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I' MPROVERS FOR LUBRI CATI NG O L COVPCSI TI ONS aﬂ[ E | NVENTI @NARN D084
invention relates to dispersant-viscosity i \ﬂgﬂmmuﬂm ubricating oils,
and oil conpositions and concentrates cont ai uch di spersant-viscosity
i nprovers. BACKGROUND OF THE | NVENTI ON The vi scod%t%" of | ubricating oils,
particularly the viscosity of mneral oil based 10 lubricating oils, is
gener al | yTitkepe DEISRER SHNT-VEBGRSIATYUIMPR QY ERSFORAPRMBRICAEING the oil is

i ncreased, the viscO$i COMPOSEHERNS at an undesirable rate. The function of
a viscosity inprover is to reduce the extent of the decrease in viscosity
as the tenperature is raised or to reduce the extent of the increase in

vi scosit yF s lowered, or both. Thus, a viscosity

|
i mprover 15 angliorates the change of viscosity of an_oi] containing it
W Eh changes T MSCRBUERR RS TR PG O O SRS o LBFReOlT | ar e
i nproved. oM i EcthpdsifdRiAN €Y eﬁ{raeyédfﬁalihmgee&wa;er&dnmfse&%'-ﬁlpiwérsar e often
referred to as viscosity index Inprovers 6r as Viscosity difiers,
Di sper sanBaAGKGROIRND @H THEINMENTIONe | ubricating art. Dispersants are 20
enployed in lubricants to keep . inpurities articul arl >§/ t hose fornmed during

§ § p Cul ¢ .
operation of mbBRxiscesY of duliricating oidh Pagichisrly thaayiseasi 08 minwalkeilbased
autongt i cy bl ] S 1 Sj her, t.han | oW n hemto
Gepostt aHPARRSE, ChineP ol BRI BRebfd e P iR bEar o
Ml ti f uncbil @iatreastd| the waRoditiadeciagiséiatien eddlirablseQei ty i nprovi ng properties
and 25 dispersant properties are |ikewi se known in the art. Such products
are descri bed iThe Hinetipn ok a pyisspsityampsensr iint igdisegherstent ofikhe daeraase in

"Lubricants and Rel.ated Products” erl ag em.e QGrbh 84 185-193;
"V Sl el ot Epoesitt o ety R i e, 08 DL biorPRe IR S,
(1967); MvisWsitEZH@QB{e tehpRhiueANs 166EHeH! 68 Sboth.NOYREs, DAL AsdaRfty - infprdef3) . PP
92-145, M W nney, "Lubricant 30 Additives, Recent Developnents”, Noyes
Dat a Cbr pameli@a®} , thopclid@e 162 vismnsityMof Win RehnewtaidiSy nit hetth ccl@nges dnd
Additives for Lubricants', Noyes Data Corp. ( .1980), pp 2 6 JAN 2004

96- 166. Efampesitugend: ?MaﬁwC@a{@wﬁgt198§fﬁ1&@b9reéwam§é4 y incorporated herein
by reference. i - Vi i i Vi I by
Fincti onal i 21 ng g Aagthed SREh) BRRRKSE AL FIDERPRR oerleBRRUTE,
backbone. adviskusitg indexéinpadversldr 8s vibe&sity modifiere] at es t o conpositions suitable
for use as dispersant-viscosity inprovers made by reacting an acyl ating
reaction produbspirfels 18 4lsg edl-kowre die t the Jubriealiang odyé naDispetsputs kare opol yner

e Phai CAPIOBES i RBRS fPboeh diaaiios, PORELADRERE e el TERSA b 1 vory

anmi ne andoppictiihadal Wevitdsisush RS intaihnéntiEtidn BRgIRes] Quiokiatit i@AGhissiehy]. Chung
et al, US 5,035,821 relates to viscosity index inprover-dispersants

conpr i sede§f it fwepensiwotraibar than @llewingdhemno depositarseslusigp or pther depasits ed wi t h

the surfaces of lubricated parts..

Multifunctional additives that provide both viscosity improving properties and

25  dispersant properties are likewise known in the art. Such products are described in
numerous publications including Dieter Klamann, “Lubricants and Related Products”,
Verlag Chemie Gmbh (1984), pp 185-193; C. V. Smalheer and R. K. Smith
“Lubricant Additives”, Lezius-Hiles Co. (1967); M. W. Ranney, “Lubricant
Additives”, Noyes Data Corp. (1973), pp 92-145, M. W. Ramney, “Lubricant

30  Additives, Recent Developments”, Noyes Data Corp. (1978), pp 139-164; and M. W.
Ranney, “Synthetic Oils and Additives for Lubricants”, Noyes Data Corp. (1980), pp
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ethyl enical ly unsaturated carboxylic acid noieties, a polyanine having two
or nmore primary amnmino groups or polyol and a high functionality | grg jaRa204
hydr ocar byl 15 substituted dicarboxylic acid or anhydride. Van Zon et al,
U S. 5,049,294, relates to dispersant/Vl inprovers produced by reacting an
a al pha-beta unsaturated carboxylic acid with a selectively hydrogenated
star- shap§@'166I vt ohdheseepublicationsnis Bereb expeeesly dnerrposagtednhéreino Ry chai n
al kane Supesf&jeﬁ ted carboxylic acid and with a C, to C, 8 am ne containing 1
to 8 nitrogen 20 atons and/or with an al kane pol yol having at |east two
hydr oxy groupsDpeihaiittvibddgit ifibowom Grd péHtudily propdréPby filflcBiehalBinglie., U S.
4,517,104, relates to oil soluble viscosity inproving ethylene copolyners
react ed onddingpelatigraiphitoes hydreedrber pglymasbackberteed car boxylic acid noieties
then with pol yam nes havi t I re primry amne gr s. and a

car _boi\%ll i c aci Elr%%g%bo%]rp%ng%%' @ﬁﬁﬂﬁgﬂéﬁgrtﬂe‘_&f’fﬁl@é%ﬁl&ﬁ%ﬁ%ﬂgéef Ythéfeof .
Cuti er T ez dpordint-vidoSsity infiidvetd thadd B GEARIA ooy BOhYIRLEA BRABLL WhichPT Vi N
et hyl ene copol yners réacted or grafted wth ethylenically unsaturated

car boxyl i ts faunel hpireciing a hydrogezatedblovk tdpabahsraanidrensalplzasbetg otefimically nor e
primary am ne groups and a . Cz2 to C2 | ef i arboxylic acid conponent. 30
St eckel , B‘.‘%.turgt,egé%?m e ther prsecncg; 8%3%3 lcﬁa%r%‘ilart‘é‘lss thene seacting b@er eacting

reaot ant o R bRR AIERHY ebt A il BTSRRI RGN 1

gr af t 1@ opfingtieiiat avdderein the 5

Chung et al, US 5,035,821 relates to viscosity index improver-dispersants
comprised of the reaction products of an ethylene copolymer grafted with
ethylenically unsaturated carboxylic acid moieties, a polyamine having two or more
primary amino groups or polyol and a high functionality long chain hydrocarbyl

15  substituted dicarboxylic acid or anhydride.

Van Zon et al, U.S. 5,049,294, relates to dispersant/VI improvers produced by
reacting an a alpha-beta unsaturated carboxylic acid with a selectively hydrogenated
star-shaped polymer then reacting the product so formed with a long chain alkane-
substituted carboxylic acid and with a C, to C,; amine containing 1 to 8 nitrogen

20  atoms and/or with an alkane polyol having at least two hydroxy groups or with the
preformed product thereof.

Bloch et al, U.S. 4,517,104, relates to oil soluble viscosity improving ethylene
copolymers reacted or grafted with ethylenically unsaturated carboxylic acid moieties
then with polyamines having two or more primary amine groups and a carboxylic acid

25  component or the preformed reaction product thereof.

Gutierrez et al, U.S. 4,632,769, describes oil-soluble viscosity improving
ethylene copolymers reacted or grafted with ethylenically unsaturated carboxylic acid
moieties and reacted with polyamines having two or more primary amine groups and
a Cy, to Cyg olefin carboxylic acid component.

30 Steckel, U.S. 5,160,648 describes dispersant materials prepared by reacting

highly condensed polyamines with carboxylic reactants and phenolic reactants.



10 15:.backbone polyner is a rubbery, oil soluble ethylene-propyl ene
copol ymer or ethyl enepropyl ene di me nodified terpolymer and the gpgf JaAN 2004
nmononer is a Cvinyl pyridine or N-vinylpyrrolidone. They are described as
provi di ng di spersant properties to hydrocarbon fuels and conbi ned viscosity
i ndex i nprovenent and di spersant properties to lubricating oils for
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i nternal combustimiughst fbsU-Sh  relatssItonsal copelymep avhageinythent i mat e

dri xt ol . oo ;
o enper aPORERAORE: R tRsy, o Bl CRIORRE pABDIE SopIAEER el O
i ncrease pp9lendldizne nhdtiifiéddchlyheiaIthé graft mdAGhertks adl-virdyl %gri&i;n@%ﬁ, 418

di scl oses_a nmethod of meking a lubricating-oil additive which inproves the
vi scosi t yNrvioglpysakddangs allys peer desegibad dasd pravidjogt disparsaoh , prapértes et hod

conpriges aft. copolynerizing,. onto an oi.l ssol.ubl e base lymer, fromO0.5
to 10 %ar PgérS?argorboﬁ?l%e?‘l?c& a“tﬁ’lngjl‘?e ctvésﬁoflggé%eé‘r TPt R BT ta§83xﬁ8?r§@tof a

pol yner i zgkjpertids RS ltiRaNsg bits £R TRCHAM coBltioRdhEhedeTRE gbift Weiolthe?f sai d
base polyner, and the lubricating oil additives so produced. 'Each of these

pat ent s i srehprepdrgd dypngmsteyadmiztre of daddohe ipelymdyy graff sweomer ahd free
addi ti onal

di scl psures concernin ti-purpose additive nd particularly
vi scosi t yTa9sE oV Al adit%rﬁ%e?%tﬁig?t ?,éiot“hég’(ﬁ‘iag%? Jemperauge, ?‘Hg"’feél I%QSWF1 ng

3”b%%dgfi?ﬁ%éﬁﬁ%%&%gr‘%%%%@ﬁ E@B@qg‘?géﬁgﬁ%b§4r2e];)%§ngi1 5583, 563, 9603, 8

64, 0983, 312, 619t 9 %1,7B5R, 4633,268iBR6eS4Behidd, ToRAkiAZ % IHRad@B00113, 637,
6104, 033, 8893, 404, 0913, 652, 2394, 05| , 0483, 445, 3893, 687, 8494, 234, 435 20 25 As
not ed abodeditivg whishdmprovgs Beadscesity ingerndnd kasaadieperdrgmansy detereent agiien.f r ee

radi cal g i fi Vi i n s _ant W vari ety of

hydr ocar bgﬁi%oﬁgtr@g %dé@%ﬂ)sg% ggfpggﬁre(ﬂ%fzﬁ%ﬁé’n?@%%e il ﬂ‘g’}%? >Cs &ciﬂm 8 N-vinyl
pyrrolidopena0d @i I®tpaitt i apalyinelizated Meaedny togatkle Swak ©. Uss'3l partseash! ¥
grafted under free radical conditions. Qher vinyl nitrogen nononmers such
as N-vi nypolymeriaatd¢ dN-hetarpeyeia egmpoungy sbidi paytsubrieg bir weightidf said basadi ti ons.

3 1 6_JAN 2004 It. has now.been. found that, sinultaneous grafting of
c.ertaili speehEn Wb@{l?atwgﬁﬁﬁﬂggmnrgpp@ﬁs. of two or nore different
ni trogenous Vi pylp mﬁ&{éﬁfal&n{sqéﬁér%feiB}és%l}ﬂiBEéx’f)bﬁ'EEd 1H¥&h by MfereR&peC! ally of

nmononers that are difficult to grart enpl’oying nore convention
techni ques. MbFevadditiortahdisgloaires capetnyugemslibhirposecalidithves ahy partidelaripst r at e

surprisingly outstandin I.spersanc 1d . sl udge, suspensj on _properties. It
is a pri P%O%t%j ITOYSES 3&‘? SISPRRS RIS %ﬁaq(llﬁflwwﬁetﬁﬁéﬂ}li?ww&|[thillleﬁu$tats=§e
lubri cant Lt GieiBSorporated herein by reference:

2,973,344 3,488,049 3,799,877
3,278,550 3,513,095 3,842,010
3,311,558 3,563,960 3,864,098
3,312,619 3,598,738 3,864,268
3,326,804 3,615,288 3,879,304
3,403,011 3,637,610 4,033,889
3,404,091 3,652,239 4,051,048
3,445,389 3,687,849 4,234,435
20 As noted above, dispersant viscosity improvers have been prepared via free

radical grafting of vinyl nitrogen monomers onto a wide variety of hydrocarbon
polymer backbones. Some vinyl nitrogen monomers such as N-vinyl pyrrolidone and
dimethylaminoalkyl methacrylamides are usually easily grafted under free radical
conditions. Other vinyl nitrogen monomers such as N-vinyl imidazole tend to resist

25  grafting under free radical conditions.



A nore specific object is to provide nufti-purpose additives directed to
i'nproving |ubricant viscosities and di spersancy properties. 10 A& § WANh204
object is to provide processes for preparing such mufti-purpose additives.
Anot her object is to facilitate grafting, under free radical conditions. of
vinylic nitrogen contai ning nononers onto a hydrocarbon backbone Still

anot her obj ect Itihas pgwhesy feund thef simyhignsonngiafiing freselaperidisapd avdly and 15

Vi scosi t erti . | ec SRR b bvious in view of this
i o1 osur AR EheiRiohd BF fw Bt BN dibentnt oy BBRbus KR Beferslealk Bl 71 o2
The presepford BifRNNt Shfiise, FspRed§ bt Hotorir fiflat GRPAIHERT twgﬁhtemﬁ@riﬁg

di spersant viscosity inprover for lubricating oil conpositions. The graft

copol yner mpgrgeieational hgehnigues b oMopesivgrethe Fgagfi m@pglb’afCISf pbil;l;mértlhzmbyt her eon
t | t i t . t ai nj it t | t .1 ni t.r ogen

cont ai i ndeUMRlSRir Y Pudandtpg fisgersyicy and Sidg BSpP@TRORTES N et hy! -

N, N, - di met hyl - 1t iNa DritHaff Sbjbet o Bifls MvBARRVL proBIMIARY ifﬂu’i’tirbﬁlﬁaols@ﬁgri@éntl east

one of the nitrogen coritaining units being derived fromat |east one

vi nyl i ¢ naddittg@sn cont ai ni ng heterocyclic conpound. This invention is also
directed to a process fqr, preparing the graft copol yner, nethods for

i mprovi ng the &f M%Y? e"’HESlﬁBfObﬁ&ée‘s rtﬁdpliﬁ’éﬂd%gmé}#t%‘pﬁ@(’%ﬁ g&‘ihHWﬁ dirggted dgen 30
cont ai ni n Wl n polymers, additive
concentra e@gﬁgqﬁ% ra%‘fé%?‘%ﬁgﬁg%ﬁd @gér%%@??goﬁ)gﬁ%ghpri sing the copol yners of
the i pvention, Aafgthér object is to provide processes for preparing such multi-purpose

additives.
Another object is to facilitate grafting, under free radical conditions. of vinylic
nitrogen containing monomers onto a hydrocarbon backbone
Still another object is to provide lubricants having improved dispersancy and
15  viscosity properties.
Other objects will in part be obvious in view of this disclosure and will in part

appear hereinafter.

SUMMARY OF THE INVENTION

20
The present invention is directed to a graft copolymer useful as a dispersant-
viscosity improver for lubricating oil compositions. The graft copolymer comprises a
hydrocarbon polymer having graft polymerized thereon at least two nitrogen
containing units, at least one of the nitrogen containing units being derived from at
25 least one of N-methyl-, N-ethyl-, N,N,-dimethyl-, N,N-diethyl- and N-propyl-
(meth)acrylamide, and at least one of the nitrogen containing units being derived from
at least one vinylic nitrogen containing heterocyclic compound.
This invention is also directed to a process for preparing the graft copolymer,
methods for improving the efficiency of free radical grafting of vinylic nitrogen
30  containing heterocyclic monomers onto hydrocarbon polymers, additive concentrates

and lubricating oil compositions comprising the copolymers of the invention, and



2 6 JAN 2004 methods for inproving the visconmetrics and di spersancy
characteristics of lubricating oil conpositions. 5 DETAl LED DESCRRBTUAMN 2004
THE PREFERRED EMBODI MENTS According to the present invention, a conposition
of matter suitable for use as a 10 di spersant-viscosity inprover for

| ubricating oil conpositions is a graft copol ymer conpr[sinq a_hydrocar bon
pol ymer h&gtheds éerampreyang therviscometrirs raad disperspeysehatagistigiigst afrlwbricating r ogen
containing.units.fat | east one of the nitrogen containing units being
derived fPRSPRPOTUANS one of N-methyl-, N-ethyl-, N, N,-dimethyl-,

N, N-di et hyl - and Npropyl - (nmeth)acrylam de and at | east one of the nitrogen
containing units being 15 derived fromat |east one vinylic nitrogen
cont ai ni ng heterocyclic conmpound. As used herein, graft copolyners are
defined as copol yners having a polyneric hydrocarbon backbone chain to

whi ch groups of a different chem cal conposition are attached at one or
nore positions along the backbone. The attached groups may be nononeric or
polymeric, often oligoneric. The graft copolynmers of 20 this invention have
uni que pr OEIATLED DESCRIPTION OFTHIB PREFERRED EMBODIMEN TS afted units
together with the backbone polynmer. The use of the m xture of graft
nononers also facilitates the grafting process. As used herein, the terns

"hydr ocar " hydpacar " L hydr y t hat the group

el ng. destrrasiperitc ittt imbrighid sPaRoIAN, OF Riter SR W v e

cont exd OHishérsantivineesity @fprovéiefR 1ihedatide oBlr esiRositivak iafaegmfr &plyydr ocar bon
in nature, that is, they contain only carbon and hydrogen. They nay al so

i ncl ude grompssiognat bydibeagbau belyimen daving ografit podpmevivied theiwomatt ledst éwot he

pr edom naatft% héﬂrocar bon. char act er of thef roup. Such substituents may

i ncl ude h&ITEEeNt REQpeY confgimmgunitsy atleastipne of MieRigagen LRtaYe YoHE 3FREhet er o
at oms. SUitaRliGTdIE helkfst 3hO BENUhéthy BONRenyRD RAN SiimdRy 1L, mﬁ%ia%ﬂ- LRGN-N the
art and include, for exanple, sul¥ur, ni't rogen and “oxygen. erefore, while
r emai ni ngpppgtofmet@aciyjantivel rand aat bleast i anecdfathechiengen tomtainthg units being

15  derived from at least one vinylic nitrogen containing heterocyclic compound.

As used herein, graft copolymers are defined as copolymers having a
polymeric hydrocarbon backbone chain to which groups of a different chemical
composition are attached at one or more positions along the backbone. The attached
groups may be monomeric or polymeric, often oligomeric. The graft copolymers of

20  this invention have unique properties resulting from the combination of the grafted
units together with the backbone polymer. The use of the mixture of graft monomers
also facilitates the grafting process.

As used herein, the terms “hydrocarbon”, “hydrocarbyl” or “hydrocarbon
based” mean that the group being described has predominantly hydrocarbon character

25  within the context of this invention. These include groups that are purely hydrocarbon
in nature, that is, they contain only carbon and hydrogen. They may also include
groups containing substituents or atoms which do not alter the predominantly
hydrocarbon character of the group. Such substituents may include halo-, alkoxy-,
nitro-, etc. These groups also may contain hetero atoms. Suitable hetero atoms will

30  be apparent to those skilled in the art and include, for example, sulfur, nitrogen and

oxygen. Therefore, while remaining predominantly hydrocarbon in character within



2 6 JAN 200g the context of this invention, these groups may contain atons
ot her than carbon present in a chain or ring otherw se conposed?@f Jyarimn
atons. In general, no nore than about three non-hydrocarbon substituents or
hetero atons, and preferably no nore than one, will be present for every 10
carbon atqns in 5 the, hydrocarbon or hydrocarbon based groups. Mst

pref er abl {he eandexdrduthis Bwventin: dhgsengraui Bia ofpriain ey @ther Hhan carbppey ar e
2ssent ! al sl 34 8hiftbPHRg RiBRLIsL A3f0GR8 RPN AYTufNG" 00°r, Throughout the

speci fication an e expr esshon ol or dispersible is used.
By oil sol ubl elpperbrdpas shdik thnsabmaﬂireé Red-hfdroadfBot EubREREAE drohelddopr ovi de
the desired level of activity or perfornmance can be incorporated by being
di ssol vedatogiss pist preteraly so spue thea dng, wil be presdnt [foraviersat ¢ earban sloosiiny .

