;e3e,>) d *6T>2002L001 - 1 METHOD OF FORM NG GRAFTED COPOLYMERS Fl ELD OF
THE | NVENTION This invention is directed to an i nproved nethod of form ng
grafted copol yners. More specifically, the present invention is directed to
a method of grAaksi ng nitrogen-containing mononers onto linear, radial or
star-shaped copolyners with reduced cross Ilnklng, and to Iubrlcatlng oi
conposi tions containi CF THE

| NVENTI ON Lubri cat i ng~eA ’ . ontain
conponents that are used to |nprove t he V|sconetr|c perfornance of the
engine oil, i.e., to provide nultigrade oils such as SAE 5W30, 10W30 and

10W 40. Theﬁﬂﬁ__Jaﬁﬁﬂﬂ&ﬂﬁﬁﬂbﬂL@&hce enhancers, comonly referred to as

vi scosity index rove i ncl ude ol efj.n .cqapol yners

pol ynet hacryl at e i‘h"&n ?%/}Séf‘lré’? (ﬂ?ﬁ‘bgﬂ%rf’(‘é%‘l H‘Fmé’dtﬂ?g E}[%am??%r copol yners.
Such pol e rdo‘fool’ﬁﬂe% | Rloge s'ﬁb”e@lﬂ&faﬂ? Mheé BleSért hechBoR s direRdits BRI of V!

i nprovers" beCause they do not prevent varnish and/or sludge in the oil
f rom deposi tgrafgmgmmrcb@nrqm@umag nxuofngseentofinedreradial er mﬂ-sltapcd)mql)onerenm ne.

20 To prevent.the de osi ti.on e..on eng ine ants,
cormonty 1 o it BEET i Band o LT RS SP LR RNGR oML ERRERE o1 1 <.
These di spergaitast psimelt. cormonly have a nitrogen-containing pol ar head

t hat associ at es mn?h the sludge in the oil, and a long oil soluble tai
portion, keep the sludge and varnish naterlals suspended in oil and prevent
then1fron;fqéfkigﬁgggﬁﬁ%g§¥§$ﬁ DH% gine. VI 25 inprovers can be

provi ded "W t i onal groups that inpart dispersant
capabi lities to Litricdling 61§ ft@ke ifdtenkdas¢hgint diftconnsiisdhyoreas thaare t 0 use
such "nmultifunctional™ VI inprovers in lubricants to replace some or all of
the di sper safed t3Empiove Bgeriscontetts PRIIRAA thnangies eilbgs- daRrdyédeadded to a
POl ymer i:C 1 vl ik R1e6k1s WciPh AL Gy 30N SWORPILCRIW Ao iy ONt O the

pol ymeric bac i mprover rocesses fof the gr ng of a
ni trogen- con[bafdﬁmlagce_rmhahc;em rbmneonbpiefererd tarae visaosity indext (V) anproserd i ncl ude,

for exa . tacting the polyper and nitrogen*G-~2* * 159 02L001
-2 conta m‘QC Fef lniC%PPW@ag%QQB’EHFéha&fyléteﬁ‘ raég SW&%%%YP“?%’?P?‘F&S&S’P‘* blﬂc her

neat, or in tf¥tar copolymers. Such polymeric materials are often referred to as “nondispersant

VI improvers” because they do not prevent varnish and/or sludge in the oil from

depositing on the internal surfaces of the internal combustion engine.

20 To prevent the deposition of sludge on engine parts, dispersants, commonly
referred to as “ashless dispersants”, are added to motor oils. These dispersants, which
commonly have a nitrogen-containing polar head that associates with the sludge in the
oil, and a long oil soluble tail portion, keep the sludge and varnish materials
suspended in oil and prevent them from forming deposits within the engine. VI

25  improvers can be provided with nitrogen-containing functional groups that impart
dispersant capabilities to the VI improver. One trend in the industry has been to use
such “multifunctional” VI improvers in lubricants to replace some or all of the

dispersant.

30 Nitrogen-containing functional groups can be added to a polymeric VI improver
by grafting a nitrogen-containing moiety onto the polymeric backbone of the VI
improver. Processes for the grafting of a nitrogen-containing moiety onto a polymer

are known in the art and include, for example, contacting the polymer and nitrogen-

\\Il}llllll\lll\\ll\\\||\\\||\\|\\|“||\ T
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presence of a solvent. The free radical initiator may be generated by
shearing (as in an extruder) or heating a free radical initiator precursor,
such as hydrogen peroxi de. However, the grafting of a nitrogen-containing
noi ety onto ,gopghiyneric backbone, particylarly when extrusion grafting,
bot h degrades the pol ymer and causes crosSslinking between the pol yner
chains. Crosslinked pol ymer chai ns produce a nunber af undesir.ahl e
ropert i s IR RE TR be greserie SHaitith o EroR RS thep Brymanin i ns do
not di ssol Vé&rédenéd bf a Mbnt MenE oS FldiAKRGI NG YBFbe BiiRYatbE b kﬁéaﬁh@@as]ig from
the oil soluble polynmer before use in the fornulalion of a lubricating oil.
The oi |l i nscigstreder) of heating arfeacandiail ihisiston prasursrnsockabs halrogen paraxade.
concentrates containing crosslinked polyners are often gel ati nous at room
tenperature. This causes handling problens as such fluids do not flow, or
flow with diffiqgdsver tREgFaftiios8iabgGREdtthihRBSnoitHIhs h B8BAderked chains
are al so sensitive to shear and there%y provide 15 l'ubricati'ng oils in

whi ch the vibacklwineyparticHaghivierleperdangratimgt bethidagrades thy pofymenead fanges o
which the oil i ubjected., U S Patent , 4 96 di.scl oses a process
For “the pr earsERBHE BES R Ralimet Sy, ty hashii baly ot eiins BR6dcl a

ni t r ogen- corfyibel BPuiRkit 616 ??@Qh&s@rﬂ ffiutat@Pindior ©ANMREMG cZsliked. . 2- Vi Nyl
pyridine or 4-vinylpyridine) is contacted with a hydrogenated star polyners
Borpri si ng. PolueRabsins dogot dissele i(aiheng Warfypsskinkakral Emerupsibedilissent )
beari ng pol yoeri.c a £ h d .h I rs, cand c |y X

con ugarda i Il Sk ils? BERE! GitH IFERRYARGS or ERAERER 4FG TR 84
nono- al kenylingulgblestiliepéd fatetidl B8 nofcohligertal egaé.nAlsol tordefir1€y @ntadhihg
solvent, and in the presence of a 25 free radical polynerization initiator
and eit her #resshinkedpodyineis aregfésn gelajingps al ety tempeisHEE. Shisgaussibawiiae. The

chai n transf I r G I cribed as
cting ae a Ry sudh MiaUCROAR, I PR, Rl TiOSRERARE o3 HERZ

descri bed asoaditjpasinSschoaodstinkdédchaams aace blsw gersitieag eleaatindrthesabypraddd ong
chai n al kyl rcaptans. Anjsole and. N.vjn rrolidone are described as
Ut abi i - BPEGEREI I BB R HEH P e B fedapS ST eance
of the chai notyiaRsfRi1AYSMject®d. €l ectron donor or conmpnoner was descri bed

as leading to a reduction in the degree of cross-I|inking between
ni t rogen-cont ai ni ng noi eties. 2002L001 -3 WD 98/ 13443 describes a

mul ti functi onal 1.SCOSIty i i rover for lupricating oil co sitions

conprising a hydl:j ‘gzjgﬂtﬁflte%o's#gﬁgs%%é O%SIa)Prrr%creS% oﬁﬂlf'ei FRgaton of’s é@lﬁe&

pol y(- pol yal famplyre&runhitich a8 eivgen-orthidiisy mﬁnaﬁzdbmgl aii® pblaP BOMPRITIAC ar s
e

| i nked to the nucleus. Five to ten Nvinyl imdazo unctional groups are
gr af t ed ¥nt dedachviay] pyiding opst-vininyrdiexss cotastadsweiting Bydigeenatasptar

honopol yner . j Ug di | ymers of
conj ugat od GerEte S MARKIRER BT EDRPERCRLTRAy MM ARTIALER: S35,

st ar - shaped patiygpolynsrie aims vEblydrygenatedtHomebpolymdrs,cind ichpolpmetsesafs and
polynmeric arns. _are contacted, in solvent, in the presence of a fre

radi cal i ni tSoR{4SRIed dienes; hﬂf?&?@?tegﬁag‘éws& qfﬁawugﬁtsﬁézqnﬁm%@%@{)@@ﬁ 10
the N-vinyl Jfdagohfo@eouPhe 38R b8 g ke olifsolveRt, My itk gfgséli’béQJf g@!s

i ntroduced prior to the free radi cafg initiator. WO 99/21902 di scl oses

ext r uder2sgr diree radicef palymenzdtionriinitiaor end eitken achhip| temefep nggny.| apielestion| yner .

Cre L8001 kB, ShBEL RS RSB S Bt R SeRok SR

al | eged t hatjsiiB@rise& a®hctmghRladoupidg/RRIbitoP! ShiebddENAIBARTIr aZEMBARSSES
"undesirabl e side polynerization reactions”. In the process disclosed in

U. S. Patent d4scribedlas@onpoundsreostaining angetivedtydregsnlatemuich pplangigbaigradiéyli ng
of vinyl pyridi g @hs. VAR : The R 9hF1pyFrofidBid Qb w8 R¥a RO BRY A%ALLE"
30  donors and comonomers, respectively. The presence of the chain transfer agent, pi-
electron donor or comonomer was described as leading to a reduction in the degree of

cross-linking between nitrogen-containing moieties.



6f the product in a gear punp, an extruder, or preferably, a honogeni zer.

U S. Patent No. 4,292,414 describes a process for formng mal efi c anhydri de
grafted bl ock copolynmers with reduced gel ation, wherein grafting is
performed inghigeR5 presence of a "radical inhibitor", which can be a
phenol conpound, a phosphorous conpound, "a napht hol conpound, an am ne
conpound, a qui e co upnd Qr a sulfur conpound. Preferred radical
inhibitors are %?%% ‘{‘]Fécr&}{?ﬁrﬁu%ﬂ Ho,nCBW&lu”gliséﬂséﬁilﬁﬁlﬁxrf@Pé%‘f?ﬁé‘Hnds,

mer capt oal Ky, Gl e AR S ond tdth dHR0R /162 GRMBAAERGRapcd Polithdne conmpounds
and phenot hi azilne §orrp08ﬂ3§s. OICI%O U.};S. atg}nt %\Io 4, 506,2(13p56lﬂsotr}ggersts that, in
a process f comprsing apady@pelprikafyl conpimgydgentp nuceusi ang ap lastrfenspqlypend fi cal | y
met hyl et hacrfgsitﬁ (gra ted 1Wi th.mal efi &eanh dr.i.de ' f crossgi nki ngr can be
reduced by AFAEKEDISPRECIFe it IfFD MoV RECIIASA0Y foncliRsigbgigtRs 2% mal ef i c
anhydri dg, ?grﬁﬁ&ﬁoﬂté@h&?éf thdhrins2 WRichaRehs ROmPHSY Eyd@%etngéh hofRbolyRfatdidgs t he
honmopol ynerization of mal efi c anhydride but not that of nethyl

met hacr yl at eopSlyimeapbdcohprmdiedidiass, hydedgedated appaymeniof cogjegated gienssymndr ous-

el nde. pr opRPBRILSERE P s bR Sae BB ho gt A SRRREBY

N-met hyl acetamt@ed idlwhich! tH@B&BI%JsChhH%iﬂﬁerichﬁh%}é@inMdéd?ﬁizﬁéﬂl%{, in the

N, N- di et hyl dodecanam de, N, N-di et hyl -‘mtol uam de, caprol actam

2- pyr r ol i dormgeseRceret hirepradical indénter, INisMurhersupgastedithateeosanigking between

2, 6di met hyl pyridi.ne: N-.gxi de. (See gl so. J Pol [.oCi ence PRart. A . Pol.ynmer
Chomi ocr” ¢ NELAST R ih G it Y1TBF NG ERE e e B or
Vol . 20, 481360 the ftekI8diralandiatbr. Pol ymer Sci ence, Pol ynmer Letters, Vol.

21, 23-30 (1983), all to Gaylord and Mehta and Degradati on and Cross-|inkin
of Et hyl ene-Propyl ene Copol ymer Rubber on Reaction with Ml efic Anhydride

Gayl ord, Nent a ang® REAFR? S1GR BRI e Ny I e hwent  on,
in brief suremylyne/popdienecipplyer. Omefelnack affthgdntlosdtgprotdss e usosiai ni ng

grafting nononers to substrate polyners with a reduced accurrence of

crossl i NI nPOlBREEOPROATSYIVERIET P MG ARG TAPRRY Of e HREPT GMLVFEr y t hat

the presencey psfalfegé& fhalin@ W L6r &ﬁ&gpm&%t Mefeeb1 9 haldr ﬁ%ﬁ&fsses “updesirable

ni trogen-contai ni ig grafting nohoner 20 reduces’ the tendency of the

backbones t cidrpadyinenkationmeatidntl on, the presence of certain am des has

been found to inprove the handling of pellets of the resulting grafted

pol ymer by reducing bl ocking. The presence of these certain am des has al so

been found to remUREpiddess\disetared iy UE. Pane&ot 4a4638D crédIBnidh@ tHa@ebsidd yer s

in oil, rendering such concentrates nore_ pourabl e/ punpabl e at room .

t enper at20r e, frefadhepgraftingraf yipylpygidipeonenlimidogele Ay cantiplled by peH-degradanien at es.

The i nprove i r e i t anbi ent

t enper at ur egqqu}bpceb(ag%ggitaﬁ% %Ieaﬁ’]ngl,g’%fl ﬁeéﬁg?éerééﬁ?xje#eﬁgdel%ﬁ }gor?&greg%fjes a process

for preparing grafted pol ynmers, which nethod conprises contacting a

ni trogen-contai ni ng_pol yneri zabl e organi c pol ar conpound, or graftjng

monomer, with a ‘éﬁ?ﬁ%@’@op{oﬁ%ﬁﬁw iﬁ)mlﬁ@ PSS LY fgpfmalgfmaé%lcra_a yeriie-

[52: f/g; fr . f"‘gr%djﬁloégc&ﬂﬁhéﬁ QitYabRlddYelatRRIWRHEICHH ink is Perfornté@rth (R
25 .presence of a “radical inhibitor”, which can be a phenol compound, a phosphorous

compound, a naphthol compound, an amine compound, a quinone compound or a
sulfur compound. Preferred radical inhibitors are naphthylamine compounds,
phenylenediamine compounds, mercaptoalkylamine compounds, N-nitrosoamine
compounds, quinoline compounds and phenothiazine compounds.
30
U.S. Patent No. 4,506,056 suggests that, in a process for the preparation of
carboxyl-containing polymers (specifically methylmethacrylate grafted with maleic

anhydride), crosslinking can be reduced by mixing together the methyl methacrylate,



2002L001 -5 In a second aspect, the invention is directed to lubricating
oil conpositions containing nmultifunctional viscosity index inprovers
conpri sing pol ymer backbones onto which nitrogen-containing functional
groups have:@@ﬁloprafted DETAI LED DESCRI PTI ON OF THE | NVENTI ON The base or
substrate polyners suitable for functi ondl’i zation and am nation by the
process of this invention include honopol ynmers and copol ynmers of al pha

ol ef i ns contm@plgicraghydiida, 2 freg radieal dnitiaror ardhemadsithvesthatipafrinhjbitsthed
h | 12
o Lo ARG ATER B Bl AR GAR TR 9eh Pl Bl

di ol ef i ns arghigbR ‘@dditwes’ mﬂn&abkﬁmImtﬁfg@ﬁatphesﬁnydjn@cardmlfar-e@nmin;gl ng from
8 to about 16 carbon atons and the |like. The base pol yner nay be a star

or |inear st9ORROYPES JWHOISHHAEBECPEIRE cempayndsdntyds RgRRRAEHdS | ect i vel y,
conpl et elsy Osrtea}%nR\I@réth?lehé/blsgst%?rﬁﬁﬁd/? W RAGAM AR, rﬁ@‘ Sfﬁet}gﬁfcﬁn%?&ess in
stantial” po

whi ch a sub tion hyl eni c unsatura

hydr ogenat edy I\adﬂnahjflacavztmﬁlablﬁﬂ\aﬂietle}ll dpddgcanamizle ON,N-tizehyilm-tdl@dmideomat i ¢
unsaturations are |eft unhydrogenated. Hydrogenated polyners of conjugated

di ol ef i ns arf@PEIHEIREPYT mﬁ@nﬁdﬁ%h@@yﬂpb¢%ﬁrNéqéﬁﬂahﬂﬁ@@PRéW§? ar enes gre
f bl
D0  br et or abl HERIEAHIER-SENEE. (952 oS Y Fon iR SoRREL FRE: AT CHentinth, B

yl eni ¢ unsaturation is
renmoved by hyadl 26,ei86+1da8 (FI&SHek. al’bl)y))ertShenm;d’ngmale&drspUby 28s48 13486

Pl yrror si0( sdAoBD Ane P ke ety BOUEEBel'iFy U9l 23 ﬁqfﬁs@{qabi‘?&wo%%
and pref er abjny \ERRLRA De ﬁaa%/aday@{oggﬁﬂﬁh QFEE 1R ISy 184
unsaturatlon betmeen _ ' _ Dﬁ;;;ﬁ(;% | ]

He 22il23(e7:10 Niadin ,"Zw; SO um.zg-'-t- eagolyes t han
the above- noj ed a n at.ur under certain
condi ti ons, ¥ 6’| (L’Jl §%§é§§@§%§§£ﬂ§§p ?%é?ﬂ@r‘gy}&ﬁ@“ﬁ %W@TI onal i zati on
reacti on when the functionalization is conpleted in a blending 30 appar at us

capabl e of inparting h|oh mechani cal shear. Further, depending on the
process Gondsk sUMMARY OF THE AN IO0Mai ns may be increased, | eadi ng to

excessi ve anount I I
t hi ckeni ng eff.éﬁéﬂ%§&ﬁ2“?ﬁ”ﬁf?ﬁ@@ ?“é@&g%éghéﬁéggﬁgﬁéﬁﬁuﬁgﬂg rocarbon
pol yners i ncdoudmhgngmtum glac®Ersito suhhsltﬂate BlENas Stitia redadadt dcomrré@iceaful si on.

