlcfior

oil is sonetines expressed as the wel ght” percentage
causgfsidepreastinns tcspén&ateﬂaeraemE:@nam@rymaims iof this tyfpe include

w95 6 3ERR 3 T bl SEOL 553 e,

hept@tﬁ@ﬁlﬁ'lepﬂﬁé ancﬁdeﬁe vaﬁcﬂ@n@ &fbri%e”dé@arﬂi RFtRheklRe, the
er val ue. this specification, the "level of

dihycuoaﬁmthale@@ngemhu@ﬁ@@aphtbal@eﬁuamoptagrsr hliphasicdetones (for

s Y SR BT T T ——

as scm'/énts bleyesint .‘chm%cﬁlvel MI@gbl’ﬂs&é@ abdrBatid pgerocaricisiiutd as
| ess t han t 20% b ght of nolecul ar aromatic

chlorphpizens, é’£° Pbenzens. 1c§ﬁiqr@t9§meaancbgms appisy useful as
solveigd ght  of such impurities, alternatively |less than
about 1 % of such inpurities, alternatively about
0.2% or less of such inpurities. Al so contenplated for
udwdthersiategory ofistiveptepsafathdrgirsisl phasebil stock which has a low

arom G A g i it B2 SR Ro oo R 3l uBloating o
prOd%%EWﬁeﬁg! e Ibgﬁ@saériﬂé\h/ﬁicﬁ ANEdishersB Or iBid the remaining
components of the reaction mixture without materially participating in the reaction or
causing side reactions to an unacceptable degree. Specifically, hydrocracked base
oils, base oils naturally containing low levels of aromatic constituents, and fluid poly-
.alpha.-olefins are contemplated for use herein. Aromatic constituents should be kept
to low levels (if present at all), since aromatic materials may be reactive with each
other or other reaction components, particularly in the presence of initiators. The
other reaction components thus may either be wasted, or produce unwanted by-
products, unless the presence of aromatic constituents is small. Use of base stocks

having aromatic constituents, while being less than optimum, is not excluded.
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synthetic |ubricant base stocks |ike PAO It is well
known that solution grafting of polyners in mnera
oil can lead to cross-linking of the polyner and
grafting of the oil with the nononmer. The resulting
grafted polymer differs significantly inits
thickening efficiency and shear stability from the

StHid V8l BrARitic dMHsﬁﬁ‘Je'n?s oA ré*ﬁ%drﬁé{}cﬁeurﬁmlﬁs %Bﬁle@i?nes

a di sadvantage when the graft copolyners are to
expressedl agtheuweigbbperagniage eidupteculss. spﬁonesmmnmgtanyspropomon

of arBs b Aot i ABb B I BEEbLO0 b e Stk ¥oentage o
~ only HP8matt éﬁrb@h%itorﬁb' Theifoemér mwlcaﬁefeomueﬁgr@mer than the

carrying out the mer grafting reaction at 190C o
latteryiv@. Ingh@ wlfg:gggm ég "lavehpivangimadic constituents” is deflned as the

welgﬂpﬂgﬁghﬁﬂ&zéréfzrﬂ&fegﬂ éags cﬁﬂfé{n‘ﬂﬂa %gyﬁgag@%%? aMinbtic carbon

€ Cross

atomndﬂﬁa pettoleaacdil suﬂsersis @hn@ngaﬁd héve dreehese chtalriney less than
onal, . mononer. The hi gh concentration of free

aboyt ?8 Y $eighte spelgcuer erenaticgimRusiissr aliermatively lass) than about
o r
5% e f S L SR |ALB0SBolf PB4 oo
altermdtivety alpmyt 0 Yohomiess nrﬁ‘sucsh mepuritiast i ons. The present
reacti on can be carried out as follows. The polyner to
%g%ed piﬂ!fﬁglpfbéu&? %FF’I(!R gﬁ%ghggg‘%q?@@ y@ufp)?'n%r}:%ltigh technology

like wn@@me CE8lI e 1-0MBrathiBRhE Sratn AS Sorftbht u%%o%t 0.1-5 wt %.

~ lubricating conmposition or another 13 suitab

Furthesicoatemp! of bge persimare tha nomromatiacontent ods wihich are

synt REENNTIE BeSBatockk e RAGT) 0Lt "t he gratting react on
in hexane as described in U S. Patents 4,670,515 and

4 154 dvéiinowm theat golhutibadyratingiof polymérefiameineml ol itan lead to
%t an be carrl ed out_under an_inert gas blanket, or
crossghHing A thecrdl ymgrang grafting of the eibwitbthe Ihenareeir Theh Eaulting

graft%dg golﬁfﬁfgtg:ﬁg}s fﬁmg(ag’&ngllﬁ its ENER&‘R&%%H@ éﬁﬁ{; nc%(héé?‘ stability from
the stastimge palyorer, which isootdésiatle. Thisssart ba dlh@d\raeﬁ@ge when the

TR ——
probléin, litlis @é@i‘i’élﬁ@ tb @oﬁ@ﬂ&:r@qﬁé%ldt%n%ﬁﬁﬁig rfe%QE?bn t.alt‘éievat

at nosphere. The reacti on m xture Tan e prepare
tempgeaturesdi.¢., 5l 90He) imawinesal oil using t-butyl peroxide. By carrying out the

polymer grafting reaction at 190°C or above, one can suppress or minimize

. homopolymerization of the functional monomer as well as minimize cross-linking of
the polymer and undesired reactions such as grafting the oil by the functional
monomer. The high concentration of free radicals generated at the high temperature
greatly facilitates the abstraction of hydrogen from the polymer backbone and thereby

increases the grafting efficiency with minimal side reactions.

The present reaction can be carried out as follows. The polymer to be grafted
is provided in fluid form. For example, the polymer may be ground and dissolved in a

~ reaction solvent, which may be a base oil for a lubricating composition or another
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pol ynmer, with or without any added sol vent or

pl asticizer. The reaction m xture thus fornmed is
placed in a suitable reactor that is purged or

bl anketed with an inert gas (which may be, for

exanpl e, nitrogen, carbon dioxide, helium or argon).
A tank reactor may be used or, particularly if the

suitabtasbivent. i Whearthé %Iyn@éﬁzaﬁéhﬁﬁ carrigel 4 @n Bekae elulidn, it is
ext rusi on reactor E be used. The pol ymer sol ution or
r

econegnicaliys coanient byt nRbregireddiereindetdasn ul e prafting reastion in

hexﬁé%&ﬁ%ﬂbetﬁgﬁc%ﬁzﬁ’%&@% %g{%e%if% H:'?/ 4}?{%}55’% ti{?%orporated herein

by refetercee dHis slepatanr beluarried dlteinderanadhdroyas didrket,idrevith an inert
reaction. Different initiators work at different

gas puides aha demperafuiedonss thamihe reactienisspeeratue. B{ﬁ!?ad'ﬁ frem 60 °C
. I t

o 1205 e AERAL PG e AL SRS Bty e
less tleactheoneattom Emapenatyret IHDiqimg dbe cairtupe at adiighertteshpermture may

degraiB the FatpprenRouiBRed ase S ekBosed fan dearserfaoxygen from
the aﬁ@ﬁ%ﬁﬁm@tﬁﬁb RIRBBH nhiflFe %Entéi’s‘b BE phdp érea%% mich dfffﬁe desired

pol ynmer and reaction conditions are se ected so
polymer,e¥itreat witboylaanyeaddagesalventoxtplasticigdr. of t he
nol ecul es of the nmonomer will graft directly onto the