UsuaII rreasth bout O %.b ht of the terial

can eS| niGr BdREARan o YRt BaseR aiPtir: MShRBLRbrine BBy e Resle

di scussi ofy@bcdrBén irfihidre Ofhht ﬁ%éibérg e?s@ﬂtlﬂlysﬂ?@er &t dbfis oftRF tHah \¢hHohYnd St abl y
di spersible”, see U S Patent 4,320, 019 which is 15 expressly I ncorporated
her ei n byhyd&beerence for rel evant teachl ngs in this regard. The Hydrocarbon

Pol ymer As useq herein, the expression QIy refers tQ po|yners of all
types, i.e. g. ﬁ efhe Spee! @S@Py?ﬁﬁr g‘ileere?‘r?rﬁﬁﬁlﬁi’pcﬂl Ve %eefoérs to

pol ymer s Gif’sgérmﬁ’e fsﬂ%ﬁ&l e%.}, At LAlibi¥ 9;21% @Rgﬁ?&*%f fnSart RES A3 Sam QP ALYITR" S are
defined h berng 20 deri ved from nore NDNOMErI C SpPecl es.

hydr ot@r berovidd theedesired dsvebof @otivied by pbifeihenes la@m bb&ﬁﬁﬂp@@{eylnw bellplgual I y
one havi ng a nupber average nol ecul ar weight ( M rangi ng. from about

6, 000, spolyeds rdisnsengd  oroxyspaded gy aapmi 0 élﬂhﬂf@tlwmse%ty 0 éailyu;shltsO about

300, 000 r t 0,0 ecu ht olynerlc
hydr ocar lr)rgnng%{ {&I%)St ag?lgqubqug?' u5| W@erlakﬁaél\/\% %?WSE?& 8r| bed in
the liter MU#fcﬁtng&ﬁ%hﬁ)‘ésﬁBnprmeﬂﬁirﬁ&r fd@srcusi%@bmw feamb ot mh@e%ar

wei ghts are gel perneation chronat ogrgﬁ y (GPC) (al so known as

si ze- exc| disbemibishrpaeudayha Sstghly adisparsi p¢ﬁa§b3 oBaftsmeﬂﬁ?O(OWO)vhmHhese and
ot herlgrocedur S, are desgcri be% gf nune ousl%%r“bll atl ons, | ncl u(gl ng: 30 P.J.
Fl ory, PFWTE?SEI L p bymelfieacs tpr releyng iepehipgs ipdhis r¢8ardr ess (1 953)
Chapt er Vithe tRRr280a Poiviadpd 6 2 6 JAN 2004 " Macronol ecul es, an
I ntroduction to Polynmer Scilence", F.A Bovey and F.H Wnslow, Editors,
Academ' c Press Asi8&®herepp t]ﬂagﬁep%észlon\/\pmym\éa’urefeis fo pcb{ymlefsavfohlht}qbei)lla Bly,
"Modern Size Exclusion Liquid Chromatography”, John and Sons, New
York, 1978°mSPalymers qpe@meaﬁs The éermeh%ypqlﬁe@rrrﬁ&raf%aoluwer%ﬁfw@ﬁce for
rel evant e I d n of
ol ccl ar tadt et é@%&?@“&%ﬁ{l‘&&ﬁ%ﬁ@lﬁ? (R b BR BT Bl
descrpti Yzlenvn‘d fram R@ir yoze nﬁ)nmleﬂcs;b&reswel ght is the nelt index (ASTM
D 1238)which is_a neasure of the relative flow or fluidity of pol yrer
under defined dbadtdrenssbass pplyaes uiseamgsentially hydrocarbon based polymer

usually one having a number average molecular weight (Mn) ranging from about
6,000, often from about, 20,000 and up to about 500,000, often up to about 300,000
more often up to about 200,000. Molecular weights of the polymeric hydrocarbon

25 polymer are determined using well known methods described in the literature.
Examples of procedures for determining the molecular weights are gel permeation
chromatography (GPC) (also known as size-exclusion chromatography) and vapor
phase osmometry (VPO). These and other procedures are described in numerous
publications including:

30 P.J. Flory, “Principles of Polymer Chemistry”, Cornell University Press
(1953), Chapter VII, pp 266-316, and



10 tenmperature. Polynmers of low nelt index generally have a high nolecul ar
wei ght and/or a high degree of linearity, and vice versa. The gr?%tgqumk
pol ymers of the present invention preferably have a nelt index of 'up to 20
dg/mn, nore preferably 0.1 to 10 dg/ m n. Wen the nol ecul ar weight of a

polymer is gregter than desired, it, may be 15 reducged, by techni ques known
inthe art. Su%?ré? C(‘:ff?é’sarl OQH‘E%‘W&’}?&%PE%I S%%ar’idl:n@- BPV?Yh@ng%ner
enpl oyi ng e , . I : I A extruders and the |ike.
Oxi dat i ve“g?la% érEE#a(fé’s%%g%#h?ﬁg%ﬁégg@é@ %%é?gzdhni ques are al so useful and

are known. Det &.M& WhunireKadktandr acke BUDeBI§,0rMolear 8128 PIlyIGH S.iquié gi ven
in US. 5, 348,673 which is hereb(i/ i ncorporated herein by reference for
rel evant Ghesmpaegraply”} fohnpWiepand Sopsr Newekgh%4Pt copol ymers are typical ly

or epared by o FTEE. PaaesPR T Bereby  BGRolR 7 ERRE, XERRTAT ¢ 1

wi de vari gisyloSireP&drtdTBEd theRed felitias to tHleRMihatibAof AoleellaPWelghe Nature of
t he hydrocarbon polynmer is that it contain a hydrogen atomthat is 25

accessi bl e andAaleseremanyl which isheoppleswntaey ¢6, ahé dffepedesadpiied of,nati at or .
Appropri ate_hydrocarbon polyners include t ' ontain a nmeasure of
ol efinic Hﬁlé'ﬁiéﬁﬁ ANVOA AR 1P ﬂ%’fs“‘?'ﬁ&‘gx\ﬁﬁ‘iggﬁfge@@g%g‘tcgﬁ? PAEFUELX ur at ed.
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car bon-carbon unsaturation residue ue to termnation processes and those
havi n{0 bacnfyerduer Papniarst ofulosamettanden geheeallyohaveea Biphi molecplar afcight of di me

nononers, as we|] as pol ¥rr_ers,vx/nerei,n such unsaturation has been
i nt ent i onand/gr 3 bighdeares ot ligpasiiprngyviemsssae ol hegralied palymsrsof thapwsgitic 7 2

6 JAN 200 ' r.abl y car bon FoW ||
typicall yﬁlggﬁt?%?ﬁl%%%e@? ﬁ?‘ééaéﬁ%gtlﬁ@a ?fol}rP T]t%biaat»s/ /ngrg“? 6 p? %F‘égﬁn%%%rl Oof
carbon todgaiihon bonds in the polyner, of |less than 5% Mre preferably,
the polynmer will contain | ess than 2% and usually no nore than 1 %

resi dual unsat NYhen the molpadarpweighi abha polynes ip gavates dhero desitsdy iemay be 5
Subst 0t | fldyte 6 Rl PL LR 1 AR Wi BI NS SREREN SR
of the polymer employing masticators, ball mills, roll mills, extruders and the like.
Oxidative or thermal shearing or degrading techniques are also useful and are known.
Details of numerous procedures for shearing polymers are given in U.S. 5,348,673
which is hereby incorporated herein by reference for relevant disclosures in this
20  regard.
The graft copolymers are typically derived from hydrocarbon polymers.
Because the graft copolymers are prepared by a free radical process, the grafting
process is adaptable to a wide variety of polymer substrates. The only limitation on
the nature of the hydrocarbon polymer is that it contain a hydrogen atom that is
25  accessible and abstractable in the presence of the free radical initiator. Appropriate
hydrocarbon polymers include those which contain a measure of olefinic unsaturation,
as well as those which are substantially saturated. Included are hydrocarbon polymers
that contain terminal or penultimate carbon-carbon unsaturation residues due to
termination processes and those having backbone or pendant unsaturation due to the
30  incorporation of diene monomers, as well as polymers wherein such unsaturation has

been intentionally reduced or removed by chemical means, such as catalytic



of olefinic unsaturation. In order to reduce this unsaturation, they may be
hydrogenated to reduce the amount of ol efinic unsaturation to addeptibli:

| evel s. Usually they are hydrogenated to such an extent that the resulting
hydr ogenated 10 pol yner has ol efinic unsaturation, based on the total

nunber of carbon to carbon bonds in the polyner, of |less than 5% .

pr ef er abl §yqragenatign, ze)(?ra,tpbfp dhe, hygracarben, palymep allitypisally opntaig; olefinic

unsat ur at | b}@ﬁ‘{' fer 1 ively

hydr ogena%ug .tur e’Bg{egr@rtﬁgrg{alc%n g?ﬁ%%?g%gfpa&g&{ﬁéﬁtlbghegﬁ&%gf’g\gl i phatic
conponent fess than 3Kt Mogs pilebestdpfthe PoIgHRE WGl YaRainueRtthan2%s amPisuafly aensi der ed
olefinic unsaturation wthin the context of this invention. Depending on
hydr ogenaftiosh theantiotegideal unsatuestiano Uylogoprsisrably, dhehiydrogarbap polsayerbie

hydr ogenat ed, |. ef ef r.ed .embodi nents, the hydrocarbon polyner is an oil
sol u_blg oFEb&fanglllgfrB‘f %{%%BBP P copol yner sel ected fromthe group
consi sting of : Man} hydRRhIHBR polyaiss, Wﬁﬁ%ﬂ?&cﬁﬂed?%ﬂtgﬁ&ﬁgexﬁﬁcﬂft Hﬁxﬁimtgo (2)
copol ymers and hydr ogenat ed copol yners of conjugate Ienes wth vinyl
substi t ut efl deforeat insamatipounds; onder etov ecduc8) thixo lupsatustiof, theyharayl &€i ns

havi ng fr 2 to about 28 carbon atops; (4) ol efin-dinme copal rs and
hy\élrogenagﬁ Ot ggoufﬁrﬁﬁ‘F%cS ¢ agoyny S%T%%‘ifé?g HBF‘}WF:@P%’.‘ ItQHaC‘?‘ﬁEgtgggg\@i%rred
ol ymers i j i i 0 : s of
P enoe. TnofalRky BEthydho@haed 16 Seh Anl plEk b Bleosulind ydibohiFRES BF

nor e 0 nepolymea hhy diedimin ahethrhibor (hakgdren the taalpahnibar obéarbeie t®catone di mes.
The di nme EOl mers in this application are Preferabl t hose whi ch have been

30 subst aRends inythepalyase it less, tham§% owetarahly less than 246 morsl prefesadlunat i on. 8
2 6 JAN 2 j i ugat ed ' but adi d
pi peryl en%%%?@o%%%ﬁ%ﬁ%ng%ﬁaglﬁ ‘Eqggalgrg%ﬁ%%gépéﬁgaéﬁ%%gfl é);g’ha}l&%glgte aginene.

Pol ynmer s ethauoijelig sHyRogénafed. arkhePhelydier ephay SbeaiROLPIRES, ak@n&RN\eNi ently
prepared via free radical and anionic polynerization techniques. Enulsion
t echni quesydealipbatipompoBerdsypboyaikiires thereef. r afliamedaticpuhsatwratiomtis ot

d i i | | lLi.gh | oyi . | yiti hods.
Cat a1 01 B R R BGRER P e R o7 S it TSR N el vt e
tenper at UhgddféhaliBh bokiOMR, hi9td M85 ok hidthatiR ghdips P8 BedRr¥chated\N

extensi ve di scussion of hydrogenated dine polymers appears 1n the 10
"Encycl opedi a &f prebyed rentbodamngs, ahd Bugicaseni pgymek/as wmeoi?, sopybld w6H- 586,
and Vol uma, 8, 1}'% 499- 5?2, W ey-Interscience §1986), which is hereby

expr ess| y4{SRES® &)‘?‘)&’P‘%ﬂ? HBGTAr SoPRlymer selectrddrem the o sonsising 8fosures in this

regard. Hydrogena i s and copol yners of
conj ugat ed di r’r@ %ﬁ@ﬁg%%@ﬁ%%tggg?lgw i%{reé%g’of the formula R1\ R2
RsYRa2@= C C=(F} tbpdRyhersRmdivhedrejdnaesc boppliandrs tafejonfigartedlels Withor R

with a nunerical subscri gt, i s independent|y hydrogen or hydrocarbon based,
wher ei n hydr ocar b&HWhauhsHtuted a{emati¢ corappunds;aneiapie. At | east one

substituent is H .1 S: hydr.ocar , and R wll both be
hydr olgeﬁ, ani:l ef g@e?%&ﬁ%}%l}a%@ﬁﬁsy@@gn%%ﬁgiggﬁc&lﬁ% CI?{@O\RA' alg(fm%o}ch be
hydrogen. Most (4r efefinadibne copolyntdzs afdhyaitsheRéteahdlogslthere6r; AXEr 0gen.

Normal Iy, the total carbon content of the dine nonomer will not exceed 20
carbons. Pref efYedtatpolymetsor preparation of the polymer are piperyl ene,

| SOprsae, 2,3 %er:rs%tpqgflerr%d gél?%%%da{ree Hgs’crigcm icr)lrg? artéarnd(aétafillrﬁjere]i1’11’5)%-1(E)lejf.t adi ene.

(1 Polymers of Dienes

The hydrocarbon polymer may be a homopolymer or copolymer of one or
more dienes or a hydrogenated homopolymer or copolymer of one or more dienes.
The diene polymers in this application are preferably those which have been

30  substantially hydrogenated, and contain little residual unsaturation.



Sui t abl e honopol yners of conjugated di nes are descri bed, and nethods for 25
their preparation are given in numerous U.S. patents, including 2theAN 2004
foll owi ng: 3,547,821 3,835,053 3,959, 161 3, 965,019 30 4,085,055 4,116,917 9
2 6 JAN 2004 As a specific exanple, U S. 3,959,161 teaches the preparation

of hydrogenate | ybut adi ene. . I n anot her exanpl e, upon hydrogenati on,
1, 4- %ol yigsopr eﬁag Bisheninay b capﬂlgﬁtﬁiﬁvﬂga%ﬁwpwfaéfens@ngl IPEIFEY 18R O

ropyl ene, .. S nj ug gdj.e : : fr nor e
Cony ugar ol ERuIR] Falh, BOTAMORERAleTART BEFABERERGR, BV RE The

prepar at i osnjodathibdieped yogrefentd.c Goph galyattrsaresonketienthaprpered Mi€ filee! | owi ng
U. S. Patents describe dinme copolyners and nethods for preparing them
3, 965, 0l 9oradliqay and gmioniy pplyygerigtign Aechnigjues 7 Empysien igepnigues ars, comymey

4,073,437 [ t Nol¢ ratiomn _and hydrogenation of butadi ene-isoprene
copol y%erggsﬁ)gf%gq??e ?gdlgﬁl%@ﬁ'gﬁ“& té?r}és Di enes with Vinyl Substituted
Aromatic 15 CopRgtbagation Q@leﬁﬁ'lgpddcﬁaﬁ?hsﬂebeeﬂbﬂfyﬁfgar bosalpR YiiBthods a

e

copol ymer of a vinyl substitut aromati ¢ conmpound and a conj ugat ed di rne.
| n anot hefaeipsiodtechnigpes tempdoyang ydoapen atmttr cluigh| pressurcofand at elevated

i nyl -substituted ' . ' ted dime. 20 As used
\rﬂapgi n,sut f?é’llﬁegql&ﬁe@g{)%? '%gwgg?ngggengﬁﬁ%%m&iiaged :‘romz or nore .
MDNOMEr i C SPECIARS extbAkitd 'd?scﬁéE'Pcﬁldl dlbfaidrogddifed Sdidhe! bBMhe?é’%ﬁ%éa&/#‘ﬁ@?th@r omatic

conmpound and the other 1s an aliphatic conjugated drne.
subst 1@ ut EBnayclopadiaod Brdpaena Stignaoaid Engihearing3, Volaho Qf pg550a5 850 nad
2[ g];nesr abl oMn?em 88, }t)lg) 41929-5(:3%[ b\%rille?:[lr?tg?scggge r?1)982;[6)!3 rvsl]:igl{ aigl I%/érebsy (23I;<p?essc1§l "bon
incorporated herein by reference for relevant disclosures in this regard.
Hydrogenated polymers include homopolymers and copolymers of conjugated
dienes including polymers of 1,3-dienes of the formula
R, e Rs R,
\C= é)— (!3: C/

R “N\R,

15
wherein each substituent denoted by R, or R with a numerical subscript, is
independently hydrogen or hydrocarbon based, wherein hydrocarbon based is as
defined hereinabove. At least one substituent is H. Preferably, when R, is
hydrocarbyl, R and R, will both be hydrogen, and when R, is hydrocarbyl, then R, and

20  R; will both be hydrogen. Most preferably, R,, R,, R, and R, will all be hydrogen.
Normally, the total carbon content of the diene monomer will not exceed 20 carbons.
Preferred dienes for preparation of the polymer are piperylene, isoprene, 2,3-dimethyl-
1,3-butadiene, chloroprene and 1,3-butadiene.

Suitable homopolymers of conjugated dienes are described, and methods for

25  their preparation are given in numerous U.S. patents, including the following:

3,547,821
3,835,053
3,959,161
3,965,019
30 4,085,055
4,116,917



25 Exanples of vinyl substituted aromatics include vinyl anthracenes, vinyl
napht hal enes and vi nyl benzenes (styrenic conpounds). Styrenic_co gs
are preferred, exanpl es being styrene, al pha-nethystyrene, ort%@-%ﬂi@
styrene, netanethyl styrene, para-nethyl styrene, tertiary-butyl styrenes,
chl orostyrenes, and chl oronet hyl stgrenes, W th styrene being preferred. 30
The conj ugat edAéiar%?IG%ﬁwlFaﬁﬁa%@ 9.1 6hicaches thaprgparation-af ygiogenaisd and

pref er abl 0 | e.. CONJ {nes _include
o1 per y onbolhEEnd, In Ao RGBS Whon IfRGRNGG, 1 LRGN Shc B PRRs of

1, 3- but adukdtfatind dofolther oRetyRANaDR4pyieaRr ene and 1, 3- but adi ene bei ng
particularly preferred. M xtures of such conjugated dines are useful. The

vi nyl subst it ufepolamsrraef eoniugatedrdicnss arhpreparsd foiny wp orimgoreyoonjsighted i n t he
range of gbout 20%.:t 0 .about 70% by wei pr,ef e . bout 40% t o .about
G000 by 5 TR O SRR rY At oy dboss! HECERat dih e ERSUSR. Gl yrrer s
i's typi cahb¥opdlymbR bANGRjuRhtcd DBidhes3HfelmAbSROU TRO %D BOWiNE! ON.. pRERLEr abl y
about 40% to about 60% by wei ght. The polyners, and in particular,

st yr ene- didessribe gichy nepadymeraand mettendsl fonprepaoing thens, regul ar bl ock copol yners
or random bl ock copol ynmers. Random mm ynmers are those in which the
conononers are randomy, or nearly y, arranged in the polyner chain
with no significant blocks (segment%$73%#3’honopol yner of either nononer.
Regul & bl ock copol ymers are those 4,085#fisch a smal|l nunber, usually one or
two, of relatively long chains of hhhig@lynmer of one type of nononer are
alternately joined to a smal| nunber, usually one or two, of relatively

| ong chai K8r exangle.nt b diatgpied 075573 ndaspiabest iip eprerfarationoansr hydregriatiom o c k
copol yner I h LN ich a larger nunmber of relatively short segnents
of honopo 9t%ce11§n%%s%§%életc%o Y8 Sonomer alternate with relativel y short

segnents ¢fy homepelviidey &ff EdiREdMd NDRABET witht NehavIP HubsiuledatA@mhatiechni ques
such a6 emdhsb@ido! ymeri zati on can be used. e random regular bl ock

and random bl o I r ed | LSl [.on be |inear, .or, they may
be partially o? ﬁ?‘gh&*{yﬁ’gﬁ’éﬁ@hgﬁ Hﬁgéa?lé#na\té?pé{egrl? gﬁé@’r?g% erog f o‘r”rleSlc')l yner
segnent s kiibstitutéd1@dmatie gothpound Hdka wnjur%wacumm dalanBdled BRbodifneaD Yi iQUS -
Differences in structure lie in the nunber and relative sizes of the
honmopol yrréhydiegeratedscopplymesof avgwihswhstituiedarpingtie cothpenid apdlaycenjugatedei t her
type is 25 always alternating in honopol yner segnents. Normal or regul ar

bl ock cop 1<%er s usual ly have from1l to about S, often 1 to about 3,

pref ep@bl y onl Wsfus@icreOthRROM copolyRh@ bR 14 ﬂo?fngef%s BERRGE ARl orRhgie kS Of
each nonomer. Thus, a linear reguldr diblock copolynmer of styrene or other
vi nyl ar omenbmeronspaeies.( Ajn ahid eimbodimeR) aweulisd ahainy] ssubstiteted| amhratict ur e

represented b 3Q .| arge .bl ock .of. honppol r (A) attached to a | arge
bl ock of ﬁ%rﬁg%madyaﬂg,the(gﬂ,er1agpat§mag€g?guge{[e55§ge.‘ml\l 200 where a and b are as
descri bed her et ' : : i "A-B-A"
and "B-A-B" tr Fgggglﬁwg%b;ggﬁrﬂe@s%gﬁggﬁéége%g cchﬁ ggﬁ?ﬂri}ag; %faé%ﬂ% gé g?&?g@’f or

ani oni ¢ pefteferably faim 8o 12 carbon atoms and most preferably, 8 or 9 carbon atoms.