As is well known, gmerlzatlon of nononers to produce
crosslmkmg pecifically, the invention is directed to the discovery that the presence

of certain amide compounds during grafting of nitrogen-containing grafting monomer

20  reduces the tendency of the backbones to crosslink. In addition, the presence of
certain amides has been found to improve the handling of pellets of the resulting
grafted polymer by reducing blocking. The presence of these certain amides has also
been found to reduce the viscosity of concentrates of the grafted polymers in oil,
rendering such concentrates more pourable/pumpable at room temperature, and by

25  reducing the haze associated with such concentrates. The improved oil concentrates
are also less likely to gel at ambient temperatures. More specifically, the present
invention provides a process for preparing grafted polymers, which method comprises
contacting a nitrogen-containing polymerizable organic polar compound, or grafting
monomer, with a substrate polymer in the presence of a free radical initator, an amide

30  coupling inhibitor, and optionally, a diluent or solvent oil.



hydr ocar bon pol yners may be acconplished using free-radical, cationic and
anionic 5 initiators or polynerization catalysts, such as transition netal
catal ysts used for Ziegler-Natta and netal |l ocene type catal ysts. A wi de
Tange of nnlﬁﬁ Ia{ wei ght polynmers can be utilized as the base pol ymer of
the present Tnvention. In general, the higher the nol ecul ar weight of the
pol ymer, 1o the less polyner will be required to achieve a given viscosity
in a |ubricatinglndi fecershispest: theanvenHen isolifactpdrialybsisabing oiheopprsitiacs al so
affects the . ' - " M |.ecul ar
el ght -, as SCaRnERIRLERH Sl il hifol ! MmN NE BRRIR 20l 2
by Gel Per neaitb erhidbiaogémogimigibing (fukdtion)l pwbiis lavpbessgnifitehe standard. In
general , number average nol ecul ar wei ghts of between about 200, 000 and
about 1,500,000 are acceptable, and between about 350,000 and about 900, 000

are pref g,rr%EF%TE%B%%W@N%ﬁ%gﬁqVEﬂﬁ"légf“t 800, 000 are nost
preferred f ynmer is a star 20
configuration hyThogsear esbspaleypobymat swireblofor fimfctiotdiratigatedtlamninefibmby or a
star configuration polt?(_rrer of, one_or nore al pha ol efins. Wen the hase

pol ymer is athgPERcesnfthiginvantign inciyts Bpmapobiapara apg eRPOREPYS chalrhaplstins 305 by

wei ght of no : t %}?ﬂw%ﬁd%@ﬁ | IS
preferably bée}?]\?\‘{}elélﬁgg O(I)]ﬁ'lti ?Q 0,u(5 g%g{r?g%g{)%fﬁg%%g (5 e%ﬁ%hg%ase

pol yner is acopopohersref diofefims nomthinénpyfromarenabeutd 2pmiymeatome chydtqgenated ef i ns,
hydr ogenat ed%%okyrreri ed diolefins or coq‘o'. nati.ons thereof, tEe nmount of
nonoal kelfyl SHENS™H O e YFJBRre sopIgated dio ﬁlﬂfé‘faé‘fié’ﬁﬁ?r BOrBRoEIN 59 and
about 40% by, ¥RiaBEhy@bcirBEnd@neiRiak Yo 8 tdWou® 46 Raeh YTt SandIHRRS. AYer age
30 nol ecul ar wei ghts between about "85, 000 and about 300, 000 are acceptabl e.
The mi ni mum bask polyimer mayi bighifs: sparelr dineardtrioturd. unct i onal i zati on and am nati on
by the nethod of the present invention is also limted by the nol ecul ar

wei ght 2002L001 7_ necessary for the particul ar base polyner to be a
solid at room t eAp@logErHtl mﬁ@?m@isrfﬁ@plb@ny_cﬁo@n@&a%ﬁctiMy,r&hipYetély%'p" d
polyners: i.e., polynmers which are liquid at standard tenperature and
pressur eldo pastial sge%/ﬂmwwlydmwé@g IoRSI tojarprpgash il Which qusuipstantial pagsiaplof of

i nparting hi i r n | t, ,,.Q0l ymers
navi ng ool 2eTRARgl kSR e BFedARieR ] 4P Bluratbo it dr o8

t enper at ur esinitivd apmesumestumitiohs argdefenathydyogenateds &y dropehined pelyhetss af t hi s

i nvention. Moreover, it _shou|ld be noted that chenjcal, ther and shear
degr adat i on ?%qg%@&w@ﬁpﬁaﬁ@pa MR ﬁgf:%{mb%ﬁt%c{]ﬁge?lﬁéﬁ BOBOYKEY] preBERasi ng
nmol ecul ar wej : AR f e ' igni ficantly
reduced Wthh?%ge@nlg?mdg%%ﬁﬁ?g Sflgggvntl onﬂlﬂ(l)29 rr\%?&a{s aljrogga?‘t%I §dt(€1e met hod
of this nveprefenablyrmord haprahouti A& ofvhe hnitiakdtbylemo lupsathmtiones igimovebby ner s

t han has been practj.cable_.in.th xtruder prqcessin f t prior.art.
Gonorarty. - nEbERRSRPRs R e T Hog R DRV A ptis DELPRERE W <

pol yners haviRgleRicsinbathfkion! Iy thedhgeofMBhREMpAN MR (ﬁéHAa@/EB dk@mplek i n nore
t han about 30% degradati on of the polyner duri ng the extruder grafting

process. 15 diseusped wfrabdepddibpe tatdetdnd, sad proforrhhyeareater thae9Pesent
:cnventl on 1n #ggeéﬂ%rr?g)oxlemé%th??ﬁ'eq)iccﬁr%(?x{%ﬁfrﬁP&(ve@lll BB 3YSld efb%u??f%%lfn' ng
roml to ab car bon atoms, such as ethylene-propyléne copol’yners, as

wel | as psne thgdragstivaimatueeiony atel preferably hypdrogalayeder s and copol yners such as
are described in U S Pat. Nos.

Polymers containing less than the above-noted amount of ethylenic unsaturation
will, under certain conditions, exhibit excessive crosslinking during a
functionalization reaction when the functionalization is completed in a blending
30  apparatus capable of imparting high mechanical shear. Further, depending on the
process conditions, scission of polymer chains may be increased, leading to excessive
amounts of low molecular weight materials that provide poor thickening efficiency in

the finished oil.



20 3,135, 716; 3,150, 209; 3,496, 154; 3,498,960; 4,145,298 and 4, 238,202. In
general, the polyners taught by these patents nmay be polyners of one or
nore conjugated dines containing from4 to about 12 carbon atons such as

1, 3- but adi e”?oozfg Qprene, piperylene, rret_h%l_pent adi ene, phenyl but adi ene,

3, 4-di net hyl -1, 3-hexadi ene, 4,5di ethyl-1,3-octadi ene and the |iKke.
Preferred conjugated diolefins are those containing 25 4 to 8 carbon atons.
Mor eover, one or nore of the hydrogen atons in the conjugated diol efins may
be substituted w b Al VB Se HY ALhEsE. AR may al so
be copol yners O%Efg?g#&grmr eO%P&?lﬁle %ng e?rent?gltnegg%conjsugét ehgglso efins and
one or nore edlhéon opemuigios. Astiheellknnenepdymbiizdonayf nimonsestoipreducde

aryl substituted styrenes, al koxy-substituted styrenes, _ vinyl naphthal ene,

al kyl - subst i bidroge: @9@%91@%1@5%?%5@@%%%“% r‘Fq-r@éi}ca*Fﬁén%uF FRLFEOR gt
by these §ef GiGR6R%r olyilkrFaobexltyds AERA Reh:Ash MBlFLugUL dsddfign e

useful in the nmethod of" the present i1nvention Include random pol yners,

t aper ed pol y@iagieradvattadndaketalbmehy trpesatalys002L.001 g Pol ymers useful in
the nethod of the present invention also include hydrogenated and
sel ectively hydrogenated derivatives of block copolyners and tapered bl ock

pol ymers such as aafRielr f1m519£u1§1>@€fghl‘5apolifrﬂexy-c§m bEailizddOR tie Badd pBimier
3, 265, 765; 3,322,856; 3,772,196; 5,223,579 and 5, 278, 252, whi ch gre

i ncor por gt edohthegiresehtyinverftmne de gendpall, thedri gshenthiecholzceanweight efithe palynehe base
olymer further, include hydrogenated and sel ectively. hydrogenat ed.

Ror T var i ulls ! BR et R0 B v E R g n A B SEE Gl
U.S. Pat. Nogomflofidéh. 8B cohfighratiB 31 tife peAm&lso A1 Blth® 4&epttle/mdrdul@o3.

Met hods for form ng star shaped polyners are described, for exanple, in
U.S. Patent MNg#ht4 116,917 and 4, 156, 673. Star-shaped 1 o polyners are
alternatively referred to as radial polyners, and may al so properly be
cal | ed branched polynmers. Linear block copol yners, which are hydrogenated

and then functi omak ietect ntiniber b@ageibledulaf weighs’, b v@dthessin, Teférdxo the
represented by the follow ng general formula: 15 wherein: AZ (Br(ﬁg -BX Ais
a pol yneddc Bp@ékr%m@ﬁ%qlskg a8 measHeh An Qo) Prignrsbipr Shpematpgiphy € ﬁaocar bon

nonomer uni t S;:.1,20 ' YAXBr | RS RrLA
conj ugat ed d?vétlhe%?(ﬁyér%zrﬁgerre&?h uz{ri:?'t g;pg%legrﬁ’én z ar él,béjlaggg%[ee%gent I &rﬁ uaé(fnun‘oer
equal to O obetiveennbow 208,080whdhboutunifd000zang acvgplablenarid baywedroatioul 5. 25

Tapered |ine ck. copo , _wWhich are selectiyel rogenat ed and
then functi oﬁé@Bb@an%gl?(ﬁ‘é 55@6@@?%?1{%&831%9?3’6}‘%?8 Pﬁé% agg as%‘btr esent ed
by the foll oghfgo@8eRahadt ptemt for tRObMB BbBntEr wheilR: Bhsé pbfynfer RO MAET i C
bl ock conprising predom nantly nonoal kenyl” aromatic _

20  configuration hydrogenated polymer of one or more conjugated olefins or a star
configuration polymer of one or more alpha olefins. When the base polymer is a star
configuration copolymer containing more than about 3% by weight of monoalkenyl
arenes, the number average molecular weight is preferably between about 350,000
and about 800,000.

25

When the base polymer is a copolymer of monoalkenyl arene and polymerized
alpha olefins, hydrogenated polymerized diolefins or combinations thereof, the
amount of monoalkenyl arene in the base polymer is preferably between about 5%

and about 40% by weight of the base polymer. For such polymers, number average

30 molecular weights between about 85,000 and about 300,000 are acceptable.

The minimum molecular weights preferred for functionalization and amination

by the method of the present invention is also limited by the molecular weight



hydr ocar bon nononer units; 2002L001 -9 B is a polyneric block conprising
predom nantly conjugated diolefin nononmer units; and A/Bis a tapered
segnent contai ni ng bot h nonoal kenyl aromati c hydrocarbon and conj ugat ed
diolefin unig, J3adial or star polyners_M@jch may be hydrogenated and then
functionalized™wth the nethod of this invention, and are preferred, may be
represented, generally, by the follow ng general formula: to

( Bx- ( A- B) y- Agcessary fgydhq psirtiqularase polymey o be gpqdid af goompfrappsrafureandn B x, y

and z are as ' fi X 1S: ﬁgg%r- r . is.qd4he core
of the radi a?tﬂg)ogw;}ér){e@r Sc‘:'g%e W aH?élqglcﬂa%(ﬂ ncpi%%ﬂ%ﬁ%&ﬁ% %rgélﬂ'ﬁ l;d JI; is a
pol ymeric bl sakdard egmpesatog Jpdeokssurealotioy, genegallgairecesslivellefi blendingt s, whi ch

B' may be the same or different from B; gnd éo n" and n" are integers

] eprese%sie ng?‘i%@nﬁ'ﬂﬁfﬁéébé%f’f @él@ﬁ“‘%gé/‘b‘éhé‘_fec PHEH FBCTER SU ?'ﬁa_é‘fg;"ﬂ“ld?n Sna'b\l/vi |
e a nu r : Dl DL€ : oc
conposition, e%{r?lg’]o%%rl#xﬁgnt P;‘%ﬁéﬁ‘g t g{»@?grg Sgggégia?ﬁg%g%bn%gnerl d%? tﬁg%{g(rlrer type
whi ch i s t hetemipenaties and prepsunesnwil2 genenaltyh &t upal inrtbe misthodlof ittss prvesteoit. i n an

anmount of at_| east 85% by, wei ght of the Ql ock. Base polyners. prepared with
di ol ef i ns wi MOTeREdl %ﬁ‘)@i’%‘% g e e & e g ioB B b
hydr ogenat ed;pi. (Mentdﬁlgf[' aggﬁxta{dggnérﬁﬁep %R iRQLATRS liolgcﬁlla{ @Bighl Hde gglty?ner.

et hyl eni cal | y unsat ur compou cont ai ni ng car boxyl or carboxyl” 30
derivati ve fTheamonal oftdggiadatidueis prgndfesstl p feduhed with venmnethnd oWiesinvemtiquol yner

j[ Z c E%?aag(g nagr? ,'as tar}gsu t}lgl%?ge%ﬂgdt (i)fotﬂisqg enl?i%na}r(l:é:yobwepgrizlcstn:%g wlft%i hq e%%olggula{rhe
weight polymers than has been practicable in the extruder processing of the prior art.
Generally, however, the method of this invention will not be used with polymers
having a sufficiently large molecular weight as to result in more than about 30%
degradation of the polymer during the extruder grafting process.

15
Polymers acceptable as the base polymer of the present invention include
homopolymers and copolymers of alpha olefins containing from 1 to about 10 carbon
atoms, such as ethylene-propylene copolymers, as well as the hydrogenated
derivatives of homopolymers and copolymers such as are described in U.S. Pat. Nos.
20 3,135,716; 3,150,209, 3,496,154, 3,498,960; 4,145,298 and 4,238,202. In general, the
polymers taught by these patents may be polymers of one or more conjugated dienes
containing from 4 to about 12 carbon atoms such as 1,3-butadiene, isoprene,
piperylene, methylpentadiene, phenylbutadiene, 3,4-dimethyl-1,3-hexadiene, 4,5-
diethyl-1,3-octadiene and the like. Preferred conjugated diolefins are those containing
25 4 to 8 carbon atoms. Moreover, one or more of the hydrogen atoms in the conjugated
diolefins may be substituted with halogen. The polymers taught by these patents may
also be copolymers of one or more of the aforementioned conjugated diolefins and
one or more other monomers. Other monomers which may be used include aryl-
substituted styrenes, alkoxy-substituted styrenes, vinyl naphthalene, alkyl-substituted
30  vinyl naphthalenes and the like. The polymers taught by these references which may
be hydrogenated and which would then be useful in the method of the present

invention include random polymers, tapered polymers and block copolymers.



known in the prior art. For exanple, the hydrogenation nmay be acconpli shed
such that both ethylenic and aromatic unsaturation is converted (saturated)
usi ng met hods 2002L001 - 10 such as those taught, for exanple, in U S
Pat. Nos. 321062’11198 6 and 3, 700,633 or the 8hydr ogenation may be acconpli shed
sel ectively 'suc hat a significant porti%n of the ethyl enic unsaturation
is converted while little or no aromatic unsaturation is converted as
taught, for exanPelymerspsefudin hgimethedsof the presery gnvengor 7igo gwdude3 700, 633 and
Re 27, 145. Any of e h l,sQ .be. t o hydr pol yners
ohi oh cont ai el D afTE R B B B ok P CHRLERER S T, U

unsat ur at i onap&as elderlpohpncs suvhtaslatetahgtit, fopagimple, iEY.Si Pal Nds 33685es  of
| i near pol yners as i scl osed above, but having different nol ecul ar

1 , .
wei ght s and/%)26%n76$;e%§3¥t,85oﬂ; Re91198r DAL P T dsnt- 2114352 3Vhigd are incofpogated es of

star pol yJrer i iffe I I L al kenyl
ar omat i ¢ por i Y 5fepbrcr S PE PR s kB 3 BIARE Ry PR Eler T o

pol yrer s havinolude ihf&egemiteda deeldcdvel whiygloken actlderivadidsf efrseaptshapeldeny |
aromatic contents may be used., The use of two or nore different polyners 15
may be pref eP¢lE@erssugh as ?fg|t@1gab|f9rn@saﬂa>éepéwi-$1d’a&rNQShé»Oﬁ-’Pré%$:&g97c7af93:
properties t | §40 NEedh 430 N WMaS i &

formul at ed eﬂ,gﬁg@g%é%ﬁfﬁ?% ni t%%%%@gé)%lftoal ni ﬁgggtrgraﬁf}gp%ﬁﬂgﬁlgﬁeaages t hat,
when gr af t eddespriload, fler eiasyplr; &1 UP. PaepeNbs. els] 160D 17cind #er3$,678e fStdr-shapad
inmprovers in lubricating oil 20 _conpositions include N-vinylimdazole;

1-vi nyl - B pyPolymetsiatoAkenalively 1RfGriRddg A5 radia Wiwrmnﬂcswoﬂqg/ﬂﬂ@pﬂ?y be

2-vinyl pyri dijiRd bflgn\éhgalﬁq fefi ne;  N-net hyl - N-vi nyl acet ami de; dial |yl

formam de; N-nethyl-N-a %I formam de; N-ethyl-Nallyl formam de;

Ncycl ohexyl -N-al |l yl formam de; 2-nethyl-1-vinylim dazol e;

3-net hyl - 1-vi nyl pyrazal e; N vinyl pur.i ne; N-vi nyl pi,perazi nes;,. . .

