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AC- 7668 GRAFTED MULTI - FUNCTI ONAL OLEFIN COPOLYMER VI
MODI FI ERS AND USES THEREOF 5 TECHNI CAL FI ELD Thi s
invention relates in one enbodinent to a highly
grafted, nulti-functional |ubricant additive useful

as an inproved viscosity index nodifier when enpl oyed
in a lubricating oil 10 conposition. BACKGROUND OF THE
DI SCLOSURE The art contains many di scl osures on the
use of polyner additives in lubricating oil AC-7668
conpositions. Ethylene propyl ene copol yners and

et hyl ene- al phG@RAFHEINMUHIHFINGTI@N AL @HEFINLS

t er pol ymer ich ve been further derivatized to

pr vt b bICLRY Wi Y e et D 1S HaERRG o |
conpositions illustrate this type of oil additive.

U.S. Pat. No. 4,089, 794 di scl oses et hyl ene copol yners
derived from et hyl ene and one or nore C3 to C28

al phaol efi n sol ution g%afted with an
et hyl eni cal | y- unsat ur REEHNGABFGLD: acid nmateri al

f ?Hs‘?ﬁ\@e‘ﬁtlgﬂ reﬂatéseﬁboxy gp%%ggt&%&%ﬁﬁﬁ&nﬁulu%%ﬁbﬁl lubricant

reactive wt
additiee woful @b an mpravéyds@sitaindee mudifds whea etnpluyep 08 Ubkichting oil
useful as a sludge and varnish control additive in
compesifii cating oils. U S. Pat. No. 4,137,185 discloses a
stabilized imde graft of an ethyl ene copol ynmer
additive for lubricants. U S. Pat. No. 4,146, 489

di scl oses a grBACKGRUUNDEOF WS BISdI®OdERKbone pol ymer
is an 25 oil-soluble ethyl ene propyl ene copol yner

akhearhgnigins parpdiselasires erhibe perpf nokimeraddiivesir lubmatlng oil

B SR
terpolynigs Ohith Ha0é béealTuithadefigatiel $o pidvide bilhetidNal prbpartids {19

di scl oses a nul ti purpose | ubri catl ng additi ve prepared
Iubﬂcwgtorlé:onmea@onwﬂusﬁataﬂns Wypeoﬁml gdtitiveof et hyl ene and a

NPT PRE oot Hristens Znpelippeibriyed Bam e and one or
more (Eﬁb enEpha St dnl gattddeRith £2GthGEnically-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. o

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 VI
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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with an amine. U S. Pat. No. 4,340,689 discloses a

process for grafting a functional organic group onto

an et hyl ene copol yner or an ethyl ene-propyl ene-di ene

terpolynmer. 5 U S. Pat. No. 4,357,250 discloses a

reacti on product of a copolyner and an olefin

carboxylic acid via the "ene" reaction followed by a
carboxXygie %m%%miﬁ@agl;nmw aORAtHR TehQion ThistrhédRate Whith iPeien reacted

. No. 4,382,007 discloses a dispersant-Vl inprover

with apagyeg.ed by reacting a pol yam ne-derived di spersant

A S PR 5Rie o o
an eth, e%él_éopb%é%'io? &h @&19§n&9fdgﬁfghe?i’éﬂett&?8§mfeﬂr fuel s and

ubri cants conpri Sing rafted et hyl ene copol yner
r Ut Pet! Nui- #1352,2p0 Hiselosase, repasiopgirodict bfaieapeiyarer aad amglefin

fi.nally. reacted wi.th al.karyl sulfapic acid.. U S .
carborplf Seiyin Q5" soton il i eaional {mPrieiipeg Hamine
mixtuf@l | S conprising a | ow saturate 15 base stock, |ess

than three mass percent of an ash |ess dispersant and
aUr8. Peo ot ¢,382007 discloses\d. dspefant-VNonpryer prepaosdl by reacting a

SR ST THTE T HEICTN T A

propylélnesﬁén@t%gmiﬁﬁ&hes mul tifunctional olefin copolyner Vi
I mprovers. U S. Pat. No. 5,075, 383 discloses a process

f101S. PatePlar 4,144,458 ddisglases potymen dddiniveofor Aetst and2@brolapfsicomprising
copol ynmer additives, erein free radical grafting i
a graﬂagetﬁﬁlﬁawm YRerreastadoyitcy palyamips; Belyo (8 By gamine apg, Bnally
I - chanically shearing. U S. Pat. No.
reaCtecE‘?ggg%g%ﬁé?@&%g%dg&oi | sol utions of adducted
dgiS. Pat NoeslOEER DteadiebMulti-grade hebrivating oils anairisprgaclesssaturate

a grafted olefin copolyner VI i r&p_rover IS, synthesize

base stpgk, less dhan; thrge mase percen vy an pdides disnamant yidaafigfosify meditier.
. ph: . ;
VSLPELAG. ST bsbi SRSl Bent Mokl ch AR ©

multifiliee 604 F1deed difiels. However, certain solvents, such
as al kaues hexane) in particular, can

e. d., .
Uh8eBatr Bbl 4 @h?za tenqhgs muitifungtinmal olefin copphamer Y] IRPre ¥ess.

fii r i to formundesired side.produ o
PRy SR koS MR g GaBbARHF b antioxidant
olefin EPBIyRRR AHAItDEY ihbreBSfrédrallldgl ?ﬁﬂirﬁﬁ@_@é&h}paﬁlﬁ:@ By the molecular
rel atively higher anmounts of transient

weightuerdugtion obthaichpalpmprsidpertr mecragically sbeapiokyner) can be
rﬁgs I?a{]tt Ng.f §,§§6,§i3aéigélgs%s oil solutions of adducted derivatized EPR or EPDM.,
In one conventional process, a grafted olefin copolymer VI improver is synthesized by

grafting 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 grafling 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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2 in solvent-based grafting reactions, which reduces
the useful activity level of the product. Em ssion
requi renents for all vehicles have becone increasingly
nore stringent. For instance, diesel engine design
changes required to neet em ssion requirenents have
led to increased |evels of soot in engine |ubricants.

- in solVidiit basddGr AL fbab@iiR] which $€RicesR 26l REVRARSE] oFRBE product.

when oil's are not progerLy fornmul ated, In particular,
wEntssioreregrireoents dor abwehigleadreve hegonreeisicressinglyi mereottringent. For

! Egril\'/ i nes includi

. .Cl her ej f . | ed
instanf CHELC? b HehiEh (Fhnges iR SLeCHHIRER hlfitehfeohave led to

increa8d&d levElY 005odt e e/ RBE EARA ThisiRErle R 18&] BF $dot bausbatdtedsed wear
the resulting increased soot |oading. These new

when enlgi a1e no4 | psepelay rmplateds tln  pagémwlarN@ithethesastigal of new exhaust gas

. standards. (It. has.be ted i.n field testing.o .
reciolg 05 B ik CrRERe, G B el PeiBr i iine PRUSLEGR, graines, 2
probledh his dRelopel H0h AbiRECTIAE o1tk REbhA? THrRENBE 0BG HAA8le the resulting

exhi bit undesirably ‘excessive oil thickening because

increagdd sohtloading. These npw ehginnyalsehwicanerd stringentd¥ax eyissiop standards. It

has bepf ot P helq Pind & s RR ARk oy PRIFoR EeRH ks e the o oils tested
in the f@?flﬂad Egm§k%ekﬁﬁhe@ﬂﬁoiﬂﬁﬂe%mﬁ&&mﬂ ﬂﬁdkeﬁiﬂgfb@%dﬁ’se of the

nms that dre thicker than the size of primary Soo

way squdiist heingegenerated b incedabieg the tprabatnef the stamtiotdispdnsamtssio thecdlgbricating
., 0f abrasive ar. 15 U S. Pat. .. 6,719,473 descri be
oils ha el LR dhe BT ey A 19 B pugBisiad i ods bt chigrory f fom flms

that ar8 tHidkek thafl'the &Fodf pi 'aﬁesooi)fsaxﬁ@l'bgﬁlaﬁ bOWE to }?revent or reduce this source
nitrogen-containi ng Heterocyclic groups or ester

of abrdsivekaepes in lubricating oil conpositions used in EGR
equj pped hea du i esel engi nes. vanced ol efin, |,
p@ﬁx’; ﬁé? Nei éagéaﬁ%w%‘e&q wsg of gertan P@gp evlgﬁgnarﬁ gontaining alkyl or
L ed. ) S Lo | c .
aryl affi 8 e MESUk Wik den- il HdRFochEhc Bl ot e ligages in
lubricating@gli donpositiozdused it EGRNdquipped heavyuduty diasdl sngiaed i n
i nternal conbustion engines, such as di esel engines

dvanesd olefimpoler disnsasant derosity indeimreverranmeeiod prrdesired for
use in yggig y:é:érils g#l@%ﬂ n%’rogﬁggréﬁ ng%rp‘é%t% h}' ﬁllé{lfo%gfri}rﬁ’l e%rgia%%g] and deposit and

“soot caiti®t i SubrRame DRd is efteml estlhuistive ehgaes, beh RIdsuCéngidiesand EGR

. nmethod conprising reacting acylating agent with an
enginey ineparic@pol yner havi ng a nunber average nol ecul ar
wei ght range of about 1,000 to 500,000 in the
presence of a free radical initiator and essentially

free of hydrocagimomiARWEPEMBORMENTYIdEr to provide
a copolyner internediate conprising an acyl at ed
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

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

3
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ol efin copol yner having a degree of grafting (DOG of

the acyl ati ng agent on the copol yner internedi ate of

at least 0.5 w.% and wherein the copol ynmer

internediate, if needed, is reduced in nunber average

nol ecul ar wei ght by either nechanical, thermal,

chem cal or a conbination of thereof. The copol yner
intermietiafy oTR€ caste. 5 61.%, An@ROELRA the kbsslimenintedhediar, iThestd] is reduced
) di scl osure, ~vacuum stripped of unreacted conponents, . .
in nungher pesrigeadoleenlasweighicyi githsr meehapical, Siormaly glaerpigalios @combination

ed. w ] tQ .pr.oyi . e .
of thJ&oﬁﬁﬁh_efcgﬁ%%gﬁgﬁt&c[ﬂeeﬁenﬁt@ g%?@%ﬁ%%@%@éﬁgt og' gl}e ]Frg?ent disclosure,
vacuusBifided of 8ntéh&6dsdrhporidBl] pdllRtizdd) diskdlPed ibat Adugraladil, and further
The invention further relates to a process for the
reacteg with #n amigmtoatrovide ageifier vrulii-denctiond olgfiroenpelymsy vsefal as, for
t hod descri.ked.in.claim?25 The acyl ated, reduced
exmnpgeg 66’?%‘78%@ %@f%ﬁfefo\rl E%bﬁ'ﬁ %Héﬁ %?Spped of unreacted
CTRPiaREHoR, furtdd) relglek & 4 BRRessForSthe pwparatibn 8f Aeatdiide reaction
oil, and further reacted with an amne to provide a
produgj bz thesgiethad describerhist dlaimadS. ol ef i n pol yner viscosity

her, advant age and i

difiegr.. Afur e’ nt |
- Bt acbfEbec. aneds <Sapufier i e Vpdfim Bl Bl componens,
pelletizddl 8iSBKARSQ etrBIViN BAA filtdidf folbtedWith'2@ abfhéRoPprovide a grafted
sof ution, which preferably is sparged with an inert
multi-fyasticgal lefin polyntep viseosity enadifiert ur e, t hereby converting -

T S - B g e
intermddlate 841 Pént nbutPA DA 1B &l é)scﬁﬁ’ﬁkq}lﬂ Ghicht ﬂi@feﬁiﬂf‘ﬂtsbﬁ@gd with an inert

faster thereafter on the dissolved and prespargé

gas sufficieptrerremove muistiiras thereby poroeithg polymericesubéigiel dyacid back into the

. functi,onal | zed ,and  high purity finjshed.additive |

active Bolyge SUQeic A TG FOTE BFIQEAE HTHRSNOR | Iﬁgke_aff Rogeible to conduct

the amBRL ¥ Bstdr Eﬁe‘?éa%ijbdﬁ{ﬂ% G0HkE Bﬁtﬁg}%ﬁaﬁ’%ﬁ Phé&liheRhédifte to provide
renmoves unreacted components, Su s ‘unreacted graft

a morermgidyréingtiemdized hid high pudgdinizhed iatlditive prodavic Irsaddnvrg the vacuum
20 ot herwi se woul d contam nate the_end product and/or

strippingof; the pelymer Bﬁemwéimﬁwt%b@fp@meﬂe%qg%wowé Rgrepgied
compolfESHOEH LU hiRERL gl 1aGa R HBRRRE e
otherwis@Wonld SirngdisihaRahké sid predudd aed/pr, oy thdedsdnf therbadinghiraft

of the present invention. Anpbng ot her advantages, the
monomgi deadlg undesitedfsidlegeqctinn prasiugtsiduriag Bist spheaquentpeyaatiop reastion.

modi fiers made accordi to_qne.enbodi ment, . of the.
Theref{ P A el orauiaak e ndDa FREPoTRL p bueBimps of e
presenttihvﬁnihhghef purity. For instance, the olefin copolyner
can in one enbodi nent be reacted with the acylating
dyeong otheradvenagast thalgrafted swltirfunatiopalmiefirecoriolynaer viscosity

modifiers tmra ggcr:doréihg to Orllenentlbho%iment of the present 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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presence of less than 0.1 wt.% of volatile hydrocarbon
sol vent, thereby avoi ding side reaction products
arising fromthe solvent. 4 Consequently, the additive
reacti on products of certain enbodi nents of the
present disclosure can contain reduced | evels of
inpurities and contam nants (i.e., unreacted
r €anseqnemly, tiel adéltnve acictiomnpdocts of eeraidembaliments of the present
by- products).. Th npurjty | evel can be r duced
d1sclop1g§ &an f:%.’ﬂn@eduge ve}g, pEimguritigs ee,d.glfqang reactants,

e g L5 A AL S o

than Ot lhm Wuem it thdiadditios teactionNrudict | THer¢fornad dithveanliproduets having
of present disclosure_also are provided conpri sing
hlgheraqﬁ;tlmes w@rprpv}éa%d asuch gmppdisnsats f thepresgnt delosirey e
a t lLefin. .
Cfggy Qlﬁ%cabﬁgﬁogﬁh% éﬁé Cérg t &EE&B uﬁé 40§ %\'E?Hﬂ/lédeﬁ c&fdpﬂsmg an oil

of lubkie&iig wscopitpdnd an ,efﬂeétmeha&ntﬁmt @f@lﬁe h@dlyc #rdfted, multi-functional olefin
concentrates or finished |ubricants. These |ubricant

copolygsrastien Rraduct fre- e additiye rgctiandrpdustlein the fymat additive concentrates
or ﬁm&%ﬁqﬁﬁ%daﬂﬂ "h?esg ﬂ.ﬁm@%ﬁ cg)r%pgsmotgecié%e %?%liy )‘i\{ﬁtﬁ‘f‘c?i{e 1nternal combustion

glnes es” equi aus

enginds€6./, ﬁaéviytdiﬂy d{e&sBBhglﬁbss ir&iﬂiil)mg BptOeqiipped Wiﬂhd:)@lhﬁst gas recirculator

transm ssi ons, gears and ot her mechani cal devices and

(EGR}:mmﬁénwomeuw veltigle ttﬁ@mpwgims,og@r%md afher mgchandcal devices and

comp({nﬁrgt }g@gﬁqﬂ?céongqogtg gguct t %{m etlil% 1%‘%32?% %1%; ré‘i{uﬁt of certain
embo&ﬂ@xﬂ@ of eRBrataticlosdRMasE imprs%asro@{ disgpéinpeéa %ﬂérﬁerﬁhd)ﬂ)l deposit
Il

formation performance. The inproved boundary
controf, candalaupdarysfilve fomratian qwrformanset Tho rimaravied dm@nﬂ@'y dilans formation

perfortyind¥ 8 sBkARBETE PG P ot D R Mt e o, n one
embocﬁ’rﬁglﬁdﬂ'lh Qdditbs feﬁ&fdn"jﬁotﬁl@%sﬁetaﬁﬂaﬁto' 1RordatiAg B3 idositions in an amount
ficient to reduce the amount of oil thickening of

: sufﬁclelttetol nefudecthei ampuni bf dilethickesing tof cthﬂﬂrdntcatmgsﬂshxeaﬂol gpot content,

especifigﬁige)(h lzjuslstalt az{acéfcgl a\%léIllj lr(géilsl ](.pppﬁg gb%%it grP edes € add1t1ve reaction
prodqug E58Bhrékk &ﬁrbfﬁt:fxﬁg% bY¥ehy afXdeRRG: ﬁrﬁ@ a§£fa‘l$1e°r?etween oil

time availl ab e et ween ol drarns 1n a vehicle
drains Inaumeblc&nhamgg' ae ehgibe lubsicated \»mtlha dubrichtio edmposition containing the

t t th

add1t1v Wl i'oo ] égr et ans Ahe. onlos is also directed

srr%?&ﬂew Yt Retts ‘@n%% & Hivd

S I
o enge SHHERr S ALIEENGH, e BABDEE )@ ging composions and
compolibkdy. i cati ng conpositions and conpounds. 25 BRI EF
p
DESCRI PTI ON OF THE DRAW NGS