25 Examples of vinyl substituted aromatics include vinyl anthracenes, vinyl
naphthalenes and vinyl benzenes (styrenic compounds). Styrenic compounds are
preferred, examples being styrene, alpha-methystyrene, ortho-methyl styrene, meta-
methyl styrene, para-methyl styrene, tertiary-butylstyrenes, chlorostyrenes, and
chloromethyl styrenes, with styrene being preferred.

30 The conjugated dienes generally have from 4 to about 10 carbon atoms and
preferably from 4 to 6 carbon atoms. Example of conjugated dienes include

piperylene, 2,3-dimethyl-1,3-butadiene, chloroprene, isoprene and 1,3-butadiene, with

10




Simlarly, a regular linear tri-block copolyner of styrene or other vinyl 5
aromati c nononer (A) and dine nononer (B) may be represented, forygxgobesi
by (A)a(B)b(A) ~. or (B)ya(A) b(B)~~ or (A a(B)b(C) ~ where (C) represents a
segnent of a third nonomer. Several configurations are possible depending
on how t he honopol yner segnments are arranged w th respect to each other.
For exanpiseprepe aedt.3thutastiensibeingopartietdarly prefanedoMdixsuresapf sucB)conjugated) 10 can
be represegnt ed bﬁ thle general configurations: (Aa (Bb (Qc~ (Aa (Oc
(B)b~ O ’ﬁ??slarf ﬁegu(C)m wherein the | ower case letters a, b and c
represent the FRPKHY 5WBASHRBMARE HBBANGTthétRI bolymetB tipiedIGAIaEe bl oCk.
The sizes of the blocks are not necessarily the sane, but may vary 15

consi der atsinge of hleows 20%0 &t dhout A%dry weighth areferablyrabgut 4% b ebdutddpoby mer
conprises relatjvely few, hut relatively |arge, alternating honppol yner
segnent s. Wﬂhénh&%%??%? CofHegpt leﬁ‘ee‘ﬁﬂ"é%’éﬁfl@eﬁﬁ%%? a3 isvEBcalem BF e such
as isopre r | s alndt . t 2000,
pr ef er abl %}gggrfn%lg(ép ?’:{gg)oabtogtg (3% ‘%éégégﬁéﬁﬁ? %Eb?ﬁ@‘égé%&@@%?ggxaml e,
bl ocks dewveighd from 20 styrene, "b" usually ranges from about 100 to about
2000, prefer abIK from about 200 to about 1000; and when a third block (C)

i s present, "cThepalimeys,r gt partiguan sbrencrdicns cappymerspomm bgrigndared t hat

the M~ o I i it hi ran i ndj cat eful for this
i nventi on?oﬁfﬁbgn%g’pﬁ ?faerr §10%n%§1%2%§?e%%§§/&n§{oﬁg so%\ﬂgﬁl el%i%'no&namifioﬁnt he art.
Such P complyies el sioat iy vwiiich leeiddcdmis @8l raiddinlpOby fedriyZ AlniemIysi ng

Goup la netals in the presence of el ectron-acceptor aromatics, or

pr ef or medawangad dardeanalyroer chaithwidk ng stgnifisagt blocksi (segraentg) sifynosopglynienn

catal ysts. .The styrene/ djen |l ock polynmers are usually nade b ni oni c

pol yner i z8t FEHT %{f}%&ra%ﬁ‘ﬁéﬁg‘ﬂ% Cc’[f’@l?hﬁrﬁﬁ@st, O3hth WPIBr3 ﬁﬁglll SUROFBN
condi ti ongafafly 3He BF Q60 OF rdItfelPRhg URshS J b g §ng

pol ymer. ISn a?,l aer:li oﬁ% p(r) ymaeﬁ)l?a%i on, ?ﬁlé&?r{?ﬂdg{r?%g#%?felt éﬁrelran

or ganormet afelaltermatde jdizdd teucdmabmanber) ksphllyl Bne o2tveo, bARIZD@MY longhvhaits or t he
ani on %Ornﬁgqp?égo?l ectron élransfer froma Goup la nmetal to an aromatic

mat er fal 8 yagrirarerelyPachmepemel RadgaRIAt: danolyanstapiethese ins an

al kyl lith - i Lt ' j I S, 1.Qiti ated by
add ti on oM EHERrARRRE cP Uk Wik Bericif BPASTBIIGAL) SRt rene. 5
Wen an ahoyibmbei taterniane with aglativdly shdfd segindm® 1P ChomM@gol@heORE adARAE! ,

e.g., styrene, can be selectively prepared, with each pol yner nol ecul e

havi ng an™AP®AT-c term nus, and |ithium gegenion. The carbanionic term nus

remains an actjwve.injtiation site toward addit.ional nmononers.,The resulting
pol yrer s, when O BRBMeZech Spinaey Steppedriiion pRymisBgaioRran be vl o
sim|lag nol eculrhé ramab keglf bIQKCARRAS AN Blbck POHMdIE uRQl RIS iIRVARRERT Wil |
be "nonodi sperse” (i.e., the ratio of weight average nol ecul ar weight to
ng(rjrber avasde hmaleogﬂm’ oy Waﬂldlwmlyghiﬁéxwmd.ozllle miattvlaiasrapigx:nmt
addition of .1, 3-but adi ene, i soprene or qt ui table iQnic .

ol yrrer | 285 PEURBFSTHGF SEEnETHS G apar ey Aok aniRgriom o go gty er
produces ébﬁﬁﬁé?nﬁifﬁe‘?%@tinmhﬁﬂllrgrl@"@n fth@ Mundifer t &4 ABAHRNGO8: %'ftt"ﬁctﬁ

produce a living di-block 15 polymer having an anionic term nus, w

| i t hi um gbhgenpapmeSsagaegtsetic amdngeent incnlindar ditebkt podyraer off githeneypeas pr oduce
a new, (poly A)bl ock-(poly B)-block-(poly A, or A-B-A triblock polyner;

hi ghef oraﬁvasake%@twn@ewﬁ@ﬁ@eéa?ﬁ%tmde by consecutive stepw se
addi ti ons of dj i I . I ively, a
Vi ng.di bl ock e e R B RCeohBichs A hARHERITE o8 LoRER I %

di al kyl dalsdut G; @edferable. onf¥idront hetoCabolapirelatitely Nagd hondbolywer Aldekdiopl ock
living pol yners are coupled using such an agent, precipitation of LiCl

occurs t ocdphvisongmer. Blhus; pilisieactegplar dideck ginstymeropfoityrene or wthte visyl

cegnent . ( RonRAS AR PR 0 oG nivd Shdier it 5BRGHEEET Brer
segmesd ( Rige Bbek SERARMIRW A& (AT altRBed to"d 1Bk HomdPolRRqBY, B s, or A-B
di bl ock pol yners. (A)(E)

11



Wen netal naphthalide is enployed as initiator, the dianion forned by
electron transfer fromnetal, e.g., Na, atons to the naphthal ene imﬁﬁhn
generate 30 dianions which may initiate polynerization, e.g. of n A
in two directions sinultaneously. 13 2 6 JAN 2004 Subsequent exposure of
the poly (A) dianjon to a second rronorrerajB})an.results in formation of a
(pol y B) - wherele qsbb gremys. dsiserithed hesgipbalyw. drecknigues \ary farthe preppestipneii ¢

di ani on, I.ch »contd,nue.t o .interact with additi.onal ani.onical

pol yner i zﬁ%ﬁee %EM@ gf %e{%@ﬂﬁ%,p@@%ﬁ’f r&h esc‘fﬂg?‘ﬂa@at%eth%ﬁ%t}“q t he

f or mat i onagibnie poiysh@izagé:der bl ock polymers. Ordinary bl ock copolymers are
generally considered to have up to about 5 such bl ocks. Usually, one
monomer or anoBimeitarlyn aa regukarulieean tritblped wapolymer fodsstemene | araothery vinyl a

segnent that i.s richer, |n that nononer, . interrupted b ccasi gnal
ingor r aﬁOB}?t‘SFnot“ﬁgleB%)ﬂn M?f?om*ﬂi@ g% b6 & HEE%?H&% OBGWHEI&&%Yype of

polymer referred to a: "rgpdo pol yper A reent apered bl ock
pol ymer. When mi xt ur(ei’g?)b(t]zﬁb' di Pf e@e)tﬁj(itAqﬁg%(’)nergiei(é)ag@i"(grzi cally polynerized
i n a non- phbter (Qarepidsents ca segmantof artkirdi thononiért iSaverals ebefigurmiIny, arand

usual |y polynerize to produce a relatively short segnent of honopol yner.
| ncor por aPPs§iblo denendingcnoby Hesmberaepalymeniogments| asc agaredivish gasperides a

Type t noncinifitte iRl Thbdittlof chpSERR &t ok Pl R

proces® Codd bovdpreserited By the gencrildd@flirafibiser nat i ng di stribution of
relatively short segnents of honopolyners, of different |engths. Random

P
bl ock polyners are getRkdBly(QoncidladB)e oe(B)r¢4bh—Edgprising nore than 5
such bl ocks. At .so oint, one nomer w || beconme depl eted, favoring
i ncor por aW?‘Serbfthet ﬂogw%t it lﬁﬁechﬁ’n era“nglcoé%es(gfn Pgﬂ-ﬂw, WPELOEng a
“tapered Qloa6keF@BRRlin Y ingRRALIRK @ particul ar monomer in the latter,

hi gh-conve pol yneri zation is often used to assure a tapered bl ock copol yner
co An alternatiThe sizas of the eplacksngre awdomacessatibypeliee dainkep dut cmay nvdry at i on of

styrepne, and,jnterrupting wth periodic, or step, a 25 nononer. The

addi tpgnsc%ﬂsélef?ﬁ’ibr Hlya%tﬁb‘}acﬂlioﬁglsttgattfl’f&’ Feguler | Rleckapepolymer eRRi®At s of
the styre j i . y el ectron-rich
nol ecul esFl:::P tgjtég;‘ %2{ P?tﬁgitagcggilgg%o% 3%%?#%%?5%&2@%? %%gwgf‘ﬁe | esseni ng the

rel ative diffeAsnaesxamipleaiheD@EONRpLesedts BIBdker derbled Ofrdmif dieehGacH e way in
which dier 30 i ncorPo_rat ed into the block polynmer, generally favoring
1, 2- pol ynisopgae of hutadisngmia’usyally sangesifpm dhout 184 e about 2080 eprefaspbly

| nt ent i ' £ f hon.. = ' iti f di
Foact v ¢ goritRls ST @ubal 13007 SRk mrebath bR R AR B o
of did®s #§rene2 W ubhdily2RBdedfr6th QBEMAL00Q0 aBbutl JVDOUPRRrablR fRch RbRgkogo! ymer s

initially obtained produces polynmers that are nore oxidatively and

t her mal | ytosaheyt H000Taehwhepua thifddlocke@Drippiesenitsity” nserlkygemges ifiom abost W@l | known
to those of skill in the art. Briefly, hydrogenation is acconplished by
cont act i ntp sheat $8XbIpyeradesl thit the Hylg rod glempelymsr isupighiatimosppes indicptedssur es i n
t he presenc:ful?ﬁ%&%net al.. catal yst such as colloidal nickel, palladium

suppor t ed"di SAVNtoR: “and nmy be carried out as part of the overall

production pr _O(Fﬁ§%o¥61?fn@& danngd ¥re§5&ﬁ%dmeﬂ{od§moﬁﬁ% ikt RER! yst.
QO her transition netals may al so be uséd to effect the transftformation.

Hy dr ogenatémymers monaliyl 4ry poeparaddyy anieni¢ polyettricaticapysinx Gratpelaym&dls36% of t he
ol efinic ynsaturatiaon of 10 the initial po:%r%r.gl(n generaLl, it is
pr ef er r ed "EHRIESANf@ OF CLeGHONResPLor Jrgmaticss oF qrelgrmerd ppgapprpgtallics such @y
contai n nE AR 2@ BINInelF%A 16kably no nore than 5% and nore
preferably cno flrrlolre tﬁa? lﬁ)nout qu’g(fr’%?%géélédual ol ef mic unsaturation on the
basis of the t®hal somenetdiersf bloeki rpolymiasiblage bapgdlypr @adnt biyn dnfenipol ynmer
prior to hydrogenation. Such unsaturation can be neasured by a nunber of
means wel polymefization, using a variety of techniques, and altering reaction conditions to

30  produce the most desirable features in the resulting polymer. In an anionic

polymerization, the initiator can be either an organometallic material such as an alkyl
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15 known to those of skill in the art, such as infrared or nuclear magnetic
resonance spectroscopy. Mst preferably, these copol yners cont a'zg QRN 2004
significant olefm c unsaturation. Aromatic unsaturation is not nsi der ed
to be olefinic unsaturation within the context of this invention. Oten the
arrangenent ,of the variqus honmopol yner bl ocks is dictated by the 20

reacti on HBWN:erdheanipe formed byelaciren tranderfsm alroun s watatk ipadaaremetiat i cs of

th it i fyi t,, of ..pol
bl ocks. ar egsafl eas ephRRhd R IRt Pladhinths B ARF SRl iR (7
r ef er encesudhehsaideiity10liARINY; Bk Folrhérizatieh N8 iMuaRd BYdadBtidP 48 thobul epari ng

certain types of block polyners include: 25 1) "Encycl opedia of POl yner
Sci ence afeioEfyeithse therdiene mignaseror &y theistmers. Publ i shing, New York, (1986);

2) A h J. E. th, "B Kk ", Acadenmic P , Ne

e 37502, S Bl SRR e SR ot b
John W ; 87 I’%ﬁﬁ" A D, J.

l\/gi gr, eg;yt,y pé(ﬁ%l %gk&ocf)bg%luwpg?@fﬁwlﬂi% %)ch , rc\%‘/\rgggleitggéréﬁi]ﬂg %%%1?931%“ s, New

Yor k, (19%@ninugaehd ofithiunesgegesioher dihy carbarigric ateelinhe rremainsy an edcéivence f or
rel evant di.scl osures rel tig}g} to bl ock crilgol ynmers. 5 Exanpl es of suitable
regul ar dfBHYIOR LEISVgtadditipnabmoneersy, Ths deuling-poly@ershen/mongper angd

SHELLVI S {0, y a ngr 11SOpEene 1. i r..di bl C | yners,
manuf act urﬁegoﬁ@legﬂgl ?épﬁgdr]h gﬁaﬁ?. E@%ﬁp@%s&o?&c%jﬁ%}r gﬁgllef‘ghlgv‘geﬁ atb e&)r andom
bl ockl@ndcéapesitich, raaddhe filpakr pejety WEN el Nabusisgehe" (86 als rédld 980VI SCAL

bl ock copol yners manufactured 10 by BASF. A previously avail able random
bl ock cop¥icightaverage PRleculagwoight tosumber pyeigge moleedlan weight i verpynedty | | i ps

Pet rol eu h al [ s.pref I ave.nunber avera | ecul wei ght s
(M ) 1 Ohe AR P aRubT B Sotedies sipra8 o QY6 HERIE perishlinl'y From
about 30, Beniefiza1O HondREr K08 hgﬂﬁfaﬁgtgﬁhe-ﬂ‘fﬂﬁﬁﬁgﬁv b @O HnA pf&duBl o ( MW

for these copolynmers is 15 generally in the range of about 25,000 to about

500, 000, pgcehe sepmant hink grpws froB0the Gdmir] amion itS@0prodae alitihg dibloelct eri sti c
nar r oy pol %/din%Fﬁr sities .é‘;.ati o.of M~ .to M~) of about 1.0 to about 1.4.
(3) POI ymBPY Yk an eRiapic fermapls, With liRiNmAEe8PHe™ pol ymer whi ch can be
grafted is a p j j Lot sl | i i tially of
ol pha ol ef i n nonsadra Tyiricth 6F ARABh Sy bht piEhDe SR GRREAN | e

pol yrer s tlockifpdig\B)-Eotla(mmpdy @onporAeBtA afiblotih@blyimepehighér cmbsn&r Block

copol ynerized in the main pol ymer backbone, such as ester nononers, acid
mononer s, PalyEnerean by made by qopssralivg papyisy additions af diffaientiponomdini’ of such
rraterialsdiffer (bl%ﬁ than 5% by weight, nore often | ess than 1 % by

wei ght, pre eraB? ) "less than 0.1 % by wei ght of other nonomers. Useful
pol yne# s i ncl udétemativel9] whiven®ditlbckppslginet @ars Wosdoapledaby ¥xsoatitd &t &4,

i ncl udi ng hydrogenated, polymers _of al pha-olefins. By substantially

sat ur at edaget gs ¢ halkylodiplprosilangn otthe gabanipnie "haadsorofitwocArbon bonds

in the po g r JPrefterably. no npre than %-ar e

unsat ur at g%’ Cﬁé&%ﬁgﬁ#@?@%}ébﬁé ?glfqlueec{ %%W%/%L ap BEU PISEIPLRLIQN ﬁgfrlé%ﬁ(?{;curs
unsat ur at tgive 3 AdBeAaripRLY pBlymear € preferably copol ymers, nore preferably
copolynmers of ethylene and at | east one other a-olefin having the fornula

CHZ = CHR, wheBé&ox crpolymetssmadepbyscansd¢utive dddition of styrene to give a relatively

25  large homopolymer segment (A), followed by a diene to give a relatively large

homopolymer segment (B), are referred to as (poly A)-block-(poly B) copolymers, or
A-B diblock polymers.
When metal naphthalide is employed as initiator, the dianion formed by
electron transfer from metal, e.g., Na, atoms to the naphthalene ring can generate
30  dianions which may initiate polymerization, e.g. of monomer A, in two directions

simultaneously.
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strai ght chain or branched chain al kyl radical conprising 1 to 26 carbon
atoms. Preferably R in the above fornula is alkyl of from1 to B6chbait
atons, and nore preferably is alkyl of from1 to 2 carbon atons. The
et hyl ene content is preferably in the range of 20 to 80 percent by weight,
5 and nore preferably 30 to 70 percent hy wei ght. \Wen propylene and/ or
1-butene are eébli’%ﬁl\é%“ 8@%8%6&%?‘(1¥)(A\)\F’caﬁ1°@ttﬁ i seprnd merorasrHB) &salte ont ent
of such c ' [ é 3 € epcent ., Al Ll i gher or
gf%rmaﬁ afs?g@ggygg%io%kg@é% _ﬁ%%ogﬁg?lgf BECB! o BLARO Y

| ower et hyl ene conten e pr y, t'hese pol'yners are
subst ant i pbllyshetit ediaibn.eiwhydhe itayh ook yideinteradtt W ohddifieal ayorgediybi t a
degree of crystallinity due to the presence 10 of small|l crystalline

pol yet hy| pelgmseghie mongmersi of the,same, or diffrent chemicel typecihghe Ermatipyeérs are

I . of ethyl d J d et hyl d 1-but . The al ph
o1 o1 1 15 copsRer@relERE paBmgR, SRS AE cro bR P Beri SoRdfed M)
det er m nefavyuglabB@ TRRL bRYYRKENr omat ogr aphy enpl oyi ng pol ystyrene

standards, ranging from about 30,000 to about 300,000, nore often from
about 50, 000 1YstuallyaboeimonsdeOGOgnothee in amrigtuod welh polyoreriad faster,86adif t o

150, 000. Exenpl ary pol ydj spersity val ues M"J M) range fromabout 2.2 to
about 2.5% ’F%WBY%‘F?C&WBP &¥annFﬁi1@%’!’!’5@@%%\9%%}?&99’@@%9%@9 Oge

pr epar ed b i i r i r j e | I known
T he. ar b Ghenbfint, | ThSRAR EAREE B iant BRE U Rl f SR by

pol ynkd i zI'magdermonidoek pab/nmarkt o étmperedPslock mpolyahdphaWieaf hnaixtdbeofmpm@ners are
al pha-ol efjns containing from2 to about 28 carbon atons, and nmay be
branched dKErent gronomegsis anjopically mefyanerizgd dwp s@nrmokar pariBnigsalysat one

Ly o hat PSR SR SRR s PR ol '

i sobut eneof hofRpbEARr. 1HeHRRRionloheRt 8i8nd Inekddieis thebiiMseandl udecene, 25
propyl ene tetramer, diisobutylene, and triisobutylene. |Catalysts enpl oyed
in the prothdoedsonshoit sagmentat differenpstryetures lacerpbrakiemiof ¢henfitst niomomier One

broad, ¢l ass of, catal,ysts rticularly suitable for polynerization of

a- ol eﬁ ns,%yp(‘?oﬁ]befq B’é’éx%%o‘}f@‘ﬁ}%fﬁ% SE&'?Y‘S‘i‘ty%fi ag E@’ir}oﬁ%@‘?iegar“élrt rprocess

