TI TLE Lubricating Conpositions FIELD OF I NVENTION The invention
provi des a lubricating conposition conprising an oil of 5

| ubricating viscosity and a hydrogenated copol yner conprising at

| east one ol efin polymer block and at |east one vinyl aronmatic

pol ymer bl ock, wherein the copolymer is functionalised. The invention
further provides the use of the |ubric@fThl conposition. BACKGROUND
OF THE | NVENTI ON 10[ 0001] The use,of polynmers as viscosity nodifiers
(or viscosity index im provers)s"‘ugflcﬂtlg%éf’g’é’ﬁf”t\?in§cosi ty nodifiers in
an oil of lubricating viscosity FEIWOF FRRTIGXPI cal |y pol yrer
backbones incl ude pol ynethacryl ates, polyolefins or hydrogenated

st yr ene- but adi enesThadnventeonisauides erlubreatingscarthpossoén Fompdisiygears ailtof

tyr ene- but adi enesTanenieatioeis veiifingscanpesiton Eompis
Tsgrafted m LPGSEITE SHBERE SobasTbry it PR RABtar ity af 1t one

modi fi ers andlefingagyaanblovk 2603t 18asT®eH FinT srofaitR ;idmmbleﬂlo@k,eﬁnbﬂene&@
performance and |imted | ow tenperature properties en the polyners
degrade. Thi $°0RMYBEE & Tupssionglised. n Eiyimengpat iyrthge mseyidss the use of the
particul arl yif,@fca@h£El ymers. Further, a nunber of viscosity
20nodi fiers anglca?s%féér’lggﬁétmg#scosi ty nodifiers have limted | ow
tenperature performance. [BIOSKGREUNICAQFIVHEGNVENTIGN| ubri cants,

limted. ¢l eapliness perfornanc may result in ring stjck or, )
accunul éﬁl onm&]lﬂqgep _etgsepgppa Wéeé'_sc?ﬁ_‘flﬁ@sft}’d@f’dl_f{ﬁé%g%q Visgesitinindski Bk
in valves mayrgvesyldr diSpdFsait! Afeostty mbaiREE i GR dif o@rlgbﬁééfﬂ&"%s%s‘?{? is
seal | eakage and cause ot her enginé operation problens. [0004] It I's
al so furt her wRHduewohal yridally poksnexi takkbareg ivtlaide palyéthagrylapes, pelyohe-

as pol yi sobut.yl en [oX0) n fromsuccinimn di.spersants), have

ot 1 muntal THpSE By AREFIRR SoshihSRahe fod ErineRet R e WerSo For
be a furtherdigsamitagicdity etbtditietshahampuiboRd Medidd Yafctinhlised with a
detrinental inpact of 30fuel econony fromengine oils. 100051In

engi ne Ilabr i s@fed nitsegepegamrouddesel applications, due to |inited
supply of brj st t e ! n : . e ti. erd al .
capabl e of ppg'\li/}?hi ngﬁgﬂyviogc%lgi %‘{Q}Oﬁ%dﬁggﬁ’{%ﬁ; ggd(;jslﬁl?}sT%%?ec}lg eé?%}tt{;l\?\g%ﬁltg
be a furthermadifiors dgee tlimitdé rdédn}inassy pscfomshincemmt flinsited dpmbletmpefature

replacing brightstock. 5 [0006] US Patent_5,512,192 discloses a .

di sper sant vP!g’esfsf}eﬁwkl?%?h%\mﬂw;lsw e ecaFﬁwgsaﬂen%w@tlpcﬁvgme piston
prepared by §&Rs{teapikiehlaply AR QlekinS i GersS URSHABL | Rlrdu¥nber of viscosi
hydr ogenat ed,a\ﬁ?jsnylﬁsulbs'gai ut ed grlgnatl c-a 1isphatli‘c 6onjnugateéd) leg?l()eSIty
bl ock cépPol ymedifiays afnde dispersantrvigtokity emodifidry havsatimitmtie tbve atebpeydtine
acid or functei gnal nderi vative thereof. The dispersant viscosity

i nprover typ?écfw fi%s a 10nunber aver age nol ecul ar wei ght of 30, 000

f; 80388,0000; F003R WeSpgbilficall ¢ 2@ CerlBh & Ghridanyy | 1hite @ c1SMIRRE HRrformance

may result in ring stick or accumulation of deposits on valves or the tract.

