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AC-7668 GRAFTED MULTI-FUNCTIONAL OLEFIN COPOLYMER VI
MODIFIERS AND USES THEREOF 5 TECHNICAL FIELD This invention
relates in one embodiment to a highly grafted, multi-functional lubricant
additive useful as an improved viscosity index modifier when employed in

a lubricating oil 10 composition. BACKGROUND OF THE DISCLOSURE

The art contains many disclosures on the use of polymer additives in
lubricating oil compositions. Ethylene propylene copolymers and AC-7668
ethylene-alpha olefin nonconjugated diene 15 terpolymers which have

been further derivabiZediidlprdlidd’ bﬁUﬁEﬂBf@Nﬁrb@Eﬁ“ﬁhﬁ Iubrlcatlng oil
comp05|t|on@@p@ttalrgdtﬂ§w %@t}g‘/ﬁ{#}% 9 794

discloses ethylene copolymers erlve rom ethylene an ne or more C3
to C28 alphaolefin solution grafted with an ethylenically-unsaturated
carboxylic acid material followed by a reaction with a polyfunetional
material reactive with carboxyl groups, 20 such as a polyamine, a polyol,
ora hydroxyamine which reéﬁfﬁHM@ducFIEDBeful as a sludge and

vainis I ve in Iubr ojl S. Pat. %{N 137,
dlsclogle:\i&glé?a{)% ized inide gra P% ? eﬁlél% FihdpuLd ﬁﬂfé‘%?l fubricant
additivglmictuhies 4. BoaveN oisbdAg, Mﬁmolhﬁes wigiadhgslpodimek Whele g oil
comp lae &ﬁone polymer is an 25 oil-soluble ethylene propylene copolymer or

an ethylene-propylene-diene modified terpolymer with a graph monomer
of C-vinyl-pyridine or N-vinylpyrrolidone to provide a dispersant VI

mutipurpose lubrieAtht KNS B ALl B S OSKEEn of o

intkepelyoiesiof elbyjedicctisr o 8 alplbapppaeg/alisinita aniriiain oil

compositions. Ethylene propylene copolymers and ethylene-alpha olefin nonconjugated diene
terpolymers which have been further derivatized to provide bifunctional properties in
lubricating oil compositions illustrate this type of oil additive.

U.S. Pat, No. 4,089,794 discloses ethylene copolymers derived from ethylene and one or
more C; to Cyg alphaolefin solution grafted with an ethylenically-unsaturated carboxylic acid
material followed by a reaction with a polyfunctional material reactive with carboxyl groups,
such as a polyamine, a polyol, or a hydroxyamine which reaction product is useful as a sludge
and varnish control additive in lubricating oils.

U.S. Pat. No. 4,137,185 discloses a stabilized imide graft of an ethylene copolymer
additive for lubricants.

U.S. Pat. No. 4,146,489 discloses a graft copolymer where the backbone polymer is an
oil-soluble ethylene propylene copolymer or an ethylene-propylene-diene modified terpolymer
with a graph monomer of C-vinyl-pyridine or N-vinylpyrrolidone to provide a dispersant V]
improver for lubricating oils.

U.S. Pat. No. 4,320,019 discloses a multipurpose lubricating additive prepared by the

reaction of an interpolymer of ethylene and a C3-C8 alpha-monoolefin with an olefinic
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carboxylic acid acylating agent to form an acylating reaction intermediate
which is then reacted with an amine. U.S. Pat. No. 4,340,689 discloses a
process for grafting a functional organic group onto an ethylene
copolymer or an ethylene-propylene-diene terpolymer. 5 U.S. Pat. No.
4,357,250 discloses a reaction product of a copolymer and an olefin

carbo SR YA & A TAE e fogt BNBrTLACHONFOHO WAL A3 FEARIGRAWIMRR is then reacted
mongaminepolyamine mixture. U.S. Pat. No. 4,382,007 discloses a

with 854REant-VI improver prepared by reacting a polyamine-derived

di@p@.rpanmi.th_,msa@diag@s;@ykeﬁﬁfwg%e@%ﬁﬁﬂg@ﬁ{neﬁéﬁh%?gmegmup onto
10 propylene diene terpolymer. U.S. Pat. No. 4,144,181 discloses polymer

an ethylefiGRRHIFTERS Ahef lmprlisng terRrbiRa- ethylene copolymer
rgEIepaV/ it DMy BVl BRI RN e e ¥t

an alkaryl sulfonic acid. U.S. Pat. No. 5,932,525 teaches multi-grade
carboxybf estthyiotlecereprsasten Bl asedrbre B dinsevstbekmiessathmsnhlzanine
mixtufBass percent of an ash less dispersant and a viscosity modifier. U.S. Pat.

No. 5,427,702 discloses mixed ethylene alpha olefin copolymer

nidibfdlattinat Jigeo8tydinddifte s digpBrsratt W dmnp868; e teet hpseacting a

ti ' ' [ - M | JUS. Pat. Np. 5.075,38

polyarH T R SR 10 DARABIS: ploByeft ol G e
propylenpdigmcterditivers, wherein free radical grafting is accompanied by the

lar, wejght r ion of the copolymers due ta mechanicall . .
S S e BB S NS A S S S comprising
a grafteiddthatiesdaRRyorcERBIA tnithnepedynmaiiiiopal ywoedssdraxgrafiaed alefifinally
opolymer, VI i ver is.synthesized by grafting maleic anhydride or
reacm%fﬁﬁ#é?c%%%ﬂ}%@ﬂh@%@% on an olefiz c%polyr%er in the 25ypresence of
ad. 8lKeneNQISE3R 8 15 thrkasn andfi simda iy acason selveindAvieNelaturate
certain splvents, such as alkanes (e.g., hexane) in particular, can )
base S@ﬁ%&ﬁ%ﬁw FRRAPAS RSk Oifgb ﬁ&iﬁ@efﬁ@lg?aﬁiwﬁg%%ﬁwﬁen
for®. padesyerlaidg o7 alitdse SHERALAALRE AP olefin copolymer

multifunctional viscosity modifiers.

U.S. Pat. No. 4,863,623 teaches multifunctional olefin copolymer VI improvers.

U.S. Pat. No, 5,075,383 discloses a process for preparing a dispersant and antioxidant
olefin copolymer additives, wherein free radical grafting is accompanied by the molecular
weight reduction of the copolymers due to mechanically shearing,

U.S. Pat. No. 5,556,923 discloses oil solutions of adducted derivatized EPR or EPDM.

In one conventional process, a grafted olefin copolymer VI improver is synthesized by
grafiing maleic anhydride or other dicarboxylic anhydride on an olefin copolymer in the
presence of an alkane solvent, e.g., hexane, or similar hydrocarbon solvent. However, certain
solvents, such as alkanes (e.g., hexane) in particular, can undesirably participate in side
reactions during the grafting reaction to form undesired side products, such as grafted alkyl
succinic anhydrides, which represent impurities in the end product. Also, relatively higher

amounts of transient unfunctionalized polymer (ungrafted polymer) can be present after grafting
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succinic anhydrides, which represent impurities in the end product. Also,
relatively higher amounts of transient unfunctionalized polymer (ungrafted

polymer) can be present after grafting 2 in solvent-based grafting
reactions, which reduces the useful activity level of the product. Emission

in sdRauirements far all vehicles have become increasingly more stringent.

in s R e rErelinaadish Extigs e tomubiagiBoleahisbibaproduct.
reqlimssaents d@pvedechto fuicitiaseld dauelm ot 3RbINENAIRGIBIFAYR: stringent. For
This increased .Ievgl of soof causes increased wear 5 when oils are not

inStaBngedrllflslpor%lﬁlgt% TEPaFBHRS WHaVHTE APritRgest aissiothaemtitrments have led to

increeeiddetetion Dioaaycladhier RibAleksEERSifoRled LRYNSFIOANAINGS increased wear

ed EGR engines, a_problem_has developed in the ability of the

‘ CoQ
e ST 0 PR RN il A iméheaotr oot novw exbaust gas

convent

recirtodaliog. dihesedehaiiRasalseR2Y .. foNE éHM&@Q@Eg#ﬁ 2g El(t}R engines, a

has been noted in field testing of Certain Ma etro

tandards. |
pmb%‘i’é _ tﬂfé’l?_ M%@Eﬁam&d}%%ﬁ@a@ﬁmhb}ubdt@dmmwe the resulting
incre@RYIROStSXRIMEUNIRSE AblY @ﬂ‘éi‘?x%@é(ﬁ@ﬂébé%%’?%e%gn ggtxrrll?ss%%ystandards. It

soot is bejn%fgenerated. Increasing the treat rate

has beegpged iislthisstingietardrisild sicandtott Miesg robbsthit Hiascagar oils tested
in thes{g{gg%tgg;mﬁt&,yé.ﬁ@g @seeﬁﬂﬂﬁ@ﬂ Yl f films_that are thicker than

the size of primary sootﬁHyanrti_cles may%eegﬁ%g%eﬁ{rcﬁgﬁf &ﬁlrelﬁdﬁ‘b%"tﬁ%tgecause of the
way seglitBcieatsnmaiedy dutrensing SePmbthn 6,716, dFadesdilpesihe isth@lubricating
oils hESHRIRNRER T taining alkyl or aryl gmine,-or amide groups,_

nitrqgen-contaiiin_g Qg:%%%%ﬁg%l}gﬁ%%%tééﬁgﬁﬁﬁ GEthe eraRiiy & form films
that axeghigkeitibes thsetréroEBimenuippeh vy uhbdigsR! BREINEAt or reduce this source
of abﬁg%@@&%?.f)'ef'n poly_mer dl_spe_rsanf[ viscosity mdc_ax improvers are n_eeqled

and desired for use in lubricating oils which provide improvements in film

fothSathan. propsries Zndedaitasitiants2dr seabPotiah %M’gﬁ' 8RB Mad;
in.internal co}rébustion engines, such as diesel engines and EGR engﬁ%@g alkyl or

aryl aming, of | PISE MY TSP B NSOHE ThisterecTebicagmaos wrester linkages in
lubricsiiayidid anipethasho bletrisaton sqpisEREOR LSRR A% cngine

wherein said method comprises adding to a crankcase of sal engine a

IU%@I‘@&%WS olefin polymer dispersant viscosity index improvers are needed and desired for
use in lubricating oils which provide improvements in film formation properties, and deposit and
soot control, in lubricants used in internal combustion engines, such as diesel engines and EGR

engines in particular,

SUMMARY OF EMBODIMENTS
In a first aspect, there is provided a method of lubricating an internal combustion
engine wherein said method comprises adding to a crankcase of said engine a lubricating
oil composition comprising a major amount of an oil of lubricating viscosity and a minor
amount of an additive reaction product prepared by a method comprising reacting an
acylating agent with an olefin copolymer having a number average molecular weight

greater than about 1.000 in the presence of a free



oil composition comprising a major amount of an oil of lubricating viscosity
and a minor amount of an additive reaction product prepared by a method
comprising reacting an acylating agent with an olefin copolymer having a
number average molecular weight greater than about 1.000 in the
presence of a free 3 radical initiator and said method being essentially

radicalregtiatdiyshogent Sﬁb’tﬁm IBeiiy QsHaERl P FRIOVIERACERAINBINt in an extruder to

intermediate QO acylated olefin copolymer having a degree of
Providg A iRy ?etseﬁ RS SO B B H B RIPEB RSP S At degree of
grafun@ BZWI(% @ﬂiﬁ&%@[ﬂﬁgth@eﬁ@@ﬁ|ﬂm@1&ﬁt€bﬂ1ﬁd},&fﬁﬂ$}f@ﬂ LEed0s MekBaidivherein

ht; vacu ping u ted co nents; pelletizing the
the copg R FREAERats £ 1 o PeTBIBRH EoSHer IR mtigBine ucacted

compcﬁhlﬁ&@iwpgllktﬁzh@leﬁﬁecbspﬂ@iﬂﬂehm&mﬁﬁﬁetm &‘dﬁﬁutf@ gélletf@éﬂn @opolymer
solv oI mer intermediate; and reactin dissolved cop
e SO, L1t BRIFRAES AR ETISrNEP U BB Oracerje form &
dlssolvaacbpnlmmiuﬁtem’imﬁata thed| u&mﬁ@@@h%ﬁ@%ﬁpﬁﬁﬁbﬁﬁ@&@e&me with an
% demeﬁlta WDP value o ess than 250, a to \r}g car?ﬁ b
amine H s B Qe S A S VB Oy TR L o Lebricating
oil coﬂi;maﬂ@maclt!r@z@&kmi@ﬁé@d%ﬁﬂ@lm)dwbl@) S.e@@@@ﬁﬁ@@ﬁhih@ﬂ)lsa top land
odo lubricating an internal co erei .
Carbonpg‘ag‘ gf Yﬁi onﬁ3 Brisea! a£§ 0?3 5°gr§n(f<méesga%?f°§£glo§ﬁ:§ rY% U %%ﬁlﬂﬁn 20, in
the CatﬂfpdmmB%mMelmphsmg a major amount of an oil lubricating viscosity
d a minor amount,of an additive.reacti ro ared h tho
o B B A iAo o St e embustion
enginenwhdndmasﬁageﬂmdleonigﬁwelgbﬁ@l@m% thakda0O0f mdhbemﬁﬁmm%atmg oil
free radical initiator and said m essxentlall

COPOgBIVent an extruder o pr provﬁee 2 Cop ? caﬂ?@rﬁ% ﬁgdro FIRIARY ARpount of
an add#cytated iidefirebpolyrerdddvyrgmetiegt eeropdsafy ﬂga(:lﬁﬁg&hafctj‘l&tmg agent with
o o R S SRS S S AP 1
presenstrigfimgfign rﬂdmwlmmtpnamhmi@eﬂaﬂmd béhe ecopalytiadlyifiermEhydiedon solvent
in an COIMRAG HAAG SRS SIBARAIN: ERRBHIR Y RSIRE Sretin copotymer
having a degree of grafting (DOG} of the acylating agent on the olefin copolymer of at least
0.5 wt.% and wherein the copolymer intermediate is reduced in molecular weight; vacuum
striping unreacted components; pelletizing the copolymer intermediate to form a pelletized
copolymer intermediate; dissolving the pelletized copolymer intermediate in a neutral oil to
form a dissolved copolymer intermediate; and reacting the dissolved copolymer intermediate
with an amine to provide a grafted olefin copolymer additive reaction product, wherein the
lubricating oil composition forms a boundary film having a percent film resistance value of
about 80 to about 95 measured in a High Frequency Reciprocating Rig (HGRR) test conducted
at a 3% soot level , wherein the percent resistance is determined from an oil resistivity value

measured according to ASTM D 1169.
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form a dissolved copolymer intermediate; and reacting the dissolved
copolymer intermediate with an amine to provide a grafted olefin

copolymer additive reaction product, wherein the lubricating olil

composition forms a boundary film having a percent film resistance value

of about 80 to about 95 measured in a High Frequency Reciprocating Rig
(HGRR)aedicbrdpeteditata BYpsvdtivel meterdimthbipeceeng an internal

cJRBIANC IR ARtG e %?ﬂ“drﬁ&l%hr%ﬁ?é&}\il%s}’ %'&%ﬁgg‘?oa%“rc? i

S UPGaiq
to ASTM D I169. 3a In athird aspect, there Is providéd a met 6§o ¢ Al

enlgimcaatingrmatin@ roal msﬁm _@mgméshyﬁen_eim@f_aid anEthod ebmprigds of

nBGIRGQRLIGRKERSS RliRAldRANS Balt 9&@%@%&88{{‘[@%%&58%m vared by
comprising a major amount of an oil of lubricating viscosity and a thOI’

a eiboAtconanisidditivecriedctivapletogagraparetl by dahetmrdboreplisivige a

nSBEHR9ALAMIALNG AILALHIB-ARLIRTIR SRR MRSAVIRY ALUBESE o free

average molecular weight greater than about 1.000 in the presence of a

raffigel iigiiar innvateidametbastviam etsetinteSsentiallydresadion solvent in an
exiyiRCREbARRONEN IR ErHdREIR RIRYIde & opRivmer Intermediate ey

comprising an acylated olefin copolymer having a degree if grafting

coppboyohiagcydtsgadeatdinmdlafefm dotsiyaedroiaareit@sint oefin
copBfmiderein the coplymelintermnediatgd %6?9% IR dRRlECHIAIWEIARES in

vacuum stripping unreacted components; pelletizing the copolymer
mﬂ%%éh%é&iﬁ{@hfb YefFHYa pirnine resssiyhriRehEdiBed cidsslingapelymer
inReiRized wopehmepdntenpedigie iR ngutahait iR fama dissolvedelietized

copolymer intermediate; and reacting the dissolved copolymer _
coprEEdRIETItHHh BiRetEbrevide Rieiafdisolath opbiiteraemmedéate;
antERGHAAPIRAUEE INRAreRINeLHEARAI I CRMP IS IR OISR de a grafted

boundarﬁ film having a percent film resistance value of about 50 to about

oleftn senpbARGIr@AGHIECHRI VR GRS REsHFBE St dRig TirERR) segtposition

foRRRdusieRiahAf% Healdevel-vihermin tRENEFEENLIESISIAREEIS0 to about 70
determined from an oil resistively value measured according to ASTM D

as TR ot FHAS PECIABY P AME R R AectHE R BY isptieaititiyiad at a 6%

soBM&NAl wherein the percent resistance is determined from an oil resistively value
measured according to ASTM D 1169,

In a fourth aspect, there is provided a method of lubricating an internal
combustion engine wherein said method comprises adding to a crankcase of said
engine a lubricating oil composition comprising a major amount of an oil of
lubricating viscosity and a minor amount of an additive reaction product prepared by
a method comprising reacting an acylating agent with an olefin copolymer having a
number average molecular weight greater than about 1.000 in the presence of a free
radical initiator and said method being essentially free of hydrocarbon solvent in an
extruder to provide a copolymer intermediate comprising an acylated olefin
copolymer having a degree if grafting (DOG) of the acylating agent on the olefin
copolymer of at least 0.5 wt.% and wherein the copolymer intermediate is reduced in
molecular weight; vacuum stripping unreacted components; pelletizing the copolymer
intermediate to form a pelletized copolymer intermediate; dissolving the pelletized

copolymer intermediate in a neutral oil to form a dissolved copolymer intermediate;
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combustion engine wherein said method comprises adding to a crankcase
of said engine a lubricating oil composition comprising a major amount of
an oil of lubricating viscosity and a minor amount of an additive reaction
product prepared by a method comprising reacting an acylating agent
with an olefin copolymer having a number average molecular weight
angrecaeintp dlre abeod ved@O0rinl theepiesenedisfcarideanadicat itoitiaboidndgrafted
oIS peiiad Pelng eese0lially fee R VAIGaIbaR Sphventin ARy drudet
to provide a copolymer intermediate comprising an acylated olefin
hasepilyematinavingss deghee°i %Wll@@)([h@l@)r@aﬁgh@ﬁ%ﬂa@iﬁg .agent on the
_Oleﬂqncg\p%I%H‘n earsgécqt l%?@: 0135 V\f't]%d%ﬁdélv rz}l%rt Icrnldthc% CI%B%I &L an i{ltamal
intermediate Is reduceéd in. moletular weight; vacuum stripping unreacte
coggmpnesisipelletizing thedapelyedecomtetme diddent form aapéletized said
polymey-piaredipte, dissaling s pelstized copolymer intermediate ¢
eni(:grl’?‘a neutral 0i|"l[E£E form aoﬁfgﬁgg% copo%r%e%jnte}m%él_atle%o 7‘ta(r)#::ind"n ot of
lubsigeting whecenssondd copwlyAeruntarmedidtitivith antamipe dognovipea by
grafisd SlafingapolumstAdditivg feaction product, wharsin the Jubricatn
: oil comgosipion F?as a kinbgmat?éﬁ\ﬁsgsi% at 100C IZKV_ 1 Ogoisrlj;| tﬁg%émgg% 4
nuybep PEIBESMP A ikh welsbt eriee (Baprebided APcthdek afrisbricatifig free

ra@fRANEIAALCORAPUSHNANAUNS W %@%&ﬁﬁiﬂf 'ﬁ@é@ﬂh%i‘é%%%% adding 19, 4,

a crankcase of said engine a lubricating oil"'composition comprising a

CxfR6T atmoDitdtanioirePolbREating isciity eprtisizorramatiftisfianlefin
copOHE 1RRTLION, R{QQHSHP%%%Q by gingd CRMREINGSERBNA B efin

acylating agent with an olefin copolymer having a numbér average .
Coﬁﬂilbé%@lalfx%lsf?ﬁ{ Greatéitrand anlisuein goodpptEnpre seataadiadregeduced in
mbadigalipitigir @%&Q{@&ﬂﬁﬂ?@%ﬂ%g&@é&ﬂﬂ@ﬂ&{fﬁ%&ﬁé}}lﬂﬁ%%rcb@df)oi mer

solvent in an extruder to provide a copolymer intermediate comprising an

ingEpedetcolefifyrebporpRsIzRd iRgod R eE argrdifivg (DSL)ink the pellctized
co%%)ﬁlfﬁ{@gtﬁgﬁﬂ&ﬁﬂtmﬁ QIEHRLORANDRS AT 2URASHAP WHIA AR WREEEIR ate;

e copolymer intermediate is reduced in molecular weight; vacuum
angysstiREU ety e Apehents ipenawsin thale spoiyrimerto provide a grafied
olefin copolymer additive reaction product, wherein the lubricating oil composition
achieves a viscosity increase of less than 10cSt at 100°C at a soot level of up to 6.0%
in the Mack T-11 test.

In a sixth aspect, there is provided a method of lubricating an internal
combustion engine wherein said method comprises adding to a crankcase of said
engine a lubricating oil composition comprising a major amount of an oil of
lubricating viscosity and a minor amount of an additive reaction product prepared by
- a method comprising reacting an acylating agent with an olefin copolymer having a
number average molecular weight greater than about 1.000 in the presence of a free
radical initiator and said method being essentially free of hydrocarbon solvent in an
extruder to provide a copolymer intermediate comprising an acylated olefin
copolymer having a degree if grafting (DOG) of the acylating agent on the olefin
copolymer of at least 0.5 wt.% and wherein the copolymer intermediate is reduced in
molecular weight; vacuum stripping unreacted components; pelletizing the copolymer

intermediate to form a pelletized copolymer intermediate; dissolving the pelletized
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intermediate to form a pelletized copolymer intermediate; dissolving the

pelletized copolymer intermediate in a neutral oil to form a dissolved

copolymer intermediate; and reacting the dissolved copolymer

intermediate with an amine to provide a grafted olefin copolymer additive

reaction product, wherein the lubricating oil composition achieves a
cofisbosdy imeregstanf ipssittiaml @dSb dbik0Clakal sediigvd] okt nterm&ate;
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UBFiCatig an Internal combustion engmewher
olefidingptd yarerandkdidise ofsaich enginet addiericatithg dilteonipasitiantion engine

comprising a major amount of an.oil of. lubricating viscosity and a minor..
R o S0 L L e ot Saat el oS ce b5 A REh G o
engacting an acylating agent with an olefin copolymer having a number

average molecular weight greater than abgut 1.000 in the presence of a
oo Thelca A o A S G i SRR BRI ote
exhvidsb gasorirsolegnt isy stane xthederterovidgascs apolymen gntesimetiateed in
omprisi n Itglglef%ncpolmr ing.a degree if grafting. ., .
R paa R K R e e R
engiiebywhkersin i cbpulyatiog intb oorepiittes is: fedecsdl amdraolkostamwdightrsant
-VagGk [ipRing unreact gg Qne é%'it[i)ellet' ing the ¢ olymer d
AR Ee Ml b o
mefblidtizenip8sivp pohateg imeraybdiage dpcatneitiatoibioforeom Gissoleding a
PG AtGmediate:. 06 reagtingihe ;94%5 lYeReopAme f
" lnterm([:'%?aléeré v?\}i;ﬁ? an aminegto rovEI‘l_ge a bra teué) OT)ef(I% ICopol %sée:rng%&%\e}efree
rageeidtionipiodued, sateredthtiiebicieg rabovmbudiion @ngidereomoprsdscat in an
ex‘ﬁ%(al_éeg) Q@l‘ﬂ%tag ro%%%y li%tt! gizil%%)cg%%&%%E&%gylg'éﬁlo%%sne!}opoiymer
englne. n a sevent _aspect, there Is provi ) a ricating engine
hagdrapridhseca ebealedlimxhalsigeisthedinslitinarrgystem tivheldby @xiodustr of
at BRSO RRYISINGSQRLASH %%t%géglgﬁ%rcﬂ{%%%ﬁ%ér}s”%%ﬁ@%“ 0h Y utar
contact a lubricating oil used to lubriCate sal
weight; vacuum  stripping unreacted components; pelletizing the copolymer
intermediate to form a pelletized intermediate; dissolving the pelletized copolymer
intermediate in a neutral o1l to form a dissolved copolymer intermediate; and reacting
the dissolved copolymer intermediate with an amine to provide a grafted olefin
copolymer additive reaction product in an amount sufficient to reduce the amount of
oil thickening of the lubricating oil as compared to use of the lubricating oil without
the additive reaction product.