P Bl S S P 8 o GBSl purces
or blagkatee Wmmnea"ﬁgémrﬁ@rﬂméy e, foﬁeiﬁrﬁEle' amdges, earbbRlioxide,
graft nmononer onto the polyneric bone i's

hehuab R RGP e‘éltanhqr@aﬁ#qmm@mbwsad ofr Ry§ERiagy & the reagtion is carried

out il mTRERRm g6 s B AleR] HERISATEe sl e, per

nol e of the starting polyner, said range including all
n uﬂteepelynmsolqmasmdnelh & e ated T thecdegirnipleatioh taxpenatare. At

| ar r ortions of the 14 r to the
a mitdinfe, g PRar i Eranesab s aflodaits suftRal Broau substantally all
of thé B@Ie@féf fnitiafSNQIRlg tPEIn® LBotidd fdrehe FéddtbRd mﬁéﬁé'ﬁﬂmtlators
said range including all nunbers enconpassed therein.
workmi gliftgrent raiesm saeardingytoibe rerctivtuestperatuce tane theastilbrequire

oGl of BR58aphdh BV Bbydl AR B Sonrolastoahe e

seledi€d pskittidnabrdesatrd, Qlﬁlé balde/caPBeraditedtad & fIOW oVer the surface of
rate that varies with

the reaction mixture. At this time the reactants are ready to be added.

The contemplated proportions of the graft monomer to the polymer and
‘reaction conditions are selected so that an effective percentage or most or all of the
molecules of the monomer will graft directly onto the polymer, rather than forming
dimeric, oligomeric, or homopolymeric graft moieties or entirely independent
homopolymers. At the same time, a high loading of the graft monomer onto the
polymeric backbone is contemplated. The minimum molar proportions of the graft
monomer to the starting polymer are in the range of 15 to 100 moles of the graft
monomer per mole of the starting polymer, said range including all numbers

encompassed therein. The contemplated maximum molar proportions of the graft
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time. The graft nonomer may be added neat, in solid or
molten form or cut back wth a solvent. The

contenpl at ed proportions of the initiator to the
nononmer and the reaction conditions are selected so
that at |east many and ideally all of the nol ecul es of
the nononer will graft directly onto the pol yner,

monoatdrdo thd startir pdlpmetiafe frioen 20t 920%idIEs or Biore of the ?raft
honopol ynmeri ¢ graft noieties or entirel &/4 i ndegenden
morﬁmﬁmﬂf\pﬁ?@. theelartingpelvmenciald rangsipetudiigsalbnumbers

el ) _ 05
enedb 44t 5 nAFIRAFa9E AR B oo o
onceyrin sbvenal diserete charyes, epat hstezalyouts owdr amextanted pﬁriod. The
oS S 55 BoGle BicFRis of i B i
timel ' §rak rRéndrher /A il:f(aea%c?é?{e ﬂ@atr ,r{‘?cﬂfdieor ORI tog gggﬁack

initiator may be added ra € nononer has
withgddvgntso there is a | arge excess of both the nmononer
and the polyner present during substantially the

oD SR oo A3E 7 RHREATE he i frndh AR roacion
condilioTs dretiddie@ sy tiest AedstPRAGLANAUR A AIRE thERdiéQules of the
charge added per mnute) or at a sonewhat faster or

mongmefll grafledirecdlyamnte the golymer aiegherdhare ferming dimeric, oligomeric,

. Lt h t
or nbIIRSHE AR FRAAE 47Ul oo s LNRLOTRIE, e
minimareaolargroportivas of that initiayordb\ee graftfBaihofiditre fifden about 0.05:1
ad it_'oP. The initiator may be introduced into the
to ahﬂé'gét r The inidatar gan g@nasida thefors: witioy afteriis mogomarese the
smogeSeec SRt A 6 AR AL SR 6 an e

entire shstgen and preferably atsraalt fiaetisrhatt thearities chaige. tihohe
Wi | e he [.nitiator c e, .add neat, it is
embgﬁ"'e?eé?’a}bw"'bﬁfpf be,pdfled et obihe manausr Hagikgen added, so
i . e .
there, RFleHIE Sx SR i Plonbifer dihe pBlyrfer o8t Giring
substantiglly theentiretraactions cini anotisen ershodinims, theiinitiatoomayabe added

i at.Jl east,, 15 abou times, alternativel
alond il th P b Erikoe Samic e Fmoery ey @ Befceniad of the
entir@ Bh?jn_tgjermﬁ:le!dt p?er\miggtﬁ) Rrat Wl omBwMat fBster oY siohdreaf0/sheRkre is a

or dispersing nedi um
large excess %f the polymer to unreacted initiator, but so the amount of the unreacted
monomer is comparable to the amount of unreacted initiator at any given time during

the addition.

The initiator may be introduced into the reactor in several (or, alternatively,
many) discrete charges, or at a steady rate over an extended period. The initiator
can be added at a substantially constant rate, or at a rate that varies with time. While
the initiator can be added neat, it is preferably cut back with a solvent to avoid high
localized proportions of the initiator as it enters the reactor. In one embodiment, it is
substantially diluted with the reaction solvent. The initiator can be diluted by at least
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After the addition of reactants is conpleted, the
reaction mxture is preferably mxed with heating for
an additional 2-120 mnutes, to conpletion. The tine
required for conpletion of the reaction can be
determ ned by experinent, by determ ning when the
proportion of nitrogen, or the grafted nononer in

abogioh timesnalt@raatiasy ait elstiabedt 10 tlméﬁpélfbﬁﬁéﬂl\ftgy at I¥aBt At 20
pre-established val ue, or when the viscosity

t'meéﬁﬁr%%hte%r wolumearith.a ssitalle sphvené or dispeesiag madivn.
grafting has the advantages of using a relatively
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the ﬂ@%ﬁ%n FHni9bgdd, ’or@ﬁé’gkéﬁed%@hbﬁ%r irfSollMion rc%fch%@sé value at or