Zi egl er - Nbdimubtidlghat S Rde Atdthtihe! diGBUIOY TERki9EL ﬁlems%h&gk - Natta
nbi f a transrit]i on tal atomw th

catal ysts are conposed of a 30 co ation o
| aorgehaailng

agents. 17 .2 6, J 004 Pol yneri zation using coordindtion catalysis is
general | y%‘@f‘fé’fﬁg{ %Ay%ghqséﬁﬁmlﬁl?ﬂe@o’fea&‘@ll #g“lfgt blagks. 24t apgedwontcone
pref er abl y EHee 1 30.dclaghby, RIET MPodB:aRBR'WE OO, RERRI RNkl e 1S
not critical and may vary from’sever ours or nore several. mhutes or
| ess, 2@lepasmgenblocisost HomdpolEnal piodasing @dtdpeesd BldoRniopoEine.e Infeh@or@PNONEr S
to be copol ynerized, and the |ike. One of ordinary skil|l in the art may
readi |y oBishmenkofopt partipnlate araniomer tinnther datten B nyegysionf  ptagest obn

par anet er . i n xperi.nentation. Preferabl t he |pol ynmerization wll
general | yﬁ%lg%g%%%{fogtlgaﬁ%rfﬁ%dgg gsssg{ﬁaetag?req%[osf(&ap STCPHEMFIRB0 bar ) - The
pol yneri zat i onAfeiteRRti¢O WY oF B paiiH AMEAE or t4peidd BIBABRbIynSd§ thvBRed O |1 qui d
propyl ene, or mxtures of l|iquid nononmers (such as m xtjures of |iquid
propyl enelmtigiion- plisemene, and intesrupting twithh perdddiomor Altaperadditione| of, diene

R T B R e e R T

| sooct ane an@REARRstah@lof Sty rédd SltEpar@ifbridiéhe! héifomahen jcarrying out the
pol ynmeri zation in a batch-type fashion, the reaction 15 diluent (if any)
and t he al pha- tPrehioters’'oansnedeattofsrjchamelectias gel fadilitarpameit dhigiatiadt b to a
suitable reactaor. Care should be taken that all ingredijents are dry, with

the react BAYRCHgaiondpies winleesspning dhe tektive diiarences in mtesdhetyean arioss her .

drying me or { ryd.nt i I t e or. Subsequently,
conponent s ﬁgﬁgtshe If:rggtntg ggstalggr Eaﬁflf{%y ?%éﬁ%e‘%vvm?? Igﬁgéi @g{lel r{réo%olf‘irée%sr gaé%t i on
m xt uB@, irterpebated Mt itrtblpeN polpmer, @bhaally Gvafng QPFSIgReriAtiba oTdidnée! v,
conmponents) of the catalyst nmay be prem xed in a sol vent
over the normal 1,4-cis- addition.

t
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and then fed to the reactor. As polyner is being fornmed, additional
mononers may be added to the reactor. Upon conpletion of the reacti@ryAN 2004
unreact ed nmononer and solvent are either flashed or distilled off, if
necessary by vacuum and the copol yner withdrawn fromthe reactor. 25 The
pol ymeri zati on_may be conducted in a _continuous manner by sinultaneously

feeding the reBedfoganation drthe unsatusise dyesd) polymeisnitially obiiradeprodycesf t he
caal 13 a8 oG o R

pol ynmer f e Teactor 'so as a‘resrden i me _ ents
| ong enougdrofrlisiiag MytebgeRdtioiBire Glell REovAESH fiRske BT AV kheMR I rierBNd
separating the polyner from30 the reaction m xture. 18 2 6 JAN'2004 In

t hose sit hedrpgenation dp edcgomplished| bic ifontactimg ghe copolymerpatithmbydiogeatt t hat S

woul d be produced.at. a given set of operating conditions is.higher than
dosi 1ot SRS ThiBFe Burenindf derck i & st eEpSLieR Ao polbidh RiReb

mol ecul ar pxRideih su d@h ¢HAFcoHE Rt TanB}ALO B8 BarfiRE/ Rt 2P Bhit BEthe Bl a1
tenperature control, nay be used. However, the polyners are preferably

f or med i nproductsub pravess, alsingh Smelye dofidek ded stfipogad, nidkelt catlyisz g@theadded in
anounts effective to substantially reduce the pol yner npl ecul ar, wei ght. The
pol yners HaRSIHRD Pistlomay Al heased topeldeqt the tignsipmhationg nHydmgerationds bl ock

o0 Yo BpemEly e Al IRYLRRE HRRAINTBL Y4 P W biXeh R EARRl Y O S

Numer ous t ates pate wng, descri he

prepat@t i te iaftiat ppHmerelsgaleral pha padfetédithat thefe topdlPBed, Bplredsds 2£S62, |60
3,607, 749 3, 634, 249 3,637, S03 3,992, 310 4,031,020 4,068, 0S6 4, 068, 0S7
4, 081, 3910xidaige spahility, ogdain ng more than ghwgt 10%3prefwrably ne aore gEns5%38d 370

4,144, 181 f e i~tdy, hi l.-oha ol efins arge the nost
conmon 1Sm§g%§‘}e¥%€élg ngfm(gllleiq%%na??eoélwg l%/f’ A5 ué!\ 8%(%15 fyERRIEOD Y tglﬁ a8 pol yrer s
are the nmpsthe aptaDAnRiukY l0ENslefihip hdoudle fhoRds PRALNITRE Shabiphée prief @sred for
use in this invention. A description of an ethyl ene-propyl ene copol yner

appear s i hydgognation.3 7Suchsunshtuediionscane be lsyeasured ryyo r atvebeh exfeinparisy wektf er ence.
Usef uiS et cl)vgrll’] % ‘?}ll(PsQ %f Oslkﬁ{ Lmn ’theuf':lsrltj,aslulcx a%tiplyrlar% ec;rpr{u%Peyalr %]a(aghet?co e%lo arIrEE S are

spectroscopy. Most preferably, these copolymers contain no significant olefinic

unsaturation. Aromatic unsaturation is not considered to be olefinic unsaturation
within the context of this invention.
Often the arrangement of the various homopolymer blocks is dictated by the
20  reaction conditions such as catalyst and polymerization characteristics of the
monomers employed. Conditions for modifying arrangement of polymer blocks are
well known to those of skill in the polymer art. Literature references relating to
polymerization techniques and methods for preparing certain types of block polymers
include:
25 1) “Encyclopedia of Polymer Science and Engineering”, Wiley-
Interscience Publishing, New York, (1986);
2) A. Noshay and J.E. McGrath, “Block Copolymers”, Academic Press,
New York, (1977);
3) R.J. Ceresa, ed., “Block and Graft Copolymerization”, John Wiley and
30  Sons, New York, (1976); and
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20 conmercial l'y avail able from nunerous sources including the Exxon, Texaco
and Lubrizol Corporations. (4) O efin-D ene Copol yners Anot her uigfrl

hydr ocar bon nononer is one derived fromolefins, especially |owet®0 b\ |2W§
and dinmes. Dinmes may be non-conjugated or conjugated. Useful olefins and
dimes are the sane as those descri bed herei nabove and hereinafter in

di scussi ons of otHeP-Jodsiereed.t (Bleek Copolymersg, WIMI Presst Hanwoerk Asadennit nent |

t he copol F LS @n hy| <l ower ol efin-dine copol yner. As used herein,
the term Fg@bsﬁleﬁs@%?’?‘{% @?@L}ps or conpounds containing no nore than 8
carbon atons. BréH Qfrathedo ib Meerfiy Bndotpdb@iRd CRALMOIBY Cbferd AR Sord 8l AHIEr OUS
commercial sources for |lower ol éfin-dinme polynmers. For 5 exanple, ORTHOLEUM

2052 (a pdiscdosiresnmidtiogda blogk copplméisnt Conpany) which is a terpol yner

havi ng_an et hy| ene: propyl ene wei ght_ratio of about 57:43 and containing 4-5
wel ght> % of - gr BHEPIEE Of VEERNG Srevler Aliblasis APRAKTRSIFSrEF fortinabosmBEBIE of her
g g

such mat egj e ! | . ef.l n- gl C 1 n t hods
For thoi 1 PR (o YR e 86, RO o R TR perl i 2015
f ol | ow ngdibldsk cBpblegnicss, man2BdturdbySRACHenAca, 598, 738 4, 026, 809 15

4,032,700 4,156, 061 3, 320, 019 4, 357, 250 U.S. Patent 3,598, 738, which
describes the prapaleae! epmeercialbyavaeble radomebleck aud tapened wansioan block

N . ) e L f
destr bi meoohufers dhIRAE e You BasBBNISE TS ook BTy BHER BRTyEAr U o°
pol yney i By BASH.efA Rreistisli0aaadbIei raRddHe DK ®polyhibr Sx¥ANPHiR Al visdishly a

polymer is butyl rubber, an isobutyl ene-isoprene copolyner. Butyl Tubbers
improver, manufactured by Phillips Petroleum.

The copolymers preferably have number average molecular weights (I\_/In) in

the range of about 20,000 to about 500,000, more preferably from about 30,000 to

about 150,000. The weight average molecular weight (I\—/Iw) for these copolymers is

15 generally in the range of about 25,000 to about 500,000, preferably from about 50,000

to about 300,000, with characteristic narrow polydispersities (ratio of M ,, to M) of
about 1.0 to about 1.4,
(3)  Polymers of Alpha-Olefins

Another hydrocarbon polymer which can be grafted is a polyolefin, which

20  consists in its main chain essentially of alpha olefin monomers. The polyolefins of

this embodiment thus exclude polymers which have a large component of other types

of monomers copolymerized in the main polymer backbone, such as ester monomers,

acid monomers, and the like. The polyolefin may contain impurity amounts of such

materials, e.g., less than 5% by weight, more often less than 1% by weight, preferably,

25  less than 0.1% by weight of other monomers. Useful polymers include oil soluble or

dispersible substantially saturated, including hydrogenated, polymers of alpha-olefins.

By substantially saturated is meant that no more than about 5% of the carbon to

carbon bonds in the polymer are unsaturated. Preferably, no more than 1% are
unsaturated, more preferably, the polymer is essentially free of unsaturation.

30 These polymers are preferably copolymers, more preferably copolymers of

ethylene and at least one other a-olefin having the formula CH, = CHR, wherein R, is
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are produced using acidic catalysts, such as alum num chloride, boron
trifluoride, and 25 other Lew s acids. Details of various types qf

pol ynmers, reaction conditions, physical properties, and the I|i kel&r dAN 2004
provided in the above patents and in nunerous books, including: "Riegel's
Handbook of I ndustrial Chem stry", 7th edition, James A Kent Ed., Van
Nost rand BEHgHofhpisr ,brﬂgﬁﬁd(c?ﬁl?(m( #llylayadicel, gpmpriging L tey 2fpcarben ptoms. F| or vy,

"Principl y. ) | versi r , NY.
(1953), " |F§r§%&eﬁ£@ﬁ%g§c ope ?ﬁ}f ‘8%?&%"3@ léciﬁ%ﬁggﬁoﬁ%r%&gﬁﬁ?i on,
Vol . 8 ( Eprsérabteisalkgyottieh i ¢o 2 @bo aton@s subheadi ngs thereunder), John
Wley and Sons, New York (1979). 20 = 2 6 JAN 2004 Each of the

above- ment i onedhe ediyleng sentgait is preferablyHa kb iangs pf 28 49 $0 iparsontgr weighit, her ei n
by refgrence for relevant disclosures cantained therein., Pal ri zation can
al so bég efi?cgl@%edpr gefaﬁ%y % Eoejnfg%ff; IbyivYﬁ@P‘at heh RRP eRgerid/ (_F{ﬁlc') et BEess,
general |y .@BREd h§ Soribinedr(sP Waththydene. HRMLIMAGE Wntdht 6PQIHIBRbIRRrsIs

catal ysts. (5) Star Pol Star polyrers are polymers conprising a nucleus and

pol yner i c mashprefetthiygh to 66 Ipeicenty elthmighioglyealok dowdr ettyripreuctisentumag bk y

conpounds havi ng | eas Wo non-conj ugat ed al kenyl groups,. usually groups
at t ached P@S@}tect%ﬁt mflﬁr&ﬁ%m W@S%O’(’g‘f‘%ﬂﬁs‘;‘ree?‘&“‘:‘“ P](bhag?ec Huethylene The

I ' d i di mes
Pod” onosl EaabeFhr b SLREPRA) EAFLR A WU uc BTN BRNER . (20,
pol y( po! yef sylall crystallipt i polyettgddiic segaleatsswithinhthetrl miveodtGicaires Bsfegradi ng

outward therefrom The star pol *mers are usual ly hydrogenated such that at
| east 809PBmMerare soraluners o4 ethylene apdpioppispeandietbylene and Lrbuteael, nore of ten

at | east 90% ag{, GipEA ofgﬁheco&gl?f{n%; g%%@fabl?thaé § gﬁ&lbgrS;\/loer rgg mso%c%[a%tweegg'ht
(I\_/I o) determined by gel-permeation chromatography employing polystyrene

standards, ranging from about 30,000 to about 300,000, more often from about 50,000

15 to about 150,000, even more often from about 80,000 to 150,000. Exemplary

polydispersity values (M o M o) range from about 2.2 to about 2.5.

The polymers employed in this embodiment may generally be prepared
substantially in accordance with procedures which are well known in the art. The
polymers for use in this embodiment can be prepared by polymerizing monomer

20  mixtures comprising alpha-olefins. The monomers are alpha-olefins containing from
2 to about 28 carbon atoms, and may be branched chain or linear. In a preferred
embodiment, one monomer is ethylene, the comonomer being at least one C,,; alpha
olefin, preferably C,; alpha olefins. including monoolefins such as propylene, 1-
butene, isobutene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene,

25  propylene tetramer, diisobutylene, and triisobutylene.

Catalysts employed in the production of the reactant polymers are likewise
well known. One broad class of catalysts particularly suitable for polymerization of
a-olefins, comprises coordination catalysts such as Ziegler or Ziegler-Natta catalysts
comprising a transition metal atom. Ziegler-Natta catalysts are composed of a

30  combination of a transition metal atom with an organo aluminum halide and may be

used with additional complexing agents.
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The pol yvinylic conpounds making up the nucleus are illustrated by

pol yal kenyl arenes, e.g., divinyl benzene and poly vinyl aliphatig JAN 2004
conpounds. Dinmes making up the polyneric arns are illustrated by,
but adi ene, isoprene 20 and the |ike. Mpnoal kenyl conpounds include, for
exanpl e, styrene and al kyl ated derjvatives thereof. Star polyners are well
known in the afelymsHizafiopntusings cogrdinationn satalysisr ipr egnsrallyg condrctesh eat

d i bed. j : i.cati ts, 4 ncludi ng.d he, £old owi ng
Uni t ed St SIbeRRE Ruffit Beck) 287 3 30 BRUBnb DBPNER TR 851 P8P ence 1 or
25 rel evagtter iugqb QbYHEE00°ONt Réd A6 AR B ibt itibal @by vAryl drbnPéeheral

4,346,193, 4,358,565, 30 and 4,409, 120. Star polyners are comercially
avai | abl ehoyrgror gremgptb eseseralshimutes & kg depentling uphefict@enck as réetiol 2 6

2004 The af ' d h bon. pql | be. d
ol oy gt erudte TE Taatirg (LB Shdae . W3R (T ol 87 o
const r ai NgfHIeHTRal resdily2bbtfinSthe BRliAIR! RabiGPaMEKoH 8! Jiber RETE ERLIBHY ST S

tend to have | ower " pol ydi spersity values arising from nore narrow nol ecul ar
wei ght di pamaimeters by soutina expdriomentatsomp | Rrefefablyh dlsepal gmicsizatioh rvaith genemlly

ti | Zi egl.er-Natt I der | I . Nitrogen Contai ning
Nonomer s PRECHDGIIGAR BEFS o) hit 4O MBS JUFRIL Coni i but i ng to the

[ ity i ' 3 [.Styl e t ion, by
'tael T contr] bot sEoNERRIAROERS S Stk rRHHE 1RuRL slofbihel MERA D0, o

cont al®i nfquidi popylehehonmgixtleed WEdiguikd frhmonidr r(@EMN as anix@irsd T HRI@Ner s
provide the bul k of the contribution toward di spersancy properties of the
di sper sanPropyleae and y-tuignebas the wshction medinme A tesnativelie polymenizagdony nayi de

poromer O lrkShdl HREER: 881 RS L BRGNS, LT
N, N, - di meblitghe, pefdaht, isopentane, hexane, isooctane, decane, toluene, xylene, and the like.
When carrying out the polymerization in a batch-type fashion, the reaction

15 diluent (if any) and the alpha-olefin comonomer(s) are charged at appropriate ratios to
a suitable reactor. Care should be taken that all ingredients are dry, with the reactants
typically being passed through molecular sieves or other drying means prior to their
introduction into the reactor. Subsequently, component(s) of the catalyst are
introduced while agitating the reaction mixture, thereby causing polymerization to

20  commence. Alternatively, component(s) of the catalyst may be premixed in a solvent
and then fed to the reactor. As polymer is being formed, additional monomers may be
added to the reactor. Upon completion of the reaction, unreacted monomer and
solvent are either flashed or distilled off, if necessary by vacuum, and the copolymer
withdrawn from the reactor.

25 The polymerization may be conducted in a continuous manner by
simultaneously feeding the reaction diluent (if employed), monomers, component(s)
of the catalyst to a reactor and withdrawing solvent, unreacted monomer and polymer
from the reactor so as to allow a residence time of ingredients long enough for
forming polymer of the desired molecular weight; and separating the polymer from

30 the reaction mixture.
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15 diethyl - and N propyl-(neth)acrylam de. The expression

“(meth)acrylam de” with "meth" included within parenthesis, inclusdegnbggh
acryl am des and net hacryl am des. The expression "acryl am de" used al one
does not include nethacryl am des. Likew se, the expr essi on "nmet hacryl am de"

\QA;?;Fa%ngfag" |2§‘ %&%‘fwgllt‘]‘%&éggg %@é%@@#gaﬁ? %B%gl!ggtb%fﬁ FlP@ m%nrp%‘ﬁ‘@t thatr ogen of
the am dewgLRUR oRIcal AP, BRENRLID LA EadARIAS Y Affer BAifladdiEs ALy nummber
ower hydrocar y% C'il

of carbon atons in the groups do€s not excee Thus

for exanpthe, tedmidues kigvn sithetprion ar doneinohof yokscuie wetpht,caok as theaisgaxi mum
of seven car bon atons in the al kyl group. The total nunber of carbon atons
in the twe %)fd%%eng%né{%mymealﬁawme%e@nm R@ﬂtr((lsrfé@)hl}%’éWI am de does not

excee 9 The ocar ent c and

aliphatic, i ncPf %g%r g%c?glé{?‘% pcre e{ﬁ%&]g lgaté?:ﬂﬂ’% rﬁgﬁﬁhﬁe{nlc% fr oups
and most @d@ﬁqqzagésy thatlik ¥, o8l§ QuMs mEaﬁ&ldt@\eﬁéctM%%Bitamaugr@&ﬁberm contain
up to one oxygen or sul fuf 30 contai ni ng group or atom Such groups include
ether gr op@lymetmowmewe@h@ups car boxyl i c aC| d groups, ester gr oups ket o

car bonyl group r,ou 004 rcapto s and
al cohol groups%hﬁ' %ﬁl ﬁ E’Pd?ﬂ’ Lox: it 6’?1“% Cﬂp&ﬁg}g@ ray nEﬁcl udes

car bon at , etc. 5
T ot at DK (et e ol ot ARpeld %‘%ﬁ@? A
N, Ndi bt hyl acr NUHIEI'(I]B UNitpd oftptes apatyhtsniibduding Nhell frllowinggc dssedbe de and t he
correspondi nhg net hacry Lym des such as N-nethyl- and N, N-di net hyl

met hacr y| BifPgfation ptcapeiymerk af alphagletined are N-nmethyl -, N-ethyl -
SRR CEE RN i T
pol yneri zed onto the h g;c%é on backbo @8159& derived fromat |east one
free radical polynerlza yI|c ni t r'o ntaining het er ocyclic
nmononer. These include b6QR74 vi nyl andh ery ni trogen contai ni ng

het erocyclics. 15 Exanp},e34,249 t hese i nod,UBe63¢- vi nyl carbazol e, the

vinyl pyridines, N-vinyl3,py7608idi none, At30,661 thiopyrrodinone, N vinyl
oxazol i di none, N-vinyl 3 gyzjglz(pl e, the 241/371},@5 di hydr o- oxazi nes, 2-vinyl
oxazol es, 2-vinyl oxazoj o NFvinyl cg Actam vinyl piperazine, and

the I'ike. N vinyl |mda§ f@d N-vi nyI E{{f@lldone are preferred. 20
N-vinyl imdazole is particuiarly dlffIC o graft polynerize onto

non- pol ar hydr cegslpaRrsPef ¥iBlde WHR BERGESPhS ol s 94RT the NGoW Ednhbe
acryl am de nononers, particularly N-nethyl acrylam de, N-ethyl acrylam de

and N, N- dwmltlshmramfyalalhade 01¢ﬁ;nsearpbctluldny -pussflere. cdﬁmdyrgerafatre abpohgster s of
this invention hﬂ{? r‘?&f ot 5to (Fout 5m)(§ ﬁmeferablyfrom
about 0. 5°YBTEBSUY A eHOESC 80@ Woers apd greqnrafsyrss) ‘t’ftusi 19 Hus PYERIE pp| es of
I(Jgﬁ giﬁcr W RREERioRY S eﬂﬁ"len'%r@pﬁéne"do@wyhfér BhidaRORMU 8ORT 87 AR O nGLiET ocycl i c
. hereby incorporated herein by reference.
Useful ethylene-alpha olefin, usually ethylene-propylene, copolymers are
commercially available from numerous sources including the Exxon, Texaco and