In an eighth aspect, there is provided a method of lubricating a transmission of
an automotive vehicle having a transmission wherein said method comprises
lubricating said transmission of said vehicle with a lubricating oil composition
comprising a major amount of an o1l of lubricating viscosity and minor amount of an
additive reaction product prepared by a method comprising

(A) reacting an olefin copolymer prepared from ethylene and at least one Cs to
Cio alpha-monoolefin and, optionally, a polyene selected from non- conjugated dienes
and trienes comprising from about 15 to 80 mole percent of ethylene, from about 20

to 85 mole percent said Cs to Cyp alpha-monoolefin, and from about 0 to 15 mole
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engine, wherein said lubricating oil comprises: a base oil, and at least one

dispersant viscosity index improver comprising an additive reaction

product prepared by a method comprising reacting an acylating agent

with an olefin copolymer having a number average molecular weight

greater than about 1.000 in the presence of a free radical initiator and
peseddtmétiund by essedtialy fyeeohinidwearhmbgolvenitgn aol@xlatdecight

to provide | intermediate camprising an.acylated olefin .
e e S e A T O RNE e aesm sae
prilvesslefimeopoly matiof stilbamtd Bnat¥, andiweremithiercepolgmeerature in
Pisrmediais eoger nmelecular, weigh vaeuum,sipping unreacied: ;.
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caifperphiediayégtiigsulvin gihe el etipely cepolpmeralitenmediatetin @deuathe

il to.form a dissol copalymer intermediate; and reacting ,the dissqlved
G e R LR S T S
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of_qil thi ing-of.: ricating oil. as.gompared to use of the
g u ;?(L:igt{i%éa(ﬁ# %ﬁ%@étﬁgﬁé{ﬁk@reﬁ%ﬁ %?gadluact. In an eighth aspect,
there(l) prowideg saidethdtedf habylideding editvarepwiigsion iof (4n sutbraotiseine

cog%gﬁﬁdﬁém&gﬁ@%?%%ﬁC%\éefﬁ\(lgv[lﬁiﬂglu' method comprises lubricating

transmission of said’ve ricating oil composition
(aremPrigirighemrtgerdamboprafaseaitdbiuthioating Miscosity and minor
amount of an additiye reaction product prepared by a method comprising
gA) reaqtin ﬁ'f:?copolymer prepared from ethylene and at least one
gnoolefin and, optionally, a polyene selected from non-
conjugated die £sRand trienes comprising from about 15 to 80 mole

._percent, of ethylene, from,abou O%I 85 mopje,perce t:sgﬁi}f_: oﬁﬁl_ NI
e AP oo 1 el AR, o
arpeliehe; baitkbepely e fidwihgia miimddravirgdgambleciiaraneightoms that
rap in& f{orﬁlkl 090 to SOQ,OOQ V\{ith an olleltling:_ carkh(gxylic acid acpklaltirig .
Caggen% S}éi’da chyl, alkoxyl, aratkyl, alkaryl, hydfoXyalky¥ of ammoalkyl, is (-
NH, ~(NH(CHa)y~)m~NHs, -(CHy),-NH,, -aryl-NH,, in which n and m each has a
value from 1 to 10 , and R® is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, alkaryl
having from 4 to 24 carbon atoms,

{(b) an aminocarbazole represented by the formula:

N

! 1
R & R

in which R and R' represent hydrogen or an alkyl, alkenyl, or alkoxyl radical having
from 1 to 14 carbon atoms,

(c} an aminoindole represented by the formula:

R

N

!
H
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process comprising heating said copolymer to a molten condition at a
temperature in the range of 60C to 240C, grafting in an extruder of a
mixing device, said olefinic carboxylic acylating agent onto said
copolymer, optionally subsequently reducing the molecular weight of said
copolymer, thereby producing a grafted, acylated olefin copolymer and
in whidtaRingrapleastslg draieswesmofisa dcachoie a¢idmaytatingagRtatoms,
rafted into each molecule o sa(iﬁﬁol fin copolymer, and (B) reacting said
@ on GRS IER BT EP T G an amine. compount

selegted from the group consisting of (a) an N-arylphenylenediamine
sente (By the formula: H R3 R1_Ar-N- K ;~) ~ R2 in which Ar is
HaN tic ahd R' is -H, -NH2, -(-NH-Aryl)"-H, -(-NH-Alkyl)-H, -NH- arylalky!l,
etitor straight chain radical having from 4 to 24 carbon atoms that
can be alkyl, alkenyl, alkoxyl, aralkyl, alkaryl, hydroxyalkyl or aminoalkyl,
R2is (- NH2, -(NH(CH2)" ),n NH2, -(CH2)"-NH2, -aryl-NH2, in which n and

in whiff RQ§|?1§7lﬁ§§nV@}“éﬁ Qiﬁ%)a}atcﬁéa@ hARRR R DXgreoesmsiiodoglkenyl,

alkoxyl, aralkyl, alkaryl having from 4 to 24 carbon atoms, (b) an
(e) an aRipUBEHtRIIB S RasRrREaBy ldhedoimmadan7z4 NH2 N R H RI in which
R and quaz)resent hydrogen or an alkyl, alkenyl, or alkoxyl radical having

| fro carbon atoms, (c) an aminoindole represented by the fonnula:
e R“sz ©) p y
HS !

H

in which R can be absent or can be C; — Cyg linear or branched hydrocarbon selected from the
group consisting of alkyl, aryl, alkaryl, or arylalkyl.
(f) an aminopyrimidine represented by the formula:
NHp
NN

R

in which R represents hydrogen or an alkyl or alkoxyl radical having from 1 to 14 carbon
atoms, wherein the lubricating oil composition achieves a weighted demeritis-1P (WDP) value
of less than 250, a top land carbon (TLC) value of less than 20, and a top groove carbon (TGO)
value of less than 20, in the Caterpillar 1P Test Method.

In a ninth aspect, there is provided a method of lubricating a transmission of an
automotive vehicle having a transmission wherein said method comprises lubricating said
transmission of said vehicle with a lubricating oil composition comprising a major amount of
an oil of lubricating viscosity and minor amount of an additive reaction product prepared by a
method comprising

(A) reacting an olefin copolymer prepared from ethylene and at least one C; to Cjp
alpha-monoolefin and, optionally, a polyene selected from non- conjugated dienes and trienes

comprising from about 15 to 80 mole percent of ethylene, from about 20

3f



H 3e in which R is represents hydrogen or an alkyl radical having from 1

to 14 carbon atoms, (d) an amino-indazolinone represented by the

formula: R H2N N NH in which R is hydrogen or an alkyl radical having

from 1 to 14 carbon atoms, (e) an aminomercaptotriazole represented by

the formula: N.NH2 R 1 HST NON H in which R can be absent or can be
toC3b n311® ﬁm&antosdﬁdaﬁgheo[hydﬂphanhoncsﬂhé’nte&ﬁoﬁmﬁlnezbgmupto 15 mole

pergenﬁls%n J gf aI '[ay l %r)éd g% lkar p)élﬁlf%r’ a%lalké x \?VI% amlno r!:”i‘«l%f‘ cular weight

represente he Tormula: rerﬁ'esen
rahgthdiemol, &@D&kk)ﬂ(lﬁr @Roxyitradicatfianingrronylictackt acatbiong amms said
rein the. ubri 0|I osition chlev a weighted emerltls
P S e T R R R U B e
theGamgid )5 QroRADCErwaf(iTe () av&imtesﬁahmm davive, sald oleﬁmc

ill t t ninth aspect. ther rowde
o R M AR R BN RSl e
lntr@nslms@ﬁ@glwwe?remdsa@mnﬂ;fd f&@mbmsze@tﬁubn@ungxsﬁadl acylated olefin

I sit
SR AR oR a0 ORI o

graﬁaﬁméqe@@mmlpmémf praheldth lpppolymer, and

(B) reacting said grafted, acylated olefin copolymer in (A) with an amine
compound selected from the group consisting of

{a) an N-arylphenylenediamine represented by the formula:

R
RL—AMN@
R2

in which Ar is aromatic and R' is —H, -NH,, -(-NH-Arvyl).-H, -(-NH-Alkyl),-H, -NH-
arylalkyl, a branched or straight chain radical having from 4 to 24 carbon atoms that
can be alkyl, alkenyl, alkoxyl, aralkyl, alkaryl, hydroxyalkyl or aminoalkyl, R? is (-
NH;, -(NH(CH2)p-}n-NHz, -(CHz),-NHa, -aryl-NH,, in which n and m each has a
value from | to 10 , and R® is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, alkaryl
having from 4 to 24 carbon atoms,

(b} an aminocarbazole represented by the formula:

N

R l i
b R

in which R and R' represent hydrogen or an alkyl, alkenyl, or alkoxyl radical having
from 1 o 14 carbon atoms,

(¢} an aminoindole represented by the formula:



method comprising (A) reacting an olefin copolymer prepared from
ethylene and at least one C3 to C10 alpha-monoolefin and, optionally, a
polyene selected from non- conjugated dienes and trienes comprising
from about 15 to 80 mole percent of ethylene, from about 20 3f to 85
mole percent said C3 to C10 alpha-monoolefin, and from about 0 to 15
imvdiehpRiceapet qaidhpdlyess osaid dkpolydiei having &dmimbel Avarage
molecular weight ranging from 1,000 to 500,000, with an olefinic
A CatGoxyli id acylating agent, said process comprising heating said
carboxylic aci ylating agent, p prising g
(dapalymertodazniolter conditatedba teatparatlare in the range of 60C to
240C, grafting in an extruder of a mixing device, said olefinic carboxylic
acylati gent gxio said copolymer, optionally subsequently reducing the
HHEI rgtrt of said copolymer, thereby producing a grafted, acylated
dlefi lymgg-and having at least 1.0 molecules of said carboxylic acid
acylatifig agéht grafted into each molecule of said olefin copolymer, and
(B) reacting Baid grafted, acylated olefin copolymer in (A) with an amine
compound selected from the group consisting of (a) an
inNehivioRenyistiegiamine pdlorbsshcetiiayitreformifke: 1 ®Son atoms,

(eﬁéﬁmm“f&%%plﬁtwﬂ%%ﬁé%&miﬁ z%%%gﬂﬂ?a?“’ "NH2, -(-NH-Aryl)o

, -(-NH-Alkyl)"-H, -NH- arylalkyl, a branc or straight chain radical

having fregn 4 teyph carbon atoms that can be alkyl, alkenyl, alkoxyl,
aralkyl ka\qﬁﬁydroxyalkyl or aminoalkyl, R2 is (- NH2,
%H%&Z;;N,-NHZ, -(CH2)"-NH2, -aryl-NH2, in which n and in each has
a value from I to 10, and R3 is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl,

alkaryl ﬁéving from 4 to 24 carbon atoms, (b) an aminocarbazole
inr%ri%ﬁ%{]%% t[))g Es, geﬁrg}uc!,gﬁ bl\elz 1 — Cyo linear or branched hydrocarbon selected
from the group consisting of alkyl, aryl, alkaryl, or arylalkyl.
(f) an aminopyrimidine represented by the formula:

NH;
N™ N

R

in which R represents hydrogen or an alkyl or alkoxyl radical having from 1 to 14
carbon atoms, wherein the lubricating oil composition forms a boundary film having a
percent film resistance value of about 80 to about 95 measured in a high Frequency
Reciprocating Rig (HFRR) test conducted at a 3% soot level, wherein the percent
resistance is determined from an oil resistivity value measured according to ASTM D
1169.

In a tenth aspect, there is provided a method of lubricating a transmission of
an automotive vehicle having a transmission wherein said method comprises

lubricating said transmission of said vehicle with a lubricating oil composition



N R H Rt in which R and R' represent hydrogen or an alkyl, alkenyl, or
alkoxyl radical having from | to 14 carbon atoms, (c) an aminoindole
represented by the formula: RHzNi *N' H 3g in which R is represents
hydrogen or an alkyl radical having from 1 to 14 carbon atoms, (d) an
amino-indazolinone represented by the formula: R i HZN NI | in which R
casywisitgye majcarxakyhirafl h:abﬁaxa“ ingbiiontidgtoidchciaybmd aiams arnelianof an

da%‘pglm&rﬁqgtotn Qle re r n%eltzl g%@%formula R NINHz HST ~N,N
be Bbdeht or:’éan ‘€ 8fiféar or branched

hydrdéarhmntsgemtetbﬁmmﬂmgm@pepmm oftalleyk; anyll aalkasybynerC; to
C;égfﬁaf)@/m@ e ?1]!%1@1 l[“ (;g«!:i ’rg%ﬁ) 5812‘&%%19&@3%%%'1?_ col\lnlj_lugla\élel:clil\(!‘henes
and trienes comprising from about 15 to 80 mole percent of ethylene, from about 20
to 85 mole percent said C; to Cygy alpha-monoolefin, and from about 0 to 15 mole
percent of said polyene, said copolymer having a number average molecular weight
ranging from 1,000 to 500,000, with an olefinic carboxylic acid acylating agent, said
process comprising heating said copolymer to a molten condition at a temperature in
the range of 60°C to 240°C, grafting in an extruder of a mixing device, said olefinic
carboxylic acylating agent onto said copolymer, optionally subsequently reducing the
molecular weight of said copolymer, thereby producing a grafted, acylated olefin
copolymer and having at least 1.0 molecules of said carboxylic acid acylating agent
grafted into each molecule of said olefin copolymer, and
(B) reacting said grafted, acylated olefin copolymer in (A) with an amine
compound selected from the group consisting of

(a) an N-arylphenylenediamine represented by the formula:

U R
R‘-Ar*d\i@
R2

in which Ar is aromatic and R' is —H, -NH,, -(-NH-Aryl),-H, -(-NH-Alkyl),-H, -NH-
arylalkyl, a branched or straight chain radical having from 4 to 24 carbon atoms that
can be alkyl, alkenyl, alkoxyl, aralkyl, alkaryl, hydroxyalkyl or aminoalkyl, R? is (-
NHp, -(NH(CHz}p~)m=NHz, -(CH;),-NHa, -aryl-NH,, in which n and m each has a
value from 1 to 10 , and R® is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, alkaryl
having from 4 to 24 carbon atoms,

(b) an aminocarbazole represented by the formula:

R | R1

in which R and R' represent hydrogen or an alkyl, alkenyl, or alkoxyl radical having

from 1 to 14 carbon atoms,



in which R represents hydrogen or an alkyl or alkoxyl radical having from
1to 14 carbon atoms, wherein the lubricating oil composition forms a
boundary film having a percent film resistance value of about 80 to about
95 measured in a high Frequency Reciprocating Rig (HFRR) test
conducted at a 3% soot level, wherein the percent resistance is
(cyetenmneddodnmaneodoresislivily fatuelmeasured according to ASTM D
1169. In a tenth aspect, there is provided a method of lubricating a
transmjsston of an automotive vehicle having a transmission wherein said
mpriges lubricating said transmission of said vehicle with a
Yymposition 3h comprising a major amount of an oil of
lubricating vl8cosity and minor amount of an additive reaction product
prepared by method comprising (A) reacting an olefin copolymer
prepared from ethylene and at least one C3 to CIO alpha-monoolefin and,
inoptishally | arppiyesnés setdotgenfrontn ok Yorgdigatduh diemdsrant triddesarbon
2t&Qmprising from about 15 to 80 mole percent of ethylene, from about 20
to 85 mole percent said C3 to COQ alpha-monoolefin, and from about 0 to
(d) soimopiextaatiopBaigipolyeied, lailicpolymer having a number
average molecular weight ranging from 1,000 to 500,000, with an olefinic

carb ﬁc acigdcylating agent, said process comprising heating said
H r to f molten condition at a temperature in the range of 60C to
24 Tipdlih an extruder of a mixing device, said olefinic carboxylic

acylating aglent onto said copolymer, optionally subsequently reducing the

molecular weight of said copolymer, thereby producing a grafted, acylated
in WBfih RARAYMGEAY hAYING 2hdeasth AP AUSHLIER Ahisaifh sRTRgxwlic acid

acylating agent grafted into each moleculé of said olefin copolymer, and
(c)BY) PEREGHPERII QFEElE EytatatEs BTinhedpaRMhEr in (A) with an amine

compound s%\lﬂ:ted from the group consisting of (a) an

N-%{ryl enédiamine represented by the formula:

-~

H

in which R can be absent or can be C; — Cyy linear or branched hydrocarbon selected
from the group consisting of alkyl, aryl, alkaryl, or arylalkyl.
(f) an aminopyrimidine represented by the formula:
NH,
NN

@

R

in which R represents hydrogen or an alkyl or alkoxyl radical having from 1 to 14
carbon atoms, wherein the lubricating oil composition forms a boundary film having
a percent film resistance value of about 50 to about 70 as measured in a High
Frequency Reciprocating Rig (HFRR) test conducted at a 6% soot level, wherein the
percent resistance is determined from an oil resistivity value xheasured according to

ASTM D 1169.
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H /~ (3 RI--Ar--N-~ R2 in which Ar is aromatic and R' is -H, -NH2,
-(-NH-Aryl),; H, -(-NH-Alkyl)"-H, -NH- arylalkyl, a branched or straight
chain radical having from 4 to 24 carbon atoms that can be alkyl, alkenyl,
alkoxyl, aralkyl, alkaryl, hydroxyalkyl or aminoalkyl, R2 is (- NHz,
-(NH(CH2)"-),,,-NH2, -(CH2), NH2, -aryl-NH2, in which n and m each has
a value from 1 to 10, and R3 is hydrogen, aIkyI alkenyl, alkoxyl, aralkyl,

shany MR LR 410 S cabel At ()AL o
oﬂlydragmmotiaa abhitlalkanidgon aHenxryimMmaWhamng stidmikfigod4comprises
e 1S R e Ty SHah 1 S iy TURERLT it HElRPE or
pregent r an-alkyf radi g
caoridscarbonagtomsouid) dreaniind-indazetingnestepnesantedi iy theount of an
adf O ll%aclt:\;()(rjz ;')_Irg(’i\lug leepyred by a method comprising
{A) reacting an olefin copolymer prepared from ethylene and at least one Cs to
C\p alpha-monoolefin and, optionally, a polyene selected from non- conjugated dienes
and trienes comprising from about 15 to 80 mole percent of ethylene, from about 20
to 85 mole percent said C; to Cyp alpha-monoolefin, and from about 0 to 15 mole
percent of said polyene, said copolymer having a number average molecular weight
ranging from 1,000 to 500,000, with an olefinic carboxylic acid acylating agent, said
process comprising heating said copolymer to a molten condition at a temperature in
the range of 60°C to 240°C, grafting in an extruder of a mixing device, said olefinic
carboxylic acylating agent onto said copolymer, optionally subsequently reducing the
molecular weight of said copolymer, thereby producing a grafted, acylated olefin
copolymer and having at least 1.0 molecules of said carboxylic acid acylating agent
grafted into each molecule of said olefin copolymer, and
(B) reacting said grafted, acylated olefin copolymer in (A) with an amine
compound selected from the group consisting of

{a) an N-arylphenylenediamine represented by the formula:

H o RO
e
R2

in which Ar is aromatic and R’ is —H, -NH,, -(-NH-Aryl),-H, -(-NH-Alkyh,-H, -NH-
arylalkyl, a branched or straight chain radical having from 4 to 24 carbon atoms that
can be alkyl, alkenyl, alkoxyl, aralkyl, alkaryl, hydroxyalkyl or aminoalkyl, R* is (-
NH;, -(NH(CH)u~)m-NH2, ~(CHj),-NH,, -aryl-NH,, in which n and m each has a
value from 1 to 10 , and R is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, alkaryl
having from 4 to 24 carbon atoms,

(b) an aminocarbazole represented by the formula:



in which R is hydrogen or an alkyl radical having from 1 to 14 carbon
atoms, (e) an axninomercaptotriazole represented by the formula: NNH2
R 1 HS N~ N H inwhich R can be absent or can be Cl - C10 linear or
branched hydrocarbon selected from the group consisting of alkyl, aryl,
alkaryl, or arylalkyl. (f) an aminopyrimidine represented by the formula:
wl:.,i Nj-~ (Ou‘ R in which R represents hydrogen or an alkyl or alkoxyl
{ad) @’J WHoto 14 carbon atoms, wherein the lubricating oil
ermpogjtionFafms a boundary film having a percent film resistance value
Rof aboylt 50 to &out 70 as measured in a High Frequency Reciprocating
Rig (HFRR) test conducted at a 6% soot level, wherein the percent
inrebisiaRcenis Retepistad i genoit residhiyityaliedugl e askoed aetordihgying
tdh ARTM RA38%: 31,0 an eleventh aspect, there is provided a method of
lubricating a transmission of an automotive vehicle having a transmission

(cwheraimeaidpinetpossesaiiiste fobmekting said transmission of said
vehicle with a lubricating oil composition comprising a major amount of an

oil of lubyicating viscosity and minor amount of an additive reaction
(Y epargd by a method comprising (A) reacting an olefin copolymer
gre 3 om.ethylene and at least one C3 to C10 alpha-monoolefin

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

atoms,

(d) an amino-indazolinone represented by the formula:

R
/O

_NH
b
H

HaN

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

(e) an aminomercaptotriazole represented by the formula:

N NH2
B \lr '
Hs" —

NN
{
H

in which R can be absent or can be C, — Cy, linear or branched hydrocarbon selected

from the group consisting of alkyl, aryl, alkaryl, or arylalkyl.

(f) an aminopyrimidine represented by the formula:
NHy
NN

R
in which R represents hydrogen or an alkyl or alkoxyl radical having from 1 to 14

3l



and trienes comprising from about 15 to 80 mole percent of ethylene, from
about 20 to 85 mole percent said C3 to C10 alpha-monoolefin, and from
about 0 to 15 mole percent of said polyene, said copolymer having a
number average molecular weight ranging from 1,000 to 500,000, with an
olefinic carboxylic acid acylating agent, said process comprising heating
cashic copalymdicteia theltebroanditienl abanjrixiperatie drkinenangeiaftle at

, 24 rafting in an extruder of a mixing device, said olefinic carboxylic
16&?03%5%36‘%@(9&%&%%%?& élg%oﬁ?/' 1c.=5§,r%fitionally subsequently reducing the
moletularweighisptsaitheepslyroeiddharateyhprodiining aiiafiacaaylaied of
oIefi%Igg olym%ri nd.having at |east 1.0.mo|ez}ules of sagd carBoxyIic acid
i

ar au[ VeV CLC anst glrglgle?l&ﬁ COIBS Y er,C(gHHHSGS

acylating agen graftehg‘lfﬁ? eAch hOTEEiE o
lupB-agagting dsaidmgraitetnacylated oldiinl copilynzeiub{fgtinithedh esnipesition
compound selected fro Pwe %rpu cpnsisting of (a
of an v} o 108 %n

. an o
R R R g SRR TR A0 b o g g on
addti R Zeaetwhiphoduds mepaadib aadihisd EhragHdng-NH-Aryl)"-H,

-(-NH-AlkyD)"-H, -NH- arylalkyl, a branched or straight chain radical havi
o ok Tk ot & R e R SRR G o
CalRiplyd: g droksiata droptmebikyd iR éad stlet2ed (Rt{@biR) b)djliehtktPdienes

N S Rt B e 0
tot§ Rhekrpercendisd (b) dn Emintdarharolele6presehfecbythetférmula: mole
pc%(em%% s%(ﬁp'ﬁ'lﬁgne, said copolymer having a number average molecular weight
ranging from 1,000 to 500,000, with an olefinic carboxylic acid acylating agent, said
process comprising heating said copolymer to a molten condition at a temperature in
the range of 60°C to 240°C, grafting in an extruder of a mixing device, said olefinic
carboxylic acylating agent onto said copolymer, optionally subsequentiy reducing the
molecular weight of said copolymer, thereby producing a grafted, acylated olefin
copolymer and having at least 1.0 molecules of said carboxylic acid acylating agent
grafted into each molecule of said olefin copolymer, and |

(B) reacting said grafted, acylated olefin copolymer in (A) with an amine
compound selected from the group consisting of

(a) an N-arylphenylenediamine represented by the formula:

H o RO
¥
RZ

in which Ar is aromatic and R is -H, -NHs, -(-NH-Aryl),-H, -(-NH-Alkyl),-H, -NH-
arylalkyl, a branched or straight chain radical having from 4 to 24 carbon atoms that
can be alkyl, alkenyl, alkoxyl, aralkyl, alkaryl, hydroxyalkyl or aminoalkyl, R? is (-
NHy, -(NH(CH2)p-)m-NHj, -(CHz),-NH,, -aryl-NH,, in which n and m each has a
value from 1 to 10 , and R’ is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, alkaryl
having from 4 to 24 carbon atoms,

{(b) an aminocarbazole represented by the formula:

3m



in which R and RI represent hydrogen or an alkyl, alkenyl, or alkoxyl

radical having from I to 14 carbon atoms, (c) an aminoindole represented

by the formula: RH2N N 1 H in which R is represents hydrogen or an

alkyl radical having from 1 to 14 carbon atoms, (d) an amino-indazolinone

represented by the formula: R O H2N N~NH | H in which R is hydrogen

aical having from 1 to 14 carbon atoms, (e) an

_ igdtdle represented by the formula: NNH2 ~HS'N_N H
lefyR tar be absent or can be C, - CIO linear or branched

Rhydroc bon sdécted from the group consisting of alkyl, aryl, alkaryl, or

arylalkyl. (f) an amlnopyrlmldlne represented by the formula: NH2 N'f 'N
ingghich R and R' represent hydrogen or an alkyl, alkenyl, or alkoxyl radical having

from 1 to 14 carbon atoms,

(¢) an aminoindole represented by the formula:

R

N

{
H

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

{d) an amino-indazolinone represented by the formula:

R
/O

HoiN
_li\j,NH
H
in which R is hydrogen or an alkyl radical having from 1 to 14 carbon atoms,

(e) an aminomercaptotriazole represented by the formula:

N NHZ
e g
H

in which R can be absent or can be C; - Cy linear or branched hydrocarbon selected
from the group consisting of alkyl, aryl, alkaryl, or arylalkyl.
(f) an aminopyrimidine represented by the formula:
NH,
NN



R in which R represents hydrogen or an alkyl or alkoxyl radical having
from 1 to 14 31 carbon atoms, wherein the lubricating oil composition has
a kinematic viscosity at 100C (KV100) in the range of 9.3 to 21.8cSt. In a
twelfth aspect, there is provided a method of lubricating a transmission of
an automotive vehicle having a transmission wherein said method
comprises lubricating said transmission of said vehicle with a lubricating

oil smon comp a major ount an oil of luQricatin

mv?)‘s’rcosny aﬁ%r?ﬁ?ﬁg M&hgpo?raﬁ ggﬁ‘f ive f"é g %’?&TJ%[& g’r%’&’ dy'g 14
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IGSS %?le se 08 ﬁ? %ﬁomoﬁﬁ?qgg? 1 E{') &ﬁé]&d% orh¥iing
from hbamhﬁﬁctml%@spmlte qhereemprﬂxeﬂ&;ilenﬁetﬁﬁomoibduﬁ@ﬁu@ Shamaldssion
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olynmier en condition a emperﬁture |n e range O

adUOG gmﬁmgpwémrtmtcpdmddﬁaanmthgddmnqmssagj olefinic carboxylic
acylaéﬂfrggcqntﬁoz{]r}%le%g ggbp ? et tlogeﬁl& qgﬁjee Qrtllg {3 eas% %ﬁe 4 to

molecular weight of sai merp{h yproduc g a grafted, acy
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n rafted ine cule of said oI on
R R R e A A g e 20
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pel}l(g&{%/ Ipheny! ﬁ%l?emsaldrg(p SR é‘?%é’%&é‘ & formula avefiageg ﬁtl)éghl}léfﬂ{xpezght
ranging from 1,000 to 500,000, with an olefinic carboxylic acid acylating agent, said
process comprising heating said copolymer to a molten condition at a temperature in
the range of 60°C to 240°C, grafting in an extruder of a mixing device, said olefinic
carboxylic acylating agent onto said copolymer, optionally subsequently reducing the
molecular weight of said copolymer, thereby producing a grafted, acylated olefin
copolymer and having at least 1.0 molecules of said carboxylic acid acylating agent
grafted into each molecule of said olefin copolymer, and

(B) reacting said grafted, acylated olefin copolymer in (A) with an amine
compound selected from the group consisting of

(a) an N-arylphenylenediamine represented by the formula:

H RO
R’rwArmN—@
R2

in which Ar is aromatic and R’ is ~H, -NHy, -(-NH-Aryl),-H, -(-NH-Alkyl),-H, -NH-
arylalkyl, a branched or straight chain radical having from 4 to 24 carbon atoms that
can be alkyl, alkenyl, alkoxyl, aralkyl, atkaryl, hydroxyalkyl or aminoalkyl, R* is (-
NHj, -(NH(CH2)p)o-NH,, -(CH;)y-NH,, -aryl-NH;, in which n and m each has a
value from 1 to 10, and R’ is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, alkaryl