and | ogistics of tranSporting and storing t
apprpﬂchimcta et pre-hatablished vajee ofr wherptheaviseosityfapproaches a

g?erﬂé}%ﬁl nmer products for application as
neargéoi“ﬁ iscosity index inprovers in |lubrication
oi | conpositions require that the reaction polyner

prwthitetsohichuraiieg hseesRieniayes diekirlgla POIBtRIE slnlnﬂmed

desi red physical characteristics. For instance,
procggs itéiﬁ’@sé"aéréﬁolné%ld§ﬁd‘a$nt§99‘élﬂ ferps of ﬁ&@(re@sspos aad impurities,

cros?‘ﬁﬁﬁlﬂgl%g ?Tlic? BBM‘B&L t?llafg n&?l‘ t@g%@l&él e%b‘l’liéf%ﬂé | db¥%td FSbivent,

prachcailitg and mbnomlc(s ofpurifieatiem praedafesa lowd)yield, Psdfficidr® degree
roduct wth uniform and consi st ent

eat e ner
of gr@ﬁsg@glupg,q@ﬁ y \é{gﬁl agcests anqelog}sgg%ﬁgganmortmg and storing the
end BRIRRE T abl e reaction by-products is responsible, in
part, for the necessity of such further processing.
- Thus, reducing the formati on of reaction side products
rraMetsk‘logl@ thatedﬂﬁﬁefberofeirewamm@ of gmmmﬂmeypfoaﬁmts for

oo 3105 R RSNAGRLER, g P RGBS 81 cmposions

requir6 A fahe ﬁ'eééﬂdhspoiﬁﬂéﬁbrdtﬁzc@ﬁé FUHpretadsedng dréer to achieve the
anot her net hod for incorporating nitrogen,

desirgdPhysical shargstesistien gFoutstansaalo achieve a desired )%g@ar stability

0 s
o PSSR AR B o R eV EE Sl BT ROE R rocucs
musi re bubsiectedrtglhensayenizativhr(iid emeainghicalahreatihg) ingrder to create a
tw n-screw extruder. Wien using an

polymer product with uniform and consistent viscosity characteristics. The presence
of undesirable reaction by-products is responsible, in part, for the necessity of such
further processing. Thus, reducing the formation of reaction side products may also
reduce or eliminate the necessity for downstream homogenization in order to achieve

a polymer product with the desired finished characteristics.

Reactive extrusion grafting is another method for incorporating nitrogen,
oxygen, and sulfur containing functionality on the polymer backbone and this method
has certain advantages over the solution grafting method. Examples of extruders
include single screw extruder and a co-rotating, twin-screw extruder. When using an
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16 extrusion polynerization process, devolatilization
of the grafted polyner preferably occurs in one or
nore deconpressi on sections of the extruder. Also
known are processes for carrying out multiple
sequential chemcal reactions on. polyneric feedstock
carried out in an extruder with multiple reaction

extrlmrepolyﬁnéf%tff)ﬁ ProdassOHetdiatipha6 R SF thé gidiRdr &t pifferably
inpurities fromone reaction zone before a subsequent

OCCYrg HEPNQ AT HIY B decPpiessioR sqetions ofdheextindene in the
extruder. Feeding water upstreamof the first reaction
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conee o B e S0 B ) O eS oo reacton

conE RSSO, HNTSE RIS P8 uBSATIrb Je e

extruder e Feading water ypatrﬁame)ftthé ficehredeticalozone Iéads tcs keise ra:olored

o8 b8 Ml R0 B Bk B8 SRS Ecerton

that tHeaWatef & netibebaratal lintoQhe Bgmét\ﬁhé/n Uéiﬁg tﬁé p?&)édure outlined
mal ei c anhﬁdr i de noieties. I"ei ¢ anhydri noi et

for introgctien ef gteg dnfodiag exkiyuder. fPuginpragesses al@«qumlnbed in, for
exan?%g g :Sqngi’a?({]i\i\%g? |45?1 72%(12%15@%[9%2”' p]%raﬁﬂilik%?n gy req’erence.

nmet hacryl am de. In one enbodi nent, the grafting

prlbrs@@amem@msthamboee diseoussion tha@ Ghiiety o9 peAfY BB SlymBrs can
e step rocess This is a significant advantage

be P'@\P@'rgqgﬁ%@orw th ﬁﬁm%aegssemlwlm p@nolamﬁqs {hatare

t
subsg%:?\l‘i gﬁfggg?lzl E&éfg fféér ﬂ éaﬁygrrna ic ﬁﬁﬁgﬁlmaee m?neﬁ I%iccanhydnde
moietyeksels copolymars aan edisig be prépared, forreaampaé @adémg an ethylene-

btain the ani functional, graft, c nmer. The f t
prop8hs PRRY S BaERBoRR BB RIS it R REPIS dogligidipheny
methdbeMfhRiRNt properties (as neasured by the Sludge

D spersancy Test (SDT)). This test neasures the

ability of the dispersant to suspend and nove sl udge

c i eRaterpPegimenkl the asafting protesstrrpvidap @mingyienctional graft

COpO%ﬂ‘?ER’grll‘? AUindid W HBlfeeks. Rkds aoélbnlﬁegﬁn?&an?ég%n&er miost prior

art processes in which a polymer backbone is reacted with, for example, a carboxylic
acid reactant to form a graft copolymer, which then needs to be reacted again (i.e.,

neutralized) to obtain the anime-functional graft copolymer.

The graft copolymers of the embodiments will exhibit superior dispersant
properties (as measured by the Sludge Dispersancy Test (SDT)). This test measures
the ability of the dispersant to suspend and move sludge chromatographically along
blotter paper. When a dispersant candidate is used, oil movement along the paper
results in two rings. The inner ring constitutes the sludge being transported by the
dispersant, and the outer ring comprises the base oil. The effectiveness of the

dispersant is defined by the ratio of the diameter of the inner ring to the diameter of
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results in two rings. The inner ring constitutes the
sl udge being transported by the dispersant, and the
outer ring conprises the base oil. The effectiveness
of the dispersant is defined by the ratio of the
di aneter of the inner ring to the dianmeter of 17 the
outer ring. The higher the ratio for a particul ar

the ow@.dmg;,gt ¢hewm1éwﬁé ptid f a Wiéﬂbﬁ@é‘ﬁcﬁd% H@Beﬁert e

candi date as di spersant. In each test,
perfqrﬁtar@@mftthatecanmdate@é antlisparsgint.h Ipegetotess ﬁaw é’foe:xfyhe additive

o SR 8 VSO 5 g5 B 8 e o
wher3 @tdred I9epraghtdafisge . has ditsn Balispereandyh6r 30 m%rasﬂﬂefmed by

inner_ring of undispersed sludge on blotter ga per
the r%o of Hie dinmaiercl the inngyr ring efrurlisparped sludgeean bloter paper to