Deposit accumulation in valves may result in misting, air intake debris and
25 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 from succinimide dispersants), have a

detrimental impact on fuel economy and cold crank. Therefore it would be a

further advantage to reduce the amount of additives with a detrimental impact of |

30  fuel economy from engine oils,



[ 0007] US Patent 5,429, 758 di scl oses graft copolymers prepared from
solvent free reactions and di spersant derivatives thereof The graft
copol yners include a hydrogenated random or nornmal bl ock copol yner
made froma vinyl 15 substituted aromati c nononer and a conj ugat ed

di ene. The normal and random bl ock copol yner has a nunber average

mol ecul ar wepghs) frg{neil;gmgoﬁbh@a&@%wﬁamﬁ@@@&bpsp 2 2idhs ARRS 1t6 AlthREd
2005/ 0153849 dlscloses grafting a polyner bone sel ected from
ol efin pol yrigpBly af daghpslicgkethere is mynesdofarnen gltarrm@tlzgvnﬁynaldemble of
pol ymers, I.Gh t e f n
Po009] The pr SRS F ADERR i lnd BR6" o 0rd ¥ BLUE Mo & R Ren-

used as vi saag tmdemﬂfyfa elrssmndhomfmr&@pﬁmanfreylaﬁ@@bnghﬂmdkfl ers
capabl e of providi ngJ | east _one of acceptable | ow tenperature
perf or mehce 18R80lor EiSelAtenh sl 2. Wik disclRser b Asparfenc ifsesi imRraver for

sui tabl e forluﬁﬁaatﬁ% Flcém Bﬁﬁohé‘ﬁéﬁ%éﬁ"%%é&%n@é%? oﬂes%male'ﬁ%%n-
one of acceptable fue nony, 'l st intaining cleanli- néss, and
soot and sl uddly liruahdgenaged S&ib}ﬂﬂ@ﬁb’stﬁﬁteﬂl—i&ohfdﬁENl‘ﬂpﬁNlc coiheitad dnemdblock
herein the phra ratio of ck A+B .

ot o of 't heRgParo gt it eBbiGHerlsh B SyOP I el ot Fune-
di vi ded by tthhaBQRERLGTe tBRGSE UMid YispBrsalt Aescodty" ilbRFker Ei),'glcally has a
[0011] The present invention in one enmbodi ment provides a |ubricating
conpo- 9t i grnehsimvesigagnolenuler weight o3 9,080 itng00i0980end v weighh average
hydr ogenat e I Todlt t.nleast one ol efi n-pol ymer bl ock
(bl ock A) aﬂﬁ&gg&%as ght%?g@idrqﬁl %ng%g!tol c polyner block (bl ock B)
with nol e rd00o7]of DISo®Eatd:( b]4(29l<75/8+ﬂ)scﬂlfsee Braifo d&pelylﬂﬁierptepaiﬂdocﬂonﬂ
contai ns repeat unlts with 5 nmol. %to 95 nmol. % of branched 5 alky
groups, wit Folyfat Sresragions and denereant deaﬁaqlweﬁhe@@ﬁpm@e&raﬁ qoaabmas

copol yner, o ogﬁbr anl?)ﬁﬂgg"%a Eec{f"a?ﬁ%l HPhB M 11019 £65d E&‘ngl ?ﬁt@lm ny??

to 95 nol groups, ereln t he'.
groups of bl salbktwat@ir &ofnatic hnmncamdarsa*ddt aitegpgatad diene. thB:rmbmnaﬂ faed random

hydr ogenat e -1 s, further functionalli one, of
Tothe T ol | oG RSP BELerphEL I AOBPeD ekt Bufg R it 2om TE0MY to
functional i s gt h a pendant car bonyl contai ning group, and wherein

t he pendant car bonyl cont ai ni group is substituted to provide

am ne, ini dd0898lam H& Palsst | 10|at19n 2008/015681#9 ligdesea waftmg fupelymer
functionall n netional - ity hon dlrectl onto th

ol o7 bt ockphtyiser A8 R LREM s5Rg feal BTl “EEH Fo Gty uhE

ni t r ogepo contiaylideng ﬂoﬂlﬁﬁéﬂspﬁr&ic}g{mmeéﬁl‘fm\t@& rbaaed alﬁth| £ogictPRE amines.
aliphatic, aromatic_or non-aromatic am ne, wherein the
ni t r ogen- corl®89N ngThe ﬁ’é%%eahmveg?%@r%d%ﬁa@@plﬁf@e&cw\%@@b?l@g&@rﬂ@ as