R2 in which Ar is aromatic and R’ is -H, -NH2, -(-NH-Aryl), H, -(-NH-AlkyI)
H, -NH- arylalkyl, a branched or straight chain radical having from 4 to 24
carbon atoms that can be alkyl, alkenyl, alkoxyl, aralkyl, alkaryl,
hydroxyalkyl or aminoalkyl, R2 is (- NHZ, -(NH(CH2)"--),, NH2,
-(CH2)"-NH2, -aryl-NH2, in which n and m each has a value from 1 to 10,
hantkRdis hy@lmgaﬁbaali@tblatkenyl alkoxyl, aralkyl, alkaryl having from 4
0 24 carbon ato arpazole represented by the formula:
(® anﬁﬂ?oe)arw Tﬁ ﬁg’ﬁ)ﬁsﬁ?ﬁ? gﬁ qﬂl%%resent hydrogen or an alkyl,
R or atke yI radical having from 1 to 14 carbon atoms, (c) an
ww. elelgted by the formula: R H2N' N H in which R is
repf S rogen or an alkyl radical having from 1 to 14 carbon
Ratoms, ) an altfino-indazolinone represented by the formula: R 0 H2N H
H in which R |s hydrogen or an alkyl radical having from 1 to 14 carbon

ingitdvieh, R@pdRansimemet daptoiarotamepioseniiea Yy cheliomplikadical having

from 1 to 14 carbon atoms,

(c) an aminoindole represented by the formula:
R

N

1
H

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

{d) an amino-indazolinone represented by the formula:

R
/O

HoN NH
.N/

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

(e) an aminomercaptotriazole represented by the formula:

N
S,R-—<NI

!
H

NH;

in which R can be absent or can be C; ~ Cg linear or branched hydrocarbon selected
from the group consisting of alkyl, aryl, alkaryl, or arylalkyl.
(f) an aminopyrimidine represented by the formula:

NHp

A

N~ °N

3p



NH2 RHS WN 1 H in which R can be absent or can be Ci - Co linear or
branched hydrocarbon selected from the group consisting of alkyl, aryl,
alkaryl, or arylalkyl. (f) an aminopyrimidine represented by the formula:
NH2 NJ-IN 66 R in in which R represents hydrogen or an alkyl or alkoxyl
radical having from | to 14 carbon atoms, wherein the lubricating oil
composition achieves a viscosity increase of less than 10 cSt at 100C at

vel of up t0,6.0% in the Ma st. | hlr eenth aspect,
in S %FS@F&&‘E‘ ﬁ%ﬁ%f’ﬁ:ﬁ%i@l eﬁ%&? La5ae d}%& Siotive 14
carbbicigohayingadiatsmisaind wdaﬁﬁehmmldam@éhml@@ﬁa@rmlwmﬂw@g gas

said frans n of said h|cI wﬁ%g bricating oil composition
fe&%ﬁﬁﬁ?%‘?ﬁgg J%Gruéﬂ%ﬁ %‘fy P%%‘ﬁ‘ﬁg viscosity and minor
amouint a)ffanrtadﬂltnae;fm,ctimqor@@m@tﬂaparedabyaaanﬂgeaﬂgm@mmpﬁﬁgg a

A% eactin an olefin co mer d from et Iene and at least one

R e e i O R T

gezmt@htecﬂ@hemtesbmﬁbmnené& comprisigirdracabetital mbei80ingotd! used to
erc nt of ethélene rom abog 0. to 85 m?le [l)ndjcent sajd CSt

R A Sy e B R S b oo
om@dquseiymecdsmymgdw«ﬂmmb:ereawpged@eﬁnlahwemghtpmnmng from
1000 19 R0 AN SIS Carbox}’ec‘f 251 ARYRIAY B8R €. (o
proces compr |ng eal |n mer O a maoiten conaition a
Ctenhperatomemefin and, optionaliy, a polyene selected from non- conjugated dienes
and trienes comprising from about 15 to 80 mole percent of ethylene, from about 20
to 85 mole percent said C; to Cjy alpha-monoolefin, and from about 0 to 15 mole
percent of said polyene, said copolymer having a number average molecular weight
ranging from 1,000 to 500,000, with an olefinic carboxylic acid acylating agent, said
process comprising heating said copolymer to a molten condition at a temperature in
the range of 60°C to 240°C, grafting in an extruder of a mixing device, said olefinic
carboxylic acylating agent onto said copolymer, optionally subsequently reducing the
molecular weight of said copolvmer, thereby producing a grafted, acylated olefin
copolymer and having at least 1.0 molecules of said carboxylic acid acylating agent
grafted into each molecule of said olefin copolymer, and
(B) reacting said grafted, acylated olefin copolymer in (A) with an amine
compound selected from the group consisting of

{(a) an N-arylphenylenediamine represented by the formula:

o R
R’*ArmN@
R2

in which Ar is aromatic and R' is —H, -NHz, «(-NH-Aryl),-H, -(-NH-Alky]),-H, -NH-
arylalkyl, a branched or straight chain radical having from 4 to 24 carbon atoms that
can be alkyl, alkenyl, alkoxyl, aralkyl, alkaryl, hydrosyalkyl or aminoalkyl, R? is (-
NH,, ~(NH)CHp)a}n-NHa, -(CHy),-NH,, -aryl-NH,, in which n and m each has a
value from 1 to 10, and R® is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, alkaryl

-~

24



the range of 60C to 240C, grafting in an extruder of a mixing device, said
olefinic carboxylic acylating agent onto said copolymer, optionally
subsequently reducing the molecular weight of said copolymer, thereby
producing a grafted, acylated olefin copolymer and having at least 1.0
molecules of said carboxylic acid acylating agent grafted into each
hdviole Gtble @ftsa}id alefsncopalymer, and (B) reacting said grafted, acylated

Slefm cop ;n %\))5 with n]F‘. %‘i yound selected from the group
6‘33%‘%1 ﬁ%c f % ety represented by the formula:
‘@ - J>R2 in which Ar is aromatic and R' is -H, -NH2,

’ :

NHzAlkyl)"-H, -NH- arylalkyl, a branched or straight chain
eicatipavingfrom 4 to 24 carbon atoms that can be alkyl, alkenyl,
Ralkoxylﬁaralkyl Rdikaryl, hydroxyalkyl or aminoalkyl, R2 is (- NH2,
-(NH(CH2)"- )m NH2, -(CH,),NH2, -aryl-NH2, in which n and m each has a
inveiehffornd B Iqar%ﬂthbSdgaEym mg@na&mljla&imﬁypxaukbwyﬂ andlkgl having
aikany 39 &EHH}QJF&H& 4 to 24 carbon atoms, (b) an aminocarbazole
represented by the formula: NHz R H Riin which R and R’ represent
(chyasgenisdels eikytseikehy, bedikewfkradical having from 1 to 14

carbon a%gms, (c) an aminoindole represented by the formula: R HzN *.N

N

I
H

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

(d) an amino-indazolinone represented by the formula:

R
/O

N
N H
H

HoN

in which R is hydrogen or an alkyl radical having from 1 to 14 carbon atoms,
(e) an aminomercaptotriazole represented by the formula:

R—( \r

N"N
H

in which R can be absent or can be C| — C); linear or branched hydrocarbon selected
from the group consisting of alkyl, aryl, alkaryl, or arylalkyl.

(f) an aminopyrimidine represented by the formula:

3r



I H in which R is represents hydrogen or an alkyl radical having from | to
14 carbon atoms, (d) an amino-indazolinone represented by the formula:
R O H2N N NH i Hin which R is hydrogen or an alkyl radical having from
1 to 14 carbon atoms, (e) an aminomercaptotriazole represented by the
formula: NNHz R IHS'N.-N | H in which R can be absent or can be Ci -
C10 linear or branched hydrocarbon selected from the group consisting of
alkyiNHsyl, alkaryl, or arylalkyl. (f) an aminopyrimidine represented by the
forrpLLIa NH2 NJ-~N 6 160 3p in which R represents hydrogen or an alkyl
oMNaikoRVI radical having from 1 to 14 carbon atoms, wherein the internal
ion. engine comprises a cooled exhaust gas recirculation (EGR)
eavy duty diesel engine.

in which R represents hydrogen or an alkyl or alkoxyl radical having from [ to 14
carbon atoms in an amount sufficient to reduce the amount of oil thickening of the

lubricating oil as compared to use of the lubricating oil without the additive reaction

product.

The novel highly grafted, multi-functional olefin copolymer of one embodiment of the
present disclosure comprises an additive reaction product of a method comprising reacting
acylating agent with an olefin copolymer having a number average molecular weight range of
about 1,000 to 500,000 in the presence of a free radical initiator and essentially free of
hydrocarbon solvent in an extruder to provide a copolymer intermediate comprising an acylated

olefin copolymer having a degree of grafting (DOG) of the acylating agent on the copolymer

3s
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In a fourteenth aspect, there is provided a lubricating engine comprising a

cooled 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, wherein said lubricating oil
bas d at least one dispersant viscosity index

. nprises: il,
intermadiate O at?%aglt e(%%‘gyta%%] @ﬂ%ﬁ%‘ﬁﬁﬁﬁﬂ%ﬁ@?ﬁ%%iﬁﬁ%@ﬁnif needed, is reduced

IMprover pre
in nunbpolyvoeizpiephiadd ersi S Ye RR IR RLIRARLANB &AL &luical or a combination
fthe"%‘el%?a' onoolefin and, optionally, a polyene selected from non-
O Rug Al 6% réﬂ@’ﬁ’i’é’ﬂ@é%’érﬁﬂ%ﬁ@%@ﬁ%%%%@@ fhgstosure,
vacuyperteipped etfudanetdicbmpontms) JaRRD0!8iPRIReRLF QSRS §l0nd further

e?l%} -monoolefin, and from about 0 to 15 mole percent of said polyene,
reactegy %bm? RRANG et bmalsgiinstnsal elefie igtnotangins dfahas, for

-exampl€)Q0vieddeRyQa04Mith @ Iy&ﬁggﬁggmgxylic acid acylating agent, said

process comprising heating said copolymer to a molten condition at a
teMpfiPatdrasrrits amgecets60T theopBargtafting imanieitiedeaate product by the

metho@ BdBG86YI6, waid olefinic carboxylic acylating agent onto said
olymer, optionally subsequently reducing the molecular weight of said

co

capﬁl@wﬁf&t,%éﬁéweérmmq graftbd vacybatedriiptid ofapobacied andponents,
pelletiE@(Y '%%Im]agéﬂﬂjzﬁ%{f?ﬁ % £ ic afid acylating a ené

_grafted into each molecule 0 sa%@é g%?%%%lyﬁgr%ﬁ%ﬁ tgeﬁg‘{?ﬂ cpyafted

multkgmﬁfémaé@%ﬁﬂegqﬂeﬁﬁwmmenbdimnh an amine compound |

sgl@ﬁ}ﬁgﬁfr roup.consisting of. a% n%;aryl enylenediamine
_ representeg%aéﬂ%%}mﬂ?g:mﬁeﬁgrfgﬁ(ﬁ ai’lz %pq# RUvARgdhe BRilstized polymer
intermedic{R Lissatent hidtreINH-WridymHd, s AN hpre b AN PdHheBd with an inert
gas Sug{gincp%d or stra(ig%ht chain radical having from 4 to 24 carbon atoms that

can be TRk ER Ko Xy Fr R RO VAR Palyareras anniBicatipigdirgk into the
active ﬁlﬂdymédkd %}%ﬁﬂiﬂ'b}ﬁ%&b fobbil riéetd bt 2l Akl WRERiB1e to conduct

and.m each has a '
the amination faster thereafter on the dissolved and presparged polymer intermediate to provide
a more highly functionalized and high purity finished additive product. In addition, the vacuum
stripping of the polymer intermediate conducted before pelletization removes unreacted
components, such as unreacted graft monomers and initiator decomposition products, which
otherwise would contaminate the end product and/or, in the case of the unreacted graft
monomer, lead to undesired side reaction products during the subsequent amination reaction.
Therefore, additive end products having higher activities are provided by embodiments of the
disclosed herein.

Among other advantages, the grafted multi-functional olefin copolymer viscosity

modifiers made according to one embodiment of the disclosure have reduced impurity
levels and thus higher purity. For instance, the olefin copolymer can in one embodiment be
reacted with the acylating agent in an essentially solventless manner in an extruder, i.e., in the
presence of less than 0.1 wt.% of volatile hydrocarbon solvent, thereby avoiding side reaction

products arising from the solvent.
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value from 1 to 10, and R3 is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl,
alkaryl 3q having from 4 to 24 carbon atoms, (b) an aminocarbazc?le
represented by the formula: 07A NHz N R HRI in Whlch R and R
represent hydrogen or an alkyl, alkenyl, or alkoxyl radical having from 1 to

RS R L T, B e
discmwnMmm.mmmeﬁdBﬁfﬁﬁ“‘ﬁ%ﬁﬁﬁ%ﬁg@ﬁ%ﬁ%ﬁ %ﬁ%%%@f&greacmnts,
e R S Lo B ik ey e lnaded to les
than fepreséhtetibin the iddile: Nacthn priilfct Shbrdib, additive end products having
higher activities are provided by such embodiments of the disclosure,

Novel lubricant compositions of the disclosure also are provided comprising an oil
of lubricating viscosity and an effective amount of the highly grafted, multi-functional olefin
copolymer reaction product (i.e., the additive reaction product), in the form of additive concentrates
or finished lubricants. These lubricant compositions can be used to lubricate internal combustion
engines (e.g., heavy duty diesel engines, including types equipped with exhaust gas recirculator
(EGR) systems), automotive vehicle transmissions, gears and other mechanical devices and
components. Lubricant compositions containing the additive reaction product of certain
embodiments of the disclosure have improved soot dispersing (deagglomeration), deposit
control, and boundary film formation performance. The improved boundary film formation
performance in soot-containing oils aids in protecting against engine wear from the soot. In one
embodiment, the additive reaction product can be added to lubricating compositions in an amount
sufficient to reduce the amount of oil thickening of the lubricating oil due to soot content,
especially in exhaust gas recirculation (EGR) equipped diesel engines. The additive reaction
products of the disclosure can effectively extend the service time available between oil
drains in a vehicle having an engine lubricated with a lubrication composition containing the
additive reaction products, among other benefits and advantages. The disclosure is also directed

to engines and transmissions lubricated with these improved lubricating compositions and

compounds.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a general process flow chart for making the unique VI modifier additives
and Jubrication compositions containing them according to embodiments of the present

disclosure.

FIG. 2 is bar graph indicating the presence and extent of boundary film formation, as
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H in which R can be absent or can be Ci - C10 linear or branched
hydrocarbon selected from the group consisting of alkyl, aryl, alkaryl, or
arylalkyl. (f) an aminopyrimidine represented by the formula: 3r NH2
NON 66 R in which R represents hydrogen or an alkyl or alkoxyl radical
having from 1 to 14 carbon atoms in an amount sufficient to reduce the

il #h] | f icati ilAs C ared to f the
Y T
modifipandditivesidemdiiutel viehitbodponef thegmesembisdinsert of ¢chmpared to those

of 2 SRS APIORMIR SOMAIRER A0 AV JaRGonRIRANGL b aIetlRd,
comprising reacting cﬁatlng agent with an olefin copcﬂy r a\ﬁng a

Recipmugnibeg Bie (85 Ridkstutandveightatareyeral dafbenah5600( toaBoih GOkt hevels.
presence of a free radical initiator and essentially free of hydrocarbon
solvent in an extruder to provide a copolymer intermediate comprising an

acylated OIEfAHORDNIESCRAVIADA def EERT gidftii K DOBIBNT®

acylating a the copolymer 3s intermediate of at least 0.5 wt.%, an

R L TR SHRARE P LA AL VARG OB olfin
copolyaveragprnadtedulathveighti by witdecrogahasiked cberriaingherigdlfdedrafting a

. combjnation qf thereof. The copolymer intermedjate is, in another
Pfe“%‘ﬁi%%'é}méﬁ?f%gf FREONED SRl ake iRl Y’ﬂfﬁ‘f&i&&ﬁ%ﬁ?&&%ﬁtgf more
C; to Pglldphedlelisscbittainaiguiphghanpiovider sojrasiesd IMitiaBIMYREmprising

o provide a grafted multi-functional glefin copolymer useful as, for, ]
an acyly eI SRR RS I St RS R R ePABRRRY igtgrmediate by

mechaRiese Hciaidh eiveRAA dgh 20 AE iV J6aE AR RIFNUEBYBRipping of
unreacted components; pelletization of the copolymer intermediate; dissolution of the pelletized
copolymer intermediate in solvent neutral oil preferably with inert gas sparging; amination; and
optional color stabilization and product filtering. As also indicated in FIG. 1, the highly grafted,
multi-functional olefin copolymer product then can be diluted in an oil of lubricating viscosity
to provide a lubricant. It may be beneficially used directly, or alternatively as pre-diluted in base
oil in concentrate form, as an additive for ubricants. It may be used in lubrication compositions
for one or more functions including as a viscosity index (VI) modifier, dispersant, film

formation improver, deposit controller, as well as other functions.

25

I Preparation of Pelletized Polymer Intermediate

Polymer Substrate Starting Material

The polymer substrate starting material for use in one embodiment of the present
disclosure preferably compziées copolymers of ethylene and one or more C; to Cy; alpha--
olefins. Copolymers of ethylene and propylene are most preferred. “Copolymers™ herein can
include without limitation blends or reacted products of ethylene and one or more Cz to Cas
alpha-—olefins, and additionally optionally other dienes or polyenes. Thus, “copolymers” herein

also includes terpolymers, and other higher forms. Other alpha-olefins suitable in place of
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method described above. The acylated, reduced copolymer maybe
vacuum stripped of unreacted components, 10 pelletized, dissolved in a
‘neutral oil, and further reacted with an amine to provide a grafted
multi-functional olefin polymer viscosity modifier. A further advantage and
improvement is realized upon dissolving the pelletized polymer

propyldEymediatana sahy &%@bﬁ%&%&%ﬂ&%@ﬁvﬁ&\Wﬁigﬁggg,g%@{awpyzemto

sparged with an inert gas sufficient to remove moisture,
form gderpetingpoigivieiteiicoinit phatide d drerrnetHeot Bractive stolymetio-diolefins
such %‘E%'ﬂf&x%ﬁ@ﬁ%["ﬂ%@%‘i?&&%{ Qﬁg&gﬁ%%@, Etty%cﬁ]e%(&sal}x DOSRIUR s such as 4-
coriduct the animation faster thereafter on’the dissolved and prespargeci3
methylbiyenerliftorettedimsgecdravidenetind heigiehl fandtiondtizedanebhigh
pyrty; fing 1ty ct. In,addition, the vacuu trippin the
O s DS RS RO 8 o
4,863 g puiéhis Suckl &g Uhsdctedligraftsmriptome sainddritinted herein by reference.
compasition products, which 20 otherwjse wquld. contaminate.the end
The BB A e R A R DR e
hereinundesired side reaction products during the subsequent amination
regction. Therefore, additive end prodycts having higher activities are
oSSR Y SBSHH ALY A SSalmlrdid HIRGRRLIBHE 2150 may be used
as the athfamiademcihgagiafiechremdti-finctianay olefirepapalusney ¥y@ee5EymPonent. The
modifiers madeﬂﬁccorgling to one embodiment of the disclosure have

third qorA PRl SERSTRILY BRSO A IGHIPRTRGT BUISIFREI PR dRpnomer

~ select@bpobimeneaiupetiambatineirhbe TRaGeH Withihe-aeiaingAgemdinis one

an essentially solventless manner in an extruderﬁii.e.., in the presence of

havingdrams 100 4 GHERAPH BRI driBa BTSN e Hic fEnssyoRsmiaiy Satacterized
by theSREHAR: HrQdusls SUsE e TR PO MRt RO YR E GRU I Enpounds.

reaction products of certain embodiments of the present disclosure can

RepreseirtivPregugeinrdvind drhvisdinnes brzorhamdion dierclnratdisge, 5-
i A S R TR -
octadigitedidniTheearbreoradthvane dibng sdude Ussdifgthe preparation of the interpolymer.
A preferred nonconjugated diene for preparing a terpolymer or interpolymer substrate is 1,4~
hexadiene.

The triene component will have at least two nonconjugated double bonds, and up to
about 30'carbon atoms in the chain. Typical trienes useful in preparing the interpolymer of the
disclosure are 1-isopropylidene-3a,4,7,7a-tetrahydroindene, 1-isopropylidenedicyclopentadiene,
dihydro-isodicyclopentadiene, and 2-(2-methylene-4methyl-3-pentenyl)[2.2.1] bicyclo-5-
heptene.

Ethylene-propylene or higher alpha-olefin copolymers may consist of from about 15 to
80 mole percent ethylene and from about 85 to 20 mole percent C; to Cs; alpha-olefin with the
mole ratios in one embodiment being from about 35 to 75 mole percent ethylene and from

about 65 to 25 mole percent of a C; to Cy3 alpha-olefin, with the proportions in another

embodiment being from 50 to 70 mole percent ethylene and 50 to 30 mole percent C; to Cys
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5 higher activities are provided by such embodiments of the disclosure,
Novel lubricant compositions of the disclosure also are provided
comprising an oil of lubricating viscosity and an effective amount of the
highly grafted, multi-functional olefin copolymer reaction product (i.e., the
additive reaction product), in the form of additive concentrates or finished

alphaldRTERRIRI #6568 JHRIGANHGRMACAILPBS FaMPeHIRLIPAURIISSE Byean percent
combustion 1 é;%gnes (e.g., heavy duty diesel engines, including types

cthyl%’cﬁﬂb‘ﬁ)éé (it ExpisusT e tadiéumpbihiEbisystems), automotive
vehigle iR MISRIoNS &e(%sf@z%go%@i{owg%ﬁ | AeYise R %baut 0 to 10 mole

components. Lubricant compositions containing the additive reaction
percepy gfip BopreRigRc AbrMMEsRs o Qs e drdvecknpoless thant mole

perC@qgki_spersing (deagglomeration), deposit control, and boundary film

formation performance. The improved boundary film formation 15

pdiferfiaatiee pelsott suhstiniintheils didsthybrotestindyagainstepdineandasn oil-

f i ditive reaction product be
solubiEoR 4N %%%l!%@d&ﬁ BARIRenk H015844

added té) lubricatin gwp&mﬁiong%n a%lgag%gh%ﬁa%u%%%@ o‘?gb%%aeﬁﬁwné about
1,000 4oridi0-R &1, endHickexinyplsf tnerhlisr catirgoihdleetmsoeigorteso, 000 to 250,000, as

ially.i t gas recirculation (EGR) equi d diesel engines. .

deterr e B ol e R S e

s@hddertinfedyaitable tretvgmerais RP tdrainsritpasy ettiglerkaipel ancen génsolymers
or iﬂteIul:(;)riicated \ﬁi}h a Iulgic tion comﬁsition contaeitninl? th?ﬁ dditive reaction

odUCts among other BeRerfoARH SRS UL R FUSIIAmomEIs so long as

the baslirehtedcttoienging shend lyaramissionmutbrisaieshwigrdhese improved

luhricating compositions. and compounds. 25 BRIEF DESCRIPTION OF

R S LA B Ao A ST SRR Yok kgt can
generalebeniauRed b osldemreldiibest 2pshidiialo 7 eaMBRRGKHIP B8 FRRIAIRING catalyst

them according to embodiments of the present disclosure. FIG. 2 is bar
SYS“’“@E%%W&F@S{?&@%%fBFé‘éléﬁdé%améﬁtaaﬂtf@aﬁaﬁlﬂgﬂﬁ|ﬁﬁh&maﬁbma§r3&8

phase PREESYEEh LIRS BftREICSRIIM eisiANoen Qf MR POIAIR FRIIGINNY

the unique VI modifier additives according to an embodiment of the
emplo%stgﬁtsglggmgg?g he apnspizbly e dgdrocarbon solvent that is liquid under

reaction conditions for polymerization of alpha-olefins; examples of satisfactory hydrocarbon
solvents include straight chain paraffins having from 5 to 8 carbon atoms, with hexane being
preferred. Aromatic hydrocarbons, preferably aromatic hydrocarbon having a single benzene
nucleus, such as benzene, toluene and the like; and saturated cyclic hydrocarbons having
boiling point ranges approximating those of the straight chain paraffinic hydrocarbons and
aromatic hydrocarbons described above are particularly suitable. The solvent selected may be a
mixture of one or more of the foregoing hydrocarbons. When slurry polymerization is
employed, the liquid phase for polymerization is preferably liquid propylene. It is desirable that
the polymerization medium be free of substances that will intecfere with the catalyst compo-
nents.

The polymer substrate, i.¢., the olefin polymer component, generally can be

conveniently obtained in the form of ground or pelletized polymer. The olefin polymer can also
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of a lubricating oil containing a commercial VI modifier additive in High
Frequency Reciprocating Rig (HFFR) tests conducted at several different
soot ("carbon black") levels. 5 DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS Referring to FIG. 1, in one embodiment a novel highly
grafted, multi-functional olefin copolymer is provided as the reaction
)
b oy Su Lt Lo I 1A KA ernc form.
one or more 10 C3 to C23 alpha-olefins with an acylating agent to provide
a %ﬂg&g@%@gqumgggg ﬁg@:p[%;lsmg an acylated olefin copolymer;
reducing the molecular weight of the copolymer intermediate by
méthan mabonhmmal MWIMGM%QDOWMIOﬁmmM copolymer are
fed to'aPEHA { V& S%O wp onerats gelleéjzablon O; hﬁeco e¥rﬂavmg the
interme |ate |sso on of the pe etlze o’polymer Fintermediste
capabsbw@fﬁhnamgmmﬂ ﬁ%ﬂy&d&ﬁn&ét@@&ﬁp&r@mp&]ﬂwnﬁﬂ@ﬁndn}@n the

t] I abilizatio and uc f||ter| s.also |nd|cat d |n FIG.
pdyn%?t%?g % gf"éﬁ‘ﬁ if d ﬁona?lérle%n CC?E)%lf Ghiar |5°rola1 By @ fhe feed
sectiobe}ﬁihﬂexitm@n mlmhiubmeﬁlmgnrmhmtm ¢d girovide a Iubrlcant It may be

benefigi used directl rnatlv re-dilyted in base oil i
BTSRRI T S B o e hE A S LU o otber reactants
in the lericddiom @tbmpﬁsttwmtff%@ﬂﬁ?gab mn:enweeﬁ@mmmcduﬂaag astBevis&P Bl erial.
in 1) modifier, dis ersantf 20 foymation. improver, deposit .
The d%s%ef?% CORAaT SRt SHRRHEent éaﬁiaﬂ%aamfasﬂ&g@a%w or
separdtermertioie Rabymier Guastiaie Gashrmiddatadabihe polymer substrate

starting material for use in one embodiment of the present 25 disclosure
preferably comprises copolymers of ethylene and one or more C3 to C23

atg%nglpﬁ;&d%polymers of ethylene and propylene are most preferred.