I I TEST Addi ti veSDT Result
the d@%&éﬂé@@oﬁé’?&ﬁﬁ% e 1> 50 Conparative
Exanple 11> 50 U S. Pat. No. 5,523,008, the disclosure
of which is indaepplat eSLUbpGE DisHBRSANEV IESTCE,
provi des a test that can be used to determ ne
proportiAdditive nitrogen on the graftSDPHReswt

productﬁnd—en—aﬁw—pi—ee%s—Luu—ds—éa&sum%%_th
reacti o9rolcarried out in the presence a sol vent

and thatg %Egﬁ,:{ﬂlelé(alﬁ% 4 I ashed" or phyglﬁﬁlly

renoved 1 n Some manner during the process). The
resul t s @dmparadivedtanyzla Ibe used to deter§d ne the

degr ee of—gratttng—H—thegrafted polyner products of

the process of this invention contain any residual
soI vent, the solvent can be separated formthe

nmet hods descri bed. The | evel of
gr B E’@t F’mo#éisi%ﬁ E@ qiscleprieigviish igincarroated herein by
refer%@%%@ﬁ@@@ié tesﬂh‘ay Bart BE UsBH o Q)%'té}%lﬁé‘ %rﬁgfrébﬁb ng{ ﬁg’ggen on

Custom FTI R spectroneter.
the gi‘aﬁeﬂsp@lymemwsodm and@jryamr preceds sﬁlsxudsx(adsﬂmtm]e reattion is

nd is, then,
cari G BRo S HESRens ATt e e BBh SoXBLSiTGH “Lasheg” or physically
remoRe8iRBemedthbAMGCdiIng the process). The results of this test can be used to
determine the degree of grafting. If the grafted polymer products of the process of
this invention contain any residual solvent, the solvent can be separated form the

desired product by the methods described.

The level of grafted monomer can be determined using Infrared spectroscopy;
a typical unit being the Perkin-Elmer GX 2000 Custom FTIR spectrometer. A suitable
method is as follows: The polymer is dissolved in base oil, such as Excel 110N Gr.ll
oil and is then precipitated from the homogeneous solution using heptane followed by

‘acetone or isopropyl alcohol. Sample of polymer in oil is diluted ~50% in pentane.

- While stirring, IPA is added dropwise, until a consistent flock is observed. The

sample is stirred an additional 5 minutes and then allowed to settle for several hours
(typically overnight). The pentane/IPA is decanted or pipetted out of the sample jar.
The polymer is then redissolved in pentane and the above procedure is repeated.
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acetone or isopropyl alcohol. Sanple of polyner in oi
is diluted -50%in pentane. While stirring, IPAis
added dropwi se, until a consistent flock is observed.
The sanple is stirred an additional 5 m nutes and
then allowed to settle for several hours (typically
overnight). The pentane/lPA is decanted or pipetted
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4from about 685 ¢cm 1 to about 790 cm (defined

inse 25 Regien 2 dde aiegsundes the ral rerg@cgﬂsmsanqz are

cm

then @%Ferﬁ'}nﬁd B 1ﬁt3§%tlgﬁta‘?fdrfh§erg a?ﬁﬁ 51?(%{ af Wg@@t‘j ?%‘51 £ 5 campared

to thatfofa grattet q:dafyonéwmnpleacﬁfm kn®in ai ép@mt@ﬁdti@haﬁﬂvtconcentratlon
funct [ %é%l [ t%sconcentr tion, Based upon relative

RPIRRP Ofs KAPIVE ﬁ@ﬂpl&l@nwﬁnowan@msplet e
concéﬁ!?&ﬂ‘éﬂ 619&58&39&0 ﬂﬂg%gﬁﬁb%gfhéa}wggﬁféﬁgérﬁq may be

est abl 1 shed copol ynmers
are is used as a soot dispersant viscosity index

i rtpweamleqnimeﬁt ithe @xﬁfhuepolgamrs aud isaudedtdsoa spEGRBpersant
wisco SRR BB BT e B M Tl e
partidulgriy cdbléd E@-FQ%ﬁblr'@@d Trseddieg EGR ekgrReiiR@ade 3R&thbie
englnce%nJ?zeavy and light duty diesel and gasoline truck engines, gasoline combustion
engines, diesel engines, and hybrid internal combustion/electric engines. These can
include EGR engines cooled by the circulation or heat exchange of water,
water/hydrocarbon blends or mixtures, water/glycol mixtures, and/or air or gas. ltis
of course understood that other embodiments provide for the use of the graft
copolymers in lubricating oil compositions for conventional, i.e., non-recirculating,

engines as well.

The graft copolymer DVIIs used to lubricate the cooled EGR engines can be
incorporated into a lubricating oil in any convenient way. Thus, the graft copolymers

can be added directly to the lubricating oil by dispersing or dissolving the same in the
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engi nes, diesel engines, and hybrid interna
conbustion/electric engines. These can include EGR
engi nes cooled by the circulation or heat exchange of
wat er, wat er/hydrocarbon bl ends or m xtures,

wat er/ gl ycol m xtures, and/or air or gas. It is of
course understood that other enbodi nents provide for

lubritdting sibatcthetdesirat advel of epAtIHTRIRNI @dd%léﬁ@hbﬂﬁtoqhé lubricating
conmpositions for conventional, i.
oil cgpaceEAt reemdempgratugsmgr ﬁlgayawgl t@mperatun@s ghlemnatively, the graft

copdifREle X o Meetath b uBe LB oA T Tpen e
benzmmy:, xylene, rtommev\hbbncﬁﬂm@ babéeilgaad tpeagmlmr dRstiflate@Rio f28m a
directly to the lubricating oil di spersing or
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mgreeh&widﬂae&) fr@npebamm esabdtt4s wat% vamq/ofte;ln éogt about 10 to about 35

wt. o5 3t Gl PPy 20uliuR 80 gire HEn Tigm BReut Aba SR %. base of

baseldl{pﬂh@egd,{&gnpg@qﬂ,gigm and petroleumdistillates) to
forma concentraté&, and then blending the concentrate

wWith a lubricating oil to obtain the final
f orheugraft eapolyBetpradurtsi ussfiddn didmcatmggllwtd: Iuhn;zgtecmglges find

their BRRRY Dt B {brizgling By coHckior, whRE, dhaloh b 4RoH injwhich
the admtav@rs apé dpsaivedoridpereed.addihi lb‘é@e oft§ @ln%v)b@ n@mran synthetic or
fromabout 40 to 60 Wt % base oil base

mixtyrg tharepht %a%ﬁepeﬂwsu'tahh% fofruger m@tsfamrmwedubmaim oil

com;%{%‘ﬂ fdts (%fﬁﬂ%#ipéée‘iﬁ’ﬁﬁ\%%tﬁh I|rT’cI ude Cﬁbtk%e c&%&x&ﬁ%&e@;}p{)bg% as

cranlvdasehulmmtmg aﬂs Ualssparkhgmlted/\hmd: bomphsssidtlignited sntafrial
di ssol ved or dIS ers ase oils may be natural

