TI TLE Pol ynmer and Lubricating Conpositions Thereof FIELD OF | NVENTI ON
5The present invention relates to a |ubricating conposition

cont ai ni ng va@2009hi108f | ubricating viscosity and a hydr ogepakee7s1900
copolymer of an olefin block and vinyl aromatic bl ock, wherein the
copolynmer is optionally functionalised. The invention further

provi des a nmethod for preparing a hydrogenated copol yner, and the use
of the lubricating conposition. 10BACKGROUND OF THE | NVENTI ON

[ 0001] The use of polymers as viscosity. g&ﬁ:flers (or viscosity index
im provers) or dispersant viscosity rs in an oil of
lubricating viscosity is M@MhmkmwﬂhmJN@mﬁebhxogebN@?ﬁmQﬁckbones

i ncl ude pol ynet hacryl at es, ponoIe- fins or E%grogenated

styrene-but adi enes and funct i onalElEERQRINVENTI@N; eof For

15di spersant visco f C, t] j se
Wth o ararted nitrogn cammeend” EOBGo TN or e pettni, o AR 258
modi fi ers and odi gpebsaning viseo s ztryl nodirdgeansdhaypel viienof ed otffi@anbddlesis
per for mance ang ture properties when the pol S
degrade. This |§h Igﬁﬂbggggwe FH e%é? y?l%F%W““@gﬁHZEBQFP@?ﬁanﬁW

particul arly forendbeflunheqpolieensnethod thepseparing ahsidrefenitics GoBblyher,
nodi fiers and di spersant viscosity nodifiers have limted | ow

t enper at ur e pé?q HEROE thely %T@péEFFPEHPFy for engi ne |ubricants,
limted clgeanliness perfor mpACKGROUBYD OESUIE IVOENTIONSt i Ck Or
accunul ati on of deposits on valves or the tract. 95Deposit

accurul ati on FHPOJAI vadensy Heriymersrisntisedsiy, medifieisnioakescaaiy inglearien-
val ve stem seal,. t e

[0004] 11 15 ares F ot e man T iy ARG, AR B R ey i
groups, such HS“ﬁ@bwmsohmmwm@nnﬂﬁUQnMthwu$nmﬁu@up@ymnﬂmd@rmm polyole-

d
crank.  Ther ef BPEor P REREH AR R b TP he el MR GETER B 00 o

anmount oﬂwaddumpmemnmmthmaydmmeWentmh mmpamk afayf belfupeamamed KoM a
engi ne oils. Wﬁ% 00?%121039PCT US2007/ 064900 [0005]In engi ne

| ubricants fof “H&f "HESH SSBPOWShI i cations, due to limited supply of
bri ght - st ock, [0ob2T € Mung peesk fk@bwﬂnv@&(isﬂﬁznﬁﬁ)ﬂl\fﬁnsm%f‘nﬁrﬂl@#erﬁ:@l@a‘m&)aﬁﬁ
provi ding a VISCOSIt nodi f % boost. Therefore, it would

further advanfggiéietoh rl\crehmf@ ejiligesss PeoIRAIre ifad lbmpedllew gpmperature
repl acing brighhstiefkehen ohd 9&91@1131 &L&L’Pﬂ;@en’f‘hl§ Ot tg'ggsew&lck}%%gﬁwaplston
di spersant viscosity inprover Tbricating oi 1 conposi t

prepar ed 2By tde@opitsadrarien oty é@i @hefms@lpabln@ls substhent it alunyber of viscosily
hydr ogenat ed, hati c .copjugat ed di ene
bl ock copolyrrlgar{(!hn&é}'S ?H?did%ﬁ%ﬁg\ﬁ&853$[ﬁm?1FB ﬁhﬁ%&?ﬁ&gtg) ?argg%gl?c
acid or functieoivainage=ri vati ve t hereof. The dlspersant VISCOSIty

{0 300, 000, 4000H wer G A08r Rgc WOl QLT BF ol GHE o g 0 PErgoTance
500, Oood {[OOGRz]wS:sB&t BNtin®, 420, of S cdinsflion esr @iRkits GAPRLIYERES the tract.
prepared,

I or . . . . L —
25 rP)eposn‘ accumulation in valves may result in misting, air inlake debris and

valve stem seal leakage and cause other engine operation problems.

[0004] Tt is also further known that additives with long chain alkyl groups,

such as polyisobutylene (commonly [rom succinimide dispersants), have a

detrimental impact on fuel economy and cold crank. Therefore it would be a
30 further advantage to reduce the amount of additives with a detrimental impact of

fuel economy from engine oils.



solvent free reactions and di spersant derivatives thereof. The graft
copol yners include a hydrogenated random or normal bl ock copol yner
made from\ﬁo‘ﬁbd})i%mséw substituted aromatic mononer and pargRuinsabRd
di ene. The nornmal and random bl ock copol ynmer has a nun{I;er aver age

nol ecul ar wei ght from 10,000 to 500, 000. [0008]US Patent Application
2005/ 0153849 di scl oses grafting a pol yner backbone sel ected
from ol efi n pgobyser sin digne |PRtAIBI R MaiW dRedIYiplisaand, 20vivyihidane
pol ymers, which have been further reacted with a variety of am nes.
[0009] The pr%‘§§h’t°ﬁ HV%’ﬁtﬁt?ﬁf’ ;S'P%’?/i’ﬂé‘_s”“&dc@ﬁd‘lnyﬂé?ﬂ'”%ﬁ’ﬁa@ﬁ‘é"6L_f Ci_ﬂ’é‘PﬁgOf
used as Vi sCOghi; A& G-AlERhe FbSRESRkoNKT SRS Ye WOfthé S an-
capabl e of providing at |east orie of acceptable |ow tenperature
per f or mance dnagh oridentdanlvissesisy mpldier cipblaudrieplanin gdoigpssicki on i s

sui table for ine gkls. eci ti rt 25Dr OVi - | east .
one of ac%ept[gg‘?dé fugF li%%ﬁgjﬁf/!ﬂﬁldﬁssg mﬁé%%t%?%ﬁ‘%glpéﬁ%ggﬁj [%hléjs\gl, %nd
soot and sl udgleriduainglaiingpm SR rdereBHEy thhVENTIbONT ah GO Wde,sbstan-
herein the phrase 'nole ratio of block A/ (block A+B)' neans .. t he
rattoof e ho b dyadreeRubEat tune S EGE ot aile spn TG sisee Rlodk
di vi ded by t hepsQskn ahfit@peat alBiHySenidhllybimRekirded chiboeiBlcid or func-

[ 0011] The present invention in one enbodi nent provides a |ubrijcating
conpo- siti oniCeBITHRT KItiYg: thaifobi | Ther disaeEit atipong!tyi Sweaye yYaifg g has @
hydr ogengj ed ;oonal Y0Bhee ARAREILS WS:Rtor RASH @MY 1Ad ROLYIBR! aRE-AekK
(block A) and at |east one vinyl aromatic polyner block (block B)
with nol e ratmdepfarvoek o/508I00¢Rk 588BP0.0of 0.5 to 0.9, wherein block A
contains rep ni t pth 5 by %t Q. |, % o hed... 5. al.
groups, wt h%ﬁoe?l]‘pr o@? \é\%&?ﬁatsm\%ﬁ’e?égt ﬁgggg%glilfr@rgo g%ﬁﬁqgegcgﬁ?gpﬁwgd
copol yner, blsolkniAreortaions mepbgteraani tisrivaiivhs greeat eMhehant 88pBymels %
to 95 mol To.of branched alkyl groups, wh in the branched al kyl.
oroups of bl SEHUR APGISRETUAIT P IS C RRSE bR R diade Trom £ Vinyl
wher ei n the hkyskHogenatethicapelanmerant s @piiganrdl diyne uridy@irmal and random
functionalis by at 10l east one of the follow ng routes; block A or
bl ock B bei ngﬁqﬁfr EPRAYTRINEEY SnBFERT AKFRAC anﬁeﬁagrmwee%ntb%sﬂgﬂ 18,600 0
cont ai ni ng grspypogand wherein the pendant carbonyl containing group
is optionall iqurt her substituted to Brovi_de an ester, amne, imde
or anide funt@40§hal Y Pagnd/Aamlicsien PBPEE kS R4BedipdosesrgrAdimg a polymer
functionalis LD 2@l g, funst LORA e 1 divndd d.digegtly, 0L o,4he
ol efin bl ockg%cowil)n%rs. f10012 The prgsgﬁ!te]?'nvennt P@gﬁli hs’oﬁ!g) o ‘igmer?t
provi des2la | wimylidatd prgyoenspwakichitaive hcandivphesicaged anthai varigty of amines.

| ubricating yj Si and a hydrogenat ed copol r.other than )

taper ed copol RS- it e HEEHD A ut: ESORUSHR] sl E ot Deg gy
| east one ol efstosigahydiBiershindtk d{dpenak: VM3coand naddifieastpubieoMpmyiding at
aromati c pol ymer block T('bl ocE B) with nole ratio of block A/ (blggk

A+B) of 0.5 {50018, ORirErRIFRIC AP AR PETE LT BFEY PR ARV EhF R icth BBl
%to 95 nmol Pheofunhbicamc bedpaitkdt i9rsQHRse foham@ink bhe Bicansbesbmliiyher
groups of block A are optionally further substituted; and 95wherein

t he hydridgenBtoaice opdrdpheneiod spentaalhy sagremer Wil taBRENingede By - at

| east one of nésg,emfdogologmﬁ%wq%q{agg}'-n(('i) bl ock A or bl ock B being

further functionalise pendaht carbonyl containing group, and

wher ei n the pendant car bonySUddNMR NIHYTHEINYENTION i onal Iy further

substituted f3,pf ovide an,&8L8he phrase ‘mole ratio of black A/(block A+BY means
the ratio of the moles of repeat units (or monomer units) in block A divided by the
30 sum of repeat units in (block A + block B).
[0011] The present invention in one embodiment provides a lubricating compo-
sition comprising: an oil of lubricating viscosity and a hydrogenated copolymer

2



30amine, imde or amde functionality, and/or (ii) block A being
further functionalised with an am ne functionality bonded directly

onto the olve(fm@mh@gzk pol ymer . 3 WD 2007/ 121039PCT/ US20p¥/#9a896Q000
[ 0013] The present invention in one enbodi ment provides a |ubricating

conpo- sition conprising: an oil of lubricating viscosity and a
hydr ogenat ed t apered copol yner, wherein the hydrogenated tapered
copol ymer cor mpm’psie'szoa,tt [beashe ohdinopdfyimar palcinblochl Ocknd bl rak e and

of brock A (blbaleceyBr §BRATEk Y RHE AT ek kkonlBioRe Febe

units with gre}aj't@roghan 38.5 mol %to 95 nol % of branched al kyl
groups, wherei n t he branched al ky I%q%roups of block A are optionally
further subst Mh§tes:LIoggA contains RGN dinHS pHE ﬁy‘éﬁlo%éﬂa)@e’ﬂobgpﬁﬁ 9%%5%]“’-1‘15

optional |l ys f UM}J},@G,&MQCW;QPHC %%dls@%hff’ttuﬂrgl @AS Lo@fien &F c&h@ ie@l Qﬁfeﬂ:q

routes: (i)block A bl ock eing further functionalise
pendant car bonWO]Emm aileging (gm@um' repadl wher eith mmelpélnda&ﬁ?ti omi oriy195

cont ai ning gr ti sub provi

ester. am ne, 9}%?“‘%%1” %Pmd?élf‘dﬂ %’] g@‘%(br\l‘a{ elxetm he B]d}l wd t)i ig)l lpscckqﬂ\ocl\ A
bei ng furthermkunn@n@ﬂ@hnﬂmdsMuhhuanaaalne functlonality bonded
directly onto he ol efj n bl ock 001 enbodlnent t he

i nvention proVﬁ85@1§“1hHPPéﬁﬂﬁﬁ (E%H%%§ g(@HD%%GbE ﬁ&“wﬁﬁ“HﬁFd$W‘“

| ubricatimg vieasQsictor iR thiRwhydf@ganat ed copol ynmer conpri s’ ng bl ock A

and bl ock B represented by the fornul ae: Fis Bl ock (B) Icx
wherein 75a and b @te coePPrietitdosloB bepng furbe fuasihridisery whb idmagant

repeat units, wherein the, a+t i -
0.8, or 0.6 to 0.75, WO 2‘8%6%}’?é’%fé%‘gﬁ%rfﬁgélfo%‘%‘%%fg‘g%%gper%gcuégow

al kyl, or alkyl-Z, with téeiprogisein aptisnaiy [gheosgstimyd % wbvidhen
R groups are alkyl or al iyl £.0oURSe (] BoONS RIRAAPT)gR2 | o not

R3 is an arene group or an a sub arene group
optional lly further(iifunctibnalt Aitsdde fuirthar aupennizambd edrhbonythine dnta@ionilng

2 S hrou) s % ot B AR SR R S st Y S

car bonyI cont@onting gh@pﬁScmW\tehudrhﬁi dPE @1ibBaintdAaprodidet 8 dsticOe: Qfmp-
Y and Z is a pendant carbonyl-containing group; and
ition comprising: an” oil of lubricating viscosity and a hydrogenated copolymer
other than a tapered copolymer, wherein the hydrogenated copolymer comprises
20 at least one olefin polymer block (block A) and al least one vinyl aromatic
polymer block (block B) with mole ratio of block A/(block A+B) of 0.5 to 0.9,
wherein block A contains repeat units with 5 mol % to 95 mol % of branched
alkyl groups, wherein the branched alkyl groups of block A are optionally
further substituted; and
25 wherein the hydrogenated copolymer is optionally {urther functionalised by at
least one of the following routes:

(i) block A or block B being further functionalised with a pendant
carbonyl containing group, and wherein the pendant carbonyl con-
taining group is optionally further substituted to provide an ester,

30 amine, imide or amide functionality, and/or

(i) block A being further functionalised with an amine functionality

bonded directly onto the olefin block polymer.
3



m n, and o are nunbers of repeat units for the noieties described
above, 10 wth the proviso that each repeat unit is present in
suf fi ci entywgygnhibiokes to provide the polynmer with an apprapibAdooo
nunber average nol ecul ar wei ght, and wherein the polyner is
termnated with a polynerisation term nating group, and with the
provi so that when the copol ymer conprises a tapered copol yner bl ock,
A contains r€per] untThsprasdnbhigeaainan ohdanba8moninmbyiltes :01:88cMBk Yn@h-
branched, 15optional |y substituted al kyl groups. [0015]1n one

enbodi ment  t HE1ThGURPT BRS pIbOT s UATIF RIS EAEPHY ¥6npdgritqgspated tapered
conpri sing:  afbplymedf whatbil t@@%&@[@g%izﬁ&pﬁlgéﬂéd%6901§11113Vg5199§§@ta$%a3t one
copol yner contai ning bl ocks A and B as above, represented by the
fornul a: Zbelie paiymer block @laghoh bawd &t leaefdriecyivyit gomatic tphéinire!‘ block

correspongdi n [ Ak H0E LS rein i f al(atb) is
0.5 to 00 orlgeadsy @B@L‘E?%E%W\gp@.i%;’“h???ﬁs@ﬂ‘&?ga| Kyl ,
sec-al kyl , CH3wereiRb2IKIA contoms agpeht units with greater th@ 385 ho! & A5 wpl %

alkyl-Z, with .the provisg that in bloc A) b Yto 25 I no], % of
the R2 gr oupsorabr‘%m%legj‘l;ky ra’9‘éﬂfsk3>‘fq]-ef'@rt}é%ééz?mﬁcmﬂkl’ %]C?Lg’sa%ﬁ%{f’@hé\ are

group or an apkyhalBufasiheit siibechuaskiemal group optional |y further
functionalised with a ndant car bonyl - cont ai ni n ﬂroup; R4 is a

pol ymeri si ng EFHT A% f‘ﬁé OgF LGS cRpEHDEslS I-‘PP(S‘P“%JIhks{", tef fhactighaligedyivee
group orj@n adkesd enee eiAng topécal ly E is a G4 group); WO

2007/ 121039PCT/ US2007/ 064900 X, Y and Z are independently Hor a
car bonyl - cont ai ni fig gr Blgpk Anict thlackieB prebg Bothehdgncaionplégdt widhe pmdxt Y
and Z is a pendant Cargf?ﬁ'éﬁlﬁ%&nﬁmr&' qug,rﬁﬁmhc%in'tﬁ @:rﬁ% Q& 'leon-
group, and m n, and o are ‘nunbers ‘of repeat units $or the noléties
descri bed above, 5 w tahmitherqupoyiopotahiatfuehehsubeestd torprovids apreesent
in sufficient quantities. to. provide. the hydrogenated copolynmer wth
an appropriate nunber @@%%aﬁ@d%o é@ﬁ?an%%Pﬁﬁgjd(%ﬁ with the proviso
t hat whelf t he cop@l)ynesloclodpbéiseSudhdrapestathabapokytien, aniiheCknoionality
contains repeat units wth 8reaber tD?n 38. nEI %to 95 nol % of
branched, optionally s f PUEE ’%F%t“ﬂ?%ﬁggp POPEFI6] I n one

enbodi ment t h@14Nvent icad epRWING®S tid 1WBid&ApioNdlcE ANMABSEdin@Ntomposition
conprising (1) an oil of lubricating viscosity and (I1) a

hydr ogenat ed*¢8pot et obit ATnBBIEFGEE 4788 by He WHeesssted fiapel isig:
(a) polymeri ghngrifihd bRcKiANYd ALOTBLE e&%éfdwm@'ffml]é@d (1) an

ol efin pol ymer ™ bl ock, wherein the ol efi'n polyner block reacts by
1,2-addition to :qye 155 mol To t09=95|mol % of branched, optionally
substituted al kyl oups, | he gl ef\n polyner blo ( follao by one
or nore of steps £t : iJénal | y hydr ogenating t4He br oduct
of stepﬁ%a); (c) qptiondl by gireacting, under free radica
grafting“conditionS (in processes Wwel | known to a person skilled
in the art odndol yner science e.g., solution phase and/or nelt
processes i.e. extrusion grafting), a carbonyl containing conpound,
with the polyner fromstep (b) to forma polynmer with a pendant
carbonyl containing grpup, or (c2)Jreacting, under thermal grafting
conditions, a carbonyl|con- 25 tanjing conpound with the polyner from

step (a) to forma pol rwih endant car | _contalning group,
t he pol y%?]&o??f cé%g (d)

foll owed by optionally
optionally reacting th ntai ning pol ymer of step (cl)
and/or (c2) with at | east one of an al cohol and/or an am ne

(typical ly fwhareimg an

25 a and b are coefficients for their corresponding monomer repeat units,

wherein the ratio of af{a+b) is 0.5 t0 0.9, or 0.55t0 0.8, or 0.6 to 0.75;



30ester, an amde or an imde) to forma functionalised polyner, wth
the proviso that when the copol yner conprises a tapered copol yner,

bl ock A comt@bgaszioepeat units with greater than 38,5 nptT,@]@jg@-”&@gﬁol
% of branched, optionally substituted al kyl groups; and

optionally reacting the copolymer with a pendant carbonyl - contalnlng
group with at |east one of an al cohol and/or an amne, to forma
functionalised 5 ﬁbhyﬁbmmwhwatﬂeZmeWﬂEaNDhaotmnehmphﬁnwdﬁbmphﬁnﬁ

arenter than 355 ReTBBRAEL ol BE PoRRlhE g hERERsALR ) ndl )
substituted al kyl @’dsps. ar¢@0dré]ip ror Qﬂ&il]efmﬁﬂsmﬁlﬂﬁ drdt groverbliemnily fur-
provi des a Iubélcatln go nposi tion sing .an oil of

| ubricating vi Fdapgpna ?%QéﬁﬁT@HC%ngﬂfﬁﬁwi MRS §TUP: 10cl osed
herein ands at | east igng dﬁ@qjdnte@f&i}i AUk 1t e S SRE SRRy @'ils ch group);
antioxi dant, an antiwear agent, a friction nodifier or mxt

thereof. [0018]1n éne é%@d%fﬁémﬁepﬁlﬁenllmﬁi PEaeidegt e@h@wmn@nnn groups,
conprises an Qjily @f haRd §at iNg.y Uy, d t

as discl osed hereﬁnpéugg 3.épéﬁs2ﬁ§9§§r¥hF?3€¥eQ&% %ﬁé% ‘ﬁggﬁ%ﬁ%gfﬁ
one enbodi nengraupeahdibri cati ng conposition conprises an oil of

| ubricating VISCOSIt h dro nate 0 S dISC|O ed. her

and an anti oxi dant %rdﬁ%gﬁﬁ}%% %%PegPeg B%gg?rﬁedh%e oBar R %Ph%
| ubri catiriy cmplo&btplﬁms@ﬁfmt)reh&esepam @il 1sqf1cscm in shfidrenC qliaMGies Lo pro-
viscosity, a h.dr&gen ted co olyner as disclosed herein and an 20ant.i

wear agent, &M EHT APIORTYE PUSHET NBGAT ediEc W Heweight, and
| ubricating compRsh tHeotb! GASDEISNSnABd Yidh OfollMBF iERK IBGhiMAGLOSLLY, and
hydrogenat ed copol ymer as disclosed herein and a friction nodi fi er,

or mixtures tMWéhdbt prqvoe2bRy wheh@e(@ﬁm}dmemmwn@bmapmeéﬁ@polymm block,
conposi tion ag gesghd Pﬁ'ﬁgat i8Il eate %n f%}%ﬂﬁ' Lﬁ%l'@%f%?ﬂcﬂ@d,
has reduced anounts o east ofie o ul osp orus an
suIphatedﬁashOP@®023Fuhﬁ@WQdebedwwent the i nventi on prOV|des for the
gsgt ?thehgrl uﬁflglgf Erg 0}1%teren;%§g1%%§llctt'eﬁf;ntv%a%hoahg rg)ggl'e 0% lugricartin ﬁompgﬁmon
automatic traosnpssngnaoidil d hpdeaidg ®1sf,bsit)d,cm@. 4 Undicrenaed , copObymer
metal working fluid, | at |
2007/ 121039PCH TSI 6K %‘é&ﬁoé‘%gﬁl bER. B’é’é‘iﬁ‘éﬂ PN OFOTYE | NVENTI ON
Hydr ouenat ed Copqlynmer [0024] The pres i nvention provides a
hydrogenat ed copgl ymer and |ubri- gabin onposi tiong as discl osed
above. 5[ 0025] As jus herein the plra Kyl groups

i ncl udes br aneké LR Her
substituted. As [he pol ynmer chain
may or nmay not thenselves be further branched. [0026] "I n different
enbodi medbs twkerindr ogenat ed copol ymer is typically hydrogenated at
50 %to 100 % or aggndTB 19 C%Q]QIC 0. QF f95 %to 100 O/ of avgu | ab

or-thérr CD]ICQPUTI mg monomer ICpEdl i.lnlf.b

wherein the ratio of a/{a-+b) is 0,510 0.9, or 0.55 10 0.8, or 0.6 t0 0.75;
R'is H, t-alkyl, sec-alkyl, CHs-, R';N-, or aryl;
R? is H, alkyl or alkyl-Z, with the proviso that in block (A} 5 mol % to
25 95 mol % of the R groups are alkyl or -alkyl-Z groups;
R% is an arene group or an alkyl-substituted arene group optionally fur-
ther functionalised with a pendant carbonyl-containing group;
Risa polymerising terminating group, such as H or alkyl;

E is an alkylene group or an alkenylene group (typically E is a C; group);

5



10doubl e bonds (which does not nornally include aromatic
unsaturation). [0027] In one enbodi nent bl ock A may be derived from
a di ene orywgh¥lHsRs thereof . A suitable cliene used topgeplghsidine
bl ock represented by A includes 1,4-butadiene or isoprene. In one
enbodi nent the diene is 1,4-butadiene. In one enbodi nent block Ais
substantially free of, to free of, isoprene. 15 [0028] As used
herein the term' §ﬂb§maﬁ€hahhymbmeanﬂfII&upmahendnBansun$gumplwhﬁnhe

cont o, | 0B 08y aPly B0 f 25, WA LBl Y RLEE Ly

or 0.01 nol To or R8s hlirdch®ypoloy fRind or 0 nol % of the polyner.