Lubrizol Corporations,

20 4 Olefin-Diene Copolymers

Another useful hydrocarbon monomer is one derived from olefins, especially
lower olefins, and dienes. Dienes may be non-conjugated or conjugated. Useful

olefins and dienes are the same as those described hereinabove and hereinafter in

discussions of other polymer types.
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The graft copol yner conprises a total of fromabout 0.2 to about 5 noles,
preferably fromabout 0.4 to about 3 noles, and nore often from u 20?5
to about 2 30 nol es nitrogen containing units per 10,000 wei ght average M
,~) nol ecul ar weight units of hydrocarbon pol yner. 23 2 6 JAN 2004 The
Process The graft copolyners of this jnvention can be prepared by a process
whi ch conpri sel s9neyjcmbiodimanty the ssopplygnesnivc an wihylenedewen Yefigdiene under

free radi diti ; | t i troge ont.ai nin nonmer.s, wherein
one of thg@IJOI oérnr}isr[%‘sé %ﬁ he%ﬂ% tﬁﬁ%}?%ﬁer@g%ﬁ?ﬁ (s)g%storl 8§§P%ﬁcoﬁlgﬁﬁeut ral
N- (1 ower hy eiode tiah Bl cafiolwpIms. (Prefefabde ltivd digheIR mdRdojugsedr al N, N-di - (| ower
hydr ocar byl group)- (neth)acrylam de and one of the nononers conprises at

| east one vi nyThererire pegenqus eemacrsial gomseefosdywen defiwdisoapdlynExeforary and
preferged hydroc nd nitrogen nt.ai Qi noners 5 are those
et of ¢ neHEPr b b OLER 3D Sh B gt maeiet Po e it Foaweravia
condition ! ; r ag kU lidrat QbiohFr r.gd) #id i, apors are
descri bed™ & BURLE, Batihe il SRk prblord] Reiehl 18 WFMARA 7043 Bl

conduct edcaitaiamge#-Sv ateeght t%Bnpk padups ederiyed efr@h | 1-4f hexadzhe uhoBdferypnd o t he

| owest deconposition tenperature of reactants or 10 product, preferably
f r om abouPUmeNeEs Lhes sich H@@S@ﬂaﬁ& TRl E)Yaélﬁ@ﬁab@beﬁflr‘g?ﬁea%ﬂnﬂyniem@n@o about

145C. Consgj.deratd ; .0 ti4 o r es, |
react i vi ¢ e fof Mot Broblth ol Wy fBRF o bR R Tp e B 1 cul ar
t enpet@t ufdlownigt R¥diepat I nitiators As noted herein, the graft
pol yneri zations providing the graft copol ynmers of 15 this invention are
conduct ed under free radical condit3¥Hs’%hpl oying a free radical initiator.
A wi de variety of free radical init33004%, sonetinmes referred to as free
radi cal generating reagents, are ws $9&Ts$wn to those skilled in the art.
These include di azo conpounds, peragy2gggopounds, nitroxyl radicals and high
energys radi ation. Radical graftingjgPigferably carried out using free

Oy

radical initiators such as peroxide 2 hydr oper oxi des, di acyl peroxides,
peroxy esters and azo conpounds V\/nizgg onpose thermally within the
grafting tenperature range to provi i’d free radicals. Nunerous
free-radical initiators are mentiorfk¥7%0% he above-referenced tests by

F 'moi ?/af‘g?gbé’ PRURY3, 366730, Wit debived tRD ShehSrativn taf Ihdlind 528y feadly G2
20  hexadiene terpolymers, is illustrative. This patent also lists numerous references
describing the use of various polymerization catalysts.

Another useful polymer is an olefin-conjugated diene copolymer. An example
of such a polymer is butyl rubber, an isobutylene-isoprene copolymer. Butyl rubbers
are produced using acidic catalysts, such as aluminum chloride, boron trifluoride, and

25  other Lewis acids.

Details of various types of polymers, reaction conditions, physical properties,
and the like are provided in the above patents and in numerous books, including:

“Riegel’s Handbook of Industrial Chemistry”, 7th edition, James A. Kent Ed.,
Van Nostrand Reinhold Co., New York (1974), Chapters 9 and 10,

30 P.J. Flory, “Principles of Polymer Chemistry”, Cornell University Press,
Ithaca, N.Y. (1953),
“Kirk-Othmer Encyclopedia of Chemical Technology”, 3rd edition, Vol. 8

(Elastomers, Synthetic, and various subheadings thereunder), John Wiley and Sons,

New York (1979).
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25 appears in J. Brandrup and E. H [Imergut, Editor, "Polynmer Handbook",
2nd edition, John Wley and Sons, New York (1975), pages Il-1 to |1-40.
Preferred free radical -generating reagents include t-butyl peroRi6dgAN 2004

t - butyl hydr oper oxi de, t-butyl perbenzoate, t-anyl peroxide, cumnyl peroxide,
t-butyl peroctoate, t-butyl-mchloroperbenzoate, benzoyl peroxide,

sec- but yl per ox¥athe b Siatadovemegtionsds ibepkutapdomrients| és hemby expressly

azobi si so roniteileq 2 2 JAN 20Q4 The free-radical initiators are
gener al | yyngééggﬁén& lgéﬁélﬁr?gﬁgﬁerqnf%ﬁqﬁésmn(g315 lpsyrgs 3‘%}’3‘{}{16&3 B cent by weight
based on the tpblglnematmt cdf alsh el SB&t@ANSing T8 BARA WitidiBh8 M Gl ors are
used at about 0.05 to about 1 percent by weight. The choice of free radical
gener at i ngnovea geovesss endrellynemiphyong higheb prssiged draat used . willo coendamtibe, when a
pol yne unagglr%oi ng grafting with a nononer is diluted with a solvent such.
as a Mydr 5C&Hn oil, grafting of the nonomer onto the oil diluent may
occur. |t 4yas gﬁgpo%ﬁirved that the choice of initiator affects the extent
of grafting o e noner onto the oil diluent. Reducing the anount of
mononer gr af t eStaonpadymbs  diiel pelymerss wampyising sl iigldun @ pobmeaicedrmaount of

nononer grafted 10 qontqQ the polyner. Inproved efficiency of nononer
grafting GHW%M%MW%EQ polgﬁkm@i@e@pebwb ysHetly cemprundsokavinge# lgetcri bed

by Lange et 5 i i i r ei n by
refer enceﬁ%%gu)? g?lgg%ag?dsﬁllkg@ﬁ%gﬂ'ﬁ)gsu%llf %résu?)rS re&g‘%‘?%ﬁ th\z%ge%grfggdﬁ{h?garﬁ} gé ning
i ni ti a0 or groupsiChigasrdfadir BOIYITEMHE aidl@eridiatha by $fdd HoRWpeRimeremny oyed in
the grafting process at about 95C result in a much higher degree of
grafting eencdymers opednjngated diemesdod pemoslikenyiardnes andomixtengs theswft - but vyl
per oxi de, enpl gyed at abgut 150-.160C..K Peresters are.particularly effective
'n the 1ree-radlGRPIGIE Th §OBPERRA Folveprly Yrdic) cRypline masat Beclersvh i n
sol uti on. pdiiResie! ¥AR eXRNdAY NDUHVERI efbifsn 20 THRT kgt tgel ghanput
preferredparpe hydr ocar bon ]S%| vents. Preferably, the%ggé?‘%}?ng IS cogduct ed
enpl oyi nghydrggenated| bychnthat ratalehsty 80%obf ¢t cowalelntl varhon-carben , bamde avbi ch does
not unpdergo any signifjcant reaction with any of the reactants or products
of thrg i ?ﬁ;‘érﬁ’i%ioﬂ?&ﬁ e %ﬁaftygéjolée?“lﬂ c¥eh ?é?rﬁ'ﬁte@g’nt% feagt| Qte are
substanti gl Miegat urated aliphatic solvents that are relatively free of
abstractable tertiary, allylic or benzylic 25 hydrogen atons. Specific
exanpl es i ncl u@ke hydyvdnglid neehpaoadshymbikidg agt abe nueksus! aei lilfustrated by
pol yal phaol ef i ns, volatile al kanes, and the |ike. Use of these solvents
prevents Belyalkend arney et 1dinigybengene andmobyenylediphaticyampawsdoner s onto the
|dlt | iugn;é r YY‘LLFQE&%%S g%‘[]_ﬁlr}g? &ﬁ; 'ef ﬁ(;[aléfr(rjlgr?c Ellt}r?s grgolhﬁﬁra?gd go’lb\{l Al 1e:n|e,S isgggenec ritical,
20  and the like. Monoalkenyl compounds include, for example, styrene and alkylated

derivatives thereof.

Star polymers are well known in the art. Such material and methods for
preparing same are described in numerous publications and patents, including the
following United States patents which are hereby incorporated herein by reference for

25  relevant disclosures contained therein:

4,116,917,

4,141,847,

4,346,193,

4,358,565,

30 and 4,409,120,
Star polymers are commercially available, for example as SHELLVIS® 200

sold by Shell Chemical Co.
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when the graft copolyner is intended for use as a dispersant viscosity

I mprover for 30 lubricating oil conpositions, the a solvent, if L}ﬁFdJAN ChL
non-reactive solvent. 26 2 6 JAN 2004 Diluents that are not highly
saturated, for exanple, napthenic oils, may be used. However, when these
di luents are used, the products obtained frequentlg suffer fromreduced
grafting onto theafoyementionedhydrerarhen polypiess eaaralsnebaptepatied caplaying ane

tent b | oyi L] I tapt. to i ncrease,the nunber of 5
mononer <SPS L fhvE” T BTG T MRIRpgh RS Euahsy dr e ERRRY BEmGte
i ncl udi ngcithigsie. Pliymbrsofrepaed Libiah eRdsk adB)stt eh® 1S UETE ThaY p%f}%l’stp%}fybe

conveniently removed fromthe graft copolyner. Alternatively, reaction
may be coreues edsing) fram sidre ofrrowbmoleatlamyeight distrityionsh ttein, fdreexampleses as a

diluentf tq facilitate handling of terials durjng, preparation of the 10
copol raﬁ’ﬁﬁggfvefiﬁl?n? B ?9“?(8“%%’6[:2&? F-?\}a@%ﬁgtpbﬁgqlegwg HP]S{F’WF%Q a _

| ubri cati Rghr@eh @hitddhinl WnoiRYs &l so be prepared by sinultaneously renoving
a volatil ﬁ%ﬁl“‘a‘n‘h‘gﬁp‘q—ﬂ‘i‘hg same with an oil of lubricating viscosity.
In an al ternat The lpdbmdiboanpolyiee backiaing Mevhileayonebingpayr @itk Bysceaduct i ng

the reaction in an extruder which provides nechanical shear. \Wen an
ext ruder {BPIPEING FRREGISEStCS ofdhe progiuts o this irventipn. yukselineaptiatestlitie ned. The

fol | ow ngtogia?@mglliﬁ%\grsgﬁ%eflnnﬁlﬁﬂgzrﬁ)q%t the lnlit?g eglaéo%ta%%}ég ruf’f“ts Gl ggxitete. ?gz?:ﬂg]; W;[ Qles

i nvention a ans reparing sarie. ess” i ndi

all piot sfrene nfifges doyitaih@ fihononeiP Pralidy @k B0k b tikesRABuR Swed(C), and
pressures are atnospheric. Wien referring to parts by volune, the

rel at i onsHispersancy pronerties of ghadisngranpyis¢asity improvers of this invbstionol une i n
mlliliters. HFi Ih at i on e conducted using a di atonaceous earth filter
aid. All ' 16 ORPWChy anal ysis. Viscosity is neasured using

ASTM D445 pr ocemerof thd hitloger oREinHROGHRI A pbl}MerizBE SRS TR aBbE
backbone is derived from at least one of a N-methyl-, N-ethyl-, N,N,-dimethyl-, N,N-

15  diethyl- and N-propyl-(meth)acrylamide.

The expression “(meth)acrylamide” with “meth” included within parenthesis,
includes both acrylamides and methacrylamides. The expression “acrylamide” used
alone does not include methacrylamides. Likewise, the expression “methacrylamide”
where “meth” is not included within parenthesis does not include acrylamides.

20 Each lower hydrocarbyl group substituent on the nitrogen of the amide group
contains no more than 7 carbon atoms, and the total number of carbon atoms in the
lower hydrocarbyl groups does not exceed 9. Thus, for example, an N-alkyl
substituted(meth)acrylamide may contain a maximum of seven carbon atoms in the
alkyl group. The total number of carbon atoms in the two alkyl groups of an N,N-

25  dialkyl (meth)acrylamide does not exceed 9.

The N-hydrocarbyl group substituents may be aromatic and aliphatic,
including cycloaliphatic, groups, preferably aliphatic groups and most preferably,
alkyl groups.

Each lower hydrocarbyl group may contain up to one oxygen or sulfur

30  containing group or atom. Such groups include ether groups, thioether groups,

carboxylic acid groups, ester groups, keto carbonyl groups, aldehyde groups,
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only i'ntended to illustrate conpositions and procedures of the invention
and are not intended to limt the scope of the invention. 25 Exanzpﬁ AN 404
reactor equi pped with a stirrer, thernoneter, water cool ed reflux condenser
and sub-surface gas inlet is charged with 3000 parts of a 10% by weight in
m neral oil (PetroCanad Og#t ~ 100‘3{g sat ur at e%) sqQl ution of an

et hyl ene- PYFHRPIO%HQUR & Iallfﬁ g9rBhe hsdatal pumben of Sarben #ieos obdhespd M w
200, 000 c L S ' ' ' 0

di cycl ope%{ggg% ?ﬁgﬂ 8%?’?@91] #ﬁ&e}g r}rr%atlkoe{i;lf gﬁ@%ﬁ%ﬁ%ﬁ@a%ﬂ%ﬂ&eﬁ ESJT?D%SC. To one
addi tion &tnnel are added a m xture of 7.5 parts N 27 2 6 JAN 2004 vi nyl
i m dazol e and 15 parts N, N-di nethyl acrylamde in 50 parts by vol une
toluene and to a second addition funnel are added 15 parts t-butyl

. l, . \Whil i nt ai ni , the t
Pol verp oARElC GRmaG Rl  HobBiaeCeNGe  Konely™ROUBBIEO N ' Fer "
t he addit jipRshda@yeandy, e rqptyheaé:rgffﬁﬁ{i%i a N-gefyheatSthniilé,| endri gL ai ni ng

N2, at 130C for 4 hours, stripped to 150C t’hen vacuum stripped to 150C at
20 nm Hg peressponrding Thaethegytoddéss fsith erasd p¥-oatlgilng andpr dd¥edinetnt ai ni ng

cent i ot ok BEPABYHIIRE AT ficy bicresdire Stpeliaiy S AL Nt ond Exar o

1 and 6. InpQdishel @BRuSakBgidese primary straight chain al kyl benzene
sul fonic acid ar}ge1 ’sgti rhﬁegg,’ under Nz, at 130C for 2 hours. Kinematic

vi scobi t yThd ¥aPlicNiddfch Centhinitedetisrockelanpl e 3 A reactor equipped with a

stirrer, therrrgget el{e wat er cool ed reflux condenser 15 and sub-surface gas
inlet i s chaxgef® wfieh MERESH Foptadnipg uois giaflpelymerized ertadhe hydiocarbe xon

.~ 7RY . i .ene- -djigycl di
copol yrer Pl bl Ehyal i sP el o505 S CH GBI e R RCU A SRR <y P one
uni ts andcéhtaiingetodictly eharpait.adhesteintintié SothTNS/inE@0 @hiyRhRrdpeat ed,

under N2, to 130C. To a first addition funnel are charged 1.5 parts
1- vi nyl i nFedgining he@repyeties. 20 N, N- di net hyl acryl ami de and 14 parts tol uene.

T d additian funnel 4, ts t-butyl . b t
and 15 parts t GEUBRE hnie MEHEaRARg 1 oERFoUBnoUD P RGL G
dr opwi se ﬁﬁ%lldil%he?l[l\l-{zi%% ﬂﬁ&%&@r%%;??\ﬁvih?l BEOMNdHBhé, MBAN . itnillOMfe, | At er by

dropw se addition of thée nmonomers. opwi Se addition fromthe two addition
funnel s i theca-vingd dibydrbexadin@s Bewing tdxervléehie2batyih oxazdimkes] af-vi35C for 25

2.5 hours. The apparatus.is then set up_ for stripping. The materials are
pur ged wi ‘E‘ﬂ’rﬁaﬁaﬁﬁd Yok éﬁp?rﬁznl‘?ﬁé“&ﬁhrﬁ’ehg%l INs¥ Y gimigazele, ands Nivayi | | at e.

The produ kAl Orefé3o N. Exanpl e 4 The procedure of Exanple 3 is
r epeat ed \f);m)t,rtrﬂ 1008&?5”5 %{f t he pol yner 30 solution, 2.25 parts

1- vi n30 i mi dazoNevinyl. imigazolesisNyaiticlilabt difiads ol gaftdolyaneiz. ditpadh-polar

hydrocarbon polymers. The process of co-grafting with the acrylamide monomers,

particularly N-methyl acrylamide, N-ethyl acrylamide and N,N-dimethylacrylamide,
is especially useful.
The graft copolymers of this invention have from about 0.25 to about 5 moles,
25  preferably from about 0.5 to about 4 moles, and especially from about 1 to about 3
moles of (meth)acrylamide units per mole of vinylic nitrogen containing heterocyclic
units.
The graft copolymer comprises a total of from about 0.2 to about 5 moles,

preferably from about 0.4 to about 3 moles, and more often from about 0.5 to about 2

30  moles nitrogen containing units per 10,000 weight average (I\_/Iw) molecular weight

units of hydrocarbon polymer.
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28 2 6 JAN 2004 t-butyl peroxybenzoate. Toluene is used in sufficient
anount to bring the volune in each addition funnel to 20 parts 9% ﬁgg .
Product contains 0.125% N. Exanple 5 The procedure of Exanple 3%i"s“r ;@gted
with 1000 parts of the polymer 5 solution, 1.5 parts 1-vinylim dazole, 3

parts N,N-ginethylacrylanide and 4.5 parts t butyl peroxybenzoate. The
addi tions I leted in 0.7 hour. After the initial 2.5 hour heating

period, an addid.] t ot per e a i s added and, heati ng
at 135Cis con?%%&ﬁ{ f S@J)Oro%rg%roef thféhﬁ%ﬁé_nt@ﬁec%éyb%dﬁéﬁm%@m & Hléocﬁs.so‘g&ckl.