Such
comBUsHpR Sngnesy SU‘FH‘ Em)'w 3 @f? trugageg@ﬁﬁsﬂ@uma@aderaﬂmad

diesé!%ﬁgingspéﬁtﬂ)mé% t he lubricating oil conpositions of
he“present 1 nvention include those conventionally

enployed as crankcase |lubricating oils for
spathe prgmaratipreeidubtiestingssil formultationse it is soemnan practice to

riro AR Ry B DS eI E A  BA i el M orespurtes i
hydrddakison oil, e.g. mineral lubricating oil, or other suitable solvent. Usually these
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 Iubricants, e.g.
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 final blend. Thus, the graft copolymer DVII would usually
be employed in the form of a 10 to 50 wt. % concentrate, for example, in a lubricating

oil fraction.

The amount of dispersant viscosity index improver in the lubricating oil in the
~ cooled EGR engine can be from about 20 wt. % to about 18 wt. %.
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In the preparation of lubricating oil formulations it
is common practice to introduce the additives in the
formof 10 to 80 wt. % active ingredient concentrates
in hydrocarbon oil, e.g. mneral lubricating oil, or
ot her suitable solvent. Usually these concentrates

may be diluted with 3 to 100, e.g., 5 to 40, parts by

veThbigraft copdlymeaDVIE ustid inReT oiPRY TubA¥ateéth8 RboRH EBR engines
addi tive package in formng finished |ubricants, e.g.
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amount of di spersant vi scosity | ndéx [nmprover 1n the
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usefPiiiise fi: “Hin PirfelERiPriodthd ot ved Mubristerionineisieqne of
any _ﬁéﬁ'ﬂbgﬂ Bf e&amorly G6&d ?ﬁﬁﬁ@ﬁd‘ﬁ%r&cé‘ﬂ{o‘n&ﬂ%ﬁ%ﬂﬂ iﬁcmﬁegﬁgﬁare not

in adm xture wwth a |'ube oil” basesto conprisin
limited fo, poly-alphacdefing alkytaied iargmaiics; lallgilene asitepalymers,

o L RPNy B B bk e

groupsdrivaeen rabdified ByBsterfiRaiion, ethéfificatioh)etc| dditisbf dicarboxylic
petrol eum oil s and hydrorefined, solvent-treated or
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f£Linic, . LG i . fligqic- .
rom s 80 SRR IR iR o P HaRALE) By pparrs
antickifdnts, difommaneakudactahizl eomosionlisiibitorseéxtreria $resiurs agents,
- The synthetic | ubricating oils used in this invention
detef%t%@é‘dd?%‘rdp'méf%m?ﬁﬁ%&- of commonly used synthetic
hydr ocarbon oils, which include, but are not l|imted

t I I shis, ted
O ST 56105 o A5 At P ) e
econgeny dunabilibsot & eekicte hindng atdoelatdcE BRheihging dwbendin said method

roups, have been nodified by esterifjcation I .
com@iiRIihfo o6 BpEratbg S the Yekress BERYcla therlibspgting of
compadiiciPSorar@iy B graft tapolyiir A UBScibdPhémih. 2R improved
' contain additives selected fromthe group consisting
durabiilityGascexiead Kya servias tispe bepreeresil draing in avehisls equipged with
an exhaust gas recirculation engine up to about 60,000 miles by the use a lubricating

oil comprising the graft copolymer described herein in the engine.

Also provided is a method of simultaneously passing the M-11 EGR and T-10 -
tests (ASTM D4485 classification for C1-4 oils D02.B0 C1-4 Ballot) and the Mack T-
11 test, which are cooled EGR engines. Said method comprises adding to and
operating in the crankcase of the vehicle the lubricating oil composition containing

the graft copolymer DVII described above.

The graft copolymers used in the oils to lubricate the cooled EGR engines of

the embodiments may be post-treated so as to impart additional properties necessary
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anti oxi dants, defoamants, surfactants, corrosion
inhibitors, extrenme pressure agents, detergents, and
pour point depressants. Ot her enbodi nents provide a
met hod of inproving fuel econony and fuel econony
durability of a vehicle having a cool ed EGR engi ne,
wherein said nethod conprises adding to and operating
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to lubricate the cool ed EGR engi nes of
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bor onati on, phosphoryl ati on, and nal ei nati on.
deteqrgiped it @S?@S&ngélabiﬁﬁfﬁﬁﬁnhﬁgdthé':WgﬁlblﬂQe ceposiyanand aiffitter
mugéﬁﬁhsnbodlnents show superior engi ne performance. The
' - ins ML1 High Soot Test (HST) is runin a
heavy-duty di esel engi ne under high soot conditions to
eval uate oil performance with regard to valve train

t cete gl noq Cusints M ERR pRrtommansrn RoYEL Ol " °

document Uses™a Cunmi ns MIT 330 E"ITT | 'Bfeirlﬂel Blend 2
CompPpany 1o god ST CytT et "32“&. ‘:?*.i . KLTLWL‘?’/'”' 3 Nt %
Non'dufét&é_!ﬁ g‘ﬁ"oh};uh:firorﬁn in four st ades aD-8% Hoyr 16.00
Exangplend  puri ng stages A and C,_the enging is @E)Q;Qat ed 0.00
PPDwith retarded fuel injection 0.20 0.20
Dispersant 7.53 8.03
Detergent 5.16 4.31
anti-wear + anii-oxidant +riction modifier + rust inhibitor 2.65 3.51
anti-foam agent 0.01 0.01
Base oil A 74.45 67.94
Total 100.00 100.00
Crosshead Avg. Wear, Wt mg (20 max.) <20 64.94
Average Sludge (7.8 min.) 8.7-9.0 8.95
Filter Delta P, kPa (275 max.) <30 167.20
Soot Wt. % 8.50-9.0 8.90
Test Hours 300 300
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timng and is overfueled to generate excess soot.
During stages B and D, the engine 1is operated at

hi gher | oad conditions to i nduce valve train wear. Q
performance is determ ned by assessing val ve
cross-head wear, sludge deposits, and oil filter

pl uggi ng. TABLE I1: CUMM NS ML1 EGR PERFORVMANCE | N

TABUSNKO Thiamismd 1 HIGASbaT TasmPagdrManciil 15040 Ous

A — O

Non-di spersant VIT "A"5.0016.00 I:X&n‘pl € lﬁjéﬂd’;‘}w Blend 4

AAAAA 20 .9 |

=4

50 —26Drspersant+—538-063—DetergentS >
'ﬂer@ —+—anti—oxdidant +friction.-modifi nwfu-l-/or us Wt %