Copolymers herein can include without limitation blends or reacted
S 8 WI8EMore C3 to C23 alpha-olefins, and

aﬁ%ﬁ?ﬁi%@ﬁf@@?%ﬂt@%ﬁg@&% HeRRIKRES IR Sne %ﬁ%g&%er substrate to

herein also includes terpolymers, and other higher forms. Ot

form an ppdaitdmiayienspipbizosfiveolyercr.

Suitable grafi monomers include ethylenically unsaturated carboxylic acid materials,

such as unsaturated dicarboxylic acid anhydrides and their corresponding acids. Examples of
these graft monomers are set forth, for example, in U.S. Pat. No. 5,837,773, which descriptions
are incorporated herein by reference. These carboxylic reactants which are suitable for grafting
onto the ethylene-alphaolefin interpolymers contain at least one ethylenic bond and at least one
carboxylic acid or its anhydride groups or a polar group which is convertible into said carboxyl
groups by oxidation or hydrolysis. The carboxylic reactants are selected from the group
consisting of acrylic, methacrylic, cinnamic, crotonic, maleic, fumaric and itaconic reactants or
a mixture of two or more of these. In the case of unsaturated ethylene copolymers or
terpolymers, itaconic acid or its anhydride is useful due to its reduced tendency to form a cross-
linked structure during the free-radical grafting process,

The ethylenically unsaturated carboxylic acid materials typically can provide one or two
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propylene to form the copolymer or to be used in combination with
ethylene and propylene to form a terpolymer include 1-butene, 1-pentene,
1-hexene, l-octene and styrene; a,w-diolefins such as 1,5-hexadiene,
1,6-heptadiene, 1,7-octadiene; branched chain alpha-olefins such as 4-
methylbutene-l,5-methylpentene-1 and 6-methylheptene-1; and mixtures

o B B e TS o

can prissdeiptionsraosilicgrpopatedrhelainl bionitepentted chbel pabtnenkubslcate

IsQ may be.commercjally pbtained having, the, propgerties 'ggicate

anh

S By B PR A R R L omer
interpolymers, also may be used to as the olefin polymer starting

mﬁ‘%&é!ﬁla(i’i’%mfi‘i‘a -rbe prepared using a .thlrd component. The 'ghlrd

compvnerrﬁgenergﬁy used to prepare an interpolymer substrate is a

pdlzepeaflinp eraetiosetefiind MencprebDoicliRtepslirnes ang BiRNgsbodiment
nt js gne having from 5 to 14 carbon

The-non-conjugated diepe component js \ ) (
generg carc Qut Wi s AL P Bt Tt PS5 sgluipn. The
graflinger 6seaatcobain il GpeeH0J S S MM Y HIiBR0 CRAIUNEBIC¥E IR 8N The use of
bicyclo compouynds, 15 Representative dienes include o
a ree-qogal pialos oLy EqRGHARREHAS Uy BRI IEgRRSOss distibuion of acylted

groupEtivdidenctdinetpINaRe nydvaghomene, 5-methylene-2-norborene,
1,5-heptadiene, and 1,6-- octadiene. A mixture of more than one diene

cAnbBesIadiAliutRapardch Bayhe el o gral thachndrsiedly unsaturated
carboFRCRAMUERIG T OIS M- P5 NIRRT IR R RRIMME, Qb IREPR A Geresters,

is 1,4- hexadiene. 20 The triene component will have at least two

and alypprrfiRpeiHaubrrefrddy drscyhistdmosdontinp oniatarester then 100°C
and de%BﬁiPos-E%H&ﬂ{atlrllf RAESHSRY %ﬁ%@%{%&%@g l%r@%v%y@ee radicals.

disclosure are 1-isopropylid roindene,

Represengspiemiithese fiegoiditahiatietss atihgziroatsootiyiiopintagipeozidd, 2,5-

: Jnethylene-dmethyl-3-nentenyl)[2.2 4] bicyclo-5- heptene. . .
amet G I O AT PR AE DRSS R s
peroxidbolliclifitei@0snetel perenhetinylefiscans:frobo w0085 ta@abmale% by weight
nt C ttof%zteS a;%ma—olefin with the mole ratios in one embodiment

Bouf 384"

erce
based neI{I’ﬁla hifte %Wféfgrﬁercent ethylene and from

Grafting Reaction Equipment and Conditions

To perform the grafting reaction as a solvent-free or essentially solvent-free bulk
process, the graft monomer and olefin copolymer are in one embodiment fed to an extruder,
e.g., a single or twin screw extruder e.g. Werner & Pfleiderer’s ZSK series, or a Banbury or
other mixer, having the capability of heating and effecting the desired level of mechanical work
(agitation) on the reactants for the grafting step. In one embodiment, grafting is conducted in an
extruder, and particularly a twin screw extruder. A nitrogen blanket is maintained at the feed
sectton of the extruder to minimize the introduction of air.

In one embodiment, one can conduct grafting in an extruder, such as a twin-screw

extruder. A nitrogen blanket is maintained at the feed section of the extruder to minimize the
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about 65 to 25 mole percent of a C3 to C23 alpha-olefin, with the

proportions in another embodiment being from 50 to 70 mole percent

ethylene and 50 to 30 mole percent C3 to C23 7 alpha-olefin, and the

proportions in yet another embodiment being from 55 to 65 mole percent

ethylene and 45 to 35 mole percent C3 to C23 alpha-olefin. Terpolymer
introdRABHUISA HEIHRIANIOANIE R IANELIEIN IO AROHED 040 MOIE

percent of a nonconjugated diene’or triene. Other termonomer fevels are
injectiekal prninigvtiendptcenis THersatinily ipisiebatswstritetithgidmthen a zone of the

terpolymer, is an oil- solyble, linear.or branched .

et B e B LS. LR T R PP cioney
of thespafiog anhdeids bxanusteraeiumtienaverage molecular weight of 50,000

1025 s .determined el permeation chromatography and .
uréﬁ%%g%?%’é%g?g Fo%r%%ﬁgg{%z%%n. fﬁa‘?ﬂe egf’ﬁﬁ"p“ﬁ‘&fg{élé?ﬁg‘&é% and the prior
dehydgetmeripalbedorenddmpelspiettiyleotthopolymearsubetpodymé sabeéquent grafling
(’inter %Ixmers. Thesg materials m%ﬁontain amounts of qther glefinic .
procegure

Imonocrne?sf3 8r%ﬁlg}easmtﬁ%p%r§ fCRH A SR SHEHRIDPSHE O AL VAT S Actingle
extruduaheriallynoilziptedeatinenaely reetizatismmes agtidn used tostfpnaa1 B RVIGNRY the

s RGeSl Ires o n e eseiee o

forth, pelyineizatian Mediisolsaptsperiicrandeas, Eims sehitidestHioRd are
. as phase, roce%ses, as known to those skilled in the art. When solution
m“‘}rpg’éﬁ)’mﬁ% ON IE*gMSfyed, the solvent may be any suitable inert

hyslfosaibe heabigmethaeisdisstidimda, #RANLAR eopsliiaBsdiecrally is fed to
. polymerization of alpha-olefins; examples of satisfactory hydrocarbon

PlasticpiQesTinR SRIBREHi SRR BAIaNs ARG SO 06 Bastitsbn.dioties to a
tempetHi16X80EH08, 20 REEIRIT R 1 AP AL YA QL AIROBR RIGIGIRPhsaturated

aromatic hydrocarbon having a single benzene nucleus; such as

carboxtiAsibreenerirnd Areredikel mitintuenasepicyichy ¢yded datbomsolteningpolymer
o U A R O DA At st
of the plefiie chntyysustabibnmhw wotve night kediedionaan b era finix tarchefpenfomned
simultm%ﬁsi’{r,tﬁﬁli%‘%%iﬂﬁxﬁ‘%@ E:%%%Eggrqs? arve\:lﬁgs%r%%rcﬁrpﬁl %“FJ{Z <i)c.)r51,5:'75,383, which
are incorporated herein by reference. The processing equipment is generally purged with
nitrogen to prevent oxidation of the copolymer and to aid in venting unreacted reagents and
byproducts of the grafting reaction. The residence time in the processing equipment is
controlled to provide for the desired degree of acylation and to allow for purification of the
acylated copolymer via venting. Mineral or synthetic lubricating oil may optionally be added to
the processing equipment after the venting stage to dissolve the acylated copolymer,

The grafting reaction can be carried out in solvent-free or essentially solvent free
environment. The grafling reaction preferably is performed in the absence of hydrocarbon
solvents. The avoidance of hydrocarbon solvents during the grafting reaction, such as alkanes

(e.g., hexane), eliminates or significantly reduces the risk and problem of undesired side

reactions of such solvents during the grafting reaction which can form undesired grafted alkyl
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25 employed, the liquid phase for polymerization is preferably liquid
propylene. It is desirable that the polymerization medium be free of
substances that will interfere with the catalyst compo- nents. The polymer
substrate, i.e., the olefin polymer component, generally can be
conveniently obtained in the form of ground or pelletized polymer. The

olefin poJymer can also 8 he supplied as, either a pre-mixed bale or.a
S Tl S GRS Rl e
unfurfsdibstited palpmanbogifanbdyasnppe piaenbaies anathgiieunesidbegrating

olefin copolymer are 5 fed to an extruder, e.g., a single or twin screw
reactigyt MBIIoFE A B AR U I ARG Ha G SRS S B F RRBEIE Shne
interigtigiating e sesictddexehatmechanigah Workitagiationver Biaidelyiisie grafted

substrate for the dehydration step. A nitrogen blanket can be maintained
solveg (1 ¢gEebReeH] DHHBIG RS A TS AL POEIERBIeH dpmersted)

copol§igln copolymer is initially heated before being admixed with any other
reactants 10 in the extruder or other mixer with venting to eliminate

mbiztirsaBatciR it tad Aailshrcaasding &) SRR EBHONMERISqf thagresent
disclRMeoRiRaniHesnis %H@tt%: ﬂ?fﬁr@ﬂ&@exfo?fm&f t%%?ﬁ%%%aﬁing
rartl

in series for conducting ng reaction. Grafting Procedure: 1

ahQ
reactipg giaiety eofesredn, @Fﬁf@ﬂiﬂi@ﬁfé@ﬂ%&ﬁ?ﬁdﬁ%ﬂ&%%ﬂ@ﬁdﬁé@ By 150°C
undeﬁéﬁmb%%%ﬂ@mﬁ&%@@o%ﬂl&ﬁ%ss&%ﬁﬁﬁ?r&?eiéﬁ'i@?ﬂl??ﬁwﬁﬁ‘ﬁabsolute). The

ethylene-alphaolefin polymer. Suitable graft monomers include
solvegdhifiatienl e wmsittert ansthéar i airadic onaneehiin abipbhtisscompunndsetich as Co
' i ' ' their, cotr i [
oo o 7 SRS A hf B gl B Rl
hydrosa@3m (@ gwhichpdesdsibtiving aleeinecorpordtad ketkins bynafecandaoluene);
ic reactants aftin 0 the

. These carboxyl hich are suitable, for t ) .
ey SRR TRt S s o

aolefin interpolymers con

any cahlgastiameo Lardyexiicaeichdrodsnasity tirisldeginubids torompral Hrsgraepatiaidhg
boilinigs, g&géeggglgpgﬂ%%t?%dog ?or\tz)v%%( ﬁljan that of nonane under standard atmospheric
conditions. Some conventional grafting reactions have been performed in the presence of
considerable amounts of hydrocarbon solvent, such as approximately 15% to 60% hexane
content. By comparison, in one embodiment of the present disclosure, the total amount of these
types of such solvents in the grafting reaction mass does not exceed 0.5 wt.% content thereof.

The grafted copolymer intermediate exits from the die face of the extruder either
immediately after grafting, or after shearing and vacuum stripping (discussed below in more
detail) if performed in different sections of the same extruder or a separate extruder arranged in

series with the extruder in which grafting is conducted.

Selected Properties of Copolymer Intermediate

The resulting copolymer intermediate comprises an acylated olefin copolymer
characterized by having carboxylic acid acylating functionality randomly within its structure.

The amount of carboxylic acid acylating agent (e.g., maleic anhydride) that is grafted onto the

12
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groups by oxidation or hydrolysis. The carboxylic reactants are selected
from the group 25 consisting of acrylic, methacrylic, cinnamic, crotonic,
maleic, fumaric and itaconic reactants or a mixture of two or more of
these. In the case of unsaturated ethylene copolymers or terpolymers,
itaconic acid or its anhydride is useful due to its reduced tendency to form

a.crgss- linked sgru ure during the free-radical grafting, process. The .
pres iR e DA A0 S P oh SYBULS I CaRP bl arameter i
refermﬁhml)hm _?_sdﬂmﬁe Gf; @t&iﬁﬁ@eﬁﬂﬂﬂi@, @ﬁﬂﬁ%ﬁ@g&&éﬂ%t@&ﬁiﬁgs percentage of

opolymer. That is, me methacrylate_can provide qgne carboxylic grou
wcy o 5 e G EEPE DD R AT o T SAgp GRS 3.
wt.Ydyyparcietdarylia grotpgef Nleaueo)ai alad SORRIVINES iR the range of 1.7 to

Free-Radical Injtiator The grafting reaction to form the acylated olefin

2.3 W BoRIFEROIIE Gl SRS HE RS SRR EPAIRP LR RAPRIGRRAFD RS- of a
frepheadioal initirter £ haidiH Wi 18 Akt prbae ORI AR either by

s 03rried out in the presence of a free-radical initiator dissolved in oil. The
13

Ptk Jatiganatyiis ahiridor aruelvda modtrasatEsirRalioRer alkyl functionality or
by tithRIBRgEsRP U distHhion-0f aayiaiad AR DEPURS Vel thealalin ?ﬁg&lxm%e TAN

molecules. The free-radical initiators which maybe used to graft

valuedih(ahfagibeedin sitmaia bo dopecs aferbimeROHe polymer
bapkbessREIHIR RS R MEARCHNXHE S rRRIE SISy AR Hto provide

compounds and preferably those which have a boiling point greater than
0.15 ‘ifdb£5 BHEUESHIS BeedYhymben axergaftiatpeataperightemit gbin of the
copolpHRMBaKBEHA YR 013 Rersassuatiyes 1Y éﬂﬁﬁ% E@Le T@%‘%ﬂﬂ@@aa@gage

are azobutyronitrile, dicumyl peroxide, 2;5-
moleqiitiettajiidxBoeezambls, teetneyiruty| pdstiaiderathdMn of 20,000 is grafted with 3 to

-dj -3- -bis-tertiary-butyl peroxide. The.initiator.is used
S Ot ouhaL L St Dbt L SOt 10788 oty Rl mole of
copolpmeh ey ofetheite Aétiof HX00@ia-GraftinthR saotithchaipytientand per
Conditions T rf the, grafting,reaction a solveny-free qr . ..
copol g R LR GE BI BIOLLEL hLVEPAE e ey i ey Toe minimum
level cbfiniytivanireintduneshhadii entidikie gk exdnudem satisfactory dispersancy

performance.

Molecular Weight Reduction of Copolvmer Intermediate

The molecular weight of the acylated olefin copolymer, i.e., the copolymer intermediate,
is reduced by mechanical, thermal, or chemical means, or a combination thereof. Techniques
for degrading or reducing the molecular weight of such copolymers are generally known in the
art. The number average molecular weight is reduced to suitable level for use in single grade or
multigrade lubricating oils.

In one embodiment, the initial copolymer intermediate has an initial number average
molecular weight ranging from about 1,000 to about 500,000 upon completion of the grafting
reaction. In one embodiment, to prepare an additive intended for use in multigrade oils, the
copolymer intermediate’s number average molecular weight is reduced down to a range of

about 1,000 to about 80,000.
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e.g., a single or twin screw extruder e.g. Werner & Pfleiderer's ZSK series,
or a Banbury or other mixer, having the capability of heating and effecting
the desired level of mechanical work 25 (agitation) on the reactants for the
grafting step. In one embodiment, grafting is conducted in an extruder,
and particularly a twin screw extruder. A nitrogen blanket is maintained at
the feed _se[ttion f.the e(itruder,to 'é}i‘mize the introduction of air. In ong
€ 4

ISR AL oFaIiRR HShEREHPaA P e dR A al S erpasoietin copolymer may
be dotwisirsehiavecextsu e andthiragendankak ibi ghakaioed ok tiei ferehisetliRlymer may

of the extruder to minimjze the 10 intraoduction of air. In another
be ﬁf%ﬁ?@&&?ﬁqm%eéréf ERIseN e sERhhRg sEAltam D¥brdaGione
copoljniRetian geiinpilisaliematively iedactachalohy & iREHONsRRIMS L 3R molecular
of the extruder without significant mixing e.%. a transport zone. This

weightds shificfentlyhetecrtie fispneyclomtb GrafirtPAne fodndhe ranaaed agant 1,000 to

80,00gontent. 5 Suitable extruders are generally known available for conducting
grafting, and the prior dehydration procedure. The dehydration of the
pBisHHer st pbthaaglrdanbstihnf grarmmgRsedaisraicdinener serratefid

copolythSERAAPIR LBV R Rk WRi P RELIGHR: AY SSNANEDHGLS R SITTHUARE: weight

. having multiple treatment or reaction zones can be used to sequentially
typicaliyitieetdnelcddphaebapeabhsobigniroiethrerswsnedihiane. oil, using either
mecha a1 QRT3 WRRIR SRR S ALS R A R SR 188k ik ddsd Fefrd9; the

3,862,265 and U.S. Pat. No. 5,837,773, which descriptions are
copolynEs @m@iw@r@h@ﬁ@mﬁmimmg tihe Wate@p@ﬁnn at a temperature in
the raﬂ:t_’,%pcﬂJ YIS §B@c048 fAB(ﬁR %%W%@?P%@Qﬁ I&i?]gc&%d Q!)a%é%gpzr{%gé%: @e{g%(’) tgennally

GQU|pment such as an eXtrUder, Intensive mixer or mastica
or chetaigpdénd e ofcat hzrsireddy foratrambie] dim s 2dCtharmbphbymer intermediate

thylenically unsaturat carboxylic acid reagent.and . free-radical
(or ol AR RS IR R Bl TRy be
effecteliheitieactiosx isudarriection; apficizatksovitednedngic@ngitiontsNo.effet?, 773, which

. grafting of the olefin copolymers. If molecular weight reductjon and .
desort e e B R S, T BV R BA ey be
condu@td Beserdiadin th&tdialopdOyrhed TitcriizdRiqlr alefincoRMaied Mhesaih fine

... by reference. The processing equipment is generally purged with
orifices under pressure or by other mechanical means.

Vacuum Stripping of Unreacted Inpredients

Upon completion of the grafting reaction, unreacted carboxylic reactant and free radical
initiator usually are removed and separated from the copolymer intermediate before further
functionalization is performed on the copolymer intermediate. The unreacted components may
be eliminated from the reaction mass by vacuum stripping, e.g., the reaction mass may be
heated to temperature of about 150°C to about 450°C under agitation with a vacuum applied for
a period sufficient to remove the volatile unreacted graft monomer and free radical initiator
ingredients. Vacuum stripping preferably is performed in an extruder section equipped with

venting means.
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20 nitrogen to prevent oxidation of the copolymer and to aid in venting
unreacted reagents and byproducts of the grafting reaction. The
residence time in the processing equipment is controlled to provide for
the desired degree of acylation and to allow for purification of the acylated
copolymer via venting. Mineral or synthetic lubricating oil may optionally
ded to the processing equipment after the venting stage to dissolve
théAsHaEanLseppmeeTatermediate, o reaction can be carried out in
soltentsfiegaecisseniedinsolventdice: BOMFONRGRE pFhESAliIND.rRarliRRe with
b referablﬁ'yg perffrmed in the absence of hydrocarbon solvents. The
embogBiihek et AFGIoRMRBHBerS arAR ME G etmAly R dntImsditicdelps to
isolatalfRNBRrif:Giatb Proned: MHRRIES BhAISMAGRNINIRICARIIRGHEK HDEessing is
problem of undesired side reactions of such solvents during the grafting
condyglg ﬁ%ﬁ%ﬂiﬁ?ﬁé%ﬁ?‘FSﬁrﬁ’Hﬁdesired grafted alkyl 11 succinic anhydride
byrRéQdp6IFHRaAARRHENRE S QHRANGALITINUN TR JANSESY a variety of process
unfunctionalized polymer (ungrafted polymer) are present after grafting in

methodsGanwed ypastigeddadhe ag ol RiericsRmedssign dhesinsdudrodstwater
pelletiPBE6RIME IR F SRAHNBPRRPAVIBICE: IGVRRAIBLE S f@vﬁ%ﬂ‘fﬁfé&@l&tﬁh of the

A reduction is achieved in levels of undesirable grafted’s solvent (i.e.,

copolynsrétipadeguaticiarieraminiel faedsnirepreferadumfihed dnailidenater pelletization.
TemptRANREdiGh pRNARS Wﬁ%p%ég\@%@%gﬁﬁg'g%%?%g %;%% be

to certain embodiments of the present disclosure Solvents
addedda Heg aftplins widee dwiag pdietization éapramesiaiehet geglingratastion
descriped,heein. for lvents .having,a boiling point Jess . than
.about 150C 10 uﬁfe%@d%%%%ﬁ%‘%p%%ﬁ%%éestsst}?ec%%\r%ﬁﬁéé%a(ﬁg ,e rsuchasa
centrifugpk drien foelpmavaliofinateh Selits)caihis: sollcetds ihathoarobelastiited; at any

[ for le, open-chain aliphatic.com nds such as C9 or .
vl B e BRSO 4B ot at abient

condithexapejcannmetiadtypdigrarhant @d stobrapeungs T end PErERIS pround by
nucleus such as benzepe and toluene); alicyclic hydrocarbons such as = .
et R o BN ) S EEREy RE eSS i olution
into oiombinations of these. In one embodiment, it is desirable to omit all
solvents having boiling points approximating or lower than that of nonane
under standard atmospheric '
I Functionalization of Pelletized Copolymer Intermediate

Dissolution of Pelletized Copolyvmer Intermediate

The pelletized copolymer intermediate may be supplied as an unground or ground form
of the pellets. The pelletized acylated copolymer intermediate is dissolved in solvent neutral oil,
The pellets generally are dissolved in the solvent at an introduction level of from about 5 wt.%
to about 25 wt.%, particularly about 10 wt.% to about 15 wt.%, and more particularly about 12
wt.% to about 13 wt.%, based on the resulting solution (solute and solvent) viscosity.

The pelletized copolymer intermediate can be dissolved in the solvent neutral at
temperature of, for example, about 135°C to about 165°C with mechanical stirring under a
nitrogen blanket. The dissolving mixture is sparged with inert gas during the dissolution for

about 4 to 16 hours. This treatment can performed in a continuous stirred process vessel of
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conditions. Some conventional grafting reactions have been performed in
the presence of considerable amounts of hydrocarbon solvent, such as
approximately 15% to 60% hexane content. By comparison, in one
embodiment of the present disclosure, the total amount of these 20 types
of such solvents in the grafting reaction mass does not exceed 0.5 wt.%
_content thereof. The grafted copolymer intermediate exits from the die
suitahle-eABAGRE extruder either immediately after grafting, or after shearing
anphyagLy D AEiRpI ?Qs (i pesRed el MNP R RSN %‘?éiﬂﬁ]\?%@g, can be
different sections of the same extruder or a separate extruder arranged’in
prior i e cxirasiom RrereRvgrafting i oondusbregc3 B8 dwated within the
vessel APREHEA OL AR SE IR e date LNt RS 'ﬁ{}iﬂﬂo%?&?&%{l?( near the bottom of
ymer characterized by

intermediate comprises an acylated olefin copo

the sohatigmg 4 bolbiectaeriticas ylatnghftirecsigntitity Nitrdgrmlypeigieiterstruestmmeisture

t i i t Q... malej hydride
o SRR SRR AORIBG AL A DR A o
moistarpiymidesepsipaey istmpotiatetadthi® panvmetaryipoheferredicatierejliadiacids
of graftin 0OG), further described as the mass percentage of
preselglcg/a[%%%%%ggééi%ét%gﬁﬁéﬂ%%g%%ﬁlxrﬁéﬁ &F?‘]‘g‘%‘é 0grremﬁerally is in the
rdrige ot ovBede winldicpatcirdelysinsthieasahggafiing inoddmet, ¥oragortion of

re particularly in the range of 1.7 tp 5 2.3 wt.%, .of carboxylic.acid . .
e pe L e SR b B SRSt specinic

diaciddfarticulargadelisly ehie @htiogepsaduet gandecoetasainedwiiner HyorptiodRelf life. The
eak ratig analysis of acid or anhydride maqiety versus copolymer alkyl i

condu g T ATAGP R N P AL N ORISR afad prior o

aminadlddihivetheachentRpehisierding h NopaNRIAdYRGAR BRHIAUALR BT 8esired

. the degree of grafting (DOG). 10 The carboxylic reactant is grafted onto
acﬁveﬁ@iﬂ?&&&r?&&@feaﬁeﬁm#ﬁ eIBSRETE Brovrael s iumediaipgs fyiiber reacted

and fuBEeREIRed 100 AHMASH PR IBRIECY BoNEIIRIYHIS MMM dNSnd active
copolymer backbone, preferably 0.2 to 0.5 carboxylic groups per 1000

aminaedARAuaLEragE abisreediiar wesgrvcriorresestipr, Ehe spokamigsobpelamacric
succinf¥t1MA He2thPRRIS B IRANL DR meric succinic anhydride form can be
monitored by measuring the viscosity of the solution. The solution viscosity decreases
significantly from an initial higher value down to a steady-state value upon conversion of all or
essentially all of the polymeric succinic diacid back into the desired polymeric succinic
anhydride form.