[ 0029] The diene typically polynerises by either 1,2- addition or 1, 4-
addi - 20 don. in'Phe “ﬁP@s"éﬁﬂ“‘WH%‘éﬁtfl”&‘r?df waLslag Hsempietips gessrbed Thure; s
an i nportant feaips Jo@r%g tha &ef iy ﬂﬁqt RYir §BreE &l 3h 's‘n{ﬁlc"f‘m%\aﬁltgs thgpeat
units of branched al kyl groups (al so defined herein as ). Any

i nitially-forvyiéethgdrydensenyng sene yrneow idh awmybplgmteupslbcummoe molecular
hydr ogenati o cQ Y h | k

[0030] In dif oD MR Blckbe HANEhTRy ‘l\‘?‘{ Enesheitdl o PR o Jlyrapered
copol yner) Q%pn@menshlzﬁk Aotofaite z&ﬁsarmhn%mtdnrolaaem:ﬂan%&ﬁ) %3 %mb 95
or 30 nol Totq% or .40 % to % of repeat units of

I
branched al kyT'%g 5bBEmCT%%§E %?%%ﬁ@P%H“@Sﬁ@WVﬁ@WPSWHy contain 40 nol
%to 80 nwl %9ors] SOnrade SoBdininBE i WedfiobbAGKIA L£RBtBMMHNEHRRAAN
units of branched alk¥ roug (or _vinyl group % 30 0032]In one
embodi nent t KETREREER) Bf ot R ’Uibh%tma HECaTHY 2pe ( }éﬂia BEeHehFrRoRI BT
pol yneri sati ok REMIbAYESd bﬁheap@@ég%mﬁ!ﬁgihbed inthe art wll
appreci- ate, it Is believed that anionic polymerisation initiators
cont ai ni ng aIkaI|(ﬁbm@y@eﬂmny@ﬂZQGvWiEﬂGBQF[ﬂ¢WE@OGMﬁm649DOﬂaﬁupbﬁﬂ
organonetal | i gggq n n h
vari ous netapglan ?ﬁﬁﬁgg@ﬁggﬁﬁb@%§h§§3%%%51@%ﬁ%&&% ofdgé&?gpdéeggre
a pol ymer> wi thmbhér eadb mgol a%mtnlbwn@feddnpmalﬁglqyahﬁrtu&:dchlk\yltg’roapd ar ger
amount of 1, 2 i tion t Iar solvent (for
exanpl e tetrghq@ré¥ﬂnel@Oﬁhﬁ?ﬂo%%ﬂ?%gF:%Hﬁggﬁgﬁﬁpﬁﬁ%tﬂl fFator with a
| ower atomi ¢ mass(b)spsuhdlabhelr¢feant exaapheiudsef 4tk hiyum r at her t han
cesium. In different egﬁodlnents butyl lithiumor butyl sodium may
be used as i nitiatBr8 Ui LHRE" ani oni ¢ pol ynerisation tenperatures
such as below 0 C, or @20rdac@fig, @98 MY rRBLEPAAYELondiibRY BndRbakiad
descrlptlon of nethods suitable for preparing a polymer with'a 10
greater dhounts ofedikapan 10 2 paEan skidad &t bedssqfawl Fmes scienre efowatition
Ki rk-Q hmer Encyclopedi g/, &g'@ Yir L{d ain-
Vol une 4, pages 3%6 311 gr |n Anlon%ElP§$ﬂﬁ%§g§équ 5 bgg%%bggon““1d
Practi cal Appli catigorspoEud.t eith By Heymyr Loml-&tr[efb)andmﬁmdmoﬂm!d? with a
Quirk, pages 209 a cel Dekker [0033] In different
enbodi ments, the & onq{fl%jmibqnﬁ%dm%/am@k’l?‘r%?y also be 15 formed with a
| arge anount of 1, 2- adﬁt}nmnn@g1mde5ﬂmmmaﬂ@hﬁn@5xmﬂhuﬁ@pﬁcbﬂﬂnwh&m-
groups) Jfy enploying the ods descri bed in US Patent
Rinbor ) 763, 778 aUAPE SrBSR T e e 4TREEoToL b 9md B Besayih
using an al kyllith étmahmcirb@dyq)bmftgﬂ’m!&eélﬁﬁgl{‘éﬂbwedﬂﬁﬁroﬁg@ﬂﬂ | @ir@senat-
polynmer); 5,910,566 (discloses in colum lines 13 to 4§ a suitable
process, sol vent @AdhceRlamgse! 8k 90 hydrogenatlng a conjugated
diene) 5, 994, 477 diREhOBESedolnE Ok Myt IR AL DAGRUTRr eyl Ll
32 a nethod for se? tll\}eﬂe e;dPSQenatfngyaL oa B %K)@h ng %@ y
(colum 3, |imés @Q}EﬂhdiE@Mdmesﬁanyummabm@huamakmstXnmanﬂy@m@ﬁ@cBQO
(di sclosgs in.,col 7 su bl e,.cat al Ri-Ca
t he annégt 0 ﬁ#a dﬂ%?tﬁllidg é&g h?ﬁ“”ﬁ&se Pm me%\fgesglg énts
range from 31(I)c1t oveR %oa‘opbhend@mmlﬁae aU fipk i)t cc[;ﬁQ&ﬂdaSlhlcﬁcﬂtbAechmyk
aromati ¢ nononers include styrene or allcylstyrene (e.g.
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acid halides (typically chlorides), alkyl anhydrides or

al kyl - substituted nmono- carboxylic acids or derivatives thereof. In
different eppadiiBes the al kyl group contains 6 to 100pcRiis2807R4986
or 8 to 50 carbon atons. Exanples of a 15suitable al kyl group I nclude
pol yi sobutyl ene, linear or branched dodecyl, tet- radecyl or
hexadecyl . [0039] The wei ght average nol ecul ar wei ght of the

hydr ogenat ed capet ymer utlypg'raad:rl Wraw dhgasolf ¥eomm FOMO! ool bAAOLA00pti@tally
5,000 to 500, Oohs Lﬁ d ]%B to 250 000, or 50,000 to 175, 000.

90['0040] I n di FYEFERE! BRSLHCHRHEE t he pol ydi spersity of the

hydr ogenat ed pol ynes oﬁ)MplhfﬂﬁJ1|e§(ctfr@rtg@30;5cﬂ9ﬁbllwtlﬁ)a'lﬁﬁ&nﬂ Rarboh ]66011@!’m1|nt!0
1.55, or Ito 1.4, or 2. [0041] I n one enbodi nent ti]e poly

of the invent P%’Pc‘ﬁ‘ﬁbr‘ Eeé%l ‘éleb‘ﬁc%‘ “lﬁﬁ’h’é aEl‘é{Pi Ao $°‘t”b°‘7!9“‘3r‘('6’!”'%ed
or 10 nol sTo Ley&R:r Mt Yne 10@!90 R V/Hénotlﬁocd’ﬂalyn(@loémﬁ &edla kfl'ﬂweart%r—]e
nononer e.d., styrene [0042] I n one enbodi nent ‘the polynmer o

i nvention conﬁfP’D’g’éé thogia dkeonborreregesti updtd Widoged@r thandss. hnolol % t@p 5 40!
mol %to 90 np) : n ol efin nononer e.g.,
but adi ene. [gg‘ ]ﬁr?f?{?ﬁé ﬁ@éal@re&bﬁﬁhggp ”‘¥§/%19é¥i%of the invention is a
bl ock copol yn#13Danéh bnm:bnn(tbeémreegtHeaxmvemamdmmudbapemadumms compOSItlon
alternating archltecturesI }l’t?eli ock co% }y !3 X |th

di - bl ock AB Co%%?rysf%% an il of Jutriqanpg, Viskpst d:'p ygo elwst copo ymei as dis-

2007/ 121089PG1544320051h 06 4 A0 - ab®sne Qdit% ihf1edipelaydTeferias aindinibk @ak, AB
copolynmer. In one enbodi nent the ynmer is other than a tapered

copol yner . [ OBUA{92h 2&He eifissan ﬁ?‘lﬂé e HdENe€ak-bonyl - cont ai ni ng
group is presgoispn % She Xnﬁ,%ajme%@qufsmall@yuﬁ«h&]Fpas%lﬁﬁoaﬁblg&% ﬁ/;%.l apd

Bl ock (B) defined above. [ 0045] groups nmay be gr
onto the pol ylericiiaek bsaesiiyndehyfiogenaiedicondl yoondist flisnwsedTherefr ead a

radi cal condi ncl ude a reaction tenperature of 20
Cto 200 C o(}rlélsfzsé?)él&fl ‘f-nli‘gg,‘{\% t"P[F]gSIEIG] Al ternatively, the invention may
be discl ésed [8912lhe FormubaboBhwok t{eAubandity ankpdsB)ordedpréds albose of
10[ 0047] The cont ai n| Ok | kyl -Z grou al so
be defi ned asﬁz?ﬁ%“?nw VigFsty: prl e %"y{?ﬁ %’é’i‘ﬂ’é{‘i 6?1.d95fﬁ°ég§ hf'e‘édﬂ]ldt fbn

produces a viamyibxigamupr @fxtbfeamlﬁid’iecb‘fg group. The nunber of carbons
or I to 4, or

present on a ubstituted R2 be froml to 8,

about 2. V\helr’t(’@ﬁ ]f*"u?li%ff“b%%gﬁ fhgt lwricking compasi{ion cRipRpisse an ofl
carbonyl contighitiangs O¥i9&Riryt he!aﬂlﬂm%%ue@fcd})%fﬁ@d} ﬂ@@?s@f@c@meﬁgn and an
i ncreases by the nunber of " carbon at onms present in the pendant

car bonyl 2¢ontalWENG gGgPb@p Mifoosshare. Z group of the -al kyl -Z and/ or
the Y group T@{YZI@e %aéﬁcegnﬁ’&hﬁ%eﬁthﬁne"]hﬁb{%@&galt?ﬂi:ﬂ%%ﬁl%q (%llg(}“%.eg) an oil of

backbone under ene-reaction conditions ene-re
condi tions afebrkqatng emebsitnclubplragereselt copplyeen-as 20psnatduhecof a6 C
to 220 C or ﬁJfOlQDl'l m%glF%JOOC{I%]KEUOEEOSS&)LIBOf may be derived from vinyl
aromati ¢ nNONOMEr s

[0022]  In one embodiment the lubricant composition as described herein for

25 an internal combustion engine has reduced amounts of at least one of sulphur,
phosphorus and sulphated ash.
[0623]  In one embodiment the invention provides for the use of the lubricating
composition in an engine oil for a 2-stroke or a 4-stroke internal combustion
engine, a gear oil, an aulomatic transmission oil, a hydraulic fluid, a turbine oil,

30 a metal working fluid, or a circulating oil.



thereof. In one enbodi nent R3 may be substituted styrene. [0051]In

di fferent enbodi nents the hydrogenated copol yner may be a

sequent i alywghas Aandom bl ock or regular bl ock copoly i
enbodlnensvggthe %ydrogenated copol ymer is sequenti al EF%?EhﬂW&ﬂﬁm
copol ymer. [0052] As used herein the term'sequential block copol yner'
means that the copol yner consists of discrete blocks (A and B), each
made up of a single nordieAlLEX&HSICRIPTIEN eTHE & VEagDiEN | al bl ock

copol yrer |nc:ufe those mn;h A-B or B-A-B architecture. 30[0053]1In
different e L 'ogenat ed copol ymer may be a linear, a
branched or 0824 COROLWABIL.invelor PRdVide1DBIRCIE IR0 040 lubri-

1005411 n one enbodi ment the h drogenated copolyner is a linear

copol y- mer. J40035PMROBHEN iGEREPeYFe hydr ogenat ed copol yner is a
star COPO'sym%o?ff}O%ﬁl 'uQecﬁh:Lfe;%rtﬁé‘ ln%E’é)@éjrhlE@]@HSmN‘%] Jlbf;%” RQRRRL Bfhnched
copolynmer is either a 5diblock sequenti al k “copol'ymer, or a

di bl ock nor rraifk)dlgbit)m@kthgt ale Qlitblpmﬂ% furdher S{!M@RPQM@n@h@m@dstmdt alicple
hydr ogenat ed n'g Ql(r)@ c q%g!%&(ﬁ%mtnrr%"lp% Icllflaoglot tlhgm tgslnochrt% 1 Xﬂ%d

[0058] I n one € di nen seés a ne o yrene

and 10 1, 3-H0o24i enle. dﬁﬁmmﬂrmmmkmmmayahéabﬂﬁmempajynpﬁsmef1§tmnan@

G oups def i nadUEShYAY Ban PP rbriiTaE B0V Sugt I 1B of feriGale

ol % of [put aduBR&heactgeh thes]nozno@ﬁm ihedé [ﬂﬁ:’nﬁ@@ unbditazioh( 1) 7408A.
Pendant Carbon | - Containin ﬁ G oup 15[ 0059] The pendant

car bonyl - cont[g Filng '§ro6s ”Wé“rb@iﬁ‘e%é??tyéﬁ CW”’éd ERHKAE OF KRGS

derivatives ther&ofa saH&h e aer@MisBiMtdBencPhre | 'ti'i@ Aece? %&@écﬂ!cﬂ%ﬂﬁ&%udé’éhe
carboxylic acid or derivatives t heredf | ncludes anhydrides,” acyl

hal i des, or |lotkutadicky lor éstpesns. t meprso¢ mbediindessthekdemiss] 4é;1um§lmdesln
and 1 mi des. Mngtreﬁ%g&n%nt E%PA”E ﬁﬁei(tﬂlrﬁu?%eadfsc% P& éfS%G%T ese

i ncl ude nono-c 1i’c acid nmet hacrylic
acid) antb esf@i23] e. Ags psddoiveeinathk ytbrne Sterssntihdy dak, ofasoprehd” asans the

di carboxylic _acids, anhydrides and ester K

Chereor BxaRBieeT sp PR HEEH Rooadiare g myairabS ey, 5% Bl
i ncl ude nal euc‘mao%dm:sc a1y, icd ®,05f WeEdl & 1aRidd th®pol@siketlor 0SUCRCBR% or
| ower al kyl, i.e., those conéalnln no nore than 7 carbon atons on
t he al kyl es*@?ogﬁﬁdﬁ’w7@[80 @Fﬂﬁé hdedRbEi ment the cli carboxylic

aci ds, anhydgﬁﬂ@? antheQLRS & QﬁMyQ@ah%ﬂﬁ@§§9%ﬁﬁmbM21H@mQBQ%PqszMdp
f or mul ae: [ 0061] rogen or dr ocar byl up to 8

carbon attbns!lios uélhﬂa%Pr&FWImveaWaﬂw decgreEa(ﬂyl 2- aEééélﬁ”RS ap gmportant feature
I ndependent | y, hyd &é%&%? b?/rth|9¥9t19ﬁca?lggunt% f"{eﬂbe‘?rsélﬁ&ccﬂ IJ'HQMQP)&%)E%IIOLFHS

up to 7 carbon at ept
(ailso defined helem as R ). Any mltnl[y formed pendant unsaturated or vinyl

groups, upon hydrogenation, become alkyl branches (“branched alkyl groups™).
[0630] In different embodiments block A (when not in a tapered copolymer)

25 containg 20 mol % to 80 mol %, or 25 mol % to 75 mol %, or 30 mol % to 70
mol %, or 40 mol % to 65 mol % of repcat uniis of branched alkyl groups.
[0031] A tapered copolymer, may contain 40 mol % to 80 mol %, or 50 mol
% to 75 mol % of block A containing repeat units of branched alkyl groups (or
vinyl groups).

30 [0032] In one embodiment the polymer of the invention may be prepared by
anionic polymerisation techniques. As a person skilled in the art will appreci-
ate, it is believed that anionic polymerisation initiators containing alkali metals
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S may be independently aromatic (nononuclear or fused pol ynuclear)
hydr ocar bon, representative of an aromatic am ne or polyam ne as
descri bed kah syor/1zi® di carboxylic acids, anhydrides or ﬁ&{yﬁgmmﬁaﬁ
thereof typically contain up to 25 carbon at ons total, or up to
carbon atons. Exanples include maleic acid or anhydri de or

succi ni m de derivatives thereof; benzyl naleic anhydride; chloro 10
mal ei ¢ anhydr iadé/{or h@'gtnydmdmllireaiLenpduhaﬁaln&: Geagdiite a6 arMydionsleetween the
citraconic aC|d .or anh drld eth fu fupari c aci d; nesaconlc
aci d; ethyl is8pPEHYPFatwabe. CUF%%‘F‘)‘P 0% e | OHEL{A PFRETRy POTymer
el eat e; and Qhﬂﬂ)ﬁhc:@ﬁfhﬁfd Cuﬂcﬁlhﬁ'éjrdfd@}en&Vﬂ)(ﬂgﬁbﬁs‘ﬁlnhxqu{'QQavaP—lﬁ]ﬁ(ﬁm@-%fd
and fumaric acid and the | ower al kyl esters thereof are often used.
15Al cohol - Funct3-efli el (PbIryank o FUEB2] 3 ﬁo'@héoléﬁﬁo@pzmwnxlmetp@w@ém
of the inventi. f p. Y. f e
reaction of t hgnca%gﬁgl 1@9%92% ﬁﬁnlﬁ%&ﬁ?\% ﬁ%‘ﬁg \%ir“ﬁ’tﬂydohﬂ‘%%’J l Su't 19@ (EC‘P
Sui t abl e al coh@dlrsplﬁaysecdmtlamnlLﬁhettotM@ msw@n)t o] If’oOdItﬁfardmmramdnmentb W.atyl
20071121039PCT./,US2007/

i ncl ude Oxo ﬂé’oﬁ'&mﬂg SPRTe 05 e%ﬁw ”‘%‘@bsougﬂﬂc‘t‘»ﬂl%“cB%'éP’E)““‘
1100 of Monsanbn;eBbphanalichusafeldvcl; *ANas ok PT k626 mA el Ondddang
Al fol 0 810 of Condca %now Sasol ) ;. Ep aléﬁ) 610 and Epal (r) 810 of

Et hyl Cor por af1o%fh 4 IR IsEEIFoP T PriRedobvFPleomor RIRRRTIE- 2 PelRsotith 25
L of Shelio AGgreutelatholidR d?fchQ@“ﬂ,@@ldfﬂ#i@)ﬁ%%ﬁ@eos%&ﬁeﬂy Rﬂ‘&:@léd@l@ﬂdommex
Lorol (r) of Henkel KGaA (now Cognis) as well "as Linopol(r) 7-11 and
Acropol (r) 91Es¢ydgjedin KuRharsia. qqllma@erﬂmdr%tlt!@mawlg@éllt Padop pap-317
[0064] I n one I e,

e L A e e
pol ymer may b#efiyrk.Hégieh e&bRe«ﬂ%ﬁ gprl%thLeda \ymgeh; 2@9mhﬂr7®@er9%ofvtaademmgkm

group to for ncti o |IS ner c ng.,an a
i mi de group. yBIBtIaJ ﬁril C{]ﬁ%’eﬁl tf ng ?H”eé’é‘nt Fn?f“n d&&fﬂer a\c??s S(T %8
pendant dar bofyined ontriaianiange gmoaupt oSUiL- adxh&mar(n €1es msichude val mpha@ iof,
aromatic or non-aromati c am nes. 15[ 0065] The am ne f tlonal rou
may be (i) boWdB@“eﬁog@”B@ng]énetm%[a}”ﬂ nyP BFFfbé‘?anhd“?jF% deggrige e
car boxyl i ¢ acpglefiONE:@b&ws &I WY dAEIBE Bedehs i anal | Tuym qrpr(mlsa ui;;he
anine may be bonded directly onto the ol efin block polyrrer bl ock A
[0066] I n° di ffat ahe!lehueniments foneclani ey AyHEerEIe §rinbynery 550,566
derived 20f r oqyQ)dikd [0 RREBNLALN] SODQRhic r :
primary and/ 8@ secondﬁry nﬁt ro]gen ?)0067 Exa I @ggésgfsoggbn@gh{‘ga%y%ﬁo?
ni t r ogen2@ont EHidnegeg s e o wenisizimd ldicde); 5k H)Talcisglami deccduma 3niine den
containing( ryl g, ( e h) acr