D l

| Com
Non;dispersant, VMl 882 51 anti.foam agent 0_010_p1 Ra®800] 7.20

Example %567. 94 Total 100. 00100. 00 Cr osshead] Avg. 8%8ar| W 0.00

PPDhg (20 max. ) <2064. 94 Average Sl udge (7. 0.20 0.20

B
Dispargand. 7-9.08. 95 Filter Delta P, kPa (27p 5.03 9.50
Detet@ent) <30157. 20 Soot W. %3.50-9.08.90 Test H9@ES300309 g5
|

anti-géafl 2ElrE-dlidant S Ebidr Sl s hbitF > "',',:A SRVANCE ™ 47
antl-1d§n+§gj (O LS Brena SBrenu— 4 Conponent - 01 %% 0.01
nnnnnn \ II I " D" n nr\'l ')r\ il
Baseoi B " T T 80.06 76.67
Total 100.00 100.00
Crosshead Avg. Wear, Wit mg (20 max.) <6 3.2
Average Sludge (7.8 min.) 9.0 8.6
Filter Delta P, kPa (275 max.) <40 112.0
Soot Wt. % 50-54 5.4
Test_ Hours 200 200

15W40 Blend 1 containing graft copolymer according to the embodiments

~ provides significantly better filter delta pressure in Cummins M11 EGR test in
contrast to a 15W40 Blend 2 containing essentially a non-dispersant VI, which gives
poor filter delta pressure performance in M11 EGR test (see Table |). Similarly a
15W40 Blend 3 containing a graft copolymer of the embodiments provides passing
filter delta preésure in the Cummins M11 High Soot Test. A 15W40 blend prepared
without the graft copolymer of the embodiments and containing a different non-
dispersant Vil B gives failing filter delta pressure performance. Tables Il and lil
illustrate the beneficial effects of the graft copolymers of the embodiments with
regard to significantly lowering filter delta pressure in a heavy-duty diesel engine.

It is known that hard soot particles cause abrasive wear on valve trains, rings,
and liners. Thick lubricating oil films containing the graft copolymers described
herein can significantly and surprisingly reduce this abrasive wear. Oils with good M-
11 test performances form thick boundary films providing percent film resistance
values of 80 to about 95 after 2000 seconds in the High Frequency Reciprocating Rig
(HFRR) test.
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Exanpl e 18. 300. 00 PPDO. 200. 20 Di spersant5. 039. 50
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nodi fier + rust inhibitor2.452.47 anti-foam
agent 0. 010. 01 Base oil B80.0676.67 Total 100. 00100. 00
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Sludge (7.8 Min.9.08.6 Filter Delta P, kPa (275
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pressure performance in M1 EGR test (see Table 1
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t he enbodi nents and containing a different non-

o REDER R b= e ReS Tl e
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excef?&ﬁtfl%re?’-acpﬁ?% t%grﬁ%%%% gis%g'iwj&rc}befrtiiésr,mrelgfi\%/ itodjthrtlaglow

PEercen
temperature viscosity properties of oils not containing the graft copolymers.

Figure 1 illustrates that using a lubricating oil containing the graft copolymer
described herein in a cooled EGR engine, the oil exhibits a kinematic viscosity at 100
°C that does not increase rapidly in high soot loading, whereas the kinematic
. viscosity of the industry standard reference oil increases rapidly beyond the 4% soot
loading Ievel_. Figure 1 shows viscosities for lubricating oils using Group | and Group

Il base oils.

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. ltis intended that the specification and examples be considered as
exemplary only, with a true scope 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 exemplifications set forth
hereinabove. Rather, this invention is within the spirit and scope of the appended

claims, including the equivalents thereof available as a matter of law.
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val ues of 80 to about 95 after 2000 seconds in the
H gh Frequency Reciprocating RRg (HFRR) test. 23 EGR
tests show soot thickening fromthe present
enbodi ments superior to that seen in the T-8E test.
Lubricating oils containing the graft copol yners
described herein are successfully tested in cool ed
EGheé paidihse Bb@@h@ﬂhteﬂ%‘decﬁbﬁfﬁ'dﬂﬁ/ disc{85&P err%@im%nts to the
Detroit Diesel. Lubricating oil Fms containin

publigs and te Hjsoextest anydisclesed énwﬂci:at@mlss:r;aﬂwammsemag Inotfiterally

o i PTBER,  DEAR Pl E pRE 1a for

- undgrehé doomineef cjuivaliérte. superior  wear protection from
soot. The oils containing the graft copolyners as
taught herein al so have the foll ow ng advant ages when
used in cool ed EGR engi nes: excellent for building
film strength and reducing wear; low treat rate of,
for exanple, 8.5%w. (- 9.5%vol.) for 15W40;
strong sl udge suppressi on perfornance; provides
superior performance in EGR engines; good shear
stability, permanent and HTHS; excellent dispersancy
for soot handling and i nproved wear protection;
allows for lower additive treat rate; and excellent
used-oil |ow tenperature viscosity properties,
relative to the low tenperature viscosity properties
of oils not containing the graft copolyners. Figure 1
illustrates that using a lubricating oil containing
the graft copol ymer described herein in a cooled EGR
engine, the oil exhibits a kinematic viscosity at 100
‘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 loading level. Figure 1 shows viscosities for
lubricating oils using Goup | and Goup 11 base
oils. O her enbodinents of the present invention wl|
be apparent to those skilled in the art from

consi deration of the specification and practice of the
invention disclosed herein. It is intended that the
speci fication and exanpl es be consi dered as
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exenplary only, with a true scope and spirit of the

i nvention being indicated by the follow ng clains.
This invention is susceptible to considerable
variation in its practice. Accordingly, this
invention is not limted to the specific
exenplifications set forth hereinabove. Rather, this
invention is within the spirit and scope of the
appended clains, including the equival ents thereof

WHATRCLAMNEDAS: 2 matter of |aw. 24 The patentee does not
I nten 0 dedi cate any di scl osed enbodi nents to the

public, and to the extent any disclosed nodifications
1. d¥ geaft canplyreescemprisiog ani padyraet hackhanie wihichihastbeen grafted by