The neutral oil may be selected from Group I base stock, Group I base stock, Group 11
base stock, Group IV or poly-alpha-olefins (PAQ), or base oil blends thereof,

The base stock or base stock blend preferably has a saturate content of at least 65%,
more preferably at Ieést 75%; a sulfur content of less than 1%, preferably less than 0.6%, by
weight; and a viscosity index of at least 85, preferably at least 100. These base stocks can be
defined as follows:

Group I: base stocks containing less than 90% saturates and/or greater than 0.03% sulfur

and having a viscosity index greater than or equal to 80 and less than 120 using test methods
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15 carboxylic groups per copolymer chain or 1.5 to 7.5 moles of maleic
anhydride per mole of 15 copolymer. A copolymer with Mn of 100,000 is
grafted with 15 to 75 carboxylic groups per copolymer chain or 7.5 to 37.5
moles of maleic anhydride per copolymer chain. The minimum level of
functionality is the level needed to achieve the minimum satisfactory
- dispersancy performance. Molecular Weight Reduction of Copolymer

specifistbnbaigd obtirné meiseniBririiyat brtutaépiRidavitinrieapsipaing Ol

Licenbfg Hif2l expohengsdrpemedialRujs@eoieet ramachanioak hammal &,
chemical means, or a combination thereof. Techniques for degrading or

Addepdypicing el BSiecular weight of such copolymers are generally known in
therdith e/ SURRES RYRHAGE NCRHIAN WIOBLIS I RAVEEL IR SR RIRUEY Bleater

for use in single grade or multigrade lubricating oils. 25 In one
than QPR adiehianenthBaringlrcopetyinainine aretinthanay saunitaBGumblass than 120
using RUPLAOBOMAUBCHIA RGO A1 oG dHEa gy 1,000 Lo about 300,000
upon completion of the grafting reaction. In one embodiment, to prepare
afEitle reemileckfowhish mahedsigrarierciigialie GOpotgthesulfur, greater than or
lgatgwe&i@ﬁg'tgs{ﬁgmb LALEIRgE rweight is.reduced down to a, .
eana rangeoof about 1,00%r to about gg%ggmlg?algﬁé%ﬁ%%\% yfnée%?t?r?gs%zr?l ed in Table 1
referengeilistioreof the high molecular weight olefin copolymer may be done
Si . other. alternatiy high molecular weight olefin
c?&%\%ﬁrgg? Eﬁ%s‘é&e wgmlecc}i‘ucgénop %s%e%[{gfes'scribed molecular weight before
graftithgsévieEnitheg edinretpdimelaria bvekageninotbbylaASERIGNRIB07, the viscosity
. reduced befare grafting,.i er ayerage molecular 5 Weigfg‘&
inde e TV R B0 B e oD 2622,
ASTMaDotiz94 008 T 804000, HetlSENOM afithe molecular weight of the
cqpol r;ger intermediate, or the olefin copglymer feed material during or
DHOP O G RTTTT 10 8- presuibea brre e &lar weight typically is
cohddeiasvedtbelrbseneapiieluabhpsdnibsdtesanse fbaxfeadl acylating
. using either 10 mechanical, thermal, or chemical means, or combination

functiqqsjsdeacisd Jrth @b%}gﬂmgound. The amine may be selected from compounds
such as described, e.g., in U.S. Pat. No. 4,863,623, 5,075,383, and 6,107,257, which

descriptions are incorporated herein by reference.
In one embodiment, the amine compound may be selected from the group consisting of:

(a) an N-arylphenylenediamine represented by the formula:

o R
R1—Ar—N—@
R2
in which Ar is aromatic and R' is —H, ~NH,, —(~NH—Aryl),—H, ~(—~NH-Alkyl),—H, -NH-
arylalkyl, a branched or straight chain radical having from 4 to 24 carbon atoms that can be
alkyl, alkenyl, alkoxyl, aralkyl, alkaryl, hydroxyalky! or aminoalkyl, R? is (-NH,, -(NH{CHy),~

m—INHz, ~(CH2),~NHa, —aryl-NHp, in which n and m each has a value from 1 to 10, and R}is
hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, alkaryl having from 4 to 24 carbon atoms,
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copolymer intermediate, or olefin copolymer, is heated to a molten
condition at a temperature in the range of about 250C to about 350C and
it is then subjected to mechanical shear, thermally or chemical induced
cleavage or combination of said means, until the copolymer intermediate
(or olefin copolymer) is reduced to the prescribed molecular weight. The
shearing may be 15 effected within an extruder section, such as
(b) anymipisaPazee TrrcpEenisdibXhedamlara which descriptions are
incorporated herein by reference. Alternatively, mechanical shearing may
be conducted by forcing the wg“rr\ifp}ermediate (or olefin
copolymer) through fine o pragsure of by other mechanical
means. 20 Vacuum Strippia gredients Upon completion
of the grafting reaction, unreacted ¢frboxylic reactant and free radical
initiator usually are removed and separated from the copolymer
in whitkRnedidé tepfesentuiiidesgéunstionalizatiokdsyhasfoarmagdaadhel having from 1 to
14 C&%opol mer intermediate. The unreacted components may be eliminated
ShARE eaction mass by vacuum stripping, e.g., the reaction mass may
(c) ankenZivhigloteddsréernparaiute: @hahgut 150C to about 450C under agitation
with a vacuum applied for a period sufficient to remove the volatile
unreacted graft monomer and free radiqgl initiator ingredients. Vacuum
foextruder section equipped with
\ ntermediate The copolymer
intermediate is pelletized before furti oessing in accordance with
embodiments of the disclosure herein. Pellgtization of the copolymer
intermediate helps to isolate the intermedibte product and reduce
. contamination thereof until further processing is 5 conducted thereon at a
in WmaEg}r

BT RESTRERGSE IR A ek FRd e BAVARESERE AT BE FarPRB RS-

(d) an peliatsing 2Ty RPRIQERSSLINGRFMERINMOnNly practiced in the art of
plastics processing. These include underwater pelletization, ribbon or
strand pelletization or conveyor belt cggling. When the strength of the
copolymer is inadequate to form i e preferred method is

underwater pelletization.  H,N

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

(e) an aminomercaptotriazole represented by the formula:
N NH,
,R_< \I(
/

H

in which R can be absent or can be C; — Cyq linear or branched hydrocarbon selected from the
group consisting of alkyl, aryl, alkaryl, or arylalkyl.

(f) an aminopyrimidine represented by the formula;
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10 Temperatures during pelletization should not exceed 30C. Optionally, a
surfactant can be added to the cooling water during pelletization to
prevent pellet agglomeration. The mixture of water and quenched
copolymer pellets is conveyed to a dryer such as a centrifugal drier for
removal of water. Pellets can be collected in a box or plastic bag at any
volume for storage and shipment. Under some conditions of storage
and/or shipment at ambient 15 condiigRs, pellets may tend to
agglomerate and stick together. Thege can be readily ground by
mechanical methods to provide hidi stiface area solid pieces for easy
and quick dissolution into oil. Il. Bunctignalization of Pelletized Copolymer
Intermediate 20 Dissolution of, opolymer Intermediate The
pelletized copolymer intermedi upplied as an unground or
ground form of the pellets. The pélletiz cylated copolymer
intermediate is dissolved in solvent neutral ojlgglhe pellets generally are
lved in the sqlvent at an introduction level of from about 5 wt.% to

in W R SEE0 DAY BEHD AROB b B8l R5oesmoambmblearbon

atomgparticularly about 12 25 wt.% to about 13 wt.%, based on the resulting
sqlution (solute and solvent) viscosity. The pelletized copolymer

intB/PHE FEROLURERE tis SBNASICRITRRSE et e e 20 Nepryiphemylensilipsnine
represRiEA BIetRDNE3 F6iqpPouUt 165C with mechanical stirring under a
nitrogen blanket. The dissolving mixture is sparged with inert gas during
the dissolution for about 4 to 16 hours. This treatment can performed in a
S stirred pracess vessel of 15 suitable capacity. The inert
can beér;ltrogen BS[,U'[IOH and sparging, if used, can
= D ent 3 |nat|on

ocedure. One or more spargers
3t locadidns,submerged beneath the surface
fz~bottom of 5 the solution, and bubble

inert gas through the solution. Nitrogen sparging removes moisture from
the qlssolved copolymer intermediate and solvent oil. Importantly, the

in whighrRovia hayrpgsrstchBhasm, e topdijkubr-Nibatiod atedrts thaboneraighy chain
radlmpﬂwgrffomcﬂg MYUGIAY s that can be alkyl, alkenyl, alkoxyl, aralkyl, alkaryl,

hydroxyalkyl or aminoalkyl, R?is -NH3;, CHy-(CHj)y-NHa, CHz—aryl—NHz, in which nn has a
value from 1 to 10 and R? is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, alkaryl having from 4 to

24 carbon atoms.

Particularly useful amines in the present disclosure are the N-arylphenylenediamines,
more specifically the N-phenylphenylenediamines, for example, N-phenyl-1,4-
phenylenediamine, N-phenyl-1,3-phenylendiamine, and N-phenyl-1,2-phenylenediamine.

Mlustrations of other useful amines include those described in U.S. Pat. Nos. 4,863,623
and 6,107,257, which are incorporated herein by reference.

It is preferred that the amines contain only one primary amine group so as to avoid
coupling and/or gelling of the olefin copolymers.

The reaction between the copolymer substrate intermediate having grafied thereon

carboxylic acid acylating function and the prescribed amine compound is preferably conducted
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present back to the desired copolymeric dicarboxylic anhydride form. For
instance, where maleic anhydride is used as the grafting monomer, some
portion of 10 the pelletized copolymer intermediate may inadvertently
transform to a copolymeric succinic diacid form. In general, this change is
more apt to occur as a function of a longer shelf life. The conducting of
nitrogen sparging during dissolution of the copolymer intermediate and

by hegiing trolriffatibhsenplBEnBisERiomdsting i rondisionmred dhucddiog the

amindliagig hacknie hefasiensi AEIYERAlY MG RUGEING ARRYIHORLM, 1t is

before the copolymer intermediate is further reacted 15 and fimetionalized

convenient to, AplenIn ot sediinmel the reprbymsh srRstiatiohedied doaid AtV &5°, while
maint@HRaige é@ﬁﬁ%ﬁﬁﬁﬁ@r@nﬁ%ﬁ%&ﬂl«%ﬂbﬁﬁ@%@ﬁ@&ﬁﬁgjﬂg isTfted to this

_conversion of polymeric succinic diacid present back into the active
solutipp gid dhie reaeienm ésaifrpambentsitheavtsd censhitionsd by measuring the

vighesiRi A g 5ot hesQlitien Mﬁ?ﬁ%%%@&gﬁ%iﬁsacﬁig@%cgﬂ}%ml or

from an initial higher value down to a steady-state value upon conversion
synthe$icdilicatings o e A vaniofolkiti grotpmte g i micy titedid lofiolcaptal tiver. This

lutiSles lymeric: inj ride_form. The neutral oil may he o

e U AU S LS B e or o
to 200sfoek dexasiisd\ndy Solf)as prea HisH37(R &© Yisclbase ofl wiecldis teedoincorporated

b f-l;Qr‘? Q . orh toe(%< blend preferably has.a saturate content of at
Y el e e R ROy A Sl e e
purge.1%, preferably less than 0.6%, by weight; and a viscosity index of at least

as follows:

referably at least 100. These hase .stocks can be, define
B e T Ry e s £ A S AR Gbegeny-L o
phenyltrediBu0ids, sildig veitl diaviineed isoosityldoBeXigeaifithRrasE Rt 0RO .

d than 120 using test methods 16 specified in Table 1 of the
AR BB M L TR BB R B R G o e 3 uRi g e
copolyBertifithtine fAehitedy shidhidebieasDBPRHME o 1l arReGiARY having (a)

ddendum |, Dec. 1998; Group Il base stocks containing greater than or
§ 8%%@3&9‘5@‘5%[%‘?@8@1 or synthetic lubricating oil, (b) boiling point

and vapor pressure characteristics so as not to alter the flash point of the oil and (c) polarity

solubili

suitable for solubilizing the polyamine(s).

A suitable class of such surfactants includes the reaction products of aliphatic and
aromatic hydroxy compounds with ethylene oxide, propylene oxide or mixtures thereof. Such
surfactants are commonly known as aliphatic or phenolic alkoxylates. Representative examples
are SURFONIC® 1.-24-2, NB40, N-60, L.-24-5, L-46-7 (Huntsman Chemical Company),
NEODOL® 23-5 and 25-7 (Shell Chemical Company) and TERGITOL® surfactants (Union
Carbide). Useful surfactants can include those surfactants that contain a functional group, e.g., -
OH, capable of reacting with the acylated olefin copolymer. Ethoxylated lauryl alcohol
(CizH25(0CH2CH»),0H) is also useful herein. Ethoxylated lauryl alcohol is identified under
CAS no. 9002-92-0. The ethoxylated lauryl alcohol is a processing aid and viscosity stabilizer
for the final multifunctional viscosity modifier product. The ethoxylated lauryl alcohol

facilitates the amine charge into the reaction mixture. It is a reaction agent ensuring that no
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5 than 0.03 % sulfur and having a viscosity index greater than or equal to
80 and less than 120 using test methods specified in Table 1 referenced
above; Group lll: base stocks which are less than or equal to 0.03 wgt%
sulfur, greater than or equal to 90% saturates, and greater than or equal
to 120 using test methods specified in Table 1 referenced above. 10
Group IV: base stocks which comprise PAQO's. For these definitions,

acylated fpactionality inleh anrstsirdindanyaaroipobuyd fiaciiesslifycatsrsundesirable

viscosR) prdaleringiiy- A Rl AR PHIVLGIER LY AiR0s ole
ASTM D 2622, ASTM D 4294, ASTM D 4927, or ASTM D 3120.

viscoglaiasRuTDiadbr G s msinal vireopiadnadifis Preduitsblowing improved
hand@gélg{;if&gl &Wé tﬁ@g{g@@}_e possessing carboxylic acid acylating

functions is reacted with an amine compound. The amine may be selected
frothcavapbinisusiranatused depersarypar onds Rbilitido 4:8@i3]623pe amine.
Typiclf Soiftdn @RS 530 LoMLoR ASRE R BBRIEL SAPQIAIRBNURIRY be added
reference. In one embodiment, the amine compound may be selected
separfiglys thelepdapasonsiddiipoto 10 (anesniksibsmsyidrabdiemineh that the total
{ the farn T HR3 R1:Ar-N B2 iR which Ar is aromatic
mouaqﬁ}%@ﬁ%f%&%‘f% I—lf%%i B rﬁ#%@fﬁe fil-mﬁ%i}i'/ﬁf [5°NH- arylalkyl, a
bréhehighbrsedightroldifuraticsd hdefigchpolymitos2sf darpossatodisibatre can be

A O —
functimmtblefensinlyachshan dealdedriraciiyacledobrieatisg byidsodepealing or
s S B A SR 4642 R S8 A Bl
into the lubricating 0il can occur at room temperature or elevated temperatures. Alternatively,
the highly grafted, multi-functional olefin copolymers can be blended with a suitable oil-soluble
solvent/diluent (such as benzene, xylene, toluene, lubricating base oils and petroleum
distillates) to form a concentrate, and then blending the concentrate with a lubricating oil to
obtain the final formulation. Such additive concentrates will typically contain (on an active
ingredient (A.L) basis) from about 3 to about 45 wt. %, and preferably from about 10 to about
35 wt. %, highly grafted, multi-functional olefin copolymer additive, and typicaily from about
20 to 90 wt %, preferably from about 40 to 60 wt %, base oil based on the concentrate weight.

Color Stabilization

Several of the amine reactants have the tendency to form highly colored oxidation
products, comprising members of the class of staining amine antioxidants. Unreacted amine
which is left in the oil solution after the amination reaction can give rise to undesirable and/or
unstable color in the oil solution. The acylated olefin copolymer also may be color stabilized
after the amination reaction, such as by reacting the acylated olefin copolymer with a C; to Cy,
alkyl aldehyde (e.g., nonyl aldehyde). For example, the reaction may proceed when the alkyl

aldehyde agent is added in an amount of about 0.2 to about 0.6 wt.% under similar temperature

and pressure conditions as used in the amination reaction for about 2 to about 6 hours.
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R H RI in which R and R' represent hydrogen or an alkyl, alkenyl, or
alkoxyl radical having from | to 14 carbon atoms, 5 (c) an aminoindole
represented by the formula: R H2N*N~ i H in which R represents
hydrogen or an alkyl radical having from 1 to 14 carbon atoms, (d) an
amino-indazolinone represented by the formula: R O H2N N~NH iH 10
in which R is hydrogen or an alkyl radical having from I to 14 carbon
atBiiering) an aminomercaptotriazole represented by the formula: N° NH2
H@o%&% Me 'ﬂdﬁt%ﬁﬁ&%ﬁh&% %?%%}ﬁ@&ba%ﬁateé%%ﬂg ?gf)(ﬁgfmer
branched hydrocarbdn selected from the group consisting of alkyl, ar

produgtkdnpiavbafisied by Bitheahasmineptriiaiditieatégresdetbdibyetins formula:;
1%%&5&&0n Product

As indicated above, the copolymer intermediate can in one embodiment be prepared in

the absence of solvent. Also, the copolymer intermediate can be received in pelletized or bale
form as a starting material for performing the additional functionalization(s), viz. amination and
color stabilization, on the grafted copolymer intermediate. The copolymer intermediate need not
be received directly from the die face of an extruder or similar grafting reaction vessel, but
instead the copolymer intermediate has been vacuum stripped of unreacted reactants and
pelletized before these further functionalizations are performed on it. Therefore, the pelletized
copolymer intermediate contains less contaminants than a product that has been grafted in the
presence of a solvent (which can lead to side reaction products) and/or aminated immediately
after the grafting reaction as part of a continuous process flow arrangement (which leaves
unreacted components as impurities in the reaction mass).

In addition, the use of inert gas sparging on the copolymer intermediate dissolved in
neutral oil prior to amination has the benefit of converting polymeric succinic diacid present
back into the desired active polymeric succinic anhydride form before the copolymer
intermediate is further reacted and functionalized (e.g, aminated).

Also, since unreacted graft monomer, e.g., maleic anhydride is effectively removed after
the grafting step during vacuum stripping that precedes pelletizing and dissolution, amination
proceeds more efficiently. That is, the presence of unreacted graft monomers are undesirable
during the amination step as they may compete with the grafted copolymer (polymer
intermediate) in reactions with the amine, reducing the level of functionalization achieved.

Therefore, the multi-functional reaction end product of embodiments of the present
disclosure contains fewer impurities (i.e., unreacted reactants, side reaction products and by-
products) and is more active for a given amount thereof. In one embodiment, the additive
reaction product contains less than 0.1 wt.% total impurities comprising unreacted reactants,

side reaction products and reaction by-products. The remainder is composed of active grafied,
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66 R 160 in which R represents hydrogen or an alkyl or alkoxyl radical
having from 1 to 14 carbon atoms. In one embodiment, the amine
compound may be, e.g., an N-arylphenylenediamine 5 represented by the
general formula: H3 R RIN >Rz in which R'is hydrogen, -NH-aryl,
-NH-arylalkyl, -NH-alkyl, or a branched or straight chain io radical having
from 4 to 24 carbon atoms that can be alkyl, alkenyl, alkoxyl, aralkyl,
multifiticatidnhlizvd oefintordyninoelitdr R2iislyNH 2pRiHRH{aH3p chiifnation with some
. -aryl- | ich n has a,.value from 1 to 10 and R3.is hydrogen
mino By SRR I L AR B R R
antiopigrti¢ wiaehlarsafuivhmindscimtitesigniSentt Bisetbsisrer anepttiethe activity of the product
CompNﬁ%r Iphenylenediamines, 15 more specifically the
ﬁ-p enylphenylenediamines, for example, N-phenyl-l,4-
pHBimyhé gllyigrafiel, Muydhiefuyletisaahelefir odfaiyimer prsliuct compounds of the present
.+ N-phenyl-1 2-phenylenediamine, lllustrations of other useful amines
discl g S R L e P NS4 P B S B P poessary or
desiratHishaageti@otpbriated dgitiadon rBistancamkns peafemied Haamélelaﬁgi}ﬂe&l the art
. cgntain only one primary amine group so as to avoid 20 coupling and/or,
and i R b R ARG B § B ESH R L grapatcinaton.
substrate intermediate having grafted thereon carboxylic acid acylating
fupction and the prescribed amine compound is preferably conducted 19
M. bﬁm&&%@me copolymer substrate under inert conditions
arghd1gphagdlgiagdianulti-functional olefin copolymer products of the present disclosure

may be beneficially used directly, or alternatively as pre-diluted in base oil in concentrate form,

as unique additives for lubricants. The highly grafted, multi-functional olefin copolymer
products of the present disclosure find their primary utility in lubricating oil compositions
which employ a base oil in which the additives are dissolved or dispersed in amount sufficient
to provide the desired functionality. Such base oils may be natural, synthetic or mixtures
thereof. Base oils suitable for use in preparing the lubricating oil compositions of the present
disclosure include those conventionally employed as crankcase lubricating oils for spark-ignited
and compression-ignited internal combustion engines, such as automobile and truck engines,
marine and railroad diesel engines, and the like. The internal combustion engines which can be
advantageously lubricated with crankcase lubricating oils containing the unique VI improver
additives set forth herein include gasoline, gasohol, and diesel fuel powered engines. The diesel
engines that can be beneficially lubricated include heavy duty diesel engines, including those
equipped with exhaust gas recirculation (EGR) systems.,

Among other advantages, these additives have been observed in performance tests, such
as described in the examples below, to provide improved soot dispersing, deposit control and
film formation properties in comparison to standard VI improver additives. Improved control of
soot aggregation and wear protection can be achieved by using oils containing the unique

additives of the present disclosure in lubricating oils used to lubricate internal combustion
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amine compound to the heated solution generally with mixing to effect the
reaction. It is convenient to employ an oil solution of the copolymer
substrate heated to 120 to 175, while maintaining the solution under a
nitrogen blanket. The amine compound is added to this 5 solution and the
reaction is effected under the noted conditions. The amine compound can
be dissolved with a surfactant and added to a mineral or synthetic
engidahpeating ol dGRbegnirgetliticnvgalutgiding: the giayidiegatiefly copletyBBR engines).
This_solution is heat ith agitation under an inert gas purge, at. a .
e Rt T B e s e S P Slibigapre e
autorbed84 gintachdisglandrbght ditic Hitsderelpinctinearatecd filnys refeséinee.

The reactions gre carried out conveniently in a stirred reactor under
com B e KD YL TR SR Al e BTF gD e can
incluiieieattedgitts doglodibyl theleiphdaidanedisdnbebadlene withee tawy/Bi@ebcarbon
auryl alcohol in a re%g;t r carried out at 165C. Surfactants which may be

blendsadmk ARG e B L Yo PR AYI STeRPlefin 15 copolymer with

thénpelivasnihepinalutinhuiaie sotdiniRditHIose EhasaaiaiZed@Ssure achieve a
. Jhaying (a) solubility characteristics compatible with mineral or synthetic
welglht%xz )é

AEmFrysit O sbnirusaihlesstheo o0y pierdend cathpadibhiclvalug ofdess than 20,
and aNepteradies tamdasTeointalither akandclmolatity GHilghinfarsoldplizigd. These

the polyamine(s). A suitable class of such surfactants includes the

resultgshiars thsrsaRIedrdanomit o nHel et 1ByRERF iR o GREG QA containing
curreftR¥IARRAAAG %Qﬁbﬁ%ﬂﬁi%@%%x% SefUERITEIeRHS Y6 (RYIACaRLsaln.

commonly known as aliphatic or phenolic alkoxylates. Representative
exbisdidgicating oikeomeiiipns of thepsentndsolaspa #sq hygezimproved boundary

film SRR HERIRICRLCOMPAIY ndNG ) AP APGsARS b di
" Chemica C?c%mpany) and TE%GITOL%%%%&H%% @L?nfbn’o%’g@é)fhsdomm form
boundyseflilwarhiciasts qaoen Jdotvobis sfi falmeant8Hat domthitSaifunctioglalFrequency

e B 4 ) R L LSRN 98 1 . wher
the perseritiFibariside€titnythsecolaimg| tale ohahislidestifted imts paiad 6.667,971. At a 6%
oo R B R R S M R e
film ‘efhexflateatd0rd abeaind in a HFRR test with the percent film determined in a similar
manner. The boundary film formation properties of lubricants containing the additive reaction
product of the present disclosure have been experimentally measured to be superior to those of
commercial VI modifier dispersants such as HITEC® H5777, at both the 3% and 6% soot levels
(see FIG. 2). The inventive lubricating compositions have larger percent film values in HFRR tests
than lubricants modified with HITEC® H5777 at both soot levels. As generally understood, larger
film value measurements by HFRR indicates thicker boundary film formation, and vice versa with
respect to smaller film values. It has been shown in prior studies published in this field that the
ability of lubricating fluids to form boundary films in the presence of contaminants can help these
fluids prevent engine wear. Prior published studies have also indicated that thicker boundary films
should provide better wear protection than thinner boundary films such as in a soot-containing

lubrication environment, all other things equal. E.g., see Devlin, Mark T. et al., Film Formation
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facilitates the amine charge into the reaction mixture. It is a reaction agent

ensuring that no 20 acylated functionality is left unreacted. Any unreacted

acylated functionality causes undesirable viscosity drift in finished

lubrication formulations. The surfactant also modifies the viscoelastic

response in the multifunctional viscosity modifier product allowing

improved handling at low temperature (70 to 90C). 5 The quantity of
Propsdifactifolised dapdrdBrisqart of Als adhilityCinmsohibitize THEABI0E2-01-2793, 2002,

.Typically, concentrations of. 5 to. 40 wt.% amine are emplayed. The .
Socig A B o2 s A SRS rsRepmarated herein

for allgnopnteates discussed above, such that the total amount of surfactant in
the finished additive is 10 wt..% or less. The highly grafted, ) .
G BP0t PSS L B FL dferggier thickening
efficiancyporateshintd hyldaating oilitaity aonvenrigrRbway 1 HRG ,(Ictrle 1@@)*;%}1 compared to
rafte ulti- funcgjonal olefin copolymers can be added directly to the i
Comﬁ%%ﬁ@fﬂ#qg"bﬁﬁt}lg}aéﬁ%ﬁﬁa%%u ﬁhﬂﬁ‘%@e%%&iﬁ%@meam@n&Patbodlmem,
the libgi dleisiedl i@abodidoncambpiinmes dettblandingy MO A&IHRHEANBQIbity at 100°C

can occur at room temperature or elevated temperatures. Alternatively,
(< D PR b b b AraRder B Edvb NGt er i the range
of 9. 28U RIS AR ther sphtRAHHIHERLESWOR VBIRRRAEO /: Y eRfBIUSNS 16,3 cSt.

lubricating base oils and petroleum distillates) to form a concentrate, and

theh PGB e berrentitinonatile Risitherlrte: PseaarhiRecngicosity increase
of lefOtAaHIAIQRR SHEH ALIYA FRRSMIASI WL BRISRHVCPRIAINLR m?fea\@)% in the

ingredient (A.l.) basis) from about 3 to about 45 wt. %, and preferably from
Mad%goh]t #¥tt0 about 35 wt. %, highly grafted, multi-functional olefin

c0149%@@&&@3&1@%&@8@%@%@ BPOM %%Eﬂe%’d&ﬁi% rﬁiﬁﬁx@b& the

from about 40 to 60 wt %, base oil based on the concentrate weig
presegiofésicBratsilimnbiens Sdvepaventivaalinpraploscdintstiveatmptehfiensy to power

" [ cal ﬁfiq‘%f uets, comprisi mpers,af the class
rans%?itgg?ng%}{g,r%%é%gml XI g&}%ﬁéﬁé%sdt%%wgrrr%ﬁegn vvﬁnl}fﬁllss I%I%flin %ﬂ?ekg.iféear
lubrigulistionledtanthd amingtioisraat idrechbgiueniseiloampestiahtecandkor Rmefit

from %2%%%%{%{%2%2 QIQGICI)IIIO t&%let I%‘dig\tlg n?f‘}/t{farteesdog lﬁg%&%@% Sgﬂg{og&g may

These lubricating oil formulations conventionally contain additional additives that will
supply the characteristics that are required in the formulations. Among these types of additives
are included additional viscosity index improvers, antioxidants, corrosion inhibitors, detergents,
dispersants, pour point depressants, antiwear agents, antifoaming agents, demulsifiers and
friction modifiers.