“(meth)acryl a %ﬁ.ﬂ},ﬁ%r grﬁ?és ﬁ&ﬁg@f o Bg&w]?y?&g%’?ﬁnét }'mFr)tﬁ 020,439
mat eri al s). Typluead 3. \irteh 802 dindeses (acmttaltlalcmgl)BQI{TWQL!GI,@drOGQ@I(chSﬁssca in
e e, S, Dt 2950 O Al TR DL, e SR 30y
and, in one enhosietBAthe ExdbplaRbNiese Fatbifis mo%HHnﬁr‘ou@ 4019 Qf CIRXMEed) ;
5each 12- is i ndependent |y hydrogen or a hydrocarbyl group contai ni ng
| to 2 c&fborf"&t§H¥- and, in one enbodi nent, each R'' is hydrogen;
cach M o, eBandeatlan hysgainat SUNGAEHIN. Jioup. ST ag.
one embodi nere.g- glrihs- metbblSBﬂGl‘lbl@ﬂ{ﬂ&@ﬁi}]ulﬂxamleeslp@ﬁ -esluil $tatzine, fmd para—
ni trogen-cont LS i Li e hyl ac am de n
car bonani des suc%&ownsl\ln% % or rnarhnl\!j i i Ih 7 4¢ [%l % monomel A
N- vi nyl - n- pr gpiream des, N-VI nyI -1 - propi onam des N-vi nyl

hydr oxy to n ridine, N-vinyl imdazole,

pyrrol i d oni%ﬁw n’bTey&‘é?gtléll‘)g&'f‘érﬁjO‘H]mer‘rét(‘ﬁyi éﬁfﬁs“éftﬁﬁ}l*“}é‘é‘?ewm‘é& gllery;
m et hyl am noekhuydtondBsdBiRaroybat ﬁclu@hfgrch,?t Bylugupabut, ana&Jny@Hac%
di met hyl am ne propyl nethacryl ate, dimethyl arni nopropyl acryl am de,
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t hose which can be represented by the general structure NH)-Ar or
T-NHAr, 90 where T nmay be alkyl or aromatic, Ar is an aromatic
group, i n%H%d:}gz{&%J rogen-containing aronmatic groups apdr@haues

i ncluding any o e follow ng structures: WO

2007/ 121039PCT/ US2007/ 064900 RVi as well as multiple non-condensed
or linked aromatic rings. In these and related structures, IC W, and
feu can be iriqﬁp@qdemzblmnyamng) ohil@ko-ghad pgdidt &6l loaed:ihefi®iwhereitlihe
-Cl1.18 al kyl groups, nitro -NH-Ar -N=N-Ar, -NH CO Ar,

5-00C Ar, - 00Q9Facaiy! &r%ﬂwc Pl el 2 FARDAn WO

-0- (CH2C112- q]h()%i_lm"ﬁé ki @59}5‘9§'ty B G B dr 6B GhQneAin ( WARHALB HIScIO
to 10). [0070] Aromatic am nes i1 nclude those am nes wherein a carbon
atom of the al@muatlicempl aigleng ewrdifiensi gptagnade Hedhelipraserdeyol d Lewes agiiino
Nl Lr 098N, 5 ThenAIb e IRcRE pABACAITL 08800k {RIhY AT DESimcithE BF.0FRL L
ring wll typica be 6n3 nucl ear aromat|

derived fr omm@mzetrineyeobum@an Ti@o) @deSﬁCUsedCamcpimbs cofr Bﬁgsnc udc bmon
especiallytoe t hal ene. aml es_of

o nes i nol udS AT SENE PO ARTE PARSP ek Y Her i By AR MeEegis
N-but yl ani | i ngid.di - (par a- met hyl phenyDam ne, 4-am nodi phenyl am ne,

N, Ncl i met hyl phenvl enedi ani ne,_ napht hyl am ne,

4- (4- nitrophéﬂk}ﬁzo)%ﬁﬂpﬂh&d%@ pC@P%IOB? g dmeyn dyithey gk Aagiipdude a
4- phenoxygni |lbc&%0n33rﬁbé cu(a?é"bfl d €10 f50 WToPPGeCt MDY Ple

(N-(4-am nophen acet am de)), 4-am no-2-hydroxy-benzoic acid henﬁ
ester (phenyl0&Hino B pengaat ejrbomyl(canigiving -gpeianyiay - ive deraypidoieom alkyl
various benzy

4- phenyl azoan%ﬂﬂﬁi’%s %c}&) <Tgztl t(ﬁt gﬂﬁi@?ﬁéﬁg&ﬁ’ésaﬂ‘ ﬂgyi %lbﬁhmcdxlg(r)r% es
i ncl ude par acaltum@xlyramidbne derﬁ@tipm a"red@decw alrﬁfdlamteg:mbodnnents the aikyl

Exanpl o8 of ornGr CNFTa8 S Hobdhm & hPhest HErTag" ARt Ho- ECBRE o ad
aronat i clonpoigatds adayd cadmpwe&!uda phiiebbdiflengnlinear i thragead idsdes ypaset-
of an aromatic rling su(i: ES 3-am noqui nol i ne, 5-am noqui nol i ne, and
8- am noqui n&9ehE. OTACEHFGCHE | uded are aromatic amines such as 2-

anmi nobenzi m ggEaoh e, ’M#&lv@é}olﬁ?toﬁ%ﬂiq@%&%léﬂ@&@ﬂ%ﬂ’th@ﬂy&@g%ﬂwc Baqeémed
directly to the aromatic ri n rimary am no group attache

t he i mi dazol éygupa{l@ ramgere FrO8MI H@% [(p ﬂc&@d@ﬂ or 5,000 t¢ 500,000, or 10,000 to
N-(4-anili no@@@@dé)or%‘ogf@b%t}% apgm cle or 3-am no propyl imdazole.
Yet other amnes 1 nclu 2, 5-di net hoxybenzyl anmine WO

2007/ 1213539 PEOR40B2007/ GE4800 qnog7ifiaweli the opvdydisgessitt iof @ei mekogmedted
rel ated conpqun S n t.ent 7

6107 D50 oBARARy Hefe S ERARThS D 01SSs bRl S o sl 10 4 or L0
am noi ndol esfo b@i nopyrrol es, ami no-indazolinones, atninoperim dines,

mer capt otri azgl es, mnoph nthiaz nes 9 ridines, . i
ot alath, . A R TR SRR T RER comppinsss tiids
am not hi adi agelegerivabiied Bitot7imsli Bzel 85 moandicash Mebeyze0imazdk es 50
Q her suitable am nes include 3-am no-N-(4-anili nophenyl) N-i sopr opyl

but anani-de, BWH el e absnyiorapRRaRpIer 8.8, styrene.

(13- am nopr oppyhl2{ COGPRLE LRI BULARAH 46 thgsh%ﬁnéﬁ QHﬁuthebanQ&S
whi ch can be used include various aromatic am ne dye inter-

10nedi at es cbieatativag fivm 39 pt 85 modfiator d0maids 1@ Phked %yor 40grolekample,

am de struct | s of the general structure
Ri x Rvu H] ?§a%@%?§%lr]r§§}ogovarl gtl or%ig{etn ereof, where IV' and R' are

i ndependent I p0dBkyl Troonatkbadimgnioip posuch oaﬁxcmavhyion imetbiakycopolymer
et hoxy. _IL.n one lnEitdgnce en an

o 20 R BB e AR g e et ) aN0uga8 kR RS, THRbERke.
Rix is - OCH3cqpaoh Uty Be =Rk diafldelt B8 db8mhad! or a tri-block ABA copoly-
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is known as Fast Violet B [99-21-8]. Wien both R'Ri x are ethoxy, the
material is Fast Blue BB [120-00-3]. U. S. Patent 5,744,429 discloses
ot her aro | ) conpounds, particularly

am noal kylrrg‘tlde%lbg? |lg3?i nes. N-aromatic 90 substituted aci %C%“r’r?z %7/064909
conmpounds, such as those disclosed in U S. Patent application

2003/ 0030033 Al, may al so be used for the purposes of this invention.
Sui t abl e ar omaidrc @NEmeR pd1gheds 1 hosRck MBVMabEdNyhBE aTbAeembbaia@an ies
a substituent op an aromati c carboxyclic conmpound, that is, the
nitrogen is ndf Y§i?2”ﬁ9%ﬁ' di22 Sd R EhT OB Er omat i ¢ ring. 75[ 0073] The

aromatic am negoda)l tyRIne&nlB6dnAMe (R pdidah: &FO4R 1 CaRAN: & Q]foup is present
condensing wi th the pendant carbonyl containing group. Cértain

aromati ¢ ani n€8 JapeYcsmhisiicpd s dte Foymae Biebld aht end Biock 8B} defiedabove.

o ane TIOORL LR 02 ket AL PO el e

yl di phenyl am hee rTdictheomeifent Thatret hasealnahéitioak scavkhbwe andenslede a

ith th boxyl.ic functionaljty. of. the p n. th I
L T A

bel i eved t hat [(0a@] t wou & @tBllyC () DPSical hag bediidcostd® yant Mermlilid 84RRA
may |lead to steric hindrance and reduced reactivity. %hus, sui tabl e
am nes i ncl ud&™t HESBIORRIP heeTieg@PA¥ry nitrogen atom (-NH2) or a

secondar yjgni t{amﬁ atrg@ kP ML e R0eniRE HiRa Byqua?ﬁzbyﬂouﬁéabﬁ%ytﬂme
is arelatively short chain alkyl group, e.g., nmethyl” Among Such
aromati ¢ ani négingdensda phghyrapaaiis| b dedrogeads avo dT frh éAy ladditing , produces a
2- am nobenzi m,dazgl - dj. Lanm pe. 0 se
and ot her ar gLng? .Fa‘og%“ﬁ@ga“%ﬁfw]gﬁgy lﬁﬁlgﬁ%(érgoﬁt% ?@%ﬁ}dgﬁf eng%ﬁ?agr%ﬁngsgl
to the pol ynmenssd Rhradgdiet irom t ® 8i speto 4 sangyuadd Whive R ps dperet iseissti-

[0074] I n one embodi ment ,of the invention the am ne conponent of the
Feact1on proddlit: fut AP 8 FBRTE YRR p e i By Path BR8PC Rb AIDER
groups capabl ok dtORAenstsngs Wy tihe hb@beabboexpbh rdnk ptdsenaii diy mehdidre
polymer. This 15 terial is referred to hereinafter as a "linking
anmine" as it o “%Wﬂ’!“&)‘%%l‘?f‘% link together two of the polyners
contai ni ng t hpoggy boxyt izCe@6p &r fnGhiyerahid/yr thkly Rasupbgaen boRstateshio
that hi gher nolecul ar wei ght material's may providé€ inproved
performance, HAJIAHOE bagchateeiree RbbRCkBoREaSee-teietipmeenditignss
mol ecul ar vel gy Thend LAKEIGuBIBRAABR O] BAGIPLnd hadid RGO TERE
or an aromatic 70amine; 1T It Is an aromatic amne, 1t 1s considered
to be in2@dditergnre o @NE @ 2W0SECi aict00weil0 Trhom t he aromati c ani ne
descri bed ab whi ch typically wll have. only one condensable. or
reactive NH p@ﬁ‘%} i% o’?g{erbet Selg\f:\g: ll nggénsvs]i %fngé“%s@f)f’?m?rﬁg °6fm{’ﬁléws
pol yner chai nieretk amplresndfodatiah Rintk Fegs bt lmes! stnehaide

et hyl enedi am phenyl enedi am pe, and 2, 4-di am not ol uene; ot her

i ncl ude pr opﬁ]@ﬂe}gji al_??i Hg?e*ﬁ@xgﬂg?ﬂmeéﬁeﬁ"iea ‘bi@ge ! GEREyner may be 2

(D- pol ynet hylseqediiaMbRes. raddisn AUt r@%mlérﬂﬁ_@éld Ypolymat iIRRAk kh¥o@ment
[

such a |inki ng am ne can be reduced, ~desired, by reaction with
less thaf® a dbohehpasrsted wpahvtaits sruertsl deaekgPAeri al such as a
hydrocar byl - subsd)l  UAECSHEGERT e ARAY dEd il GALRLESL A8, SHBATIRR the
the am ne conprises nitrogen-contal ning com pounds capabl e o
reacting dir eepdlymar consatypoldjsrete iadklibmed BExanipined: of ofsuiit@dinenomer.
am nes incluge, N-p-di phenyl am ne,. 4-ani | i nophenyl t hacryl.am de, . 4-
a0 1 nopheny - RPEs MR AR Ry HER PP Rk e s BB
met hacry- 18 ardhat@west ers of 4-hydroxydi phenyl am ne, the reaction

pr oduct pam nodi phenyl am ne _or p-al kyl am nodi phenyl anine with
gl yci _dyI%Tet RS atle, 4 é?‘}te%??%ﬁcbtﬁo%‘ﬁcg;cg S RoRh pRENIEMPREr
Wi th i sobutynakgehydache®bi ¥ otk é’(ﬁa%ll)%crp' hydr oxydi phenyl ani ne;

derivati Ves of phenothi azi ne, vinylogous 5derivatives of

Il



preferably under an inert environnment. [0078] The nol ecul ar wei ght of
the functionalised polymer will be corre- spondingly sonmewhat higher
than the R989&§19h¥§n above for the polyner. However, ngﬂgﬁh &ﬁm}
aver age and nunber wei ght nol ecul ar wei ghts for f unc- |ona |se

pol yner may be readlly estimated on the basis of the anmount and

nol ecul ar wei ght of the am ne or alcohol. WO

2007/121039PCD0E$L00T QR4 R oMnken®fihd Hiirb atdi0cofoB GRS ik Ya ]15@1@7&1}8—'\)3
conposition conprises an oil of Iubrlcatlng viscosity. Such o

i ncl ude natur@F™and synthetic oils, oil derived fron1hydrocrack|ng,
hydr ogenat i on; h L i ed
oils and m xt l?r0 gg}jSt %ﬂéﬁ%ﬂ&&dﬁh&%%ﬁ%@%ﬁ%& Joggg? %ggréf 0 tog){]%(gd
directly fron0856kt ukraldlfdifrlCElynrtnh@dlm@ﬂlsot!mecieycgemmkil wml\tm@uts ¢iohrer a
with littke) trq ment e | s are
o mar 1o raSekR e R LRk PR PRI hine RO R o PR Sk 2aRU
in one or noreepurification steps to |nprove one or nDre proper- 10
ties. Puriflggb n t chnlg s;are known i & art and._incl ude

sol vent extrdctton e%%% 2P¢d HF%E‘?IHTFbﬁ”mﬁ Fapﬂﬁnﬁéé%"@k?Pgﬂ?ﬂbﬁr
filtration, pﬁgm@h@ymgﬁpa@anﬁhe | i ke. [0082] Re-refined oils are also
known as reclalned or reprocessed oils, and are obtai ned by processes
simlar to tH98&8luseld a5 mhosimendhs ARlYMST FRmaRess of Raskbeiteedt styrenc and
addi tionghly jp b af. S
add|t|vegb1SJn%%gﬁ§§ﬁ?eaﬁﬁﬁﬁﬁhg?§gﬁgm§%E§E%83f%83 ra y%% §%SSQ$E%CHC
maki ng the i denm wdunqiignilisedtcopdlnoieudethahi Yrahd gidrgypswisfiotdbs bydib e
(e.g., castory gl grd, (%J %wlm ?ﬁ{o'fi"% 'u%é' Gatd,ng ﬁ'tiéc %Qct%‘é byl G4 d
petroleun10|ls and solven reated or aci d-treate

| ubricati ng adtigioofintdlhde palndddd@MASA. napht heni ¢ or m xed

par af fi ni c- naph h% i,c.t ind QELS 20derived fromcoal or shale or
m xt ures the&é8@*—Eé§§£¥g§%¥§€%¥%—+ﬁﬁ%icating oils are useful and

i ncl ude hydr ge@gMon Tiel sessdagh caﬁaopple;hmgdm@ng B} efeP QdpYeRhicaelly a
olefins (e.g., polybuty eng r o- pylenes pr opyl enei sobut yl ene
copol yners) ; ‘Bﬁpﬁﬂflﬁgﬂéﬁe r”mgﬁﬁy FLOEL BITESYS, aThAINAET -8 | 1BE ghre) ainigd
m xtures theweqfy q{hléwmmr}?@%ﬁj 08 BrivA0Ae YL RENZENER:s Adydrides
tetradecylbenzenes di nonyl' benzenes, d|-(2-ethylhexyl)-benzenesj
pol yphenyl s (alides, obilpenylis! esies shesayl eimigesk Jeenesl pathydeenyd snides.
al kyl ated di Rﬂ‘iﬂ?{és 6f B&Js %ﬁ R'é&)ﬁ'ﬂ&?ﬁé écphqﬂ).(se Sl BB HES- &H‘QOM%
derivatives, anal ogs and homol 6gs er eof m xtures thereof.

[ 0085] Ot Her syidt kegi GCﬂyUbrdLEiaIﬂKln'gBtb&dl.slm amtimiel dsmuladb ekivarsdlqﬂ esters
phosphor us- a|n o . Q.. hate trio I
phosphat e, ﬁ Y?ﬁé %P@ h Ig g% gﬁ% byéﬁ%%ﬁﬂgﬁ¥ %d%ﬂ)hmﬁﬁdﬁh%
pol yneric t etzfta:hytdm@bur asmphy nifhﬁ&eirﬁopqﬂﬂcsdd’my aheydidedugedskys include
Fi scher-Tropsch .reacti on n 'XPiCalL may be hydrai- 70 WD

2007/ 121039PBH. leS?@ 7‘7"0”‘8&%‘3' e, fumaric acid, or éster, such as lower alkyl, 1.e., those

containing no more than 7 carbon atoms on the alkyl ester group.

acyl

25 [0060]  In one embodiment the dicarboxylic acids, anhydrides and esters may

be represented by the groups of formulae:



soneri sed Fi scher-Tropsch hydrocarbons or waxes. In one enbodi nent
oil's may be prepared by a Fischer-Tropsch gas-to-liquid synthetic
procedure &gp YRhh2am other gas-to-liquid oils. [0086] O p&r/BE2007/064900

| ubricating viscosity nay al so be defined as specified in the 5
Anerican Petroleumlinstitute (API) Base Ol Interchangeability

Qui delines. The five base oil groups are as follows: Goup | (sul phur
content >0.03 wt To ,%and/or <90 wt % satubates, viscosity index
80-120); Goup I (su“phur content <O0. 03 % and >90 wt %
saturates, vidcesity¢ ,80-120) g G oup. oga sul phur content <0.03
w % and >90 wt Y saturates, vi scosit |ndex 120); Group IV 10
(al'l polyal phaol eflins (PAOs)); and Gouyup V (all others not included
in Goups |, l+—GHtscer9R/). The oi L@l _b.HI\[‘,‘aFBI ng viscosityo
conprises an APl Group |, Goup |1, Goupll,l Goup 1V, Group//v oi |
or m xtures thereof. ten the oil of Iubrl caﬁ ng vi schSJ\ty g an APl
Goup 1, Goup Il, Goup IIl, Goup IV oi 10 m xtures th eof.\
Alternatively the oil of | ubricat i ng Vi scosi ty is often aEEAPI %N—R“
7] ¥he

| ubri cant conpositi on /may be in the form a_concentraté an ra
fully formul atped\ll&rcgcant I f the_pol yrre of it he present inveltion
is in the formofCHa cogcentrate (WATeby ey Ncqm)l ned with o
additional oil to|formQin whole or in[ part, a finished |ubricant),
the ratio of theqenlyper to the oil 120l ubr f.cating viscosity and/or
to diluent oil~Tnclu t he ranges G‘f/Ef 9octd 99:1 by weight, or 80:20
to 10: 90 by weight. her Performance Addijti ves [ 0088] The conposition
optionally conpri ses (Qher performance additives. The other

per formance a r se at | eas of activators, 25
convent i onal @‘3%5 e[f"gp &Eh?@oﬁ? éﬁa? etP %%F%@Bé@ﬂ’ég p?Hg’MS i“r]fylz’

the art), di snnEmfyalt Sl,y] VES(GOBI tsyindepdididn@lyshydfdded toir @pcu@@ghbi/l &bSinstance,
ant i wear agent S, il on i nh| RI tors, dispersant viscosijt .
nodi fiers, ?"ghé‘ @5 $Brie TagBReS 2Loglt e u‘PF‘thb eiydnputy! of  hepyl). R

ant i oxi daﬁt S mﬁ@@m1laﬂl=fﬂehtiélﬁry3a[oﬁlﬁﬂ”é”(ﬁioflbﬁfc%m R@Hﬁqd@ﬂ)&&nﬂ:@&ﬁ?ﬁ?@ﬂE&»
seal swelling agents and m xtures thereof. Typically,

ful | y-for mul 298 TIRIBSEN Y R ABOBIMAL AMing op PRIy AMGIeissleserired hsfow hdhe
performance ageibbMER acidd SREFSRBL %r aﬁgpggiglﬁé}g&stgﬁhﬁﬁl]? Sntq 3151 to 25

known as ashl ess-type di spersants beca prior
| ubricating oldlbimoﬁpmmtmmbr@r uphliey Sderhvotatgont Emma&hiriatmdﬂ mglemaaca&l ®r

and they do n |1 ' ny ash f nmetal s when added
5to a lubri c‘@hY‘ﬂg&n“’g% \éccr!r@rnglge ?sgqélr\scan ereo{)ﬁg ’gsg"ag‘i)bémg?'@%gir §ng{%
are char &t ermged dnyya1qtmlhaptygEmuemteat:taacrhedcidOOraannlgh;amd ety oflicOdtid or

mol ecul ar wei gr {f{ Bon chai EH pical ashl ess di Spersant s

i ncl ude N-subSfYY edCt Ond"EAS A ”R‘gﬁyl“c Wb cRFMCATIGe &cidBcavg| sopEPY!
N-substit ut edndi@ng rbaiopyRlkeile; SUCAl Akfydesidng Mﬂieplpé?xly}"lﬁcQQHt&ﬁlh?ne
succi nimde wth nunber average nol ecul ar wei ght of

pol yi sobut yI &Rdesulisi¢ dBRYAGE, prdeie aivgd agd (fuingris omed ﬂb‘# lB@GOW@ 30eD.