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a general process flow chart for making the unique VI modifier additives
and lubrication 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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FIG | shows a general process flow chart for naking
the unique VI nodifier additives and |ubrication
composi tions containing themaccording to enbodi nents
of the present disclosure. FIG 2 is bar graph
indicating the presence and extent of boundary film
formation, as neasured in terns of percent film

measu[’@ﬁh&érﬁﬁ&ff ;peebnt filb fesistahdry oDlubsicatinp! dls vbiginidpethe nhigue VI
nodi fier additives according to an_ enbodi ment of

modlﬂeh addifivasaseording 4o awrlbocameeb%¢ Brpsents dislogare agporgpared to those
b
ofa lugﬂ n%%ﬂl' d%gta%hlé%g g&hﬂfeéyﬁ%y e&éﬁgf%@ at e 1%[ %@Pﬁﬂfﬁﬁk}r

Reciploesting ElgI(HFFRﬁtés@tooﬁcﬁicwdéﬂt s&&él@iﬁét&nt%@@ﬁ ("éarbat black") levels.
bl ack"”) levels. 5 DETAI LED DESCRI PTI ON OF CERTAI N
EMBODI MENTS Referring to FIG 1, in one enbodi nent a
novel
copol yrgf ML RASRIPTIONOF LERTAIRMBORIMENTS
NRéfeRthe0 TG K il enéahb@iineht £ @1 Righlyngafed, pruititinietibyal olefin

dehydr at ed copol ynmer substrate conprising a polynmer of
wpolquﬁ}q mauidad as @ﬁ@mtlommoéuqt@f @n@ﬁogz@nmw%w@f-ﬁﬁg grafting a

provio iy B S e SRR B g e
C; to C,8AlYRA-BRfb Wltﬂ%h%@jdbﬁ\ﬂg FRholotprevide BRosdIPat iR mediate comprising
internedi ate by mnechanical, thernmal, or cheni cal

an acyh@dr@eﬁromp@bmrmdmmthﬁ imle@flar weightiofithet qopplymeg ing¢rmediate by

unr.eact e ts: pellet L he copol.yner
mechafidelc ettt SERARG bt BhoGhbTREsBarTRet Ttk of
unreactediBfdpRHERS; ‘i)elléhz?iﬁbﬂ/ §f'the BEpUIGRAkr atémeaﬁfeeai@&mundﬁ mhe pelletized
I nert "gas spargi ng; am natioh; and optional col or
copolystea bitérnmediatoin sahdniprentialodil ﬁnefdrd:rlymgﬂl msrt gisspangitg; emination; and
mul t.j-finc

optiong)eglar seEsatghaK Hpos EleEPE AT BEaeR i I thg pighty erafied,

=

. multl—ﬁflcthdﬁgf %leﬂﬁ %I%Fftf}iﬁddcy hQaR [)9 Yiised th M[ bleﬁﬂﬁcatﬁl% wscosny

ene used IfECt y, or alternatively

to promdeea lilbhuiredt imay badenefwidllyiused dinextlyf maalﬁanfamreiy aapreadlluted in base

additive for lubricants. It may be n Iubrlcat|on

oil in copepyyatetpamas aﬂéﬂdlaﬁ%%%ﬂ“bﬁﬁa@tsfﬁﬁay‘ ised wdpbrgatign gempositions
Vi [ i 1)

for one/dr AP o bty Ve imdfk AP niiter, cibpefRatly fim

formatiobhgprdver) depesitscontrolldry Bpa¢lbad etherofundt®dnket i zed Pol yer
Internedi ate Polynmer Substrate Starting Material The
pol ymer substrate starting material for use in one

od| s ! i| scl osure preferably

S ette and one or nore C3 to

@%ﬁrrﬁérlfﬁ%strate Starting Matenal

The polymer substrate starting material for use in one embodiment of the present
disclosure preferably compriées copolymers of ethylene and one or more C; to Cyz 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 Cj to Cs3
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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ol efins. Copolynmers of ethylene and propyl ene are nost

preferred. "Copolyners" herein can include w thout

limtation blends or reacted products of ethylene and

one or nore C3 to C23 al pha--olefins, and

additionally optionally other dienes or polyenes.

Thus, "copol yners" herein also includes terpolyners,
propybnd tofdmarthé capfodymdror ksbe el én carhpinatican with sthylkene hﬂbbmpylene to

in place of ylene to formthe copol yner or to
form 4, SEPITRETIBABIN KOPSHo R I R Cahtr ey arel g dioefins

such qurﬁh&aﬁfe'hﬁoll %-%adl% Lfdieo&acﬁéﬁeeﬂx%ncﬁ'e % > a-oleﬁns such as 4-

hexe e and St rene, I'ns

meth}élmtanea vae&glpenene-lalﬁi dimﬁlagdh@mm— IJ, aﬂd mi:ttams ﬂmeof
nche% i.n al pha-ol efins such as
ds derapakipg gwrpg Ygar subabetecire alsp gescnbed e.g., in U.S. Pat. No.

4,863,%%% 3 fiﬂfé, %ﬁ@%@r’z% g%l'{l’@ éﬁ() 10tnE Fn&:gﬁ%crg L pégthgﬁ:%by fference.

The polymer Sibstratt alsbl@nay%,e%ﬁmﬁﬁ&allﬁo&i’ﬁae@ Bdvingtid ﬁoﬁe@t?esﬁﬁ&icated
whi ch descriptions are incorporated herein by
hereiny of gr ence.  The pol ymer substrate al so may be

CMSH’@E&J@%& éolgmef"‘ d%‘é‘éat@f“é‘ﬁ@& dé%a?édoa‘% ?ﬁt%%p%f;gﬁé}g 'FRUES be used

herern
as the dkSingohingg saaﬂxng"mﬁéﬂﬂl WHR:hSna}aieSiﬂepmed Wingiseikd cbgmaﬁcnt The

the olefin polyner starting naterial, which ma e
third cgmes%@né genpsalhyisgd tHpreppre @ﬂﬂéemnbmem@strnﬁerlsja Q@lzyremv@nnomer

, selecte%eﬁjoqfl% ﬁéf) ﬁ%ﬁ%%%i?eneg %F@%@néngh H]S%—gﬁ@é%‘ntﬁ%élgg%&éﬁéc}e@éﬁs one

hawngamintsrtb qn%arboﬁ RETRAA tEO¢taltd Pererablyeiie didRPpiMer ischafRterized
having from5 to 14 carbon atonms in the chain.

by the prasgracatflayinytl geougiie iHe strentensand ican inhhde cydiciand dicyslp compounds.

ReprefUpGRTRESnFp L R s, | oot sty Abpentiene, 5

ethyhdgﬁ@Qﬁﬁ)%HrﬂéﬂeVﬁnﬂthb%ﬁlehecj Hidfhy iené?bﬁ?i@&‘eﬁé"q y5-heptadiene, and 1,6--
1, 4- cycl ohexadi ene, di cycl opent adi ene, 5-

Octadlmeh&lmutane oﬂmnmtbmmmedlem mlhwmsbbmrthﬂ preparatlon of the interpolymer.
a

or bor ene, . hept adi ene,
A prefiiERA TGS 0 PG DDA & PG e Ted subgate i 14
hexadidged in the preparation of the interpolynmer. A
preferred nonconjugated diene for preparing a
trepobymemponentrwiliiaos yntesst swb aoncahingated diodble bonds, and up to

exadi ene. 20 The triene_conmponent wll have at Ieast
about {%ﬁw@ﬁé the ehpigohiprce] Bisnasusesy dn pispureng this daterpghymer of the

f
dlsclosgfyggg ? iiﬁotgpg(ﬁﬁ'hﬁla}]e: fébg% ZF@' t@tra%%ﬂpcil_ﬁ@éne df issg}l%)?xfi'&&ewcyélgpentadlene,

- dihydrd-isodlizpclopstitadi@rReardil - - el dnetdnadilyyd s 3opemtdyb[ 2.2. 1] bicyclo-5-

1-i sopropylidenedi cycl opent adi ene,
hepteneg; hydr o-i sodi cycl opent adi ene, and

ZEtﬂpsﬁeﬂTgHa}ﬂrlgﬁ]e oAHEﬁe;] yiip-hg St &p¥ yl'r[e%s 1%‘ay Lorsis? bf KGn bt 15 to

80 mole percent ethylene and from about 85 to 20 mole percent C; to Cp3 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 Ca;
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| mixturmgw&i KGR S

25 Et hyl ene-propyl ene or higher al pha-olefin

copol yners may consist of fromabout 15 to 80 nole
percent ethylene and from about 85 to 20 nol e percent
C3 to C23 al pha-olefin with the nole ratios in one
enbodi nent being from about 35 to 75 nol e percent

et hyl ene and from about 65 to 25 nole percent of a C3

- alphaotefi@gndathp peopoltafnis in yetianbtheheniprdipentttieogsirom 54 no65 arole percent

enbodi bejng from 50.to, 70 e percent ethyl ene
ethyeff b ot ol it 0k SplesRis & al pha of of i
am@.xb P VARA{dnk 3P the! fBrek6ih Bf(gﬁd?: Qy‘e&glaimn% 8 to 10 mol
fro ggﬂto 65 nol e gerggntgﬁe hyﬁeﬁe and 45 to 3%1 nol e ke
percengef e entcoGrgated @healr prieeo IOtlidr nernibapmet lovels avelessahamhmole
of the foregoing polynmers may contain fromabout O to
pereeifn nple  percent of a nonconjugated diene or triene.
Orhestaitiig TRRRAE! fh i is an oil-
percentl. ﬁ%ﬁ st g}ﬂlt)s?l)r%l’ pg ??rheér&g g{g{]r re, tt?gtté?(g}q%lﬁrélsanml

solubletlingheordramhed polymenhavigy polmberayveiage awleaular weightifbm, about
[ ancheq pol yner havi ng .a nunber, av

1,000 lh%?@ 1p0a0 GFAmRLP @ RuEBet AYerage iRl cquArraSty 0f 50,4001t 370,000, as
detem%%%{@o%’l ﬁgrgrmgglﬁ g@‘éﬁ%@%ﬁg&? é@f Hlléigf%rsr%\lgdtaggxtnatiigﬁ st 08 0adh.

cThieoterh Spplgunby’ isostdyehstivalipto @rbipasatdtitylene copolymers, terpolymers
. standardi zation. 10 The term "polymer" is_used
or integpalaners sihese mteaiglsaniyLontain smpwHROtelpe glatinig monomers so long as
. . i 0 rials may
the ba%%{:] a%&n&gkgﬁ%ﬁsw gp&g{eﬁsez{rrggﬁrerﬁ?tﬁ%@ﬁﬁ%no éd?s so long as
tTie: fodyaherizakion aacesn Gdell €6 fodin dnhdhylene/atefiss cafofynid@isubstrate can
material |y changed. The pol ynerization reaction used

generally be garpied guidnihe prsecne ef ¢ ponveplinmahdiestaniatia r snegadiocene catalyst

carrj.ed.out

sen SRR S AL 6 A R Ee P, . v

. phase $%64s8¢8) asTitRwRCoYABYe! skilleld thERE WhehSoRfibn pBBAicHEAI AN

can include solution, slurry, or gas phase processes,
employed, the sokventgnayhbsayskitable mertdlydmag\on_sommhstas tiquid mnder

reactioB QoA B btpmiien SR Ao oA S REIRLE 97 Sasfeidpry B¥drocarbon
solventd Retide ARt LIRfn pRAMHs HAVRg oM PR ¥ CBbbE ohRNwith hexane being

al pha- ol efi ns; exanpl es of “satisfactory hydrocarbon
preferred |Aromatic hydrbeafeorst prafegdily atoniatic hydmtdros hivdang agingledrenzene

et i G B e R R B WPk
e T S

aromativyigdacarbandesefivedighbovb ate partirub@lysuitable JFie solvent selected may be a
oxi mat i ng those of the strai %’]ﬁ chain paraffinic
thedoregoing 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 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 polymer can also
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aromati ¢ hydrocarbons descri bed above are particularly
sui table. The solvent selected nmay be a m xture of
one or nore of the foregoi ng hydrocarbons. Wien slurry
pol ymeri zation is 25 enployed, the Iiquid phase for
pol ynerization is preferably liquid propylene. It is
desirable that the polynerization nmedium be free of

be suppliled na eitles atphextmixdd Hald ortagrrt-enizedviidbld ¢heppat agglaterate form.
conpo- nents. The polymer substrate, i.e., the olefin
pol ymer conponent, generally can be conveniently
OB)eBidi86br &F BdtembCtubk@dte 9r ound or pel l eti zed pol yner.
The ol efin polrymer can also 8 be supplied as either a
pireerm craltbdiabet, groumd polpmed babeh drroitledy fermshufpipealefin copolymer are

agqgl onerate form De dration of Pol rrer Subs ratel .
fed to g a‘?%e?lf"mglé’roé SEOW FRbudet PR3 157959 %wmerg?wngthe

capabflﬁﬁoﬂk&ﬁh@ aﬁ@@@é(‘)ﬁﬂg Ehe%'egiréi ted otfﬂle%ﬁgﬁ&‘z{) agi (ﬂg onthe
ngle or"twi n scr Wextru er, or ury ot her
polymm substrite Yomrthe Heleydratiap atepl Amytragenlhmﬂ(er@n&eﬁhlaﬁtﬁﬁed anthe feed
desired |evel of mechanical work (agitation) on
SCCUO’PH theﬁﬁ\"k}‘i‘e\"érto %‘H@?eaql%‘ uetin f My dr at i on step. A

n f
DL L A 580 e ot
in the eftrader or dther mixef with ceptirgtoetimirtaté mioistak lcyntastdh ek feed material.

bef bei ng adm xed wi.th any other reactants 10 in
The drgdeo %151 FQRPLYMES 1S B%q%@remhosi@enﬁatlm fod inte Arpthes cximgar segtion or

I The d d
_ separaf%)éx?rtuﬂ&em %grl%sefgf cdnﬁu&tnl% tflg EI%%%&&R){I t hen e f e(rj ' |en to

in cop 'S 1T n-one
anot her extruder section or separate extruder in
series for conducting the grafting reaction. Gafting
£:Acyl ating Agents - Graft Mononmers A

g‘&%&étiﬁgﬁgﬁﬂ-&}?aﬁgﬁ)éﬁor%rg‘fted onto the pol yner
r—substrate to forman acyl ated

eA hpydfemenahahs ﬂbﬁf%riﬁeﬂ(ﬂnm& pofiidr dakidofé af the PERATER kSbstrate to
i ncl ude ethylenically unsaturated carboxylic acid

form apaedated cthylenswalhaelsfinpelamer.at ed di car boxyl i ¢ aC| d

oL i ESSTEGR Bt
such adhBatubliiéd dl%?rbo;'?ylﬁ%zzrﬁﬁydr‘{més &hd @?e?ﬁédrf%"slb&ﬁﬁ'lgaarcﬁis Examples of

i ncorporated herein by feference. These carboxylic
these graihmpawmsrsm s:dh fathe farekamplecinf6.8. BataNbi 5,837, 67& ovhi¢tedescriptions

are mcglﬁgg S aI %E}Ic:tg Q%Scaﬁgazg/{}gg%gtcagtgt 6111([:11 are suxtziﬁe 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 grafiing process.

The ethylenically unsaturated carboxylic acid materials typically can provide one or two
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carboxylic acid or its anhydride groups or a polar
group which is convertible into said carboxyl groups
by oxi dation or hydrolysis. The carboxylic reactants
are selected fromthe group 25 consisting of acrylic,
nmet hacrylic, cinnamc, crotonic, malcic, fumaric and
itaconic reactants or a mxture of two or nore of

carboiﬁmouﬂsrpet‘ heleefieaotint WhtheleifRidedpatimygt. ahat S oRethyNMéthacrylate
terpolyners, itaconic acid or its anhydride 1Is

can Prlsréﬂéiﬁ @gne e%réomlq areup el ieclepuieiodhn exalted conalymer whilsgmaleic

anhydrlaB BB P e ot R Bt R il P
materlals typi caIIy can provide one or two 9

car boxylic groups per nole of reactant to the grafted
1 I'jis, methyl net hacryl ate can provide

0 [ ecul.e to.the grafted
o1 BB U B EHAR g ) B o
generdli3rdagied| dut with OSd RER ﬁ'é@irﬁﬁbﬂl @nitiftof Biched irPHUIRGr in solution. The
copolymer. 5 Free-Radical Initiator The grafting
graftingecan bF saried opbinrhe pr@S@@y pha Ege-tidigal nnt;@ipmhywévesl ih ¢ilj The use of
enera carried out h 1d qf
a free fcal B ol Bl Fishlts i o inepo dffibition oFacytated
groupmeﬁthe%eﬁnﬂﬁﬁao afhid@gigan be carried out in the
presence of a free-radical initiator dissolved in oil.
ﬂil@e fieseradical initfatare whichi aay be weed tagraft the etbplevieally llnsatlllrated

oo AR SR B A o
and aldo£8 cbﬁlxgb&ﬂis ah phdf@hn, $hode vl R e BB oURRYD gtgéa@értth&hﬁ)ooc

et hyl enical | y unsaturated carboxylic aci d eri al
and decorapere|thermallp sithinothe giafiihg idmppmitwk rates to provide free radlcals

e i S s

. dime Qm?c@og:blsaféﬂlagﬁﬁ)% ﬁﬁn& ee ré’ﬂé}? 1 a){13 tyﬁ§ gg_-,r 81 ttérﬂgry ~butyl

enperat’'ure range to prow
peroxidie fThe sitistat iswesd f antdneamt 6f Mvvéanhhbat 0.005%iaat absutdfeby weight

azobutyronitrile, dicumnmyl peroxide, 2,5-

based of the tejght ex theaeastisn BiXWfer t i arybutyl per oxi de and
2, 5-di net hyl hex-3-yne-2,5-bis-tertiary-butyl
peroxi de. The initiator is used in an anmount of
[GraftieR cabiuti EuipAbivaad Coabiiiens | % by wei ght based on
t he weight of the reaction mxture. 20 Grafting
ReRetiosh ﬂquﬁaBWBﬁFacélﬁﬂl as:@ ﬁ@lV@Iiltcﬁ’@ or 6sysatialby mlvqnéﬁee bulk