368 he AR h ol RMEA o 4387 ISR i Buonsising
\BFRINFpdipKaritadviinel 152, 316-fetetiidioSItRalinIBRE 4CaHIfdpheRgl an
pol ymer backbone which has been grafted by reacting

ieihgenviataidepdaninephenylinaleiraigles 4ranilinsipbenglitaoopamides

FeRRGRREIRH Dol dteft oh RRSARATbEying; the reaction
peddiat 0y pearnitedipheapianine ph pFalkylaHiir&bdﬁbh*@n'C}/Iamine with glycidyl
henyl ifaconam de; acrylate an

eoduct!
?i‘ﬁﬁ%@lw% +Bedeagtion RipductRin-amjrpdinaaRylaminewith he

. ok ne ari nogd . o
e el e BT PRI ARG dervatives oL
phenothiadineg rvimylaghLs derfvativesrohdighphelayine arel mixtbres thereof.
i sobut yral dehyde, derivatives of

hydr di phenyl am ne: derivatives, of henot hi azj pe;
2 IR Gl et vl e RE e dna recia o the
yRRIEInsiding [dTol6MPPbIyARYs; Ajeked ﬁblyniersmﬁylﬁjdryﬁqs% and
pol yner backbone is selected fromthe group
(\;"@Nﬁqi@ﬂﬁ Relyetersl efi n pol yners; di ene polyners, vinyl
pol ymers and vinylidene polyners. 3. The copol yner of

5 SRtk 255k BAGCEDEG R 35 an o

pblymmel yner backbone conpri ses an et hyl ene-

4, The copolymer of claim 3, wherein the polymer backbone comprises an ethylene-
olefin copolymer.

5. The copolymer of claim 1, wherein the backbone comprises an ethylene-
propylene copolymer and wherein the reactant is selected from the group
consisting of N-p-diphenylamine,1,2,3,6-tetrahydrophthalimide; 4-anilinophenyi
methacrylamide; and mixtures thereof.

6. The copolymer of claim 1, wherein the polymer backbone comprises a styrene-
isoprene copolymer.

7. A lubricating oil composition comprising a base oil mixed with the graft copolymer

~ of claim 1.
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10.

11,

12.

13.

14.

ol efin copolyner. 5. The copolynmer of claim1l, wherein

t he backbone conprises an et hyl ene- propyl ene

copol ymer and wherein the reactant is selected from

the group consisting of

N- p- di phenyl am ne, 1, 2, 3, 6-t et rahydr opht hal i m de;
4-ani | i nophenyl nethacryl am de; and m xtures thereof.

6. The copol yner of claim1, wherein the pol yner
ORAOSAPESRoh S o MRS BPFAATRE Wiride 2
weiglit percant torebogt 48 weigintgderoent ofahe oll @bmpbsitioh. 8. The

oi |l conposition of claim7, wherein the graft

TRl SapSiRh of SBina 7o Pheeii iad Perb i F5scieHEAdRM the Group
PNBRENY bP RaliraldliByidatiAg d&f@?éﬁitﬂeﬁ@ﬁubﬁ?éﬂﬁﬁbﬂs, Izhimal oils,

selected fromthe group consisting o ur al
IveBeiabie pilgy castos Oilsiand bt liquid petroleatr oits, bydsyrefimedyesiolvent-

|l t.abl.e, oi.ls stor oil rd oil..liquj .
sl ol Fd R flndaLERRERnd bl otfe heatiinicungphthenic and
aniked parstisid-napheiatic types! 6itf biMdbrédtmgOfisddifty derived from coal
paraffinic, naphthenic and m xed

PashAls: RPYy-alabarolafinscalkylséed amm@iqslf alkyleneaexidengolymers,
ISP S ek SRRy G wpera g il ooy

aroufes peteybasrs modifiedesypesdtrficationcerthsrifiationNésters of
erivatives t hergof_ where the term nal hydroxyl
ISR REidse aRd siigon iode, #yd eixterasithesadfon or

etherification, esters of dicarboxylic acids, and

TSRO R RS G e kst urver
compoises moraddifiversslected froni thesgranp addsisting of einectialdy!

N L N TN T -
BfBhial hAGGxidats! GsTBaRiahtss YUFfacR9f) dter§BhIsO3hd PBLP Point
def oamants, surfactants, detergents, anhd pour poin

deprassaaist s. 11. An engine lubricated with an oil
conposition conprising the graft copol yner of

An engine [ubricated with an oil composition comprising the graft copolymer of

claim 1.

The engine of claim 11, wherein the engine is selected from the group consisting
of automotive engines, heavy and light duty truck engines, gasoline combustion
engines, diesel engines, hybrid Internal Combustion/electric engines.

The engine of claim 11, wherein the engine comprises an exhaust gas
recirculation system, whereby exhaust gases comprising soot generated in the
combustion in the engine of fuel contact a lubricating oil used to lubricate said

engine.

The engine of claim 11, wherein the graft copolymer comprises a viscosity index
improver and a soot dispersant. |
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15.

16.

17.

18.

19.

20.

21.

22.

claim1l. 12. The engine of claim 11, wherein the
engine is selected fromthe group consisting of

aut onoti ve engi nes, heavy and light duty truck

engi nes, gasoline conbustion engines, diesel engines,
hybrid I nternal Conbustion/electric engines. 13. The
engi ne of claim 11, wherein the engine conprises an
exhaust gas recirculation system whereby exhaust

SSSIRUEN L7 Wy ORI 396 e, cSRFFUEA LA Do
Ipeicent 46 @absat B wanghtpercdnt. ofﬂ@o%gmesmbncl aim 11,

V\/nerei n the graft copolyner conprises a viscosity
over nd a so i sper.sant

én R e B AaI 11 Whigrdp "ﬁ%ef'a@eﬁ g??'%ﬁ}!&ﬁ;@fsuiatwn ofa
FRABFAPSRIe B Mot W §RIup RIFSRERG o‘f%aﬁﬁp WiwatBr, l}“@él%’aérbon mix,

percent of the oil conposition.“16. The engine’ o
waienglyegl mixeaisi and pasengi ne is cool ed by the
C|rculat|on of a material selected fromthe group

e ocar bon )
TR B Bt e PR | bR E81 BR8sdE e paag 711 testata
visabsitylihcreder ofi los¢ fian 8168t 64007 et b So8s kel 6hep M6)09%m in
T-11 test at a viscosity increase of less than 8 cSt
the Maogk Tc1htest. soot 1evel of up to 6.09%min the Mack
T-11 test. 18. The engine of claim1l, wherein the

;rg@gég@?rﬁae% B%ginﬁ:'I g;@hgréf g?ééﬁfgvaflrg:g{)‘? il FWIS%{}%@E m#r%%ﬂe of les
themt 10 £St aN(D@t’@cahdaﬁp te608imaobhim med\l?lad:mmﬂdel@st.
thickening of a lubricating oil used to lubricate a

AP RS T e SB5HnalsR iidherith BFa el of 28cd to

o

lurichfpd 'cBGIeHr@dﬁ%gt ?ﬁs Yédir'&u%tlhg RINGHTRS iehiek Isoo? a%cumulates in

corrprl Si ng a base oi a sufficrent anmount o
thespib ﬁ@%me&h@twmpysmlde&ncatlngrtm enginenwith ailukericatieg oil

PotprefBREhySER1 ho & rfRitn Sy dR6aanl HRES laex

improver comprising the graft copolymer of claim 1.