20and wher eifsdfify A d1A SUMRI S SpdsdHt ViRDERy fRJAl AL R IAGHTD B BRSvi@ihgdP

am ne
least one of acceptable low temperature performance and/or cleanliness. When

the lubricant composition is suitable for engine oils, the invention further
25  provides at least onc of acceptable fuel economy, whilst maintaining cleanli-
ness, and soot and sludge handling. -
SUMMARY OF THE INVENTION
[0010]  As used herein the phrase ‘mole ratio of block A/(block A+B)’ 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



with a primary or secondary nitrogen group. [0012]1n one enbodi nent
~the invention provides a lubricating conposition conpris ng: an oil

of lubricating viscosity and a hydrogenat ed copol yner conpri si ng

bl ock A and bl ock B represented by the fornul ae: [(S E |1 CDCFC
(") 25 and wher ei n a and b are coefficients for their

corr espondi nrg)m‘m:mgtat ez ahc wibtfis poleesfrd:ilnclt IolelobhtA)Oamf aﬂle(a@ﬂ'bl)e iyl

0.5to 0.9, or 75; S5R2 is

2l Kyl °2, " wi (HORRES Giobngi blaskt Ol o aelitomeks jiio of Blo cih%%hgocgrwg of
are al kyl orgq. gltg)algz groups (in one enbodinent, R2 is not H);

is an arene group or an al kyl-substituted arene group further
functional i s‘ehlermnt hIO&kp‘br@damnscmpbdmymtscmthaﬁ mqig‘égocﬂjpmoE% of dmanched

al kyl ene gr oyp an al k ene o a s a 4., rou

10 %, Y &nd S e REepatatis PV ﬁipabéwﬁ%nﬁi shsbry: EQPEA Agebered
groups, W t hedp®yriérd bl sk Ahé’ént@lhs et U@l’i‘t@ With Xreafe@ffdinZ38.§ BolPSNHADS
car bonyl - contalnlg?bgroup and m n, and o are nunbers of repeat

units for tHaohy ef bagchrGsalkybatuabovberen the huaachrdmalkslogonns oﬁhbwk A
repeat unit Aré fi?lrtﬁ&es%sﬁtﬂ{e%ufaﬁhc' ent quantities to pro- 15 vide the

pol ymer with an appropriate’nunber average nol ecul ar wei ght, and
wher ei n t he phérgitethel lsydiregetiatat @Ppolyrhér i@ fahynBinctahdlyed berdtileat ioRd of

group, ?@d \(I)\le“‘t%hhe prOV| so that when the copol yner conprises a
t aper ed ' ¢opot§y O‘Eﬂn@c‘l@u €A contains repeat units with greater than

38.5 mol %to 95 % OBIJ&&%%F%%&@%M ? I?tgela'hﬁﬁétlo I%H%lth a pendant

20[ 0013]In one e odlnent the invention pro es a |ca I ng
conposition conprising: eabony! cénthinbrg ga:tulpngnmvdmmsmtmemddmt carbonyl

I
:“ég; ggngégdbgofﬁgy?ﬁ; rrﬁgg& %{;‘)‘r]:r:égh%raugcls su st?t%gedBto prov1(c)le dmine, imide or

amide functionality, and
15 (ii) block A being further functionalised with an amine functional-
ity bonded directly onto the olefin block polymer,
wherein the hydrogenated polymer comprises a nitrogen containing functional
group derived from at least one aliphatic, aromatic or non-aromatic amine,
wherein the nitrogen-containing functional group is bonded to a carboxylic acid,
20 and wherein the amine comprises a nitrogen-containing monomer or an amine
with a primary or secondary nitrogen group.
[0012] In one embodiment the invention provides a lubricating composition
comprising: an oil of lubricating viscosity and a hydrogenated copolymer
comprising block A and block B represented by the formulae:
=2
Block (A)

m h'd
25 =

and



25a and b are coefficients for their correspondi ng nononer repeat
units, wherein the ratio of a/(at+b) is 0.5 to 0.9, or 0.55to 0.8, or
0.6 to 0.75; R is H t-alkyl, sec-alkyl, CH3-, R 21\1-, or aryl;

R2 is H alkyl or alkyl-Z, with the proviso that in block (A 5 nol %
to 95 nol % of the R2 groups are al kyl or -al kyl-Z groups;

R3 is an arene group of an al kyl - stituted arene group further
functi obnalised wth a}pendant carbdnyl -containing group; R4 is a

pol ymerising term nati as Hor alkyl; E is an al kyl ene
group or an al kenyl ene[dr y Eis aBEBA¥dsp(B2 Y and Z
are independently H or}a*carbggwy ntai ning group, with the

provi so that at | east 27 is a pendant

car bonyl - con\;,gérﬁgpg group; 10R is a hydr ocar byl group, and m
n, and o are nunbers of repeat units for the noieties described
above, with the prend doatehetefBeichtsr Bpaheir uoirtespendingseaitomer repeat units,