Vinyl pi per i di nesCs PR s ERbITSTREvich SedinasbaBa g0F M ddksionalized g as
conbi nat i onsihemdtheber MRtifvdnlon nfdy K Bpreseriédby e fBﬂé\ﬁiﬁmE%Eﬁeral\'ﬂbhﬂum oadly,
any nitrogen-containing ethylenically unsaturated, aliphatic or aromatic
nmononer slhaving from2 to about 50 carbon atons, as well as conbinations of
such nononers, are contenplated for USSR gpaftabl e nonomers herein. O

t he noted nitrogen-containing graftabl® m)r)Pbrrér s, N-vinylimdazole is 30
preferred. Twaerefivunt of nitrogen-containing grafting nononer will depend,
to sone extent, on the nature of the, substrate polynmer and the | evel of

di spersancy requfriead PeIymasic Ripdk qameprising predomipgntlyfenpaliienyl aramaticy
characteri Stﬁftﬁoéaﬁ’b&?ﬁx@n&h@mﬁ@g | i near bl ock copol yners, the anmount of
grafted nitrogen-contali ning nononer is suitably 2002L001 - 11 Dbetween
about 0.20 and abBus a oBynwaric blockprosipeisaiy predommantbp cenj@gdied dioklfioumoriongerwt .
% nost preferably fromabout 0.6 to about 1.2 w. % based on the total
wei ght of gr‘é‘f‘?sed polymer. 5 Any of the free radical initiators known in
the prior art toxhgfdefabeaidependentlp Oiahbdreguileaotdranamf the type herein
contenpl ated can be used as the free radical initiator in the nethod of
this invention. Wi wbple munher pangingfiromdi tojakpwr . i ncl ude the vari ous

or gani ¢ peroxi des and hydroperoxi des as well as the various organic azo
conpounds. Typical organic peroxides include benzoyl peroxide, t-butyl 1o
peroxypi ¥al at e, Taperel Liidad bivekropolymesy, ohicheare deleanelyl Iprirogended apt elgnony |
per oxi de, hydroxyheptyl peroxide, cycl ohexanone peroxi de,

t - butyl - per b@w%@rtaél,ze%}l%&we THetheg Pé@}s myention maxbsyerieseatrd ByHbe i ke.

Typi cal hydr ' | t-butyl hydroperoxide and

2, 5-di net hyl fbgﬁ)g@@ g%%{%}?%é@ggy) hexane. Typical organic azo initiators

i ncl ude 2, 2-azobi s(2-nethyl propionitrile),
2,2-azobis(2-methylvaleronitrile), 15 4,4' -azobi s(4-cyanoval eric acid) and
the like. Particularly preferred free Aaé(%‘% initiators include di

t-butyl pgy ox{gggﬁeinl, 1-bi s(t-butyl -peroxy) 3, 3,5trinethylcycl ohexane; t-butyl
cunyl peroxide and 2,5-di net hyl -2,5-di (t-butyl peroxy) hexane. 20 The am de
coupl i ng i nhi bi t Aris apolymeaivi tdecksainawri stuR predomirtaetl g mompalkemdiasomatic of
primary am des, of saturated and unsaturated fatty acids, such as

st ear am de, lﬂ}\éqrﬂ‘fatrg(?ﬂ HENYME WMBani de. In addition to reducing crosslinking,
ol eam de has been found to best reduce the tendency of pellets fornmed with
the grafted polymer to block. Further, the ol eam de has been found to best
| ower the viscosity of concentrates 25 containing the resulting polyner in
oil. Also, to the extent that unreacted ol eam de survives reaction
conditions, it allows for production of non-hazy product pellets that are
sol ubl e when dissolved in oil. Still further, to the extent that unreacted
ol eam de survives reaction conditions, the oleam de is known to act as a




In general, any suitable liquid hydrocarbon may be used as the optional

sol vent or diluent for the polyner nodified in accordance with the nethod
of this invention. A liquid hydrocarbon will be a suitable diluent if it is
conpatible with olefin or polyolefin polyners but not conpatible with
aromati c hydP&8Mbon pol yners. Such a diPoent would tend to swell the

ol efin nononer portion of the polynmer wthout affecting the aromatic

hydr ocar bon nondivira poymennblotk tomppohy pedomirently lsenjigatpd Hiphedin momimegrns an
aromatic portion. The |iquid hydrocarbon may be a pure conpound but

general Iy widS%da bl end of conpounds such as woul d be contained in a
petrol eum di sti A8 afthiedd @Bmeht cdntainiAQ WeMEhonsdIRAy] ABatibaldibbabeh | uent
remain |iquid throughout the processing. It is, thefefore, inportant that

t he di | uent andeenjagited diokefimoi nt above the maxi num tenperature that will be
encount er ed duriugl% the processing 15 steps. Preferably, the diluent wll be
a neutraP pet rol'®th distillate fraction boiling generally in the fuel oil
and/or lubricating oil boiling ranges. Mist preferably, the diluent wll
have a specific gravity of about 0.9, an ASTM IBP of about 710F and an ASTM
90% boi | i ng poi Mtadigl oableupolgsBr, whigh meydxthydeengied and gn fenssionalizedf

diluent oil i.s sonetinmes.preferred. en used,, the.diluent ail is. present
" an amounc e Ra ST RY: andine piFR i, PG e g Bhids L “Dace
pol ymer. Pr quqh@ml},@wihggeﬁgrmf@mulgjl is present in an anount between about
5% and 12% and nost preferably between about 6% and 11% by wei ght. Lower
amount s 18f diluent do not result in significant benefits over diluent 25
free processes. Higher levels of giluept xgspl.t in lower efficiencies of
the functionalization and am nati@ﬁ (;Aeg}:vt‘&’gﬁg’ ElE(%)wer reaction efficiency
results in unreacted reactants being present in the product conposition.
These reactants are general |y undesirabl e conponents in the product
conpositions. Hi gher amounts of B kenB vyt 4 Bornheed! essl y dilute the

fini shed prqg%géi .resulting in high costs, higher 30 volunes, nore cold

fl ow and nore di Pfi cult handling w thout advantage. The pol yner, diluent,
free radiscal i niAjBtxry andtzravgenprevivnslyriefigedyr af t abl e nononmer and coupl i ng

i nhibitor are contacte aff a _;)err? rature and pressure sufficient 2002L001
- 13 to insure THRAYHOHE fﬁ)@rrer and the graftabl e nonomer are in the
l'iquid or nolterc phaéeorehthd MABial PG e ForRfed With a ﬁ&?fdn@ﬁ@ﬁa@!ﬂb@plﬂqrgﬁigem;
preferably contacted in a bl ending device capable of inparting high

mechani cal ener d¥ is a@elyaserigrblesk eanaprisingpederpinaptlyceaipgated diolpha unitade i xer
and the |i k%;(hilﬁ‘ﬁs%&g%‘é'tﬁeegarﬁé& &i?ffefernf Frgmt]g); apl%r ein as extruders. Gengr al ly,
the process Tor proddcing functionalized polyner proceeds as foll ows:

pol ymer 2or unb and apd nMare/inggetbae presenting diednimiee of back wpelohappand thé san
extruder. The feed hopper provides crunp to the extruder feed throat at a
set rate. ALIRO2RhE” Bill B 2pugIbeEiPE H4130-i n the extruder, the grafting
nmononer is fed into the extruder barrel via an injection system The
nmononmer, usually in solvent, is nelt mxed with the polyner through an

i njection port ahduteddermimancannpetramxwidle polysgablogk icnmgip$itiemtpreddminarglyf ed
into the extruder through_a,second downstreaminjection port. The pol yner
ol ¢ ubseq B e SEEROIERg TGO SR PORHEF G R Pt s Btssle CARabH ar 1 1 o

15 bypr o@uct;s it PolydiER bstk iJ PRsER i BE hmbantJTR 1daSB %5 b9 WkigiR ofl R Hlbad € and
pel l eti zed under water before being subjected to dewatering, drying and
packagi ng. Extruder barrel tenperature, screw speed, free radical initiator

and nononer concentrations are all . factors affectin roduct .copposi ti on.
Dependi ng.on- ¢ nebBe AN e dols3nS o R RN R aGRIB0 3
nononer, as $4eh polgteRY WP B} drogdnatddgsi oY & Rectitl G Basd hy@ersivi@ehd on vent .
Preferably, the grafting functionalization is perfornmed in the presence of
from about GlPR-hesa gibglgnicallyjunsaigraed sompeundcemiaining groxyt ot ¢asbeyal y mer
substrate, of .a fre i Il tlator .. For .er o i 1 nomer

N-vi nyl 3|%m' ée?gf‘té‘fe %Hétz%eaﬁ gjnlél tg%btot%lesosn()féglg I%Je%%égﬁ'use%httge ﬁ%&&gfjgge t he
nmonomer to tHydrepehitedahe hidbpgaditiog nty xdccodplisiednding @R f thd tetliqleso
sonetimes possible to add the nononer to the extruder w thout solvent. The
per oxi de i nikIoMNGR thaprigiart deps ¢xpample; thediydragenation may Be aggomypishedsgich of
initiator t i I I . . r i not
excl uded.  TRERSHEFyfShlc 4o HEE OSBRIk s EphaE CeRbidi b sl O
before introducing the crunb 30 into the hopper. The process for preparing
the grafted polyners may be carried out at a tenperature between about 200C
and 275C, but is preferably between about 220C 2002LOO - 14 and about
250C, with grafting at about 225C to about 240C giving optimal results with
respect of the shear |oss characteristics of the final product. The

M B o r o, -



5 to maximze mxing before the reaction rate is optim zed by tenperature
increase. Preferably, the polyner is nmaintained at a tenperature bel ow 210
at the point at which the N-vinylimdazole is introduced. A tenperature of
no nore than %?m s also preferred at thq poi nt at which the free radical
initiator is iniroduced. The residence t|9e during which the polyner is
undergoi ng functionalization in the extruder is on 1 o the order of seconds

or mnutes, SushiRethaspianghbdpsexagpls, én Uae RagNost 3d 13980 andi370Q.6p3 01 &
f ti I'
funct onal) 00 BHOR FRS R ool RARA e Rlely SRNTARL SRS IBTLASL L

grafting si taﬁyl&ﬁlctdi@atﬂtﬂmshI’lﬁé(ﬁlvﬁﬂéd/Wﬁi’le halwbrtﬂm@rrexhyncl&shhﬁatmmriber of
grafted chains), and the chain-length of the grafted chains, anpunts wthin

the range of SQysted as GBgl&n@rz&%‘E}PleOmﬂé SwPat. 9osi-e 3 2 3:670): 05 4ip, 70@/@3%as ed
on the we gh%rhoof{e 5yhgs %tnﬁ o ileX etho%@'c@@l QRIYesby k) fy’g ?te engg af t ed

pol yners of I's invention are of particu ar val ue as t1onal 20
di sper sant Vivhichpoatadt ofly Billyllénic askdidratwasarfdoshith brel feeet dfrrgoraatics. Hence a
further embodi ment of the invention provides a lubricating oil conposition
conprising a'REfWAtiount of oil of |ubricating viscosity and a ninor
proportion, suitably fromO0.15 to 20 wt. % of the grafted polyner. 25 The
| ubricating oil conpositions of the present invention conprise a major
amount of an oi | Base paljmesahitaige ﬁcbrsrem:slohynayﬁnblsude)inlkmnl:ﬁsiorf diheargolysareas t y

useful in the context of t |nven ion cted fr n1natura
| ubri cat ihg &SF@SC Frehit E‘a‘flﬁﬁﬁtfgf‘a?‘?‘ g4 %f%mh%as@ef&f q{’éﬁl%%' The

| ubricating giohmaRY¥ohRRESs '\xﬂ:llvdssxﬁ&ﬁiréé’off st&Po a’rﬂé’f& hﬁ‘\'qﬁgti ffé‘éxﬁ nﬁBl&?iﬂﬁ' oils
to heavy lubricating oils such as gasoline engine oils, mneral

| ubri cating wielghtssand/drelaffgrentalkenyi axmiatigicoatentSe idreahdtiyelyt haxtuies of stiat y of

the oil ranggs, fromahout 2 centlstoke 0 cent i st.ok especi ally
from about - APQamer ey pRgEes ISRt et RaliRlskolal e e iRt HlertibC
2002L001 - 15aiNahyragdmatid onitdhed el banbetl THai Uss ok Bt veGetadifferedt pslyfersy. ,
castor oil, lard oil); liquid petroleumoils and hydrorefined,

sol vent - 1 eafmay bedrefeired to 2singlg Deiywesrslepending on thengecﬁaglaqlmrweéuesfiag ht heni c
and m xed p f osity

dor ved fr onprgartis iR Rl WHBEBeedd phodtice ikl Bt 800, ¥

| ubricating oils include hydrocarbon oils and hal o-substituted hydrocarbon

oils such as polé bzed and interpolynerized olefins (e.g ol yb tylenes,
et

pol ypr opyl enes ¢ BREOSFRGAUANIRGErAHZIPYRRIRS thak hen e provide

pol ybutyl enearsR&@ing(p}oﬁk?ﬁ‘%ﬁsspbl yoR@b YéeknlO& e ®vd?§)hﬁ/l(13r16jz§ﬁ1§%s) )

al kyl benzenes dodecyl'benzenes, tetradecyl benzenes,

di nonyl bémzemposmlqr@ 1e¢lh9¢ Newpyl)mehz@nebymyb@mym@dmoge(I‘é-a@yllmmephl@n% s,

terphenyls, alk ol yphe and .al k hers .and

al kyl ated di p‘ﬁ‘é{ HogiRRER YR iine R "\‘/yép%éﬁ ; ei‘%?ﬁ%‘dwﬁ%cﬁga“llﬁ%r eof .
15 Al kyl ene @iilgefop@bnids; N- ﬁfamynmsmgqumﬁeamcbtmm-ww feagamiiel Rof where
the term nal hydrobeJgrou ps have been nodified by esterification,

etherificati eyelokaxy bt Senmamige et Loyinwléimisizalpodvmedphtleinylpyrazole;
o oni o by Sl DHEE SRR iR BB L LR R

prepared by p ne oxi de, and the

al kyl ands ar yinnﬁipln@yﬂ;m\nﬂazmé MM&h«Wmﬁatﬁﬁisw’f‘rﬂr@e (nea.terga.ls orngthdry inZlar
pol yi so- propyl ene g d%col et her havi ng a nol ecul ar g ht of 1000 or

di phenyl et hBRigRlS 9reettrﬁ9¢1¥naélygwegﬂn Wlwagstw dynsataraady aliphatigoo t o
1500); and dﬁgggg%y axaiple, the acetic
aci d est ersngﬁﬁ?ggﬁgm atty aécfrgmgféf[ogb?ugﬁ%a?@n ZS&%%M d d%lsgst er of

t et r aet hyl eneombinabbdns aﬁuéhmtolnemesumtea:lohmnmlas& fafuse ymgx}aﬁable nhmtomecsat i ng
oils conprises the ters of dicarboxylic hth

SUcoi < act HETCHY KT e Bt ORrarcRa e ar A meiny Kaeiuiiadi B ;
acid, azgjai prefGidh. BRAbt aphﬁpogéﬁ@&%ﬁm?gcglqﬁmf ‘%H@ﬂdrﬁer%lldie @rﬁi B SoriC1 d,
i nol ei ¢ aci d di mer, malonic acid, alkyl malonic aC|ds aIkenyP mal oni c

aci ds) wth exteat pettlye mrturglof dreoiubstfae golynieniand thel lewed of dishersgticyatquited|of

dodecyl al co % grafted polymer. To impart dispersancy characteristics to both star and linear

block copolymers, the amount of grafted nitrogen-containing monomer is suitably



30 2-et hyl hexyl al cohol, ethylene glycol, diethylene glycol nonoether,
propyl ene glycol). Specific exanples of such esters includes dibutyl

adi pate, di (2-ethyl hexyl) sebacate, di-n-hexyl fumarate, dioctyl sebacate,
dii sooctyl AN di i sodecyl azel at e, 3boctyl pht hal at e, di decyl
pht hal ate, dieicosyl sebacate, the 2-ethylhexyl diester of 2002L001 - 16
linoleic aC|d dimer, and the conplex ester fornmed by reacting one nole of

sebaci ¢ aci dbetivesn byt Qi and abput 2 pactonpietsiebly fEpanbosh - Sttaabors 1 whi,
2- Uyl hoxangi, el RS SGEY B, LOL 6.8 Loyl dAglitle those

made from ocar |c aC| an ol s an esters such
as neopent yl gaftyd pblynieri met hyI oI propane, pentaerythritol, dipentaerythritol
and tripentaerythritol. Silicon-based oils such as the polyal kyl -

pol yaryl -, pol yal koxy- or polyaryl oxysilicone oils and silicate oils

conpri se anot h.erAt‘ﬂZ?)ffme t?ée%%&c&’lﬂg@?éﬂ}sr?ﬁﬁé& gxothkgp% Ex‘?gbt %ﬁ#ﬁexy' % s include

tetraethyl silica tetral sopro I ca silicate,

t et ra- (4- met ki ehdtionhefxlyd fype heref contdrepla@d Cpr bensedbusttl)d frggedich)
silicate, hexa-(4-nethyl-2- eth Ihexyl)d|S|onane pol y( nethyl)flloxanes and
pol y(met hy| pHéajPY 8 theghed o F in BVeRyoft: Hifaple s rpdisel ingaars wiclude

liquid ester t sphat e,

trioctyl phosphate,”diethyl 15 est ecy osphoni ¢ aci and pol yneric
var ﬁJ Qagﬁ)é 'ﬁ%ﬁe&% h’%ld%ﬂ%?o ésdﬂ§ et f-the Hridﬁ%%g%’ 100:!(}%

t et r ahydr of ucanpoundsr &fypinadyrgansd perexhdammchxelerbeﬁmyé;iemxids elanybe used i n

| ubricants of the ?reseé‘nt I, ion. Unrefin d oi his ar.e those gbtain

di rect | y19 r oR§'axYRivalpist 6#4 Q\}?{P enzoyl REpFide TRRETPRICE PEPPIORN iPPIOX el’ on

treatment. Fgy drS%f}mB{ﬁpel%xﬁdaaéﬁl&ieka&meaye%@d@@ b 1 %eltﬁexz&af@mchﬁ{y@rtl ng

operations; petroleumoil obtained directly fromdistillation; or ester oil
obt ai ned di rpcrbkxyleflnamyhpﬁremdeand thedikieo T yarwl hwbdpmx:dwmclmdct hatyl t r eat ment

woul d be an eflne e 'I r | ar to.unrefined oils
except that F%cg-ogefrpxxi {lj?ljh(g ﬂ}yg'gn 'ﬁﬁli“ﬂyg’ﬁ@xg}heﬁﬁ? -aipiggp} ‘st eps to
i nprove one %tlm{s@n&ﬁmaiaheﬁs(zﬁfheﬂﬁy omitHle Y, RCALiBK(2 ﬂfdﬁ@l&ﬁl@’émtﬁlé?h as
distillation, solvent extractjion, acid or 25 base extraction, filtration

and percH at Mrramtés(&r?dwwakﬁrtcr@@@é aggkthe like. iRartiqudarlyr prefered fiseirsdienloi | s ar e
obt ai ned by Rﬁ‘&ﬁﬁ u&é &ptlb%li déé)rgelagsplgﬁzﬁﬂgﬁtgle_%ﬂg%@dg%ggf| ned oils but

begin with o as alr use ch re-refined oils
are al so knomahylbgmbhﬂmﬂ tehutylepmd:ﬁaﬂeirﬂemhﬂ§,5amid1eam}&-203-ﬂi{nbmyhjean¢y¢d to
addi tional processing using techniques for renoving spent additives and oil
br eakdown prB‘“d‘ti‘B?-s. 30 The copol ynmers which are being functionalized in the
present invention have |ong been used in lubricating oil conpositions as
non-di spersant viscosity index inprovers (VII). As referred to above, when
one of t#ese pol Yheepmidescouphh@indibityy issan arigle 3el@oied from the group consisting of

primary amides of saturated and unsaturated fatty acids, such as stearamide,
palmitamide and oleamide. In addition to reducing crosslinking, oleamide has been
found to best reduce the tendency of pellets formed with the grafted polymer to block.
Further, the oleamide has been found to best lower the viscosity of concentrates