Succi ni m de qLL%qu&%gt;@qugnthgé r preparation are disclosed, for
instance in US Patent 4,234,435. Succinimde dispersants are

typical 40t hé‘:.l—_fﬂﬂgdiﬂﬁdmmdij_d'_&mzm_pol yam ne, typ| cally a

pol y(et hyl en e) di ent | on furthe
conpri ses at ?@HZ olﬁ[é)gg%glboqf'g&%r s%o(r?ﬁ‘ mSlre(rﬂl t\%d“\fcrngﬂ? 6‘(')” |‘sC8BWfWSeﬂb
sueci ni m de witth gmupbeypienier agen mal eactk@r oiveiegbirbbiyltdoataidng FuBanko
5000, or 500 to 3000. The | yi.sobutyl ene succi ni m de may be used

al one or in EBHEi WAL FBHPWEE %T‘F?%Fe ﬁ%@bﬂ? BN e Hh A 1P 9T §rig 30 carbon
enbodi ment t h@msnvention further conprises at |east one di sper sant

derived from pol yi sobutyl ene, an amne and zinc oxide to forma
20pol yi sobut yl ene succi ni m de conplex with zinc, The polyisobutyl ene

15Goup I, Goup Il, @oup 111 oil or mxtci.lres t hereof. [
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a reaction wth any of a variety of agents. Anong these are boron,
urea, thio- urea, dinercaptothiadiazoles, carbon disul phide,

al dehydes, carboxylic acids, hydrocarbon-subst}

succinic %ﬁg@?@%@? mal ei ¢ anhydride, nitriles, 30epo§{:*/g§@?7/064980
phosphorus conpounds and/or netal conpounds. WO

2007/ 121039PCT/ US2007/ 064900 [ 0094] The di spersant may be present at O
w %to 20 w[6f63]or Bxalnpiks UftsidBie WMicHholPhindude Bxo¥ricdhd® W9 1% Mo 1
w %to 6w % or 7w %to 12 w % of the,lubricatinq cogo(sit,i on.
Detergents [D695Ph&0ubtd E3AtAEehaiBst Hi0op dfsmsanan APIRpRIEHéY of ICL

conpri ses ot hefrokenwy, ARSI 8lo 95d QYRTBa8, AL RIITRE S -SastihI BRI® 610
det ergent substrates include phenates, sul phur containing phenates,

sul phonat es, 58| Epcd®Pad Bk of SahylcGpwpesiont dibowey®i 0. donelolBhBbbhod use-
acid, nmono- an i - thi.ophosphes i 6« ag) | Ky, .Rh |, I )
coupl ed afkyﬁﬂgﬁgfn% Lcogﬁéégﬁrfgg’?ﬂg&j é%ﬁ' ?ggg?%eg‘.%lrsﬁb%g%&g?ﬂ%ds%g?”ﬂg
det er gent s andaré!@eof Hemdtch &ds Ao0fnopr E€pari gtasomclhnel desal@ Had und AgQreatl@r
detail in nugﬁrgtqs .lgageﬁ]t ubl i cations, including W2004/ 096957 and
ref erences ci’téd t81&t ef' .m‘{;‘6096] The detergent may be present at 0 wt
%to 10 wt %Nigbgdh-Bumkio¥oliRdPoWmde or 1 w %to 4 wt % or greater
than 4 to 8 Wt % 15Anti oxi dants 0097] Ant i oxi dant conpounds are
known and i né?Qfdé  dP 8% S0 MY thRRlYIeE 8F the IBHPHION W hRERMRMCAES,
hi nder ed;phenqlseen RLURASEWR G UNESe A BA R AS HIDPMDRAEP T be further
di t hi ocarbamates), and m xtures thereof. Antioxidant com pounds may
be used al onecasied{gralieshbiinatd onrogeheoaiiivgi ganp wayode privsdipnalised
90ranges O % %, or . % t.0.10 w % ; %:19a. 5 w
% of the | Luoie? i0§8‘aﬁ‘%‘&%§2r“?'§%.la e gl b G| e BilBath
of t en cont ai nentainger grdaryadutwih Gadgeodard chghohiybeontningl grgnpupuisbla
sterically hinderi ncﬁ %:ﬁujg .The f,h[enol g,r_oupt.i s _often further
substituted &S &RV BERBG T YPOC dRE 8P A" b PP ng gr oup 95

| i nki ng 150 ajE&EPNd Taeahe Curglion).cr&ampl @8 (Dfbcadéd abd feldandesrdchyl
phenol antioxidants include 2,6-di-tert-butyl phenol . )

4- et hy| - 2, 65N SRHPy4 B &rETPOXdle g to JOBY dn T mide: omaTeisie JHedsnal-
4- propy1l- 2, 6ng,l ot @it tRULM!RhERPIbeOfordie® Ul ¥in 2. Bro dle bRFh-RULY HBhens! |
or 4-dodecyl-2,6-di-tert-butylphenol. In one enbodi ment the hindered
phenol anti of@'@&nd)is an ester and may include, e.g., Irganoxi'mL-
30135 from G A , j : i PLERP Of o SHi . ‘
ester-cont aiC[riii%ﬁg] hi ;'1;4?[1 gﬁgg@ﬁﬁ%ﬂﬁ&gﬁ'Erfleoﬁlll‘lggr@tcé grlrfl %ialrlg n?dg [%eo%eﬁ’ﬁe?n
US Pat e 6, 6@, 1 0ErogeWBoR007ihE 2MOBIRCTAWER0 07 /20640 OO ORID)BYiandisr e
exanpl es of gcgg%{é)angH%o%lint hi ocar bamat es which may be used as an

ant i oxi dant 1nclud

comiercial materials sold under the trade nanes
such as Ml yM@n7B22Eruapids Molfy vaitdble A firogerReontainMandaobottrsCoinglude
Ltd., and Adeka SakUralLubeTM S-100, S-165 and 5-600 from Asahi , Denka
Kogyo K. K meth)acrylamide or a nitrogen confaining (meth)acrylate monomer (where
“(meth)acrylate” or “(meth)acrylamide™ represents both the acrylic or

25 methacrylic materials). Typically the nitrogen-containing compound comprises

a (meth}acrylamide or nitrogen containing (meth)acrylate monomer and may be

represented by the formula:

14



5and m xtures thereof. Viscosity Mdifiers [0100] Al though the

pol yners of the present invention may serve as viscosity nodifiers,

addi tional waSs9sihy nodifiers of other types may al so p@r@éﬁﬁﬁd&%oo

Such viscosity nodifiers are well known nmaterials and include

hydr ogenat ed styrene- 10 butadi ene rubbers, ethyl ene-propyl ene

copol yners, hydrogenated styrene-isoprene polyners, hydrogenated

radi cal isoprene polyners, poly(neth)acrylates (often

pol yal kyl net hacryl ates), pol yal kyl styrengs, polyol efins and esters

of mal ei ¢ anhydri de-styrene copoly r mxtures thereof. Such

additional viscosity nodifiers may be pre ent in ranges including O

w %to 15w % or 150.1 wt %to 10 wt % Pw %to 5 wof the

| ubricating conposition. Antiwear Agents /[0101] The | ubri cant

conposition optionally further conpriseszat |east one other antiwear

agent. The antiwear agent may be present hn ranges including 0 wt %

to 15 wt % or 0.1 w %to 10 wt %or 1 wicAlio 8 w %of the

| ubricating 90 conposition. Exanples of ¥uitable antiwear agents

i ncl ude phosphate esters, sul phurised olgfins, sulphur-containing

ashl ess anti-wear addltlves are metar. d|Hydrocarbyldlthlophosphates

(such as zinc dialkyl dithiophosphates), thibcarbamate-containing

conpounds, such gas..t:hi ocarbamate esters, thiocarbamate am des,

t hi ocar bam c ethers al kyl enc- coupl ed thlocarbanates and bis(S-

95al kyl di t hi ocar ba@yt hydiogend phindeég! aifd) 10@]eldrebodiment, Q is methyl;

di t hi ocar bamat e- cont aj n conpounds may. be prepared by reacting a

di t hi ocar bamat e ac‘iJgdS %rersn}glgEm\lr/{nP?]ng y&ﬁ’é‘;lturat ed conpound. The

di t hi ocar Bamat e cogdcaiRi RYnaepERaeMshyRyzedl 0a REdBELPAr @duPYontaining 1

si mul t aneously re ctln an anine, carbon.disul phide and an

unsat urat ed conpdand o %@%@?%ﬁ%m 8tf RO bmER 8ok c iy ydapLea:

temperature of 25 Lch®23 z@de;léﬁd?rﬁfyeiﬂt&oéeﬁﬂéga §§i%o@«99y14a1%82c8§ﬁ1n ing |

descri be dithi ocarbamate conpounds "and net hods of making t

2007/ 121039PCT/ 6530071064900 14034l anpl es of suitable oleflns t hat

may be sul phurised, fsom19e%@mortnhem%u{rmhwar&%mdmﬂ %nsCl usle

propyl ene, butyl ene, 1so | ene, pent éne, hexane ept ene, “oct ane,

nonene, d@cer{@(’ﬁ?éﬂndeﬁéﬁeplealddene&aéle o eyHe pntiimi ne cememer e tind e SN -

pent adecene, e age ene, octadecene, adecenene

nonodecene, éP%§§ %E?qgmﬁ?&ﬁﬁfg] t%%¢%%ﬁ“&?‘f%ﬁ%‘@n@%arwiﬁvnhm“de N-

hexadecene, hepgladecenee, OCEadGQQﬂﬁmoﬁmﬁﬂéQCEnﬁﬁ?l1ﬂ@@Qﬂ@ﬁﬂR@ N-vinyl

ei cosene or tures thereof an EIFPPIHE trinmers and tetraners
vaw@

are espeC|aIIvéﬂﬁﬁ?ﬂVOﬂP%¥lﬁ§“ RWF "fia ihidgele) B YiRY gy refidinone,
Di el s- Al der addugti ofapaoldéie@me &Hﬁl@ti@ﬁln{mé)m@ﬂt a%gn@e an@n?é"hyldmmoelh |
unsaturatid ester, such_as, butylacryl ate. & 4]Another class o
sul phuri $&cl %‘TLBWW“I%éﬁ”ﬂﬁ@gl%F‘Pl}}ltﬁé@d@%ﬁ@i 1ﬁ’@ifr)/'@§1t“érl§opﬂfkme$la¢ft‘>/y
acids are of iga oRLALRGLEFIMMILSIAR:G, O

typically contain toﬁZ? égfb%h a%ons CLmQ{ E@% ?%I<uﬁ£ af??k’
aci ds and thé@me@gh@hsomhﬂhﬂdémvd¢gty@ﬁumdésnmﬁle|c acid, linoleic
acid, palmt i r s...t her eof the fatty acids
are obt ai ned%rod% ngm% qn% Frﬁ th% b U0 1esaa'rll(ﬁ’in‘lt"l”I Arglwnﬂ)%émy‘belsll?gude
cot t onseed onhmesumthmmemeaeedsauéd@ythngMﬁeBmimﬁﬁﬁdﬁH;MncﬁmaNFLAr

enbodi e fatt ci ds, an r ester, are mxed with olefins, [0105]In
o ol t erihe | 90D atinan o e BT iechT iR GEATG Rt e ek foRen:

nonoest er of canpRliydlar@ngtia@lgsphat iG caupeXytiuginaChth oof ﬂ]@nto@i'aw@?d d
containing 12 to 24 carbon atons. Often the npnoester "of a polyol and
an al i phati cS#4&f'Ue80 boxylic acid is in the formof a mxture with a
sunflower oil or the |like, which may be present in the friction

nmodi fier mxture include 5 to 95, or in other enbodiments 10 to 90,

or 20 to 85, or 20 to 80 weight percent of said mxture. The
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[ 0106] Pol yol s include diols, triols, and al cohols w th higher numnbers

of al coholic OH groups. Polyhythic al cohols include ethylene glycols,

i ncl udi ng ghee7hbieze and tetraethyl ene glycols; prOPV'GBETﬂ%M%H%ﬁmm

including dir-, tri-" and 30tetrapropyl ene glycols; glycerol; butane

di ol ; hexane diol; sorbitol; arabitol; mannitol; sucrose; fructose;

gl ucose; cycl ohexane diol; erythritol; and pentae- WO

2007/ 121039PCT/ US2007/ 064900 rythritols, including di- mhd

tripentaerythritol. Cften the polyol is digfhylene egcFI,
ent aerythrit @i

triethylene glycol, glycerol, sorbiAof
di pentaerythritol 87] The rcially avail able

as "glycerol nobngole " is believad tgipncl ude B ,<5y
wei ght of the ch 'cag_spe0|e 5 ycer ol monoo c Qng Wit h 35
+ 5 percent glyce ‘dirsi eat e, \\h@ss than 5 percest trixleategand
oleic acid. The quunt@. f the Q@ngﬁst rs, described above, are
cal cul ated ba¥eldf'off PHEPALPLPONERIHOE{aECd MREHE TBRS pdl {\§Fe Mshiskstkr
present in anyrslgds, R'XRUI ghd Bt das GefihddpIndeNI@NES ond Olh8A O8LTN Bisclosed
| ubri cant conposition may al so contain an antiscuffing a en{.
Anti scuf fi ng "%t -Rorfposndsy! reunsenitey aepups ﬁ%@r@éts@%ldgési%%éﬂk
are ot tens sul-pitxgontRIdlChg, GAROUnED. c IKPLAYY, Yokheo-(CHCH,-0).C.is
sul phur-cont ai ni ng conpounds i ncl ude organi ¢ sul phi des an

pol ysul phi destlky gednpasardi 21T L0 phivdere his§ chl@r obenzyl )

di sul phi de, dj yl asul phide, . di-tertiary butyl palysul phid

15 suIphurisggeﬁgthy%ﬁééggfhﬁpé%VgP@Eggﬁﬁfmgﬁ¥bﬁ59¥gb‘C%%R@ﬁ(ﬁ%ﬁgFF
sul phuri sed dirgpeaiceneg sgutphuis sedhékdpeny, toStbk piinb Setloddne The Andeds
adduct s, al kyl §ﬁ%phen‘l.NﬂN-diaéygl dit?hoqarbanppes, tEe ne?ction
product of pdfYant HBL SIS YOI TS ac 6° SEPBFY TR BiobRIA! YelE ér s
of 2, 3- difor onioapaXy SQMALYigs &Cd donA@et ey MBhh¥knRsE LS 0fn Hcldey!
di t hi ocarbam c acid and acyl oxyal kyl ethers of xanthogenic acids and
mi xtures t helBGH. ArpReeRBSPrsB iy hgentler vadofion) mehihalmse prisagple of
(EP) agents LRghaff SmsRb YRR Bnitifle, QidikyiRGliHdesqyl z&thme;ﬂgﬂnmne and
chl orosul phur-contai ning EP agents, chlorinated hydrocarbon EP agents
and phosphor dsbeplaayiEwt s di-eanpledy BenglohinEP dgertedipmalyldene, N,N-
chl ori nat ed " j | phid , ysul-phi cl :

di benzyl di suFphi e @,gaﬁ:'@(%ﬁ"l“ﬁ?%bga%@w“@ﬁ!éu| %ﬁ‘?‘éi‘éf"@?%ﬁ%‘iﬁa‘%“e (dis-

t et rasul Phi de¢rssulquimgei s@d meifhyklhesiher éfphoh@ivanidiced, 3stilrgdnilines edi-

| kyl phenol , _sul phuri.sed di pent “sul phuri sed . and
Sl phor s seci “BsPEoBES AREAbE P pab RO G, SRR e At psmeore

such as the nddcpteanl predupherat phios BARE Y sSUNPRLAEinWhB §IWopeAtHife
or nethyl oleate; 30 hosphoruF esters such as the clihydrocarbon and
trihydrocarbﬁﬁ”ﬂﬁ&§6ﬁ ?E%?“e?ﬁffwd%6ﬁ¥VFmBﬁﬂ§ﬁHﬂﬁ@P“dHh@ﬁFYFEOMN“UQ
phosphi te, dikyslRhexyd vabesphi igse POkl RRaMYks PROSRN dr&ethox yaniline,
di pentyl phenyl phosphite, triclecyl phosphite, distearyl phoSphite
and pol y¥r opptrarniedetitytilisut etycpienysupHosisdi t eaphiiptiapine, and  thienyl-
t hi oczt r bar nafes SHCkhiBSe. ZERS 06k LEhbpcarhanat g, L UM no-
hept vt phonol Gy Garal i “ERPCBl Ut bR A Q8L o
am ne sal ts ofbsalukad amnutidi @nipphpioosphemies doivdsich itne hmdiengitrogar is a

exanple, the amnpe salt of the reaction.

an arQrnalic ring % 3 (?r Odugt O% aqdiale o) ;
5kyl di t hi ophBEpRorT ¢ AERYE WEh ST oyt SRR ET HAC o A HP P AT ey {4BY Sof |
Ot her Addi ti smesoqhi@disd. O hexlsperifi@uggncereadgiohiavies &niebs asu@or hOSsizon
inhibitg%s include those described in paragraphs 5 to 8 of US
Appl i catPon {BOSPYFERILGZRIFT |MEHC P orR b aRe 255COBEHN NRIAP e 8TO4Ad A E5)ET
as named i NVERLCOK S) thO Glarh A8 e ﬁ":‘{, @@g%@y amllQ% g@{ﬁg%ﬂ%@gdd% tﬁé oduet s

of dodecenyl succinic acid or an ride and a fatty acid such as

ol ei ¢ acid vt '@EpolGhei ABINesninehide ditiddnitlphene-semivaivgmamide or
I nhibitors 'ﬁ%%@%réﬂ}@in%ﬁﬁl&)lié?x'petcé?ﬁerrglﬁ‘li9@3 rh@lnhpbtﬁatmeﬁ%g(y@/rn?’la%nc

I6




I ndustrial Application [0112] The polynmer of the invention is
suitable for any lubricant conposi- tion. The polymer may be enployed
as a Vi scosid Yoohdbdo er and/or a di spersant viscosity nP@i‘/fléﬁ 7rde@ob €N
referred to as a DVM. 5[0113] 1 n one enbodi nent the polymner Fﬁg
invention provides at | east one of acceptable viscosity nDdlfylng
per formance, acceptabl e di spersant performance, and acceptabl e soot
and sl udge hafm@7ing. AMirotdhergodtnenined atdeeclhrdantiiponnis asdeclbsedain
engi ne oi l c ion, i1 .t plcaII furth rovi des
ceceptanl e fudlSeldimns ThER bRt el 7Rt el st e oo it hgectes.
10handl i ng. [@éﬂ%}lhma@ﬂ@s erhdinBRE, ﬁﬂf;]@fgﬂb]egcmﬂﬂf@ﬁnﬂ@i’oﬁ;@bﬁ@n(ﬁﬁnné;ﬁe
pol ymer conprises an aromati c_amn ne. i n one enbodi nent for
accept abl e soSlt”néﬁliBe%lWE@E‘P‘I‘?&WPI%Q t‘t*ﬁ’é"&?éwﬁhé‘ﬂ‘lﬁﬁnﬁmﬂ@%’é’ﬁémeb amino-
non- ar omaisi ¢ _giH:akes LabALGHEAMAL 85righed dHbAbEAM b AGhEd AR tﬂmqwe
oil for a 2- s??gkee%r é4a§troke [ lér]r?g [c)olxnybusfl%glrijenll r’len y

oi |, an autonatles amiantm iBeidoroles,| yndaahindbengiolrgioklen thhal bmtn‘rbﬂmemmels
a metal worki ui circulatin | n_one _enbodi t
the internal Qo Just?élﬁmneon]\l eGP he%l?ﬁ “Ope][o{)%uehlté]a‘mé' G§i né™ a RE(-
gasol i ne fuel hi@tdnegtgnpp;3- a(’%nzatmr)pdepglascddmal KyBdmengi nebm&naamﬂbxedOti%

gasol i ne/ al cohol fuelled e In o odi nent the .intern ,
conbust i on endfiCHEE YN E’Egﬂh el %ﬁgéﬂégﬁf‘e VARS; HORRYE Harne 35"3 inter-

enbodi neNy a GasldsneriMeinlgehuangs rl@om{ltﬂ:llﬁbg_hﬁ)ldeﬂt!g n@lr SQIPUS e
engi ne may be a 2-stroke or 4-stroke engine ui tabl e i nternal
conbust i on endlH&§eT nEr R chinciude neHlesds obmgisaeaal Yuichton 25pi st on
engi nes, | ow | oad diesel engines, and autonobil egand truck engines.
[0119] The | ubri cant conposition for_an internal/ conbusti on engi ne
may be suitable for any engi riﬁam, iryespective of the sul phur,
phosphorus or sul phated ash - 84— NE; sul phur cont ent
of the engine oil lubricant Yay_be 1 w %ol legs, or 0.8 w % or
less, or 0.5 w %or less, or 0,3 30 W %gr |ess. The phosphorus
content may be 0.2 wt %or less, or 0.1 W% or |ess, or 0.085 wt %
or less, or eiﬁ%n]stQ]@c Wi 40 Lh@x‘%él’ WhdoR de%’[@" aleeﬁ“@epé?{de\q)tl\pﬁikgﬁ oo
or less. The total sul phated ash content nmay be 2 wt % or |ess,

1.5 28 WO 200591290 8SPUT) US2BOTY 084900y .wir cYbos - ITegselrﬁtaﬂIe R\ argh R}
| ess, or wt | a ) e SS-
[0120] I nl%ne ﬂén%g{? &:5 ! rﬁrthlg %‘ft%%tggém!éno?r%%?? ﬂ%n@ﬁﬁg;égeégé? r?g
wherein the I[0@72]catInngloclmwpmsmtqcoﬁ”hasoa:}(| JndaR S Ul spHTi;, m@ﬂtmmqmﬁml

G 2ol kB R v s VENEC B0 A€ bl iRt g8 8 Rl ReD, RO

enbodi ment t heatktiflr isCBdst IRJu€ B I$20-0043 ] SUSUIHaahlt & TOr4® ArscBbiésok@eor
a 4-stroke marine._diesel internal conbustion engll ne. In one enbodi -
Y

ment the mar iHUNH GYBINCCERBRSPTORAEIYI Y FrynealsYIgheak nEiAgt - araRyic

pol ymer of 1QLB&iih@Y el OitBYcHAddedh & Wk NEsdb&seln U, Patent
| ubricating con;posﬂmn at 0.01 to 20wt % or 0.05 to 10 wt % or
0.1 to 5 wt %gplication 2003/0030033 Al, may also be used for the purposes of this inven-

tion. Suitable aromatic amines include those in which the amine nitrogen is a

substituent on an aromatic carboxyclic compound, that is, the ni‘irogen is nat sp?
hybridized within an aromatic ring.