A method of improving fuel economy of a vehicle having a cooled exhaust gas
recirculation engine, wherein said method comprises adding to and operating in
the crankcase of said vehicle a lubricating oil composition containing a sufficient
amount of the graft copolymer of claim 1.

A method of improving fuel economy durability of a vehicle having a cooled
exhaust gas recirculation engine, wherein said method comprises adding to and
operating in the crankcase of said vehicle a lubricating oil composition containing
a sufficient amount of the graft copoiymer of claim 1.

A method of simultaneously passing the M-11 EGR test, T-10 test (ASTM D4485
classification for APl 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
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23.

24.

25.

26.

recircul ati on engi ne, wherein said nethod conprises
adding to and operating in the crankcase of said
vehicle a lubricating oil conposition containing a
sufficient anount of the graft copol yner of claim 1.
21. A nethod of inproving fuel econony durability of a
vehi cl e having a cool ed exhaust gas recircul ation
engi ne, wherein said nethod conprises adding to and

. . I . 5 .
RSl CorTHBICAONTARELPS STV e ra sopomer
afolaimt 1of the graft copolyner of claim1. 22. A nethod
of sinultaneously passing the M11 EGR test, T-1 0

i cati.on for API

TM.D4485 . cl i f 1-4 oj l )
ATRe R e YoRard LDt PR et 2 vellge Wil Risioled EGR
enginel §éiagnéwﬂurtgmﬁmsﬁ§ aaem@_aclbia?ﬂ opbrhtisy T RNGaMEARb of the

the engine a 28 |ubricating oil conposition containing
¥eRiglera Wibsisatingoil somposition epmidiningod stfficient aofountk af the graft

. d ' ' [ | ud . .
Sondidriss St BRI, vty B PSS 551 o makee Respperir to the ol
slatige perfoatianos i b TobkdEERENdife df 8nQielitidul $hé Brdfh€polymer
crankcase of the vehicle a lubricating oil

%ﬂﬁmﬂti on containing a sufficient amount of the
graft copolyner of claim1l1l, whereby the oil sludge

. i ; o .
RO Sd SuPURESH 0 ki Tty oIS RGHARS win
cugled EGR engine; saidméihcHicomprising ad iy i arel operatingn the

wear protection . fromsoot in.a vehigle equipped with a
E@B‘F‘%%G%Qﬁ?'@r?d!%%‘? e s ReNiaHMGhg sugicient
R At ooy e preler O elratt copolymer
eingaim 1owheratiystheneaartprotestion iftoyn sooles suppriovierthe wear

rising the graft mer . of clajm 1, whereh
SRR Gioh RifpseBL 4 ordiRal RS Linfled) wito B Slihgut the
Graftiathylens-dieMtegslymeRofclaRflied EGR engine |ubricated
Wth an oil without the graft ethylene-olefin
copolynmer of claim1. 25. A nmethod to extend the

A &netned te pxtenddh@asrvies ime betwsenipildrains iplavehide merépped
with an exhaust gas recirculation engine up to about 60,000 miles by the addition

to a lubricating cil in the engine of a sufficient amount of the graft copolymer of

claim 1.

A process of making a graft copolymer comprising grafting a reactant selected
from the group consisting of N-p-diphenylamine, 1,2,3,6-tetrahydrophthalimide; 4-
anilinophenyl methacrylamide; 4-anilinophenyt maleimide; 4-anilinophenyl
itaconamide; acrylate and methacrylate esters of 4-hydroxydiphenylamine; the
reaction product of p-aminodiphenylamine or p-alkylaminodiphenylamine with
glycidyl methacrylate; the reaction product of p-aminodiphenylamine with
iscbutyraldehyde, derivatives of p-hydroxydiphenylamine; derivatives of
phenothiazine; vinylogous derivatives of diphenylémine; and mixtures thereof

onto a polymer backbone.
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27.

28.

29.

30.

31.

32.

wi th an exhaust gas recircul ation engine up to about
60,000 mles by the addition to a lubricating oil in
the engine of a sufficient anount of the graft
copolynmer of <claiml1l. 26. A process of naking a graft
copol ymer conprising grafting a reactant sel ected
fromthe group consisting of N-p-d
i phenyl am ne, ' 1, 2, 3, 6-t etrahydropht hali m de; 4-
qTHel ﬂrﬁ@é@@ﬁélaﬁﬁ?haﬁhﬁéﬂ‘tm&? refttifdis ¢HABASTY In solutlon
mal ei m de; 4-ani | i nophenyl |taconan1de acryl ate and
met hacryl ate esters of 4-hydroxydi phenyl am ne; the
rlégdrreaspebelain 261 wherain Hirigisting Ee@ﬁrned out in the presence of a
Rulgt! am nodi phenyl amine with glycidyl nethacrylate;
A eacti on product of p-am nodi phenylam ne with
i sobut yral dehyde, derivatives of

Fheysrooassiohdiainy 8 whereinl tie gathiyee8ombrise$ agﬁr Kidéicagilyst.
vi nyl ogous derivatives of dlphenylanlne m xt ures

er eof ckb 29 27. The praocess
ﬁ‘e&fafiﬂﬁ% e B8 Wheean 31%9 i {SCarHpd putingalk jnya device
seldetddPRomiBe gl Ebﬁﬁ%ﬁ%e’f %ﬁ bﬂfrﬂaéﬁand\'ﬁﬁ fifteAsiv8 $nixing device.
grafting is carried out ih the presence of a

catal yst. 29. The process of claim 28, wherein the
d: ﬁﬁanrsv@esa@frmama@ whexeinitiedeolyaiealbaskborsois seiected from the

, ' Wh h af d
B ot 4 oo b ebd B, Pl s 6
oiyldend polyAferan extruder and an intensive m Xxing

deV|ce 31. The process of claim 26, wherein the

3 ynmer backbone is selected fromthe group
bedreeessoitiaipt 26, wheysin, ther Rolymmies héclsbﬂwmpnws@ lcopolymer

SPLIRD st bR A5, BRI %) oY S685RBhceeo

dipel grmteene.of et hyl ene, at | east one C3.to C23
al pha-ol efin, and optionally a non-conjugated diene
or triene. 30
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