25  containing the resulting polymer in oil. Also, to the extent that unreacted oleamide
survives reaction conditions, it allows for production of non-hazy product pellets that
are soluble when dissolved in oil. Still further, to the extent that unreacted oleamide
survives reaction conditions, the oleamide is known to act as a friction modifier when
used in lubricating oil. Friction reduction can improve lubricant fuel economy

30  benefits. Therefore, the use of oleamide as the amide coupling inhibitor is preferred.

| To have an effect on cross-linking, the amide coupling inhibitor should be present,

during the grafting reaction in an amount of 0.4 wt. % to 1.7 wt. %, preferably from



-17 nitrogen-functionalized equival ent, the anount of ashless dispersant in
the formul ation can be decreased by at |east about 25 percent depending
upon the anmount of dispersant-viscosity index inprover (DVI1) used in the
oi | conposit&ggxm@ny of the ashl ess dispgasants which are normally used in
| ubricating orf"conpositions of this type“can be used in the present

i nvention. Typically, these ashl ess disPersants are relatively | ow

mol ecul ar wePdhvt. foloylod atti asmapti reeferleirpmeh? MinZttp ddaws. Zedapsd ehther i nat i on
or mal eati on_w i b nt condensati ons being done through

t he succi ni c‘”‘é’ﬁtﬁ‘ty]8?‘.“(“&@6"'}}%%%33‘?&%2?’%| efins used are ethylene 10

copol yners, pol ybutenes and pol yi sobut enes havi ng a nunber average

nol ecul ar wei ght between about 500 and 500Q. The succi ni ¢ anhydri de
derivative of thE geiab awisHitelle ligaidhydeocribom maebeticd 2 Higtaptiopd|spbieat i n or
via a peroxi : ' ' : ' [ [ . tions
are est eréljf i glg(th%?llt 5‘3@% %&g?@%@pglgzgﬁfégﬁégé#%%tﬁ%ﬁlﬁféﬁ?ﬁ%# ﬂ‘[r%e{ltg?r? or
am di zati on W liduidphydracarbeswilbbe f sdisablddipeiny Htithig lcompatjtsie yath olefn od n
addition to dispersants, other additives may al so be incorpqrated in the

| ubri cating BPIOERPELIMGTSH Y not compatible it ampts hyfipgasbarpalymersSaeh a
particul ar r i anm . Bt i e ed in the
| ubri cating @ﬁ#higgggﬁ%ggﬁ¥longﬁgpg&lgﬂgé%gﬁﬁg?mﬂgggpgpﬁgt fhﬁ%%ﬁfors,

Vi scosi ty i neffectingphoarenstic bpdiooabom manbirer partion of diedat yroer Wik thet or s,

friction nodifjers, anti-foam ng agent nt i, r ents and pour point
depressatfl s. PEYMET Soralgs &g e@g@a‘gm?m s g BY o PemmaKBe 4P Bont ai ni ng
or ash-form agngGirse BtieriiNG il B BRI of SoHlpbiGiaE SiiSastPordd bE Eoitame n

remove deposits and as acid neutralizers or tust inhibitors, thereby
reduci ng weas pemeleenrdissdiaterfraotidn e Xt iefuiweyen mppontant itfae theDblvengrentaim haewidr al | y

conprise a pgql ar .he with a | dr.ophobic tail, wth the polar,. head
conpr i sing aiarenbuCte Brosdsdoe ot A B RS sn i diben P B
contain a supsimbaidvalthe/makidiuh tedifRiAtufe ARV beQincbilfereB dating thetbedisiGRse
they are usually described as normal or neutral 30 salts, and woul d

typi cal | ¥ hatiersa Rrefesablpdbedituans sill be apenrilpstrelenmydistiftase fraetipnileilgr M

D2896) of fr : . Vi i or at ed
by roact i ng Epsilytpdb 8L bEAGCAIBHENY oifolih Glange AR RARE O 0
aci di c gas ( eilgent wikihbvena sheoificdgavitylbfeaboas0bt amySTVEIBRsE4boteT BI°Fant an
conprises neutralized ~ 2002L001 1 g _ detergent as the outer layer of a
metal base (&S¢M @87aRniiRgNOIR; lcaabprt Sf%ﬁ-h over based detergents may have a
TBN of 150 or greater, and typically will have a TBN of from 250 to 450 or
nore. 5 Detergents that may be used include oil-soluble neutral and

over base@ sul f onat exrudehgraftings thesusk fofi diluerd ophie panesnest prefepieds PHlumatsed,,

sal i cyl ates, ,and napht henates and_oth 0i | -sol e carbo es of a
votal ) part UGPSR PR i B AnfREhecen B Beeifbent Y} A b Suden,

pot assi um | bidet @Mth€Bdse ipdPmerN PreTBABBS thediluEhCoiMRTreseANIHRAl dmdimed met al s
are cal cium and nmagnesi um which may both be present 10 in detergents used

in a | ubri cahetweamabet R a1 25p and mastipaciarably betagn abouirh %and 1 5Bdiyum

Particul arl ' neut r. : | ci
e O 1
cal ci um phengeeprozostes UHIgher leeels plfidiladme sedudiih hgwerBifficéndi¢soonth® to 450.

Combi nati ons of detergents, whether overbased or neutral or both, nay be
used. 15 Sul fisHpPRAliZAReN #nd PPRBRLETEF2FHNS dves Rsactiar piiCiqRGY &9SUlP & t ypi cal | y

obt ai ned by bhiRadtl [aPAR IR pralok n BLBRIELEGHATRRUIROdbaRRRRPNS, Such

as those obtal ne rom-t tionatio petrol eum or e alkylation
of aromati c pytrabyarrhiesisabld&x@npirestsiinchaeptedudtivonpositivad. Ndighbyambknts af | ng

benzene, tol uene, ene, .20.napht hal ene, di phenyl qr their halo
der iZV atives gﬁmt SQ%IWF‘SSW e the f%llshed };rgduct,y resulting ﬂl llngh costs,%?gr}ler

30  volumes, more cold flow and more difficult handling without advantage.

The polymer, diluent, free radical initiator nitrogen-containing graftable

monomer and coupling inhibitor are contacted at a temperature and pressure sufficient



chl orot ol uene and chl oronapht hal ene. The al kyl ati on may be carried out in
the presence of a catalyst with alkylating agents having fromabout 3 to
nore than 70 carbon atons. The al karyl sul fonates usually contain from
about 9 to a%ﬁé‘ O or nore carbon atons, preferably fromabout 16 to about
60 carbon at 8 r al kyl 25 substituted 3romatic noi ety. The oil sol uble
sul fonates or alkaryl sulfonic acids may be neutralized with oxides,

hydr oxi des, ®WIIRSHE Hens botcbeth@g@lams and:@ap tgoafgﬂlblﬁt moneynerfarelixthe figuides mdliedes,

nitrates, bor t nd is

e DO IET Ry LRl pREBH, oPhalEh s SRS

typically ragges dap @m@bmFmﬁﬁghigﬁ metBanical éHefgyrsatie nad t}’xtﬁ!‘deﬂ Q@Bnbd@Rs Wt

% of that stoichiometrically required. 2002L001 -19 Metal salts of

phenol s and BuAcKuF $iged blasde mpixer h?)llé?)aT]é%el§9VIﬁ@a%”§FQfﬁrr9ﬁ‘toﬁleafﬁnaf)pr opriate

met al coqpougg gh as an oxi de or hydroxide and neutral or overbased

products Tmay be 0 3 ai ned by methods well known in the art. Sulfurized

phenol s may be prepared by reacting a phenol with sulfur or a sulfur

cont ai ni ng conmpound such as hydrogen sul fide, sulfur nonohalide or sulfur

di hal i de, to for ﬁPWféHbdb%PWﬁ?%ﬁ‘)faPré e functignalized pelymespraseslsdinds i n

which 2 or r h r t. h

Di hydr ocar by F@hloghﬁggﬁﬁ?gaﬁgg%ﬁmgm¥ﬁgk%&Eo‘%@dﬁ%ﬁ §”§§8§&§§ﬁéﬁtlmear

and 10 anti oitrlalet. Hgefeed hoppee pl’(’ﬂtldﬁs clmylb betharexahdal feedthraak kiod seneateans h

metal, or alumnum |ead, tipn, num nmanganes or coPpg‘¥ The
to

zinc sal 1% alhg cFyEb begRsimst us@a emu ehthe grat tl%n@pgmpwsg?@mﬁq the gxtry
10, preferabi)afTer& dPinfechtbn sﬁ%rﬂafrﬁg Bfhe, *a]@uélgldﬂlso%hgﬁt Ot nfik&L wit

| ubricating o conposition ey nmay e prepar in accor ance mnthhknomn
t echni ques b&wﬁxﬂwﬁmﬂbmmghgnaudnhmqmuGHMbhéo&ﬁnmmthnmhhosmmsﬂhdﬂanﬁdﬂ,

DDPA 1y, b t f hol h th P255
and hen nectet e HE SoredpsRinsdh Bepperi s ek, | RoPOSTEp o, 2

di t hi ophosp hﬁ@lc%u@s%qﬁern@ypab@s ABABuRY vERAGHdrE AnFhetbd FRgetfan@VbHBily and
secondary al cohols. "Alternatively, multiple dithiophosphoric acids can be

pr epar edlivhebyprodicthgrd remaydasly | Thgreliserds thended theougin 4 dieplate arcbprilgtiged n
h t
¥ T O

coul d be usebarblterhpgatard, dasw spyelt, @Debdﬁﬁczﬂnﬂtlﬁt@f bmnﬂfo%mammmtat@ﬂmareal Iy
enpl oyed. Commercial additives frequently contain an excess of zinc due to

the use of afll Eackass affegtingsodyet Femposidor: dRersaAmeian the eonhiviensamplaygdgpot
reaction. 254,41

sol ubl e saltglo ng#ﬁy%ﬁé%%f%%ﬂfgg?ﬁ¥%%%gg%ﬁ%%Pgb%@P ghg%g%@&%&tﬁﬁﬁgﬁmm
repr esent®d tegctidrevenol me@muyfﬂnlerglﬂfang fur€i624laton 1saﬁrfoﬁnRDthpﬂerse1R!eO

wherein R and e sa di fferent. hydroc

Cont ai ni g f Ve DPucEol Bapal Dt %o iES0 My bRt chbtaol Stk o
radi cal s suchfras ralidy knitidbkeny! , aryI aryl al kyl, al karyl and
cycl oal i phatic radicals. Particularly preferred as Rand R 5 groups are

al kyl groups of 2 to 8 carbon atons. Thus, the radicals may, for exanple,
be ethyl, n-prop I u | Vil l., . Nn-hexyl,
i -hexyl, n-octyl, }501’ eeéfil C’Q('g%c?gg °t“§¥15a§c‘5‘ﬁ§l 15“ %H%é/ toneasr?éutiqn tan e

but yl phepy! , ugyab ahgoike thmhdmdrﬁamb eadxtiyider. mqmamg ontvxtrﬁdéﬂoonﬂimoﬁﬁ der to
obtain oil solublllty the total nunber of carbon atonms (i.e. Rand R ) in

the dithi ophtsgiecometizmes @ogsible tQadrbthgimnopeer o theisatrude withoyt selvest. Thee zinc
di hydr ocar by

e ophosph%‘irgk‘t“g?ﬁ%%? Hﬁgtb% a?ﬁ@e%[‘cﬁ@gﬁp&f‘ %%d &é‘gﬁﬁ H&BP%'f ﬂhh%{tbf to

used wit h | ubiluenaoil 1s:mﬂ<genérakby1$1uhomgla4>thengtmhmp:hoextSudeﬂvalh& coﬁpliﬂg)m about
0.02 to about 0.12 w. % %referabl y from about 0.03 to about 0.10 wt. %
most pr ef er aBhiPitor Gy hsdire-biended withthe pelymep grupgb befprejntedpcing the ent%lf al

wei ght ogothgu§ gP&Jon 15 Oxidation inhibitors or antioxidants reduce

t he tendency o i al oils to deteriorate in service. Oxidative
deterioration can be evidenced by sludge in the lubricant, varnish-1like

deposits on the tal sur aces by visc wt h S ch oxidation
ORI tor o i net ulBe RiasSBHPERi D Bied TS Ay kG L of - 20
al kyl phenol t Ri;pRsHE% DehAEnBol RI0eC 2Rl $75T, bt fshiefldbl betivEsh Sk BSe°C

cal ci um




nonyl phenol sulfide, oil soluble phenates and sul furized phenates,
phosphosul furi zed or sul furized hydrocarbons, phosphorous esters, netal

t hi ocar bamat es, oil sol ubl e copper conpounds as described in U S. Patent
No. 4, 867, 892((1)0 ag nol ybdenuntont ai ni ng i%)rrpounds. 25 Aromatic am nes
constitute ano%Lher cl ass of conpounds that 'is frequently used for
antioxidancy. Typical oil soluble aromatic am nes having at |east two
aromatic gr oangsabapt AAREdwith geafting ak abogh&2 3Gt abeit A8 GesiVingrapsimal fesBiS 6 t o
16 carbon at 0, > }: . [

aromatic gr o‘ggg ?es%%gﬁnked% %ﬁral\%/) gsncgh-gga%tteg{na{{%e%fftﬂgpnﬁlggzs)@c?'h?géeFeggrﬂc%?rﬁaﬁe\gﬁgr oups
i n whi ch twothalisiseione ofzongdsin arhécH tha Keed rhaterdals areaheoduchd nsithe extrydexrwidt om or
group (e.g., an oxygen or sulfur atom or a -CO, S02- or al kylene group)

and two are EANEERLIBF TBUPRENER £ CTOPRIAYHR RRAOW TS BBHCOB Z0BH ETIRSFAlY ©s
aromatic am B‘?ﬁ%{lﬁi{iré}giﬁﬁ%f)&ﬁfetthé Yo 6P PR fs%lpﬁﬁf?iblasoﬁEﬁl?g%ﬁge tictast! v to

t he nitrogen. e aromat1t rings are typically substitu y one or nore
subst i t uent sPieédreisly cttle polymealikmhintaiyeal aaltkyiperamlrkbodpw 240k theypoimay| |

acyl am no, hydroxy, and nitro groups. The anount of any such oi]l sol uble
aromatic am w@;fhﬁﬁwn‘gnﬂfm}déa@? ‘%Wg'oglﬂ‘i?praﬁ EMpERYS cAPP e thaliZ18ds pl§o o

one ani ne ni LR 7 ULk SHEIARE B PlaiEA SRRHM R fnduitd, TheRkidtRce

i ngredient. kno riction noditiers conprise oil-sol

or gano- nol ybiikea doriag mhichntie polSueh isourgiargei mpfupbileraliration iotthoextroddr fsioar s al so
provi de anti oxi dant _and antiwear credits to a lubrjcati oLl conposition.
As. an exHipl ©° OO GERCHPS SEMUBN Gy LGS LR iPHE £ Bl G ACH BRI IO ¢ may
be nenti onedpfBotiliz i REROBARES es, di t hi ophosphates, di thi ophosphi nat es,
xant hat es, thioxanthates, sulfides, and the |ike, and m xtures thereof.
Particularly preferred are nol ybdenum di t hi ocar bamat es,

di al kyl di t hi ophosphat es kvl xant hates. and al.kyl thio t hat es

Addi 1 onal 'y "t haPRarS i iee ol wi e Dol -0tR0) SRER e Plamssouna
These COWPOUII‘EZ)rc\MdCUOﬁ oftHe nbcéNary RaBing sikést drofie BulsearRoIgmas an@ devbyd by
ASTM test D-664 or D-2896 titrati Oﬂrj]lrfﬁr ocedure and are typically hexaval ent.
| ncl uded!ar ethguuyiher ef grefted chaipo nindinerehaipdensth oktbaigtafiedrhpBsAROUNEOt assi um

| ybdat e, t | I'ts,
o g 25 hya e eyl b 015 Bl LS oy bR DR AR BERABRE L
trioxide or therdight oficutshtcatenmdlyinehe being @engrallyisistabknong t he nol ybdenum

conpounds useful in the conpositions of this invention are
or gano- nol ybdenum conpounds of the fornmula 30 Mo(ROCSZ)4 and Mb( RSCS2) a

wherein Ris an ?BQ?ﬁ?{egE@H@né?b?&ﬁ@iﬂvéﬂt%aﬁ@@f SHrRacoisd Sthagnadcishdy! -
aryl, aral kyl and alkoxyal Kyl enerally of from1 to 30 carbon atons, and

pref er abbg 2dispersant Mritsprover ¢UPPLIDAdditives fordubreating wilso Hengs afusthabl v al ky|

of 2 to 12 cargocﬁ ator‘rtlsth Es‘pefi al IO&. referre arﬁ t he " ..
di al kyl di t hi FRAPHEIGHE ¥sthe fPVEBHOR RIS 4 ANYIREPE GH SIBPSFLGP GAMBLSHBE Fhdenum
conpounds usgfajdr aldbuhhef diLbf lubAtdting ViscosPas 4 indits pebpdriibs shitstdptiogn ar e
trinucl ear nol ybdenum conPounds, especi ally those

0.15 to 20 wt. %, of the grafted polymer.