25 [0073]  The aromatic amine will typically have an N-H group capable of
condensing with the pendant carbonyl containing group. Certain aromatic
amines are commonly used as antioxidants. Of particular importance in that

regard are alkylated diphenylamines such as nonyldiphenylamine and dinon-

17



[0122] I n several enbodinents a suitable lubricating conmposition
conprises additives present on an actives basis in ranges as shown in

Table | a %9§2&Qﬁ§$ JTable | a Enbodi ments (wt % of |Ubég$€£%Pﬂ%”mm

conpos't' on D Unfunctionalised Poly- nmer 0.01-
0.3-30 0.5-20 O her Performance Additives 0-49 0.01-45 0.3-30 1.5-20
G| of Lubricating Viscosity 1-99.99 15-99.89 40-99.4 60-98 WO

2007/ 121039PGTE1gH20040h 04909 thaldxeenk bhat these materials will condense with the
carboxylic functionality of the polymer chain, they are also suitable for use
within the present invention. However, it is believed that the two aromatic
groups attached (o the amine nitrogen may lead to steric hindrance and reduced

5 reactivity. Thus, suitable amines include those having a primary nitrogen atom
(-NH;) or a secondary nitrogen atom in which one of the hydrocarbyl substitu-
ents is a relatively short chain alkyl eroup, e.g., methyl. Among such aromatic
amines are 4-phenylazoaniline, 4-aminodiphenylamine, 2-aminobenzimidazole,
and N,N-dimethylphenylenediamine. Some of these and other aromatic amines

10 may also impart antioxidant performance to the polymers, in addition to disper-
sancy and other properties.
[0074] In one embodiment of the invention, the amine component of the
reaction product further comprises an amine having at least two N-H groups
capable of condensing with the carboxylic functionality of the polymer. This
15 material 15 referred to hereinaller as a “linking amine” as it can be employed to
link together two of the polymers containing the carboxylic acid functionality.
It has been observed that higher molccular weight materials may provide im-
proved performance, and this is one method to increase the material’s molecular
weight. The linking amine can be either an aliphatic amine or an aromatic
20 amine; if it is an aromatic amine, it is considered to be in addition to and a
distinct element from the aromatic amine described above, which typically will
have only one condensable or reactive NH group, in order to avoid excessive
crosslinking of the polymer chains. Examples of such linking amines include
ethylenediamine, phenylenediamine, and 2.4-diaminotoluene; others include
25 propylenediamine, hexamethylenediamine, and other, ®-polymethylene-
diamines. The amount of reactive functionality on such a linking amine can be
reduced, il desired, by reaction with less than a stoichiometric amount of a
blocking material such as a hydrocarbyl-substituted succinic anhydride.
[0075] I[n one embodiment the amine comprises nitrogen-containing com-
30 pounds cuapuable of reacting directly with a polymer backbone. Examples of
suitable amines include N-p-diphenytumine, 4-anilinophenyl methacrylamide, 4-
anilinophenyl maleimide, 4-anilinopheny! itaconamide, acrylate and methacry-
18



Enbodi ments (wt % of |ubricant conposition) A B C D Functionalised
Pol ymer 0.01-25 0.1-20 0.3-10 0.5-5 O her Performance Additives 0-49

0.01-45 0. pthod1aox0 O of Lubricating Viscosity 26- 9?..?852%@7&%0§9
40-99.4 45-98 [0123] The foll owi ng exanpl es provi de an |ﬁ: ustration

of the invention. These exanpl es are non exhaustive and are not

intended to limt the scope of the 5invention. EXAMPLES [0124]As

used herein bédtewdshres sbyr eneydosit adiRAR .600R0! RETN rbasod Wrddlct of p-
aminodiphenylamine or p-alkylaminodiphenylamine with glycidyl methacrylate,
the reaction product of p-aminodiphenylamine with isobutyraldehyde, deriva-
tives of p-hydroxydiphenylamine; derivatives of phenothiazine, vinylogous

derivalives of diphenylamine, or mixtures thereof.

L

[0076]  The nitrogen-containing compound may be directly reacted onte the
polymer backbone by grafting of the amine onto the polymer backbone either (i)
in a solution using a solvent, or (ii) under reactive extrusion conditions in the
presence or absence of solvent, The amine-functional monomer may be grafted
10 onto the polymer backbone in multiple ways. In one embodiment, the grafting
takes place by a thermal process via an "ene" reaction. In one embodiment the
grafting takes place by a Friedel Craflls acylating reaction. In another embodi-
ment the grafting is carried out in solution or solid form through a [ree radical
initiator.  Solution grafting is a well-known method for producing erafted
13 polymers. In such a process, reagents are introduced either neat or as solutions
in appropriate solvents. The desired polymer product must sometimes then be
separated form the reaction solvents and/or impurities by appropriate purifica-
tion steps.
[0077] In one embodiment the nitrogen-containing compound may be di-
20 rectly reacted onto the polymer backbone by free radical catalysed grafting of
the polymer in solvents like benzene, 1-butyl benzene, toluene, xylene, or
hexane. The reaction may be carried out at an elevated temperature in the range
of 100 °C (o 250 °C or 120 °C to 230 °C, or 160 °C to 200 °C, e.g., above 160
°C, in a solvent, such as a mineral lubricating oil solution containing, e.g., I to
25 50, or 5 to 40 wt. %, based on the initial total oil solution of said polymer and
preferably under an inert environment.
(0078} The molecular weight of the functionalised polymer will be corre-
spondingly somewhal higher than the ranges given above for the polymer.
However, the weight average and number weight molecular weights for func-
30 tionalised polymer may be readily estimated on the basis of the amount and

molecular weight of the amine or alcohol.
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group content (prior to hydrogenation) on the butadi ene bl ocks of
between 40 and 65 nole % 10Stvrene- But adi ene Copol ymer

Functi onal Mal ei ¢ Anhydride [0125] A styrene;

copol ymer ‘%lunctl onalised with naleic anhydride is prepaewgggh%@kﬁ%o
process descri bed bel ow. Hydrogenated styrene-butadiene resin ("SBR")
is added to hot (120 C) t-butyl benzene (10 nL/Er.suR) in a flange
flask with a Gr[rqulbhi;dlr(ng]tgbbgg%sket) and equi pped with nitrogen
inlet for E%) nitrogen flow of 470 cn3/mn (or 1 SCFH nitrogen),
over head stl r Q?9JandT § CPTPROSIERN BRIMPIERCH BPioRg T Iy AH@Itin2ab s éy- vng‘Flbél
wat er condens S atur, bNg,

rpm under m't%%ggﬂ“bnu rﬁd%é}%c%gggrs Pﬁ/}igl&gilgg(gﬁ%i}ym%{ggalagug l dq%‘%ﬂd
(in an am)untfl@wEtndbﬂl)eiwﬁbm@frHWJ deretined, i mboependtre oafishbwils |dnd Taishee;
typi caIIy }é\ao} provide 0.4 g grafted onto the pol yner) and
stirred H G rpm) and the mxture is heated to 130C. The addition
funnel is cha[ﬂg&(h} Wi Uhredlin¢d obutoyd dhper exiided ﬁﬂ&eﬁl)nﬂ'bﬁlra nati0 odkynthetic
initiator to maleic anngdr.i de{j i_n.tgu i):/ enzene (2.5 nL/gsaR) and
added dropwi 8T FERAFAHEY USPUET SHGUER) WHhR Wﬂi%@”%ﬂé“%&tl onis
stirred for g06817t hereBnda0irsSard i ARPILOMKE TREEH edORs 70X pOfhcl Matd Bken
sol vent is renoved gradual |y under vacuum over 2 hours at 7 to 95 kPa
(0.07 to 0.95UBhAsr Gratesl ingonemrgnefe Pr3Hie)l AndeRSIB| BATQVE qn§Emmore proper-
tenperat yge. t;E@ePﬁﬁﬁEEthﬁntemlﬁ(ﬁl%exré &&r@ﬁtlﬁgay“a b &L@U&é%‘?ve(lg‘egtﬁlchon
mL/gsim and cool ed i n butanol CO/7 bath (-30 mn t ol uen

sol ution is aededagrdgiblipy, ol gdiade @xtllh@@)n rfétr#talmpclgglpholpalnbﬂhe(hkp 1,
2.5 nmligsrSRy, h i e ultin

precipitate |)[ 2|t]l th?é; 1% eO?]tsvac ﬂ?ﬁ@ﬁ" IQ 1ecl('l:‘%nn‘a’dt I%P"OICFSSM o qnd
vacuum f or at‘mub@uw@@rmhe&saﬂ’sesmirlmeub uhnsbenseviaombmmheﬁi&ﬁ cun;tanld (ﬁ&n

further weight obseryv cific,exanples are prepared b

usi ng the netﬂhofﬁ&g%%% by Hjéac’eébeéﬂ%y %%F'&ISW Wéet”%ﬁmvﬁewvf‘h&rﬂ%%@‘gd%gﬁ‘?
in Tabl et22. khdiH bheikaewh padducisght |y 10 crossli nked pol yner s obt ai ned
from reactl\%]& 35\/0' Vi n h| gh initiator charges. ( ? with a target
graft of 3 03, bevsresiel ’§riﬁ\}’ﬁ?$ g xpm)vovg.l bRcapipinclude animal
MAA: i ni ti at 0611£a&égebabldﬁoﬂmég@lcqit@;beff af,ed ﬁllprﬁnﬁmtm&némﬁ%em&' QWRMst O
dissolve in oil and typically require prol onged m xi ng and/ o

heati ng. Tabliguigl pelpjéaipnpidg pibsxevipicatef Mir bl Ge: (tcrﬁbmenm@!tlubl)lc@agwelﬁt
o (9 SBR oML, TaPhh B Lol A piftarric HaphREhiPpdd o !

Effici ency (9
deuved from coal or shale or mixtures thereof.

[0084]  Synthetic lubricating oils are useful and include hydrocarbon oils
such as polymerised and interpolymerised olefins (e.g., polybutylenes, polypro-
pylenes, propyleneisobutylene copolymers); poly(l-hexenes), poly(l-octenes),
poly(l-decenes), and mixtures thereof; alkyl-benzenes (e.g. dodecylbenzenes,
25 tetradecylbenzenes, dinonylbenzenes, di-(2-ethylhexyl)-benzenes); polyphenyls
(c.g., biphenyls, terphenyls, alkylated polyphenyls); alkylated diphenyl ethers
and alkylated diphenyl sulphides and the derivatives, analogs and homologs
thereot or mixtures thereof.
[0085]  Other synthetic lubricating oils include liquid esters of phosphorus-
30 containing acids (e.g., tricresyl phosphate, trioctyl phosphate, and the diethyl
ester of decane phosphonic acid), and polymeric tetrahydrofurans. Synthetic
oils may be produced by Fischer-Tropsch reactions and typically may be hydroi-
20



3
1
3

( MAA: BPO

PhCdl, 115 0.037 9.18 0.80 18 7 9:1 (MAA:tBu02) Phd,

1
30 0.043 27.42 2.38 48 3 9:1 (MA A'tB u02) tBuPh, 150 0.086 39.56
4

.44 69 4 ZudafMMpdBu02) tBuPh, 150 0.11.7 20.53 1. 793Bys2007/664900
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somerised Fischer-Tropsch hydrocarbons or waxes. In one embodiment oils
may be prepared by a Fischer-Tropsch gas-to-liquid synthetic procedure as well
as other gas-to-liquid oils.

[0086]  Oils of lubricating viscosity may also be defined as specified in the
American Petroleum Institute (API} Base Oil Interchangeubility Guidelines.
The five base oil groups are as follows: Group I (sulphur content >0.03 wt %,
and/or <90 wt % saturates, viscosity index 80-120); Group II (sulphur content
<0.03 wt %, and >90 wt % saturates, viscosity index 80-120); Group 11 (sulphur
content <0.03 wt %, and >90 wt % saturates, viscosity index >120); Group IV
(all polyalphaolefins (PAOs)); and Group V (all others not included in Groups 1,
IL III, or IV}). The oil of lubricating viscosity comprises an API Group I, Group
II, Group T, Group IV, Group V oil or mixtures thereof. Often the oil of
lubricating viscosity is an API1 Group I, Group I, Group III, Group IV il or
mixtures thereof. Alternatively the oil of lubricating viscosity is often an API
Group I, Group I, Group 111 0il or mixtures thereof.

[G087] The lubricant composition may be in the form of a concentrate and/or
a futly formulated lubricant. If the polymer of the present invention is in the
form of a concentrate (which may be combined with additional oil to form, in
whole or in part, a finished lubricant), the ratio of the polymer to the oil of
lubricating viscosily and/or to diluent oil include the ranges of 1:99 to 99:1 by
weight, or 80:20 to 10:90 by weight. '

Other Performance Additives

[0088]  The composition optionally comprises other performance additives.
The other performance additives comprise at least one of metal deactivators,
conventional detergents (detergents preparcd by processes known in the art),
dispersants, viscosity modifiers, friction modifiers, antiwear agents, corrosion
inhibitors, dispersant viscosity modifiers, extreme pressure agents, antiscuffing
agents, antioxidants, foam inhibitors, demulsifiers, pour point depressants, seal
swelling agents and mixtures thercof. Typically, fully-formulated lubricating

oil will contain one or more of these performance additives.



5 3:1 (MAA tBu02) tBuPh, 130 0.080 20.11 1.76 35 6 3:1 (MAA: tBu02)
t BuPh, 130 0.080 18.84 1.65 28 7 91 (MAA'tBu02) PhCl, 130 0.080

43. 96 3. 8%8%[9/191%39( MAA: t BuO2) tBuPh, 130 0.080 13. 61PCT/USZOO7!064900
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Dispersants

[0089]  Dispersants are often known as ashless-type dispersants because,
prior to mixing in a lubricating oil composition, they do not contain ash-forming
metals and they do not normally contribute any ash forming metals when added
to a lubricant and polymeric dispersanls. Ashless type dispersants are character-
ised by a polar group attached to a relatively high molecular weight hydrocar-
bon chain. Typical ashless dispersants include N-substituted fong chain alkenyl
succinimides. Examples of N-substituted long chain alkenyl succinimides
include polyisobutylene succinimide with number average molecular weight of
the polyisobutylene substituent in the range 350 to 5000, or 500 to 3000.
Succinimide dispersanls and their preparation are disclosed, for instance in US
Patent 4,234,435, Succinimide dispersants are typically the imide [ormed [rom
a polyamine, typically a poly(ethyleneamine).

10090] In one embodiment the invention further comprises at least one dis-
persant derived from polyisobutylene succinimide with number average molecular
weight in the range 350 to 5000, or 500 to 3000. The polyisobutylene succinimide
may be used alone or in combination with other dispersants.

[0091] In one embodiment the invention [urther comprises at least one
dispersant derived from polyisobutylene, an amine and zinc oxide to form a
polyisobutylene succinimide complex with zine. The polyisobutylene succinim-
ide complex with zinc may be used alone or in combination.

[0092] Another class of ashless dispersant is Mannich bases. Mannich
dispersants are the reaction products of alkyl phenols with aldehydes (especially
formaldehyde) and amines (especially polyalkylene polyamines). The ulkyl
group typically contains at least 30 carbon atoms.

[0093]  The dispersants may also be post-treated by conventional methods by
a reaction with any of a variety of agents. Among these are boron, urea, thio-
urea, dimercaptothiadiazoles, carbon disulphide, aldehydes, ketones, carboxylic
acids, hydrocarbon-substituled succinic anhydrides, maleic anhydride, nitriles,

epoxides, phosphorus compounds and/or metal compounds.



1.19 40 9 9:1 (MAA tBuO2) tBuPh, 130 0.083 12.06 1.05 35 10 3:1
(MAA: tBu02) tBuith, 130 0.080 29.67 2.59 37 WO

2007/ 12103 7/ 064900 Where tBuO2 is tertiary bu ¥ol=H
%F&Ido%%@% Ed@g%%{i@&%@@

tBuPli is tertiary butyl benzene, PhCl is chlorobenzene,

styrene-but adi ene copol yner, BP0 is benzoyl peroxide, and MAA is

rnal ei c anhydride. Preparative Exanples 11 to 20: Am ne

Functi onal i sedo@eRol yrmer &sperfant @h26k preychenes butadi eme eppsl YNEES % 1o
functionalised with maleic anhydride (prepared fromsolution graftin
of mal ei ¢ anhydrt'd®) oy e fartPrdrr @akvede (o ¢ Wt dh am we% LT’h’g Wt % 0
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15 Antioxidants
[6097]  Antioxidant compounds are known and include for example, sulphur-
ised olefins, diphenylamines, hindered phenols, molybdenum compounds (such
as molybdenum dithiocarbamates), and mixtures thereol. Antioxidant com-
pounds may be used alone or in combination. The anlioxidant may be present in
20 ranges 0 wt % to 20 wt %, or 0.1 wt % to 10 wt %, or | wt % to 5 wt %, of the
tubricaling composition.
[0098]  The hindered phenol antioxidant often contains a secondary butyl
and/or a tertiary butyl group as a sterically hindering group. The phenol group
is often further substituted with a hydrocarbyl group and/or a bridging group
25 linking to a second aromatic group. Examples of suitable hindered phenol
antioxidants include 2,6-di-tert-butylphenol, 4-methyi-2,6-di-tert-butylphenol,
4-ethyl-2,6-di-tert-butylphenol, 4-propyl-2,6-di-tert-butylphenol or 4-butyl-2,6-
di-tert-butylphenol, or 4-dodecyl-2,6-di-tert-butylphenol. In one embodiment
the hindered phenol antioxidant is an ester and may include, e.g., Irganox™ L-
30 135 from Ciba. A more detailed description of suitable ester-containing hin-

dered phenol antioxidant chemistry is found in US Patent 6,559,105.
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Exanple Imdation G| (m% Surfactant (wt% MAA graft (99 TBN TAN 11
ADPA 90 0 0.80 0.37 12 ADPA 90 0 2.38 1.2 0.69 13 ADPA 90 0 1.76

0.50 0.54 &6 25?9?12{%@3 A PCT/US2007/064900

[0099] Suitable examples of molybdenum dithiocarbamates which may be

used as an antioxidant include commercial materials sold under the trade names

such as Molyvan 822™ and Molyvan™ A from R. T. Vanderbilt Co., Lid., and

Adeka Sakura-Lube™ 5-100, S-165 and 5-600 from Asahi Denka Kogyo K. K
5 and mixtures thereof.

Viscosity Modifiers

f0100]  Alithough the polymers of the present invention may serve as viscosity

modifiers, additional viscosity modifiers of other types may also be present. Such
viscosity modifiers are well known materials and include hydrogenated siyrene-

0 butadiene rubbers, ethylene-propylene copolymers, hydrogenated styrene-
isoprene polymers, hydrogenated radical isoprene polymers, poly(meth)acrylates
{often polyalkylmethacryiates), polyalkyl styrenes, polyolefins and esters of
maleic anhydride-styrene copolymers, or mixtures thereof. Such additional
viscosity modifiers may be present in ranges including 0 wt % to 15 wi %, or

I5 0.l wt%to 10wt % or | wt % to 35 wt % of the fubricaling composition.
Antiwear Agents

[0101]  The lubricunt composition optionally further comprises at least one

other antiwecar agent. The antiwear agent may be present in ranges including 0
wt % to 15 wt %, or 0.1 wt % to 10 wt % or 1 wt % to 8 wt % of the lubricating
20 composition. Examples of suitable antiwear agents include phosphate esters,
sulphurised olefins, sulphur-containing ashless anti-wear additives are metal
dihydrocarbyldithiophosphates {such as zinc dialkyldithiophosphates), thiocur-
bamate-containing compounds, such as thiocarbamate esters, thiocarbamate
amides, thiocarbamic ethers, alkylene-coupled thiocarbamates, and bis(S-
25 alkyldithiocarbamyl) disulphides.
[0102]  The dithiocarbamate-containing compounds may be prepared by
reacting a dithiocarbamate acid or salt with an unsaturated compound. The
dithiocarbamate containing compounds may also be prepared by simultaneously
reacting an amine, carbon disulphide and an unsaturated compound. Generally,
30  the reaction occurs at a temperature of 25 °C 10125 °C. US Patents 4,758,362

and 4,997,969 describe dithiocarbamate compounds and methods of making them.
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(1:1) 90 0 1.65 0.38 2.14 15 ADPA 90 0 1.19 0 0.34 16 ADPA 89.1 1
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[0103]  Examples of suitable olefins that may be sulphurised to form an the
sulphurised olefin include propylene, butylene, isobutylene, pentene, hexane,
heptene, octane, nonene, decene, undecene, dodecene, undecyl, tridecene,
tetradecene, pentadecene, hexadecene, heptadecene, octadecene, octadecenene,
nonodecene, eicosene or mixtures thereof. In one embodiment, hexadecene,
heptadecene, octadecene, octadecencne, nonodecene, ejcosens or mixtures
thereof and their dimers, trimers and tetramers are especially useful olelins.
Alternatively, the olefin may be a Diels-Alder adduct of a diene such as
I,3-butadiene and an unsaturated ester, such as, butylacrylate.