Exanpl e 6cdfipries sineleadoisy %?af&ﬁ@%ﬁi&a@;yﬂﬁ;cﬁ%ﬁgf&ﬂn% @RRér FBe Rty Mer is
di ssol ved in PetroCanada 100N m neral oil (~ 100% saturated). The product

cont ai ns eomplitiens, atdseshiyrenitrogen emtaining erpmopisesd wWiktein enesafithe mopombmsr nowel |
wat er cool ed reflux condenser and sub-surface gas inlet is charged with
1000 parts of 10% by weight in mneral oil 15 (150N, ~88% sat ur at ed)

sol ution of a hydrogenated styrene-butadi ene random bl ock copol yner havi ng
nol ecul ar wei ght determ ned by GPC of about |20, 000 (G.I SSOVI SCAL 5260,
BASF). The materials are heated, under N2, to 130C. To a first addition
funnel are charged 1.67 parts 1-vinylim dazole, 3.33 parts

N, Ndi et hyl acryl am de and 15 parts toluene. To a second addition funnel are
charged 5.5 20 parts t-butyl peroxybenzoate and 15 parts toluene. Wile

mai ntai ning N2 throughout the reaction, dropw se addition of the

per oxybenzoate is begun followed 0.1 hour |ater by dropw se addition of the
nononers. Dropw se addition fromthe two addition funnels is carried out
sinmul taneously and is conpleted in 1.3 hours. After addition is conpleted,
the batch is heated to 135C and is held for 2 hours. An additional 1 part
25 t-butyl peroxybenzoate is added and the batch is maintained at |35C for
2 hours, NZ blown at 145C for 3 hours collecting 10 parts distillate, then
filtered. The material contains 0.09% N. Exanple 8 A reactor equi pped with
a stirrer, thernmowell, water cool ed reflux condenser 30 and sub-surface gas
inlet is charged with 1000 parts of 10% by weight in mneral oi
(PetroCanada 100N, 100% saturated) solution of the hydrogenated copol yner
of 29 2 6 JAN 200 Exanple 7. The nmaterials are heated, under N2, to 130C
To a first addition funnel are charged |I.67 parts 1-vinylimdazole, 3.33
parts N, N-di net hyl acryl am de and 15 parts toluene. To a second addition
funnel are charged 5.5 parts t-butyl peroxybenzoate and 15 parts tol uene.
Whi | e mai ntaining NZ throughout the reaction, 5 dropw se addition of the
per oxybenzoate is begun followed 0.1 hour |ater by dropw se addition of the
nmononmers. Dropwi se addition fromthe two addition funnels is carried out
sinmul taneously and is conpleted in 1.25 hours. After addition is conpleted,
the batch is heated to 135C and is held for 3.5 hours, then is heated to
145C and NZ blown for 2 hours, collecting 11 parts distillate. The product
contains 0.09%\. 10 Exanple 9 A reactor equipped with a stirrer,
thernmowel |, water cool ed reflux condenser and sub-surface gas inlet is
charged with 1000 parts of 9% by weight in mneral oil ( 100N, ~78%
saturated) solution of a hydrogenated styrene-butadi ene |inear tapered

bl ock copol ymer havi ng nol ecul ar wei ght determ ned by GPC of about 140, 000
15 (G SSOVI SCAL SGH, BASF). The nmaterials are heated, under Nz, to 130C.
To a first addition funnel are charged 1.5 parts 1-vinylim dazole, 3.0
parts N, N-di net hyl acryl am de and 15 parts toluene. To a second addition
funnel are charged 5.0 parts t-butyl peroxybenzoate and 15 parts tol uene.
Wil e mai ntaining Nz throughout the reaction, dropw se addition of the

per oxybenzoate i s begun foll owed
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20 0.1 hour |ater by dropwi se addition of the nononers. Dropw se addition
fromthe two addition funnels is carried out sinultaneously and 26 JAN 2004
conpleted in 1.25 hours. After addition is conpleted, the batch is heated
to 135C and is held for 2.5 hours followed by NZ blow ng at 145C for 3
hours while collectjng 5 parts distillate. The batch contajns 0.077%N\. 25
Exanpl e 1Oc%nl?rés&%?blea%cﬂﬂepﬁfé’dn%tﬁahNa(l%‘b’?frh@?caflﬁ’é EFR (metipgeryiangide| ed

reflux co N S b - ' i M L 0 rts of 7%
of | x CoRiPaSRuEr L SUPTBHEE 3680y Dl ErGRLR M Yo 1B R LS o 7
styrene- i 8Rp6GABS dohijeidés 4lilbdsb6ke CRPRE WiTReR %ﬂtﬁ‘iﬂir%me@&b‘é}%ﬁc \6BPbind.

determ ned by GPC of about 200,000 30 (SHELLVIS 40 Shell Chemi cal Co.). The
mat er i al sExeraplasaard prefererdr hydrocarkpni poymersoand tifrogen eefdiiningnmpuomers ar e
charged 1,17 part :vinyl im dazole, 2.33 parts N, N 30 2 6 JAN 200g

di met hyl a%rreﬁ“gs 'Satzfoéhéle%’%gﬁ's tol uene. To a second addition funnel are
charged 4.5 parhg drafitp s RAURRPANAGEEe 3t Scdhdliions Féﬁ#{@#lﬁ aplek €

mai ntai ni ng NZ throughout the reaction, dropw se addition o %he

per oxy benraditabinitiatore Jiree fadicabingttht@s arehizaeritiedtie dethif herefbalose addi tion of the

mononers. Dropyjse addition fromthe two addition 5 funnels is carried out
si mul t aneous| y TR BPINgRI9cessels typicallysconducted afr aarelaypied itempgratursnpl et ed,
t he bat chj . for 3
nours. . ThE" SrARSEA sBauiC b, el e forhidnchpe BB R iRr
stirréd, plenompelfdrablwdiont aleoanl @0PC @fdbowt H3AC@nS atord Prefistabls Hons Wbdace gas
inlet is charged with 1000 parts of 14% by weight in mneral oil (100N,
~79% sat ul AVEdly abeyiut43dh- Songiderptipryion deeeminingpieasiions tgmpatatiepisclpder havi ng

nmol ecul ar i ] Fhg.polyvstyrene standard of about M~
414, ooore\gg'!é‘q& ?fx?‘gé gﬂé”gg‘g‘i E’%ﬁ&%ﬁg&’gé@%’éﬁ a4 P"dﬁ‘é‘ﬂ?@%‘f“l’%s.‘b@' The

mat er i al SFaleRJAGAL Ritiattdder N2, to 130C. To a first addition funnel are
charged 2.33 parts 1 15 vinylinidazole, 4.67 parts N, N-di nethyl acryl ani de
and 1 S parts Asingtadeherdio, thegrafd pdlyavdizetions froviding the grafh eoppdyingts pdr t s

t - but per.oxybenzoate and 1 rts toluepe. \Wile i nt ai ni_ng

t hr ou ouﬁ“ﬁ VePté%fb?’ieo‘f'ﬂngH‘FtS‘g\Mggg é?fdfafifcﬁﬂ copditions ?@%ﬁ‘?ﬁ%ﬁ%ﬁf%ﬁ% begun
fol I oved QidatBOUK widd GdrichY o QPRSI iﬁﬁfl!t&rb,%mgfim%g'%fgfgémm%% Free AR S€
addition fromthe two addition funnels iIs conducted 20 sinultaneously for
1. 25 hour genenaimgtreggents, ete well keawe do diosd 3killed du ti2. &t. hFThese inhtlade Nzbl own at
145C for 2 hours while collecting 5 parfs distil]ate. The residue is

filtered. SHRROYNASRFEIXYAMRIVALS, Mitiuyradisaksadchigh eneray sadiatian rRadisal Exanpl e

11 is rep ' f %:by 28. wej [ i.heral oil
(Pet roCanEaL it Pttty oo B5} 2 Bpd HGRH R Mibn ' SoBHBHR " 2 10
par t s20L- vhydtbperogides)| diacdl 2Rr@dddss Perdkydli esedrby hddr ¥oardoddoufids3 Whikhs t butyl
per oxybenzoate and, in_each addition funnel, 15 parts toluene. After

addi tion @¢comnestraharmally Withini the ograftinge temperatirg| range theuowde seidi3e€ for 4
hour s thepadll\lzhpur ged at 145C for 2 hours while collecting 12 parts

distillat& " FTre product contains 0.14%N. 31 2 6 JAN 2004 Conparative

Exanpl e A reachemefsiidi RReAdihl (it 4ré SentibRQY FOMBBove YEE@hcaoRked refl ux
condenser and sub-surface gas inlet is charged with 1000 parts of 14.5% by
wei ght i nbyifitasy a@ind diyl Boeyxand Woshow.~ Arbesterst ver listing)of Soderrtadioal initiators

et hyl gne- propyl ene-di cycl opent.adiene 5 cop mer . havin ' 140,000 and MW
330, 0%% cg?Pﬁ%sl‘hg- %Ia Ry and o 'e‘[{hg}%g‘ﬂfh% to&nolb Oiy%‘lg 5%!““3/‘80?‘5’ 2nd

di cycl opegd;agi i 1 ) Dy m i... The
ol ut i on Lurp Ry LG AR Ron RN A, o7 ehpareeyB] RaRdoT A Bk, OT
parts n- dodéx)-geneeatirgpteagenty dnaudd t-dbutyhdsbirdride) Ebunyldldioperokriegeduhd parts
Nvi nyl i m dazol e dissolved in 25 parts toluene. To a second addition funnel
i s char geBerPenzpats, phamyl pepride, sunpkaseonidat &-butyd s perpei@aten Bhutghmt s

t ol uene. ure isg, | ease .130C t hen i,Le maj.ntai ning NZ
thr oughoutg-ljnt8 ogg{aégéo'?lieén, s?or%l?@gneougpe ?’8%6\?3,1 se asa:aﬂ‘%lyg%er%y %ﬁona&e’

per oxybenzabisisoduyrédigildyavil aydbisiiHaredretriié.om t he two addition funnels is
carried out for 1.5 hours then the batch is held at 130C for 2.5 hours
while maintaining N2. The apparatus is then set up for stripping. The
materials 15 are vacuum stri pped to 145C and 20 nmHg, diluted with an
addi ti onal Exxon 100N oil and filtered. distillate. The product contains
0.043% N. The products of these ExanpR®s are eval uated using a screening
test designed to determine the relative dispersancy of dispersants and

di spersant viscosity inprovers. Each is dissolved in a 100N mneral oil at
several different active (neat,

-




20 di l'uent free) chemcal levels. A fixed amount of sludge solution is
incorporated into the sanples. After standing for a period of tirmpg JANCHO4 S
exam ned to determine which is the first in each series to exhibit fall out
of the sludge. The first sanple nunber to experience fallout is reported.
Results are reported as nunbers ranging from<1l to >6 where _<1 signifies a
result where fallout is observed at the highest |evel of dispersant 25 and
>6 signifies albhedigeradipad iritiptory aatgenesaliy usedds @nvestbuay Enmaabouh .0l deest

di spersan | .. Results. the tests are.reparted in the follow ng table:
Pr oduct o%b@\a{tﬁ’&ere ﬁyngilggizl%@g‘ig%k@t@?elg@ Ogthfiﬁf‘cé%ﬂ gre,ﬁergblg, Heq 10 <1
11 5 12 6iditidtbisGdd hded a@bﬁou@g.r@BQ§h;$6lﬁﬁ§)_eﬁgenflgv;j\svefgﬁt(enti on conprise a maj or

amount of an oil of lubricating viscosity arnid a m nor anount of the

ni trogen cont alh¢ nghajeeafaf disgolrgdienl s garferatinigs reageent ¢amn.beA amajimpoamunt i s

t he grgat est 'cmeunt' For e ar’r@beri a conposi tian contai ni.ng 40% by wei ght of
an oi 1° of SPHHISTERR; FigT GRUBRS Wher a RalVPIeE UBIgge1RE REATIIRG With RamIGNQIBCGs a
variety ofilakdSihPioicnfhivh £ RIS il rai*ﬁ@%%thé fiRolddPbn@ U2 BY VeI ON
of the conposition, is consider as conpri'sing a ngj or armuntt of "an oil of
| ubri cat i dduent smysictyr. Ivhaebdenashsaned that thenthotve climitBlor bfedte dttextanie t han
50% of the_total weight of a conPosi.ti.on. Thus, for exanple, 51 % 80% and
99% ar e nff gfaftingoeithe mepomexionty theilidiluentr Reflecing theaam@omodfynaneimeht .

Cor r espongj e 1 nor .amount.s are 1 % 20% and 49% neral ly,
the | ubri %‘?ﬁgcrl\;"g%"u ?1%253#%%5?{% sfgs JtS i AR fgreased Q”chzy pioggmgr ﬁ%aﬁt&G&
Vi scosl t yohtdptheVpdlgmand Ieheaids afficienbP Wit mehoh&e gﬁ{f@ﬁ% oRRP QLR ially

Typically, lubricating oil conpositions of this invention conprise, on a
neat chenfatatedaeapelymar gasinpdas beero described byt Langeod\alwin §hS, 5208.665f t en

f b 20% t o about 5% ight_af the nit 1 tainj,
copol yror MRS BarEhpEREHpoREd el Merefisene GF sl Vi dsslpreh fly e

vi scomet r fpardand di spersancy characteristics of a lubricating oil
conposition, said nmethod conprising incorporating therein a mnor,

vi scosity inprave ngoamcodiamisg Samiatoas]Osith & Vahe® PodfheSQABBh YidRiagor®f this
invention. 20 Other Additives Additive concentrates and |ubricating oil
conpobi t i diPaat) employediretite graftivey prooess ait rabotith@5°Caetdukt ii esmudhdighee of such
addi ti vesdi S opt.i ogﬁl and the pr esen%g?t hereof .in the conpositions of this
i nvent i on998TFY OYB5RINAS NP HEC Poltmyuthan des derpxifle) injléatorst syshr aoithuivt e

required. sJdBkiSe t QEIBLOEL: Ak tisye ' e cl d. A gi tive 25
concent ra?es tf/’p‘?ﬁ%l ?y étonpr Fégyﬁﬁgﬁ]}{a%ﬂe{s{}g‘%ﬁq@ a %ud%f%sﬁﬁ?cgvev%iq fit of
i nt er pol yfree-raglival fraftingalroedss.20% t o about 95% by wei ght of a substantially,

i nert, nornmal I¥ l'iquid, organic diluent.. 33 2 6 JAN QU04 Lubricating oil
composi tions of ReEralBgInaY Be soncied ip solgfiony Ehe snlvpm oxapemipeisasivdde of t en

r ef erged . i gt hi gskhat €s,.. zinc O, O di hydr ocar hyl ..
di t hi %@hoﬁ%ﬁ’ %@‘Q%H%Sté’pkg@ 5 %genﬁi}’r %%%Pnnsé’#éeél%' %%"i?ra%fye?@e&@ﬁnﬁ&
referred ¢ondoyted BmipRIyigey p@let Ay rofteaddie sBlveRDErRIiKiLRE i.8abhSwhich does

di t hi ophosphorjic acids, m&y be resent in a mnor anmount to provide
addi t i onaPoteytideraoeatpi sigsificant gactionwwith anydofathei reactandsoc yprodrctoofriice. O her

addi tives. that ma tiqgnall e used i.n the luybricating.qils of this
i nvent | onmiv?ll@foﬁlde?m%g?lag&a%%& _sﬂ’g‘_fe Esé‘tﬂlfgts d‘?‘gb‘&r s“é‘iiftggu"giyp&?%\%ﬁ al
visc ?SI t yaupmﬁ@m{véms et dRd rQakivel iRk LfNBsBRALMNS terf Y] FHIRr BEHPEL | NI
agents, pour poin

25  hydrogen atoms. Specific examples include hydrorefined and hydrotreated mineral

oils, polyalphaolefins, volatile alkanes, and the like. Use of these solvents prevents
significant grafting of the nitrogen-containing monomers onto the diluent. While for
many applications the choice of solvent is not critical, it is particularly preferred that
when the graft copolymer is intended for use as a dispersant viscosity improver for

30  lubricating oil compositions, the a solvent, if used, is a non-reactive solvent.
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10 depressing agents, extrene pressure agents, anti-wear agents, color
stabilizers, friction nodifiers, and anti-foam agents. Extrene przqiss_,me%?m
agents and corrosion and oxidation inhibiting agents which may be 1 ncl uded
in the conpositions of the invention are exenplified by chlorinated

al i phatic hydroggarbons, organic sulfides and pol ysul fi des, phosphorus
esters incl udi Rlugntsastoare mebhighhy sttrasdd ot sxaseple. mapthanip RIS, avay b8l ybdenum

conmpounds n i ef. i.dat.i knhibjiting, a s inelu
ot or 1l 8 SR Rt ffen EAGH1SBH O AR, B AP 0 BB ot 1y
those havitag ieﬁﬁédda%?lftiﬂﬁ leyito @he Qi BfocaBER pBFicd! thaf dantYétalleviai-aupsoig t he
position ortho to the phenolic -OH group, and others. Such naterials are
wel | knowextert tiios@plelyingk iadditionalt menamer Ractanixid iinergasei theosipet mir over s
(al so sonetines ref&g(ﬁejﬂ 0 as vi scosity index inprovers or viscosity
nodi f i &r sJPREPCES RHRYHRAE: conpositions of this invention. Viscosity
| mprovers are usyalidy AOlVERLS mabd UelnhoRRlK] ARRYANGE arP ShiRLAGCT V! i €
acid esters, hydrogenated dinme polyners, polyal kyl styrenes, esterified
st yr ene- nublefilec suwhhthdt ithky tapdbey temeniehiiylrremenat dbnalthe gydfacepaybr.
conj ugat eqd . di ne cgpg}lsyrrer,s and pol yol efins. Miltifunctional viscosity

i

i mpr over s AlgFatikel reaciian dnayls conductsd dn ap o nfilabeicating yisspefyewhichs” ar e
1 4 . . . iy 7 R
vent ; on e sefVes a8 Bbent o HE Rt el O hatcfials MRS of el i g

t hosel@rentomoipder andtdfehlesktn@cdilyahert @pblyvené tdtainfag Gubticatiig 94 as
publicatiaons is hereby expressly incorporated by 30 reference. 34 2 6 JAN

2004 Pour didesntmepe glsesken preparedybyp simyltangelsty remeving adudlatileediduent endr at es

and | ubri | il escr b herei n. Those which may be used are
descri bed?ﬁ%ﬁlécir}}%es(&meﬁﬁ&% u?llogﬁlan_&if’tglg\/v\ésfclos hown to those skilled in the art;
see for exanpl & aPaB@niwf embddphbmatie c%ﬁéllyiﬂe}'%"y WYprepardd b?%héﬂf‘c%h%and R

Kennedy Smith (Lezius-Hiles 5 Conpany Publisher, C'evel and]; Cnhio, 1967).
Pour poi nthedispetimsinrans extgsten whichr promelep mepbacad fshedri sWhaw anteixandertischni ques

% R S i3 SRS 0,0 St Pomers
2, 721, 877: 2. [%he Riifbwirly éxbingléareditinded’B iy Sleh At fpt8 ST s

i ncorporated herein by FTeference for their relevant disclosures.

Ant i - f oaminvgetidrsasiseld at anaaas firepreoparingesamet Unless iralicaadd other®fises tafllaetsf oam

i ncl ude silicones or .organic polymers. Exanples of these and additi onal
anti -f oan?@o%@sg¥i%%§htaﬁ‘§n%§téqub@§ indegresank doins (), Agdnpressurasyargienry T.

Kerner (Noy&s a (.on, 125-162. . Det er.gent s. and
di spersants nﬁ@ffé"@%h? g%ﬁgd%{aﬁ)raétg égi)vﬁgﬁ%?ﬁ%srﬁ%gg%s%@/ﬁés pﬁ;fggxgv eight

ash- p2@dudi peamiettergent by acturhx APmilfiliees. DyFiltidtiond! 48| Rnbguéd akingnd basic
salts of alkali or alkaline earth nmetals with sul fonic acids, carboxylic
aci ds, phéisgmacepusopdjiinifibten piss pHbraoelytieal dealusts aara diye anatysis. byViscdsépsis one

direct ca - 0-pho inkage. The term."basi |t" is ysed to
desi gnat eﬁ{r%g{]uééfgsg?% Z‘gm@ﬁ%}’{% . IILS t!o ep'ﬂng%rétr?f’di%f?%gieé?ﬁ ¥fcally
I ar ger anpultistehfianto i@stedtd @binpodtdrd dnadhréadduresE (RO ifveh@dd &1 aenuypt  of
metal present in "basic salts" is frequently indicated by the expression
"metal ratfitended dpbiméithescoge MRYhe inteintibn.i s defi ned as the nunber of

equi V?# ent.s of tal present conpared to a "normal", stoichionetric anmount.
Thus, orbéggﬁﬂlﬁﬂg, a basic salt containing twice the anmount of netal

conpared to thg éﬁ&&ﬁé&uﬂﬂﬁﬁ Mifh 8RHEL the?@ﬁmgteﬁgx%? r Jo%ieidoreﬁ%ﬁ;or@;c]g&r Basi ¢

salts and techniques for 25 preparing and usin emare we wn to
t hose ski hhdeshb-surfabegarihleaischaged witht3000 pdits 6115 $6% Bynwelghtiinlminefateil AShl ess
detergents_and di spersants ar e so-cal l ed despite the fact that, depending
on its colsttolansdsn 100Ne detl@PYeratusited) sobtivantofnay efwileneaweriencon yi el d
a nonvol atjle residue such as bhorjc oxide or phasphorus pentoxide; however,
it does 3BicHeIPPIRasticng: sappleesst AevngelMal LA erd M. 0309, M0 ecomipising &1 d a
met al z@¢ont.ai mi ; . AN . Reactj o roduct s of
car bogg/l i (cvgi C|t zgel?gfrénggPlﬁgg?q %e“ge gt e ?2‘8')%10&)8& %ﬁf}% ﬁ%&% Thd bttt

heated, under N, to 130°C. To one addition funnel are added a mixture of 7.5 parts N-
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3, 163,:6033, 399,

1413, 574, 1013, 184, 4743, 415, 7503, 576, 7433, 215, 7073, 433, 7443, 630, 9023, 249 %66
3. 444, 1703, 632, 5103, 271, 3103, 448, 0483, 632, 5113, 272, 746

3,448, 0493, 697, 4283, 281, 3573, 451, 9333, 725, 4413, 306, 9083, 454, 6074, 194, 8863,
311, 5583, 467, 6684, 234, 4353, 3| 6, 1773, 501, 4054, 491, 5273, 340, 2813, 522, 1795, 696
0603, 341Visybmidazpleyand 1% patsol e diagthyignlanide 4 88 party by yobingsiohsse3, 542, 68