X = R

e.g,a @ﬁ;?é bigtvﬁﬁ REeW R Eruddre.d. Wene: @TmRlicRaNzdie derf?, Gth Banbury or
extruaer

 other mixer, havmg 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

section 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

10
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e.g., a si ngle or twn screw extruder e.g. Werner &
Pfleiderer's ZSK series, or a Banbury or other m xer,
having the capability of heat i ng and effecting the
desired | evel of nmechanical work 25 (agitation) on the
reactants for the grafting step. In one enbodi nent,
grafting is conducted in an extruder, and
introdpetidni afsiralrl gnother embodisene thesoltfinid earboXylivi dcylagagagent can be
IS, mai ntained at the feed, sectjon of the

anket
injectg g g e RO gLl Bat A Bt b oS Sfiod PYiiSda Zone of the
n
cxo B GRS EE AR SRSy DAL T8 BB B Y oficioncy

of the graftitgarmidldadstto bhewéregeticasatti on of the extruder to
mn| zet e10|ntr<i>duct|ono I n_anot her

f
Gexifudersiage grusrallykaowy Pﬁ%il@}?ﬁ? for senAuginggrafigentnd the prior
e
dehyd o ?ﬁ)&eﬁ% ShEeBhrRieR dr Rk ABluBhe aflfoobSoquent grafing
procecnmsecanﬂ)etphﬁonmdtm seearatelek thadets st glmin‘ deief tAlrerixdtivelyea Gingle
a transport zone. This results in an inproved

extrudgy Iﬂqvergemekylpleotreaﬁﬁ@ntgar Egactiopyzones canshaised do sequeniially senduct the
separa@eoﬂntefﬂ%Ps 5«%@#{ %r%ﬁ%%cgﬁftﬁgﬁigr et %l‘fstl%ﬁ&gsr (?égu%allﬁg WPuders are set
forth, elgh UM, Pan Not 8,862,068 andlUSS. @ehNét 81889, n7@fwmﬂedmhyﬁmfs are
substrate and subsequent grafting procedures can be
incorpprafeddieriny by Feferepeg: at e extr uder s set up in series.
t e e I n ltipl & .
SR A Gl B GO el i

plast;c%ﬂ@tkeeﬂﬁg éddlg‘méiﬁ%dblﬁis dnh&trug @Dt s R e QRR BB 1RANSicYbE, Medted to a
one piece o % ment. |llustrations of suitable
tempe@iure gfj@rlgashé texampleod $0F,to @497 C, and the ethyleaicalljansaturated

862.265 77 i,ch
crtor 8 R g el e B R s B e o cppotme
to eﬁ’e&%ﬁ)ﬁlﬁg THeGeAtiohd Qfried SitidptieRAMY WilB$xing BShdi@isitd effect grafting
ol yner generally is fed to plastic processing
of the elq n pepoiymens Jifi nedecatar aveight teluctiomanenmafiieg chx be paformed

smultqngﬁusléyiaﬁlan‘é 19%%%%?1%30 ion e rs?rtﬁlggdépﬁé,ﬁgéﬂtcﬁ |%,07650 383, which
are 11108&75?&&{ & b} ReeRRBODHk| ?oc%%l e i 25 eﬁﬂlg( <B)urgr«;:d with

free-radical “initiator re separ tely co-t

nitrogendd praventoxidayion of tHeawopblymet anyl tafaid ingvenfihguneacted magéms and
opti gnal |y h m xi ng conditions to

carried o
byprodugts of ﬁlegﬁréﬁlps Frgote Thi } sidegs fime dfp theypregessing pquipment is
conf:rol%@ﬁ1 t?g) fﬁz esﬁ@&j&%ﬂ%e;(?f aﬁfl?tl&'[ ﬁfdtﬂo%go&r%r ﬁlﬁ'lﬁcatlon of the

I mul tan rative mxi

acylated @opolyineneia aestirge Mineralesh syfthbliSubRedtingdil mby Gﬁtfonaﬂ)?be added to
which are incorporated herein by reference, The

the progessing sgvipgeatafies ﬁlwfenﬁlgg glagetodissplvsiheeeylated eppplymer.
pfh% rgigﬁﬁﬂv% %ct%neéla%rb K gao% ﬂlnso?{enE E‘%\a 6P Qs%e%%ﬁr sglrx]/gntt f?ee

|ng (hreac reagent’s
environment. The grafting 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

11
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byproducts of the grafting reaction. The residence
time in the processing equipnment is controlled to
provi de for the desired degree of acylation and to
allow for purification of the acylated copolyner via
venting. Mneral or synthetic lubricating oil may
optionally be added to the processing equipnent after

succidihianhyéridé Bgpridage ahdinipaitiek.v Alsohfedaced ah@shtCsiitinyieny .

25 The grafting reactigon can be carried out in .
unfungtignglizad gohwaerdpngraledpolynes) axcargsent affor ggafting in sobyentlens grafling

. ed . fora . .

reactcf e rip i FRH RBPDRGLE Rhitelle, IR SHIER chibyhe:

intermiylidteds a mias asidlevirodiict. QA fddngtidnie agiaddd if JevehesTundesirable grafted
such as_al kanes (e.g., hexane), elimpates or

solveng (igfaj grafeasihexyl suseinicemhydiide) prdk nb poiynetignglized (nongrafted)

copo esired side reactions of such solvents during the
grafting reaction which can formundesired grafted

aHkdrocdeBors sl Gérté Canctietimslttbd Bcdoyding eetath éisbdiments of the present

. _dinpurities. Also, reduced anounts of transient ]
disclogys¢ inshude solappts dnt peneyatbyrarg megs edlatild thas| thereaeytangs f the grafting

 reactidh FE5G Belof 1 Srblei? O & BRI Siap about 150°C

under Sthelaed fsphdiR ﬁr@s%uietdoﬁ&ﬁﬁﬂﬁ?.b)( BpSroxiniit€ly TR Y 18187 AsoRite). The
nore active product. A reduction is achieved in |levels

solventsfthafrede be paiitted igelatle.dor sxamples epen-¢lhaie aliphgtia compotnslt phch as Co

orlowii iRl sdibigRBre: (o Brocdiatih 3 ot aRbmae

hydroc@ffoht &, Mdﬁnﬂﬂhﬁﬁngﬁlbér%ﬁb AR isTEN s eRberdeid ltoluene);

present " disclosure include solvents that generally
alicyclarhydrosambons buchi dseatutated ¢yakic hphotabons (ef., chelolpxandt); kejones; or
r actioniggscribed herej.n, for exanpl e, soIYenis .
any CORREHEOLOHBIT: My OPoFrodimes findrsupbiado emdelolventidaving
T L r I .
bl St R 10 o P B R G oo Rabdenpmospheric

conditivha tSomereohecmiovnhlt graffting edactiens Have beetopapfoemed rethe phasence of
or | ower _al kane

..aliphatic caognpounds such as C9 ) S
consideqp ﬁ@@uaﬁ@%wﬂ%yﬁ@ on golyent, sugh axARPEORMELHL £5% (@ A0%dexane

nzene an

types ofikuchysolvieitshiy theografting Reactioe hassd®a ot éceel 6.9a4t1% content thereof.

hydrocar bons (e.g., cycl ohexane); ketones; or 15 any
Sﬁﬁﬁr&f@dw@n@%ﬁr mbermediajeexis droanths diaviase of the extsuder either

- TR AT TR
detail) Hipaffdahél atdiEeRReIebGons PR dahREXtruSeHER aGeparflck@Gdr arranged in

grafting reactions have been performed in the presence

series with the sngidreim pihéchagrafiing s eohdbstet.ocar bon sol vent, such
as approximtely 15%to 60% hexane

cone B SRR R By R SRR s of s

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 grafied onto the

12
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content. By conparison, in one enbodi nent of the
present disclosure, the total anobunt of these 20 types
of such-solvents in the grafting reaction nmass does
not exceed 0.5 wt.%content thereof. The grafted
copolynmer internmediate exits fromthe die face of the
extruder either immediately after grafting, or after

presch d[pagmﬂaﬂ Badkdohé!(Nes thd dPbIYehdr Sitssbrd®ey RAnPOHONY. IThisPaifneter is

det ai erforned in different sections of the sane

refeﬂ&ﬂhm@n ag theaieg@s at ataﬁnm(ﬂQ@)e further desgalied #s the epepercentage of

acylaillg dedol fn B AP LBl el T RO Pt lyaGRE R of 0 0 3.0
wt. %, Rsiduldr YO CRPRhYISI 1.5 f) 25 WR Y628 reQERaHRERIR ﬁfé}tﬁ@g*e%@‘ 1.7 to

ol efin copol yner characteri zed by havi ng carboxylic
2.3 wiit, of esyoxlic ragldfagﬂ@mngﬁmm wﬁﬁh@mﬂmoypmhr backbene.

AL e A B IS EE R
infrarédeak Zathy SREYsIQTACIR QhyRide Qﬁﬁ&?%@ﬁ bo;ﬁ‘)lymértbfkyl functionality or

copol {)émer substrate) is inporta Thi s "paraneter is

by tltm@ne At@d/k%@hﬁdndeé‘@mbﬁ@) d&geef thé a@dﬂtaw ieagicnp@®fuct. The TAN

value it & SREA ko Gl hE GRS ReRERABADERY general |y | o
| Thé Bﬁbé}%ﬂﬁ%&ftan@ 15\?&%&1@0 thipréécribéd &dp%Wn?ér bo¥ckbané Hﬁprovxde

range of 1.5t % and nore particularly int
0.15 to aﬂg @albbxj[hC?gl‘DDps fer 2000 pumbér ayéragamiotecylar weight uhits (Mn) of the

copolRgs bgGK e ety L P04 CoLHOav T POOpLBE OB T B e erase
molecBRP w%fghg HoP G, gbﬁﬁlep){ubshﬁtfervﬁﬁ?ﬁ{nmb (TO@tlé a}f}en% \rNith 3 to

anal ysis of acid or dride noiety versus copol
15 carboXylic g%mrpstpenc(qiomlwr@ham oy 115i tb 7 moles T ntabdic anhydride per mole of
TAN) of the additjve reactl on

d/ h drid
°°P°136A$% %P i eﬁmmg«f @ 409 i grafied 3pithyl tgJ/asarhgxylic groups per
copolﬁ&ér'cﬁﬁh%r@%eto%gj’fﬁgl&gf 19151%;& dr@?%l‘ri] oo ﬁs “chajn. The minimum

carboxylitc reactant 1s gra

level of dmadtipnaity beothls mlebndedecblromchré@e tHe. rﬁﬁlmmn&aﬂﬁacl&lyhﬁméfsaﬁcy
groups per 1000 nunber average nol ecul ar weight units -
perfi ORRQe- of the copol yner backbone, preferabl y 0.2 to 0.5

pllict Mk 9P Ht R IR o EHBBI Yhgoe ol ecul ar

ate with Mnh of

Zﬁl&ﬁﬂlebﬁlaﬂwaifghﬁﬁfm idylated dlefid EOWIEQ‘XYk | the@bpolp@eP@termediate,
] w:ﬁolymsr chain or 1.5 to 7.5. noles of mal ei ¢
is redu&  thasmel, of chemied padapsenr 2 combinitipy thereofj fgchniques
010]0)

for de%'?cg% gr ?g}lcm% gbe(}]a&r af & ed ! glsu (é)ppgrnfﬁsa%r% %%feé'glf%lfnown in the

art. ThERL@ber AN m&&mw&gﬁ@ 2dBEed%H 3hitkbl ROl oA s kingle grade or

multigrade lubricating oils.

In one embo&imcnt, 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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| evel of functionality is the |evel needed to achieve

the m ni mum sati sfactory di spersancy perfornance.

Mol ecul ar Wi ght Reducti on of Conol ynmer |nternedi ate

20 The nol ecul ar wei ght of the acylated ol efin

copolyner, i.e., the copolyner internediate, is

reduced by nechanical, thermal, or chem cal neans, or
aAtremativaly, gpafttihg endrkiuctionadfhahigh mdl el egighd bfefin@opolymer may

reducj ng the _nol ecul ar wei ght of such copol ners are
be dowpléqn%gww Iangthenaltemagys, therhigh Foiesalars fin copolymer may

be ﬁrsi‘PédﬁSé& t ééﬁe%!éﬁagéri Roﬁ&ﬁtéi: o a%@b?f‘dtet @tht%gn Wik é@Blfgﬁe

oopolgnmr ﬁvbmge fhdenlat heighn istreduced epfalra/giaﬁmgntteﬁmbbraheragaﬁmlecula:
an initial nunber average nol ecul ar wei ght ran ?
weight is sH{figisatly redugerbtoravalshplow gboui 38,008 ot ¢ BHiPE é’tng@ AT glpout 1,000 to
8000dhe grafting reaction. In one enbodinent, to prepare
an additive intended for use in nultigrade oils, the

cnanicﬁaﬁsbf ihe el eRAtr ettt of theepolginef Bl mEdiats ot the olefin

% is reduced down to a range of about 1,000 to
copoim ecdanateni duning oy pragriia Erafiéng; to g pessenibed lawer melecider weight

typlcalg)élstolaﬁdﬁltq%{}n Tl ﬁ)%?xllc%rolf\’\%ogfh 9'11? gl-‘ tprgs%ﬁ égft%a[sggﬂ ?1% either

ne si nul taneous ano ernati ve

mechafRhE eHéasl, vedtghificad hﬁéﬁmﬂ of Sﬁﬁbmmﬁfn dfBtHesclifeahs. r@énerally, the
reduced to the {ir escri bed nol ecul ar wei ght before

copoiygreamtﬁmg%dlm enolefia copalymear, dolppatedrie g moltepasondjtion at a temperature in

the ranR E G E 50 T b o AR i B P i Pl oo thormaly
or chahﬁﬂyﬁadcad%lévx@ d&oRBlMAoA BOHid Bléa)UntiEthe copdlﬁnéﬁiﬁtemedlate

range of about 1,000 to 80,000. Reduction of
(or olefroicepalymaer) megmedao themrescup@d yaculanwerght c'ﬁhatShearmg mayebe

offocted Wi iy SR R N GEPL R PR fp B Ch P log 3773, which
descnﬁtibﬁk Qﬁlﬂl%rﬁ&a&@ REME BPrefleddaCA BES GGy, %edﬁaﬁ@él‘éﬁ%n%rmay be

e presence of a base oil, using €ither 10
conduatatblbbafmmmg thetrimdtaua:lopolmnen hmenrrediata'(aa okfineopa gmir) rilaiign fine
of fhese nmeans. ner the copol ymer

* orificey adst Resaat 6 DR HEI BHR &JBfaPter, is heated to a

nolten condition at a tenperature in the range of
about 250' C to about 3500C and it is then subjected to

ehami Steppisg eBUnrehbted Dagirédientor cheni cal i nduced
cl eavage or canbinatjion of said neans, until the

dénsan sprpletionod thesmpliing reactipn, dmgqapﬁ@d@gﬁ;@ Kyligsiegetany and free radical
initiatof ﬁ%ﬁ? rd r%mobgd Bl &fiﬂagﬁqio%) th% %L&&m‘@? {9 editBebefore further

functionalization i 1s performed on the copolymer intermediate. The unreacted components may

be eliminated from the reaction mass by vacuum stripping, ¢.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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15 effected within an extruder section, such as

described, e.g., in US Pat. No. 5,837,773, which
descriptions are incorporated herein by reference.