sufficient ntities to provjde ro ed copal yne ith an
appropri ate E tlhﬁ\%tﬂ%ﬁg @%Jflgdﬁbgt%ggﬁgg&%g Egt%é’ %Fgfvl so
that whes the coped ﬁénﬂralﬁgﬁﬁﬁ'éﬂ%ﬁ -B WARSKE Proverat ¥ 1861 908K ] % of
contains repeat ,units wt reater than 38.5 mol %to 95 % of
branched subeR’ LareWSaarwlk 05 aeyl- Z[g@m; fineonie ambasiminig Re dnpoisiili on
conprising (1) a s an Lrehel %&&pag) %ﬁﬁét cﬁ'{tb %ﬂé g}ou further functio-

hydr ogenat ed copolymer I's o alna a ne

conpri si ng: 2isad wmhl aypmrdaﬁt egbohyi- camvammlg @b@pl;atl c poI yrrer bI ock and
(i1) an olefin pao- bl ock, wherein the olefin polyner

reacts by 1, 2- adcﬁﬁ %alkaslegm@@ P @H‘F%YQ‘BGEWUP%WC%%E&%& group),
substityged al kyl R tn?% g @éﬂ R Y{Bakad OF b

“or nore of steps }fb) to %c?)e )p# éﬂ enéﬁgﬁlgathe %?rggfjb'& &\g@qgtﬁéop%?
(a); 25(c) ewithdélre proviso(thhf atrlezst bnagf Xmﬁemd Friee peadamtadarbyyrad-{conigining
condi tions (|n88ro esses well known to a person skilled in the art of
pol ymer sci et “31 , solution phase and/or nelt processes i.e.
extrusion grafting)n, #dCaROMKhLEQHFREFYaR UnitS FROME GnoidtitNdERALEP LYGRY,
fromstep (b) to form a polymer with a 30pendant carbonyl containing
group, or (ceithibapraviep thatgeeh rensehunit s aresenyin sffiicians qyantities to pro-

ool yro 190 1 e E RoRAEROURE, H klplobfaPE ety SYORHE Rl gt e

hydr ogenat i nghérbin m@@oﬂlﬁﬁeloifs te@aihated with a polymerisation termmatmg group, and
-(d) reacting, the carbon nt ai ni ng_pol yner of step (c¢l) and/or
(c2) with an"HRiRRPIOVAS fféat Wﬁerr- ey | YRCLEATHRIISSS AP eTe gepobyaner Megka
functional i sgdonef % Et’ uifitd Qlt&r% ﬁt@?\’l{aﬁ%é 5301160 d9'fmof 9Bl HTE ched
conprises a tapered c po ymer A contains repeat units wt
great er tharsub8tituterpdlk9h groups nol % of branched substituted al kyl

groups, 28 nd [0013] In one embodiment the invention provides a lubricating composition

comprising: an 0il of lubricating viscosity and a hydrogenated copolymer

containing blocks A and B as above, represented by the formula:

Rﬁ[(e)m 1 ):ug = W

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

wherein the ratio of a/(atb) is 0.5 to 0.9, or 0.55 to 0.8, or 0.6 to 0.75;

wherein



(e) reacting the copolynmer with a pendant carbonyl-containing group
with an amne, to forma functionalised polyner, with the proviso

t hat when the 10copol yner conprises a tapered copol yner, block A
contains repeat units with greater than 38.5 nol %to 95 nol % of
branched substituted al kyl groups. 100151l n one enbodi nent the

i nvention provi deR' & Hubalkghseaglkybrqidsi R, ooapdj si ng an oil of

| ubricating viscasit hydr ogenaj ed. copol yner as. di scl os erein
and at | east one dbei/rfli %Yyﬂ&laﬂﬁﬁl% ‘&lﬂa?@epe‘?/oaéﬁﬂ a’a&h‘l Efﬂqi(f%d)dgﬁ’to 2T
15anti wear agembl YRof fhieGtd QoupPLicldiRyl Rl-aflykiZUE@spd;her eof [0016]1n

one enbodi nent the3 | ubricating conposition conprises an oil of _
| ubricating viscodi tsyan arehy droge nnedligdsobstitutedagrens gedups Buthive fenatio-

and a di§persa Nt O{hI m xthr S i)herleof %.0017}? n_one enbodi nent the

| ubri cat ng € r?p‘i)lijgi '%H""%&H%F?r RUY PSP 98P ubr i cati ng vi scosity,
a hydrogenat ed copbisy sridingabOsiadtine sRjup, sish anHaptdlieni dant, or

m xtures thereof [0018 Isr;ﬂlone gnbodi nen%lgft}r?g | ubricatin 153gqrrposi tion
conprises an oi | Bfs auplkyleacigioun psewalkeyylene Bmpdgmamlgd%&)péhmup);
as discl osed hereyn 'é\%pdr ! . Lhereof. .