[6104] Another class of sulphurised olefin includes fatty acids and their
esters. The fatty acids are often obtained from vegetable oil or animal oil; and
typically contain 4 to 22 carbon atoms. Examples of suitable fatty acids and
their esters include triglycerides, oleic acid, linoleic acid, palmitoleic acid or
mixtures thereof. Often, the falty acids are obtained from lard oil, tall oil,
peanut oil, soybean oil, cottonseed oil, sunflower seed oil or mixtures thereof.
In one embodiment fatty acids and/or ester are mixed with olefins.

[0105] In an alternative embodiment, the ashless antiwear agent may be a
monoesler of a polyol and an aliphatic carboxylic ucid, often an acid containing
12 to 24 carbon atoms. Often the monoester of a polyol and an aliphatic car-
boxylic acid is in the form of a mixture with a sunflower oil or the like, which
may be present in the [riclion modifier mixture include 5 to 95, or in other
cmbodiments 10 to 90, or 20 to 85, or 20 to 80 weight percent of said mixture.
The aliphatic carboxylic acids (especially a monocarboxylic acid) which form
the esters are those acids typically containing 12 to 24 or 14 to 20 carbon atoms.
Examples of carboxylic acids include dodecanoic acid, stearic acid, lauric acid,
behenic acid, and oleic acid.

[0106] Polyols include diols, triols, and alcohols with higher numbers of
alcoholic OH groups. Polyhydric alcohols include ethylene glycols, including
di-, tri- and tetraethylene glycols; propylene glycols, including di-, tri- and
tetrapropylene glycols; glycerol; butane diol; hexane diol; sorbitol; arabitol:

mannitol; sucrose; fructose; glucose; cyclohexane diol; erythritol; and pentae-
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3.57 19 ADPA 89 1 2.59 0.55 3.19 20 ADPA 90 0 5.0 Where ADPA is
4-am nod phenylamt e; DO3 is disperse orange-3. Rheolog.y Test

[0127] A S§l npl es prepared above are eval uated 1,0, 01 |
5 rheol ogy lE)est BLF??: sanpl es are anal ysed using the ongf’iUg%GﬁJgﬁGh%o

theol ogy test with a TA Instrunents ARS500TM rheoneter in oscillation
node. The test geonetry is a 40 mmflat top plate, and the sanple is
pl aced directdyyhronkpiddielifig ai- mar irglhactyelimper. atQneg melgdlwil ipldadtByiede
t he rheoneter | es aro?hgre sheared for 30 seconds at a shear

T
stress of 0.CH¥° e““tg“g HEHE & A rycespl SRRl BEn pelydiisolyr dipesfacryibyitol.

basel i ne sheguif7ist oryre dbRmeaAmIyes, 8681 3hbed: kR eauk k bi%é\fo@ mdPboo
m nut es before the oscillation test is initiated. The sanples are

equi | i brat ed [£¢¢” & Peliavrero inghideud® b pevser [é/at’!ﬁic'bbﬁbéTeth@rféccdtbéptieS
Sanpl e eval uaetlﬂ/ccépol' lﬁotpcﬂf £RL, “ﬁ&hg‘%hh 33 1 ?%F&:ﬁ C!%Y\@l%ﬁ)ec& e,%hgef% s &an
é range o to

constant strain of 0.06, covering thet era _
150 Cwith ne’iaswcen‘relmm@dtfaklethomc autlot"ahz mﬁoﬁiﬂs PO ittt mon@stars dekbrilbdale

el astic, or s e ' inT i
Rheol ogy Handtbg( 9 EI'{;:'H ateéb.lsi\t;gzonetfe (IC{(tht é%f %ﬁ({jﬁpogﬁt (ia 011550 monocstei
Publ i shed by pw:sme]mtmy sB&OﬁnxthﬁBN 3-87870-745-2, p. 117. Cenerally,
better results are obt ai ned for sanples with a Iovver G value. The

dat a obt ai nedE¢ in Table 4. WD

2007/ 121089PH1 08520070 RS0 Takhfosflidnr BRArALd ¥eniExaiPLg:istuadly Radne

(WM % Peak Tenp AG G mIx)
Antiscuflfing agent compounds are believed to decrease adhesive wear are often

sulphur-containing compounds. Typically the sulphur-containing compounds
include organic sulphides and polysulphides, such as dibenzyldisulphide, bis--
(chlorobenzyl) disulphide, dibutyl tetrasulphide, di-tertiary butyl polysulphide,
15 sulphurised methyl ester of oleic acid, sulphurised alkylphenol, sulphurised
dipentene, sulphurised terpene, sulphurised Diels-Alder adducts, alkyl sulphenyl
N'N-dialky] dithiocarbamates, the reaction product of polyamines with poly-
basic acid esters, chlorobutyl esters of 2,3-dibromopropoxyisobutyric acid,
acetoxymethyl esters of dialky!l dithiocarbamic acid and acyloxyalkyl ethers of
20 xanthogenic acids and mixtures thereof.

Extreme Pressure Agents

[0109] Extreme Pressure (EP) agents that are soluble in the oil include
sulphur- and chlorosulphur-containing EP agents, chlorinated hydrocarbon EP
agents and phosphorus EP agents. Examples of such EP agents include chlorin-
25 ated wax; organic sulphides and polysulphides such as dibenzyldisulphide, bis—
(chlorobenzyl) disulphide, dibutyl tetrasulphide, sulphurised methyl ester of
oleic acid, sulphurised alkylphenol, sulphurised dipentene, sulphurised terpene,
and sulphurised Diels-Alder adducts; phosphosulphurised hydrocarbons such as
the reaction product of phosphorus sulphide with turpentine or methyl oleate;
30 phosphorus esters such as the dihydrocarbon and trihydrocarbon phosphites,
e.g., dibutyl phosphite, diheptyl phosphite, dicyclohexyl phosphite, pentyl-
phenyl phosphite; dipentylphenyl phosphite, tridecyl phosphite, distearyl
26



(Pa) G Ratio AG Ratio Drain Gl 0.00 100.7 3.31 3.76 1.00 1.00 11
0.50 119.7 1.55 2.15 0.57 0.47 13 0.50 89.3 3.99 4.53 0.91 0.89 13 1

108.3 0. 41 o 9R7R210% 0- 09 16 PCT/US2007/064900
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phosphite and polypropylene substituted phenol phosphite; metal thiocarbamates
such as zinc dioctyldithiocarbamate and barium heptylphenol diacid; the zinc
salts of a phosphorodithioic acid; amine salts of alkyl and dialkylphosphoric
acids, including, for example, the amine salt of the rcaction product of a dial-
kyldithiophosphoric acid with propylene oxide; and mixtures thereof.

Other Additives

[0110}  Other performance additives such us corrosion inhibitors include

those described in paragraphs 5 to 8§ of US Application US05/038319 (filed on
October 25, 2004 McAtee and Boyer as named inventors), octylamine octanoate,
condensation producty of dodecenyl succinic acid or anhydride and a fatty acid
such as oleic acid with a polyamine. In one embodiment the corrosion inhibi-
tors include the Synalox® corrosion inhibitor. The Synalox corrosion inhibitor
is typically a homopolymer or copolymer of propylene oxide. The Synalox®
corrosion inhibitor is described in more detail in a product brochure with Form
No. 118-01453-0702 AMS, published by The Dow Chemical Company. The
product brochure is entitled “SYNALOX Lubricants, High-Performance Poly-
glycols for Demanding Applications.”

[0111]  Metal deactivators including derivatives of benzotriazoles, dimercap-
tothiadiazole derivatives, 1,2,4-triazoles, benzimidazoles, 2-alkyldithiobenz-
imidazoles, or 2-aikyldithiobenzothiazoles; foam inhibiters including copoly-
mers of ethyl acrylate and 2-ethylhexylacrylate and optionally vinyl acelale;
demulsifiers including trialkyl phosphates, polyethylene glycols, polyethylene
oxides, polypropylene oxides and (ethylene oxide-propylene oxide} polymers:
pour point depressanis including esters of maleic anhydride-styrene, polyme-
thacrylates, polyacrylates or polyacrylamides; and [riction modifiers including
fatty acid derivatives such as amines, esters, epoxides, fatty imidazolines,
condensation products of carboxylic acids and polyalkylene-polyamines and
amine salts of alkylphosphoric acids may also be used in the lubricant composi-
tion. Friction modifiers may be present in ranges including 0 wt % to 10 wt %

or 0.1 wit % to 8 wt % orl wt% to5 wt % of the lubricating composition.



0.50 55.2 0.22 1.50 0.40 0.07 16 1 100.7 0.79 1.53 0.31 0.17 20 1 n/a
-0 1.51 0.30 0O Were Gn,c) refers to the nmeasurenent of

t he peak hi bited by the sanple during the t

sweep rhe(ﬁvg\gé?/dﬁei?(%}ggr(i ment; 5AG refers to the neasurengg?/%gﬁ’w%g%o
hei ght of the G peak obtained during the tenperature sweep rheol ogy,
by subtracting the G value of the mnimumprior to the peak fromthe
&max val ue; [pdustrial Appl@atib@ti o refers to a ratio of the G max of a
candi date species to that of the equivalent reference oil to provide
a normal i sed [#d8&lur eTof peplyange tof dbe inyerigru st SBbIroisuiapy upricaghgomposi-
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t he

ance, and acceptabie soot and sludge handling.  When the polymer of the
invention is used in an cngine oil lubricant composition, it typically further
provides acceptable fuel economy performance or acceptable scot and sludge

10 handling.

[0114] In one embodiment for fuel ecoromy performance, the polymer
COMprises an aromatic amine.

[0115] In one embodiment for acceptable soot and sludge handling the
polymer comprises a non-aromatic amine.

15 [0116] Examples of a lubricant include an engine oil for a 2-stroke or a
4-stroke internal combustion engine, a gear oil, an automatic transmission oil, a
hydraulic fluid, a turbine oil, a metal working fluid or a circulating oil.

[0117] In one embodiment the internal combustion engine may be a diesel
fuelled engine, a gasoline fuelled engine, a natural gas fuelled engine or a mixed

20 gasoline/alcohol fuelled engine. In one embodiment the internal combustion
engine is a diesel fuelled engine and in another embodiment a gasoline fuelled
engine.

[0118]  The internal combustion engine may be a 2-stroke or 4-stroke engine.
Suitable internal combustion engines include marine diesel engines, aviation

piston engines, low-load diesel engines, and automobile and truck engines.

]
Ln

[0119] The lubricant composition for an internal combustion engine may be
suitable for any engine lubricant irrespective of the sulphur, phosphorus or
sulphated ash (ASTM D-874) content. The sulphur content of the engine oil
lubricant may be | wt % or less, or 0.8 wt % or less, or 0.5 wt % or less, or 0.3
30 wt 9% or less. The phosphorus content may be 0.2 wt % or less, or 0.1 wt % or
less, or 0.085 wt % or less, or even 0.06 wt % or less, 0.055 wt % or less, or
0.05 wt % or less. The total sulphated ash content may be 2 wt % or less, or 1.5

28



pol ymer of the invention reduces soot structure build-up relative to
untreated drain oil. 90Lubricating Conpositions [0130] The

| ubricatin his ons contain a viscosity nodifier ( LoREyRYeeh he
pr esent in\%(%?{ag/gﬁ(l%}rg a reference conparative exanple (oﬁg—{t‘/lbphﬁ _’&_9
copolynmer)) and an additive package. An additive package cont ai ning
detergents, dispers- ants, zinc di alkyldithiophosphates,

anti oxi dants, ‘potropeimbr ddpwe¥sanicss. of it fhoor [edDor 0.8 wt % or less, or 0.5

2007/ 121039PCT{ 52007/ 064900 nodifiers, corrosion inhibitors, and
conpat abi | i sers i's added to lubricant formulations in Table 5. Table

5 Lubri cat i[ag20Jonplasbhd e@rtholiitber¥)the ChbridaXink &drdp dsiRonCiS3 ufX@gfdeebiln
copol yner (10 %.in b se_ollg 4.0 8.5 7.3 Styrene Butadiene co-
pol ymer (10 ngql‘ﬁﬂﬁg‘g 11361icp§1n goyposition has a (i) a sulphur content of 0.5 wt % or

5 less, (ii) a phosphorus content of 0.1 wt % or less, and (iii) a sulphated ash
content of 1.5 wt % or less.
[0121]  In one embodiment the lubricaling composition is suitable for a 2-
stroke or a 4-stroke marine diesel internal combuslion engine. In one embodi-
ment the marine diesel combustion enginc is a 2-stroke engine. The polymer of
[0 the invention may be added to a marine diesel lubricating composition at 0.01 to
20 Wt %, or 0.05to 10 wt %, or 0.1 to 5 wt %.
[0122]  In several embodiments a suitable lubricating composition comprises

additives present on an actives basis in ranges as shown in Table la and 1b.

15 Table la

Embodiments
(wt % of lubricant composition)
A B C D
Unfunctionalised Poly- | 0.01-30 0.1-40 (0.3-30 [ 0.5-20

mer

Other Perfoirmance 0-49 $.01-45 0.3-30 1.5-20
Additives

Oil of Lubricating 1-99.99 1+ [5-99.89 | 40-99.4 | 60-98

Viscosity




14.5 14.0 O of lubricating viscos- ity (base oil 1) 40.4 40.9 46.2
41.0 47.4 37.6 G| of lubricating viscos- ity (base oil 2) 44.3 49

2&0@5),3383?@%&532@890 6180 Lubricating Conposition - 6‘8’?{'{3&05%&'493 ta

Table Ib
Embodiments
(wt % of lubricant composition)
A B C D
Functionalised 0.01-25 0.1-20 0.3-10 {0.5-5
Polymer
Other Performance 0-49 0.01-45 | 0.3-30 | 1.5-20
Additives
Oil of Lubricating | 26-99.99 | 35-99.89 | 40-99.4 | 45-98
Viscosity

[0123] The following examples provide an illustration of the invention.
These examples are non exhaustive and are not intended to limit the scope of the
5 invention.
EXAMPLES

[0124]

group content (prior to hydrogenation) on the butadiene blocks of between 40

As usced herein below the styrene-butadiene copolymer has a vinyl

and 65 mole %.
10 Styrenc-Butadiene Copolymer Functionalised with Maleic Anhydride
[0125]
is prepared by the process described below.

resin (“SBR”) is added to hot (120 °C) t-butylbenzene (10 mL/gsgr) in a flange

A styrene-butadiene copolymer functionalised with maleic anhydride

Hydrogenated styrene-butadiene

flask with a S-neck ld (with gasket) and equipped with nitrogen inlet for a
15 nitrogen flow of 470 cm¥/min (or | SCFH nitrogen), overhead stirrer and stirrer
guide, dropping funnel, double walled water condenser and immersion tempera-
ture probe with stirring (50 rpm) under nitrogen until dissolved. Maleic anhy-
dride is then added (in an amount suitable lo provide the incorporation shown in
Table 2; typically 1 g will provide 0.4 g grafted onto the polymer) and stirred
20 (400 rpm) and the mixture is heated to 130°C. The addition funnel is charged
with di(t-butyl)peroxide (1:3 molar ratio of initiator to maleic anhydride) in t-
butylbenzene (2.5 ml./gspr) and added dropwise to the hot solution over 60

minules. The reaction is stirred for a further 3 hours and approximately 65-70%
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5540 5650 5730 KV100 9.21 8.92
3.28 3.56 Phosphorus IN (ppm) 77 770 770 770 770 750 Sul phur'

12.97 10.79 13.7 HTHS 9.90 9.89 3.55
-1 (9

0.99 0.99 Qy§PoInAgsP- 99 0.91 Sul phated Ash Content’ H Lk ;7064900

of initial solvent is removed gradually under vacuum over 2 hours at 7 to 95 kPa
(0.07 to 0.95 bar or 2-28” Hg at 130°C) and cooled to room temperature. The
reaction mixture is treated with t(oluene (1.25 ml/gsgr) and cooled in butanol-
CO; bath (=30 min). The toluene solution is added gradually to cold (-40°C)
methanol:isopropanol (1:1, 2.5 mL/ggpg) with constant stirring and the resulting
white precipitate is filtered under vacuum and dried on the filter under vacuum
for 2 hours. Samples are dried under vacuum at 50°C until no further weight
foss is observed. Specific examples are prepared by using the method described
above in combination with the data shown in Table 2. It is noted that lightly
crosslinked polymers obtained from reactions involving high initiator charges
(e.g. with a target graft of 3 wt % to 5 wt % maleic anhydride (MAA) with 1:2
MAA:initiator ratio) in initial laboratory preparations are slower to dissolve in

oil and typically require prolonged mixing and/or heating.

Table 2
ey W K] v o) IV

C) | g/l [KOWe)| gpp [ oy
1 (MA;?:}BPO) PhCL, 115[0.037| 9.18 | 0.80 | 18
2 (MAAz;:tIBuoz) PhCl, 130[0.043] 27.42 | 238 | 48
3 | ova f::L%BuOZ) B No.0ss| 39.56 | 3.44 | 60
4 (MAAZ:}IBL]OD ”31‘;13" 0.117 2053 | 1.79 | 36
S | ia :;:dsuoz) BuP Jo.oso| 2001 | 176 | 35
6 (MApi:tiBuoz) *Bl‘;%h‘ 0.080| 18.84 | 1.65 | 28
7 (MAP?::&BUOZ) PhCI, 130]0.080] 43.96 | 3.84 | 64
8 (MA:’::JBUOQ) tBI‘;%h’ 0.080] 13.61 | 1.19 | 40
9 (MAAE::t!Buoz) tBlL;I;h’ 0.083] 12.06 | 1.05 | 35
10 | va AB::tlBL:02) Ut Jo.0s0[ 20.67 | 2.59 | 37
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0.78 0.78 0.78 0.78 0.78 0.76 T.131\11h1 7.0 7.0 7.0 7.0 7.0 6.8
5Where the superscript TH represents theoretical values for _
phosphor u content; and CE1l, CE2 and CE3 a ve
Exanpl es iwﬁggqgﬁ?@gpect fully. KV100 is Kinematic Vi scoég?&g%‘ﬁgﬁ%ﬁﬁc
HTHS is high tenperature high shear measurenment as determ ned by

CEC- L- 36-A-90; and CCS is cold crank sinulator viscosity, in

centi poi se. 10Mest tHLIOZCEGeJI.tmaﬂ.buAyBIFelogﬁé?xB]uEh?sh tciﬂ@ﬂ%@a%[}tl bfeﬂidﬁg:vlg%@élzﬂs
of co aratlve ex exanple 1 are bo ested in an

engi nremt est . EE?C”BT g@gdw@n% ~leidignesqopabaness BPS) i@ bsneos geraxide,
ACEA (Europeamnm,agfgmhh)@lcl\{ﬁqlﬂya@@ urers Association) oil sequences.
The results obtained are present ed in Table 6. .V\D

2007/ 121039PCHeRY2857 Easnoles 1 Tanke& 4 agiie Remaisr enent s

Engi ne OMBOZAAGEA C§t)J1éer ﬁtﬁam‘?ezgolﬁﬂ'yrlyggzt?né;on%éed with maleic anhydride

(prepared from solution grafting of maleic anhydride) may be further reacted

with an amine. The process for preparing un amine-functionalised polymer is
described below. Hydrogenated SBR-g-MAA is added to base oil (e.g., Nex-
base™ 3050) (89 wt%) heated to [50°C in a flange flask/five neck lid and
10 gasket, [itted with nitrogen inlet (470 ¢cm*/min, 1 SCFH nitrogen, non subsur-
face), overhead stirrer, stirrer guide and immersion temperature probe. The
polymer-oil solution is heated for minimum 2.5 hours. 4-aminodiphenylamine
(ADPA, 1:1, C=0O:N) and an amphoteric surfactant (1 wt%) as a slurry in
toluene are added over a period of 5 minutes and stirred for a minimum of 18
15 hours. The vessel is fitted with immersion addition tube and DMAPA (di-
methylaminopropyl amine) (1:0.15, C=0:N} in toluene are then added and
before stirring for 2 hours. The vessel is equipped for vacuum distillation, and
volatife components are distilled at 160 °C and 95 kPa (0.95 bar or 28”7 Hg).
The resultant viscous oil/gel is cooled to 100°C and transferred whilst hot.
20 Specific Examples are prepared by using the process described above and the
information contained in Table 3. In some instances polymers with a higher

than expected residual acid/anhydride have poorer oil solubility.



EX | Average Cam Wear (him <45 < 45 < 45 54.8 3.7 KV40 Increase (%
< 70 <70 <60 51.9 45.6 Cylinder War (1.1m < 15 < 15 <15 9.3 7,8
Bore Poli S'%(B‘%o@/%mﬁ 4.5 < 4.5<3.01.0 1.6 Piston Ner%é'rmﬁeg’ﬂecfgo%

10

L5

Table 3

Preparative o Oil [Surfactantyy MAA | .