25 The lubricating oil compositions of the present invention comprise a major
amount of an oil of lubricating viscosity. Oils of lubricating viscosity useful in the
context of the present invention may be selected from natural lubricating oils,
synthetic lubricating oils and mixtures thereof. The lubricating oil may range in
viscosity from light distillate mineral oils to heavy lubricating oils such as gasoline

30 engine oils, mineral lubricating oils and heavy duty diesel oils. Generally, the
viscosity of the oil ranges from about 2 centistokes to about 40 centistokes, especially

from about 4 centistokes to about 20 centistokes, as measured at 100°C.



of the fornmula Mb3SKkL"QZ and m xtures thereof wherein the L are

i ndependently sel ected |igands having organo groups with a sufficient

nunber of carbon atons to render the conmpound sol uble or dispersible in the
oil, nis frw&# to 4, k varies from4 through 7, Qis selected fromthe
group of ned el ectron donat i ng conpounhds such as 1 o water, anines,

al cohol s, phosphines, and ethers, and z ranges fromO to 5 and i ncl udes
non- st oi chi omet AVauEhpilenclude apigal il and wesiablevilsds. gatcasier shdudeibe present

among all t nt%g%geﬁrogfu&%ghg%cp h)qur&%ﬁged %Hﬁfgntat§ a%dtl) a%ﬁ-trgge f ersgao?l% 0%0 or

at | east 35 s’are 1 ndepen omthe

group of 15 tPfega.r ffinfd, naphtheric 3nd ?ﬁm?ed)ﬁarafﬁﬁﬁc—naghfﬁeﬁlc t%pe% XJits dflﬂibrtcatmg\l 4, X
Rz 20 and 2L001 - 23 Xy /ORl1 2 OR2 and m xtures thereof, wherein X

X~, XZ, and Wscgpisy flerinaddrare £oalr skale alse gerve antitehd bapoeils- of oxygen and
sul fur, r%md wherein R-, RZ, and R are independently selected from hydrogen
and organo groups that may be the sane or different. Preferably, the organo

groups are hydr cymtiwtic Igbriuarisg sils thchgle dlysocalben @ils ahdihalbisabstitited car bon at om
attached to the remainder of the ligand is primary or secondary), aryl,

subst it ut ed hyidyacaghon qilsisach @Mwerlmra@ ﬁ?@@ﬂwryed@é&fw(? .gand has t he
hyd t h
car bon at o uHERAP ol BEpLRES, pRYVICHE H Bl apb el SHRERMEHN VI N9

predom nant |polytyutylenay b(ylbr(lj-memhaa)aﬁﬂy(rl mﬁtd:rias)npbllyel -derehesy); atifyltienzenes

i nvention. Such substi tuents in ?e the foll om dr ocar bon

subst i t udnt Se-g-Kledesdd enéF‘i‘eﬁhtéfrP DSPZeRgS Ay aﬂ@g‘?“eé’r “kenyl), alicyclic
(for exampl e Gy AN benBd): FHSHRAVKIEE. o Bkl ekieh s, AEATRAI -

al i phati c- Sertl §58@1 | cyegl f)cﬁsghstl&t 3t éld éll?}(')£ ti c%c?s a§nld the like, as
wel | as cyclpaiyphebelts) tané mtkylamvbdiphenyl hehersiand allgylgedpipbemd sulidesigd anot her
portion of t and ét hat tvvo i ndi cat ed substituents may toget her

forman alic E’IVF“& G ABYRgs and h%%g%%/‘? B hydrocarbon substituents, that is,

t hose contai ni ng non 20 hydrocar bon groups whi ch, in the context of this
invention, do not alter the predom nantly hydrocarbyl character of the
substituént. ThodKyigeeloxids potymere ang intggpplymises angedesivativesthergef whege theps

(e.g.. hal O et %gf;hyegré))}/yl%héu%r %a@geefnlr}f&{lﬁed Wcﬁgnfl@atl%gXé/thenflcatlon etc.,

constitute another class of known synthetic lubricating oils. These are exemplified by
polyoxyalkylene polymers prepared by polymerization of ethylene oxide or propylene
oxide, and the alkyl and aryl ethers of polyoxyalkylene polymers (e.g., methyl-

20  polyiso-propylene glycol ether having a molecular weight of 1000 or diphenyl ether
of poly-ethylene glycol having a molecular weight of 1000 to 1500); and mono- and
polycarboxylic esters thereof, for example, the acetic acid esters, mixed Cs-Cs fatty

acid esters and C;3 oxo acid diester of tetraethylene glycol.

25 Another suitable class of synthetic lubricating oils comprises the esters of
dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids and alkenyl
succinic acids, maleic acid, azelaic acid, suberic acid, sebasic acid, fumaric acid,
adipic acid, linoleic acid dimer, malonic acid, alkylmalonic acids, alkenyl malonic
acids) with a variety of alcohols (e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,

30 2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene
glycol). Specific examples of such esters includes dibutyl adipate, di(2-ethylhexyl)
sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate,

dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of



mer capt o, al kyl mercapto, nitro, nitroso, sulfoxy, etc.). 25 3. Hetero
substituents, that is, substituents which, while predom nantly hydrocarbon
in character within the context of this invention, contain atonms other than
carbon presephyigh; @ chain or ring other e corrposed of carbon atons.

| mportantly, the organo groups of the |igands have a sufficient number of

carbon 30 ato to render t conpound s | ubl.e or djsperS| le.in the oil.
For exanpl e, %C Acifdumeiy p ‘ggﬁet%ﬂ’ gﬁﬂfg%&&lswmo @%@Baqlfly range
bet ween ab Oue{cmlwﬁtﬁ R0 %Hlesl &Qetraetl?ﬁ@r?el-g%ol agét\% EIO%S%@ |2yetlf6§"lﬁéﬂaﬂgfelétsldl to

about 30, and nore preferably between about t o about Preferred
| i gands i ncl ude di al kyl di t hi ophosphat e, al kyI xant hate, and

di al kyl di t hi ocar panat e, dof theedlal r S nore
preferred. Organ}?%erlslué%fﬂ Sé’BH‘FHFH ?1@15?\%: %%tb(ﬂlgeiéﬁ%

functionagl i tm@%ﬁﬂ%ﬁh@%&@ﬂﬁpﬂxﬁ?’&lﬁ aﬁ&f)éﬂ'yBEes?e"'rs Edcﬁ%@%oﬁéﬁ@l%ﬂ%l ng to one
or nore of the cores. Those skil inthe art real i ze that formation

of the conpdun&&hsdcblprdpan@me@ntythmvbdtpeotaer)&lmmkmdtswbmmrmimu@if | i gands
havi ng the appropriate charge to bal ance the core's charge. Conpounds
havi ng the fornula MO3SkL~, QZ have cationic cores surrounded by 10 anionic

ligands and are &i@R6R585REHSs BYcHSAs tHE bolyakyE! yzﬁr?l-aﬂﬂyé‘lkoxy o® 8 s M and
have net charges of +4. Consequently, in oOr to sol Ubilize these cores

the total 15 mel@éys;h@mg anISIanti hélcaﬁeg)alﬁﬁgmmusq artpgher psefpbelpssasspathetehi c
l'i gands are ound

bel i eved tha@gﬁéﬁ%{tg gg%? IP? uﬁ%}c,gltr@g ypsdbcate Vl%oé)rcfpgx ﬁgin%tF [eﬁ é%/connect ed

by neans of @ngheéxylhicatel te@ﬁrtdsm@tﬁ?l -2-behyllieganelEca@yetee (prert bidpingiangl) Such
structures fall within the scope of this invention. This includes the case
of a nulti deniti¢it® hpwéﬂwaieﬂa/%%ﬁjhﬂhmuﬂl%l%m@@M@ﬁ@yk)sl%a§¢5r@ﬂe core. 20

It is belieyv ur
the core(s). &Hy%@lﬁ@ﬁ%ﬁ%ﬂ % fh%{)f}feﬂtl'rlarﬁc srbée?irﬁgg EF?H{ r]‘lllatf‘%S%Ped[a;érste%%if

nol ybdenum cihopphordss- czamaxbmgmmpaé ed txﬁx;tes}e@hdssphgte; umobb«kph(mhaxprahamgl

l'i quid(s)/sol vent hdenum source such as ZMb3S ~ 3 ~n(HzZO),
where n Par | SErH9E 9@@?}“@1’ acidhapd Rﬂ!Y‘BE%%tCHBRYCEégF%‘%i onetric values, with
a suitable ligand source such as a tetral kylthiuramdisulfide. O her

oi | sol ubl e or dispersible trinuclear nolybdenum conpounds can be forned

during a reacti odniefined aefapgol andrre acinesiodilsenan b uedd ia Inrdigabtierfule presente such
as of (NH4) 2Mb3S13~ suc s tetral

di sul fide, df"&f ﬁﬂnd %Q?%P%dgr%grﬁ‘?g’%g%}%&%{n%ﬁWP‘&P P%M‘Hﬁg%lastyggﬁéaa sul fur

abstracti ng qauedetwishisul fgRe pIaTiEQIS, tredtthént! Fol HRSaplOfa shdlRJil dBediaed
phosphines. Alternatively, a trinuclear. 1 o _nolybdenum sul fur_ halide salt

such as oM ]diraot3 Sronpretorfing ppemtionss patrelsumt@kot:t@med direetlx fram disHpdRs 9 such
as d, Br, o ,

T al kyl 3t hi éos(t:éé 051 lg&oéél? ﬁ&?ﬂ;% Qﬁ@nh ﬂi%ﬂ%n? g\‘s'clgcﬁ\g{tﬁ&ﬁrfuﬁﬁer?reat ent

l'i qui d(s)/ sowualdtbesh uhﬁeffrradmlarRemnled odb utml @mﬂar tdilmrﬂrrmdloimeicrdpmlmt &mroﬂ

nol ybdenum cogpound The appropriate |iquid/solvent may be, for exanple,

aqueous or o urther tregigd an @ AP %‘Jrg}"latlg'b SIGBY (0] IFPreNe e ARAUE BFARSFHESrmy be
i nfluenced bMaﬁ?@udTl%ﬁ?ﬁfcatxon techniques, such as distillation, solvent extraction, acid or

25  base extraction, filtration and percolation are known to those skilled in the art. Re-
refined oils are obtained by processes similar to those used to provide refined oils but
begin with oil that has already been used in service. Such re-refined oils are also
known as reclaimed or reprocessed oils and are often subjected to additional
processing using techniques for removing spent additives and oil breakdown products.

30

The copolymers which are being functionalized in the present invention have
long been used in lubricating oil compositions as non-dispersant viscosity index

improvers (VII). As referred to above, when one of these polymers is replaced by a



of carbon atons in the ligand's organo groups. In the conpounds of the
present invention, at |east 21 total carbon atons should be present anong
all the ligand's organo groups. Preferably, the ligand source chosen has a
sufficient g%i of 20 carbon atons in ms organo groups to render the
conpound soluble or dispersible in the Iubricating conposition. The terns
"oi |l -soluble" or "dispersible" used herein do not necessarjly indicate that
t he conpoundytregenzivartenatizechequiventpihe amouaief|ashlssscdispersaat WitBe or capabl e

of being 25 ' idnd rt
novover ¢ naPTREyopal O dgtfealld by B fat aBORRITEIORCUSRPORIE ulth TRBRown,
to an ext entofli§fersaneviscdsity éxdextimph@ier (DWIGnskelinelid 6it tompoditien. envi r onnment

in which the oil is enployed. Mreover, the additional incorporation of
ot her additives nmay al so permt incorporation of higher |evels of a

particul ar add t AP of ik (SRS fithe s%ﬁts%cwt&%g}ag@@%g&ammga%@ﬁ eferably

an organo- nol yb m conpound. reover, enum conpo i's
preferably s&ngmisaibng bbthid type garobpusedris tlet pragnoinventinl. yPygécaliy these

di t hi ocar bamat e bDTC), nol ybde 20021001 .-26 dithi hat e,
rrIDI ylbdenum &S@Wé%% t%%[?é%/lawfﬂq;g}i’éﬁlﬂ%icﬁ t“f?éﬁhéPOW:‘BngJ‘Bg i %F &ht hat e,
mol ybdenum Sﬁﬁhéﬂi&ﬁliﬂ&f’b%ﬁiéﬁﬁﬁﬁ)ﬂ&?ﬁ?ﬁtion'\@g{aomﬂtﬁ] ﬁ@%\f&ﬂ?%ﬁﬂéhyﬁgﬁﬁum

f
conmpound i s present as denum ocarbamate. T ybdenum conpound
may al so be keitg donecthesugh tind srioci@imuanhy drigho ulighicdl pobuttifins @sed are ethylene

di spersant-viscosity index inprover. (DVIl) of. the invention, the

by i cat g SPDRRGH- Lokt B1dpisaRIERS 18Yink AT SHePEAmP G osi (y

i ndex i npr ovgEishMidileeRRIESEMARE 5000. EMRMAEARIcRhhfdHdeaRki®atWd of tRé€r i al s are
pol yi sobut yl ene, copol yners of ethyl ene and propyl ene, pol ynethacryl at es,

10 et hacr y| palgolefimotybemgde froputhy ghlosinated anlygledmtanvig 2pergkislapaing i ¢ aci d
and a vinyl conpou dnterpol.ymers of styrene a crylic.est .and
hydr ogenat ed EopPdY %csaﬁ)ufr[}%f 9e\r,(ré\haé1/zat|1%norﬁﬁaet ne. ,Sea§ %}reerﬁﬁecf'i %{)}% gl(ljtlg }r?gh?'grﬁg

i sopr ene/ but g661NE sudsasfehtacaghilitef dpandidiation yielpogemaieedkuopavpol yner s of
but adi ene and isoprene. 15 Friction nodifiers and tuel econony agents that
are conpkt i bpdyethylene plyemEes. i ngredi ents of the final oil may al so be

i ncl uded. Exanpl es of such materials include glyceryl nonoesters of higher
fatty acids, for exanple, glyceryl nono-ol eate; esters of |ong chain

pol ycar boxyl i ¢ acldsldwidntodiispesants pothexaidjtives mayaldobeaneorgomtedantlsy of a
di meri zed unsat.urated fat tfé aci d;. oxazol i ne conpounds; and al koxyl at ed

al kyl 20 subMPHiERHRSPILEATRAHIME ST the iaKenion to ARACL BT @PReF PAICHES, f or
exanpl e, et haxyiéhefls.! BkdB¥capt AN validwy 8k asbidlliR thealuBREatRFIoIe.  Pour
poi nt depressants, otherwi se known as |ube oil flow inprovers (LOFI), |ower
t he mi ni Pum campaesitiongate dgtengpitsmetabrufy inhibitefs, Vis¢dsahy ingexdmproersour ed.  Such
corrosion inhibitors, oxidation inhibitors, friction modifiers, anti-foaming agents, anti-

wear agents and pour point depressants. Some are discussed in further detail below.