25[ 0019] I n one e%’ogiaarr}r@n?%ﬁi{é% r Iegﬁ?ﬁér %%%r%b?gﬁ"yélﬁahnté%%ﬁ Oglgs Walttr}\1 the
oi | of | ubripatisnghatiascest biye ofXh YdamDZ iaih eendp ehibonyl-asntdinkod goag;

her ei n dafrictjon nodifier, or mxtures thereof [0020]1n one
enbodi rrg(ﬂt t he I%r’iscaalﬂ_fd%?ﬂ%ﬂsgrppﬂ’nanéls descri bed herein for an
internal combustign,eng @%ré’ﬁ‘t?mﬁ@rgWg%@a@?ggg%’(})P{he%oileﬁgiHeé&ﬁ%e@fa}[)%\ée,

sul phur, 30phosphorus and sul phated as I n one enbodi nent
i nventi on prwith des pfatisa Hat gwseh ofperhanitibmpresnt ny seffivpas iquaotitientoapro-

engi ne oil for -stroke.or a 4-stro i nternal .conmbusti on engi ne
Snonr ol e Bt PR L odholuB RS A o i S AR plitaeS Rl ar
turbine oi | ,weighBtald Wathk ki ptdHisl thar Wﬁeﬁithél&i@blﬁﬁerohbmg%hﬁﬁgered
DESCRI PTI ON OF THE | NVENTI ON' Hydr ogenat ed Copol yrner 5[ 0022] The

pr esent 13 nveioPrbangss Slaked eomigias saperatuaits coitgrpaser thaa 381Brthol ¥atd A§

Commost L ol AR ABYEcd ARk gpused Perein che phrese
[0014] The lubricating composition comprising (I) an oil of lubricating
viscosity and (II) a hydrogenated copolymer is obtainable/obtained by a process
comprising: '

20 (a) polymerising (i) a vinyl aromatic polymer block and (ii) an olefin po-
lymer block, wherein the olefin polymer block reacts by 1,2-addition to give 5
mol % to. 95 mol % of branched substituted alkyl groups in the olefin polymer
block, followed by one or more of steps (b) to (d); '

(b) hydrogenating the product of step (a);

25 (c) either '

{c1) reacting, under free radical grafting conditions (in processes
well known to a person skilled in the art of polymer science e.g., solution
phase and/or melt processes i.e. extrusion grafting), a carbonyl contain-
ing compound, with the polymer from step (b) to form a polymer with a

30 pendant carbonyl containing groub, or

(c2) reacting, under thermal grafting conditions, a carbonyl con-
taining compound with the polymer from step (a) to form a polymer with

5



al kyl groups that are further substituted. [0024]1n different

enbodi ments the hydrogenated copol yner is typically 10hydrogenated at
50 %to 100 % or 90 %to 100 %or 95 %to 100 % of avail abl e doubl e
bonds (which does not nornmally include aromatic unsaturation).

[0025] I n one enbodi ment bl ock A may be derived froma diene or

m xtures thereof Ap&idahBbiBoflyiCitRitasRG dgroufCRfloxicd By Bydibestating the po-
represented by A includes 1,4-butadiene or i1soprene. |In one

embodi ment t he dilgmer pE(cR)4- but adi ene. I n 150ne enbodi ment bl ock A is
substantially fr 4 6 rej he
term "substanti al?ﬁg/i)%arc {elgg ftlﬁee?agg&%lncéﬁ&l?ﬂ%%) O#&ggrp%q é@%’e&ﬁ%ﬁ&af ﬁésﬁ it
i soprene at amotmine etyph:aﬂylﬁmutngt ¥n | avide Sor aryﬁh1¢dad)lm fdress fuhetonklived
% of the_polyner, 0.05 nol, % or | ess_of the polyner, or 0.01 nol %
or |ess of H?éyrﬁswﬁ%b theyprayisppthasewdrent the C;SPBPW COPRIiRgS 7] tRREredi WRe-
typically pqwﬁ@?rﬂlﬁaéAb&’oﬁh &L e%t %mté‘qqfhtd%lggte?rthéln 435304 7, tro' Wmoi By
the present Tnvéntion the eg tion is an Inport

feature and qfsbrataﬂnedsdbmtutekieﬂksdlabupseaadmunts of repeat uni ts of

branched al kyl al s deflcﬁed her n as

0
initially-formed (sﬁﬁ‘a% 8 i FRBY2E" &7 |%9F“‘§‘£&6§wﬁ¥b8ﬂmalmng group
hydr ogenat i agith B G&iRe,abktm br RRctiGalised haRaned withikuk pes RSP that when the
25[0028] I n different errbodl ments bl ock A (when not in a t aper ed
copol yme? ) coRphime craupriNes % tapesd eapolygeryblogk Aoromging reBeatpinity,wish