Example | T 90D ool (wid) laraft (o) 1o | TAN
11 ADPA_| 90 0 080 | - | 037
12 ADPA | 90 0 238 | 12 | 0.69
13 ADPA | 90 0 (76 | 0.50 | 0.54
14 Doiﬁ?m 90 0 .65 | 038 | 2.14
15 ADPA | 90 0 119 | 0 | 034
06 ADPA_ |80.1] 1 105 | 0 | 2.60
17 DO3 | 90 0 105 | 05 | 0.92
I8 DO3 | 891 1 105 | 1.62] 3.57
19 ADPA | 89 i 259 | 0.55 | 3.19
20 ADPA | 90 G 5.0

Where ADPA is 4-aminodiphenylamine; DO3 is disperse orange-3.

Rheology Test

[0127] A series of samples prepared above are evaluated in a drain oil
rheology test. The sumples are analysed using the oscillation rheology test with
a TA Instruments ARS00™ rheometer in oscillation mode. The test geomelry is
a 40 mm flat top plate, and the sample is placed directly onto the flat variable
temperature peltier plate of the rheometer. The samples are pre-sheared for 30
seconds at a shear stress of (L0800 Pa to ensure that all samples have a similar
bascline shear history. The samples are allowed lo equilibrate for 5 minutes
before the oscillation test is initiated. The samples are equilibrated for a further
1 minute between each temperature step. Sample evaluation is performed with a
temperature sweep test at a constant strain of 0.06, covering the temperature
range of 40 °C to 150 °C with meuasurements taken at a total of 30 points. G’ is
the elastic, or storage modulus, and is defined in more detail in The Rheology
Handbook, Thomas G. Mezger (edited by Ulrich Zoll), Published by Vincentz, 2002,
[SBN 3-87870-745-2, p. 117. Generally, better results are obtained for samples

with a lower G’ value. The data obtained is presented in Table 4,



99.6 99.5 Sludge nerit > 8.9 >9.0 9.0 9.4 Were M229.31 and
VB229. 51 are Mercedes Benz specifications. [0132] The results of the

OM602A engj | ndi cate that the inclusion of the he

i nventi on%ﬁ?g&@%oa%ri cating composition provides the %gh%%gt{ﬂg/ﬁ%%&e
with a | ower average cam wear result and inprovenents in soot, sludge
and deposit control. Test 2: Vol kswagon TDi Engi ne Test

[ 0133] Conpar ati ve Exarrpl e 2 and Exarrpllelb?e are both evaluated in a 10

Vol kswagenTM TDi ﬁj B\ 4 AED

- (ﬁl. Pl occeyuur © | UI | OWS l. IIU FVIAOSZ d Id
%FCJ:I I(gaI7I8yT| t99| gELn \?\‘/ﬁmﬂ’ ;T&cgut T b éﬁCEACb(MH)S( @q&ﬁgs. -
|\’¥tc Ledy st on—cleanlin he

(S

[

[ Ratia
| ubricati ng conpesi-ti-en 'D%.L Hn—-educed -
resul ts obtained_fRrai ¥l 1 dst0-80 e | P8Jenfed || n374nl & 7..00 wg 1:00
2007/ 121039PCT/ UUS20071064900 Orabl ¢ 129.7 JACBA {C323pec| fi®aTi gn0.47
Requi renents CE2 EX2 |Ri ston @ sanligess| §deriit)s3 61 6BoAverage Ri ng

cl! Ei \"Cl

Q)

“ro%]a ITegnpt N oulia)of | pol'y

q

Stick for 8 rings(ASR) < 179 0 01983 0.4t | 096 0.19 | 0.09
16 050 | 552 022 1.50 0.40 | 0.07
16 1 1007 | 0.79 | 1.53 031 | 0.17
20 1 n/a ~0 1.51 .30 0
Where

G'(max) refers to the measurement of the peak G’ value exhibited by the
sample during the temperaiure sweep rheology experiment;

5 AG' refers to the measurement of the height of the G’ peak obtained during
the temperature sweep rheology, by subtracting the G’ value of the minimum priot to
the peak from the G’ gy value;

G’ ratio refers to a ratio of the G’ mx of a candidate species to that of the
equivalent reference oil to provide a normalised measure of reduction in structure
10 build-up; and
AG' Ratio refers to the change in AG’ between candidate and the equivalent
reference oil.
[0128] A representative sooted drain oil value has been included as a base-
line. The sooted drain oil is analysed prior to each sample to allow G’ ratio
L5 calculation (ratio of sooted drain oil and sooted oil containing DVM G’ {Max)
ratio).
[0129]  The results obtained lor the rheology screen test indicate that the
polymer of the invention reduces soot structure build-up relative to untreated
drain atl.

20 Lubricating Compositions

[0130]  The lubricating compositions contain a viscosity modifier (defined by
the present invention or a reference comparative example (olefin copolymer))
and an additive package. An additive package containing detergents, dispers-

ants, zinc dialkyldithiophosphates, antioxidants, pour point depressants, friction
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Maxi mum Ring Stick ring 1 (ASP) < 7,5 0 0 Maximum Stick ring 2 (AS F)
< 0.0 00 [0134]The results denonstrate that the polyner of the

i nvention RRy,JR¢;Agded into a lubricating conposition %CﬁUﬂﬂ%ﬁ%@n
% wi t hout having a detrinental affect on piston cleanliness. Test 3:
Peuf f eot DV4 Engi ne Test [0135]Conparative Exanple 3 and Exanple 3
are run in the Peugeot DV4 as per procedure CEC L-093 and the ACEA

oi | sequences mdtigers esutdstonabhiditnsdaat eorppaseniedis Aiddam RbBicakGormu-
Tabl e 8 Engi ne, Peugfé:pt (%V4 ACEA C3 limts CE3 EX3 Absolute viscosity
i ncrease ( cSt3lioBs§TIaRlgo4 3.37 [0136] The results indicate that the

pol ynmer of the invention in a |ubricatirpge 5 conposi tion has
acceptabl e soot control and causes.a lower soot related viscoslbity

i ncrease thap_a conparative exanpl e. TeskubticappgélonQokigion§ 018%) A

series of lubricating conpositionsCEExanpE&s 4| aA#25;| ani2 ConEE3 | EX3

parative Exappllgs doptodyrBr (abevtfir eparted by bl endi 18gs a |pol yner arxd -
ot her per- in base oil)

Styrene Butadiene co- - 6.0 - 14.5 14.0
polymer (10 wt% in base
oil)

Oil of lubricating viscos- 40.4 40.9 46.2 41.0 474 1 37.6
ity {(base oil 1)

Oil of lubricating viscos- 44.3 42 34.0 333 340 | 37.6
ity (buse 0il 2)

Fubricating Composition - Analytical Data

CCS @ -30°C 5670 5200 6180 | 5540 | 5650 | 5730

KV 100 9.21 8.92 1297 | 10.79 | 13.7

HTHS 2.90 2.82 3.55 | 3.28 | 3.56

Phosphorus' " (ppm) 77 770 770 770 770 | 750

Sulphur'™ (%) 0.22 0.22 0.22 0.22 | 0.22 [ 0.21

Sulphated Ash Content’™” | 0.78 0.78 0.78 0.78 | 0.78 | 0.76
{wi %)

TBN™ 7.0 7.0 7.0 7.0 7.0 6.8

5 Where the superscript " represents theoretical values for phosphorus and
sulphur content; and CEl, CE2 and CE3 are comparative Examples | to 3
respectfully. KVI100 is Kinematic Viscosity at 100 °C; HTHS is high tempera-
ture high shear measurement as dctermined by CEC-L-36-A-90; and CCS is
cold crank simulator viscosity, in centipoise.

[0 Testl: CEC-1-51-A-98

[0131] The lubricant formulations of comparative example [ and example 1

are both tested in an OMGO02A engine test. The test procedure is CEC-L-51-A-
98 as laid out for the ACEA (European Automobile Manufacturers Association)

oil sequences. The results obtained are presented in Table 6.
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formance additives into an oi

of

| ubricating viscosity. The

di fference between 70 the Exanpl es and Conparative Exanples are (i)

t he viscogk&gmHH

sul phat ed ash co

o

ent.

have an ol efin copol yner viscosity nodifer;

gfr polymer and (ii) the sul phur, p
Conparative Exanples 4 and 7 (

AR

Conpar ati ve Exanples 5

and 8 (CE5 and CE8) have a conventional styrene-isoprene polyner; and
Exanples 4 and 5 (EX4 and EX5) have a -sfyJene-butadiene WO
2007/ 121039PCT/ US2007/ 064900 pol yner a§_a%§ined by the invention. The
'Low SAPS Engine O |' has|a pHgeplionis Rentemtenof 0.1 wt % or [l ess, a
sul phur _cont &Rl O ORié0 W | ROEAICSST BG83 FU IBgheY | aSTT GopTent gy
1.5 wt %or [ ess. The "H gh SARS Engi ne Cir' as the {sul phur,
phosphorus a , ted db'n<k,, nt-efnt u&‘ regter_—than 03w —9%
greater 5than , %ﬂan greater than4%.5 w @6Tespec#wg%ly 37
[ 0138] The | ub+4 "éﬁgcnpostiﬁfns are—test-ad—iH & Panel—Coket—heagted
to 325 (t, SUiE°t epperat-ur e ofiﬁ?(; and® & splas Aishke cyéP
of 45s/ 45s. |The n(ﬁ? low i's 350 M /mn —withia-spindle Qpppd 0f...1000
rpm and t he |t &stindaisVea o 4<HSurs| The!T esul t < 6bt ail ned”dr e 7.8
presented in.Tabl®M. 10 Table 9 |H gh SAP$ Engine Q1 Low SAPS
Engi ne oi|l [CBOrERAiGER CE7 £X5 CEB depbsityg (mp.062;7 5007 62.3 136
31.1 35 ratijng 29(®89 96
Piston Merit - > 24 =26 22.6 29.5
Sludge merit - >8.9 = 9.0 9.0 9.4
Where MB229.31 and MB229.51 are Mercedes Benz specifications.
[0132]  The results of the OMG02A engine test indicate that the inclusion of
5 the polymer of the invention into a lubricating composition provides the compo-
sition with a lower average cam wear result and improvements in soot, sludge
and deposit control.
Test 2; Volkswagon TDi Enging Test
[0133] Comparative Example 2 and Example 2 are both evaluated in a
10 Volkswagen™ TDi engine. The test procedure follows the PV1452 and CEC L-

78-T-99 methods as laid out in the ACEA oil sequences. Typically it is known

that increasing the amount of polymer in a lubricating composition resuits in

reduced piston cleanliness. The results obtained for the test are presented in

Table 7.
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30 43 35 [0139] The results obtained indicate that the polyner of the
I nvention in | ubricating conpositions wth different |evels of
have i npro | h@h tern-15perature deposit control c '

t he Conpar\gf(?%/dg%g}g%pl es. Test 5. ASTM D5293 [0140] Exaﬁ%ﬁggzg&é%m
Conparative Exanple 8 are 5W30 lubricating com positions and are
eval uated using the test nethod D5293. Both exanples contain 8.1 wt %
of a performance package (containing difgper;sants, antioxi dants,
detergents and antiwear agents) and 0.2 Wi % of a pour poin
depressant. The test determ nes the AoWAtEhPeacadiutionvi scbiet rikE¥2
Typically better results are obtained f8eqeamines with a | oyer val e
for CCS at -30|@istdbhe&leadiubisgMbitpiined are presented |fi nslTablle 8. WO
2007/ 121039PCTIUR20071 864980 Tabte T10—CESEX6Cefin—copofyn 10
w % in base oil ﬁeglﬁé?nisé%{x%gikeﬁégt adi ene c%ﬁg{\yrrer (1Owt % i b;dse

i hoAil 4 Z.Rada ~il 2 10 N0 10 0 1lCCS At 200 A8
S 2 O B o Ring Stk rine o O Py o o-9Oegat—3a54495
i (ASF)
Maximum Stick ring 2 <0.0 0 0
(ASF)

[0134]  The results demonstrate that the polymer of the invention may be

added into a tubricating composition at a higher wt % without having a detri-

5 mental affect on piston cleanliness.
Test 3: Peugeot DV4 Engine Test
[0135] Comparative Example 3 and Example 3 are run in the Peugeot DV4
as per procedure CEC-1.-093 and the ACEA oil sequences. The results obtained
are presented in Table 8.
10
Table 8
Engine Peugeot DV4 ACEA C3 limits CE3 | EX3
Absolute viscosity increase { ¢St) | <9.2 164 3.37
[0136]  The results indicate that the polymer of the invention in a lubricating
compaosition has acceptable soot control and causcs a lower soot related viscos-
[5 ity increase than a comparative example.

Test 4: Panel Coker

[0137] A series of lubricating compositions (Examples 4 and 3; and Com-

parative Examples 4 to 8) are prepared by blending a polymer and other per-
formance additives into an oil of lubricating viscosity. The difference between
20 the Examples and Comparative Examples are (i) the viscosity modfier polymer
and (i1} the sulphur, phosphorus and sulphated ash content. Comparative Exam-
ples 4 and 7 (CE4 and CE7) have an olefin copolymer viscosity modifer; Com-
parative Examples 5 and 8§ (CES and CE8) have a conventional styrene-isoprene

polymer; and Examples 4 and 5 (EX4 and EX3) have a styrene-butadiene
37



10. 07 Hi gh Tenperature Hi gh Shear (HTHS), (units Pa s) 3.08 2.88 KV @
100C after shear 9.33 9.86 [0141] The data obtained indicate that the
pol ymer of tionin a | ubricating conpositio ,

| ow tenperabggoe gl:égggonetrl cs than the corn- 5parative EQ?@%?OQ%B&%@
Therefore the polymer of the invention in a lubricating conposition
has acceptabl e fuel econony. Lubricating Conpositions EX7. CE9 and
CELO [0142] Lubiifat {erHRAMOShE §QRSH&KTT i KEE L3k loi e ot Al ghod
di spers- antli'&%cosll&sty m)g%?l er der%’ve From\?unctlone{ﬁ%si[ng a pho

pol ymer back hneuswankent O OrﬁaWei%conhhydlrtIUQéwamdnﬂemtr@T‘n‘éﬁ wighotrdesswindh

CoEo mnd Ce1of PR T kprehs ¢os S SEHF fhe B0 SIS EpBinbifpas e

further contauphan gdeplior Nsearﬂlaﬂlklﬂgaecwmho&em oPgrdiepearasant st 7. gremkr %
detergents, 0.5 W % ntlvvear agent s % antioxi dants. 15Test

6: Vol ksmggoﬁh‘ﬁ\/i& é‘g'f1 “‘@[“ff’li'g]”Th% “ILL/EJF‘?*E%"tti"ﬁ “conposi tions EX7,

CE9 and CEl Orgisgievatpah@dchingd bomMyahkswagendhd b aqngeneof<@l lheQde@J
procedure PV1452 and CEC L- 78-T-99 as | aid out in the ACEA

sequences. TR&3r @su\{!t"sd ST Rl HBRFT B E o Y2 ?rncfrzamléshilidkezmr%}feﬁf%ﬁ%
Test durati Or’l‘hg_:pf‘ﬂo%) m@lg'm?,l &ith b s‘ﬁﬂqd@ E&%eﬁl{)‘?kﬂ)@ggpé%nﬁ thakdst 31588

CE1043.0
for 4 hours. The results obtained are presented in Table 9.

10
Table 9
High SAPS Engine Ol Low SAPS Engine oil
CE4 EX4 CE6 CE7 EX35 CE8
deposits
{mg) 62.7 51.7 62.3 35 31.1 35
rating 29 32 20 30 43 35

[0139]  The results obtained indicate that the polymer of the invention in

lubricating compositions with different levels of have improved in high tem-
15 perature deposit control compared with the Comparative Examples.

Test 5: ASTM D5293

[0140] Example 6 and Comparative Example 8 are 5W-30 lubricating com-

positions and are evaluated using the test method D5293. Both examples
contain 8.1 wt % of a performance package (containing dispersants, antioxi-
20 dants, detergents and antiwear agents) and 0.2 wt % of a pour point depressant.
The test determines the low temperature viscometrics. Typically better results
are obtained for samples with a lower value for CCS at -30 °C. The results

obtained are prescnied in Table 10.
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Fail 1.38 EX7 54 Pass 1.70 WD 2007/121039PCT/ US2007/ 064900 [ 0144] The
dat a obtained indicates that the polynmer of the invention in a

| ubri cati ngygaFPPRLY ON has acceptable ring stick, gas pLpwRg RNl
oi | consunption conpared to the Conparative Exanpl es.

[0145] Furthernore oils CE9 and EX7 are evaluated in a glass hot tube
test. 5 The test involves recirculating a 5 nil sanple of oil
t hrough a narrow gl ass tube at 300 C wliledafl air flow of 10 M/ mn

for 20 hours.—Fhe—tubes—are+ratedon—ascale0—+—100-ypits—with

bei ng a bl ackAt—uJee—and—LOO_bei—nzg—_a—eLeaJ—uLbe.J)Lpi_caiC*ghm b
results are oft!SPR&APHBPCEEInY % inbhse %Dhi gher ratingl 9%he dsed o]
i s al so testedtfrone Busdosk cppf| ASTM ID44%)indmek ¢itt al acjd nundl.0TAN
(ASTM 10 D664)asc bha percentage difference between theystartigog Ol
and end of tes;s@b]j21S calcul'ated Tor the viscosity daigg TN800
absol ute dif frerengeshgtween the starting of I TANard e4b(é§0|' 'L3g%§: o] |
TAN i s al so (T{I\}, art EIE The—restut-ts—obtarrned—are—T abt 9@ rkﬂmg X7
Hot Tube Rat i —H£—29-"%-Chapge K40 (+rnrlis —9—166-- Shdnge) in
KV100 (me/ s) 18 seBPerapt fushraledr (oK Yy oRE 9 14, ¢ 3.08 | 2.
KV @ 100°C aflter shear 9.33 0.86

[0141]  The data obtained indicate that the polymer of the invention in a

[ubricating composition has better low temperature viscometrics than the com-
5 parative Example. Therefore the polymer of the invention in a lubricating

composttion has acceptable fuel economy,

Lubricating Compositions EX7, CE9 and CE1(

[0142]  Lubricating compositions EX7. CE9 and CE10 all contain a dispers-

ant viscosity modifier derived from functionalising a polymer backbone with
10 maleic anhydride and further reacled with either (a) 4-ADPA (EX7), or (b) a
mixture of DO-3 and 3-nitroanaline (CE9 and CE10). The lubricating composi-
tions EX7, CE® and CELO further contain an additive package with 3 wt %
dispersants, 1.4 wit % detergents, 0.5 wt % antiwear agents. 1.4 wt % antioxi-
dants.
[5  Test &: Volkswagon PV1452 Test
[0143]  The lubricating compositions EX7, CE9 and CEIOQ are evalualed in
the Volkswagen™ TDi engine following procedure PV 1452 and CEC L-78-T-99

as laid out in the ACEA oil sequences. The results obtained are given in Table

L1

20 Table 11
Test duration | Test comple- Ring stick
(Hours) tion
CE9 53.5 Fail 3.88
CE1Q 43.0 Fail 1.38
EX7 54 Pass 1.70




Where KV40 is Kinematic Viscosity at 40 C. 15[ 0146] The data shows
that the polynmer of the invention in a lubricating oil conposition
provi des
cont rol céﬁ%
conposition 8 (EX8) and Conparative Exanple 10 (CE10) contain a

viscosity nodifier (as defined in Table 13) and an additive 90
package. The

di al kyl di t hi op

SRl 9®§)dep05|t control, viscosity controIF??§§%¥¥%&mm}

are 0 the conparative exanple. [0147] Lub

Gﬂ!ﬂd]t | VB, Dack age,;Gont alilg.d8k lfymg?“o? REE SAMnSion 2hNE

osphat es, ant i oxi dants, pour epressant s,

friction nndnﬁbmmsmﬂaonmosuomhnnh%bmmdﬁshkaﬂdkcgnﬁHQEMLhmgeﬂ@meMEP-
conpositions are 5%%7%@-38 nd char g%%rused in Table 13. WO
2007/ 121039PCF 84900 F&BY E%B?lcatlng Conposi tions (w

7N

RBO CFI

EPKBftsﬁ_rddl FuruRr rRﬁ&k{ﬂg;eCEg.émBhK?, afe Gk ghihtad copafigsediot (Ub2.t&st.

narrow g lass tu

wt% in 1) - 1 yrene B n | 0
0) base 0j ene utgdle e %30fg u¥oud1§ Cwabln b se

oil)

11° 3

10

A et lrmirrscfaﬂl Wit gdn! samp
at 300 °C with an air flow of 10 ml/min for 20 hours. The tubes are rated on a
scale 0 to 100 units, with O being a black tube and 100 being a clear tube.
Typically beller results are obtained for samples with a higher rating. The used
oil is also tested for viscosity (ASTM D445} and total acid number TAN (ASTM
D664). The percentage difference between the starting oil and end of test oil is
calculated for the viscosity data. The absolule difference between the starting
oil TAN and end of test oil TAN is also calculated. The results obtained are:

Table 12

CE9 EX7

Hot Tube Rating 17 29

% Change in KV40 (mm?/s) 91.9 76.0

% Change in KV100 (mm?/s) 10.5 5.8

Delta TAN (mgKOH/g) 211 14.8

15

Where KV4{ is Kinematic Viscosity at 40 °C.