Metal-containing or ash-forming detergents function both as detergents to

25  reduce or remove deposits and as acid neutralizers or rust inhibitors, thereby reducing
wear and corrosion and extending engine life. Detergents generally comprise a polar
head with a long hydrophobic tail, with the polar head comprising a metal salt of an
acidic organic compound. The salts may contain a substantially stoichiometric
amount of the metal in which case they are usually described as normal or neutral

30 salts, and would typically have a total base number or TBN (as can be measured by
ASTM D2896) of from 0 to 80. A large amount of a metal base may be incorporated
by reacting excess metal compound (e.g., an oxide or hydroxide) with an acidic gas

(e.g., carbon dioxide). The resulting overbased detergent comprises neutralized



25 additives are well known. Typical of those additives that inprove the
| ow tenperature fluidity of the fluid are Cg to C, g dialkyl fumarate/vinyl
acetate copolyners, and pol ymethacryl ates. Foam control can be provided by

an antif oanmay, % t he pol ysi | oxane type, é/or exanple, silicone oil or
pol ydi nmet hyI oxane. 30 Some of the abd e menti oned additives can provide
a mJItlpI|C|ty of effects; thus for exanp a_single additive may act as a

di sper sant - SlHI8ERtG thephtes leygr of m%alahﬁm (s‘eacﬁalibgn%é) migeHpwAveherereased not be
further el abgsabes EHaOea gz@Q@iﬁQPJr rg‘%'elj nd Q@oﬁﬁ?%ﬁ%aw#p&d mr(#rﬁ may

be necessary to~inclu eana tive mal nt'al ns” t he st Ity of the
vi scosi ty of250he 450emdnordhus, al t hough pol ar groupcontai ning additives
achieve a suitably low viscosity in the pre-blending stage it has been
observed that some conpositions increase in viscosity when stored for

prol onged peri odspeg ggyfﬁs &Mﬁ%w&&ear 1@&4 Pgdlme'neum%a%wba&dt hi' s

Vi scosity increase | e th ong chain y rocarbons functionalized by
reaction wi tdulfonaes, phenates; anlfioiag ipbematésd thiaphoaphondres craticylaties,tandr e used in

the preparation of the Ies per sants as_hereinbefore djsclosed. 10
When | ubri cataPRYER#ED ?‘P’ H‘Plaucﬁrsb Kelatss offmetls ParHenlaby e Yoned

addi tives, eaghiRddithinNGalkS. %Y&Hdﬁﬁh' poRbRAleRil A Gt BAS hoBhdsidihl #He

amount that enabl es the additive to providé its desired function. It may be
desirabl e, ambstt@oghnmdy usskeeisak calcupr aydanagnesiemo whidhy aybleth thiepeeseat

concentrates. c addi t.i ves ncentra sonetjnes bei.n ferred to
oo t e pABiERRels Ihads B gpreatt i fies o B8 RET ML TaeaR S St R ancous! v
to the oil tébdfxﬁﬁ rrpmleuiaubrcbﬁaénﬁdmfrmdl deergeassl dré Qutral BRd bVéiBAsel ehlcivgant
conposi tion na mploy from5 to 25 nass preferably 20 5 to 18 mass %

typically 10 natss hawgng FBH OEfmchQrse énd E&tNa angd peutral rﬁtad auarbassdicalgivon | of
| ub f
ubri cating "t{eﬁ%t%? 'aﬁé’ %H{?%d gH eke%%tab@g W??ﬂoh{ %‘fbczfq‘br ﬂr{lblﬂz({}?o&a%fm” € o

t he above- mehtione acha itive is into the

base oil in @fergémunvhdthétoverbakddas ndbirilhg b@ddlrﬂiay\/@ dsedprovide its desired
function. Representative effective anmobunts of such additives, when used in
crankcas® lubricants, are listed below. All the values listed are stated as

mass percent acti g@f&dﬁ@s%ﬁg preﬁzﬁed o0 acids which are typically obtained

by the sulfonation of alkyl substituted aromatic hydrocarbons such as those obtained
from the fractionation of petroleum or by the alkylation of aromatic hydrocarbons.
Examples included those obtained by alkylating benzene, toluene, xylene,

20 naphthalene, diphenyl or their halogen derivatives such as chlorobenzene,
chlorotoluene and chloronaphthalene. The alkylation may be carried out in the
presence of a catalyst with alkylating agents having from about 3 to more than 70
carbon atoms. The alkaryl sulfonates usually contain from about 9 to about 80 or
more carbon atoms, preferably from about 16 to about 60 carbon atoms per alkyl

25  substituted aromatic moiety.

The oil soluble sulfonates or alkaryl sulfonic acids may be neutralized with
oxides, hydroxides, alkoxides, carbonates, carboxylate, sulfides, hydrosulfides,
nitrates, borates and ethers of the metal. The amount of metal compound is chosen

30  having regard to the desired TBN of the final product but typically ranges from about
100 to 220 wt. % (preferably at least 125 wt. %) of that stoichiometrically required.



-28 ADDI TI VEMASS % ( Broad) MASS % (Preferred) Ashless Dis ersant0.1 - 201 -
8MWetal Deter ents0.1 - 150.2 - 9Corrosion InhibitorO - 50 - 1.5Metal D h
drocarb 1 Dithio hos hate0.1 - 60.1 - 4AntioxidantO - 50.01 - 2Pour Poi nt
De ressanto.zg)gjz-oﬁo.m - 1.5Antifoamin A,ent0 - 50.001 - 0.15Su | enent al
Antiwear A € sltg - 1.00 - O.5Friction ModifierO - 50 - 1.5Viscosit

Modi fier0.01 - 100.25 - 3Basest ockBal anceBal ance All wei ght percents
expressed herei n Mgt sdlts ofiphencls ard swhigrized plapnolsrase B@ﬁ@rﬁdgﬁ reastipy avith an

ingredient (A.L) _con of th ditive, . .an r on the t I i.ght of
any add t1 vePpREECHER oGapddiR AHEN W Panf R tiutee e St b bl

wei ght of egaBdwddinfaly be oblauedtbyenyBodWeldkndved Bl theokkt. Sulfoiizddgihenold May
invention will be further understood by reference to the follow ng

exanpl es, wherepargd by peacting apbened mith syifunes yrlfur gantaigingsomgopnd sudhoised. 1o
Exanpl e ( td e b ene I ck

copol ymegs, h V|%%thr@eaf%lﬁ%?Iéogxg’ﬁgai?&evogisgﬁ{ly%ﬁ 91? OP)O%)BIH %@%{S%FQ%% cont ent
of 35 wt. % gasrallynaixteewdf coathousdsig Whivh Dyt mofé plesholsexrerbridgedrbyasatfuper oxi de
free radical initiator Lupersol |OTM No am de was used. A 133nm Wérner

Pfl ei derer ZSRUAIRNE bEEeSy ext ruder was used 15 for the functionalization
process. Polyner crunb was | oaded into the extruder feed hopper at a rate
of 4,000 pounds per hour. Downstream from pol ynmer feed entry, where pol yner
mel ting occurs, Nbilydydcaibyl daziopkosphsie hethlisaltvart fieqeetitiydsed ad amiweaednd at e
of 63 pounds/ hour. A sol u(tg_i on of 50 parts by wej qht Luger sol I(PITIVI to 50
parts bylOnei akexidant ageats; dbheimpty) maybesn 3lkfber alxalicaare metal; FR BTt at
7.2 pounds pefq 2, idHbdeitiSRndiibsd RickAricBhbdra TR cUdRY ark iy 10 whi ch

t he pol yner was bei ng heated and had not reached equilibriumnelt

t enper at ur e, contreonly et mtlubrcating iodgn am0AR 10601l to 1R9prefaray 0@l wat%.on was

mai nt ai ned at 232 C at cr.e ed of 350 .rpm Byprodycts and unreacted
mononer wer oEnIR P ARACHHER FOBE bidre il FbrelRine d o g Yt ars

vacuum The jhesedrihm@ withEidvanRbh@geest firdEformilgla dBidroesbed t hrough a die
plate and pelletized. The pellets were subsequently de-watered, dried, and

packaged!5 5 dithéophespharicrgi ) vsesilydnhieactionad gpp er Fiore algeln! opaiphenalhi s

material co p e , I | . - i rage and
were no | onégl?h 2 %o@&iiﬁ%or\?ﬁuﬁ%hﬁﬁggﬂﬁpﬁ%érﬁigmﬁﬁﬁ\%%ﬁ%@%b& ?g)fe)nat ed

pol yi sopr eneesxaniples ayditaisphbiphokic acidahyynes mababy rgcing oixahresof pambarangei ght

of 110,000 and a styrene content of 35 w. % was pre-m xed by grinding with
1 % wei ght olceanfapealeabqls Mtgmativelyaultipledithiorhosphesici asids cas phgrengredy |

i m dazol e ea}gqj i I i L Nkid . ™ A
133mm Wer ng?‘m Elld réir;)&% Kggﬁgrst? g)rné\%gés&ﬁggz%%drﬁ% énkgﬁggl?g%\rg t%ati on
process.2015 hikeoqaohyl igesupslondhd oibersase ersmdyprimary in blgaracten: (bemakeethd zingpper

at a rate of 4,00 ounds r .hour. N-vin i mdazole was, fed.into th
extuder at et HEROPIES Tt ne BBt P B PEe® Friiy Bl gn
Lupersol | O ciMdnated rdmbbtSzelyranif iefiiployet! cOmﬁerE@ﬂadmﬁ%stmu@mgrmm ah
anot her injection port further downstreamat a rate of 8 pounds per hour.
Except for igxcesseofizinicrdugito gha isg@E an gaenss of welabie Rinclronperydrisy thgas 20 bei ng

heat ed and hr%glgrgﬁiat@%&% nequi libriummelt tenperature, the tenperature

during functionalTzation was mai ntained at 232 C (plus or mnus 2 degrees)
at a scrgw speed of 350 rpm Byproducts and unreacted nononer were renoved

through a reaction vent, which was maintained under partial_ vacuum The
resul ting functi ohlg prekaredginadibydresarbydithienhosphatesrase gt salubliesalss ok e and
pelletized. 3 t P el . and
packaged. Thdgnf(ggﬁrbﬁ ncgt}%c?pg)%é@r%ﬁfdgﬁﬁg@ﬁ A%?&%B“g%’ﬁ%‘f?%tghgﬁbﬁ%"gke Exanpl e
1, this mateforrablacoul d easily be packaged; the pellets did not aggregate
and contai ned no haze. The pellets remained free fl ow ng, even after
extended storage at roomtenperature. 30 Exanple 3 (Conparative) and
Exanple 4 (Il nventive)



Concentrates were prepared using the functionalized polyners of Exanples 1
and 2. The concentrates of Exanple 3 contained 6 w. % of the functionalized
pol ymer of Exanple 1 in 94 wt.% base oil. The concentrate of Exanple 4
cont ai ned 6 m%g&gLOOl -30 wt. % of the functionalized polymer of Exanple 2
in 94 wt.% of base oil (Wt . % bei ng based “On the total weight of the
concentrates). Wth fresh sanples of the concentrate of Exanple 3 it was
possi ble to prepare finished notPrL,AQil ving datisfactory rheol ogi cal
properties except for the measur #% offf hi gh slhear rate viscosity in the
t apered bearing sinulator (ASTM D4683 However|, upon | ong-term anbi ent
storage, the concentrate of Exanple 3 becane | 1ed. Mcrogel formation
occurred due to crosslinked pol yper segﬁ%ﬁTE'g rm8B during the extruder
process. Such a concentrate provjdes ti me dependent, 1o variable
thickening efficiency to fornulafed i |ls and cannot therefore be used in a
commerci al application. No such g*?ing was observed with the concentrate
of Exanple 4 after |ong term anbrent storage u d&r identical conditions.

Exanpl e 5 (Cy/ReaiRR @R IRay bERRGEME LREZfMER hPHx%E%?ﬂraH&hl@g:oﬁtaYﬁing fopf @
non-di spersant viscosity nodifier conprising an unfunctionalized

hydr ogenat ed 1goll§i profsrane 2 pol ¥ .staghasratorhs emkincdolgmadicalsavéng alkyd, abengyl,

pol ymer nol ecul, ar ight. and styrene content ~as_ the I rs of anples 1
and 2, and Q?Wgy%?’ aﬁ‘?ﬁéﬁs*’éﬁe%’m 10 4% 1°%_§e%arflﬁu%i¥lﬁ%‘1?eerged§‘asaf&£.ﬁ 20
Exanpl es § t BrqupdArealoAt @37 2V I8t dagi AdRoBANITRS, Bicl radiCAlITMadt iR RRaBleE
prepared using the concentrates of Exanple 3, Exanple 4 and Exanple 5

t oget her wi t ke ehylym-propgls &pwipyl gy butyly i-hutyl, sssbulyb pard.anhexyhricheayhasseriger

Convent i onal P5Aeed, BARERIE Pt ébyimthd: PRGBGSR of “asil ecs

di spersant, wietieydsydlopentidepropeiyl, DuesnyhNh dr@¢tto PBiaM oill eFILBSISA fHlie tofdle

addi tive package and ashless dispersant, when used in sufficient
quantities, PPBPEHY rhpasieRg dre- Raanddby st thsidithigphespberie peid avill agperalty be
performange i<f i 3 1al] It i ce

usi ng thégnoai-9 I ss pdg%dﬁ%ﬂﬁhg}%gﬁ@&%%@arﬁ%@?ﬂhg@ hggigt?&:%atnﬁ ﬁ%rte R)g%%% ned in
Exanpl e 5, i zinsaBalkdakhsaphpsphatass 8hé prdsenttimedntionenastd gsscudarbpesefidiheand 4

w. %of the addit] ackage. Miltigrade SAE 10W 30 hl epds re ar ed
Usi ng these. Had vitb bEEBGERGostorhed Bathe Hisstorgy s Shiiom Sag LR
functi onal i ZgeoIRQ, VWL, 9] drefePIBBEIbMAIRE! 6.0918 SBRED! 195392 Rtbsfprefdifbly
2002L001 -31 concentration of ashl ess di s(gersant was reduced ?rom 6°Wm. %3

wt . % on t hefeosahayt D& to Bbeut BQhwb % tHasccaemhihedetabiveighbt efathe compositiore backed
out of th\; formul ati on

Oxidation inhibitors or antioxidants reduce the tendency of mineral oils to
deteriorate in service. Oxidative deterioration can be evidenced by sludge in the
lubricant, varnish-like deposits on the metal surfaces, and by viscosity growth. Such
oxidation inhibitors include hindered phenols, alkaline earth metal salts of

20  alkylphenolthioesters having preferably Cs to C); alkyl side chains, calcium
nonylphenol sulfide, oil soluble phenates and sulfurized phenates, phosphosulfurized
or sulfurized hydrocarbons, phosphorous esters, metal thiocarbamates, oil soluble
copper compounds as described in U.S. Patent No. 4,867,890, and molybdenum-
containing compounds.

25

Aromatic amines constitute another class of compounds that is frequently used
for antioxidancy. Typical oil soluble aromatic amines having at least two aromatic

groups attached directly to one amine nitrogen contain from 6 to 16 carbon atoms.



I f the dispersant viscosity index inprover was substituted for a

non-di spersant viscosity index inprover. 5 Table 1 Conponents/ SAE

G adeExanple 6 wt. % radekExanple 7 wt. % radeExanple 8 w. % radeExanple
9 wt. % radeRasg, O | 71.7979.2971. 7979. 29Rour Poi nt

Dep. 0. 200. 200. 200. 20Ashl ess Di sp. 3. 003. 003. 003. 00Adpack4. 004. 004. 004. O0Ex.
3 Conc. 21.00,13.50Ex. 4 Cong.21.0013. 50SAE G adeSW 3010W 30SW 3010W 30 For
SAE SW 30 and DE6UURRS 7Y COnfail Mere BIRALYE (AU G oYPSmi<impnge howdah2 &t and

| ess than 12 afomati¥| I - : 0 cP as 10
measur ed at ° g(%% %Fﬁ%w grggg&gﬁéﬁ %51[58%% 8%%%6%%@2@5{%&/&12%2%9

rheol ogi cal poopenttbesd boby bix atwopl exsgréu® (eag.camyoxyeen ion sulfiylasord, orkex-&lpl € 6 does

not neet SAE _S5W 30 hi.gh shear viscosity requirenents per SAE Standard J300,
evi 5 on APRSDR GHURY ER OB RLATASGE 30y, M P st JERs MG 50
Conpar ati ye BYAfRred dronfiA8 nfifls HAVAY & Rabit®ol A4OhEAEI00Hs é{tdché&ﬂi?&?lzttb on

with the necessary bal ance of contribution to 15 thickening efficiéncy at

100C ( ki nemathecnitrbgeno sTheydromniic tihgscdre typicpllyfsibgtitated py ase weaswve sabstitnehisgh
shear viscosity at 150 Exanpl e .8,,, shows .t hat the |tigrade oil , .

cont ai i ng. & RECFEN EPROHAY S GPHETy P AERSFb ac Y Ga g RaTT R, 2R rje
Exanpl e 2, ”gﬁ;u%s.a'l‘he hRGUAT TP SSch APsolablk ardndeie aphifeFAMR AtNeasViwo CSt
100CCCs, - 20C, cPCCs, - 25C, cPH gh shear vis, cP, 150CMn. high shear vis

cP6SW 3011. 928470 BoRsSUAtiRd/detly 0ye8208in0 2tr@we8 Sivdd plefesbBly3R 882490910

W 301 1. 64830834"]0%%/0 gc(:)tive i%gr% 116991 Exanpl es 10 and 11

Other known friction modifiers comprise oil-soluble organo-molybdenum
compounds. Such organo-molybdenum friction modifiers also provide antioxidant
and antiwear credits to a lubricating oil composition. As an example of such oil

15  soluble organo-molybdenum compounds, there may be mentioned the dithiocarbamates,
dithiophosphates, dithiophosphinates, xanthates, thioxanthates, sulfides, and the like, and
mixtures thereof. Particularly preferred are molybdenum dithiocarbamates,

dialkyldithiophosphates, alkyl xanthates and alkylthioxanthates.

20 Additionally, the molybdenum compound may be an acidic molybdenum
compound. These compounds will react with a basic nitrogen compound as measured
by ASTM test D-664 or D-2896 titration procedure and are typically hexavalent.
Included are molybdic acid, ammonium molybdate, sodium molybdate, potassium
molybdate, and other alkaline metal molybdates and other molybdenum salts, e.g.,

25  hydrogen sodium molybdate, MoOCls, MoO;Br,, M0,03Cls, molybdenum trioxide or

similar acidic molybdenum compounds.