Al ternatively, nechanical shearing may be conducted

by forcing the nolten copolyner internediate (or

ol efin copolyner) through fine orifices under

pPedtizatiorosf GupobyretIneaaddiate cal nmeans. 20 Vacuum

Sﬁgipping of, Unr%fcted Ingredients Upon conpl eti on of ]
t fhBe gonebmsrdntermediate s pellstized hedare Surthes piacpssingds @peprdance with

. . it _

embodflot o ' GGl o, RO el SR o o

isolatd the irfltermedfatirotectahd zalucecontdmipetidotherAf amtiltfifher processing is
i ntermedi ate. The unreacted conponents nay

copql ymer (
Conduﬁ@gél}qu’ﬁéﬁélﬁﬂﬁdd}ﬁl?-he reacti on mass by vacuum

St 1 Pl 3 e ' t

4 808 s P RSP0 oI T R 58 W proccs
methodgidmhbnlly prdctibedinvae bitd 6T plagtids eodesding, Thess inéldde underwater

sufficient to rempve the volatile unreacted graft

. pelictizfioapdbbor strardpelletization ar spryeyebelt aglipgdivhen the strength of the

copol;é@e? M?Ratfe&]ébte RS RrPf! sg{)ag@, ﬁe‘t ref%%rée% ﬁeﬂﬁ% r‘%’é gﬂcger}witfr pelletization.

ruder ‘sectt on equl

Tempdrathites duddfg pélletioaticnoholMTRE eddeb®B0ReS]iRitBndING a Gt MTRAN be
intermediate is pelletized before further processing

added fonfhg sedlingavrter during peletizetipmtornrevest pelins agglomerstione
' Pel.]. et i ' f, th opol r interned ate
le3hE B el AR bieRiq SPRLARRPRIGT S ARt SRR + Bbpapen ase
centrifG N A oRtdniival BEWSef. Peléts bad BY ddMREe irP% BSB bNfladtR bag at any

conducted thereon at a desired tinme. The copol yner
volumg for stonaagiand shipmenty dindemsome doaditionsrefistorago apdvt shipméng abambient
vari of praocess ., net hods, co n acticed in the
condilff, pEfets Piax Perd 5 3eloBBeale i SRR LuSfe THiee b sapitlyisound by
mechafiGallrfdthddd{th Providd MR Burbice 3Eda3DAA PRbeSob éé%g'aﬁ&‘ ﬁﬁfck dissolution
] -conveyor. belt cooling. Wen the strength of the
into oicopol yner is inadequate to forminto strands, the
preferred method is underwater pelletization. 10
Tenperatures during pelletization should not exceed

I beiddlisRaldrPeldizid Copblyaidl 1fidhdifate added to the

cooling water during perfetization to prevent pellet

Ay sfotutien aff Poltetizet €opolvtrier it@tnediter and quenched

g@gol ner pellets is conveyed to a d;éﬁ/er such as a

Priqtizgd corplymer ipisrmedias may borsupplicdas apamngequgd o groged form
r : :

ot AL TRAILE: A0S B Rl BBl gt o

The peletsl p@teratlyiaper@issol edd ianked &MNent 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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15 conditions, pellets may tend to aggl onerate and

stick together. These can be readily ground by

nmechani cal nethods to provide high surface area solid

pi eces for easy and quick dissolution into oil. H

Functionalization of Pelletized Copolyner Internediate

20 Dissolution of Pelletized Copol yner |nternediate
suitabld@p@giyl et i zed copol yner internedi ate may be supplied

as an unground or ground form of the pellets. The

p&he¢ wert spasme gas can mﬁegwe disselptienikad sparging, if used, can be

prior tg Iél?]éz éﬂg}l?c&e% g%aty 0Ot a(brh Oérlg%?regﬁ?erggli% lalgen odated within the

vessell an ldc@ﬁ’cbtﬁ;tsuﬂtﬁiefg@& Bl:nd&fh ﬂi’lé @l@f{ﬁ}é@mhe'fsomno% prleferaddp Héar 2 bottom of
% particularly about 10 wt.%to about 15 wt.% and

the SOWB% andbubllglingrt gasdbyough the sobsiont Nifrogen sproging 1e3names moisture

from TR CopSHRR R sk HepeBl BBl of
mmstﬂ?f@ fi@irSthe kysslyhsr hhems@hi¢QBls th8stivert! an %g%%}éﬁﬁwx?hc diacids

for exanpl e, about 135C to about

presenﬁbéqkaﬂ ithexdesiged Wnoflﬁgnfmmmarbpxyﬂmmmgmdekfbmket The

e
the pelldtRed B&UlyRa InRAhbALERthy iRadveR@itly tRIHRFTmMSh 'arcbﬁgymenc succinic

process vessel of 15 suitable capacity. The inert
diacid §grar. dnrggnerals thisichdnge i heregphto oFher adiastsiottiari afia lamger shelf life. The

condudfired nilfigeh et Bg donin ARSI Ri e foqlEne: IEMpits sagprior to
aminatiéd ﬁus@hé %eﬁb’@lséﬁlvcrﬁh h&%@b rig YROEBSiE %oﬁﬂsag Riflo Eﬁbedesued

surface of the sol utl erably near t ottom of

active polyineris shasiriio aphydride Emmmeéore tier copgbandr hmternaddidte i further reacted
Ni t r ogen_spar gi ng renoves .noi

and fu%i%ﬁ%‘h%@&e 8o FEIEARD- Q%%S@weﬂysaat%omg@&s%m@@g and aciive
ammat%@‘gﬂfdh@t@ahif)e oB%ergqmte 1‘59&3%&?{3?{15 E&{V&sﬂﬁl 0 rréarolymenc

mer 1 nterned ate OCOﬂ

succinididividpreydnt backi ian ths actmeqmgnﬁertmmkclm mhgadr@tﬁﬁ’oﬁﬁ dan be

copol yrmeric di carboxylic anhydride form For i nstance,
momtqmﬁn@nﬁ%ﬁu@ng tlmnwﬁﬁtsd@f the sely é[%wtsﬂl@hgn Xiscpsily decreases
mgmﬁ&gpg darlsi?nﬂFaI Bf;éhgf Vil Ot“g{rE I ?adg aftg %Iﬁ? gp&nogo%bggﬁm of all or

| na ver orm

essentigldP4ll yNBE p6lyaieticisBidinic diaaid lelct &itothe desed'olerié Ricsinic
change is nore apt to occur as a function of a |onger

anhydrigidoim.| j fe. The conducting of nitrogen sparging

st SRy RissRtor CEBEHER etosh: Gsodl fiohgopRgrou In
base st6&kD CroFEIV &1 So¢-aiphh Gldind ¢P S0hak badd $iPblehds Merbs ed

The base stock or base stock blend preferably has a saturate content of at least 65%,
more preferably at least 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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active polynmeric succinic anhydride form before the
copol ynmer internediate is further reacted 15 and
functionalized (e.g., am nated). Consequently, a nore
hi ghly functionalized and active am nated product can
be obtained in subsequent processing. The conversion
of polyneric succinic diacid present back into the
specﬂmtlh Tabkedl ofitkd AfmeSidAcPdtioleuni h‘}éﬁﬁitéi@ﬁflp?ﬁblfbaﬂo@@ngme Oil
noni tored by neasuring the viscosit sol uti on.
LicenstpganchCertifietion Sheets |1'l“g-‘sﬁé Spiess @ep@mgﬂmtf 1€ aﬁd ) Deg.r18R6,
Addmﬁﬂmifﬁj iggglgher val ue down to a steady-state val ue
pon *Conversion of all or 20 essentially all of the

DGIrMIﬁfI | bhsé&t@ﬂis%ﬁtaﬁh@%g{éateﬁﬁihn bPédhal 1580096 SatliR€Es and/or greater

pol ymeric succinic dride form The neutral oi
than O3y 7o|sal @@@é@@mgwwmsex gisatsethgn ot kquatiooiiband legsgban 120

. ock oup 1V or
using %éﬁ@lﬁgf’%sg’% glﬁgﬁa f%ﬁ@?’gﬁﬁfemg?édb@%ge’m | bl ends thereof.
TaeoupAsie babdRcks whidsae §s9 tan Rk eishl RS €08 waltdo\sultas gﬁbater than or
saturate content of at |east 65% 25 nore preferably
equal t990% safuratesgand greaterithan arequelie 180 usiag test mathods specified in Table 1
rably less than 0.6% by weight; and a viscosity
“ﬁﬁﬂfﬁggﬁb%ﬁ at | east 85, preferably at |east 100. These

baffRipIVOBAE sfRRs %ch@@fn?ﬁ@éjPﬁ@sfm | ows: Group |: base

st ocks containing | ess than 90% sat urates and/ or
gFQI dhese dehuitions, ea%amsllwﬁ caldmjdmmmrﬂgl by ASEMAR2007, the viscosity

inde IR LS M B2 3 5B 55 B 262

Asmﬁmawmﬂqtmb?p%}mwmi%i APl) publication "Engine
Llcen5|ng and Certification Sheet" Industry

.o-d:ueEHurnEdmw 1996, Addendum 1,

( base st ocks containin ater
t[f%d ?V&} @glett%d 9@1@%&%}1@9@ latﬁa’%%esm%gag@ 1§ agid gRylating
flmctiles Wredersd! l)vﬁtHr ?Hﬁi% &‘ 'Miesﬁélgﬁé fir%es B 6% cted ﬁ%ﬁecfompounds

han or equa fless t usi ng
such asmtsbnbbd sjgedn Uisedat. ﬂNoTaJSB& 623, 5075, 383¢ and é,bOY/ 257 @flﬁctp
L1l base st ocks which are I ess than or equal to 0.03

descripfjgpepis 18¢rpArRicd Berem Ry refer@liveor  equal to 90%
i one SARULAIEE BnOSALUphA bl Siltorh BBl SaRyh ot

() & Dls@rylbenylasndiapiine kepresbited be thebinedaPAO s.  For these
definitions, saturates |evel can be determ ned by ASTM

D 2007, the viscosity

H o RS
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(CHa)y~
m—NHz, |(CH,)—NH,, —aryl-NHj, 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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i ndex can be determ ned by ASTM D 2270; and sul fur
content by any one of ASTM D 2622, ASTM D 4294, ASTM
D 4927, or ASTM D 3120. Ami nation of Dissol ved
Copol ) Mer Internediate 15 The di ssol ved pelletized
copol ynmer internedi ate possessing carboxylic acid
acylating finetions is reacted with an am ne

(b) anCiipedashzolERepraginfd tiale RpmsR): ect ed from conpounds
such as described, e.g., in US. Pat. No. 4,863,623,
5, 075, 383, and 6, 107,25
i ncor porated herein
t he am ne conpound

consisting of. 20 (A) an ykghenylenedianine
represented by the ornula{ R1 NRR2 in which Ar
is aromatic and RL is -H, -NH2, -(-NHArYl)rj-H

Kk K
AR el O YU, RSP v o 1

14cwhbma®nmhat can be 25 aIkyI al kenyl , al koxyl , aralkyl,
al kar. hydr oxy I noal kyl, R2 is (-NH2,

(c) an amj Pﬁ“’}t LINﬁE l%ﬁz) n-NH2, -arYl-NH2, in
whi ch n and m each has a value froml to 10, and Wis
hydr ogen, al kyl, al kenyl, al xyI, aral kyl , al karyl
having from4 to 24 carbo» 5—17 (b) an
~am nocar bazol e represé¢hy ‘f ormula: NH2 in
which R and R represent » ep”or an al kyl ,
al kenyl, or al koxyl radical havnng froml to 14
carbon atons, 5 (c) an ami noi nddl e represented by the
formula: HZNJ H in which R represents hydrogen or an

in whielt Ryrbpresedisdpidrdpau iongn dlkghsadichlchalthgdfesrh drto 44 @atbon afogh)s,
an, an12mkhndazollnone gfpresented by the formnul a:

- (d) an amino-in none represented by the formula:
R 0
HoN
N 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:

R—(Y

N,—N
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.
(£} an aminopyrimidine represented by the formula:
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R HN AH i H 10 in which Ris hydrogen or an al kyl
radi cal having from1 to 14 carbon atons, (e) an
aninonercaptotriazole represented by the fornmula: N
NH2 HS R N.NH in which R can be absent or can be Cl1-
Cl10 linear or branched hydrocarbon selected fromthe
group consisting of alkyl, aryl, alkaryl, or
arylal kyl. 15 (1) an anino~ i mdine represented by
the fornula: 18 N2 N),-"N'R 160 in which R
represents hydrogen or a‘ 5 | or al koxyl radica
having from1l to 14 carbgn atons. In one enbodi nent,
t he am ne conmpound nmay pé
N-aryl phenyl enedi am ne
formula: in which RL i d ,n, -NH aryl,
-NH-aryIaIkyI,--NH-aIkyI, ranched or straight
chain 10 radical having fron14 tjgp 24 car bon atons
that can be al kyl, al kenyl, al koxyl, aral kyl, al karyl,
in thbdlrmmmglhycbpg@mrmalhyybz allRexyil sadwal—lnawmo(ro—m) 14 carbon
¢ NH2, CH2-aryl - in which n has a value from1l to
alomMS10 and R3 is hydrogen al kyl, al kenyl, al koxyl,
anpddaémboahﬁaftyﬂhe Q&Yﬂé’lﬁnfﬂoﬁﬂ& thal, Be, &4, éif"Nbcﬁ’?l Al ehediamine
Particularly useful amnes in the present gcl sure
represeirted bh&el‘geamyl folenlat enedi ani nes,

O,

in which R' is hydrogen, -NH-aryl, -NH-arylalkyl, -NH-alkyl, or a branched or straight chain
radical having from 4 to 24 carbon atoms that can be alkyl, alkenyl, alkoxyl, aralkyl, alkaryl,
hydroxyalkyl or aminoalkyl; R? is -NHy, CH,-(CHy)s-NHj, CHy-aryl-NHy, in which n 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.

Iustrations 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 grafted thereon -

carboxylic acid acylating function and the prescribed amine compound is preferably conducted
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15 nore specifically the N phenyl phenyl enedi am nes,

for exanple, N-phenyl-I1,4- phenyl enedi am ne,
N- phenyl - 1, 3- phenyl endi anm ne, and
N- phenyl -1, 2- phenyl enedi am ne. 1l lustrations of other

useful am nes include those described in U S. Pat.
Nos. 4,863,623 and 6,107,257, which are incorporated

by hedtimgei solutipn o€ tiercepolymet kuh's&atp ruﬁﬁﬁrlﬁﬁd cérditionshaad drnpdding the
contain only one, pripmary roup so as to avoid

aminexompghp forffi heripdrolyfan geﬁaf y iRamisingp ﬁf%étﬁbq’ Teaetian. It is
comife SIS AELHEE 11 SRR G 120735 1757 whi
maintéigingalid sodutfonneideaniaogert blenket clierantinel c@ﬁpmdcis)md 6l this

is preferably conducted 19 by heating a sol ution of
solutiqnand thenagtinatis stfseted wader theqited agditioadndi t i ons and

t

SRRl AR SRTTRIRS i A8 BORAE B0L lRor

synthetio fubeihiy oil or ©REnd YolatiorOédntHmhy thmymfedtdlelirﬁﬁﬂﬁlmlms
substrate heated to 120 to 175, while rmaintaining the

solutiongp heateshwith agitatienindpigdnerb BariRege atpiemaniahiee idhp smse of 120°
to 200"(? A% %@gbécﬂ t@gs . ﬁ8|§J 0349517 12 d c%%cgosﬁ% vgll}hnlhgsherem incorporated

der t e’ notéa condi
by refet@itBoTHEkes@idnk Breafied ot Botviehiendly Fid stafddavict@ithdedidfegen

to a mneral or synthetic lubricating oil or sol vent
purge.sol ution containing the acylated ol efin copol yner.

b e Bl iR ARy SPlogR e S Bt 1.4-

- phenyléftdfanfisied] afm F'vﬁﬂﬁeﬂl&ﬂ-&t@ 1al8d alchfol i a%@h@togzgmeﬁ gt at 165°C.

di scl osure of which i's herein i ncor por at ed

by
refrficantevhidihmay bausddonsauyieg outrthi echcton OEﬂm ‘aeyiateth plefin
| n one

copolyiyer Fidh tepApyRER) BeuidS ohl <6 naf RPN wEhorh chappistighas aving 2
solubﬂft? @Hﬁrﬁ&eﬂ!ﬁc? cOmpReY l.v1th hlﬁerap&%?)ﬂh@ﬁ@ vl ﬁg)%ﬂmg point

h et hoxylated | auryl alcohol "Iin a reactor carried
and vapxnrtprwutb@:ﬁﬁactﬁusticm cb anhet tokltetthefigshymoinisefdhe oil amd fcy polgrity

reac of .the acylated olefin 15 copol yner
Smtabl@\fqrﬁoﬂﬁglzﬁlﬂ ﬁﬁ? sS‘ncl ude but are not limted to

AE QfGbNMQOF Eﬁdhzs%ﬁa@tﬁntg Fh\(:h{&§ ﬁﬁ)reac?ﬁh lf)pé)c{dc{syof a}]%l%e%tig and

aracteristics conpati m ner aft or synt

aromaticliydioxgtcongpoonds, wiglbgthidend bxige, poopileneanxide/ainixtupésthsiedt Such
characteristics so as. not to alter the flash point_of

surfactgrigarsicomangly kgovgbasalivhgtic erphenglicealkesylages. Risprepantaiiye examples
e SURBENIBRYERA i L AEL S 5495
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
(C12H25(OCH2CH2),OH) 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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| mouf&égf |sa%f@aam Hh@?lﬂélh%lleﬁi pdditice is

20 aromati c hydroxy conmpounds with ethyl ene oxide,
propyl ene oxide or m xtures thereof. Such surfactants
are commonly known as aliphatic or phenolic
al koxyl ates. Representative exanples are SURFONI C(r)
L-24-2, NB40, N-60, L-24-5, L-46-7 (Huntsman Chemni cal
Conpany), NEODCL(r) 23-5 and 25-7 (Shell Chem cal
acylated fipmtignalanid [FERMGeded.r Ang umfemt(hmy&téd.i’inndnbnaﬁgrdaushs)undesirable

ol R ot S TS

o I S B RS vp prs

handlaiggmlamafnplerdn&ee?mto goe@pxyl ated | auryl al cohol is
iﬁntlfIEd nder CAS_no. 9002-92-0. The et hoxyl ated
| dGF draniity ap@nfdmﬁil dersads Hpast on ismbilityde e%lp ijize the amine.
: 3 I [
Typ1c§nlo)g :&?ﬁdeﬁﬁﬁtlo g ?tt@ %% févlt. e/alﬁmi(ﬁéla}% éﬂgﬂllf)g Frlﬂka c£1¥ also be added
separdtelg, ihéteal (Ef&)rﬁih additiome thé a:ng:enuratés)dmdmeseﬁeaetra @ﬁch that the total

m xture. is a reaction agg%%szjrl ng that no 20
t @aeted. Any

LR el B A B0 oo AT PRl Pt guro canbe

incorpbhatedsintd labticdting ildn anpcirivegient Wey. muml@@mgm@ afted, multi-
response in the nultifunctional viscosity no i fier

functippal 91?&1 capolppessgan hp ﬁ@dﬁédilreﬁféhm the leaucamltgmlt bmélép%wug er
dlssolﬁzg e sta%%%)x ﬂ}equﬂ;% ealuﬂgy b the éi%ﬂge LiF‘éee %@“ ﬁoncgzﬁ]?ﬁgmdgggﬂﬂéndmg

into thE)lﬁbrﬁﬁhhg oil 6RN6RNE sabbANEMPratrd 6+ eddvadd. t&ﬁl@éfhﬂ?esahﬁemahvely,
ed. The surfactant can al so be added

the Iug)éx, grraég@rgulthfmqt@agl Q}¢ﬁro¢opolynmm farj lmblcm:ledhgth a suitable oil-soluble
entrates, di scuss ucht at e tptal
solvenf/HP (7R B potzBF Ve, e 1irChling e pUF s drolgym
distillatés) t80?i d RnSentrhBE ald GBh Bleﬁﬂﬁlfgttﬁéjworﬁbﬁt}dte with %tlhlﬁ‘i@hn% oil to
ol efin copolymers of the preséent disclosure can
obtainitig g deratdationnBach aglldrtlwa:t)nwgtreteb wiilh tygoigally comtein (entan active

ot INEARMALD B Bl e e
35 wt. :"/Uh,tl{l%tg Fia@tgd %ﬁltx%&ioﬁﬁ%l@ﬁﬁ‘ gorg)re ymé e Riv\é' 41 t?ﬁ@alﬁai?@m about

ubricating.oll at the I"'evel

20 to Womcdénpreferabdy frouabouty (fodiOngt %) bdse oflfbasddudir the abnaegtrate weight.