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 Iubricating 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 lubricants, 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
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after the amination reaction, such as by reacting the acylated olefin

copolymer with a C7 to C12 alkyl aldehyde (e.g., nonyl aldehyde). For

example, the reaction may proceed when the alkyl aldehyde agent is

added in an amount of about 0.2 to about 0.6 wt.% under similar

temperature and pressure conditions as used in the amination reaction

for about 2 to about 6 hours. 21 Filtering To increase the purity of the
final blendalduisctiohighlyilizefledc phaitefolefinmed pbifim eoprbauet wionidydelly be
‘ [ ither bag.qr. cartridge filtration or both in series. Additiv . .
ernp B B B B B S, SR B i ) rction
In onermsribvodimtet dneopre pdribd dispbealb sérvosinf soprentr Alsofitliched lubricating oil

. coppolymer.intermediate can be recejved .in pelletized or,bale. form as,a ;
is frofy Aokt 013 dreieht percentia ahoul T8 Weithl Brrcdh, e RidiselpFyAbout 1 weight
perceantinaioan AR dvaglnpstabilization, on the grafted copolymer intermediate.

The copolymer intermediate need.not be received directly from the die .

o B B o BER.R ok B P dare wil
generalipblynsed intedmbgintevwids Diede v buseikyRethpfisiAfcactslotiabianisng
and}g?ill tized bef Ee these further functionalizations are performed on it.

ViSCOStp TG B BURE IS LB I S RBEHR BtRE Bk £liR @pdgpxtures thereof.

conamingnsidladeapiadusiiihaidhashese anefted.incibrrPragenceiafad
solvent (which can lead to side reaction products) and/or aminated

petrolg atifAaf hutier sHRegraRNG ket sh AL parsriPL BHIRTR (Wbpistingils of the
parafiilgy AipARESRoeN(MNieh jevemitonHpRaRFi ¢y RERANEH SRS IR tigsoity

the reaction mass). In addition, the use of inert gas spallggg on the

derivedoisomysral Ritehate ararl s b Base oikuitFRecyRieH ed ehrifmingPHaysprbin this
disciogﬁ@ﬁﬂéigﬁg%'ﬁ\é%ﬂ{\}% ROMBGT I SRR RGE BraseAE O Sils, which

esired active polymeric succinic anhydride form before the copolymer

includmtbvﬁ?é@l raeligtadier pebcwnhardldlinstididntetiaergatieninticetenoxie polymers,
corol S RO oG8 U B BB
groupphitetibireg anvd idied by tisterificitiatiorthenidicetios, wtoyestéficiditiparbhayis, acids, and
silicotnE fesgnce of unreacted graft monomers are undesirable

The present disclosure is further directed to a method of extending lubricant drain
intervals in a vehicle is contemplated. Said method comprises adding to and operating in the
crankcase of the vehicle the lubricating oil composition described above.

The lubricating compositions of the present disclosure may also improve fuel economy
and fuel economy durability of a vehicle. They also may offer improved temperature properties.

The following examples illustrate the preparation and use of the highly grafted, multi-
functional olefin copolymers of the present disclosure. All amounts, percentages, parts, and
ratios-are by weight unless indicated otherwise. |

EXAMPLES
EXAMPLE I: (Preparation of highly grafted (DOG = 1.9), multi-functional viscosity modifier:
Copolymer Intermediate)

A pelletized acylated olefin copolymer was initially prepared in the following manner,
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during the amination step as they may compete with the grafted
copolymer (polymer intermediate) in reactions with the amine, reducing
the level of funetionalization achieved. 25 Therefore, the multi-functional
reaction end product of embodiments of the present disclosure contains
fewer impurities (i.e., unreacted reactants, side reaction products and by-
products) and is more active for a given amount thereof. In one

An etbpitmdmgnictieeoplditiver (EBMipwigiaduthdentainsties ® fIF@MLEWEHIwW%) and a

total impurities comprising unre ac ide reaction produgts
ol e RS T S pone
rotatil@ tmintieretonaliedidie hi:topolyohenaithes deliirddytedrisithdtaniialfirinzone of
ompbinatign with some,. minor.amount of beneficial or. inest additive .
the o L AR UL AL RTOMER B ETOHAHE SR> An

acylatdeshybireignifigdattycgdine arimnaiiiredsyiite pidhalpredafing maleic
ompound. 5 The highly grafted, multj-functional glefin copolymer product
oy G P R LR B AR HERY BB paEe n the
extruds o impadiadgd itionek prapdriies macessani dy flesHark0mRPaCHamounts, and
lubricant application, Post-treatment techniques are well known in the art

at a sy lﬁ]Eqmgr&%%%gwg%&&gagﬂ?w%ﬂﬁm,ethylene-propylene copolymer

havinghPeeJgarboraiiomyanedeaisinatipnpl il dopbrigating: & ampasiioR@rage
The highly grafted, multi-functional olefin copolymer products of the

moleqiacightelsanraximaiebe e1Mita 4R 100 ditssmined hres) prvmsatien
chronf¥8Hed ThOASREUNRARIEERIAIE ATy pRSPIRIING SHAUES #Xydride and

lubricants. The highly grafted, multi-functional olefin copolymer products

ethylegeopylegssoariymeunetmrghdhabdimasiennlss vf mpleiagnbydride were grafted
onto thOBIBRRIHOPH ARBiCRP ok & RASR QLB OB RAHYSS RIS per 1000 Mn

. dissolved or dispersed in amount sufficient to provide the desire

of poljmygstiorfanmy I rgyleteskedid enepoeyienareapelmasetidrapanizd mesdcinenbydride and
s B I 00 L A U A IR v
heated:femit SR8 TULrEEINAY bilcxfonspafigiepttiediandd ooy elisidrsdghiaed.9 inches Hg
s S LA A R s
and wetegiseswhjeld tan deatrifuge to separate the pellets from the water. The pellets are
dried in a fluidized dryer. The pelletized intermediate product is packaged in 25 kg bags, and
stored for approximately 30 days.

1830 kg of the pelletized intermediate product was mixed with 12,248 kg Group I
solvent neutral oil at a temperature of 135°C with mechanical stirring while the mixture was
maintained under a nitrogen blanket. Whilst the copolymer was dissolving, the solution was
sparged with nitrogen gas at a rate about a couple cubic feet/min. and mixing was continued
under the nitrogen blanket for an additional 4 hours at ramp the temperature to 165°C. 14080
kg of the resulting oil solution of the copolymer was then reacted with 87 kg n-phenyl-p-
phenylene (NPPDA) and 470 kg ethoxylated lauryl alcohol (SURFONIC® L24-2, Huntsman
Chemical Company) in a reaction effected over 42 hours at between 160 to 170°C under a

nitrogen atmosphere and with mechanical stirring. For color stabilization, the reaction mixture

27



i0

5

20

25

advantageously lubricated with crankcase lubricating oils containing the
unique VI improver additives set forth herein include gasoline, gasohol,
and diesel fuel powered engines. The diesel engines that can be
beneficially lubricated include heavy duty diesel engines, including those
equipped with exhaust gas recirculation (EGR) systems. 25 Among other
advantages, these additives have been observed in performance tests,
contzsuicly the gesmiGbpraitheveasaropibmbeloith 59 pronidelinipehyée fopdthours as
.dispersi osjt.cantral and film formation properties in co rison, to
cooli g T o e b HAVEE A b SBP g eo e e
reactiwearipratectioninary e achiefiedhynubing pitdicarisining teectbitip@®duct was
ﬁHeré_ﬂ;létiditives of the present disclosure in lubricating oils used to lubricate
internal combustion 23 engines, particularly EGR-equipped heavy duty

diageledifiee s (aspeidraneted EGR engines). The cooled lubricated

E&g %]E%ngés thhiél.t#g SCOé)e of the present disclosure include i

autBR R BRI HRE A RE87 ﬁd’ﬂﬂ%&[‘tﬁ‘itﬁ%‘ﬂé@@l RIQEUshSOA R Bk above-described
mann€f)GiRAGgdIvite £oTaRHNLeNIHMIS) diRsRlPAgiNEsaRRE-at§88knt (HITEC®

combustion/electric engines. These can 5 include EGR engines cooled b

> CC DY
STIT ol CARBASRhEsT e ReALR SR dtdviamnd eahavefhrcrmamssteblafisated in Table 1

belownixtures, water/glycol mixtures, and/or air or gas. In one embodiment,
lubricating oil compositions of the present disclosure achieve a weighted

Table Ja Analitiasb Diapspics of Xidviedifiersin 250 _a top land carbon (TLC) value
Propesi¥ss than 20 ahdMEIBE&SAVE carbon SpeplaMme of lessithan 20, in

Polymier Cantenillat. LR Test MistSod. These 10 resultd Bhow the improved

MolatepwsiVicowbnol, particul&49 i comparison to &3¢ oils contgining

Nitrogerre¥it commercial VI ngpgier dispersants sughges HITEC(r) H5777

DOJAfton Chemical). The lylrigating qil compositigng of the present

disclosure also have improved boundary film formation properties. For

eXARIELIRAbESAING PGRINROTHINGS Ofibendistlos W fev {DRUBNH b duct has

films havin%a percent film value of about 80 to about 95 in a High

Propetifs fQEHRyAPE odiiprerunpisiAiy [efiyrditnesitticted at a 3% soot

(qabrR plagiisyelfsge FIG. 2), wherein the percent film is determined
according to a method described in US patent 6,767,971. At a 6% soot

(dnpion pritornfage testiagubricpeifieroitt trapogisrbeparfoanbouddthdinyentive VI
modiﬁglaggﬁ%fée!%?ﬁnversus the commercial product HITEC® 5777. Identical Heavy Duty Engine

Oil formulations were formulated which differed only as to the particular VI modifier dispersant

component. The tested oil formulations contained a VI modifier dispersant olefin copolymer
(approximately 2.2%), borated polyisobutylene succinimide capped with maleate (3.3%),
glycolated capped succinimide dispersant (1.4%), zinc dialkyldithiophosphate (1%), calcium
phenate (1%), neutral Ci4-Cp4 alphaolefin calcium sulfonate (0.48%), overbased Ci4-Cas
alphaolefin calcium sulfonate (0.11%), diarylamine (0.7%), glycerol monooleate (0.4%), high
molecular weight phenol (1.5%) was utilized in a Caterpillar heavy duty engine crankcase. The
percentages of each component included in parentheses represent the weight percent of each
component in the lubricating oil compositions, based upon the final weight of the lubricating oil
composition. The remainder of the lubricating oil composition consisted of Group I base oil. PPD
and antifoam were added at minor concentrations (i.e., <0.2%). These lubricating oil compositions
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film value of about 50 to about 70 in a HFRR test with the percent film
determined in a similar manner. The boundary film formation properties of
lubricants containing the additive reaction 20 product of the present
disclosure have been experimentally measured to be superior to those of
commercial VI modifier dispersants such as HITEC(r) H5777, at both the
3% and 6% soot levels (see FIG. 2). The inventive lubricating
had acaﬁiﬁoit%hs'ﬁweqmgsereémﬁmwaﬂheeurﬁmm phorphtrans contained in the
lubnc!ytt?é g‘ﬂtéo l?(ﬂl g?elérgg&:(@ fb%] 73711@0%9"/3 '{%séee}%ﬁyeiﬁqﬁfap§@@éemmg the

erstoo arger ilm value measuréments by & tes thic
preserhtcﬂmbtmyefrmsrﬁmmalmm it %r%evv%samﬂva Y resphtictSanpddidiofilmwhile another
Compa%l%lo%s (% } ﬁeﬁ%&%ﬂ) s%eﬁ » u&%@h%’ﬁ:‘% g'%q thaEhQ 1 modifier

ility of ubricating tluids to orm oundary films’in the presence Bt
dtspersmlttaﬁarriamsiuag Ihbip&h@@tﬂlpﬂiﬁlpmemﬂengrmamo P (atemibilishBdngine test.
Thrarst 'grsetl}l m‘i‘%faﬁ%% that H}ererP néj & lf ﬁlt}gftlsq'dp D V:!A(xj’aemeter are also

er wearp pr otection han hiRrer bt ary ﬁom S P
mdxcambtnc'ﬁarhmarng lubrication environment, all other things equal E.g., see

v, k T et al. rmation 24 Properties of Polymers in the
Tab‘ﬁrsei&geﬁc |ve%s a%lnants " SAE 2002-01-2793, 2002, Society

Tesobelutomotlve Eng efispdiisonDplages ©ial, which dgscriptions are

incorporated-herei—forall purposes—theubricating-oil compositions of

Tesf%lMé’é@ﬁ?‘aisclosu@%@greate??ﬁ?@!@eﬁﬂrgl 5 efficiency, as
TesPERIUED by klnem@gdﬁqgosny meagurgaphis at 100C (KV 100) as

compared to _commercial VI madifier. dispersants such as HITEC(r)

Tes%‘?‘#ﬁ“#é’raﬁ*@t&% @Qﬂ%ﬁ@@r‘ﬁﬁ@dlmr rﬁ’tcﬁ%e lubricafing oil composition
L have a KiReat cosity at 1Qrzgé
Am(lﬂx’rtﬁl(ﬁ)ata the range of 9.3t to 21 8 cSt In another emdiitent i has a

KV-106-valteinthe e—of 9:3-to-14 tHryeta rembodiment it
P, * PR%ls a KV 100 valug |§ét%;e range of 15 tgaj\f.%?3 cSt. 10 ﬂ‘?é)‘?lfsﬁ’écrtrng oil
S, pp@Mpositions of the Jyesent disclosure 3y achieve a viggosikincrease
ofless than 10 ¢St and narfmnlnrly less.than-8 CSI at 100 C at q soot
S““Pé%ﬁépuﬁ’to 6.0% |ﬂ %ﬁe Mack T- Il tg sq 9r&dvantagec usHR &S dre also
TRNGH YA Dy empldying the additive mixgujes of the pfesent disclosure in
base oils conventidnally employed in_and/or adapted for use as power
KV@100°C, ¢St 14.46 16.23 16.3 max
CCS@-20°C, cP 5198 5747 7000 max
B, ppm 436 423 -
Ca, ppm 1942 1948 -
Zn, ppm 1200 1199 -
CAT 1P Limits
Engine Test Results
TLC 24.5 17.8 40 max
TGC 30 16.8 36 max
WDP 3184 239.2 350 max
Avg O.C, gh 54 4.1 12.4 max
Final O.C., g/h 7.3 38 14.6 max
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15 transmitting fluids, heavy duty hydraulic fluids, power steering fluids
and the like. Gear lubricants, industrial oils, pump oils and other
lubricating oil compositions can also benefit from the incorporation therein
of the additive mixtures of the present disclosure. These lubricating olil
formulations conventionally contain additional additives that will supply
the characteristics that are required in the formulations. Among these

Scuffgs of additives 2@erre included additionsd viscosity jimgex improvers,
antioxidants;corrosiomrinhibitors; detergents;-dispersants, potrpoint
depressants, antiwear agents, antifoaming agents, demulsifiers and
fridtiombmosifidicatedh el rebelivermilinb Heaphg ailtfdronwihitahs iibiscant containing

. o
e EDERBIISEIC TSRS S SIS U O LIS RO o

Iive Ingre |ent con ntra esin

comnietwidatiodi ik Ommsslﬂliabtﬁlsdbtedﬁtsdéﬁwiﬂg tndsenepretainaéesisiatic tested VI
5 to weight of lubrjcating oil per

e diluted with 3 to 1Q0,
m"dﬂ%f 'Utf' W'%P%’fg%@ d‘ﬁ%v@%ﬁ@@b%&) @Ff# YRt RHAEAARSe @qgameters. In

wmpmamkdasmm‘mh@l&)s&hed)ﬂﬁpﬂ@c@ﬁmm%ﬂa&&aﬁf 6OMERRINS tReBainercial VI
various materials less difficult and awkward as well as

.the handling of t
o TRk S B AR PEORS 8 v BRI o (B Tower and
reducg atiRds Mmulid-Cinetiemnal Tlefie gape beneriweulg (Wﬁ")’ ke gﬂ@ﬁ@uﬁ%ﬁ (TGC) and

) ﬁg {orm of a 10 to 50 wt. % concentrate, for example, in a lubricating oil
in top

iEHOOM SRS LtRodIMmarthehammb it Brafevenie Sampladiosiys superior. The
inventiRIEAYPINE. iniEbafd helral et athilf: MR aRUk CompaiaNNREE 8 PO comparison

about 18 weight perce nt and partlculal about | weight 5 percent to
commgysi| pdditiyeight EIse dndsisematicivisapsitiorrlbetefin

copemataRLbe &fﬁﬁ%&h@%?ﬁ@ﬁbﬁﬁﬁ@ga&%@@f\%lyl Q%H%@ﬁé@%‘ﬁyﬁ%& viscosity

with a tube oil'base stock, comprising an oll of lubricating visco

increagsciatsingfribenal £ @ﬁtahh@ooﬂ% asyrsmﬁewcjmmuttg&ﬂ%am MaakiBd 1 test.

t bIe £.
Itaﬁf\dd%?(li) (?L{ﬁ{({j@%g %%#%Hum ollsa g lﬁhgﬂore |ne so Vent é} ga%e %s“ Qt{tequency
Reciprgeting Rigd HifiRBawvith ridatngtaits mmmmmﬁmmnﬁmdtddsmbed in

SAE 2%%’1 %@Sffl%enﬁgpfﬁeg%ge ?%p%)rl&ll es I)lfj(t))glé:r Slg:aafggross aplateina
sample cell containing 1-2 mL of sample. The frequency of oscillation, path length that the ball
travels, load applied to the ball and test temperature can be controlled. By controlling these
parameters, the boundary frictional properties of the fluid can be assessed. The HFFR tests
were conducted at 3% and 6% carbon black levels in the lubrication oils. Carbon black was
used to mimic engine exhaust soot. The results are shown in FIG. 2. The inventive lubricating
compositions have larger percent resistance values in HFFR tests than lubricants modified with
HiTEC® 5777 at both soot levels, indicating that the inventive lubricating compositions formed
relatively thicker and thus superior boundary films.

While the invention has been particularly described with specific reference to particular
process and product embodiments, it will be appreciated that various alterations, modifications
and adaptations may be based on the present disclosure, and are intended to be within the spirit

and scope of the present disclosure as defined by the following claims.
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derived from coal or shale are also useful base oils. The synthetic
lubricating oils used in this disclosure include one of any number of
commonly used synthetic hydrocarbon oils, which include, but are not
limited to, poly-alpha-olefins, alkylated aromatics, alkylene oxide
polymers, 15 copolymers, terpolymer, interpolymers and derivatives
thereof here the terminal hydroxytigsgngs have been modified by
esterification, etherification, etc, esters of dicarboxylic acids, and
silicon-based oils. The present disclosure is further directed to a method
waohextenging kgbricant drain intervals in a vehicle is contemplated. Said
method comprises adding to and operating in the 20 crankcase of the
vehicle the lubricating oil composition described above. The lubricating
1. compoam@ffﬂmerwm@@taﬁi iBetostlrecmby Bisn dMpreveHaelesaaenyhod
and fuel %$onom b|||t a vehicle. They also may offer improved

COBMPEALTESI8 e?f 8ﬁ5§/\ﬁﬂ§%§<amples illustrate the preparation
and mslehjfdditmg|gimIyognp&ﬁdomwtnitﬂmg)aaha)je;ﬂmmpalymrslof)the
resent disclosure. All amounts erc s, parts, and 25 ratios a

RS WL bl DR S ANE e ESCR LR oRBaPTY

a méﬁugdh hograftecs REGE k}ﬂacyﬂmihgugeﬂﬂﬁaﬂwmlﬁyz ﬁml]fjaﬁ er having a

mer Inter, iate eIIetl cy olef merwa

S e R e S R B e o free
radmpbiymam(Eﬁ’d\/h)mnhealmétbyieglesemﬁteh;r difeeD ﬁiglﬂfn@kﬁh m%erﬁnld &
ex@géecyoarr (\%? d%ht nu (1M betw en 150,000 and 20 ) ?s fed into

& multizbne co-rotan r?” %lﬂls‘?é}%?/v ex ru&ne?“‘?‘rf@ opeﬂ??/caoepoﬁ}ﬁ\e was
co@ehynleatmdntgteaﬂygmadﬁgteﬁhng (iDJOI@f) e}f(ﬂmdelyhmageimﬂ raiuhe ofefin

ut20 t me less than mlnutsA 5ac

Sttty bt o D e R

maohalelar wnig}ntrrd&umnmmpswuﬁredawdkmﬁp@mmlan;ﬁaﬂih;tien@ ﬂrepyiﬁﬂugnex
o meg bfackbonejn the extr derb gtntro cm m%flca iﬁ&gaé‘&j

mte orm a orpo ner miermediate; diss II}JII% 7
a peI’OXI efree -radica |n| mounts, and ™ at a suita pera ure

coankj/mumerpenm:ﬂtatqam\aldemmylmémmhydsﬂehmbpyim’nmmpntymmdiate;
and reacting the dissolved copolymer intermediate with an amine to provide a grafted

olefin copolymer additive
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having a DOG of 1.9. The acylated ethylene-propylene copolymer had a
number average 10 molecular weight of approximately 30,000 to 60,000
as determined by gel permeation chromatography. The reaction
conditions and molar proportions of maleic anhydride and
ethylene-propylene copolymer were such that 13 molecules of maleic

redidpdRereasaftethanintheqlefin ymeh hagkbangwiiisds
equivalent to 0.4 carbgs);ylic groups per 1000 Mn of po%rrr{lfr to form the
i .

degagitiaty diREN A6 By Ike BapAIytherton ki crabomAldic anmRidenéhan
20L 2REAQ¥}HEr8OROMARMI TTGOIPEHIGEWRER RMONE thwWifh (vaeHU M STIPPIRG.-
The reaction mass was heated from 300C to 400C. A vacuum of greater
Mgihadog inches Hg (less than 1.9 inches Hg absolute) was applied. The
polymer intermediate is quenched and pelletized. A slurry of pellets and
water is conveyed to a centrifuge to separate the pellets from_the water.
2-The BeRetErare” dHBH SATA A AIDERTHRAT I R IR R FiReigy e ethod
coppduel id agkagedink2hske bags capie20 stored for approximately 30

days. 1830 kg of the pelletized intermediate product was mixed with =
12,2£§‘%§‘é@r%?ﬁﬂﬂ§8%ﬁm88tFamrﬁt% L HPErATRBE 438O ppricating

visaesihanical slirdnanuhile drmidirRwascivaipiained pregered BitiogRMod
blanket. Whilst the copolymer was dissolving, the solution was sparged
OB IER B B A ARG HUL I WU CPRBDIIF BN A0S
aveeHliint etb&ﬁaam@k&gﬁhgmﬂr@gﬁmbim?hfﬁ{m?@dﬂw@" | #&m&tﬁf@g failfor
the temperatyre to 165C. 1408 the resultjng oil solution of the .
o T e RS e PR A e AR Y B Ry e
a and¥iknethoditateshiaprghatcohal (StdRAGM CipolPdc? hdAtSM@iEree of
a reaction effected_over 42 hours at %%ts\./%v en 16

Chemj i
e e S Sl Qe B mEAl Bahes e
andoldtestabilizaiipn] ther aactiasdiistiy e-2ucedntaiming ihe amigiatiedqaraduct

bined with 59 k | aldehyde for 4 h oling f
STRGE Y A AR G2 A G A SURERE S et

peleavidreapiurecontainigd el muskifingatio palized g afi-odpabriitérmediate

: reaction1 grpdu t was_ filtered. 5 VI.Modifier Compound Pro ertie?1 .

in a neutral o1l to form a dissolved copolymer intermedtate; and reacting the dissolved
copolymer intermediate with an amine to provide a grafted olefin copolymer additive
reaction product, wherein the lubricating oil composition forms a boundary film
having a percent film resistance value of about 80 to about 95 measured in a High
Frequency Reciprocating Rig (HGRR) test conducted at a 3% soot level , wherein the

percent
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The multifunctionalized graft copolymer reaction product made in the
above-described manner, identified herein as Sample No. 1, and a
commercial VI modifier-dispersant (HITEC(r) 5777, Afton Corporation)
were analyzed and found to have the properties indicated in Table 1
below. 10 Table 1: Analytical Properties of VI Modifiers Property HITEC(r)
5777 Sample No. 1 Polymer Content, wt. % 12.9 12.7 Molecular Wt., Mn
reSiZhé SRR NITAYBRY A0 ABRADEZ RAR hladulel 25621 RESEENM D
from the results in Table 1, the inventive additive reaction product has
%perties comparable to the commercial VI modifier-dispersant. Engine
Performance Tests 15 Engine performance testing was performed to

compare the performance of the inventive VI modifier Sample No. |
3-versifs m@‘&ﬁ%’é‘#&i‘éﬁBP@oqﬁbtqiﬁWt%?)@W?mﬁ%Mé%ﬁw igynethod

comiiginge: Ldiornulationawersrfanmuiaied which differed only as to the
particular VI modifier dispersant component. The tested oil formulations

contaBOr A SR FRP BRSHAR SN IEH T 8 GBI A MO RS ARy
1uBr2%in PRTatEs tholyisPBURE AR SacHTIMIdesaPP RAMILR PralRRIGH SN by

20 glycolated capped succinimide dispersant 1.4%?, zinc ]
2 BRSSP o AR P, GRS G8eBhaiEn v o PR e d sy ing a

malphaalefinealcitirusionate PA48%0hvaibased(@id-G2franledelifee
alcéum,sulfoarrlqﬁt)e (0.11%), diarylamine (Q.7%), glycerol mgnooleate

ragiC ALt bRALIEF RIS MRS ER B a7 A TRRETRCE CoRYSRbilimFo

extedly @Uuiyoenine gfankeaseu diiedpercaniagRmefaaclylcempaiant

included.in parentheses represent the wejght percent of each 2
CoRSBSHARt IR ﬁ%%ﬁiﬁ{@’%ﬂ%é%%ﬁgﬂ ; Qwsa&%*ﬁ?aw&@m

copblhe tiicatling dls campasitiorerbe manaipoBhn e ihectulitaking Riduced in
composition consisted of Group ]I base oil. PPD and antifoam were
e PR GSHEER PRI (oSl S 58y RRRSA R [ ggde Copolymer

inpempdiaiiansor a pelletized copolymer intermediate; dissolving the pelletized
copolymer intermediate in a neutral oil to form a dissolved copolymer intermediate,
and reacting the dissolved copolymer intermediate with an amine to provide a grafted
olefin copolymer additive reaction product, wherein the lubricating oil composition
forms a boundary film having a percent film resistance value of about 50 to about 70
as measured in a High Frequency Reciprocating Rig (HFRR) test conducted at a 6%

soot level, wherein the percent



had a TBN of 8.3. The percentages of sulfated ash, sulfur, and
phosphorous contained in the lubricating oil composition were 0.88%,
0.29%, and 0.107%, respectively. Oil 1 representing the present
disclosure was formulated with 2.2 wt.% inventive VI modifier Sample No.
1, while another Comparison Oil A was instead formulated with 2.2 wt.%
HITEC(r) 5777 as the VI modifier 5 dispersant. Each resulting lubricating

reSRMRQSIHABWARHRE R SHRIE S8 disB RIS RlRN s GRAINE LR8I B STM D

results are indicated in Table 2 below. Any applicable compliance limits for
11z§%arameter are also indicated in Table 2. Table 2: Heavy Duty Engine
Test Data Test Oil Comparison Oil A Oil | Test VI Modifier HITEC(r) 5777