ORE 26, 43 8 637 10 stjan. ny types ar.e . kno in the
art, and 2 00f sBREfadfod fhndid g TPl TR PEReE G S TR

i nvent i onby Maturh® ltblavme)d Wihi€e imdimtainidt NY.Cihedtwd e518éneafMMion34ar@nglided ef er abl'y
at | east about 54 carbon atons with nitrogen containing conpounds such as

am ne, or d@pmisehsimaiapeeushpoeveds? douts. ad\figheholaddiiods are choipistedantié or  basi ¢
I norgani c terials. anpl es .of . the "carboxylic dispersants” ar
described™?F B §F i’ﬁat%t‘@r‘)l]le Iﬂﬂﬂ%‘@’ﬂngl,igoﬁ, g%g%‘gﬁ’& 4 ho‘}ifﬁﬁ“@eg.tﬁp]ézéﬁtls I

| nel udi nggihedbabh ik (19)15%eck k. " ehetiy@leyishfifbtedo! ecul ar
wei ght ali phatai c or 611 Icyclic haf:gli d&ln\s}mﬁ?ﬁé’%@sﬁes, pre?esra IlyS 60 §al kyl ene
pol yani neprovidigs e praduch eonthimirac6.858%eN, tsal "tase aemdesper R and kinendtiexanpl es
t hereof are descri lggd for exanple, in the following U S patents: 3,275,554
3, 438, 757Viscopty (KUECR28Hbcontistokes) Reacti on products of al kyl phenols in

whi ch theg |k 29r oups contains at 20 | east about 30 carbon atons with
al dehydes il ally formal dehyde) and am nes (especially polyal kyl ene

pol yand nes), WAi mixture)oflse 0 pass a¢ ties pragstt a% ExMapl L ndlbIpgirgaiitan 859 he
materials described in the followng U S. patents are illustrative:'
3, 413, 3473diveomimyy dragghy obgip Fkybberggre g@fonio geigaae xtioued 3 uids 19,7 at (4)

Products ol Be8lnBis PRYertdifB¥idcBey (1803200 defiifited® o Manni ch
Example 3
A reactor equipped with a stirrer, thermometer, water cooled reflux condenser
15 and sub-surface gas inlet is charged with 1000 parts of 9% by weight in mineral oil
(Exxon 100N, ~ 75% saturated) solution of an ethylene-propylene-dicyclopentadiene

copolymer having M“ 140,000 and —1\/—Iw 330,000 comprising 51 weight % ethylene
units and 2 weight % dicyclopentadiene units. The materials are heated, under N,, to
130°C. To a first addition funnel are charged 1.5 parts 1-vinylimidazole, 3 parts
20  N,N-dimethylacrylamide and 14 parts toluene. To a second addition funnel are
charged 4.5 parts t-butyl peroxybenzoate and 14 parts toluene. While maintaining N,
throughout the reaction, dropwise addition of the peroxybenzoate is begun followed
0.1 hour later by dropwise addition of the monomers. Dropwise addition from the
two addition funnels is carried out for 1.25 hours then the batch is held at 135°C for
25 2.5 hours. The apparatus is then set up for stripping. The materials are purged with
N, and heated to 145°C while collecting 10.3 parts distillate. The product contains
0.07% N.
Example 4
The procedure of Example 3 is repeated with 1000 parts of the polymer
30  solution, 2.25 parts 1-vinylimidazole, 4.5 parts N,N-dimethylacrylamide and 4.8 parts
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di spersants with such reagents as urea, thiourea, carbon disulfide,

al dehydes, ketones, carboxylic acids, hydrocarbon-substituted su i'ﬂﬂ>um
anhydrides, nitriles, epoxides, 5 boron conmpounds, phosphorus coﬁ%oﬁnd or
the like. Exenplary materials of this kind are described in the foll ow ng

U S. paten%s: ) i ) ) )

3, 036, 003509 perEKbengante > d9lusng isussd i suiligisptampyntde duing dhe volnmedno, 2293, 2

0253, 375, TS B RE30 i IAREE 00 Ao ISR "0 7275 57 250

3, 442, 808BxmiPle4503, 703, 5363, 280, 2343, 455, 8313, 591, 5983, 704, 3083, 281, 4283, 4
55, 8323, 600, 3723, 708, 5224, 234, 435 &5) Pol ymers and copol yners of
oi | - sol ubi | i zi A§e rseesdEres of Fxhamale ¢ ds yepentachaithy 1 6R0epartd g Ithelgolyimest her and

hi gh | ecul ar i gh | ef i.ns ,wi th_nmono .10 cont ai nin ol ar

subst i ue%@gao%\.,@. 8 ar;snf o Bﬁlihwngter §|P£H§§E§?dlwsth¥f?€pamd§g‘,n8é‘cf Pt des and
pol y- (oxy 8y bedRybentbfé.i THE addiaehyArd BmpletdieRm. TRYuLeA REMAGhiRAI Z6§d as
"pol yneric di spersants” and exanpl es thereof are disclosed in the foll ow ng

U.S. pat ehowr heatmeopae, 3n6sslitianl 155 part4ohash peoggienddae Is Hlded 6ihd
3,702,300, The a -not ed. patents are inc orated herein reference for
their di SBF%@&FE@% 1§§?Htgg“§é ISJRPE i %Qf}t@lpﬁg’pg%lgd ot her

addi tivespgRupRach be present in lubricating 20 conpositions at a
concent rat‘_p—f‘l onof as little as 0.001 % by wei ght, usually ranging from about

0.01 Wto abouTh2@rodeyiurecifgitampler 3neStpdanal @tesiSthe igodymaaigligoRedijhut e from
about 0.1%to _abqut 10% by wei nore often up to about 5% wei ght .

i ght, 1 b
Addi tive Eﬁﬁﬁ@%ﬁlﬁfi&ﬂ%@“svneralzolla(clamQ‘VQsmwatpﬁb %nprodlsctaanatm@é%%mosi tions
of this ipyen feo]n descri bed herein can be added directly to the oil of
[ n‘q—v‘Pmsi ty.

| ubri cati Preferably, however, they are diluted with a

substantial |y iAngattor BQUipEId With iaGitindr, GheraibivielId watt@ oo RU GRS cHiderserl oi l, a
synthetic oil such as a polyal phaol efin, naphtha, benzene, toluene or

xyl ene, t and gitnsufagy gavinletiiy ehargescwith 180@ parthels 0% dyoweightatasinenhpili se from

bout 0.1 b 60% ight, .f tly f bout 5%t 50% b
sbout .1 nabau SO A0 Cueni Ly oo seRit 21 seot 50 by
of this i BYRINMEaN Haking tnktﬁ?&ﬁdra%g}ﬁo'a@trehﬁfn@@ b?e@@%&gi’&%bﬁl 11%0i006" ¢ -

normally liquid organic diluent, and may contain, in a Ion, one or nore

ot her add{GLISSOWISOWL.S 5260nBASF). The mhatetinlsrecihdutedeunddadVeto 100°ThEo addi ti ve
rise fromabqut 3% to abqut 10% by wei ght of at | east

concentra&_e may,. cO g yut | 1 y

one non-g léﬁtta‘%ﬂﬂ PROSE AR hakRedr bEA PRty devinylimidazoley 8i30epasndbNer at e may
al so conmpgj ' o L Ot e t al

wei ght of Hitrﬁegh}géﬁﬂa?@%é%ngglc n%é@g%fﬂa% pﬁi\égfg%lfl&gé\%n %%ﬁ‘?ldaﬁg%a#g%ie%rgessant.
Addi t20e pantcebitybpaexyberzqaenal B3iplrys wluehag Wihiembiitaihihg Ni@hioughbul 5
conmponents, often c?t el evated tenperatures, usually |ess than |I50C, often
no more t HEAeaions dropwese addidgn ehtheyernxyhenzeateinbesabdollowab®] hour later

by dropwise addition of the monomers. Dropwise addition from the two addition
funnels is carried out simultaneously and is completed in 1.3 hours. After addition is
completed, the batch is heated to 135°C and is held for 2 hours. An additional 1 part
25  t-butyl peroxybenzoate is added and the batch is maintained at 135°C for 2 hours, N,
blown at 145C for 3 hours collecting 10 parts distillate, then filtered. The material
contains 0.09% N.
Example 8
A reactor equipped with a stirrer, thermowell, water cooled reflux condenser
30  and sub-surface gas inlet is charged with 1000 parts of 10% by weight in mineral oil
(PetroCanada 100N, ~100% saturated) solution of the hydrogenated copolymer of
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The Ol of Lubricatin;~ Viscosity The |ubricating conpositions. and nmet hods
of this invention enploy an oil of lubricating viscosity, includi2gJAbt4iPal
and synthetic oils and m xtures thereof. 20 Natural oils include animal
oils and vegetable oils (e.g., lard oil, castor oil) as well as mneral

| ubricating oils such as liquid petroleumoils and sol vent-treated, acid

treated, &xamBle hyfhomatesialspredertedsundemiNi éad30M§- ol ¢ 8 fisst addisionfomndli ni c,

ht heni ] ) ' ey f lubr.i i
Vi Scost ty el R AR A RERRGIE X D WRER et BT B 18, cati ng
oi I's incl gakes hyHiepear bn DidesorinthddRioRali@fdbsirk t URRged VS5 OpAfsOQHyRJIl s such

as polynerized and interpolynerized olefins, etc. and m xtures theéereof,
al kyl benz geresybenaoaip hedy b paste tajuenebi Whide piagtainimg Plethyoughowt| thy keattah,
ol yphgnyl.s, etc.)... al at ed di phenyl et hegs an | kyl at ed di phepyl
Sul f1d syQW&“PW@%Q}QWPE%{“%B??XB&R&F%%Sé’ﬁ&u‘h e Sgshfguﬁiﬁi%fgﬁry URB™SRe 11 ke.
Al kyl ene qxdiflen BRI MRSrondRd DrBf)ﬁfSQQH ii6h ?roﬂ{]ﬁll]gﬁgfg'agairtib}ﬁémfeikﬁ%g%trieﬁher e 30

their term nal hydroxyl groups have been nodi y esterl on,
et heri f i cati smulteteouslycamdsis icompketainint h2$ hussf Alfter hddigowis sorapletedyththet i c

| ubricati i.ls. 3 6, JAN 2004 Anot her suitable class oj synthetic

| ubri cat i E%cﬁiw Eeﬂttf—fgfo éé%%b@%ﬁé&?%ﬁp}-? dours; Hiends theated de 145°C apdi N,

pol ycar bo i i a ] e t rBoxyl i c acids and
pol yol s aﬁlék%ﬁ‘i‘%hg?ﬁ’e@.&@%?@r H%%n HORR, Fhelfodkf F‘%ﬁg?ﬁgg%’ %l ude Iiquid
est er $0 of Erlw@plei®or us-contai ning 5 acids, polyneric tetrahydrofurans and the

l'i ke, silicon-based oils such as the polyal kyl -polyaryl -, polyal koxy-, or
pol yar yl oxy- si Aoseaster equippegnyith ial stizrgt,ctherimogvelly wvatdricoeltd refivy nenticasa

fined oil h t i I i.xt [t
ror e of affh oit-eiabE s s ShyBes BB ST YR by sVRetiR ESRLEY | 1 e
conposi ti PN I~780E sati@RaN bolufiNE BE h M drddensibd ?ﬁ%n@jﬂu&d?e{r]ﬁ ﬁdeglsapalehai ned 10

directly fromnatural or synthetic sdurces wthout further purification
t r eat ment bloRkfdopelyneir | mvingemslacitlanweightt deterurinestf by @POi dfsatewic dg0,00bey have

been rth i e e purifjcatjon steps_to i nprove one or
mor e H’] opé&hmmﬁ{sfg@ %ﬁﬁg?‘;ﬁe g‘ﬂfeé‘? e Pt Hﬁ&"é%stosl ‘Calofo those
used to o i hne@inAill SiyaP Rl t et.Lned ai:l 5: whi ha al ready
used in SQE%i (r:hg?mcé):r}ch reérlef?rﬁeﬁlllgll‘agfgg gfstre h@?eli‘gh%lﬁ{%?égﬁal 56/ Br%gtgessed by
t echni qued,Nidimethgtictybamidemandl 1 HfpastpaciuenddiTo vesecamnd! additiohr faake oms

products. Specjfic exanples of the above-described oils of [ubricating
vi scosi t ycharged?-0parts froetyh rerexybenzoate and 1 partutoBege.o Whilenmaintainipe s Pat ent

fg?gbgﬁti | géﬁg)lslﬁﬁlé’sre%cg%) a?x%)g\glki]sieca%dﬁfo cr)}etlhg%\ércjx%gr{zggtrea}g %ggul%yforll%];veeaence For
20 0.1 hour later by dropwise addition of the monomers. Dropwise addition from the
two addition funnels is carried out simultaneously and is completed in 1.25 hours.
After addition is completed, the batch is heated to 135°C and is held for 2.5 hours
followed by N, blowing at 145°C for 3 hours while collecting 5 parts distillate. The
batch contains 0.077%N.
25 Example 10
A reactor equipped with a stirrer, thermowell, water cooled reflux condenser
and sub-surface gas inlet is charged with 1000 parts of 7% by weight in mineral oil
(100N, ~79% saturated) solution of a hydrogenated styrene-isoprene linear diblock
copolymer having molecular weight determined by GPC of about 200,000
30 (SHELLVIS® 40 Shell Chemical Co.). The materials are heated, under N,, to 130°C.,

To a first addition funnel are charged 1.17 parts 1-vinylimidazole, 2.33 parts N,N-
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20 therein. A basic, brief description of lubricant base oils ap£§q¥®l&®#an
article by D. V. Brock, "Lubrication Engineering", Volunme 43, pag 4
March, 1987, which article is expressly incorporated by reference for

rel evant disclosures contained therein. 25 The fol |l owi ng exanpl es
illustrate |lubricating oil conpositions of this invention. All parts are

parts by %E Aggjnts are on an oil_or diluent free basis, except for
product s gem WAy emideand by pastsieluere Taht sasondraddition finaelase ghasgedt 48,

i | udi t t t
bt g Ul Ao B R Brife IR S DY SnBRRRERL " 5551

substi t ut dg réammnndlﬂpﬁrﬂshMddiﬂtldﬂoﬁtﬂé)ﬁeﬁﬁ?béh%ﬁfé% B@%ﬁlgﬁgllowgd 6.1 hohk RRP4

bottonms reaction product, 6.84 parts a zinc sa m xed met hyl

anyl -i sop brﬂfPP‘bﬁS@ wd@qﬁwasqfh@penonprms pRrapsvisti additign fitoonyhe) tweriadditios. 72

| ~ 2 f h 98 t
P b o DBy S 8258 hfianeBudly @it ool nd A hotBl GARet acgision B0 °
cal ci um ovgmpREAC e AR 1§heé%éd<é{t|l3t5@('3¥@1r@5ﬁhlﬁtfs‘2ﬁéxﬁs§\1 ibn a Q&ﬁc%r §s of a

ker osene sol ution of a conmercial silicone antifoam’nd su ICI ent m ner al
oi | to makeursh#he proslct Otapmr(.86234Nwei ght . Lubricating oil conpositions are
pr epar ed EX E_ Hg 12.49 parts of the master additive concentrate, 0.20
parts of =+ m neral oil polynmethacryl ate pour point depressant and

7.5 parts of the . anpl.e. i ndi.ga |.ow 10 table
into suffici en%A ﬁgﬁg?g@ %é’éd %@fﬁ%&ﬁ?%%fg) B&%r crIa 8&??@%{@%’&9&

| ubri t@t i agd sibl-surfeablges ihlébia tipirgediwith OO0 parts @ﬁl@&@gﬂb@ Ht iR n@ﬁéﬁpbﬂ C 15 A
master addjtive _concentrate is prepared by m xing tgg er | 2.90 parts of a
pol yi sobu kﬂo e T¢Ymaturated)iplntion i ¢t hydinasaated soprane redishaopplyeeeshnyingne

pol yam nes ons rea(gqtl on product, 11.25 parts of a zinc salt_of m xed
met hyl  anffel o gt daterAtingsh by SR aising, ufdywiefl@ stearlenduel ahaart bsed (MR ~
3.5) sulf 4 d aclaﬁ _phenol , 7. 48 § 4s_calciumoverbased (MR ~ 11 ) alkyl
benzene s @ and, M g = 158005 SSHELDY IS 5230, §h¢%€éﬁl@$§b@oowﬂl@ gyterialry |

benzene sy).f rt i | furized
al kyl phe%llglfféla’(?g1 gﬁdegrl\'gzs #363& ? ? ﬁ ’a}gf’ Iﬁfgﬁi gﬁﬁ edlzég pér’ﬁr"‘a}zol e,
5.38 part smgfmﬁduzt)uruwgaxbyr\raﬂiuﬁﬂahhu&rylanﬁ&é xdcatsep@ts%mefé deg a@é@éﬁ&t 0.11
parts of a kerosene solution of a comrercial silicone antifoam and

suf f i ci engdditiorefannebiare chargedkd parts t-butsl pi@@ybfalzoae andwis ghtts t@lbene.
Lubricati osition ared 9. 30 arts of . the
mast er adgﬂ} Fvem?:%%g iﬁfe%hr &9%[) rS?Cé sté‘f"é’ éserraqdél W Fodh§ner
neut ral i zgghoiytcRzaHié NP PERAY ! m&%@l 0. meho@nﬁtésggdfmfsstmltm 0@ Chhe Of

Exanple 4 into sufficient mneral oil (Exxon to prepare 100
parts of mgpemeest i ngrapwise 4@ditiop ﬁroﬂm\NhQOtMo Eaddlt;dnefuxmeli As negidactedddi ti ve

Conce% ' agi%ullt%ne%uelgfafrore ? 2?3110urs t erg the%gatcth azt(e)d gtllip%étfgr SfS h%urs then N,
blown at 145°C for 2 hours while collecting 5 parts distillate. The residue is filtered.

The product contains 0.12%N.

Example 12

The procedure of Example 11 is repeated employing 900 parts of a 14% by
25  weight in mineral oil (PetroCanada 100N, ~ 100% saturated) solution of Shellvis 250
polymer, 2.10 parts 1-vinylimidazole, 4.20 parts N,N-dimethylacrylamide, 6.3 parts t-
butyl peroxybenzoate and, in each addition funnel, 15 parts toluene. After addition of
monomers and initiator, the material are heated at 130°C for 4 hours then N, purged at

145°C for 2 hours while collecting 12 parts distillate. The product contains 0.14%N.
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pol yi sobutylene ( M" ~ 1600) substituted succinic anhydri de-ethyl ene

pol yanm nes bottons reaction product, 8.94 parts of a zinc salt of¢niaQ00}
met hyl amyl -i sopropyl 5 dithiophosphate, 5.16 parts cal ci um overbased (MR ~
3.5) sulfurized al kyl phenol, 5.95 parts cal ci um overbased (MR ~ 11) al kyl
benzene syl fonic a id 7.38 parts cal cium overbased (MR 2.8) al kyl benzene
sul fonic aragv s cal ci um overbased (MR~ 1.1) sulfurized al kyl
phenol , 0.26 pérltegct@ﬁ ecmlpmdawr&ya stirrgy, Hiermaewelst, ovatd, cpotediraflivaceridenses. 27

f db A d dd 0.
Perte of BN APLuERR B Biare Windfloburls oE £h Zunc Ganinaibanar O
suf fi ci entexgoRaneN, Qi1s5% Qatﬁﬁkéﬁgtsg'ﬁtlbﬁb?lm %9131091@ f?@pﬁ&%evﬁﬁwrpan{au%bcat I'ng

oi | conpositions are prepared by mxing 11 ster additive
i nopt opol oA MEligost MhEN, L%bi)?gﬁn?@?ﬁ RAA R e
Exanpl e 1Bnitndnd 2t wdighh % hlecyk:bjpbmdlnge ualts @nd 350 parfsf oft ilenExxom&oeN oi |
ot g PRTBE oo o O e 1 e
'he comporonts 16T TRanrr nafﬁ@%ﬂtﬂ*uFZ?‘%é%"Sﬂ%&d“% R i U

are initi sinylimidided. difsolved s Lapars tolwinal "HoOa"Isec()ﬁd addition furmelBtchagedt ) can
m grate to ot her acidic sites of other nolecules. The roducts f or med

thereby, ¥rchaidi riytylneerpridenzaate dissobead pdh Pawg Fdyeneg heetesanepasitetison  of

t he prese t t en ded u sus i.bl e of easy
descri pti !)ht créaﬁ%ﬂe&rmﬁgé %ﬂ nge rél%l o) ﬁbmr?ll‘%lg}lﬁo%‘ﬁsre%fﬁl&g Hﬁtﬁ%ﬁ?uﬁr oduct s
are i ncl udeghwidet Additiéh f IROPro}Yybd2BatBr Mt Nf{?ﬁ?}flfrﬁlﬁﬁ‘zolé ri’f%nprtﬁ'eS eRb

i nvention enconpasses the conpoSition prepared by adm xing the conmponents

descri bedadditere furBalsHs sfrricdeoud dou b ritosiry thee rth@l:latclm imbedet i180iCGhfmrpbr at ed
Ih ﬁ&?lcgt te)éhrlée{%%r%ﬁ%lta Ce@% flhe:[ ap%a%)t(l%ng then set up or strrﬁ)p?l;[gh }ygnslgtega plicitly

15 are vacuum stripped to 145°C and 20 mm Hg, diluted with an additional Exxon 100N

oil and filtered. distillate. The product contains 0.043% N.