) I t ed
CloeSablizlion A ernat vel y, . the highly grafted,
R Lol 6@@95}&%@@% E‘“’f&@%ﬁ%ﬁ’ﬁ%. uelﬁ gc%g@&ﬂoﬁﬁ&dan

a suitable oil-solu suc

produdis paapEsing yeibers dfohdicting of blatinge @hing dnticed darits. | Enieacted amine
petroleum_distillates) to forma concentrate, and
which 18146% inpfhe 9di Sﬁbmpﬁéﬁé’bfhé aFMIASOR Togctipn gan gike Tisetol wgesirable and/or

unstable? Ocr(])}:og'nx% rﬁ{aetrbélfc,&\;ﬁdt{ . ?@ e ﬁﬁyﬁgfgﬁ f/oaqoﬁrﬁgr P d drlné)(r:l%)/ee coéor 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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ingredient (A l.) basis) fromabout 3 to about 45 w.
% and preferably fromabout 10 to about 35 wt. %
highly grafted, nulti-functional olefin copolyner
additive, and typically fromabout 20 20 to 90 wt %
preferably from about 40 to 60 wt % base oil based on
the concentrate weight. Color Stabilization Several of
t pategigne reactants have the tendency to form highly
coloreg oxi dation products, conprising nenbers of the

c Tadncresse tregivpitonel tharminatad reler debilized agylateslaledén eapiolaner

i.ch i,s ft.in.the oil sqolutign after, the am nation
produflgiy s trea e o or it Whafipl St By 882
UAFHARE Re6@odPrbdudt he oil sol ution. The acyl at ed

ol efin copolyner also may be color stabilized after

t Ae indicated dbowe, thacapolymerdutermedéaty gan ipameiembodineent be prepared in

e s S8 RSNl Ao o e

form erasa&a%giéﬁ@m%ﬁampg?%ﬂﬁ%metah&itiahﬁ%nc@hﬂﬁgﬁgﬁ(@?9%3tamiir&tion and

in an amount of about 0.2 to about _
color stahdézatioimnl the gtafiep eppalymer intenwiedintes g eopolymakirtintersediate need not
used.in the amination reactiqn for about..2 to about
be reop{3is ety Mo tha oo o sk Simlet g g rgpfongesse, but
insteadHe?8p A1 PmeCiatPhedihRHtak ba&LvARGh %&ﬁﬁe@ belirea@aPRLUARE and
product; It may be filtered by elther bag or cartridge
pelletizéd afat ithose firthoofumctionadizatiens are phaifbirmid en Re Abercfome, the pelletized

copolspife SR ORI LCURH oS VERBHS Fhe B0 Bpbhaborn g in the
presenggéf-’%&?véﬁi g?lﬁl:l‘(@:{ﬁ leadto>Qde e '081?3'?@%1.?6293 ra?&/ﬂf S{Bid3htediately

n be received I n pelletize ormas a
after tisd grafting geaotidreds pHrt dfcr copanfasmpragsd fiew atdhganoema (which leaves
functionalizati onlgs), viz. amnation and col or

unreaciqd Q9MPORGRts FIMIGHLCHE the 5rcEen WY yer i nt er nedi at e.

T; I ' ' : i . .
HAGERRE fPTte bt PR e A b REREYER qissolved in
neutralidibpridrnig améeibh s the beadfit of yonviRingislnackid ircapdihgldpresent
i nt ermedi at e has been vacuum stri pped of unreacted

back inte thetdgpires achive Pplymess isuecinip anhydade fussebeaforetthegopolymer

. f ti lizations, are. .f d.on.it. Therefore, the
mtenngﬁ%&% & ﬁ‘%ﬁ%{ re%&%ﬁ%r@ﬁ?‘ﬁﬁé%%@%a?@m@%em’ai ns | ess
CANRS, 3 cB afifehictid %fhfﬁn@ﬁ&ﬂét‘;é. L h@lei@@ﬁlybﬁeaimui@egy tdinoved after
the presence of a solvent (which can lead to side

the graftingcstdpahuripg v yirigning dhat prdcadasaxliptiniegiaed dissolutign; amination
proceedy Bgftapeif B Rt ouiiF eioria pEutadtel PRR RO o B able
during &% dnfiRAMdnst&Sas! tReyt MRy bERABLE WUMTRS Soafted 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 grafted,
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In addition, the use of inert gas sparging on the

copol ynmer internedi ate dissolved in neutral oil prior

to am nation has the benefit of converting polyneric

succinic diacid present back into the desired active

pol ymeri c succinic anhydride form before the copol yner

internediate is further reacted and functionalized
multifRclonaBfRd GBSl dopoliiné ehifler tiRdE ob BhilamtiaNy B @nibination with some

nononer, e.g., maleic anhydride is effectively renoved
minogm@mt of lh@egcial‘ o1 ingyt edditivaiintroduped duingprocedsing, suphtahan

anioB G L0 BE L RR o g iRl e BsHALE Aliiuyor e produc
compbiigeact ed graft nononers are undesirable during the

am nation step as they may conpete with the grafted
c dpe highlyr grafied, ymdti-fintionabedifon epolymer prosincioresnpounds oftthe present

aiscloffi o ay VhpsP e sa o tipee aifetf BiobPies nesersgpy or

desire@T8r PEREMS TutticaRRPUEIRAL PosthrehtifnPlceRBRlies Aé well RAR in the art
contains fewer inpurities (i.e., unreacted reactants,

and inglude boxeaatiém phespbdgtationagisicdstionpetbdlent-sirbamationsandomal eination.
active for a given anmobunt thereof. In one enbodi nent,
the additive reaction product contains |ess than 0.1
IIL V‘iul%éaﬂhébo%fﬁ' Likibhd €S conprising unreacted reactants,
side reactron products and reaction by-products. The
r €hahighibrgrafteds ot fiesitiofial atdfinwepglyaiet pabdu@z? of the present disclosure
may b beacstll e r<r 7 oY RBRA SrPI bt SdRDese f hirconcdhizate form,
e i IEUIE) RS0 n RS b Bl G oot
produets bHtha ptesemthiielostrefindthtir prigiaryf utidanid lbrieatingeilodompositions
inpair the activity of the product _conmpound. 5 The

whichimploxa base il Whigh the additiesiagndipsobrediar dispsped jmimount sufficient

to pro@g? ﬁfé%eflfm& éli% g y Chat ?@%ﬁé%bgéi%ﬁfs%glﬁic or mixtures

onally nay rea

thereof Bhisé bl witable FpCiiseiin jsreP&@I@iﬁa ubriehiting6ib borfositidns df the present
.. specific lubricant aaip ication. Post-treatnent o
discloguse ingluge dhose penvgationally smployed es erankease lbgicating qjlsdor spark-ignited

ronati.on ho [ .Lon, .gl olati o . ,
and cofHrSRhli SliedRRRRAT St Rliaf fneiflsl §8h 3k b Bimapjle and truck engines,
marind-4Hdthitdhd BEsSPRAPIASE, ah® e lIKREThY iifdryal ¢bmblisttbn engines which can be

mul ti-functional olefin copolymer products of the

advantpgesvelyiiutticsted owith erankvase Inbritating bils conthipingsbel uniiqne ¥ impprover
i 5y Bt i S SO Beb 35 et peay e e
engined 0t BirOdY DenBfi@hll PRibribabd includB bR Rky Sled leRginon flofilihg those

products of the present disclosure find their primary
equipped withtexhaust gasrecioaatiog (BIGR) syatgusi t i ons

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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15 which enploy a base oil in which the additives are

di ssol ved or dispersed in anmount sufficient to

provi de the desired functionality. Such base oils may

be natural, synthetic or mxtures - thereof. Base oils
Ssuitable for use in preparing the |ubricating oi
conpositions of the present disclosure include those

enginéQpardoiladn BGRycqippedheavieduty dRBH @agiied (Ebpdciullyicogled BGR engines).

for spark ignited and_conpression-ignited interna

c She craledblubamyeh ESR angines adthinthe seaneiod t%fmre%qna digclosure include

2
om0 P BT BRI AL 80l IS ol
combistivA BhEHEN) dieksl ehpilBes, bigbedlintérhil d@)hﬂiﬁk&(ﬂﬁﬁedtﬁb élhgiﬂésl Mhese can

oi | s containi na the unique VI inprover additives set
include G emﬁn@u qqoled by dlrecizradasionge heaf gz ehpare obwater watarhydrocarbon

gi nes that can be
blend &%F(l cral r{a}%olﬂglg m%? g}o‘?ggoﬁgg‘{;y duty diesel
eﬁﬁblﬁlfémbbcﬁﬁieﬁﬂllﬁ&daﬁﬁg @il EsthipddRashsWitthe PrErabSHis€lasure achieve a
recircul ati on (EGR) s stenms. 25 Anobng ot her

weighted demerigd £ (W sfeluadﬁl es thas2Hhado casbrye(hl&q velge of less than 20,

and & (R sV P TR veiSd el Rt i B APmR® 43S B, These

resultsCshBYv thE iBpdved HépOsit QOARSL PAiBEINNE i bcﬁﬁpdd%oﬁ QBRI SEIs containing
to standard VI inprover addi ti ves. | mproved control of

current eanmexsinl & amddafier skinpersents spehotsdiliESIR HaR7beA BerhCheraigal).

ol re e o SfaRioRny B o St SRR Y MrbVe boundary

film fderQﬁbx? ploPediat. @'d?%kmﬁ RO Tiibatsg 811 ToRPositiBAY &f theldRklokure form
EGR- equi pped heavy uty di esel eng| nes (especially

boundanydfilets EGHE agieneesy filmTvadue of) Iaboi.ltl &bto ebtwdPEGERa High Frequency

Reciprg%agingggg &%mw%t\r}gm ﬁégﬁgg 3%, é%q; é e}?fgl tlp%hi v&ﬁqss? I?IG 2}, wherein

the perdbiR$Bin i@ BCteHRROH h&%nidﬁ%&}ﬁ £0@ba ﬂéscri%g%lr U8 Patent 6,767.971. Ata 6%

conbust 1 on engi nes engl nes, i d"I nternal
soot (carbwhbddckprevel, dtetlnbmc&ng iofledmpbbiioas fomm a boundaryUtlm kSitg percent

g %s cool e the circulation or heat exchange f .
R I &m%HﬁRRb‘P%trmh {4 PoRn 8 determined In a similar
mann n%'gé 6&&&6‘@%) 1‘]’115{1” il a Bﬁ)gglftﬁg of 'hfbn% t9 %3nta#nﬂ%%2ﬁg additive reaction

di nen conposli I ons

producp bﬁﬂerﬁreséns@b@m@ha@rbeeu experini@itd i R ehsdRdes ibeSugerfr to those of
val ue of less than 250, a to_& | and carbon (TLC)

comm&mah{él mpdifiss dispersantonich aaHdTEC®cIrLS Hoahhotle ﬂxetﬁ&/m agdrgigsoot levels

(sce FIREP I imye iR 3 WS RPBEscmpbsiigl e i msionr i i in PR tests

than lubfdkintsGthediRed Witk WHBRC® HI5777 APBathisdtevels, ARGeARalB) lulerstood, larger
‘ containing current comercial VI nodifier dispersants

film vabiegheaguremieME by HFRibindicateafiicker Bhungyilin fofthation, and vice versa with

respecd SR ERLENG QUL FAIRGRLLLONS, 01 L B ESEM i SENOSHER that e
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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filmformation properties. For exanple, the

[ ubricating oil conpositions of the disclosure form

boundary films having a percent filmval ue of about 80

to about 95 in a H gh Frequency 15 Reciprocating R ¢

(HFRR) test conducted at a 3% soot (carbon bl ack)

| evel (see FIG 2), wherein the percent filmis
Propegitds @ Polgiere O the Piré@nt O o DA BRERS Coalehtinai€U SWE 2892-01-2793, 2002,

. patent 6,767,971. At a 6% soot (carbon black) |evel, .

Societyaf Auiernotave Enggnests, Incofpages tosthswhich dessripdenscie yncpipopated herein

' percent filmvalue of about 50 to about 70 in
forallg%%%;.t est with the percent filmdetermned in a

S Tht ébricaiMN it CompOtiBBUSTHBE YrdsehtrischisiRs 18 have greater thickening
.properties of lubricants containing the additive
efficignspcs mpaswed py binewmetioviseosity maaswamerts 8t WSGHK VHAPRas compared to

commB AT AP A 1% g 158 Emvotimen,

the lubichfibg il cotagositionasf thopresdn @isd¥emas thab HaddPkink:@4EE Siscosity at 100°C
see FIG 2). The inventive lubricating con{)(o& tions.
(KV1¢yethegangsof ferte 2h8 oSi.lnrgatharembodimepihaees K 100 valye in the range

L ubricants modified ,w.,th H TE 774 at ,both s
of 9.3 Itoegée‘# §§t kgyeé ano %Iwoﬂﬂw §t}{§§§j k)\flgﬁ gg‘ue ig Flﬁer’i‘f"%%ﬁ q%‘j% 0 16.3 cSt.
MERSMbAMRIRE Bil RymbbsRron s itieAi8sent dibdiétte D RNAMVYE afvidcHRity increase
formation, and vice versa with 25 respect to snaller _
of lessfthanr] @ et el particulexly lsssethars BoBi at H08/G ©ra sepulgvelof up to 6.0% in the
Mack Ii@hed inthis field that the ability of
ack Lbre¥tat i ng fluids to formboundary films in the
PABSRRLRoE reGMItAAIBR AT eved By REIpIYIEHE additiVé fiixtures of the
prevent engi ne wear. Prior published studies have al so
present dgtloaire th basabils bomientionadly eamioyed it asl/orsideptied fgnruse iasipower
hetter . r protection than thinner boyndary, fil
transmytfing lyid; ﬁﬁax? dB e et po dierung | S i e e iear
tubricdfs, il of; Ry SR 940 pRciubribe R ClositBlcclr il benef
from th¥ msexpomtiofi thdbeia of the aGdiiva minmndsof theGhabseR00ideloan2. 793,
02, .Society of Autonotive Engjneers, Inc., 9 pages i
t bieas lubpigating iblospy flpwna?@lqna@blea@é@?ﬁwléﬂﬁm%ihat will
supply3he SBMABRER el e APk L 8 %t DS b Bi0% bl Sfbaitives
are inchifded additional viRsosiwdaduxaichpbyvdss, aptimdidamtsy cseason jhhibitors, detergents,
nmeasurenents at 100(KVI 00) as conpared to commerci al

- dispersgntsppayr ppist depregsants.antiyest agenigsantifoangng peeats; demylsifiers and

ﬁictioﬂ{ﬁ%ﬁﬁﬁ?e' in one enbodinent, the lubricating oil
composition of the present disclosure nay have a
Kih Wgﬁat‘i/dnsﬁt;!%ﬁdétiﬁg oil $rmfulatidhy 439 bothihoh BRadiied &LinGbduce the
..9.3 to 21.8 cSt. In another enbodinent it has a KV100
additivegiinthe formt ofd Ortai8§avt. Yf active ingredignt sor@niratesinhydregachananil, €.g.

. adi nent.. it has | 00 value in the range of 15 to
| mlneraiﬁi?@c%@tgmllﬁr?ﬂsr ?@ﬂﬁ\é@ggﬁcﬂb oi | conpositions of the

URERPthest SlcOfHEG RAPE: ARILEWRN S 13 166,541 ¥td A5 pRAS 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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of less than 10 cSt, and particularly less than 8 cSt,
at 100" C at a soot level of up to 6.0%in the Mack
T- 11 test. Advantageous results are al so achi eved by
enpl oying the additive m xtures of the present
di scl osure in base oils conventionally enployed in
and/ or adapted for use as power 15 transmtting

final Hléndl Whus, Hﬁéﬁ{%hl gfa\ﬁehyﬂﬁ@yﬁhguédaym@ﬁn cOFIpIeSHEEE ubghlly be
fluids and t Gear lubricants, industrial oils,

employedrm th¢ fasmeafa 1& taeS0 Wiu By cangentrate, o1l examplsn it 2 lubnisatingroil fraction.

ben fromthe,i ncorporation therein of. t . .
In oneHRIRERGR, 1S PP bl Q5 FiaPeal BhosiT Bmplegtiin s Bhigied fubricating of
is from WBbhiCAS | 'vfé&'iglﬂ éJerdceﬁf MRkt QQ%&@-H\@%%W féﬁh'p\éﬂi&[&@' dbout 1 weight
addi ti onal itives that wl supply th
percenthfaalamtéﬁlmghts)etd@at are reqw red in the for mul ati ons.

e by e R fopoffi oot o 7 pRERES sgtosure wi

generdI9 b QSEPR ddRlkiid RIE o IR B98O Bek %ﬁﬁﬁ&ﬁg Bh il JPWYricating

poi nt depressants, antiwear agents, antlifoam ng
viscosetgantlsding eatutral lvbireatngoils, synthaticilabricativg dileas] mixturehthereof.