Sample No. | Test Base Oil Group Il Group 11 Test Additive Package PC
4.10 ProwBWHe Y BB RIS LIRS AR STEIRH RS0 spirb mathod

comPHisS: RRIASASH 35AE-A000 maxcSulfated Ash, % 0.8 0.93 1.00 max
TBN, D 2896 7.5 6,7 KV@100C, cSt 14.46 16.23 16.3 max CCS@-20C,

cP 5 BB AP0 FREPORHARFCANEEDE CRSpATLII A dail2h ppm
1uBRRiAEWcGEAT 4R 4 iRits: EReing Jest Rreuls BhGiddRAGE ARFRM by

TGC 30 16.8,36 max , _ _
a method comprising reacting an acylating agent with an olefin copolymer having a

number average molecular weight greater than about 1.000 in the presence of a free
radical initiator and said method being essentially free of hydrocarbon solvent in an
extruder to provide a copolymer intermediate comprising an acylated olefin
copolymer having a degree if grafting (DOG) of the acylating agent on the olefin
copolymer of at least 0.5 wt.% and wherein the copolymer intermediate is reduced in
molecular weight; vacuum stripping unreacted components; pelletizing the copolymer
intermediate to form a pelletized copolymer intermediate; dissolving the pelletized
copolymer intermediate in a neutral o1l to form a dissolved copolymer intermediate;
and reacting the dissolved copolymer intermediate with an amine to provide a grafted
olefin copolymer additive reaction product, wherein the lubricating oil composition

has a kinematic viscosity at 100°C (KV100) in the range of 9.3 to 21.8¢St.
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WDP 318.4 239.2 350 max Avg. O.C., g/h5.44.112.4 max Final O.C.,
g/h 7.3 3.8 14.6 max 29 Scuffing none none j none The above-indicated
results of the Caterpillar | P engine test show that the lubricant containing
the inventive Sample No. | provided better deposit control than the
lubricant containing the commercial modifier. This result is considered
surprising and unexpected because the tested VI 5 modifier copolymer

5. compoingdsiivere aenalallaaiMAIRRT IR ARRNICR] BSHRINARCSas a
parameters. In comparison for the results observed for the comparative

kingB1ESHT seARh AR S HEILIAI0E 1HEEREL EdPRARRE: the lubricating
containing inventive Sample No. 1 had significantly lower and reduced
values in the Caterpillar | P weighted demerits - | P (WDP), top groove

6. carbénPes) AORCASTE U ESFBAhCERRY i sare yriere ahsi stiod

cothgripventinasSamplaiNeadissipeEgsinkhe 10 inventive Sample No. 1 also
had greater thickening efficiency as compared to that of the comparison

commETHAE UL ORPORBINN ERMRE Tt SrEeT AR HRIVEsity

lubidegsg Thedwibyiaatinthal SOmRRSKIONGAMAINRS R3S d: pePared by
achieved a passing viscosity increase value of about 7.3 cSt at 100 Cat a

a I B GRTBY (i o REBR S AMAARME 18U B AR NI RIRRbATSI RGeS

nugftheniest fuids varermeasirad ising.a ot Frequaney beRacisdeating
m(!r?i.Figé(,HFRR) with oils contgéning carbon,blac USi?z%t the method described

181953061539 3RS BRI RS RHIA N 6 p SIS L B AEXIN R A IBAR
ex?a@s?eoappdﬁﬁf ddn ?oﬁamﬁk& ﬁﬁ}ﬁrﬁm@i&ﬂaiﬁgnipgélilﬁﬂg eh ﬁlamft@da}hﬁl?_ ;
requen QT OScClI atlon, ath len that t all trave S, load a | to
co eﬁ%ﬁf%&%& 48&%5%}%5? %%Q%gﬁgﬁféa?%ij}%ﬂ%ﬂﬁfﬁlt psfﬁeﬁn
copelrameters: tbasboundeyy fctanabir apectips ohika fluicheantbes reduced in
ssessed.. The HFFR tests 20 were conducted at 3% and 6% carbon
m@%&arev&%l}ﬁ RSB ARBH B EasHHO N BTRILGHS R A ptinicopolymer
intengedeaexhalsshs pti Eheckssis preshowmdikES dAsdRminueiditetized

lubricating compasitions have larger percent resistance values in HFER
coR S A s O RHEH it B BT e BB BpERs e
anihaigatinghealitoel rvesnipeeyubritatiigediumposiiansuftiies provide a grafted
olefin copolymer additive reaction product, wherein the lubricating oil composition

achieves a viscosity increase of less than 10cSt at 100°C at a soot level of up to 6.0%

m the Mack T-11 test.
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relatively thicker and thus superior boundary films. 25 While the invention
has been particularly described with specific reference to particular
process and product embodiments, it will be appreciated that various
alterations, modifications and adaptations may be based on the present
disclosure, and are intended to be within the spirit and scope of the
present disclosure as defined by the following claims. 30 CLAIMS What is

7. claimeehighdd Armeshesdiak ubrigating andnieral GOmRUSHERBNAIRSmethod
wherein said method comprises adding to a crankcase of said engine a

copipriecits Bie Lo M pBGKER c 8B Mg ESajor amount of an oil of
lubrigakiBei diEaQIY @NEhasMIRP EAMRN O athrAdiR FeactiRRiPrgduct
prepared by a method comprising reacting an acylating agent with an

oS PSKANE! HiSV G RORATRYEH QY rafe HyfCarR R T g @xtarTFhbY
a rabout LAAprin ke prasenee o iftaca gasicaliniiaiaimne saighrethode a
being essentially free of hydrogen solvent in an extruder to provide a
ﬂ%@%@%&%{@?ﬁ%&%@vwﬁ%ﬂﬁg ApadPatbd Bk BEgBRATSE RAvifES
radiegragtdigrafingiDE) Al b 2eylatingd adedt MR QIaidncepaiMmEeaAf

at least 0.5 wt.% and E%lerejn the copolymer intermediate is reduced in

X I WG CORRGIRT ST Y el E R FoH S i ilizing the
copopahymelvingerdesiate ooty apelstizat capoiyner iigronadBigsfin
dissolving the pelletized, copolymer.intermediate in a neutral oil to form a.
CORLBIVBR db et et AR REr e SO R SRR o GBIy
montermedidighwithcanmriingiaguardoeal grafieshaleflipcrpolymeicaddiivarer
.31 reaction product, yherein the lubricating oil.composition achieves a
iR OO (AT B B S Sepo R he e
copbly@)evaterokbliss: tharnddransladdpraraalieseArbdapbG oy alue0bdess;
an 20, ir}lth(? thergillar P Test . : . :
and reacfing the dissolved copolymer intermediate with an amine to provide a grafted
olefin copolymer additive reaction product, wherein the internal combustion engine
comprises a cooled exhaust gas recirculation (EGR) equipped heavy duty diesel

engine.
8. A lubricating engine comprising a cooled 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, wherein said
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Method. 2. A Method of lubricating an internal combustion engine wherein
said method comprises adding to a crankcase of said engine a lubricating
oil composition comprising a major amount of an oil lubricating viscosity
and a minor amount of an additive reaction product prepared by a method
comprising reacting an acylating agent with an olefin copolymer having a
number average molecular weight greater than 1.000 in the presence of a

ubearadieal dpitiptakant saidimetnod kelngrssxpgatially fiea afhydragen
solvent in an_extruder tg provide _a copolymer intermediate comprising an

IREVSHRP BRI D BRRHEF AR B RTdE! Bregraniy o)k pgprising
re@@iatindhagenh oR4be alafincopaliesfaklaastRe Whithanshwiherein
the copolymer intermediate is reduced in molecular weight; vacuum

mQCHRRY WU S E B ABAYE: | FEIbHL the RFRS SRSt B i il dnitistey
anfDERdEmpeliRtizad Copelmey intersTadiaiadissolving e pelsizrl o

copolymer intermediate in a neutral oil to forma dissolved coi)olymer

P RS A ST R S RO T R P AP YRS HE PRB A e it &
degroines N (D o Qyaiteskalefiatopalymenadditvg v eassigmpr odueicast 0.5

herein the lubricating.oil composition forms a boundary film havin

) a
A o e S T A
vabtieflengyiRe ciptacatingpRish(IBfR Rl lestiegniucad Bhacsi saeidrveto
wherein the percent 32 resistance is determined from an oil resistiyity .
Fo B G AE Al b AL 15 RS0 5 A RBMBE AP Rl 2
neatriniel rafeambdistor-engipelwher eifcsaidinethod rearmprsks dddingdo
a crankcase of said engine a lubricating.qil composition.comprjsing a . .. .
ORIV AR BB PR R S LS ANE SO SHRORE oficve
readidityeoatioapsasiici grefaiad byredunethodiompusiniy taaletigasr the
Iu‘t?r? XA%HQ%S %g %E)%%Qrgg t%lggg ocfotgg %@r?éa%%‘é'% . %vithout the additive reaction

product.
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number average molecular weight greater than about 1.000 in the
presence of a free radical initiator and said method being essentially free
of hydrocarbon solvent in an extruder to provide a copolymer
intermediate comprising an acylated olefin copolymer having a degree if
grafting (DOG) of the acylating agent on the olefin copolymer of at least
0.5 wt.% and, wherein the copolymer intermediate is reduced in
molecular weight; vacuum stripping unreacted components; pelletizing the
copolymer intermediate to form a pelletized copolymer intermediate;
dissolving the pelletized copolymer intermediate in a neutral oil to form a

9. dissolyes-arpalymer;nigrmnediaieniandd eastinaihadissalvadicorolyger
intermediate with an amine to provide aél L%jsa,fteql olefin copolymer additive

TFRIRHSH PrOBIEn WHErBAIAE FOBIRIRN R CHR SRS Risign of said

vapeuedary filbhiaxing dipeseaisiiva esistanae: aing af ahout:2d ia ahout
70 as measured in a High Frequengy Reciprocating Rig (HFRR) test

B ARt esar SR IR S TSRIE FBIOWH M B HERAE B B SHGh pEcRared by a

mé@igtriagdifiam an oil resistively value measured according to ASTM D

1169, 4. A method of lybricating an internal combustion engine wherein
said MBFFEUBBApAEL 448 é‘?&%’&?ﬁﬁﬁéa%%“&Fﬁ&ﬂf‘é"rw@?ﬁéh‘ﬁ%&f&ﬁiﬁg to

CRikptinpasitortema]sipgoadnaapanetntat arditah hiwicatingated dienes
viscosity and a minqr arz{%unt %gn?n ddi%lve reactio prociuct prepared béﬁ
and (HERSO S UBRABHARG TR Ehi a1 ARG BYSRRUAtT R hsr E%’p%ﬁ%
toI$3vingl @peraenbesiavey age maligeuianiveighingrediaothababoub 1.O06hia
theépre eg‘?e Zf a freeg.éadic | initigtor and said method being, es entiallyh
PSS frsﬂ?' dearbof § 88??1’??1“ Yiike? B BRSIALSHEB Bl e Werght
raitgiexrrfadiateCoornpsisiganaic laiedodieficedpalymeaechbvintangegres, iaid
raftin% DOG) qf thte aCél tin% %ent on the glefin c(?é)o&mer of at least .
PrOE Rt BHE WhTEiR are ¢ 6B @ B S TRRTA A T HRETRUETAP
theveight; ofaIdnostipin gratiseacteshexmpdnerits npilie dngdhieaid olefinic
ca%)ggﬁg]ae({yiating agent onto said copolymer, optionally subsequently reducing the
molecular weight of said copolymer, thereby producing a grafted, acylated olefin
copolymer and having at Ieast 1.0 molecules of said carboxylic acid acylating agent
grafted into each molecule of said olefin copolymer, and
(B) reacting said grafted, acylated olefin copolymer in (A) with an amine
compound selected from the group consisting of

(a) an N-arylphenylenediamine represented by the formula:

H o R
R*-ArmN—@
R2

in which Ar is aromatic and R' is —=H, -NH,, -(-NH-Aryl),-H, -(-NH-Alkyl),-H, -NH-
arylalkyl, a branched or straight chain radical having from 4 to 24 carbon atoms that

can



intermediate to form a pelletized copolymer intermediate; dissolving the
pelletized copolymer intermediate in a neutral oil to form a dissolved
copolymer intermediate; and reacting the dissolved copolymer
intermediate with an amine to provide a grafted olefin copolymer additive
reaction product, wherein the lubricating oil composition has a kinematic
viscosity at 100C (KV 100) in the range of 9.3 to 21.8cSt. 34 5. The
method of claim 4, wherein the lubricating oil composition has a kinematic

be/tsﬁg)ISIM@h}pQ&&M m@tklﬂtB&tgﬂgﬁﬁt&@t@k%&%%tt&aﬁcmqﬂﬁqg(Onﬁg,

lubricating an internal combustion engine wherein said method com[i)rlses

(NG ko a-Feakdsdb b ¥Ey shyiletinidashyg sndenspdshism value from
1 OMPrisiaRa MR amOuNk Al anaikofalbriaatng yts(a%t?mf@gm@et 4 to
amaunt of an additive reaction product prepared by a method comprising

24 &AMy ey lating agent with an olefin copolymer having a number
(pRvaragenialecuiae weishigeaaigriban-ahout 1.000 in the presence of a
fr e radlcal initiator and said method being essentially free of

° v t.in an extruder to provide a copolymer intermediate
éd olefin copolymer having a degree if grafting (DOG)
0 the yIatln gent on the olefin copolymer of at least 0.5 wt.% and
whereiithe copolymer intermediate is reduced in molecular weight;

stri unre component eII t|2| ng the

R S R AR R R e
fromlletizéd ceopalyanenintermediate in a neutral oil to form a dissolved

olymer intermediate d reacting the dissolved copolymer
(C?:nft{e)rme'll i § v?/ltneg}tle%rrntiert%%t\o{g?o%/ﬁgu; grafted olefin copolymer additive
reaction pgoduct, wherein the lubricating oil composition achieves a
viscgsitydncrease of less than |OcSt at 100C at a soot level of up to 6.0%
}Wh@@l test. 35 7. A method of lubricating an internal

com ine wherein said method

i
H

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

(d) an amino-indazolinone represented by the formula:

R
/0

'll\i/NH
H

HoN

in which R is hydrogen or an alkyl radical having from I to 14 carbon atoms,
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comprises adding to a crankcase of said engine a lubricating oil
composition comprising a major amount of an oil of lubricating viscosity
and a minor amount of an additive reaction product prepared by a method
comprising reacting an acylating agent with an olefin copolymer having a
number average molecular weight greater than about 1.000 in the
presence of a free radical initiator and said method being essentially free
of hydrocarbon solvent in an extruder to provide a copolymer
(cJiesmeiatecomprisngaaacuates nlalin sapglymer having a degree if
grafting (DOG) of the acylating agent on the olefin copolymer of at least
0.5 wt.%.andntherein the copolymer intermediate is reduced in molecular
wey vaguum stripping unreacted components; pelletizing the
H&)polynnETNintermediate to form a pelletized copolymer intermediate;
dissolvp'&]g the pelletized copolymer intermediate in a neutral oil to form a
dissolved copolymer intermediate; and reacting the dissolved copolyrner
in jwideln Bdiatebwithsant améae be plovide digpafmcbrotefiedhpdliymeroacaiibeed
0 ; red internal combustian ine comprises a
ﬁ({cﬁo?)%eéaé%ex a%%%%sa\{\éggéﬁr%lu %Mﬂﬁ%ﬁ& 1 glagvy duty diesel
(Demginengpyitnblivatiepreaginé by thpdsimmpbecooled exhaust gas
recirculation system, whereby exhaust gases comprising soot generated
in the €ombustion in the engine of fuel contact a lubricating oil used to
I e said engine, wherein said 36 lubricating oil comprises: a base oil,
d atjleast one dispersant viscosity index improver comprising an
action product prepared by a method comprising reacting an
agent with an olefin copolymer having a number average
molecul® weight greater than about 1.000 in the presence of a free
radical initiator and said method being essentially free of hydrocarbon
in SAVENRIFepRQHURRIIO BRQAAS AlICARYWIRBK ITtRHRACIAE COMRHSING a4
cylated olefin copolymer having a, degree of grafting (DOG) of the -
Cﬁﬁﬂé{ﬂﬁﬁﬂ% Bt tHE BRATALBR O RIPBPsitighatiyayes a weighted demeritis-

1P (WDP) value of less than 250, a top land carbon (TLC) value of less than 20, and a
top groove carbon (TGO) value of less than 20, in the Caterpillar 1P Test Method.

10. A method of lubricating a transmission of an automotive vehicle having a
transmission wherein said method comprises lubricating said transmission of said
vehicle with a lubricating oil composition comprising a major amount of an oil of
lubricating viscosity and minor amount of an additive reaction product prepared by a

method comprising
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wt%, and wherein the copolymer intermediate is reduced in molecular
weight; vacuum stripping unreacted components; pelletizing the
copolymer intermediate to form a pelletized intermediate; dissolving the
pelletized copolymer intermediate in a neutral oil to form a dissolved
copolymer intermediate; and reacting the dissolved copolymer
intermediate with an amine to provide a grafted olefin copolymer additive
reaction product in an amount sufficient to reduce the amount of oil

thickeningtitheaduhecatingMhas ¢rEpRAE d-denuse et tbadubiicatingRilc, o

without the additive reaction product. 37 9. A method of lubricating a

CrrafpbaraaperianatoRistRe eI RS iRF st dramisio roRieAssd digaes
anethad comprisas kbricaing said bensmissiRr.afcaigywahicleowithaut 20

lubricating ol comE@osition comgrising a ng?or amount of an oil of

0 RO RGRRE S8I Gnd MindlPRABIROBIR-ARsidtRmEReHbA rdddeple

peRi@Raeshidypal yeethaddcampisieg KAVifgacting i lefibeoRqbimRF weight
prepared from ethylene and at Ieasiqone C3to CJO alpha-monoolefin and

ranghg AuaR), hONONRnBs R0t ORI Ryt A sy aling frspbsaid

préQuBPEisigiamRbon: 18deGhMele Rercenteh tndans ronaleritdf in
to 85 molggggrcent said C3 to C10 alpha-g%l)n olefin, and from about Q to
r

the ngsiat pRrteRrolsaidBFolEnE YA EBAgithe PHENAG S ISkt olefinic
cafiRiAgeanOieiRidasmeight saagiogolianel GAQIRIBIO.00 ik aRRIekiite

arboxylic acid acylatin ent, said. process.comprising heating sai

AR R b N T W A
copdlGegiding it @bt exdsuder abrcaisingrdeMearisaigilatiniacoaoxylient
ating agent qnto_said copolymer, optionally subsequently reducing the
gﬁ%&ﬁﬁ%ﬁ%‘é@ﬁ%&%‘é Eﬁé)&&%ﬁér‘f R ﬁrp%éjucing a grafted, acylated
olefifBgepalymesahdrbavi)galdeast ik fhrooletues of caldcarhaxyti:acid

acylatin ent grafted into each molecule of said olefin copolymer, and

Coﬁ%%%ﬁgcg%%%ﬁﬁ%%%&6?%%?18‘3}%105[0polymer in (A) with an amine

(a) an N-arylphenylenediamine represented by the formula:

o R
R’-—Ar—-Nv@
R2

in which Ar is aromatic and R is -H, -NH,, -(-NH-Aryl),-H, ~(-NH-Alkyl),-H, ~-NH-
arylalkyl, a branched or straight chain radical having from 4 to 24 carbon atoms that
can be alkyl, alkenyl, alkoxyl, aralkyl, alkaryl, hydroxyalkyl or aminoalkyl, R? is (-
NHs, -(NH(CH2)y=)m=NHs, -(CH3),~NH,, -aryl-NH,, in which n and m each has a

value from 1
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compound selected from the group consisting of (a) an
N-arylphenylenediainine represented by the formula: H R3 R1--Ar-N' R2
in which Ar is aromatic and R' is -H, -NH2, -(-NH-Aryl)n H, -(-NH-Alkyl)"-H,
-NH- arylalkyl, a branched or straight chain radical having from 4 to 24
carbon atoms that can 38 be alkyl, alkenyl, alkoxyl, aralkyl, alkaryl,
hydroxyalkyl or aminoal.kyl, R2 is (-NH2, - (NH(CH2)"-)m NH2,
-(CH2)"-NH2, -aryl-NH2, in which n and m each has a value from 1 to 10,
t030d B iR*Nydrus el kb aligry1alimexyl aralitw, Al Raving from Ao
24 carbon atoms, (b) an aminocarbazole represented by the formula:
cafpRB 21Tt R1 in which R and R’ represent hydrogen or an alkyl, alkenyl,
(bpaetendsaticalbavingcfiemnl taeldhcanhon atoms, (c) an aminoindole
represented by the formula: R H2N-C* N | H in which R is represents
almzradical having from 1 to 14 carbon atoms,

in which R and R' represent hydrogen or an alkyl, alkenyl, or alkoxyl radical having
from 1 to 14 carbon atoms,

(c) an aminoindole represented by the formula:

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

(d) an amino-indazolinone represented by the formula:

R
/O

N
N H
H

HaN

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

(e} an aminomercaptotriazole represented by the formula:
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(d) an amino-indazolinone represented by the formula: R 0 HZN N.NH H
in which R is hydrogen or an alkyl radical having from 1 to 14 carbon
atoms, 39 (e) an aminomercaptotriazole represented by the formula:
NNH2 1 HS N,-N H in which R can be absent or can be CI - CIO linear or
branched hydrocarbon selected from the group consisting of alkyl, aryl,
alkaryl, or arylalkyl. (f) an aminopyrimidine represented by the formula:
NH2 NN 66 R in which R represents hydrogen or an alkyl or alkoxyl
radical having f&g@ 1 to 14 carbon atoms, wherein the lubricating oll
composi es a weighted demeritis- IP (WDP) value of less than
2508 lahd carbon (TLC)' value of less than 20, and a top groove
lé§rbon (MEO) value of less than 20, in the Caterpillar 1 P Test Method.

10. A me¢thod of lubricating a transmission of an automotive vehicle having
a transmission wherein said method comprises lubricating said

intrenshnis siorbofabait vekicléeavith-adubliceting bilkoohegdsitiorabmpsidinged
A Oéﬂhts%ft%% 8#5@99;@6% lls%cgsdlt ) minor amount of an

addltlv ction product prepar tho pnsmg
() an ammopymmdme represented by the formula.

NH,
NN

QU

R

in which R represents hydrogen or an alkyl or alkoxyl radical having from 1 to 14
carbon atoms, wherein the lubricating oil composition forms a boundary film having a
percent film resistance value of about 80 to about 95 measured in a high Frequency
Reciprocating Rig (HFRR) test conducted at a 3% soot level, wherein the percent
resistance is determined from an oil resistivity value measured according to ASTM D

1169,

11. A method of lubricating a transmission of an automotive vehicle having a
transmission wherein said method comprises lubricating said transmission of said

vehicle with a lubricating oil composition comprising a major
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40 (A) reacting an olefin copolymer prepared from ethylene and at least
one C3 to Cio alpha-monoolefin and, optionally, a polyene selected from
non- conjugated dienes and trienes comprising from about 15 to 80 mole
percent of ethylene, from about 20 to 85 mole percent said C3 to CIO
alpha-monoolefin, and from about 0 to 15 mole percent of said polyene,
said copolymer having a number average molecular weight ranging from
1,000 to 500,000, with an olefinic carboxylic acid acylating agent, said
process comprising heating said copolymer to a moltenfcondi ionata .
ameaatoh 2l R HEPFSAE RS 6BRS S FA6ETGPARI IR AR ST d=action
pmqﬂzg{r%ge@mégq,@igﬁ@i@fa;é@nqﬁimﬁgylicdacylatinhg agerllt onlto saiql of said
copolymer, optionally subsequently reducing the ecular weight of s
copbYHTER: 188 FBLR AR B g AFA i R AT %%8&3?%8&%6 310
CNapinoRéieakiih Amolptivenof saisvabexylicddidmayatiognhgentd dienes
rafted into each molecule of said olefin copolymer, an reacting.sai
on e, YR DITT U0y P R AT AR B b RGO, oo 20
to 88laciedfeamnthe:ir aiptechgistipgaah(@bale fitanykp Henylebedizimind 5 mole
represented by the forrHuIa: Il-| R3 R1--Ar-N--(1 J) R2 in WhichlArﬁils oht
PergBhitakhROR NS - S ARSI K R RGH SXRH S RO Sgiar weie
ran@fiakiyh a jonehedoguosly aight ehalefiadicalbuayiig dediradytatidg eatharsaid
atoms that, ¢an be alkyl, alkenyl, alkoxyl, aralkyl, alkaryl, hydroxyalkyl.or .
ProghiihEMBILsHRE REERES ﬁﬁﬁ’éﬁﬁ%tﬁf 3 mqk?@(&fi&%‘gff&é @ KPR in
thevyhigh 86w (ieapid Has@aalgérframedtdilldo dfts, rahdnig Jéslaydsagiesiefinic
car%Ikyl alkenyl, alkoxyl, aralks}glli dalkagfl having from, 4 to 24 carbon aioms

oxXylic acylating agent onfo copolymer, opticnally subsequently reducimg the
molecular weight of said copolymer, thereby producing a grafied, acylated olefin
copolymer and having at least 1.0 molecules of said carboxylic acid acylating agent

grafted into each molecule of said olefin copolymer, and
(B) reacting said grafted, acylated olefin copolymer in (A) with an amine

compound selected from the group consisting of

(a) an N-arylphenylenediamine represented by the formula:

H R
R‘*—-ArmN@
R2

in which Ar is aromatic and R is ~H, -NHa, -(-NH-Aryl)s-H, -(-NH-Alkyl),-H, -NH-~
arylalkyl, a branched or straight chain radical having from 4 to 24 carbon atoms that

can
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(b) an aminocarbazole represented by the formula: NHZ N R H Rl in

which R and R1 represent hydrogen or an alkyl, alkenyl, or alkoxyl radical
having from 1 to 14 carbon atoms, (c) an aminoindole represented by the
formula: R HZN | H in which R is represents hydrogen or an alkyl radical
having from 1 to 14 carbon atoms, (d) an amino-indazolinone represented

h i |
be ﬁﬁ‘é’ r%[g a][%mi W Car %I}g]l gfvl\/?aeys 5}( Sa qroxge?nqa%aﬁﬁﬁzlgﬁ {9 ?«'Rﬂg, -

IHomereaptotri
(N P&ﬁﬁés}aﬁhewﬁy, HIE FapmNH:, 42.YNN1H{>2 Ehlvbfiﬁchl aNndHmreavhibhsR talmdom

r I| e che h ar ected
“?he dfOl:apI%%ﬁSl F%gg%?a T, arye@ﬁ(ary qé%dfhﬁ a(% HUEHEE bR o
24 aanhoominimsdine represented by the formula:

(b) an aminocarbazole represented by the formula:

N

i 1
R Ny R

in which R and R' represent hydrogen or an alkyl, alkenyl, or alkoxyl radical having
from 1 to 14 carbon atoms,

(¢} an aminoindole represented by the formula:

R

QL]
N

{
H

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

(d) an amino-indazolinone represented by the formula:

R
/O

NH
b
H

HoN

in which R is hydrogen or an alkyl radical having from 1 to 14 carbon atoms,
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NH2 N" "N 66 R in which R represents hydrogen or an alkyl or alkoxyl
radical having from 1 to 14 carbon atoms, wherein the lubricating oil
composition forms a boundary film having a percent film resistance value
of about 80 to about 95 measured in a high Frequency Reciprocating Rig
(HFRR) test conducted at a 3% soot level, wherein the percent resistance
is determined from an olil resistivity value measured according to ASTM D
1169. 11. A method of lubricating a transmission of an automotive vehicle
(e)mavingreonikangrissianiwivgresarsaitbmdth doheamaprises lubricating said
transmission of said vehicle with a lubricating oil composition comprising
a majo Nﬁ'_ﬁmt of an oil of lubricating viscosity and minor amount of
a itive}, reaction product prepared by a method comprising (A)
H%actingl’é'n olefin copolymer prepared from ethylene and at least one C3
to COrhlpha-monoolefin and, optionally, a polyene selected from non-

. conjugated dienes and trienes comprising from about 15 to 80 mole
in iR 5%@@?@&8{1&%3&%&0 gAY &é?&éﬁ?@%ﬁ%%ﬂmd

froﬁigga-gnmlmig@iaﬁagdffmm@mm ﬁH@rﬁﬁdﬂ@iI@Iamprent_ orf] said p_olye]cne,
said copolymer having a numher average molecular weight ranging from
® %WWW@&%&W%%&i Y&%&Fé&?yﬁ%’ acid acylating agent, said
process comprising heating said copolymer to a molten condition at a
temperature in the range of 60C to 240C, grafting in an extruder of a
mi device, said olefinic carboxylic acylating agent onto said
er, optionally subsequently reducing the molecular weight of said
opolymer, thereby producing a grafted, acylated olefin copolymer and
least 1.0 molecules of said carboxylic acid acylating agent

R

in which R represents hydrogen or an alkyl or alkoxyl radical having from 1 to 14
carbon atoms, wherein the lubricating oil composition forms a boundary film having
a percent film resistance value of about 50 to about 70 as measured in a High
Frequency Reciprocating Rig (HFRR) test conducted at a 6% soot level, wherein the
percent resistance is determined from an oil resistivity value measured according to

ASTM D 1169.