Among the molybdenum compounds useful in the compositions of this invention
are organo-molybdenum compounds of the formula
30 Mo(ROCS,)4 and
Mo(RSCS,)4
wherein R is an organo group selected from the group consisting of alkyl, aryl, aralkyl
and alkoxyalkyl, generally of from 1 to 30 carbon atoms, and preferably 2 to 12 carbon



-32 SAE 10W 30 engine oils were blended to define the dispersant credit
activity of the functionalized polyner of Exanple 2. Fornul ations were
prepared, as shown in Table 3: 5 Table 3. ConponentsExanple 10 wt. %
conponent SExgplgd1 11 WM. % conponent sBase,O | 1 (100N)56. 642. 1Base G| 2
(325N) 33. 236. 4Pour Poi nt Depressant 0. 20. ZDi spersant 6. 04. 5Addi ti ve

Package4. 04. OExanpl.e 5 Copc. 10. le,.4 nc.12. 8 The above ojl

For mil'at | onsaiAS 0 CIBHPIEHRCAIGE 1 SR 42 rBOB AT LRt R EREY 2 ereasur o
of the oil’ Sdﬁmyldiﬂﬁ’ocﬁﬂ)aﬁﬁ&@bﬂmwgbﬂém.and sl udge build up. Rheology tests
1 o that establish the SAE 1 O¥#30 G ade are given in Table 4. Engi ne test
results are in Table 5. Table 4 Ex. No.Kin. Vis., cSt, 100CCCS Vis, cP,
-20CHi gh Shear Vis, .cP, 150C1010. 55 03.141110.4830703. Q7 .15. Bot h Exanpl es
of Tabl'e 4 moet  ARRHCEEOIRAF OB RRPRA P RSPk e e ML os i 1y,
CCS vi scosi t Yorapskitiing lof Biemiention GRSihNcleAmdlFHeASmTORIPohi MR spedihify tBoset he
use of the concentrate containing the functionalized pol ynmer and "a reduced

amount of asbf the SorgnuipMosSbaQatnidonieiresibereal Whareinitlae b areripdepgydently

fully-formul ate Ll s . containing a greater oportion of the nore viscous,

| ess vol ati I %elﬁqa(ﬂ%aggsef?-vinﬁg! Orgi 4r8‘_gpss “c’)#h%ﬁ@ﬁﬁlg?tr%lpgo Ry {%a{?qne%tom%tgs Vi scous

100N base oi fendditBe b&fRpdrid sbRibleast HispBrsHAd MitheoiDin is GOSN, kGAriéDfiorh Be

formul ati ons of Exanple 11 relative to that of Exan(g)l e 10. 2002L001 Tabl e
t

5 - 33 Sequentwough?, Rhisisplgates fromahs gropp phBaitiahelegtyan dongtinepmponadsfach as
| udge9. 099. ' : 9 j . engi
var ntshs 76 Vo bt RO R Bhine;, 0Bl P gkl OGS IRERERELID

m cr on1314<1gciVeosichivmeatsavaluesi At 2as 29 st Arbdm asdinyshobld Hehresshioansongailla,

substitution of the oil concentrate of Exanple 4, which contained the
functi onal i z& ligaNJsTEFEane SmpRRsIeh 85 at jegpt Zonal least 3Q SR aklsast 49 sargpn atoms.

The ligands are independently selected from the group of
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5 Exanpl e 5, which contained the correspondi ng non-functionalized pol yner,
resulted in a passing Sequence V-E engine test wwth a fornul ation that
contained only 4.5 ashl ess dispersant. This represents a 25% reduction
relative to foBﬁTOBPr mul ati on of Exanpl e 193 | 0 Exanpl e 12 A hydrogenat ed
pol yi soprene-polystyrene bl ock copol ymer [~ having a total nolecul ar wei ght
of 110,000 and a styrene c&nient O—3Rw. % was pre-nm xed, 50/50 parts by
wei ght, with a hydrogenated red bl ock cqpol yner having a total

nol ecul ar wei ght of 210, 000 a pol ystyrer§e content of 6 Wt. % 1 wm. %
of 15 ol eam de was ground kft'o t\\ _polymer mxture. The m xture was then
functional i zed using N-vinyl” imdazol e2mononer and peroxi de free radical
initiator Lupersol 1OTM A 133nm Werner Pfleiderer ZSK extruder was used

for the func i i vl I = ] into the
f eed hopper % q?ﬁéd%%kﬁggwhgf&gif% ’2@ 6@4?,%%&%85%9%& %dugégﬂ?evi nyl

i m dazol e wagrofigdf oxygen thdsudfat rand evhesdiin R, fRoeahdrRatue indeptileridy padevnaisfrdraur . A
solution of 50 parts by weight of Lupersol 101 -~ }60 50 p?r%i by wei ght oil,
was fed i nt odEeEes:and QB0 gFouRs Hghmay e Hin samf Qe diflsrent Praterabiis throrgatd pounds

per hour.; Ex h3ch B8 Jrdidsi A ' ' r was
bei ng heast edégﬁéis %ggy‘#g% reaééﬁg% Sgéqhuﬁgﬂw&ﬁéﬁ nlelficl;[ %‘ﬁﬁé}&rgg‘?%r" g{]ﬁ;{a e ek

t enper at ur e tharémandarrd thedipgahd Batrintany wascomiant) adrpk subatituRd8Ey (a@pl etheor m nus
3 degrees) at a sqrew speed 25 of 350 rp Bypr oducts. and unreacted nononer
wer e rermvedgrf’ﬂli’soﬁﬂﬂrea?r&g?g%y’ Bar?%\}‘@ﬁ‘f‘%ﬁaéitﬂgt %ﬂ?%@@/dm? YL g9PPi al vacuum The
resulting functionalized polyner nelt was 2002L001 -34 forced through a

die plate and pelletized. The pellets were subsequently de-watered, dried,
and packaged. Thé&he esml“hydrgcanbydddenotesarsubstiteant haxde gaspondtoms dizectlyUnl i ke

Example 1, this terial coul d. be.packaged easi .| t.h el.l ets did not
aggr egat € an {amegﬂﬁﬁé%{?&a‘"@(%?fépﬁgga“ﬁcfmﬂész%r?&fng%gl trygifcgcawgfgx PRLBELF | owi ng,
even after exitRiAdRSIcontéd Of AESin%éntioROShIHEABA AN BclubX BleEbifovling: The
functional i zed pol yi soprene-pol ystyrene bl ock copol yner, described in

Exanpl e 12, was used to prepare a 6 wt. % concentrate in diluent oil. 10
Exanpl es 14 and 15 ¥ \: Qi LPNs
prepared using the fglﬁglg)n 'r%g gﬁﬂ Sﬁiugﬁtg’ﬁg?tgg%gﬁﬁi‘%é}e"{ %)gr %ég%&%}o%%&gﬁbase
oi | (s), an asllyel&s(foh expaphadycloalkyl or cycloalkenyl) substituents, aromatic-, aliphatic- and
15  alicyclic-substituted aromatic nuclei and the like, as well as cyclic substituents wherein
the ring is completed through another portion of the ligand (that is, any two indicated

substituents may together form an alicyclic group).

2. Substituted hydrocarbon substituents, that is, those containing non-
20  hydrocarbon groups which, in the context of this invention, do not alter the
predominantly hydrocarbyl character of the substituent. Those skilled in the art will be
aware of suitable groups (e.g., halo, especially chloro and fluoro, amino, alkoxyl,

mercapto, alkylmercapto, nitro, nitroso, sulfoxy, etc.).

25 3. Hetero substituents, that is, substituents which, while predominantly
hydrocarbon in character within the context of this invention, contain atoms other than

carbon present in a chain or ring otherwise composed of carbon atoms.

Importantly, the organo groups of the ligands have a sufficient number of carbon
30  atoms to render the compound soluble or dispersible in the oil. For example, the number

of carbon atoms in each group will generally range between about 1 to about 100,



and a passenger car notor oil additive package that contained all conponent
additives 15 conventionally needed to fornulate a lubricating oil, except
for ashl ess dispersant, viscosity index inprover and pour point depressant.
The addi tive,pagiage and ashl ess dlspers?Q when used in sufficient
guantities, prOV|de a passenger car notor oil mhich nmeets APl SJ/CF

performance specifications. To achieve passin g!%ene test perfornmance
usi ng t he noptefarapkfrormbopt §obppt 30y mpespre @ﬁly tyesarabewit tgiahet 20n 20

Exanpl e 5, i di spersant and 4
Wt . rr&) of t hef)%l3 It |rl @%ﬁ‘?ﬁﬁ@ﬁ%ée&dﬁ@ tﬁlopﬁ%sgr{%gfnﬂ%%mbﬁgﬁds wgr e prepared
usi ng these d:dlhyldll\h&ﬁ:afb@gﬁteha’fd dﬂthé’ieﬁaﬂ@ﬂ.ﬂlthﬂimfﬂanﬂ&pﬂ ansapreferreddOrdaic

functionalized polyner oil concentrates from Exanple 13. The_concentration
of ashl ess dllsaa’éﬁ SomMRIningd WP Q8 MoE Ok the ARaye fignctigpalitigs areqysg capable ofSeTyiRg 35on
that muchy of héz{ﬁﬁﬁﬁﬁ&"&ﬂﬁﬁiﬁ% SRESIRGE o?ﬁfélcgregeTﬁéseQﬁﬁllég% A are il kize at
formulation 1T the dispefsant viscosity I ndex I nprover substitute

non- di sper safarmatiecothé yormpelmds ofghe prﬂsent iB@ntior2@RqGRik3Gtlediddn «f lfgand&Ehavmg
Conponents or SAE G.ade, Tar get Exa 14 %conponent / gr adeExanpl e 15 wt.
%:orrponent/gﬂ‘ﬁ&@ﬁé’?@atécpm@gﬁﬁ%% ?Zﬁ\%té’ég 100N63. 0337. 97Pour Poi nt
Depr essant 0. 200. 20Di sper sant 3. 003. OOAddl tive Package4. 004. 00DVI |

conc. 19. 5012. 00SAE G adeSW 3010W 30 The results set forth in Table 7 show

t hat the fornul aCoopsumds lﬁxiag}ﬂieefsnmwamsms.(mevc (8ABNiIJ 80f@s swrprindehtznt s. The
SAE SW 30 grade r 5 viscosity requirenment at 150C

whi ch wa&? not? lﬁ%ggg déawqfr“f‘?rF %é\ﬁ@ﬁu’feéts'ﬂﬁh%tl on of Exanple 6, which
cont ai ned the functionalized poI yner of Conparative Exanple 1. Table 7
Ex.Kin. Vis., ¢cSt, 100CCCS Vis, cP%,Q‘GMD Shear Vis, cP,

150C1411. 7133503 051510 8033303 09s %dl sclhpgsures of all patents,

articles and other materials descriped hefein e hereby incorporated, in
their entirety, into this specificajion 8y refdgrence. The principles,
preferred enbodi nents and nodes of 'éadﬁ of the present invention have
been described in the foregoing spMRi atio VWhat applicants submt is
their 15 invention, however, is not t&be c strued as limted to the

parti cul ar embodi ment s disclosed, si nc di scl osed enbodi nents are
regarded as illustrative rather than |inPting. Céanges nay be nade by those

skilled in tglned art without departing fromthe

s/”fw
/s>\,

and have net charges of +4. Consequently, in order to solubilize these cores the total

4

15  charge among all the ligands must be -4. Four monoanionic ligands are preferred.
Without wishing to be bound by any theory, it is believed that two or more trinuclear
cores may be bound or interconnected by means of one or more ligands and the ligands
may be multidentate. Such structures fall within the scope of this invention. This
includes the case of a multidentate ligand having multiple connections to a single core.

20 It is believed that oxygen and/or selenium may be substituted for sulfur in the core(s).



spirit of the invention. 20 2002L001 Cains -36 1. A process for
preparing a grafted polynmer conprising graft-reacting a substrate pol yner
and a nitrogen-containing grafting nononer in the presence of a free

radi cal init?&bg&nand an am de coupling ighibitor sel ected fromthe group
consisting of primry am des of saturaté& and unsaturated fatty acids,
wherein said coupling inhibitor is present in an amount sufficient to
reduce pol yner cUkslpbigprdjspesiblp grinugleagmalybdenagreqnanpunds cantbg

according to_glai ' B ﬁgﬁ ' |.ahi hi IS selected
fromthe gr oﬂe%c@llo@sn |jns]ff %‘&8‘5‘%{3&5}?‘@’%& m d‘%,ﬁt(%%lqﬁ%ﬂb' g%nggl oglllcégéﬁﬂd% and m xtures
t hereof . 3. TNH,pMosKsa(HBOJOrEr¢ g viudesteavdrn D, andReine intheles dogstaichioneadd | on
is perforned in an extruder. 4. The process according to claiml, wherein

sai d subst r at@lup Mjiersujtadle Heanchserrce pesh apdrideribivsem distdide. Ml

copol yner 5 0kolhhig.of BishltiBic tfifudBle RlofyniM REAbNind® chibodioRRbd Aftfret DI OcK
conpri sing predom nantly nonoal kenyl” aronmati ¢ hydrocarbon nononer units; B
i s a pol ymer reactidbromithe appoopriskasplyengsiofiamasiybdencmrspugatwd adiofl ef i n nononer
units; x and z are, ind ndently, a nunper equal] to O .or _1; and y is a
whol e nunber (NHwgMgS13 PE1P1: 4 kigant sepre gic ﬁwfrggwhlaww @IF‘HQé?’ t aper ed

copol ymer s Cﬁléilg)'(l)cflhﬁ&aﬁ)aﬁﬁf%g igl})cﬁl%ﬁhﬁﬂhés%ﬁﬁ,%d%fsuffu*}eabgt%c'ﬂil{g?%eenny hel n:

A-AIB-B Ais yneric rising predom nantly nono
aromat i ¢ hydcypmadenons, safienens, onsubstituted20081b0Rs. ABZmBivedy,a tpmojemer i ¢ bl ock

conprisi rllg pEneo y rcrijerrllliilrrll-ts|L11¥urqnc2)1ﬂjclel:J gailtts%gh gsl, f&'f[‘f{ﬂ/{&ﬂ?}? %Ere M'is a counter ion, and A
is a halogen such as Cl, Br, or I, may be reacted with a ligand source such as a
dialkyldithiocarbamate or dialkyldithiophosphate in the appropriate liquid(s)/solvent(s)
to form an oil-soluble or dispersible trinuclear molybdenum compound. The appropriate
liquid/solvent may be, for example, aqueous or organic.

15
A compound's 0il solubility or dispersibility may be influenced by the number
of carbon atoms in the ligand’s organo groups. In the compounds of the present
invention, at least 21 total carbon atoms should be present among all the ligand’s
organo groups. Preferably, the ligand source chosen has a sufficient number of
20 carbon atoms in its organo groups to render the compound soluble or dispersible in

the lubricating composition.

The terms “oil-soluble” or “dispersible” used herein do not necessarily indicate
that the compounds or additives are soluble, dissolvable, miscible, or capable of being
25  suspended in the oil in all proportions. These do mean, however, that they are, for
instance, soluble or stably dispersible in oil to an extent sufficient to exert their
intended effect in the environment in which the oil is employed. Moreover, the
additional incorporation of other additives may also permit incorporation of higher
levels of a particular additive, if desired.
30
The molybdenum compound is preferably an organo-molybdenum compound.
Moreover, the molybdenum compound is preferably selected from the group

consisting of a molybdenum dithiocarbamate (MoDTC), molybdenum



units; and A/B is a tapered segnent containing both nonoal kenyl aromatic
hydr ocar bon and conjugated diolefin units; hydrogenated star polyners

havi ng bl ock copol ynmer arnms of the fornmulae: (Bx-(A-B)y-Az)n-C~ arid
wherein: (B ,xs5(f;BYy-Az)n'-C(B" )n~. A B X, y and z are as previously
defined; nis a nunber from3 to 30; Cis the core of the radial polyner
formed wth a pol yfunctional coupling agent; B is a polyneric block

conpri si ng pHidHephasahateynelybianyat dighigphosphingte gnplybdenym gnthate.,nay be t he
same or differ B ' ; ' epti.ng the
umber of - ealh oLy sLR R karile tholBdsim Gifsd BUGRRIt BRFEEDNTD % rom 3
to 30; and npeeterilsls, thBaigtydentm cohpopnd Bgssseacssandiybderium ditidocardamaber ei n A
is derived from st){)rene, B is derived fromfromisoprene, hydrogenation of
Bis at |easThomplbdgnunrgamppurd®ay alse be @itApialesr anolybdesumgesnonpd.saj d
substrates polyner is a hydrogenated |inear block copolyner or a

hydr ogenat ed star polynmer and A is not hydrogenated. 7. The process

accordi ng to cl ai n &ddisdretoaherdispersamwlisebsist md@oimyprever (HVAI) ofnbaimventpol, y mer
containing a c?ntral_ t aper ed s%()grrent and from about, 5 to apout 35 wt. 70 of
the styrene (B IpBRCaRNG AHITRAY UIGCAARAERAROPE! HyARWBGHFRATAYL-VISCOBIRdRFL - 38 8.

The process ﬁﬁff}g i t J L i lymer is a

m xture of at egﬁ(wg%ﬁgﬁ)ﬂ&ﬁ?ﬁt@egﬁggg f%ﬁ%ﬁ?ﬁ?ﬁiﬁ%ﬁ%@% copol yners,

| i near taperpaysopglylenercopalythess aff ethylpud atdgrrepyléne, phbynmtlecedsteaccor di ng to
claim8, wherein said |linear bl ock copolyners and. |l jnear tapered, copolyners
nave o nihbemge 6 CSRTGRE o PRATGHE Oban FaH A iR b0 SabE Gl

300, 000, and.sapshnat BlerPOyMERS S Eﬁ‘e%d‘é&ﬁl% AYE LAH By e BEopORirses  Of
from about 305&?%00 to % Otl}Jlt 800,S 00. 10. e egr ocgss zccgr di ng %p\gwcl aim 1,

wher ei n sai doftyreog/ésepens, alyrineputpdidnei angl isepromebutadiens, ub miell asthedazol e. 11
o af (i ng. morbugny 89 oedefl AR RS o bR RLBBRRRD. & 0 ™ % (o about
2.2 wt. % based
15 Friction modifiers and fuel economy agents that are compatible with the other
ingredients of the final oil may also be included. Examples of such materials include
glyceryl monoesters of higher fatty acids, for example, glyceryl mono-oleate; esters of
long chain polycarboxylic acids with diols, for example, the butane diol ester of a
dimerized unsaturated fatty acid; oxazoline compounds; and alkoxylated alkyl-
20  substituted mono-amines, diamines and alkyl ether amines, for example, ethoxylated

tallow amine and ethoxylated tallow ether amine.