The products of these Examples are evaluated using a screening test designed
to determine the relative dispersancy of dispersants and dispersant viscosity
improvers. Each is dissolved in a 100N mineral oil at several different active (neat,

20  diluent free) chemical levels. A fixed amount of sludge solution is incorporated into
the samples. After standing for a period of time, each is examined to determine which
is the first in each series to exhibit fallout of the sludge. The first sample number to
experience fallout is reported. Results are reported as numbers ranging from <1 to >6
where <1 signifies a result where fallout is observed at the highest level of dispersant

25  and >6 signifies a result where fallout is not observed even at the lowest dispersant

level. Results of the tests are reported in the following table:

Product of
Example Rating

1 >6

2

3

4 5

5

6 >6
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26 JAN 2004 quantities in this description specifying ambunts of materials,
reaction conditions, nolecular weights, nunber of carbon atons, ZafidANIE)04
li ke, are to be understood as nodified by the word "about". Unl ess

ot herwi se indicated, each chem cal or conposition referred to herein should
be interpreted as being a commercial grade 5 material which may contain the
i sonmers, by-products, derivatives, and other such materials which are
normal |y understood to be prgsent in the commercgd al grade. However, the
anount of each chem cal conppnent is presented e{cl usi ve of any solvent or
di luent oil which may be customarily present in the comercial material,

unl ess otherwi se indicated. 1t is to be understddd that the upper and | ower
amount, 10 range, and ratio(limts set forth hergin may be independently
conbi ned. As used herein, tt11 expression "consisting essentially of permts
t he inclusion of substances ich do not materially affect the basic and
novel char act ebubti¢ating @fil compositiops ef thivinventibarcooymist denagot anountloiflae t he

i nventi on has en explained in relation to its preferred 15 enbodj nents,
it isto 8ﬂ ‘lfng’gflg?tw@dv‘tgﬁoﬂtyvad’ﬁi BJ‘é‘mﬁbd‘moiuBth}dh‘ls) NIFREEB ofONFINING pialine

appar ent I; Bt t RGPS ' t egl fl {.0n.

Tﬁgref ore%gq(%l%??‘gtogmt%&éhﬁg%@r}lét%%ﬁrhat f[ﬁ Eles t?% ee%ttg|Stoatr%x‘?o(¥|'B gcf%lfséé( !aCfgi nis

i ntended tomposition sorthinimgd#@%clat weight tofiain ihlolf Iubridating tvissosiegpemdothet he
appended cl ai ns. .42 2 6 JAN 2004 at is clained is: 5 1. Agraft

copol yﬁer%@%%rstieé‘igrf&adae‘l‘ﬂl PYaieboof BeryRaeris,\ caskyPIRHt in FBPYHAPSS A t her eon

cont ai ni e, SEiBEFEE REEhARRAGh, 8 bdrBidelh &5 B RbriSHE b Ol Ry 1
N, N, di met billof lubNcMiri wibddyity. Bde NNequenfly) a majoehbasiy hikBhidfoRARarS0% east one
of the nitrogen containing units being derived fromat |east one vinylic
ni trogen eb#heatorl nyeigly ofea epwpysition dbnpolon@xampleThtYogBaYt arcbpRoyarer of
compound BB e At BER RGRE Bt etk eGP0 B dreis: sCofrwontag:
conpound rTse nyl rot i _. © 3 t
fopoi yorer e@%n;&b@bmnﬁnw&gsmﬁf tahe 12& ony landlilab%. Q@%{ﬁ%&l&, ?&2%_‘1?_1%%%08?{ Ises at
east one o vinyl i m dazole an vinyl pyrrolidone. 4. e dgra
cop;)Ihymar C?ﬁpgﬁgjolprtﬁgbidiim@nﬁb?icnm]?dsﬁ mgllin_‘wroni_stadmimrtin@rﬂﬁ?g pnchbispézrgaﬁxtnol es of
hot er ooy CHPEIPE &0 rerriardlypt " CBBUIA e uBIcatia il 4OBBABIYS: A TSt ot al of
f rom about,@nod ot ki Q96R:C HYR 1 Bbi%0 B S 0 wei ght
aver age m)nl ercl:ul argo ﬁ%t&u%ﬂe?gﬁgnﬁgﬁr%{éﬁ bon [%P{l}rr%!réﬁ] t%Sabz)ﬁ{ Abgdrg ess for
pr epar i ngwgight,t moop olftgnefiram cabopt 10620%g 91 abdut 256 Obis Iweightadt ithig nitripen a
hydr o $’:]ll’ bon pol ynmer, under free radical conditi okr?g, a%HI east tvvogﬁi trogen
conta in(j‘)%HB‘ISéﬁOQ‘?lym’?ére! n one of the mononers conprises at |east one of
(ot by acr y1 am dlisAnPisin i UAS o o B4 o AR b PR EFioa dadvi my 1
ni trogen dispérsanty nharaelelb@Byst d RibEOARQGUAH corfipositich, BaidAbetRO ¢orfipridilg Process
of claim®6 wherein the vinylic nitrogen containing heterocyclic conpound is
an N vi nyNCREOEBERerEiR acmmesuyistosity improving and dispersant amount of the graft

copolymers of this invention.

20  Other Additives

Additive concentrates and lubricating oil compositions of this invention may
contain other additives. The use of such additives is optional and the presence thereof
in the compositions of this invention will depend on the particular use and level of
performance required. Thus the other additive may be included or excluded. Additive

25  concentrates typically comprise from about 5% to about 80% by weight of
interpolymer and from about 20% to about 95% by weight of a substantially, inert,
normally liquid, organic diluent..
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5 8. The process of claim7 wherein the N-vinyl heterocyclic conpound
conprises at |east one of Nvinyl imdazole and N-vinyl pyrroli ggnﬁ @Zﬂ_lﬂe
process of any one of clains 6 to 8 wherein the grafting is con _c'%

the presence of a substantially saturated aliphatic hydrocarbon diluent. 10
10. The procesz gf. #J ai nijg wherein the diluent.is % Ifea .one of an oil of
| ubricating vi SEBEsaHRE MycoMResitins joften cofnprise zing sali gf OgFhogiRy ](c)ne of
clains 6 10 re e, agrafting i [ 54 Res: of a
free radi 1(:Czlgld’ i?\?ﬁé}?atf\é ggrésdgl teogt%{i %1? gmdt§t erbggg%b&%@g’onig?%t idﬁdg%é cﬁ‘?cgaz o
conpounds dithiephosphatesypad rdssr cominfanky isedatinga) sThap drd b@hetines @ferfeddbat i on.

12 The prgcess of claim 11 wherein the free radical initiator is selected

fromthe §Ydbpabtysdptan 4BPorOpspr Bgre per g3t diﬁ_hiﬁmh%‘iph%@r @k‘%ﬂo’éﬁi bat e, f
- : - - rocess of any .one o
o at e o PS8 iAo S Ot PRI A urehe g BB SR B B0

clainms 6 bridagcygyepfodyhm@. f rom about 0.25 to about 25 5 noles nethacryl am de

nononer per mole of vinylic nitrogen-containing heterocyclic nononer. 15.
The process of Othasiadditives thatogen @ptionallyabe ased o thea bibuicatingl oilo ofibbist 5

' ] L, Ni ' 0, 000,wei gh | ecul I ght
ni t5 of - ORRTRT JBUPRE o Fomel Frtetestsy 5ok hiso owppE HeATDy HRORpol y or
prepar ed ﬂﬁﬂ%b@rspr&ﬁ%ﬁ§n Ofnhiind e, %bﬁ‘bga]?n Ginhiditi g%gnts ﬁpgﬁt hghtf or

i nproving the efficiency of the free radic initiated grafting of vi nylic
ni trod@n depressing apgntsptareos)préssoreragatseans -wedr agint sl rcolastabilizps| fiisgios sai d 5

met hod conpr,ising sjnultaneously co-grafting wwth a mxture of the vinylic
ni trogen g@ﬂf%f%?ﬂ@ Wé‘fléfS@Byégqnis- moROEERe JHessHie peendy %ﬁec‘@‘ro%f’ql\l-aﬁééhyl 18
N- et hyl -, i VAR b et - r - . y. e. .
Thg rr)ét hoc(zl)Mg%tvl %rﬁéﬁB%bmﬁrygm\m‘ﬁe%&aP?ﬁﬁ%{}?@ grgﬁ ?Jcc%) g%%?%lgﬁ%eo fgrlﬁlgsence of

a 10 subsimvential irg examplifiéccbly byidritsed bldghatlt hy@dtarbdss, oﬂ'%?ﬁidmﬂlﬂimﬂ agfl claim
e

17 or claim 18 wherein the vinylic, nitrogen containing terocyclic nononer
is N Vi nypoliyﬁlillgg%| @®hosphorus es%érs includlngg dihydrocarbon and trihydrocarbon

15  phosphites, molybdenum compounds, and the like.

Other oxidation inhibiting agents include materials such as alkylated diphenyl
amines, hindered phenols, especially those having tertiary alkyl groups such as
tertiary butyl groups in the position ortho to the phenolic -OH group, and others.
Such materials are well known to those of skill in the art.

20 Auxiliary viscosity improvers (also sometimes referred to as viscosity index
improvers or viscosity modifiers) may be included in the compositions of this
invention.  Viscosity improvers are usually polymers, including polyisobutenes,
polymethacrylic acid esters, hydrogenated diene polymers, polyalkyl styrenes,
esterified styrene-maleic anhydride copolymers, hydrogenated alkenylarene-

25 conjugated diene copolymers and polyolefins. Multifunctional viscosity improvers,
which also have dispersant and/or antioxidancy properties are known and may
optionally be used in addition to the products of this invention. Such products are
described in numerous publications including those mentioned in the Background of
the Invention. Each of these publications is hereby expressly incorporated by

30 reference.
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15 20. An additive concentrate conprising fromabout 5% to about 50 % by
wei ght of the graft copolymer of any one of claims 1 to 5 and fr ol alANI004
50% to about 95% by weight of a normally liquid, substantially inert
organic diluent. 21. An additive concentrate conprising fromabout 5%to
about 50 % by i ght, 20, of the graft copo] yner of ¢l aim 16 and from about
50%to about 9 %‘b?o%idﬁﬁﬁesﬁptsam%rlPFaI"l@—‘ququi the additiveagoncgnirgtes gadt

or gani ¢ di : I.lkve s @ i m.20 of claim?21
Further cliniEiine oty alRLA8 fele® 1HRRESAIC b X fiel e Broiheti Balt ”one
non- gr af t lipgdtigedndzee willdaeeal oMmogdskIld iPihe 283 seel IR ABtble, pagCBruFeNt rat e
of any one of clains 20 to 22 further conprising fromO.5%to about 5% by

wei ght, badsddicart Aeditivesalbywei §hiSmsfheeheanddBi tKwedbn%ehhr(étgei,usdﬁleat Ie?st

int d .30 . f 6 JAN 2004 24. A lubtjcating oi
conpba t i GATEBRLPRRITES L kustene Dot 965 BRubPonG deficisnrls 46l 191 SEos1 ty
and a m nﬁgl?)oé(é SCOR ihVertibR! &%Bﬁl?ue%%o'}g% ﬁiegr&gbsfﬁ%folnaégl'ra%ﬁéir Qe 5SS Rkl

copol yrer any one of clains icating oil conposition
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15 ash-producing detergents are exemplified by oil soluble neutral and basic salts of
alkali or alkaline earth metals with sulfonic acids, carboxylic acids, phenols or organic
phosphorus acids characterized by a least one direct carbon-to-phosphorus linkage.
The term “basic salt” is used to designate metal salts wherein the metal is
present in stoichiometrically larger amounts than the organic acid radical. The
20  relative amount of metal present in “basic salts” is frequently indicated by the
expression “metal ratio” (abbreviated MR), which is defined as the number of
equivalents of metal present compared to a “normal”, stoichiometric amount. Thus,
for example, a basic salt containing twice the amount of metal compared to the
stoichiometric amount, has a metal ratio (MR) of 2. Basic salts and techniques for
25  preparing and using them are well known to those skilled in the art and need not be
discussed in detail here.
Ashless detergents and dispersants are so-called despite the fact that,
depending on its constitution, the detergent or dispersant may upon combustion yield

a nonvolatile residue such as boric oxide or phosphorus pentoxide; however, it does

30  not ordinarily contain metal and therefore does not yield a metal-containing ash on
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dispersants”. The materials described in the following U. S. patents are illustrative:"
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10%&& () - methacrylate, vinyl decyl ether and high molecular weight olefins with monomers

10 containing polar substituents, e.g., aminoalkyl acrylates or methacrylates, acrylamides
and poly-(oxyethylene)-substituted acrylates. These may be characterized as

“polymeric dispersants” and examples thereof are disclosed in the following U.S.

patents:
3,329,658 3,666,730
15 3,449,250 3,687,849
3,519,565 3,702,300

The above-noted patents are incorporated herein by reference for their disclosures of
ashless dispersants.
The above-illustrated other additives may each be present in lubricating
20  compositions at a concentration of as little as 0.001% by weight, usually ranging from
about 0.01% to about 20% by weight. In most instances, they each contribute from
about 0.1% to about 10% by weight, more often up to about 5% by weight.

Additive Concentrates
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Alkylene oxide polymers and interpolymers and derivatives thereof where
30  their terminal hydroxyl groups have been modified by esterification, etherification,

etc., constitute another useful class of known synthetic lubricating oils.
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Unrefined, refined and rerefined oils, either natural or synthetic (as well as
mixtures of two or more of any of these) of the type disclosed hereinabove can be
used in the compositions of the present invention. Unrefined oils are those obtained

10 directly from natural or synthetic sources without further purification treatment.
Refined oils are similar to the unrefined oils except they have been further treated in
one or more purification steps to improve one or more properties. Rerefined oils are
obtained by processes similar to those used to obtain refined oils applied to refined
oils which have been already used in service. Such rerefined oils often are

15  additionally processed by techniques directed to removal of spent additives and oil
breakdown products.

Specific examples of the above-described oils of lubricating viscosity are
given in Chamberlin, III, U.S. 4,326,972 and European Patent Publication 107,282,
both of which are hereby incorporated by reference for relevant disclosures contained

20  therein.

A basic, brief description of lubricant base oils appears in an article by D.V.
Brock, “Lubrication Engineering”, Volume 43, pages 184-5, March, 1987, which
article is expressly incorporated by reference for relevant disclosures contained
therein.

25 The following examples illustrate lubricating oil compositions of this
invention. All parts are parts by weight. Amounts are on an oil or diluent free basis,
except for products of Examples set forth herein which amounts are as prepared,
including diluent, if any.

Examples A-B
30 A master additive concentrate is prepared by mixing together 25.74 parts of a

polyisobutylene (M, ~ 1600) substituted succinic anhydride-ethylene polyamines
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Table 1
Example
A B
Product of Example 1 2
Example C
15 A master additive concentrate is prepared by mixing together 12,90 parts of a

polyisobutylene (Mn ~ 1600) substituted succinic anhydride-ethylene polyamines
bottoms reaction product, 11.25 parts of a zinc salt of mixed methyl amyl-isopropyl
dithiophosphate, 6.49 parts calcium overbased (MR ~ 3.5) sulfurized alkyl phenol,
7.48 parts calcium overbased (MR ~ 11) alkyl benzene sulfonic acid, 9.29 parts

20  calcium overbased (MR 2.8) alkyl benzene sulfonic acid, 4.21 parts calcium
overbased (MR~ 1.1) sulfurized alkyl phenol, 0.32 parts of an S-alkyl-2,5-dimercapto-
1,3,4-thiadiazole, 5.38 parts of sulfurized butadiene-butyl acrylate Diels-Alder adduct,
0.11 parts of a kerosene solution of a commercial silicone antifoam and sufficient
mineral oil to make the total 100 parts by weight.

25 Lubricating oil compositions are prepared by mixing 9.30 parts of the master
additive concentrate, 0.08 parts of a styrene maleate copolymer neutralized with
aminopropylmorpholine, and 8 parts of the product of Example 4 into sufficient

mineral oil (Exxon SAE 10W-40) to prepare 100 parts of lubricating oil.
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aminopropylmorpholine and the indicated amounts of the product of the Example
15  indicated in the following table into sufficient mineral oil (Exxon SAE 10W-40) to
prepare 100 parts of lubricating oil.

Table 2
Example
D E
Product of Example/(pbw) 4/8.0 6/9.0

It is known that some of the materials described above may interact in the final

20  formulation, so that the components of the final formulation may be different from

those that are initially added. For instance, metal ions (of, e.g., a detergent) can

migrate to other acidic sites of other molecules. The products formed thereby,

including the products formed upon employing the composition of the present

invention in its intended use, may not susceptible of easy description. Nevertheless,

25  all such modifications and reaction products are included within the scope of the

present invention; the present invention encompasses the composition prepared by
admixing the components described above.

Each of the documents referred to above is incorporated herein by reference.

Except in the examples, or where otherwise explicitly indicated, all numerical
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10

15

molecular weights, number of carbon atoms, and the like, are to be understood as
modified by the word "about". Unless otherwise indicated, each chemical or
composition referred to herein should be interpreted as being a commercial grade
material which may contain the isomers, by-products, derivatives, and other such
materials which are normally understood to be present in the commercial grade.
However, the amount of each chemical component is presented exclusive of any
solvent or diluent oil which may be customarily present in the commercial material,
unless otherwise indicated. It is to be understood that the upper and lower amount,
range, and ratio limits set forth herein may be independently combined. As used
herein, the expression "consisting essentially of" permits the inclusion of substances
which do not materially affect the basic and novel characteristics of the composition
under consideration.

While the invention has been explained in relation to its preferred
embodiments, it is to be understood that various modifications thereof will become
apparent to those skilled in the art upon reading the specification. Therefore, it is to
be understood that the invention disclosed herein is intended to cover such

modifications that fall within the scope of the appended claims.
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2. The graft copolymer of claim 1 wherein the at least one vinylic nitrogen

containing heterocyclic compound comprises an N-vinyl heterocyclic compound.

15 3. The graft copolymer of claim 2 wherein the N-vinyl heterocyclic compound

comprises at least one of N-vinyl imidazole and N-vinyl pyrrolidone.

4, The graft copolymer of any preceding claim having from about 0.25 to about
5 moles of (meth)acrylamide units per mole of vinylic nitrogen containing

20  heterocyclic units.

5. The graft copolymer of claim 4 comprising a total of from about 0.2 to about 5
moles nitrogen containing units per 10,000 weight average molecular weight units of
hydrocarbon polymer.
25
6. A process for preparing graft copolymers comprising simultaneously grafting
onto a hydrocarbon polymer, under free radical conditions, at least two nitrogen
containing monomers, wherein one of the. monomers comprises at least one of N-
methyl-, N-ethyl-, N,N,-dimethyl-, N,N-diethyl- and N-propyl- (meth)acrylamide and
30  one of the monomers comprises at least one vinylic nitrogen containing heterocyclic

compound.
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11. The process of any one of claims 6 to 10 wherein the grafting is conducted in
15 the presence of a free radical initiator selected from the group consisting of diazo

compounds, peroxy compounds, nitroxyl radicals and high energy radiation.

12 The process of claim 11 wherein the free radical initiator is selected from the

group consisting of benzoyl peroxide, t-butyl peroxybenzoate, t-butyl peroctoate and

20 t-butyl peroxide.
13 The process of any one of claims 6 to 12 conducted in an extruder.

14. The process of any one of claims 6 to 13 employing from about 0.25 to about
25 5 moles methacrylamide monomer per mole of vinylic nitrogen-containing

heterocyclic monomer.

15. The process of claim 14 employing a total of from about 0.1 to about 5 moles
nitrogen containing units per 10,000 weight average molecular weight units of

30  hydrocarbon polymer.
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heterocyclic monomer is N-vinyl imidazole.

15 20.  An additive concentrate comprising from about 5% to about 50 % by weight
of the graft copolymer of any one of claims 1 to 5 and from about 50% to about 95%

by weight of a normally liquid, substantially inert organic diluent.

21. An additive concentrate comprising from about 5% to about 50 % by weight
20  of the graft copolymer of claim 16 and from about 50% to about 95% by weight of a

normally liquid, substantially inert organic diluent.

22. The additive concentrate of claim 20 or claim 21 further comprising from

about 3% to about 10% by weight of at least one non-graft polymerized hydrocarbon

25  polymer.

23, The additive concentrate of any one of claims 20 to 22 further comprising
from 0.5% to about 5% by weight, based on the total weight of the additive

concentrate, of at least one pour point depressant.
30
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24. A lubricating oil composition comprising a major amount of an oil of
lubricating viscosity and a minor, viscosity improving and dispersant amount of the

graft copolymer of any one of claims 1 to 5.

25. A lubricating oil composition comprising a major amount of an oil of
lubricating viscosity and a minor, viscosity improving and dispersant amount of the

graft copolymer of claim 16.

26. A method for improving the viscometrics and dispersancy characteristics of a
lubricating oil composition, said method comprising incorporating therein a minor,
viscosity improving and dispersant amount of the graft copolymer of any one of

claims 1 to 5.
27. A method for improving the viscometrics and dispersancy characteristics of a

lubricating oil composition, said method comprising the incorporating therein a

minor, viscosity improving and dispersant amount of the graft copolymer of claim 16.
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