A ﬁ% e antieht o) e ksBtabletsdetan £y b4 ot biuid
peﬁ‘ol&fnﬁl{ dr d (]:hgr fo?eiﬁ%dv‘éolve(?t Rfehied Br b(fi&ﬂ'tt%?ﬂeﬁ ?ﬂim&ﬁl"‘l%ﬁﬂ&artﬁg%ﬁs of the

bon-oi [ .25 mnera pri cating orl

paraffiaic, naﬁhﬂtenmnﬂainﬂxed gaxiaﬁfimd:—nap}hhfmkd type¢sh €8l of hﬂnmmﬂmgmsmsﬁy
40, parts

) b il dwith 3 ta 100
denveag%ghi%a o sholGiges e segulchese gils %baﬁxn%fgﬂ% brating p1ly e i this
disclo@fdink e 09@5{(&3'%&#1)& 8 rﬁ}ﬂoﬁlg %&ﬁg@tﬂggg (ﬁ:‘lg&%%rﬁon Gitd) ];v}uch

Crankcase noto € pur pose ntrates,

-include dut &e not Bmited tolpelytdiphdslofihd, alkylated ddematia alkyl%ne ox1de polymers,

materials less difficult and awkward as wel |l as
copolymgss, terpelyiness Hiteppebnesy ang dgsivatiyes sherepftheee ths t«mm%al hydroxyl

group%l’}ag? ger:]enclg&gfie& Qf eﬁkﬂﬁ@ﬁo&&ﬁ%ﬁﬁ%ﬁéﬁ' e{é %t%/'lg %tf fi%g%k’éyhc acids, and

siliconfkéd 6ifs. 2 10 to 50 wt. %concentrate for exanple, in
a lubricating oil fraction. 1In one enbodinent, the

aFhsunresent disdhesus tsfurthenshirested e method g esteading dubgicant drain

intervalg i3 a8Fi01el 8 BAERDLAS, Shid mdefod (AR B 48 (Bltatine in the

crmlkcﬁ@mhelvem&dh% lubridafhe i bohPosiiRidesérited/Mdoddlt percent.

The highly grafted, nulti-functional olefin copolyners
-~ Offhetlhlriqating eomnpatitierised theeprodent disgesuse aiay plsodmpewe fiel economy

s S G R e 5 o R i e,
lr%q%{f%@h? %}é@iéfél}}%s iIf4RhRRRd SrepdtidnCatial UiE oPitlehigily grafted., multi-
functional olefin copolymers of the present disclosure. All amounts, percentages, parts, and
ratios are by weight unless indicated otherwise. |
EXAMPLES
EXAMPLE L (Preparaﬁoﬁ of highly grafted (DOG = 1.9), muiti-functional viscosity modifier:
Copolymer Intermediate)

A pelletized acylated olefin copolymer was initially prepared in the following manner.
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Natural oils include animal oils and vegetable oils
(e.g., castor, lard oil), liquid 10 petroleumoils and
hydrorefi ned, solvent-treated or acid-treated ninera

| ubricating oils of the paraffinic, naphthenic and

m xed paraffinic-naphthenic types. G ls of |ubricating
ViSCOSIty derived fromcoal or shale are al so useful

Ane fops eneT&%oga.ﬁ& ety vdlm%leﬁgnélmoﬁﬂeh@oﬂ@qﬁ log (49%%) and a

i sclosure include one of any nunber of conmonly used
moleoulan tweeghit umbm(wab%wnemlﬂosqoamd 00,008 werdfed igata mawlt-zone co-

rotatn}%tgvrﬁ%liscgpgé%gg{l%1 'Etﬁel Mgﬁq E(B)a o ef ; néi h}jérk%% BBP%R@P? first zone of

the exh@ﬂ&cblt ¥ W& hperhtiicIRBOU TR0 I0 ﬂ@@" dskéidéaick YigR bRanaps nﬂ@dt@s An
the term naI hydroxyl ~ groups have been nodified by

acylated cthylueﬁe:-pmpylmc cepolgnérfwasarépmned Wt fige radicallysgmafting maleic
di.carhoxylic a |conbasd0|l

anhydE 3h 50 dseioe BE bilient e, o HLYIRR PBEY e Sepolyme Hgkbape in the

extrud%i‘t)fﬂﬂoﬁgcm% RlalG@aihydidd shd 4 %@ﬁl‘l@h@e—kﬁl@d HEAt6! ﬁ anfounts, and

contenpl ate Sai d nmethod conprises adding to and

at a suiplle d¢mprgature andéimerioddn huevide af acyltedediylalespropidene copolymer

having A & | 45 TB6 ARISRE POMenGProphEns PRRTIO g arbaticeevragee
molecflp? g’%ﬁ?ﬁ@ﬁ“ﬁ?ﬁﬁ@%@?@?%3%’%‘?‘%5‘223/ gl feaidony
chromptogmphy.i ke readtivm donﬂitlom agl mnhn’pf@srtldnb Dﬁmamlceznﬂiydride and

preparati on and use of e h|g ly . gr d, nul
ethyl%a@pylsﬂ%ﬁo Bélf“?rﬁ“?f%bltﬂh 1S maglegules %ﬁ%ﬁﬁ@ﬁ@rﬂl ide were grafted
I
oo AR CocEry SRR i PEIAILARED L @B IRr 1000

of polyRiAVP itz Whﬁd btherBe-@nipymne eopalfmbi. §inkaacgdandleid anhydride and
(DOG =1.9), muJti-functional viscosity nodifier:
peroxide defoppopitiph Peadueliverresemevied ity agwem stippinge d heirescfign mass was

heated‘r‘rﬂgogx? 5558%'2@%% nA F\@}Mﬁ’ OP%%R tﬁgn b8 n{cpgs Itlg l(:%\g;%}gl .9 nﬁches Hg

ethylene- ene Copo

absolu&f) wek & Iblihﬂem@ﬁél?ﬁt-r mier&%atel i¥t ﬁéh%hw Bﬁdlﬁdﬂén;?ed A slurry of pellets
nol ecu ar wei ght nunber (M betvveen 150, 000 and

and watgrgs emor)eyeda@ & @amfngezathsepmaﬁe itherpebletsofonm ther watem gThepellets are

d I
arid iR AR A e e i e e A B 25 bags, and
Storedlf(g-rgpﬁlroghﬁgt tyqi)@pgut 200 to 400 C, residence tinme |ess
han" 5 m nu 5 ac(ﬁgtat ed et hyl ene- propyl ene

déﬁ@ kg 0 theypell efired patenmiediate productrwah roixiet ity B 248kg Group I

solvengxenalﬁ\%a]gwbgt&h %-%kypl%ﬁ.ge 885%41;%1513 ol ]Egtfrh\rllg F]vanle ?l?et mlxture 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 stirting. For color stabilization, the reaction mixture
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extruder by introduci ng mal ei c anhydride and a
peroxide free-radical initiator in anpbunts, and at a
suitable tenperature and tine period to provide an
acyl at ed et hyl ene- propyl ene copol yner having a DOG of
1.9. The acyl ated et hyl ene-propyl ene copol ynmer had a
nunber average 10 nol ecul ar wei ght of approxinately
contal%ﬂngﬁQ afnfhalfd, pQ&ﬂJcﬁﬁraQ 84 RbIED R4th BY ARk ﬁﬁ' 4 hours as
chromat ogr aphy. The reaction condi ons and nmol ar
ooohn@fgcpn A 698 hte 1d0°Qrantitdhi agﬁahdnyunded e ngtrogen atmosphere. The resulting

reactiG A OB e P LG TIEo R Capolyerpeaginpprdist was

filtere@! €f i N copol ymer backbone. This is equivalent to 0.4
car boxyl [ c groups per 1000 Mh  of polyner to formthe
: jound Ppopeptydsene copol yner. Unr eact ed

e S GG 0o and, 15 Rerort Ge, SecomO i Al e e dern
mannéreRehdiMY KERER a¥88mple eld ahd Q%I%%Fcl%] Wﬂ&g&ﬁeﬁdﬁg&lgm(ﬂfrﬁc:@
of greater than 28|n less than 1.9 inc Hg

5777, akf@ol(ﬂﬂrpt)ralvmﬁ “wpqz)hma}ylzed'ﬁnd fpmi@tmehave rthe propelities éndisated in Table 1
bel quenched and pelletized. A slurry of pellets and
Cl0Wwat er is conveyed to a centrifuge to separate the

Table P‘eAﬁﬁﬂ}‘tﬁ:al‘Fl mu&eofmthﬁlidlﬁyge pel lets are dri egr iogugt
prophldf" U 250 CTYEpR B P T LR e

Pol A Pyl 30 d@g 18R0 kg of ¥hk pelletilzed
MolepwlanWiteNnat e br od®21Mas fri xed wi 850072, 248 kg Group |
Nitroged, ¥&nt neutrpl oi0logat a I enperat giog2of 135C jwith

poGgnechanical stjrringayilTel the mxtype was ngi nt ai ned
under a nitrogen branket. Wit st the copol ymer was

ssol vin qut n ar.ged W th.nitro
S T g ek fhotS RO, iR LR e hifve, Feioh product has
properﬁé@@oﬁ‘g)a%& t6 BfetdonhRecidPy LB @ifief-MSpdidaht 00en bl anket for
an additional 4 hours at ranp the tenperature to 165C.

1WdelfmnmncBﬂ'&Eesul ting oil solution of the

R B e il bR e TSR E g B e inventve V1

modifié! S&ﬁﬂ)ﬁé N(( §%%% %rodﬁ&ﬁ-ﬁﬁ‘ﬁ@f@ 54 ?ﬁﬁ gﬁgﬁﬁéd Heavy Duty Engine

npany in a reaction e ected over s at

01l formetatiorsnwiB(otmolted @hivhddifferd onlyt ascg el partindatél modifier dispersant

Wit h chani ¢ca rring. For caqlor stabilization, the
compope Tho FSige luf%m ﬁewwmn%at%maﬂaﬂ%@wew@d@eﬁn copolymer
d o
oprol AP PHATYREE BRI (RLARRIEE e ol WhidRe o.3%)

glycolaned Cap@eﬂl satoimifide disperg (1e194), tziﬂﬁgdlalﬂ@mﬁlﬂdpﬂoéphﬂet(ﬂ%), calcium
containing the multifunctionalized fgraft copol yne
phenate (3% sEutEH oGucEwaiphadlefin celeinm sulfonate (0.48%), overbased Ci4-Cos

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
composifion. The remainder of the lubricating oil composition consisted of Group II base oil. PPD
and antifoam were added at minor concentrations (i.e., <0.2%). These lubricating oil compositions
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5 VI Modifier Conpound Properties The
mul tifiinctionalized graft copol yner
made in the above-described manner,
as Sanple No. 1, and a conmercial VI
nodi fier-di spersant (H TEC(r) 5777, Afton
Corporation) were anal yzed and found to have the
had aPTBI0 eI 1813 SThepbrechtds iofl sdlfdiédash, silflroimd glbsphdtbes dontained in the
Anal ytical Properties of VI Modi fi ers PropertyH TEC(r)
lubricgtieragh pqinposigon werpg)83 e 0.280n e £, 107k6, reppectiyely. @il 1 representing the

presm%?l%glrg{vﬁ ogmﬂs d ﬁé&égls\gg‘%}nl&éi{l\q moc{‘gerffa?lgplg I%%_ll Ly k\)\i}ule another

reacti on product
identified herein

rom e res

Comphrisdnh@©ili Awedt insteadd divinlate WERCL2 AP IHHITEC® BAE7 as the VI modifier
properties cogBar able to the commercial Vi
dlsperﬁ@én Eqch resyltigg bibseating @ﬁg@w@wﬁhﬂmm@edr@ﬁ@tmﬂar 1P engine test.
rfor

T SR RSP TIOE . A AR BESTB  R oot

indicabdd.in Tamepsus t he cormerm al product H TEC(r) 5777.
| denti cal Heavy %ﬁEngl ne fornmul ati ons were
Tablwrfrﬁ«tawamemTqat tared onl y as to the particular VI

Tes#(gﬁ' fFrer—di bpto(;qlﬁéaﬁiééﬁjgﬂ\ﬁlcng& The—tesjed oil

mul ati ons d ier di spersant ol efin
TesEPPModifr (QQILHTECEBEEY 2 PRAmplb Mol efl
e_succinimde

pol vi sobut vl er caooed W th
Tes{ Basa Bl 20 gI )(ﬁ:bap Hd capped| €mwpilhi ni-de
| Ql |/\l| rll 'l' l"\l r\r‘\h

/1 /IOA Z-Re—€ cnhat o {10/6,
Testyhddifive Packsge | PL10Rsptotyps- PGl bhaol ef
sul fonate (0.48% . overbased Bomptyprd a
ate (0.11%, d

Analyiical datasul f or iaryl am ne
cate—(0..4%.

i nh mol ec
P, pphenol (1. 5% Qe ut| lized | n1%3Cat er pi
UllUl e Ul dllt\bc IIIU PET LT TS UI c
S:PFRc| uded in pﬁgﬁ‘? heses repr

esent the we
sulftbd &€k, 25 colfpaggent n the

naleate

di sper sant
cal ci um

n cal ci um
phaol efi n

Dindfed |

lar weij nht

rt%QOm@a y duty

conpPnent
o

cent
200 max
ht of t hd

ST

<

U

a3 cating
conpositions,

based upon the

f| nal weig
TBN, iih289%at i ng oi

lLuhricat i na nl

I75 conposi ti on,.

6.The renui

hnnﬁnC| f | on

hnnci st ad o
cORSH-S+-86—0

he
| base

hder of

-oup—
afefd at mi pH-3 max
L S
423
1948
1199

éf‘l{“ﬁf oam wer e
ng e., §U. 4“79

436
1942
1200

KV@i90°Cpty and

ll dal I OT13
CCS@?rgg%l i ons
B, ppm

oi |

Ca, ppm

Zn, ppm

| CAT 1P

Engine Test Results
TLC

TGC

WDP

Avg. 0.C,gh

Final O.C,, g/h

Limits

17.8 40 max
16.8
2392
4.1

3.8

24.5
30
3184
5.4
7.3

36 max

350 max

12.4 max

14.6 max
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had a TBN of 8.3. The percentages of sulfated ash,

sul fur, and phosphorous contained in the |lubricating
oi | conposition were 0.88% 0.29% and 0.107%
respectively. G| 1 representing the present

di scl osure was fornulated with 2.2 w.% i nventive Vi
nodi fier Sanple No. 1, while another Conparison Gl A

Scultfg |nst ead fgrﬁgﬁbat ed with PugheM . % H TREL) D77 as
ifidr 5 dispersant| Each resullting -
I ubr| catl ng conposition was then subjected to a
erpil]|ar 1Pe i ne test The result are |cated
Cﬁ‘ﬁer%bsrf% opedl BRp %ﬁﬁyleéiﬂﬁrp@%&hl’een@aﬁfﬂsq dae e @%Fontammg
r
the infiafE SEPRY NG T R0led bRl iRbith by %n%aﬁ%%ﬁﬁ%ﬁ Sontaning the
comméCial mbdifest This r&mh if lcenisill cfedutprising/atidaurek pechdd. betaube slie tested VI

Base O | Group oup Il Test Additive PackagePC 10
modifigy eapglyyisepunproungs Weisppsalinraryaleatin aplytcel pRriosmance parameters. In
for

wmpaﬁsﬁ‘%ﬁlﬁ’?%*@%éﬁé% 4 B R RS B e Commercia V1

modlﬁe&ohﬁnoﬁﬁd,ﬁhe?lﬁﬂﬁca'ﬁmgm Gt Ve 8W75&Dﬁgtﬁﬁ&(an|ﬂy lower and
pni36423- Ca, ppnii9421948- Zn, ppmi2001199- CAT 1
reduceq] .Vﬁliuﬁ%m@rg%@pﬂgﬁstw recishiacieniegiis HIOWBRD tomaroove carbon (TGC) and

in top land carbon (TLC) deposits, which shows that the inventive Sample No. 1 is superior. The
inventive Sampie No. 1 also had greater thickening efficiency as compared to that of the comparison
commercial additive, as shown by the difference in kinematic viscosity values.

The lubricating o0il composition containing Sample No. 1 also achieved a passing viscosity
increase value of about 7.3 ¢St at 100° C at a soot level of up to 6.0% in a Mack T-11 test.