30 mol %to () t %

branched al lé?atgfgl&és?’goi B—'g)gdﬁjf %Sg%ng?e};trﬁgg%a&che ubsﬁ%{lgg%o%ygéﬁouﬁﬁ' nol
%to 80 nol [#91%)r 5th oht ebpblodinténtniak ifvaitiol rokidds eonbatMMY céapeation
units of branched, al kyl ?roups (or 30vinyl groups). [0030]In one
enbodi ment (W@HBIREER AF of HubrirRfng ViSRoTHRY aobygﬁogsa%teél gyolymesmscdis-
pol ynert sat | fsciafchth Hifut 1681 BnP 8ldR0e SULGAE  BishOSaft! bn ¥hiibxiBRR! &
ciate, it is believed that anionic polynerisation initiators

cont ai nihg adnkiatear age:nil s frcttymomodifza o mektirés theosfpounds are

counterton dOTEFT S U8R i Et b b uSiE sDEb AP Rdpmg g an oil of
| ncreasi ng qm&ﬁtﬁlgofv@bﬁw eqhyd?fsgéxfa@éh %Fblﬁéraﬁsg‘?ﬁsc%@éﬁnﬁe&fn Bnd a

1,2-addition, it is typical to erﬁ oy a polar solvent (for exanple
tetrahydr of Wlisnersanborihistureaphesgefag an initiator with a | ower atomic

mass is suit (f |th umratherthncesm
di fferent en@mﬁmanﬁg § %qqu%ultﬂ%?turlﬁeolr S SoEPLI RE Coglé)r{?e%én s11 of

initiat20s. lypeatalg afﬁcoﬁt)q :pcﬂmfr@gdnawﬂl %pdlfmiﬁﬁraat dﬁrselsSauchlareaﬁ 4l oy

0 C or -20 Cor,]less may be enp fyed A 10 nore detailed descrlptlon
of net hods sﬁ!i’ttlpéliﬁaét’f%rlmﬂﬂgﬁ%meﬁ@ a polymer with a greater ampunts of
di ene 1, 2-a n QSRRKI

Encycl opedi g@g#](():he%{ ?g? Techlrlllfl)lblgﬂgg/}%é IEFEFIE%I t@g&lh\% %gfd}es Sa Oﬂ of
316- 317 or ilnbrAcatorg msléoi;lymeallsdmgmateﬁr comilpines aandiséloasd |hesd1n and an
Applications, .Edited h and Roderic P. Qirk, pages
209 and 217,20iig6ar a %ﬁmﬁﬁf%@é herf% ‘[ 0031] In different enbodi ments,
the ol epsn qobwqer Bl Q8K eiRbddhneRt ﬁfe Ifughea%gmcbﬂlpamh@ﬁ%namwtan%l of
1,2-addition (i.e. 5 mol %to 95 nol % of branched groups)

enpl oyi ng t Héblpeat@@sye@oﬁﬁygnethkﬂiggd%@i icdopdlyinrer Uss ﬁa&@ﬂethmer and a
5,753,778 ( r1c?o d{‘Q cal TTPJ s 1 to 33 a process using an

al kyl 1 t hi urtfiCHPE PIIOH S SF TUATUEES § h\%ﬁ? hydr ogenating a pol yner);

5, 910, 566 20[0021mscl 05 6fic lehboalhent tBe 1B RSt E3mipOsifidn As Bekdérati¥deherein for
process, solvent and catal yst for hydr d%znatl ng a conjugated di ene%l
5,994, 477 ( dAlsBltgaakcombesionnengine hpshrednged smogintsnef 2t lepstrenesof sulphur,
met hod ing a polyner); 6,020,439 (colum 3,
i nes 3%@52 ﬁlﬁdor}égé}{%@s(%hgﬁglr&gﬁcat al yst); and 6, 040, 390 (discl oses
in colum 9,[002n]es Ir drfe amboditnaht the dtoatiys brovidegdbe thlehige olfeha hibHvatiag

composition in an engine oil for a 2-stroke or a 4-stroke internal combustion

6



(e.g. al pha-nethyl styrene, para-tert-butylstyrene,

al pha-et hyl styrene, and paral ower al koxy styrene). In one enbodi nent
the vinyl aromatic nononer is 30styrene. [0033] The vinyl aromatic
nononers (e.g. a substituted styrene) may often be functionalised
with a group including acyl groups or halo-, al koxy-, carboxy,

hydr oxy-, s ué@im;yei gear mlt; ao-aptomdticosmsmisgion bilds bgdrdayik-fhuibsd turbewrtdl,

wherein the h carB up typicall Ilas 1 to 12 carbon atons.
[ 0034] The ac¥ e@ﬂ&ﬁf ﬁﬁﬂ‘b‘g ig)rn%ﬁ’rrﬁ'blla%ﬁ‘éﬂll nto the vinyl aromatic
bl ock under thernal grpfEi 19 FEEPBBESCRAPTIORPOF A1Ak I VIENF RN Pr esence

of a Lewi s acid. SSwtable Lew's acid catalysts are known in the art
and i ncl ude BF3rog C pxes t hereof, A1C13, Ti Cl4, or SnCl2.