[0146]  The data shows that the polymer of the invention in a lubricating oil
composition provides acceptable deposit control, viscosity control and TAN
control compared to the comparative example, '

[0147]  Lubricating composition 8 (EX8) and Comparative Example [0
(CEL0) contain a viscosily modifier (as defined in Table 13) and an additive
package. The additive package contains delergents, dispersants, zinc dialkyldi-
thiophosphates, antioxidants, pour point depressants, friction modifiers, corro-
sion inhibitors, and compatabilisers. The compositions are presented and

characterised in Table 13,
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ity (base oil
44.1 65 Lubricating Conposition - Analytical
HTHS 3.68 3.5 Phosphorus”

5770 KV100
1 Sul phated Ash Content'"

Sul phur (%9

10

whphgs

3) 3510 G of

| ubricating viscos-
Data CCS @-30C -

53@1‘/1?]%07/064900

(ppm

Oit of lubricating viscos-
ity (base oil 4)

Table 13
Lubricating Compositions
(wt %)
RBO CEIO EXE
Additive Package - 14.8 13.7
Olefin copolymer (12.5 - 6.1 -
wi% in base oil)
Styrene Butadiene co- - - 1.3
polymer (10wt% in buse
oil)
Oil of lubricating viscos- - 35 10
ity (base oil 3)
- 44.1 65

Lubricating Composition -
Analytical Data

(wt %)

CCS @ -30°C - 6130 5770
KV100 - 1.9 12

HTHS - 3.68 3.5
Phosphorus ' (ppm) - 575 790
Suiphur'™ (%) - 0.17 0.21
Sulphated Ash Content' - 0.6 0.64

Where RBO is reference Base Oif 3510/1

[0148)]

ity (base oil 4)

6130

CE10 and EXS8 arc tested using Volkswagon PV1481 method to

assess deposit tendency in inlet valves and tract of direct injection petrol (i.e.,

gasoline) engines. The results of the PV1481 method are comparcd against a

reference base oil (5§510/1). Typically, better results are obtained for lubricating

compositions that have lower deposit accumulations than the reference base oil,

The results obtained are:

Table 14
Laboratory 1 Laboratory 2
RBO CELO RBO EX8
Total Deposit for aill 8 1.310 1.440 0.662 0411
valves (mg)
Average Deposit per valve 0.104 0.175 0.083 0.051
(mg)

Note: that the tests were carried out in ditferent laboratories using the same

reference base oil.
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(Mt % 0.6 0.64 Wiere RBOis reference Base O 5510/1 [0148] CEI O
and EX8 are tested using Vol kswagon PVI 481 nethod to assess deposit

t endency i

5 gasoli ne

ogfikedf Tre Tocul 15 of the Pvidal method Aruveaiied

agai nst a reference base oil (5510/1). Typically, better results are

obt ai ned for
accumul ati on

Tabl e 14

Iubricating conpositions t hat have | ower deposit

091 e BERE PO FRY g e Fadly P Y M

0.662 0.411 Auwer vagecd@ep@sutm iperunv af vlepc(srrg)n OreloghtOculves od. t@@ﬁetﬁai@ﬁﬂzct
10Note: t hat ! he Lol 8 el A rL:he Te 6IUetn(,é ab%l L‘)flr ﬁepﬁgﬂtlﬂbpﬁleaégfd ICSLEltS

using the san®SFRPLFMHBL THALE &)

10

indicate that the olefin copolymer increases the amount of deposits formed.
Hence the polymer of the invention has improved deposit control in inlet valves
and tract than CE1Q.

Preparative Examples 21; Amine Functionalised Copolvmer From Extrusion

[0150] A 5 litre flange tlask fitted with nitrogen inlet (250 cm’/min), Dean-
Stark trap with water cooled condenser, overhead stirrer with gland and ther-
mowell/thermocouple is charged with a Group Il mineral oil (2000 g). SBR-g-
MAA (160 g, 2.19 wi% graft MAA, 35.7 mol anhydride) is added to the oil over
I hour at 130 "C and stirred for 3 hours, N-Phenyl-p-phenylenediamine (6.58 g,
35.7 mol) is added and the reaction mixture is heated to 150 °C for 16 hours.
The reaction mixture is cooled to 130 °C and N,N-dimethylamino propyl amine
(0.367 g, 3.57 mol) is added subsurface and the reaction is stirred for 2 hours.
The progress of the reaction can be readily monitored by infrared appearance of
imide (1708 cm™) and disappearance of anhydride (1781 em™) peaks is deemed
complete by IR and total acid number (very low residual acid value via titra-
Ltiom).

[0151]  The product of preparative example 21 is then mixed with | wt % and
2 wt % of surfactant to aid handleability. The surfactants include Sur-
fonics®1.24-5 (commercially available from Hunstman Chemical Corporation),
Chemsperse®14 (a polyglyceryl-4-oleate surfactant, commercially available
from Chemron Corporation), and Amidex®CE (commercially available from
Chemron Corporation). The kinematic viscosity data obtained for the product of

preparative Example 21 and each surfactant is:



WO 2007/ 121039PCT/ US2007/ 064900 [ 0149] The results obtained for EX8
indicate that the polynmer of the inven- tion reduces the total anount
of deposit ight valves of the petrol direct inj i ne
rel ative th% g%ggggrence base oil. In contrast the CEIé?ﬁg%ﬁywﬁﬂﬁb

i ndicate that the olefin copol yner increases the anmount of deposits
formed. 5Hence the polynmer of the invention has inproved deposit
control in inlet valves and tract than]gﬁggg Preparative Exanples 21:
Am ne Functionalised Copolyner. From Exirysion  [0150]A 5 litre flange
flask fitted|with nitrogenlinlet (250 cn?ﬁﬁﬂﬁ?meeéhﬂxﬁﬂarhﬂtréﬁ)mnék
wat er cool ed|condenser, overhead stirrer g and cher -
10nowel | / t hefnocoupl e is charged with a.(}oup 1 nlneral oil (2000
g). SBR-g- MPA (160 g, 2. 19 w Yeugnadiit W\Suﬁ‘éctﬂnmlh@zﬂh&ﬁrﬂﬁﬁ)ﬂ i SI'reat
added to thejoil over 1 hoyur at 130 "C ar%ﬁﬁ{ d for ? yrs

N- Phenyl - p- phenyl enedi am n¢ (6.58 g, 35.1 l ? addeg é%
reaction m xturgxispieeafed EgﬁgﬁggﬁLips -64§ours The r%agtlon

m xture i s cooled 'rn 130 "C and N N-dinefhylam no propyl amine 15
(0.367 g, 3.57 ﬁ%ﬁmﬂpglhdd0§h§®ﬁ%U%ﬁéée afdSthe reacti 9#52s stirred
for 2 hOUI'S | I S 0Dl [ coron M oe 1eadaur i UIII tort CU Uy
i nfrared app=apgﬁggﬂgg??nljAE”%§§%?cn}l) g%ﬁ disappeardﬁcz of
anhydride (17Bdoleoeel ) peaks is deenmed conplete by IR and total acid
nunmber (very lLow residual | ue via t| 0[ 015

product of pr&pHPHFT velexd P%jé f%efﬁgﬁ“ﬁk&éﬁaﬁw%ﬁ’Fx té@%. ?%”ﬂf
To of surfact@ﬁyoygjQu@ea@edh@@bmbumMe The surfactants include

Sur f oni cs 24 5 _(commercially avail able from Hunst man Cheni ca

Cor por at i 8n) , [UdAghspdPe o ymér ¢LPparsENy CaryPles? biceht 6X&upleatlaaist then
conmer ci al | y ﬁ-lY@Hf ﬁ@‘lttgd Mﬂmn%ﬁmo% £arpo, il soihn; S@H L A% W&EQS% for
(comercially available from2 5Chenron Corporation). The kinematic

Vi scosity daﬂ@edbgaﬁhﬁacﬁﬂﬁmﬁhé<#ﬂmd@cmtbﬁRb@ép@wEcﬂv@MEﬂ&#ﬁﬁeVQlTbnd
each surfact 0

K nomat | cvi ety & FV0 T RIEG0 P o Coeagant PR istme
1 w % Tr eat @ufdh aotldhOdRatien2havreforate is 1 wt %).

10 [0153] As used herein, the term "hydrocarbyl substituent” or "hydrocarbyl

J

group" is used in its ordinary sense, which is weli-known to those skilled in the
art. Specifically, it refers to a group having a carbon atom directly attached to
the remainder of the molecule and having predominantly hydrocarbon character.
Examples of hydrocarbyl groups include:

15 (i) hydrocarbon substituents, that is, aliphatic (e.g., alkyl or alkenyl),
alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents, and aromaltic-, aliphatic-,
and alicyclic-substituted aromatic substituents, as well as cyclic substituents
wherein the ring is completed through another portion of the molecule (e.g., two
substituents together form a ring):

20 (i) substituted hydrocarbon substituents, that is, substituents containing
non-hydrocarbon groups which, in the context of this invention, do not alter the
predominantly hydrocarbon nature of the substituent (e.g., halo (especially
chloro and fluoro), hydroxy, alkoxy, mercapto, alkylmercapto, nitro, nitroso,

and sulphoxy);
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Treat Exanple 2la Surfonics(r)124-5 945 676 Exanple 21b
Chensperse0l14 525 452 Exanple 21c Am dex@CE 834 372 Foot not e:

Exanpl es , ~.and 2l c are essentially the sane,

surf act anf‘*@&%ﬁgég“??ﬁ s specified fromthe table. 5] 015??@% mhﬂ'ﬁﬁ?’?gr
of preparative exanple 21 e.g., exanple 2la is then further treated
with an additional 1.4 w % of SurfoniesC)L24-5 and assessed for

rheol ogy charact erd;st heg - ASu0@fided o wemﬁﬁ@ﬁﬁr%%ywlﬁﬁt \ﬂﬁﬁchhxﬂﬁd

above. The product of prepar atl ve exanple as a ratio of 0.054
(when treat rla‘t:@omma@ti)sh\y\tdm%lboamdar@qi@ﬂen(timgﬂntt:hteof[ théminveali @, iconthimt

% . 10[ 0153] S herein. the term"hydroca subs t" or
"hydr ocar byl A&hfy f"nqm czubnlm ’na a. Hng .o %radyng1re§/ulse COIPOS &8?] naon atoms.
wel | - known td{éthmae;mkmlcheld blurphtlh&))@lgf:n Spegint |aaalehg/qm1b:tss rselﬁﬂlttsenmaca

group hav a caL |rectl ched to the re |nder of E
mol ecul o and HAG 3 k}’rj’e fa haad R ?5@3;40 A196B526 HArBCEErn B mpHEEDbf
hydr ocar byl HoOHPSe kGl sde: noaﬂyu)ocﬁMh%agth%tSwhsbb tpﬂ@@ﬁﬁfmtémy It&h

al i phatic (e.g., alkyl or mﬂiy , alicyclic (e cycl oal kyl,
cycl oal kenyl )C4E@is tiotTife it s[heal regupihat $16LD; é}’n'@ﬂbturémc Al be o’ non-

al i cyel i o- subshid:utiee BEQMALLC: SHPRLALUEDLSy 085 vel | as cycl i c

substituents erein the ri I's co T hrough anot her portion of
t he nol ecul e [08:4]. , IttW)krsmbBtﬁmuwm@th@getdnelts deormbedl ubopgiay interact in

(i) subgtit egh roc on_substjtuents bstituents
cont ai ni ?lég nglﬁl in %lgouglp Ct)ln ngg%u ;z th cmﬁporien{ qtethétoﬁ ,ﬁlf mélflalt]%n hiay be
i nventi on, d@hﬁﬁm'emaht)ef tiide tparesi@ninftaimityl g/dclayldrtb‘ﬁarpb@cmcmafdrfredaﬂnertehg

substituent .e..0.., ially chloro and

S Rony ot S fhing s BraTRE ey Shelop oo R ARSI O e
2007/ 121039P§Tés§ﬁ&90§#t%49@@ intended skl inhy 6L B QisEaeDld $1URBY Seschipabn.
is, substituents which, while having a predom nantly hydrocarbon

character, i MerREhGT alisugh madifscainnentd srict ebRIIUAtSOhc] pargnwithin

carbon i a rtlk‘.nQ:OQE of lﬂ?ﬁ! QLI GH Wi 6n; Ctﬂ%?c%@ﬁjt 9k e R AMPOR-ALAEEs Tubricant
Het er oat ons i ncl ude sul phur, oxygen, nitrogen, and enconpass

substit uent SCQ@PO%tIMPTe@WGd bf)/ulld}ﬂlxmg Hieeqnph poanelts idasadidzdladve. | n
general , gi?fs% deh LPQ rﬁ%?ﬁ}%\m ¥e1@9remg> E‘l\bBb@rﬂs pQg{pmated herein by
on subs n en ca

non- hydr ocar Itue ent for ever rbon
atons i n t herdig@noc didsypt glrtfhap?,xatqptnscat antet deewsvivi b)lp imelnmmdicated, all
non- hydrocar bol%ClSléJd Sci[ula%tlilt?gstrsn this tlescr;pggnr %g:e%glb%lg s of materials, reac-
20 tion conditions, molecular weights, number of carbon atoms, and the like, are to
be understood as modified by the word "about.” Unless otherwise indicated,
each chemical or composition referred to herein should be interpreted as being a
commercial grade material which may contain the isomers, by-products, deriva-
tives, and other such materials which are nermally understood to be present in
25 the commercial grade. However, the amount of each chemical component is
presented exclusive of any solvent or diluent oil, which may be customarily
present in the commercial material, unless otherwise indicated. It is to be
understood that the upper and lower amount, range, and ratio limits set [orth
herein may be independently combined. Similarly, the ranges and amounts for

30 cach element of the invenlion may be used together with ranges or amounts for

any of the other elements.
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[0154]1t is known that sone of the materials described above may
interact in 10 the final fornulation, so that the conponents of the
final formulation my be different fromthose that are initial

added. TheYP4UBIS?f or ned thereby, including the prod@G4USHYHpti0o
upon enpl oying | ubricant conposition of the present invention in its
i ntended use, may not be susceptible of easy description.

Nevert hel ess, d-1su ; i ficat d react.ion.products are. .
i ncl uded wit hi["zi"f%t hﬁbz@éﬁ*& 3‘?’%{‘"}‘1@?%?525‘2%% Shdined i“gﬁ‘%“ﬁ%“e%%r“e*"s%ﬁ{e”ed
i nventi on encempadisesty, Uublii carte cofeposid ilom yarieparedi Hyataa txemBgr the
conponent s deﬁcribed above, !%§15 ;Eﬁch gf the docunents referred to
above is incoPporat dBPHENelon e PEHEfeiic e Bl eP TeadiBetPexREpINEati oty
wher e ot her wi g8eiRkpt] iCiid loyhd BEdccabadihadltile IMVERIINCALCI8AMdih 88 intéhded
this description specifyi anounts of materials, reac- 20 tion

n
condi tions, nﬁ%%Eﬁr&#mWE@@ﬁ€§Fmﬁﬂﬁﬁé¥thméh?Bﬁﬁeﬁféﬁ%%wawﬁﬂﬂﬁéﬁﬁike,
are to be understood as nodified by the word "about." Unl ess

ot herwi se indi cated, each chem cal or conposition referred to herein
shoul d be interpreted as being a commercial grade material which may
contain the isoners, by-products, derivatives, and other such
materials which are normally understood to be present in 95 the
comerci al grade. However, the anobunt of each chem cal conponent is
present ed exclusive of any solvent or diluent oil, which may be
customarily present in the commercial material, unless otherw se
indicated. It is to be understood that the upper and | ower anount,
range, and ratio limts set forth herein may be i ndependently
conbined. Simlarly, the ranges and anmounts for 30each el enent of the
invention may be used together with ranges or anounts for any of the
ot her elenments. WO 2007/ 121039PCT/ US20071064900 [ 0156] Wil e t he

i nvention has been explained in relation to its preferred

enbodi nents, it is to be understood that various nodifications
thereof will becone apparent to those skilled in the art upon reading
the specification. Therefore, it is to be understood that the

i nvention disclosed herein is intended 5to cover such nodifications
as fall within the scope of the appended clains. Wat is clainmed is:
1. A lubricating conposition conprising: 5(a) 1 to 99.99 w % of an
oil of lubricating viscosity; (b) 0.01 to 50 vt % of an
unfunctional i sed hydrogenat ed copol yner conprising at |east one

ol efin polynmer block (block A) and at |east one vinyl aromatic

pol ymer bl ock (block B) with nole ratio of block A/ (block A+B) of 0.5
to 0.9, 10wherein block A contains repeat units with 5 nol %to 95
nol % of branched al kyl groups, with the proviso that when the

copol ymer conprises a tapered copol yner block A contains repeat units
with greater than 38.5 mol %to 95 nol % of branched al kyl groups;
and (c) Oto 49 wt %of a perfornmance additive. 15 2.
The lubricating conposition of claim1l, wherein block A when not in
a tapered copolyner, contains 20 mol %to 80 nol % or 30 nol %to
nmol 70 % of repeat units of branched al kyl groups. 3. The

| ubricating conposition of claiml1, wherein when block A 20
conprises a tapered copolynmer, the tapered copol yner contains 40 nol
%to 80 nmol % or 50 nol %to 75 nol % of bl ock A containing repeat
units of branched al kyl groups. 4. The lubricating
conposition of claim1 or 2, wherein the olefin polynmer block
conprises 1, 3-but adi ene repeat units, or wherein the vinyl 25aromatic
pol ynmer bl ock conprises al kyl enearene repeat units.

=N
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5. The lubricating conposition of any one of clains 1 to 4, wherein

t he hydrogenated copol ynmer conprises a backbone of styrene and

but adi ene repeat units. 6. The lubricating conposition of any
one of clainms 1 to 5, wherein 30the hydrogenated copol ynmer has a
nunber average nol ecul ar wei ght of 1000 to 1,000,000, or 10,000 to
250, 000. 7. The lubricating conposition of any one of clains
1 to 6, wher ty?mn%grogenated copol yner has a pol ydi spersity of 1
to | ess than to 1.4. 8. The lubricating

conposi tion of any one of clains 1 to 7, wherein 5the hydrogenated
copolynmer is a diblock copolyne 9. The lubricating

conposi tion &f an@Jﬁhaaﬁmgépamﬁ@hynp@mmnswwere|n t he hydrogenat ed
copol ynei is a se i 5 The
| ubri catl ng corrpogd.jt P%nﬁogféﬂgg /kgﬁgrﬁjgp%gﬁgbrlcatlfg Vlscé)m%ner ein the
performance addit {bed IOﬂ]Cﬂoud@swa °di e Slﬁﬂ"ﬁnct%ahmd hytdctaehatedncopolymer
antiwear 10agent, a friction d fie s thereqf. 11
The | ubri cat ?fapwﬁwé.l?%r?n& §HY 19 g?@lcfa ok ‘gb ang ot st ons ihd
| ubricating gQMPRS @i

has at | east one % ﬁél%eg%g&pﬁgg&ggnﬁtﬁ ng(Pg sahe o H%%@%/gﬁmp;ﬁﬂ o
phosphorus cB#ttert.90f 0.2 wt % or |ess, or (|||) a sul phat ed ash

content .of 2 Wt % 5 The | br| atlng (of0) |t| n

o6 of dPai "1 ¢ Berst Blasern ot Raint priap g B GBFT ot 1S mal 2ok
engi ne oil, Eﬁ‘ﬁcﬁ‘&ﬁﬁﬂ?[\ gw,n@sc QNDOHIe! proRiBagat whieh tBe %b@%er%&iﬁf&%s a
of 0.5 wt @6or | ess i) phosphorus content of O. % or | ess,

and (iii) a Hoepaopahary bd@th Arrongging rapeqi umigsowith @sgater than 38.5 meR% to
The use of tbﬁnhH%F ?g%hgg%fgggggéﬁfgnm&{ any one of clains 1 to 20

12 as an engine oi'f 4-stroke internal conbustion
engi ne, a gear oi{c) 0ap 4QurpWedf £pérfamsimce atiditivei |, a hydraulic fluid,
a turblne oil, a nmetal working fluid or a C|rculat|ng oi

14. The lase of the lubricating conmposition of any one of clalns lto

13 as an engine oyl Toip@ (¢ 3dkRsCcdhipddithors bF L™ iWereth B3k A, when

i nternal conbus- 25tion engi ne.
not in a tapered copolymer, contains 20 mol % to 80 mol %, or 30 mol % to mol

70 %, of repeat units of branched alkyl groups.
3. The lubricating composition of claim 1, wherein when block A
20 comprises a tapered copolymer, the tapered copolymer contains 40 mol % to 80
mol %, or 50 mol % to 75 mol % of block A containing repeat units of branched
alkyl groups.

4. The lubricating composition of claim 1 or 2, wherein the olefin

polymer block comprises 1,3-butadiene repeat units, or wherein the vinyl
25 aromatic polymer block comprises alkylenearene repeat units.

5. The lubricating composition of any one of claims 1 to 4, wherein
the hydrogenated copolymer comprises a backbone of styrene and butadiene
repeat units.

6. The lubricating composition of any one of claims 1 to 5, wherein

30 the hydrogenated copolymer has a number average molecular weight of 1000 to
1,000,000, or 10,000 to 250,000.
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7. The lubricating composition of any one of claims 1 to 6, wherein
the hydrogenated copolymer has a polydispersity of 1 to less than 1.6, or 1.01 to
1.4.

8. The Jubricating composition of any one of claims 1 to 7, wherein
the hydrogenated copolymer is a diblock copolymer.

9. The lubricating composition of any one of claims 1 to 7, wherein
the hydrogenated copolymer is a sequential block copolymer.

10.  The lubricating composition of any one of claims 1 to 9, wherein
the performance additive includes a dispersant, an antioxidant, an antiwear
agent, a friction modifier or mixtures thereof.

11.  The lubricating composition of any one of claims 1 to 10, wherein
the lubricating composition is an engine oil, and wherein the composition has at
least one of (i) a sulphur content of 0.8 wt % or less, (ii) a phosphorus content
of 0.2 wt % or less, or (iii) a sulphated ash content of 2 wt % or less.

12.  The lubricating composition of any one of claims 1 to 10, wherein
the lubricating composition is an engine oil, and wherein the composition has a
(i) a sulphur content of 0.5 wt % or less, (ii) a phosphorus content of 0.1 wt.%
or less, and (ii1) a sulphated ash content of 1.5 wt % or less.

13.  The use of the lubricating composition of any one of claims 1 to
12 as an engine oil for a 2-stroke or a 4-stroke internal combustion engine, a
gear oil, an automatic transmission oil, a hydraulic fluid, a turbine oil, a metal
working fluid or a circulating oil.

14.  The use of the lubricating composition of any one of claims 1 to
13 as an engine oil for a 2-stroke or a 4-stroke marine diesel internal combus-

tion engine.
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