Boundary friction properties of the test fluids were measured using a High Frequency
Reciprocating Rig (HFRR) with oils containing carbon black using the method described in
SAE 2002-01-2793. The HFRR generally operates by oscillating a ball across a plate in a

- 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, indicafing 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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TGC3016. 836 max WDP318. 4239. 2350 nmax Avg. O C.,
g/ h5.44.112. 4 max Final O C, g/ h7.33.814.6 max 29
Scuf fi ng none none j none The above-indicated results
of the Caterpillar 1 P engine test show that the
| ubricant containing the inventive Sanple No. 1
provi ded better deposit control than the |ubricant
containing the commercial nodifier. This result is
consi dered surprising and unexpect ed because the
tested VI 5 nodifier copoCl¥Sconpounds were
general ly equivalent in analytical performnce
paraneters. In conparison for the results observed
‘What §0dlaitdeq igonpar at i ve | ubri cant containing the
commercial VI nodifier conmpound, the |ubricating
containing inventive Sanple No. | had significantly

B S0 | B e byt
agent ¥ anlolefirARpbBAR: BAAROR nlthb& avdsie %idléoula‘f‘@e?éh_%_ %E@%’% than about

that the inventive Sanple No. 1 I's superior.
1,000 imthe présemceSdiapies radical initiktepaiwbshidymetipd beingiesseatizliygfree of

o ST S RS e g S S TRAL 5 n st

T

- copolymaes ©if aplerst §Sosi. Yoy and wiereinthe vgiolymafintatmoediate ised®tedan molecular

..100 C at a soot level of up to 6.0%in. a ck T-11 .
weight, yaguum Hgnpigg Mjrepste P?IBPPI}?P%B?I&%E{)%& Q%gpmﬂntppmd&,te to

o B TRIR S S0P chald U A GONAS SRERERE Bt o

neufrah@il trofdrd @siissolved copolyrbéfintetfi2difte; X dactihgehd-Wik¥dlved copolymer

. general |y operates by oscjil]lating a_ball across a

intermggigtesvithhamaming typrovide 4 graidect elehn sepolymeraddigive seactipr product.
The frequency of oscillation, path length that the
ball travels, load applied to the ball and test

2. UHiesidéivereaction phrlucttidldiin K vhebin gRruddive red@tibh gfduct contains
paranmeters, the boundary frictional properties of the

less than Gl vtda totplampysteseomprising uireaRtadasacianty sige reaction products and

. nducted at 3% and 6% carbon bl ack [evels in the
‘ reactlo?ngngplr@%l,}cgs

i'on oils. Carbon black was wused to mmc
engi ne exhaust soot. The results are shown in FIG 2.
The inventive lubricating conpositions have |arger
3. pereggditiveeeictionnoductaifighsmi In whierih thescdated atefin copolymer has a

degrociod GG (OPRE {2 2RA e 1 vent i ve | ubri cating.

conposi tions forned

4, The additive reaction product of claim 1, wherein the reacting of the olefin copolymer

and acylating agent occurs in the presence of less than 0.1 wt.% hydrocarbon solvent.

5. The additive reaction product of claim 1, wherein the dissolving of the pelletized
copolymer intermediate in neutral oil forms a solution which is sparged with inert gas sufficient

to remove moisture, prior to further reacting with the amine.
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relatively thicker and thus superior boundary fil ns.
25 While the invention has been particularly described
with specific reference to particular process and
product enbodinents, it will be appreciated that
various alterations, nodifications 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 follow ng clains.
30 CLAINB What is clained is: 5 1. An additive

6. 1 R skl diiant. herrin 0 5V N PRagp Aypeses o

b -\5I Eﬁa@ g{ﬁggy afverage m)I ecul ar wei ght greater than
carbo o&t O %1 the presence of a free radical

|n|t|ator and sai d nethod being essentlally free of
h rocar bon sol ven n extruder to provid

in
7. oadiYe Eartien pERsiust of Jumpherran e addyvareastipp compound has a
numbé}la%fa 8&8&1&“@5 gﬁﬂyf‘ 4By gﬁ?foea%oﬂﬂ‘ 8@t f1ng (DOG of
he acy atlng agént on theé ol efin coépolymer of at
Ieast 0.5 wt.% and wherein the copol ynmer internedi ate
s reduced in nol ecul ar wej ght ; uum st r| pi ng

8. uRheadditg reastipn REdust ofrdimel, mefrgn cr comprises a
| ,
copolspily SF BEOREL 1l Ghedridfh ng“%ﬁéﬁkéﬁﬁﬁfl?iﬁz Z'.IEE” yier

intermediate in a neutral oil to forma dissol ved

copol intermedi ate; and reacting the dissol ved
c%lﬁefle regstipm produsicfalaimy, svherin theiolefin gopelysnsr fas g number

| g%ﬁ@f il Bt Prtgp ?%%5%’#5%@ b b ER AR, CTl Rt ne

addi tive reaction product contains less than 0.1 wt.%
total inpurities conprising unreacted reactants, side

10 rhneddidve q@n@m@tescoammng,m a@ﬁvmgmdmubqsyi 266 90 wight percent

of a cagxg%: (}g::délﬁel{}le arnrs?o %%rg &%duc %3%0u535 3 églg\gaggqﬂegfg? atﬁmf: aﬂgltIVG reaction
product PE&BinPf. 1.5 to 2.5 wt. % 4. The additive reaction _

product of cIa|n11 mhereln the reacting of the olefin
copolymer 25 and acyl ati ng agent occurs in the

nce of. less than 0. .1 wt. % hydrocarbon..s
A RS g ik con ot PorBFiSiP B ALOL SioBRLA L pil i spting viscosity
and a thinBr Ah&HPbYineId@itivE Rech&h pRIL&SH claim 1.

12,  The lubricating oil composition of claim 11, wherein the additive reaction product is present
in the hubricating oil composition in amount of from about 0.5 weight percent to about 18 weight

percent.

13.  The lubricating oil composition of claim 11, wherein the oil of lubricating viscosity is

selected from the group consisting of natural oils, synthetic oils and mixtures thereof.

14. A method of lubricating a transmission of an internal combustion engine wherein said
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copolynmer internmediate in neutral oil fornms a solution
which is sparged with inert gas sufficient to renove
noi sture, prior to further reacting with the am ne. 31
6. The additive reaction product of claiml1, wherein
the acyl ati ng agent conprises a carboxylic acid
acylating agent. 5 7. The additive reaction product of
meth§d Somhprises WBEERINE shitradahidsion®rkfa ehiifl wihNRO HbsciaE ol
unber average nol ecul ar wei ght of about 6,000 to
commaﬁangEGwaobl 8. The additive reaction product of

15 C i NP Evdig Aol BrboBon e E4SREA S pithod Comprise
addingl @k chafikcale off$3&d @lhhd thy mxﬁaﬁﬁg SDchhRSAiEn dcldihailm 1,

wherein the ol efin copolynmer has a nunber average
nmol ecul ar wei ght of between about 50, 000 to about

250, 0. ditiye ntrteconaln
s dpsted P oy ot BF 195RAG0S b mineiph AcBires T weighted
demeﬂ& 12 (%F)'vﬁlﬁe f lcSH ﬂ'lbif—‘f‘fm Qidp [BAFCABRATTRLY Vhlud of RsARAH0, and a top
45 wei ght percent of the additive reactlon product of
groove catban (TG} valye diligss than 2¢gn diel Catapilles i P iTest Methpd.i si ng
a major anount of an oil of lubricating viscosity 20
and a m nor anmount of the additive reaction product of

17. Cirab Methodld clailla 5| W%feﬁ%b qﬂ)rﬂﬂailné:gﬂ'@&%}é&élﬁéh RrmS |aaHom1dary film

, wherein the additive reaction produ IS present
havmg |a neiwntl filr tesiztanag velnk of @bmd [0t tlocabouw.‘anmaﬁmred)fn 4 High Frequency

ht percent. to out. 18 we percent .
Recipgaatiig Rig R tpeaondisies ot %@%ﬁﬁ%ﬁ It bt t&rﬂ EFpgNt resistance is
deternfEd b 2R BlibtiHy JHRNhERLAYcdER% WETIMD BRbeCt ed
fromthe group consisting of natura , synthetic
0| I's and mixtures thereof. 14. A nmethod of |ubricating
ion of an internal conbustion engine

Whbs Biefhod of glagn léewh@r&%@ﬁm@é%ng eib P‘i’@ﬁ‘fﬁlﬁ‘@ gy 2 boundary film

I
having 4 %@t?’;ﬂﬂg%@%ﬁgnﬁ%g}laﬁnw 1 % 5¢ AB (H:ll%g a@?ﬁ%&&%’eﬂ Frequency
Rempfhlﬁatmgt MgﬂBﬂFRH)ﬁé‘su%btheﬁrwlam% \wbstrievel, wherdinndht b@t&ent resistance is

ri ses
detenmn from an oil resistivity value measured according to ASTM D 1169.

19.  The method of claim 15, wherein the lubricating oil composition has a kinematic viscosity

at 100°C (KV100) in the range 0f 9.3 to 21.8 cSt.

20.  The method of claim 15, wherein the lubricating oil composition has a kinematic viscosity

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

21.  The method of claim 15, wherein the lubricating oil composition achieves a viscosity

increase of less than 10 cSt at 100° C at a soot level of up to 6.0% in the Mack T-11 test.

22.  The method of claim 15, wherein the internal combustion engine comprises a diesel
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adding to a crankcase of said engine the |ubricating
oil conposition of claim1ll. 16. The nethod of claim
15, wherein the lubricating oil conposition achieves a
wei ghted denerits-1 P (WBP) val ue of less than 250, a
top | and carbon (TLC) value of less than 20, and a top
groove carbon (TGC) value of less than 20, in the

engindaterpillar 1 P Test Method. 10 17. The nethod of
claim 15, wherein the lubricating oil conposition
fornms a boundary film having a percent film

resi stange .val ue.of, abo 80 tqg about.95 nmeasured in a
2. el SR adun BB el G pleigt g sl b oxhaust
gas re€iftiihiioh FEGRY equipfedsiRaly iy ieseMd@iRi N the percent
resistance iIs etermned froman oil resistivity
val ue neasured according to ASTM D 1169. 15 18. The

24, TR B iR St B e by st s
comprisidgBobEsenelafidGe thealorBusiorl e eneheloF find) @britact @ 1@ticating oil used to
nmeasured in a Hi gh Frequency Reciprocating R g (HFF%Q)
lubricatesaid enginky whendinesaiddubsatiop vil cemptiseswhbase pil, andat Jsastosn tlispersant
. resistance is determned.froman.oil r sis%i Lty .
viscos{i% e HRERNeE POmpESHS tE QNS RO fetuch T ety n an amount

sufficiBR tH RAuBE thelBloihi St oiMREKehiAg o the 1UBFitARE 01 %s @binpared to use of the
conposition has a kinematic viscosity at 100C FKV

lubricatip@ piliwithduetheaddiéive feagtiGn pod@d. 8 cSt. 20. The net hod

of claim 15, wherein the lubricating oil conposition
has a kinematic viscosity at 100C (KVIOQO in the

- 25. rﬂﬁ%&fofm%eégrgge& %iﬁ-%ﬁlcaa?aIBMnr@%;pB%eP(ds @y Phodifier

15, wherein t rircating oll conposftron achieves a
comprisingcosity increase of less than 10 cSt at 100 C at a
soot, level of up to 6.0%jn the Mack T-11 test. 22.

TReCtiRg AR AaYIRMngAgsnhvitk an ledip cppolymer having hagmber average

e L R

essentigliyrfresof Idreagiongobeniniag @xtraderéx parvide a @pslymer intermediate
recircul ati on (EGR). equi pped heavy duty diesel engi ne.
¢

compriging 4n aaylpted plefigrconolymer haviegardegres pleraning (RS ghlpast 0.5

Wt.%: recircul ati on system whereby exhaust gases
"7 conprising soot generated in the conbustion in the

edlichfg thé niivBér 25efpea aloldtulad el g bf the c@%d)lyﬂ%ﬂ_ﬁtdlﬁlediate;
| ubricate said engine, wherein said |ubricating oil

despimn steipping upaseted compenattisat | east one di spersant

pelletizing the copolymer intermediate;

dissolving the pelletized copolymer intermediate in a solvent neutral oil; and

reacting the dissolved copolymer intermediate with an amine to provide a grafted multi-

functional olefin copolymer viscosity modifier.

26.  The method of claim 25, wherein the reacting of the olefin copolymer and acylating

agent occurs in the presence of less than 0.1 wt.% hydrocarbon solvent.
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viscosity index inprover conprising the additive

reaction product of claim1 in an anmount 10 sufficient

to reduce the anount of oil thickening of the

| ubricating oil as conpared to use of the |lubricating

oil without the additive reaction product. 25. A

met hod of making a grafted nulti-functional olefin
27. CUROMEIRM ofichéA 6] whireidithé BissolGIREPF theipaDetizkd copelPineny
] an acyl ating agent with an ol efin copolyner having a . .
intermediatein neyalpildormpr sdlutien, and fuyther geraprising seegng g gelution with

inert g8 sBRP 1 oy R BLRBRERS mit B e bRk B Pl v

to provide a copolyner internediate conprising an
acyl ated ol efin copol ymer having a degree of grafting

28¢ poGfhegnethed ofedaim 25, wheygin the applatingagentandtdielimegpodymer are

I I i ght .th |
ot P Beeplefalibhibr e HRPRs A a st olstasopotmer
pel [tingiatidglcb 8f RARMSMMRIG) 6t €5 BE2ls a8, di ssol ving the
pel l eti zed copol ynmer i1 nternediate in a solvent neutral

2904 h ad@ide FRBRdH REdEABr ﬁ%ﬂ%}f"ﬁ%ﬁ@d’%lﬁ{ﬁ?ﬁn' nt er medi at e
W th ['ti- 25

an am ne to provide a grafted nu

Lh

functional ol efin copolyner viscosity nodifier.

(ArFractig Holeln copobimsr Pscpagdeiren sthylrse padiat ey obe Cs? Efécw alpha-
10 monodti b, SORTATS o S 1 ROSRBEA i Doy,

comprding b ab&it1Gdo 80 nl@péreah of wihelefé, Trdnh &balit 30 @b 85 A®l@percent of
the pelletized copolyner internediate in neutral oil

said Cf tor Gy alphgunenoplehin, g ebpdl 0 tedfpnels pergerfiod said pglyene said

ol uti.on_w iner uf fi.gi.ent .t o. r ' .
copolyff V1P o lbPrrveFik e Tt Bl i T3 400 it an
olefiniGRhBOLYIRS ackd AyIRRS agetfSaR] protdde cafiplifig Réhtiag 4t capslymer to a

ol efin copolynmer are reacted in respective anounts

15 moltensesiflitisingt a tenapepatergiin éheaangagf M€ do 34@°C, grafionginanegxtruder or a
VLN T DML O R IR
oS4 bl ik s O paag st

- acylatedorieful efpolynen dnd bptingatdedsy . Oemplotules ssid| cadtoxpli¢ acidhacylating
agent grggigc]édc gn% ggc%trr?o ec%ilee gfe saids (g]lgﬁltfl rcci)peoqgnsler, and |

20 (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

J R3
R2

25  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 (—NHz, (NH(CHy)s—
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conprising fromabout 15 to 80 nol e percent of
et hyl ene, from about 20 to 85 nole percent of said C3
to C o al pha-nonool efin, and fromabout 0 to 15 nole
percent of said polyene, said copolyner having a
nunber average nol ecul ar wei ght ranging from 1,000 to
500,000, wth an olefinic carboxylic acid acyl ating
YN E(GH%,?NI-Q, pmm% GORRich fiafd nD@rhhada §alué HeRPPIY T®and R is
to a 15 nolten condition at a tenperature in the range
hydrogsn, albyl, alkeryd oadkoxl ralkylgalkaryhhaving fromel togd carbomiatdmgy
device, said olefinic carboxylic acylating agent onto
(b) mﬂlﬁo%@%‘ﬁﬁﬁ%’f?segtﬁa:bgﬁl%ﬁa{o{]mé%ubsequent |y reducing the
nol ecul ar wei ght of sajd copolymner, thereby producing
a grafted, acylate i r and havi ng at
| east 1.0 nol ecul es xyl'*c acid acyl ating
agent grafted onto ec of said olefin
copol yner, and 20 (B) reagdting S d grafted, acylated
ol efin copolynmer in (A) wth an am ne conpound
) hfq;lectedl fromthe group consistin? of ; (ag an i
in whigh e 9ad)R exspressd by divesieon anied cptkenylLiny athogylgdical having from 1 to
-Ar-N RNH 25 in which Ar is aromatic and RL is
14"3@%}&{"&%, ~(-NH-Aryl)a H -(-NHAKyl)rt H arylalkyl,
(c) an aminohidohadpesentdd Bt ibforgdidda:n radi cal having from4 to
24 carbon atons that can be alkyl, al kenyl, alkoxyl,
aral kyl, al karyl, hydroxyal kyg or am noal kyl, R2 is

(-NH2, -(NH(CH2)e 35 )m - (CH2)o NH2, -aryl-NH2,
in which n and meachFeE [uejffrom1l to 10, and R3
is hydrogen, alkyl, afFke | kdxyl , aral kyl,

al karyl having from4 to 24 carBon atons, (b) an
am nocar bazol e represented by the formula: NH2 5 in
which R and R represent hydrogen or an al kyl,

R e I e Y e

(d) an hfndLihédzoliddie represented by the formula:

R
4,0
HzN‘@ ; I |
~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 NH2
A~
HS N/N
/

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.

- () an aminopyrimidine represented by the formula:

36




10

15

20

25

Hin which R represents hydrogen or an al kyl radica
having from1l to 14 carbon atons, 10 (d) an
am no-i ndazol i none represented by the forrmula: H2ZN H
in which Ris hydrogen or an al kyl radical having from
1 to 14 carbon atons, (e) an am nonercaptotri azole
represented by the formula: N NH2 HS\NNi H 15
in which R can be absent o an be G - COlinear or
branched hydrocarbon sel ec fromthe group
consisting of alkyl, aryl _Aalkaryl, or arylalkyl. (f)
an am nopyrimdi ne repreenté&d by the fornmula: 36 ~NH2
N'*'"N R 160 in which R reprgsents hydrogen or an
al kyl or al koxyl radic (ying from1l to 14 carbon
atoms. 5 30. The addit gactli on product of claim
29, wherein the additive-teactyon product contains
less than 0.1 wt.%total inpurfti § conpri si ng
unreacted reactants, side reaction products and

in whick RCiep@Sernty hydlrogbi@ir an alkd] orldlko:ad eHdiday Bavigg@fbinCinte 14 carbon
product of claim?29, wherein acylated ol efin copol yner

atomsconpri ses 10 a copol yner having grafted thereon from
0.3 to 0.75 carboxylic groups per 1000 nunber average
nol ecul ar wei ght units of copolynmer. 32. The additive

30. PThélatiditief regdtidhPrafhct vhed4ifi 20, Rree iHealdaidive r@ictin product

_coiool mer conprises a . o ) ]
contains less than 0.1 wt.% total impurities comprising unreacted reactants, side reaction

products and reaction by-products.