Ol OIS e

Conpl exes of ude boron trifluoride erate ro .
COTEL or £ e 98BAL QJIIS HEGTGh YAl PHEER AU RHoAABt e Fapotymer and lubii-
[ 0035] Ther na&atglrgagogﬂpmltﬁg@%Hﬁ@l{&earagok@om in the art and include a
reaction te rature of 0 Cto 150 C, or 10C to 120 C. 10[0036] The

pendant car bidgBl codtsansedritsreindhp pheasebbrasehed eldyt gravpal kypludesitanched
hal i des ('t I i.de ydri des or al kyl -substituted
nono- car f)oi%lﬁgl %%ué‘g h(?# %eﬁli)ﬂ\l}gﬁ%@ejsslt ﬁ;r eof In different enbodi nents
the al kyl gr@op4Fontaidisfefent @ﬁlﬂﬁlm@ﬁts&hteohﬁﬁo@énafﬂed Qoﬁ@lyﬁﬁibl@myplcally

at ons. arrpl es of a suitabple al kyl group include polyisobutylen
! pear 80 braERBPARRI 7 todt0gh aZh@lbto 10 Hesratoidto: (LA apmilable

ht I 1y
trorea f‘;eﬁ e 086‘8}@3%9%3‘{1‘9‘?;? e o ol U
10, 000 to 25[@0Q8D, émoﬁ@,eﬁﬁﬁdimeﬂt'ﬂﬂoﬂﬂ& mbﬁ@ﬁ@etmedliﬁfdneaeﬁtne or mixtures
nbodi t h | ydi it f the hyd td20
erbd > WOE RO SLIBSE LY SRS SRR ORELIOPL,

~or 1.01 to 1323 bl{tﬁﬁg&] b 1%@6@9@'0%%3&3%9&' ﬁll'&"edleﬁé id TeI-blﬂ)i@L@héor’In

conprises a back- bone derived from5 to 70 nol % or 10 nol %to
mol % &9 20cnmembedimegbblosk P%S(ﬁUbEI&@tlaﬂlk@WIoért@rfeeqmﬁmre@ g ,

styrene. 25] I n ,an nt . the. I of t he.inventi,0
conprises a @acgi b(‘f‘r?es%egpﬁf\:/rgapfhreo%@l SFJ% %g fB/% %@ R8T @ﬁ?ng %‘6
mol % or 40pd9mectcbatatis 1@@;Ire£¥e af nammkethaln RN lewly. typll@b.ﬂﬂ}a,clle@d”lﬂ}an
[0041] I n one, embaodi nent the polyner of the invention is a

copol ymer anbTHck @dée pRlymesror ¢-Bhanh % Capesad the PaIWn‘alt 9 I% m01 % or
ar chi tectur I (€ither a di-block AB
copol yre g% Saa_?ﬁetﬂ F’ﬁ%ﬁ@%ﬁﬁ(}g@ %{Hﬂhé@éﬁ {en the polymer is a

di - bl ocIZO AB BoR3] yndihe dmn@tgqnmihpplmlgmntxséhby eathynié)2-iaddaidreor 1 danddi-

t aper ed copol.yner. . . s ,
P P tion. En the present invention the degree of 1,2-addition is an important feature

and is defined by the relative amounts of repeat units of branched alkyl groups
(also defined herein as R?). Any initially-formed pendant unsaturated or vinyl
groups, upon hydrogenation, become alkyl branches (“branched alkyl groups™).
25 [0028] In different embodiments block A (when not in a tapered copolymer)
contains 20 mol % to 80 mol %, or 25 mol % to 75 mol %, or 30 mol % to 70
mol %, or 40 mol % to 65 mol % of repeat units of branched alkyl groups.
[0029] 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
30  vinyl groups).
[0030] In one embodiment the polymer of the invention may be prepared by
anionic polymerisation techniques. As a person skilled in the art will appre-
7



9 [0042]1n one enbodi nent the pendant carbonyl-containing group is
present on X or Y as disclosed by the Fornmul ae Bl ock (A) and Bl ock
(B) defined above. [0043] The X and Y groups may be grafted onto the
pol ymer backbone under free radical conditions. The free radical
conditions are known and include a 5reaction tenperature of 20C to