12. A method of lubricating a transmission of an automotive vehicle having a
transmission wherein said method comprises lubricating said transmission of said

vehicle with a lubricating oil composition comprising a major
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grafted into each molecule of said olefin copolymer, and (B) reacting said
grafted, acylated olefin copolymer in (A) with an amine compound
selected from the group consisting of (a) an N-arylphenylenediamine
represented by the formula: H R3 R3--Ar--N R2 in which Ar is aromatic
and R'is -H, -NH2, -(-NH-Aryl),-H, -(-NH-Alkyl)n H, -NH- arylalkyl, a

branched or. straight chain radical having from 4 to 24 carbon atoms that..
g 4 B8 gt ST ST AOA N Ry )RR PORIVS Foaion
prodminpaisteREyia Mbh edMbti&ih2)"-)m NH2, -(CH2)n NH2, -aryl-NH2, in

'Whi(:@? and.m eack‘&lgjas a value from 1 tgn}o , ag%EB IS h&/d{?gaerg, alk%l,t
ke, e ST SRR PH TP TD 2 AR atois ( e ©
C Pahecachasiifepiesetitediby, theolgemutaleditdzirdhRnbinRbdnjwrichl Rienes
nd R' represent hydrogen o alkyl, alkenyl, or al | radical havi
o S PR BB BB ARt Ak TNEGIE FE BL TSy fh eoout 20
to Bymulr: periNefVaidi (4 io WhjclifRderepsekents dndd fegranabownlatityl S mole
radica havin%from 1 to,14 carbon . .

percent of said polyene, said copolymer having a number average molecular weight
ranging from 1,000 to 500,000, with an olefinic carboxylic acid acylating agent, said
process comprising heating said copolymer to a molten condition at a temperature in
the range of 60°C to 240°C, grafting in an extruder of a mixing device, said olefinic
carboxylic acylating agent onto said copolymer, optionally subsequently reducing the
molecular weight of said copolymer, thereby producing a grafted, acylated olefin
copolymer and having at least 1.0 molecules of said carboxylic acid acylating agent
grafted into each molecule of said olefin copolymer, and

(B) reacting said grafted, acylated olefin copolymer in (A) with an amine

compound selected from the group consisting of:

(a) an N-arylphenylenediamine represented by the formula:

R
FU-*ArHN@
R2

in which Ar is aromatic and R! is ~H, -NHy, -(-NH-Aryl)-H, -(-NH-Alkyl),-H, -NH-
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atoms, (d) an amino-indazolinone represented by the formula: R O HZN
*N NH | H in which R is hydrogen or an alkyl radical having from 1 to 14
carbon atoms, 45 (e) an aminomercaptotriazole represented by the
formula: NHZ R HST N.-N | H in which R can be absent or can be Ci -
Co linear or branched hydrocarbon selected from the group consisting of
alkyl, aryl, alkaryl, or arylalkyl. (f) an aminopyrimidine represented by the
formula: NH2 NJIN 66 R in which R represents hydrogen or an alkyl or
arvhalkokyh fadieddisdaviririeht dhedm wdieabbavinsfiervhérelf gebribatandhat
il c ositi r 0 i vj [ ' S (-
0 e i D e e e e i (

NHRedISFRiEA ng-Rig ik R(F@ﬁﬁst%ﬂmwéuéd\&%a Bvcvduek |avendwRerarh thes 2

valRETRER PSSR ce isdrreminedJrem a ol MBRISHIN 3N, BeARV S kary]
according to ASTM D 11609.
having from 4 to 24 carbon atoms,

(b) an aminocarbazole represented by the formula:

N

| 1
R i R

in which R and R’ represent hydrogen or an alkyl, alkenyl, or alkoxyl radical having
from 1 to 14 carbon atoms,

(c) an aminoindole represented by the formula:

R

N

f
H

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

(d) an amino-indazolinone represented by the formula:

FN _NH

-2

48



12. A method of lubricating a transmission of an automotive vehicle having
a transmission wherein said method comprises lubricating said
transmission of said vehicle with a lubricating oil composition comprising
a major 46 amount of an oil of lubricating viscosity and minor amount of
an additive reaction product prepared by a method comprising (A)
reacting an olefin copolymer prepared from ethylene and at least one C3
to C10 alpha-monoolefin and, optionally, a polyene selected from non-

in whituGatetdieges @ aieylosdionhpeasing from hisold t5hoBsdenvle
percent of ethylene, fr rcent said C3 to C10

(e)gﬁ) A-Monoo fﬁ)ﬁg%gqg%%qg %ﬁet%olg oﬁi%%o éﬁ) %ercent of said polyene,
said copolymer having a number average molecular weight ranging from
1,000 to 500,000, with an olefinic carboxylic acid acylating agent, said
procest 5ing heating said copolymer to a molten condition at a
tel atdfe in the range of 60C to 240C, grafting in an extruder of a

Hﬁwixingjhl’éwce, said olefinic carboxylic acylating agent onto said

copolymer, optionally subsequently reducing the molecular weight of said
copolymer, thereby producing a grafted, acylated olefin copolymer and
having at least 1.0 molecules of said carboxylic acid acylating agent

in giatle® inia bachynaleculm diesdid-alkfinicepaly menchad kBjreachng shidted

§ E’Séted’ acylated glllefigf%%pcll%&n rail @ IV\éil;h an ; mine compound

TOMLIAE @Yo IS gl‘%up coﬁslsﬁrfg of. (a) anaf\"?/-ary?/phenylenediamine

(f) eepueseniedbydine feprastated bR KkaAuwldN---'(( ) R2 in which Ar is
aromatic and R' is -H, -NH2, -(-NH-Aryl)"-H, -(-NH-Alkyl)"-H, -NH- 47
arylalkyl, a branched or straight chain radical having from 4 to 24 carbon
atogpg,that

"‘k |

oQ

in which R represents hydrogen or an alkyl or alkoxyl radical having from 1 to 14
carbon atoms, wherein the lubricating oil composition has a kinematic viscosity at

100°C (KV100) in the range of 9.3 to 21.8cSt.

13. The method of claim 12, wherein the lubricating oil composition has a

kinematic viscosity at 100°C (KV100) in the range of 15 to 16.3¢cSt.

14. A method of lubricating a transmission of an automotive vehicle having a

transmission wherein said method comprises lubricating
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can be alkyl, alkenyl, alkoxyl, aralkyl, alkaryl, hydroxyalkyl or aminoalkyl,
R2is (- NH2, -(NH(CH2)n )m NH2, -(Cl42).-NH2, -aryl-NH2, in which n
and m each has a value from 1 to 10, and R3 is hydrogen, alkyl, alkenyl,
alkoxyl, aralkyl, alkaryl having from 4 to 24 carbon atoms, (b) an
aminocarbazole represented by the formula: NH2 N R H R# in which R
and R' represent hydrogen or an alkyl, alkenyl, or alkoxyl radical having
from Ito 14 carbon atoms, (c) an aminoindole represented by the formula:

R H2N-~~ N-' H in which R is represents hydrogen or an alkyl radical
saiﬂlavam' grfiiesivd t(f kdidarbbiclatwitls a(dylanicatinig cih dargivstienrepresesited a
the formu H 48 in which R is. hydrogen or n alk
ma11ad| ﬁggn%g %Qlotfgl\lfﬁma on altsc():r%slfCy (31)‘l (gn arr%nglrﬁercap fazole ltwe

reapejoresewiad fmephefobmalasfibHOMPHSIEON

(A) reacting an olefin copolymer prepared from ethylene and at least one Cs to
C1¢ alpha-monoolefin and, optionally, a polyene selected from non- conjugated dienes
and trienes comprising from about 15 to 80 mole percent of ethylene, from about 20
to 85 mole percent said C3 to Cyp alpha-monoolefin, and from about 0 to 15 mole
percent of said polyene, said copolymer having a number average molecular weight
ranging from 1,000 to 500,000, with an olefinic carboxylic acid acylating agent, said
process comprising heating said copolymer to a molten condition at a temperature in
the range of 60°C to 240°C, grafting in an extruder of a mixing device, said olefinic
carboxylic acylating agent onto said copolymer, optionally subsequently reducing the
molecular weight of said copolymer, thereby producing a grafted, acylated olefin
copolymer and having at least 1.0 molecules of said carboxylic acid acylating agent
grafted into each molecule of said olefin copolymer, and

(B) reacting said grafted, acylated olefin copolymer in (A) with an amine
compound selected from the group consisting of

(a) an N-arylphenylenediamine represented by the formula:
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I Hi.n. which R can be absent or can be C1 - Clo linear or branched
hydrocarbon selected from the group consisting of alkyl, aryl, alkaryl, or
arylalkyl. (f) an. aminopyrimidine represented by the formula: N~H2 N'~N
66 R in which R represents hydrogen or an. alkyl or alkoxyl radical having
from 1 to 14 carbon atoms, wherein the lubricating oil composition has a
kinematic viscosity at 100C (KV100) in the range of 9.3 to 21.8c¢St. 13.
The method of claim 12, wherein the lubricating oil composition has a
kinematic viscosity at 100C (KV 100) in the range of 15 to 16.3cSt. 14. A
methogljof lubricatiyg a transmission of an automotive vehicle having a
%Si rein said method comprises lubricating 49 said

[ vehicle with a lubricating oil composition comprising a

major amount of an oil of lubricating viscosity and minor amount of an
in QGEliVAr IeacHRARFQACRPIEPMEINIY, -mwyggrmrisdngﬁ%m@mﬁﬂg -NH-

an olefin coponH:er prep red from ethylene and at Ieast one C

ary gind. A ORSRAReH AndrYs mﬁlaw Laig éﬁé@&é&?&h‘h 3b°n aioms tha

catOR)jWdatecinkienes amﬂleﬂea@prammgﬁp@m@wn&t@r&awm R2 is (-
}Elercent of eth()_:slene from _about 20 to 85 mole pe cent said C3 to

o A G Ec RO SOk 5 S Pt BUIBA O S DeRg, value

frogaid t@om)lmrfd%aylngdaogumaﬂ{yava@gﬁimteﬁylaaﬁmghw[@agl g iR from
4 1,000 to 500,000, with an olefinic carboxylic acid acylating agent, said
t?)?o"'c‘t::\asr %f’ﬁ%’ﬁ&ng heating said copolymer to a molten condition at a

(btenmenadvsiebirole represented by the formula:

N

| i
R H R

in which R and R! represent hydrogen or an alkyl, alkenyl, or alkoxyl radical having
from 1 to 14 carbon atoms,

(c) an aminoindole represented by the formula:

R

N

!
H

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

(d) an amino-indazolinone represented by the formula:
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the range of 60C to 240C, grafting in an extruder of a mixing device, said
olefinic carboxylic acylating agent onto said copolymer, optionally
subsequently reducing the molecular weight of said copolymer, thereby
producing a grafted, acylated olefin copolymer and having at least 1.0
molecules of said carboxylic acid acylating agent grafted into each
molecule of said olefin copolymer, and (B) reacting said grafted, acylated
olefin copolymer in (A) with an amine compound selected from the group
consisting of (a) an N-arylphenylenediamine represented by the formula:
50} 1 R3 R1--Ar--N R2 in which Ar is aromatic and R is -1-I, -NH2,
-(- ryl , -(-NH-Alkyl)1 H, -NH- arylalkyl, a branched or straight
Hald dicg| having from 4 to 24 carbon atoms that can be alkyl, alkenyl,
alkoxyl, apalkyl, alkaryl, hydroxyalkyl or aminoalkyl, R2 is (- NH2,
-(NH(CH®)n ),,,NH2, -(CH2)"-NH2, -aryl-NH2, in which n and m each has
a value from 1to 10, and R3 is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl,
alkaryl having from 4 to 24 carbon atoms, (b) an aminocarbazole

in teReRMNed My 66 (f)@'é[ﬁ iy Nd ARV Rl frwhichdR ardrRonepsasent
hydrogen or an alkyl, enyI or al e?bvyl radical having from 1 to 14

(e)c?é’rBBW’QfBFﬁ%aF(E’)t%?FB BIIES, W the formula: RR Hzt3-

7A- - N

‘ N NHQ

AT
H

in which R can be absent or can be C, — Cy¢ linear or branched hydrocarbon selected
from the group consisting of alkyl, aryl, alkaryl, or arylalkyl.

(f) an aminopyrimidine represented by the formula:

NH,

N‘J\N |

R

in which R represents hydrogen or an alkyl or alkoxyl radical having from 1 to 14
carbon atoms, wherein the lubricating o1l composition achieves a viscosity increase of

fess than 10 ¢St at 100°C at a soot level of up to 6.0% in the Mack T-11 test.
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I H in which R is represents hydrogen or an alkyl radical having from 1 to
14 carbon atoms, (d) an amino-indazolinone represented by the formula:
51 R O HZN NNH H in which R is hydrogen or an alkyl radical having

from 1 to 14 carbon atoms, (e) an aminomercaptotriazole represented by
the formula: N~NNHZ HSR N_N H in which R can be absent or can be C1

- Cio linear or branched hydrocarbon selected from the group consisting

of alkyl, aryl, alkaryl, or arylalkyl. (f) an aminopyrimidine represented by

the formula: NH2 NJ~-N 66 R in which R represents hydrogen or an

15 aIkyt@u@Hf@bgyhﬁa@mHl) avimgtfrmlmﬂtcbﬂidatiagomnmtmﬁssiwhefahm dhemotive
%t?F“C oil com osmon achieves a vi c05| crease of I

e RN S
tralﬁ@uffﬁﬂﬂyoﬁmﬂd&d)ck méthad lobtitaticatiod adngrsitiesioonofrdsing a major
e e gt TReHng S BRI RO S S AR BER R
product prepared by a method comprising
(A) reacting an olefin copolymer prepared from ethylene and at least one Cs to
C1y alpha-monoolefin and, optionally, a polyene selected from non- conjugated dienes
and trienes comprising from about 15 to 80 mole percent of ethylene, from about 20
to 85 mole percent said C; to Cyp alpha-monoolefin, and from about 0 to 15 mole
percent of said polyene, said copolymer having a number average molecular weight
ranging from 1,000 to 500,000, with an olefinic carboxylic acid acylating agent, said
process comprising heating said copolymer to a molten condition at a temperature in
the range of 60°C to 240°C, grafting in an extruder of a mixing device, said olefinic
carboxylic acylating agent onto said copolymer, optionally subsequently reducing the
molecular weight of said copolymer, thereby producing a grafted, acylated olefin
copolymer and having at least 1.0 molecules of said carboxylic acid acylating agent
grafted into each molecule of said olefin copolymer, and
(B) reacting said grafted, acylated olefin copolymer in (A) with an amine

compound selected from the group consisting of

(a) an N-arylphenylenediamine represented by the formula:
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transmission of said vehicle with a lubricating oil composition comprising a
major amount of an oil of lubricating viscosity and minor amount of an
additive reaction product prepared by a method comprising (A) reacting
an olefin copolymer prepared from ethylene and at least one C3to C10
alpha-monoolefin and, optionally, a polyene selected from non-
conjugated dienes and trienes comprising from about 15 to 80 mole
percent of ethylene, from about 20 to 85 mole percent said C3 to Clo
alpha-monoolefin, and from about 0 to 15 mole percent of said polyene,
said cqpoly hay4ng a number average molecular weight ranging from

R?L 01 t{Q 5 with an olefinic carboxylic acid acylating agent, said
process co eating said copolymer to a molten condition at a
temperature in the range of 60C to 240C, grafting in an extruder of a
mixing device, said olefinic carboxylic acylating agent onto said

. copqlymer, optionall equently reducing the ec wel i
i SO, TEFED; FP0ducg d o e ARUALEH Bh e o At
aryla\ing ableadicd Ometdghtes sihsaidi carhoxylicfanid aoyl2dingragentoms that
grafted into each mglecule of sajd glefin.copolyme d (B) reacting said
carg Y Rt LTS BER R R o S S CEGHRBRCIRT . T o €
NIBglegtett dram, the EOyp(Cang s of {a)l a0 N dry whihylenadiamireh has a
represented by the formyla: 53,11 R3 RI--Ar-N --~ R2. in which Ar is
vl SR i 10 s 3 K3, D -Rfﬁ%i‘}yﬁ‘@ﬂﬁ&%ﬂ?ﬁik%@ﬁﬁaﬁf—?@a’%ﬁﬂéﬁ? 1
hadiiy @nchadepsicaighit atvain,radical having from 4 to 24 carbon atoms that
can be alkyl, alkenyl, alkoxyl,.aralkyl, alkaryl, hydroxyalkyl or aminoalkyl.,
(b)is mpﬂﬁ@%{fﬁ EﬂﬁFff‘lt%{é,bNﬁ‘g%‘i@ﬁ%% NH2, -aryl-NH2, in which n

and m each has a

N

| 1
R i R

in which R and R' represent hydrogen or an alkyl, alkenyl, or alkoxyl radical having
from 1 to 14 carbon atoms,

(¢) an aminoindole represented by the formula:

R

N

]
H

in which R is represents hydrogen or an alkyl radical having from I to 14 carbon

atoms,
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value from | to 10, and R3 is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl,
alkaryl having from 4 to 24 carbon atoms, (b) an aminocarbazole
represented by the formula: NHz N R F Ri i in which R and R' represent
hydrogen or an alkyl, alkenyl, or alkoxyl radical having from 1 to 14
carbon atoms, (c) an aminoindole represented by the formula: ~RN
H2N-~iy% ~ | H in which R is represents hydrogen or an alkyl radical
having from 1 to 1.4 carbon atoms, 54 (d) an amino-indazolinone
represented by the formula: R O H2N NAH H in which R is hydrogen or

(d)yaim atkifrsadizabhiaving-fromchtal b4 darlformalams, (e) an
aminomercaptotriazole represented by the formula: NNH2 F2 1 HS N"N
H

R
/O

FN _NH

Tr—-=

in which R is hydrogen or an alkyl radical having from 1 to 14 carben atoms,

(e) an aminomercaptotriazole represented by the formula:

in which R can be absent or can be C; — Cyg linear or branched hydrocarbon selected
from the group consisting of alkyl, aryl, alkaryl, or arylalkyl.

(f) an aminopyrimidine represented by the formula:

NH,

A

0Q

R
160

in which R represents hydrogen or an alkyl or alkoxyl radical having from 1 to 14

carbon atoms, wherein the internal combustion engine comprises a cooled exhaust
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in which R can be absent or can be Ci - C10 linear or branched
hydrocarbon selected from the group consisting of alkyl, aryl, alkaryl, or
arylalkyl. (f) an aminopyrimidine represented by the formula: NH2 N N 66
R 160 in which R represents hydrogen or an alkyl or alkoxyl radical
having from 1 to 14 carbon atoms, wherein the internal combustion
engine comprises a cooled exhaust 55 gas recirculation (EGR) equipped

heav t d'@ﬁ!{ ngine, GhtA lubricatin ine comprising a cooled
gaserfﬁ%%%ﬁié{glég ecwcfﬁ%%pry f§ys %ar‘rjl),( l:Clivl\} Veré%gf;ﬁé%x AUSt gases comprising

soot generated in the combustion in the engine of fuel contact a
16.'“br[&afb%%ligékgf'%gnﬁ&%b%c fis%%'daefégéﬂgd WRRIGL SAIG LIDHCAING Qlgiem,
comprises: a e ail, and at least one dispersant viscosity index improver
whprepacsbapyt gasesthodporing singggieraadtinglzncokstntopolyiierengine of
fuePrceB%{ﬁdafﬂ%ﬂc%‘é‘X leng ﬁ‘s'%ﬁ tﬁﬁ%&ﬁé‘ﬁa‘?@e}? i%%@'e‘%@%‘%?&‘ q0n:38%:
optionally, a polyene selected from non- conlegatéd lenes and trienes
" congprispsisirigfeorn, alvdutt 16160 8@ disperparcentofitthyiisnanfpornalpoep2ed by
a tggg()Sd (91153 percent saiq C3to C10 al_pha-monoolefin, gnd from about O to
mole percent of said polyene, said copolymer having a number
aveldgeeadieguiaroledigtorelyginyrireparddodone §0ds006ndvithl ecastaladific to

/RTINS o SRR e
an®#B0syraftinyimaritextrabiart datenidimgcde pryscriaid olbfilsies.dapborhiet 20
o EoJBIRSRE shp xRl SiceoieN s
peropafipf said polyene, said copolymer I’laving a number average molecular weight
ranging from 1,000 to 500,000, with an olefinic carboxylic acid acylating agent, said
process comprising heating said copolymer to a molten condition at a temperature in
the range of 60°C to 240°C, grafting in an extruder of a mixing device, said olefinic
carboxylic acylating agent onto said copolymer, optionally subsequently reducing the
molecular weight of said copolymer, thereby producing a grafted, acylated olefin
copolymer and having at least 1.0 molecules of said carboxylic acid acylating agent
grafted into each molecule of said olefin copolymer, and

(B) reacting said grafted, acylated olefin copolymer in (A) with an amine
compound selected from the group consisting of

(a) an N-arylphenylenediamine represented by the formula:
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copolymer and having at least 1.0 molecules of said carboxylic acid
acylating agent grafted into each molecule of said olefin copolymer, and
(B) reacting said grafted, acylated olefin copolymer in (A) with an amine
compound selected from the group consisting of (a) an
N-arylphenylenediamine represented by the formula: 56 H Rs R1--Ar--N-
R2 in which Ar is aromatic and R1 is -H, -NH2, -(-NH-Aryl)n H,
-(-NH-Alkyl),-H, -NH- arylalkyl, a branched or straight chain radical having
from 4 to 24 carbon atoms that can be alkyl, alkenyl, alkoxyl, aralkyl,
alkaryfhydrosyalled or aminoalkyl, R2 is (- NH2, -(NH)CH2),; )m NH2,

RT—(— I;.LZ}{; ﬁp [I-NH2, in which n and m each has a value from 1 to 10,

nd R3 is hyetOoerr alkyl, alkenyl, alkoxyl, aralkyl, alkaryl having from 4

to 24 carbon atoms, (b) an aminocarbazole represented by the formula:

in Wihich NiRsHRiniatiwhish IR and R INEprecbii HydhiagBn GraH -2k atkb i H-

r.alkoxyl radical having ,from 1 to r s((} [noi
1(§) 37 ABLIRRIS that
oA A BT R RS e
can be alkyl, alkenyl, alkoxyl, aralkyl, alkaryl, hydrosyalkyl or aminoalkyl, R" is (-
NH;, -NHYCH2)y-)m=NH,, -(CH;)y-NHp, -aryl-NHa, in which n and m each has a

value from 1 to 10 , and R® is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, alkaryl

having from 4 to 24 carbon atoms,

(b) an aminocarbazole represented by the formula:

N

| 1
R i R

in which R and R' represent hydrogen or an alkyl, alkenyl, or alkoxyl radical having
from 1 to 14 carbon atoms,

(c) an aminoindole represented by the formula:

R

W)
N

I
H

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

(d) an amino-indazolinone represented by the formula:
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in which R is represents hydrogen or an alkyl radical having from 1 to 14
carbon atoms, (d) an amino-indazolinone represented by the formula: 57
R O HZN NNH | H in which R is hydrogen or an alkyl radical having from
Ito 14 carbon atoms, (e) an aminomercaptotriazole represented by the
formula: NNH2 R U H5 N_~N i H in which R can be absent or can be C1
- CIO linear or branched hydrocarbon selected from the group consisting
of alkyl, aryl, alkaryl, or arylalkyl. (f) an aminopyrimidine represented by
the formula: NH2 N""™"N 66 R in which R represents hydrogen or an alkyl
or alkopgy! radi%al having from 1 to 14 carbon atoms in an amount

SUFHE] uce the amount of oil thickening of the lubricating oil as
Hald ed tq,yse of the lubricating oil without the additive reaction

product. B

H

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

(e) an aminomercaptotriazole represented by the formula:

ek
A
,,,,SfR"%“,N
H

in which R can be absent or can be C; — Cyq linear or branched hydrocarbon selected
from the group consisting of alkyl, aryl, alkaryl, or arylalkyl.

(f) an aminopyrimidine represented by the formula:

NH

A

N™ "N

R

in which R represents hydrogen or an alkyl or alkoxyl radical having from 1 to 14
carbon atoms in an amount sufficient to reduce the amount of oil thickening of the
lubricating oil as compared to use of the lubricating o1l without the additive reaction

product.
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