31.  The additive reaction product of claim 29, wherein acylated olefin copolymer comprises
a copolymer having grafted thereon from 0.3 to 0.75 carboxylic groups per 1000 number

average molecular weight units of copolymer.

32.  The additive product of claim 29, wherein the acylated olefin copolymer comprises a
copolymer that has been reduced in number average molecular weight to a range from 1,000 to

80,000.

33.  The additive reaction product of claim 29, wherein the acylating agent comprises a

carboxylic acid acylating agent.

- 34,  The additive reaction product of claim 29, wherein the additive reaction compound has

a number average molecular weight of about 1,000 to about 2,600.

35.  The additive reaction product of claim 29, wherein the olefin copolymer comprises a

dopolymer of ethylene and one or more C3-C;; alpha olefins.

37




10

15

20

25

copol ynmer that has been reduced in nunber average
nol ecul ar weight to a range from 1,000 to 15 80, 000.
33. The additive reaction product of claim29, wherein
the acyl ati ng agent conprises a carboxylic acid
acyl ating agent. 20 34. The additive reaction product
of claim?29, wherein the additive reaction conpound
36. hase aadlﬁuer%anay@bm of Bt 8b akhEinGhe olefin &1999 number
to about 2, 000 5. The additive reaction product of
averags molecalgr weight ofi betwdee abbatf2A0,000dp ebguted0,000npri ses a
copol yner of ethylene and one or nore C3-C23 al pha
ol efins. 25 37 36. The additive reaction product of
37. Cirdk Badifive i’é‘d@cf&n o&d&?opcl:lﬁf‘d 90, GARPE N MR rell Aot M@ﬁn copolymer
aver age nol ecul wel ght of Between about %O 000
and acylasimg a@Ent@C0Ours Bl?the Pheseradaif {ésy chandalc tvi. %ﬂl)phrm:ithnn sofvent
claim?29, wherein the reacting of the ol efin copol yner
5 and acyl ati ng agent occurs in the presence of |ess

38, 1 'T‘ﬁ@a@diﬁvé"feaﬁf‘i %5?.&9{)@8%@ %em%ﬁf %r% Qv%?étE& Yfefin

reaction product o alm 29 erein
copolyamgriini(AdlisgleBétized tiempiidspived in neutw] oil o fosdn| fﬁtoilmmri witielnis sparged
di ssol v%j in neutral oil to formsol ution which is
with ingbgassHIiiGHnY fp FemoNe MpiRture qrdp dyther gracidnmbih s Apigee,
prior to further reacting with the amne. 10 39. An
additive concentrate contai ning, on an active
39. i Agrdditieatorvastrac colifaihing Hh aedctie inpeddiain basin 03 90 welght percent
carrier.or diluent oil and from about, 3 to about
of a carEeirt difieptethand frommbontidte phaut Aeareielrpergspbatite aéfhtwe reaction
produ&loi‘bmxﬁ 15 40. A lubricating oil conposition
nprising a major amount of an oil of lubricating
Vi scosnty and a m nor anount of the additive reaction
product of claim29. 41. The lubricating oil

- 40. c—ﬁﬁlﬁ@matmml eAmpAsiohcamprising ﬂ@iwamwuatj@ﬁ anj aleofebyicating, viscosity

e oi | conposition
and a B8 UG oS RE vt Bo8 Peodtel S ene o about 18
wei ght 20 percent. 42. The lubricating oi
conposi tion of claim40, wherein the oil of

41. | Theulricatingyoil ccsapesitioy of daims4), edersih the edditiveseggtion product is present

of natural oils

in the lHﬁQfsaltjf?ltgléﬂt%ﬂg%pgg ot In-amount of fro 'iaouttd § welgll1§percent to about 18 weight

percent.

42.  The lubricating oil composition of claim 40, wherein the oil of lubricating viscosity is

selected from the group consisting of natural oils, synthetic oils and mixtures thereof.

43. A method of lubricating a transmission of an automotive vehicle having a transmission
wherein said method comprises lubricating said transmission of said vehicle with the

lubricating oil composition of claim 40.

44. A method of lubricating an internal combustion engine wherein said method comprises
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25 43. A nmethod of lubricating a transm ssion of an
autonoti ve vehicle having a transm ssion wherein said
nmet hod conprises lubricating said transm ssion of said
vehicle with the lubricating oil conposition of claim
40. 44. A nethod of lubricating an internal conbustion
engi ne wherein said nethod conprises 38 adding to a

adding (e &aab@sObf il chgaiRhd Rabkioidgil ¢od@idsitidn @ klaim 40.

conposition of claimd40. 45. The method of claim43,
wherein the lubricating oil conp03|t|on achi eves a

45 IO SR F3dhdroin e Rt O RSyt dgiar gweiaited
demerﬁs-gPQWR Galubofleds tn) 25024 u% 18dd dagtsom (Thenvale of 18sstth 20, and a top
Caterpillar 1 P Test Method. 46. The nethod of claim
groovg garbog €FEChvalueof logsithana?(, iy thei Gaterpilien P TegMéetbedrs a
boundary film having a percent filmresistance val ue
of about 80 to about 95 neasured in a Hi gh Frequency
46. RERé flefodtofRMhitti43, (EreR) the GricaRmEI6ie b&ﬁp@diu@ R¥n§ @ ®oundary film

| evel , wherein the percent resistance is
havingja percanin@len fasistange valu of abous 80\t tapowtafvij@ew@aesimeajngh Frequency

Recip B R RREA S e 2os PR PorB B o Sesistance i

determfiRstNEkanloill rB3isthayi vaiednfRhre8 Rbcdrdih g td ASTHM PAgoval ue
of about 50 to about 70 as neasured in a High

Fr equency ReC|procat|ng Rig (HFRR) test conducted at

agl? %’lﬁ,&lﬂé 8&‘?]}’1&'1.145 ?l‘Fl ntggr pe[rfgi(gl e ﬁ%)glgt%?{g%a boundary film
hawnﬁﬁ&ﬁéﬂt @ﬂkntresm‘ﬁl-ﬁwvgu% %@%bmﬁ &0 td Qﬁoﬂf‘?b'ﬁ?%éﬂgur% | &Hfch Frequency

wherein the lubricating oil conposition has a
Rec1pﬂopatmﬂdlgc(HFiR&) dsst cynduated 17D @G% Kaot 1G], whertinahe pergentatsistance is

9.3 cSt, .20 49. The netho

deterrip 7R 208 TP Uﬁ@l%?ﬁwe{fe pEieASRyED Too.
ki nematic viscosity at 100C (KV 100) in the range of

V 15 to 16.3 cSt. 50. The nmethod of claim43, wherein

48. t'ﬂm hethod ofdlaingd3g whereimibhe dubricatingssiheoayriition has & Rikingtic viscosity
increase of |less than 10 ¢St at 100 C at a soot |evel

at 100&(1881%1%&@%19&?@%3 W8 48t11 test. 25 51. The net hod
of claim43, wherein the internal conbustion engi ne
conprises a diesel engine. 52. The nethod of claim

49. 4the mﬁﬁﬁ&bﬂblmhmi hereliathe Dbfidatigl cilNcoR i @6#ion BenPkinsMstic viscosity

an exhaust
at 100°C (KV100) in the range of 15 to 16.3 cSt.

50.  The method of claim 43, wherein the lubricating oil composition achieves a viscosity

increase of less than 10 ¢St at 100° C at a soot level of up to 6.0% in the Mack T-11 test.

51.  The method of claim 43, wherein the internal combustion engine comprises a diesel

engine.

52.  The method of claim 43, wherein the internal combustion engine comprises an exhaust
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gas recirculation (EGR) equi pped heavy duty diese
engi ne. 53. A lubricated engi ne conprising an exhaust
gas recircul ati on system whereby exhaust gases
conprising soot generated in the conbustion in the
engi ne of fuel contact a lubricating oil used to 5
| ubricate said engine, wherein said [ubricating oi

gas reSidtichnYEGRY eE@Fpﬁed)héavy ahg Bdsel &agde One di spersant
viscosity index inprover conprising the additive
reacti on product of claim29 in an anount sufficient

tq reduce th t_of hi ckening of th
| bl e OB Mg boned EpsTe G o eystet ety prgust gases
compiNing Wot BidFatdd 18 tRIDnituiGod Rakd ér%ih%mél%ntaétod 18¥ricafing oil used to

process for the preparation of an additive conposition
lubrlczpic epd a@nebyvflem saiklubricatingpiliceinpgises( a‘\))ase@aicandng least one dispersant

op reparedfro | ene and at, | east., one C3
viscos{ty e BHSRUE OGS e SRy Spehoharedpct & By S9en an amount
sufﬁcf%ﬁtl t@%cﬁiée ftﬂ@iﬁl&ﬁl@ OP&WH?&&BE% d%'tﬁ@ﬁ[%l‘l%glﬁtcﬁl a%rl%?mpared to use of the
onprising from about 15 t0 80 nple percent o
lubnc&thigwletmhdutdmaIdUu»ter%tmmpﬁﬁunml e percent of said C3
to C10 15 al pha-nonool efin and fromabout 0 to 15 nole
percent of said polyene, said copolyner having a

54. Elﬁ-%ﬁ-
g‘;?((?;c{)e% aé?%tﬁﬁfl ni g&%grg oxy I C %Ifegﬁg%gﬁg%%ﬁ .
comprfsgg‘lt sai d process conprising heating said copol yner
to a nolten condition at a tenperature in the range

| (A) reseting @Gopﬂyﬂéﬂﬁ}cFﬂé@ﬁbm@hyléheadﬁld% 1dabtcdtaie @rto & fMalyhd¥thonoolefin

devi ce, said efinic carboxylic acylating agent onto

and, opfignglly snolyane selegipd fremalanycosiieted disnes gnd tigney epnnrising from

ot P4 Ly e B AP B o B o o

alpha-ﬁauécﬁéﬁﬂarﬁp@&hxaﬁsﬁt (BMishfole pBreRRIIT sadg: erﬁﬁid%jéb@fner having
wei ght ranging from 1, 000 to 80, 000 and havi ng a

a numbeg average Woleotlec weight whging fnt OB o/ FFL000 mthamwl%ﬁmm earboxylic
acid a e ot ol prOfiss of Rising, Aoint Sl Pl foutimoileh condition at a

[(@=]

-tempeﬁﬁnl?@in)‘tﬂ@ f ﬁ@ of 60°Woldagec p@ﬁﬂ’lﬂ@lﬁ‘% E)ﬁﬁﬁﬁi"ﬂlda AeLiRE HEFce, said

from 25 the group consisting of
olefinitdeabyxypicanylhimeaicatdnte szid pppsgmee Opt)walllyesm)ecquﬂhﬂy redQcing the

H R3.Rl-Ar-N ~
molecular weigRl'lt ol%rsati%I copolymer, thereby producing a grafted, reduced molecular weight
acylated copolymer having a number average molecular weight ranging from 1,000 to 80,000
and having at least 1.0 molecules of said carboxylic acid acylating agent grafted onto each

copolymer molecule of said copolymer, and

(B) reacting said acylated reduced copolymer in (A) with a polyamine compound selected from
the group consisting of:
(a) an N-arylphenylenediamine represented by the formula:
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in which Ar is aronatic and Rt is -H -NH2,
-(-NH-Aryl)-H -(-NHAKkyl), H -NH arylalkyl, a
branched or straight chain radical having from4 to 24
carbon atons that can be al kyl, alkenyl, al koxyl,
aral kyl, al karyl, hydroxyal kyl or am noal kyl, R2 is
(-NH2, -(NH(CH2), 5 )m NH2, -(CH2)- NH2i -aryl-NH2, in
which n and mhas a value from1l to 10, and R3 is
hydr ogen, al kyl, al kenyl, zﬂ Réral kyl, al karyl
having from4 to 24 & m preferably is R
equal H R2 equal -NH2, and R3 URE H, which is
N-phenyl phenyl ene dianmine (NPPDA) and its isomers.
in whicR)Ara8 arodtie Gad RAZOLe Nl 26 NH-SAkDY- 11 g N AL AUy, - ENHAH-
10 in which R and R represent hydr'ogen or an alﬁ
arylaibylkehlymchﬁror airaaglxtwhamarddlcdlhahmglfngn ﬂrt@aﬂﬂ tarbon atbmhs that can be

P W TR KON T NIV

NI, %HJ)&NH{J\L@P-N}EQH WEith & ah@ n%ﬂas%ﬁ’w&&hqriﬁ 10, e(rﬁh)R3 is

an am no-i ndazol i none represented by the fornula’
hydrog@NaHHH alkenyi, glkoxfh, dRalkyl, Alicarybbaving froe @l MWarhmcatmm preferably

is R’ GGy AR GNP IE S Bueb i HphRt sPEpisneiamine (NPPDA)

andltg\{-sg,qﬁgfs N N Hin V\,hl ch R can be absent or can be
- C10 linear or branched hydrocarbon sel ected from
b) annhmlocarbazole represented by the formula:

N

R I 1
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 represents hydrogen or an alkyl radical having from 1 to 14 carbon atoms,

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

R
e
HoN NH
N/

!
H

in which R is hydrogen or an alkyl radical having from 1 to 14 carbon atoms,
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group consisting of alkyl, aryl, alkaryl, or
arylalkyl. 5 (f) an am nopyri m di ne represented by the
formula: NN R 160 in which R represents hydrogen or
an al kyl or al koxyl radical having from1 to 14 carbon
. atonms. 10 55. Process according to claimb54, wherein
the grafting is conducted in the presence of a free
(e) anrﬁﬁih&ﬁlsrchﬁlbﬁia%l@ &eﬁés%ﬁt?:h‘b?‘@hé forMfla®i | . 56. Process
according to claimb54, whérein the grafting is
conducted by injecting said oleﬁqHéc car boxylic
acylating agent in a n9|éf1é copolynmer with a
tenperature of betwee 0 ggto 240 C at a single
injection point in a ﬁanspo i Zone of the extruder.
57. Process according to cl g m54, wherein the
ol efinic carboxylic acylating agent is injected as a
in whitBIR cf betibSER 08 tabe G0~ @%lnﬁaﬂiﬂ%ﬁ&wﬁﬁg&%%ﬁ& $fected from the
clai m 54, wherein step is foll owed by vacuum
@wup§pnm¢pwnéﬁﬂuhﬁeﬂcﬂbﬂybonpwh@qﬂs pel l etizing the
copol i nterne ssgl ving the peIIetlzed
(f) an *PﬁF@Fﬁ@%F@%%ﬂpgg '861vent neutral oi
before carrying out step (B)., NH2 42 59. A process of
cl ai m 54, wherein the reac g of the ol efin copolymner
and acyl ati ng agent occurd in the presence of |ess
than 0.1 wt. % hydrocarb “soNvent. 60. A process of
- claimb4, wherein the diksol\Jing of the pelletized
copol ynmer internediate ' utral oil forns a
sol ution, and further g sparging the solution
with inert gas suffici ennve noi sture prior to
further reacting with the am nB& gﬁ An additive
reacti on product prepared by a od conpri sing
in whitk R%ﬂgx%&bnﬁh yk&ieh dr 6 Eﬂk&y&eﬂkmﬁ"[ IR Hais 2o R N 18N Grbon
and at least” one C3 to O al pha-nonool efT n and,
atomsopti onal ly, a polyene 10 sel ected from non- conjugated
di enes and trienes conprising fromabout 15 to 80 nole
percent of ethylene, fromabout 20 to 85 npol e percent

55.  Oprogdk %cggdihg tcgigmj'?‘l_ip, R o ﬁm’tfﬁg i805hdhbRFin the presence of a

free radical initiator dissolved in an oil.

- 56.  Process according to claim 54, wherein the grafting is conducted by injecting said

olefinic carboxylic acylating agent in a melt of the copolymer with a temperature of between
160° C to 240° C at a single injection point in a transport zone of the extruder.

57. Process according to claim 54, wherein the olefinic carboxylic acylating agent is

injected as a melt or disbersion.

58. A process according to claim 54, wherein step (A) is followed by vacuum stfipping

| unreacted components; pelletizing the copolymer intermediate; dissolving the pelletized

copolymer intermediate in a solvent neutral oil; before carrying out step (B).
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about O to 15 nole percent of said polyene, said

copol yner havi ng a nunber average nol ecul ar wei ght
rangi ng from 1,000 to 500,000, with an olefinic
carboxylic acid acylating agent, said process
conprising (i) heating said copolyner to a nolten
condition at a tenperature in the 15 range of 60C to
240C, and (ii) grafting in an extruder or a m Xxing
device, said olefinic carboxylic acylating agent onto

59. sdi proeespof glaim >4.Wegreipyheyeactingiof gheolgiimte et acyeting agent
olefin copol.yner a hayvi,ng _at .l east 1.0 nol ecul es of

occurgihe BreriRR gt I D e g ARG g8 RGPt  ed ont o

60. €ACHobEE 6ELhin 84, Windréin BhedissaleAPOf HEPEHet28d debolymer intermediate

in neutral oil forms a solution, and further comprising sparging the solution with inert gas

sufficient to remove moisture prior to further reacting with the amine.

61. An additive reaction product prepared by a method comprising 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 to 85 mole percent of said C; to C)o 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 (i) heating said copolymer to a molten condition at a temperature in the
range of 60°C to 240°C, and (ii) grafting in an extruder or a mixing device, said olefinic
carboxylic acylating agent onto said copolymer, thereby producing a grafted, acylated olefin

- copolymer and having at least 1.0 molecules of said carboxylic acid acylating agent grafied onto

- each molecule of said olefin copolymer.
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