Pour point depressants, otherwise known as lube oil flow improvers (LOFI),
lower the minimum temperature at which the fluid will flow or can be poured. Such
25  additives are well known. Typical of those additives that improve the low
temperature fluidity of the fluid are Cg to C,3 dialkyl fumarate/vinyl acetate
copolymers, and polymethacrylates. Foam control can be provided by an antifoamant

of the polysiloxane type, for example, silicone oil or polydimethyl siloxane.

30 Some of the above-mentioned additives can provide a multiplicity of effects;
thus for example, a single additive may act as a dispersant-oxidation inhibitor. This

approach is well known and need not be further elaborated herein,



on the wei ght of substrate polymer. 12. The process according to claiml,
wherein said coupling inhibitor is oleam de. 13. The process according to
claim1l1, wherein said coupling inhibitor is present in an amount of from
about 0.4 Wtzo*%éob? about 2.2 wt. % based,on the weight of substrate

pol ynmer. 14. e process according to c[a&im 1, wherein said substrate

pol ymer and a nityogen-containing.grafting nononer are

r@{gt reacted in the
further presence B¥PAPFIERHnnION {iGNaybeRECEsSaRY INSIHES a’g? Qyewhish t ne
process of infliss theQrabflit} UPIHeGALLRE & the BRAROTHAL Alth did Gy M8y or
anount of aﬁllngflnlmloft I ugrt)ﬁl(:tgtu?ggc“@%cs%%’sﬂtyeang@a mhrior g%\t cgg‘g%lﬁe grafted
pol ynmer of cdomtaimih§.addifives\mchidve acsoiteldpiowmtvescotypnitse pg-tdending stade it has

| ubricating viscosit nd fromabout 2. w. %to about 12 w. t%of t he
grafted pol yl?ﬁ;‘?P 0, erg%%ﬁ-ﬁ]{ §ane COMPPSKINS Ajcrogse 1n viscosity when stored for
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Antioxidant 0-5 0.01-2
Pour Point Depressant 0.01-5 0.01-1.5
Antifoaming Agent 0-5 0.001 - 0.15
Supplemental Antiwear Agents 0-1.0 0-0.5
Friction Modifier 0-5 0-15
Viscosity Modifier 0.01 - 10 0.25-3
Basestock Balance Balance

All weight percents expressed herein (unless otherwise indicated) are based on
active ingredient (A.L.) content of the additive, and/or upon the total weight of any
additive-package, or formulation which will be the sum of the A.I. weight of each

5 additive plus the weight of total oil or diluent.

This invention will be further understood by reference to the following

examples, wherein all parts are parts by weight, unless otherwise noted.

10  Example 1 (Comparative)

A hydrogenated polyisoprene-polystyrene block copolymer, having a total
molecular weight of 110,000 and a styrene content of 35 wt. % was functionalized
using N-vinyl imidazole monomer and peroxide free radical initiator Lupersol 101™.
No amide was used. A 133mm Werner Pfleiderer ZSK twin screw extruder was used

15  for the functionalization process. Polymer crumb was loaded into the extruder feed
hopper at a rate of 4,000 pounds per hour. Downstream from polymer feed entry,
where polymer melting occurs, N-vinyl imidazole was fed into the extuder at a feed
rate of 63 pounds/hour. A solution of 50 parts by weight Lupersol 101™ to 50 parts
by weight oil was fed into the extruder at another injection port at 7.2 pounds per

20  hour. Except for in the initial extruder zone, in which the polymer was being heated

and had not reached equilibrium melt temperature, the temperature during
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Example 2 (Inventive)

10 A hydrogenated polyisoprene-polystyrene block copolymer, having a total
molecular weight of 110,000 and a styrene content of 35 wt. % was pre-mixed by
grinding with 1% weight oleamide. This mixture was then functionalized using N-
vinyl imidazole monomer and peroxide free radical initiator Lupersol 101™. A
133mm Werner Pfleiderer ZSK extruder was used for the functionalization process.

15  The polymer-oleamide was loaded into the extruder feed hopper at a rate of 4,000
pounds per hour. N-vinyl imidazole was fed into the extuder at a feed rate of 90
pounds/hour. A solution of 50 parts by weight Lupersol 101™ to 50 parts by weight
oil, was fed into the extruder at another injection port further downstream at a rate of
8 pounds per hour. Except for in the initial extruder zone, in which the polymer was

20  being heated and had not reached equilibrium melt temperature, the temperature
during functionalization was maintained at 232 °C (plus or minus 2 degrees) at a
screw speed of 350 rpm. Byproducts and unreacted monomer were removed through
a reaction vent, which was maintained under partial vacuum. The resulting
functionalized polymer melt was forced through a die plate and pelletized. The pellets

25  were subsequently de-watered, dried, and packaged. The resulting product contained
2300 ppm nitrogen. Unlike Example 1, this material could easily be packaged; the
pellets did not aggregate and contained no haze. The pellets remained free flowing,

even after extended storage at room temperature.

30  Example 3 (Comparative) and Example 4 (Inventive)

Concentrates were prepared using the functionalized polymers of Examples 1
and 2. The concentrates of Example 3 contained 6 wt.% of the functionalized

polymer of Example 1 in 94 wt.% base oil. The concentrate of Example 4 contained 6
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ith fresh samples of the concentrate of Example 3 it was possible to prepare
5 finished motor oil having satisfactory rheological properties except for the
measurement of high shear rate viscosity in the tapered bearing simulator (ASTM
D4683). However, upon long-term ambient storage, the concentrate of Example 3
became gelled. Microgel formation occurred due to crosslinked polymer segments
formed during the extruder process. Such a concentrate provides a time dependent,
10  variable thickening efficiency to formulated oils and cannot therefore be used in a

commercial application. No such gelling was observed with the concentrate of

Example 4 after long term ambient storage under identical conditions.

Example 5 (Comparative)

15 A concentrate was prepared using 6 wt. % of a non-dispersant viscosity
modifier comprising an unfunctionalized hydrogenated polyisoprene-polystyrene
block copolymer having the same polymer molecular weight and styrene content as
the polymers of Examples 1 and 2, and 94 wt. % of the same diluent oil used in
Examples 3 and 4.

20
Examples 6 through 9

SAE 5W-30 Multigrade engine oil formulations were prepared using the
concentrates of Example 3, Example 4 and Example 5 together with Group 2 base
oil(s), an ashless dispersant, and a passenger car motor oil additive package that

25  contained all component additives conventionally needed to formulate a lubricating
oil, except for ashless dispersant, viscosity index improver and pour point depressant.
The additive package and ashless dispersant, when used in sufficient quantities,
provide a passenger car motor oil which meets API SJ/CF performance specifications.
To achieve passing engine test performance using the non-dispersant viscosity

30  modifier such as that contained in Example 5, it was necessary to use 6 wt. % of the
ashless dispersant and 4 wt. % of the additive package. Multigrade SAE 10W-30
blends were prepared using these additives together with a pour point depressant, and

the functionalized polymer oil concentrates from Examples 3 and 4. The



8&109%6& () - 10%B& ()- THHHI I /| M dEnbC
10Hy109%6&' () - @ALOYB&' () - 1096& () - @O%& () - @ 10%6& () -

1096& ()-M VI [ 11 >JpJdEnDC 10H@$10%6& () - "109%& ()-  10%& () -
10%&'()-1‘13%%%% @ L10%8& () - pJ JIIKKKILJENDC 10H
1109%6& () - - '()-@, 1096& ()- -

*1096& ()-@' | 1096& ()-% 10%& ()-3LLL" M MVNNNJE: / 105 105S: -
1096& () - @9UwsRrziongf pshiew dispesspptmas refuepddramapgt. (4 3 sEnowrhe () - NN- NPP

2 B P D e S e i)

yz109%&' () -

TSI #10%& () - Mithe &30t Viscosityl mdﬁb{&%ﬁpr()\)er wWis Xosfitiited Fdrridh-dispersant
11 9%4109& ()-!6L" 109 ()-!6L 109 ()-LF "109%& ()-& 1*LF "109%GG& () - &y-

109& () - 3; AAViscosity ipdgg IMPRY) - y: 10% () -

119@ " 10%& ()- 9%t10% & ()- PauaaXccddErS4 10 109%&' ()- s109%&' ()-F 109%&' ()-
Table 1
Components/ Example 6 Example 7 Example 8 Example 9
SAE Grade wt. %/grade wt. %/grade wt. %/grade wt. %/grade
Base Oil 71.79 79.29 71.79 79.29
Pour Point Dep. 0.20 0.20 0.20 0.20
Ashless Disp. 3.00 3.00 3.00 3.00
Adpack 4.00 4.00 4.00 4.00
Ex. 3 Conc. 21.00. 13.50
Ex. 4 Conc. 21.00 13.50
SAE Grade SW-30 10W-30 SW-30 10W-30

10 10 10'19@ " 109%& () -

For SAE 5W-30 and 10W-30 oil, the kinematic viscosity must be between 9.3

and less than 12.5 cSt. The CCS viscosity must be no greater than 3500 cP as

10  measured at -20°C for 10W grades and -25°C for 5W grades. Measured rheological
propertes for Examples 6-9 are given in Table 2. Example 6 does not meet SAE 5W-
30 high shear viscosity requirements per SAE Standard J300, revision APR97. The
functionalized polymer, prepared according to Comparative Example 1, does not
provide the lubricating oil composition with the necessary balance of contribution to

15  thickening efficiency at 100°C (kinematic viscosity) and thickening efficiency as
measured by high shear viscosity at 150°C. Example 8, shows that the multigrade oil
containing the functionalized polymer prepared according to Inventive Example 2,

meets all requirements.

20 Table 2
Ex. | SAE Grade | Kin. Vis, | CCS, - CCS, - High shear Min.high
¢St 100°C | 20°C, cP | 25°C,cP | vis, cP, 150°C | shear vis cP
6 5W-30 11.91 3470 2.82 2.90
7 10W-30 11.97 3320 3.04 2.90
8 5W-30 11.94 3330 2.93 2.90
9 10W-30 11.64 3300 3.11 2.90




109%&' ()-f109%& ()-y1l09%&' ()-dVeef (f{fgdEr S4
10& 109%& ()-L%"10%& ()- Y"10%& ()- 109%& ()-
4109 ()-° ! 109%& ()-ghViiiA BjG D dYNC 1 10 10 10: 10%& ()-
9t 109%& () - L%&{%p @ 109%& ()-L-'10%& () ? Tj kI | 2nn*?YNC

C@"10%& () 10% ()-Y "10%& ()-! N3 00/&'() y
109%&' () - Fygl0%&' (1) nopWjr Ps@gsRswU®C 10 I Ny&9@ 10%
& ()-!e6L,," Jﬁmm&naslﬂlnd I'oog' ()- !6LF- #10%&' ()-Z ' 1LF-#109%& ()-Z
RsSscst vva JoC
113" 10%& () - zuSAEM%F’?f“@“(‘ Sils VB Ig9eG? ATl fisggs s sardty actyigy of
W Xyyw{ | | n nheksRGondlYed blmer dbOBKarhipred. @mfhﬂ:[h%ﬁ&vél)e p¥pared, as shown in
L$"10% | & ()flb!lLé$"10(V&' ()-I"T# £"10%& ()-2Zn|o| x| }||" }}}}uV?C

aole 5:

5
Table 3.
Components Example 10 Example 11

wt. % components wt. % components

Base Oil 1 (100N) 56.6 42.1
Base Oil 2 (325N) 332 36.4
Pour Point Depressant 0.2 0.2
Dispersant 6.0 4.5
Additive Package 4.0 4.0
Example 5 Conc. 10.8
Example 4 Conc. 12.8

The above oil formulations was tested in the Sequence V-E engine test, which is
a measure of the o0il’s ability to retard varnish and sludge build up. Rheology tests

10 that establish the SAE 10W-30 Grade are given in Table 4. Engine test results are in

Table 5.
Table 4
Ex. No. Kin. Vis., CCS Vis, High Shear Vis,
cSt, 100°C cP, -20°C cP, 150°C
10 10.55 3180 3.14
11 10.48 3070 3.07
15 Both Examples of Table 4 meet SAE Standard J300 requirements for kinematic

viscosity, CCS viscosity and high shear viscosity. As can be seen from Table 3, the
use of the concentrate containing the functionalized polymer and a reduced amount of
ashless dispersant allowed the targets to be met by fully-formulated oils containing a
greater proportion of the more viscous, less volatile 325N base oil, and less of the

20 more volatile, less viscous 100N base oil. The benefit is less in-service oil

consumption for the formulations of Example 11 relative to that of Example 10.
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As shown by the above data, substitution of the oil concentrate of Example 4,
which contained the functionalized polymer of Example 2, for the oil concentrate of
Example 5, which contained the corresponding non-functionalized polymer, resulted
in a passing Sequence V-E engine test with a formulation that contained only 4.5%
ashless dispersant. This represents a 25% reduction relative to the formulation of

Example 10.

Example 12

A hydrogenated polyisoprene-polystyrene block copolymer, having a total
molecular weight of 110,000 and a styrene content of 35 wt. % was pre-mixed, 50/50
parts by weight, with a hydrogenated tapered block copolymer having a total
molecular weight of 210,000 and a polystyrene content of 6 wt. %. 1 wt. % of
oleamide was ground into the polymer mixture. The mixture was then functionalized
using N-vinyl imidazole monomer and peroxide free radical initiator Lupersol 101™.
A 133mm Werner Pfleiderer ZSK extruder was used for the functionalization process.
The polymer-oleamide was loaded into the feed hopper of the extruder at a rate of
4,000 pounds per hour. N-vinyl imidazole was fed into the extruder at a feed rate of
74 pounds/hour. A solution of 50 parts by weight of Lupersol 101™ 0 50 parts by
weight oil, was fed into the extruder at a downstream injection at a rate of 6.2 pounds
per hour. Except for in the initial extruder zone, in which the polymer was being
heated and had not reached equilibrium melt temperature, the temperature during
functionalization was maintained at 238°C (plus or minus 3 degrees) at a screw speed

of 350 rpm. Byproducts and unreacted monomer were removed through a reaction

vent maintained under partial vacaum. The resulting functionalized polymer melt was
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The functionalized polyisoprene-polystyrene block copolymer, described in
Example 12, was used to prepare a 6 wt. % concentrate in diluent oil.
10

Examples 14 and 15

SAE 5W-30 Multigrade engine oil formulations were prepared using the
concentrate of Example 13, together with Group 2 base oil(s), an ashless dispersant,
and a passenger car motor oil additive package that contained all component additives

15  conventionally needed to formulate a lubricating oil, except for ashless dispefsant,
viscosity index improver and pour point depressant. The additive package and ashless
dispersant, when used in sufficient quantities, provide a passenger car motor oil which
meets API SJ/CF performance specifications. To achieve passing engine test
performance using the non-dispersant viscosity modifier such as that contained in

20 Example 5, it was necessary to use 6 wt. % of the ashless dispersant and 4 wt. % of
the additive package. Multigrade SAE 10W-30 blends were prepared using these
additives together with a pour point depressant, and the functionalized polymer oil
concentrates from Example 13. The concentration of ashless dispersant was reduced
from 6 wt. % 3 wt. % on the assumption that much of the ashless dispersant could be

25  backed out of the formulation if the dispersant viscosity index improver substituted

for a non-dispersant viscosity index improver.

30
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Base Oil 100N 63.03 37.97

Pour Point Depressant 0.20 0.20

Dispersant 3.00 3.00

Additive Package 4.00 4.00

DVII conc. 19.50 12.00

SAE Grade 5W-30 10W-30

The results set forth in Table 7 show that the formulations of Examples 14 and
15 meet SAE J300 requirements. The SAE 5W-30 grade, meets the high shear
5  viscosity requirement at 150°C, which was not possible with the SAE 5SW-30
formulation of Example 6, which contained the functionalized polymer of

Comparative Example 1.

Table 7
Ex. Kin. Vis,, ¢St, 100°C | CCS Vis, cP, -20°C | High Shear Vis, cP, 150°C

14 11.71 3350 3.05
15 10.80 3330 3.09

10
The disclosures of all patents, articles and other materials described herein are
hereby incorporated, in their entirety, into this specification by reference. The
principles, preferred embodiments and modes of operation of the present invention
have been described in the foregoing specification. What applicants submit is their
15 invention, however, is not to be construed as limited to the particular embodiments
disclosed, since the disclosed embodiments are regarded as illustrative rather than
limiting. Changes may be made by those skilled in the art without departing from the

spirit of the invention.
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wherein:
A is a polymeric block comprising predominantly monoalkenyl aromatic

hydrocarbon monomer units;
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mixtures thereof.

5.  The process according to claim 4, wherein A is derived from styrene, B is

derived from from isoprene, hydrogenation of B is at least 95%.

6.  The process according to claim 5, wherein said substrate polymer is a
hydrogenated linear block copolymer or a hydrogenated star polymer and A is not

hydrogenated.

7.  The process according to claim 5, wherein said substrate polymer is a linear
copolymer containing a central tapered segment and from about 5 to about 35 wt. %

of the styrene in the A and/or A/B segments is hydrogenated.
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13. The process according to claim 1, wherein said coupling inhibitor is present in

¥ R0 © Q0 RoRoRoWReO

an amount of from about 0.4 wt. % to about 2.2 wt. %, based on the weight of

substrate polymer.

14. The process according to claim 1, wherein said substrate polymer and a
nitrogen-containing grafting monomer are graft reacted in the further presence of
diluent oil.

15. A grafted polymer prepared by the process of claim 1.

16. A lubricating oil composition comprising a major amount of an oil of

lubricating viscosity and a minor amount of the grafted polymer of claim 15.

17. An oil concentrate comprising an oil of lubricating viscosity and from about 2

wt. % to about 12 wt. % of the grafted polymer of claim 15.