200C, or 60Gihte, 16Qs GelleVOt4h4 LeTRRS 'p‘()?)lfrﬁerlialﬁ%n' MNERbIORARNIRE alkali
di scl osed by the fornul ae Bl ock (A) and Bl ock (B)_ defined above:

[ 0045] The Remgiebupnd/eoarganametiliae wpmp@nndsaatmanzltg«eo@pmterﬁatyorw ke wigen
defined as at]fglvryfou?rrg&glspgﬁé) Et}bt 2 u%t l'lglg rﬁg} soﬂ{]eéR #{)‘Znge%f d C%reg%rﬁs

produces a Vi nyl "group or

present on awlynsthsthi invtcasinBkn@mntder fife(ﬂmpbl)tflﬁe@sedomtﬁ dlarger adiount of
about 2. Wien R2 is further substituted, e.g., with a pendant

car bony| 5 conb AT YPIHE th SFRRRY Bipalé IiHe e te trtdheasis
by the nunbeg,of
0 e e 0 B3R i VRIS GO i o

group nmay bexpmgil¢ edeohthdurh heathérmnyianocedinmmpc hée cgffemmt ocembadikieatse butyl
i The ene-reactiaqn conditions are

under ene-r tion o iti,ons. [0047
nown and | nEEURS 05 ORBACPHGH £t DXy E1<d B BHGAO B0 GO ZETitPo OB o

200 C. [004&}dR3temperrédesicuest 16 ¢/ PAY br aZ(P”@tere;@)ﬁﬁ?Qfesemﬁfoyed A
m xtures 20t hereof I n one enbodi mrent R3 may be substituted styréne.

[ 0049] | KO di fm@reed@taléﬁd)ddmmﬁm Qﬁ@ﬁyﬁh@g@@b&eﬂ)@@pﬁt}ﬁ@a pedympe with a

sequenti al ran ul ar bl ock c

erbodt ment ciehy aPRlRRRES Lo oAdRh S nRay T TR oSk amer

[ 0050] As USGEhdj&Ic@Iemat&IECﬁ@ﬁll&hI 'secqmeIHgyairhhH@iiu@@Wbmw 4, pmRansié-bay
the 25 copol ynmer consists of discrete blocks (A_ and B) each nade up

of a singl e HoRofBloNIERghFEHatiAg) Bﬂ@mmesa@@e%@éﬂ@@lazﬁpmin%u@n&o%@rt%by
el oSl 855 g By 0c 8 8 kel SgoL ARSI st ks
a star ¢bpol podi] 3m Qﬁﬁﬂidnm anisdmieotd| rteatolehie ﬂfqulmegelﬂadﬂednay also be
ﬁ;g?gégﬁ;t Iezf nglﬁl% \§ E%yaﬂ%ﬁ{t Q){[ gmtmn r%gi rIEntto 5? emol % of
branched groups) by employing the processes or miethods described in US
Patent Numbers 5,753,778 (discloses in column 3, lines 1 to 33 a process using
an alkyllithium initiator for selectively hydrogenating a polymer); 5,910,566
20 (discloses in column 3, lines 13 to 43 a suitable process, solvent and catalyst for
hydrogenating a conjugated diene); 5,994,477 (discloses in column 3, line 24 to
column 4, line 32 a method for selectively hydrogenating a polymer); 6,020,439
(column 3, lines 30-52 discloses a suitable catalyst); and 6,040,390 (discloses in
column 9, lines 2-17 a suitable catalyst). Typically the amount of 1,2-addition
25 disclosed in the Examples of these Patents range from 30 to 42 % of the buta-
diene units).
[0032] Suitable vinyl aromatic monomers include styrene or alkylstyrene
(e.g. alpha-methylstyrene, para-tert-butylstyrene, alpha-ethylstyrene, and para-
lower alkoxy styrene). In one embodiment the vinyl aromatic monomer is
30  styrene.
[0033] The vinyl aromatic monomers (e.g. a substituted styrene) may often
be functionalised with a group including acyl groups or halo-, alkoxy-, carboxy,
8



[0054] I n different enbodi nents the hydrogenated copolynmer is either a
di bl ock sequential bl ock copolymer, or a diblock normal diblock star
copol yner. [0055]1In one enbodi nent the hydrogenated copol yner is not
a triblock or 5higher block copolyner. [0056]In one enbodi nent the
pol ymer conprises a backbone of styrene and 1, 3-but adi ene.

Conmmrer ci al | yhyalraxy-abllphonyle) yitmer sniafosst, yné ey desdribdtsabstiinentsi witereianthe

unfunctionaljsed copol yner wt , Y and Z groups defined as hydrogen
from for mul d&EBEAT 1%{%%@%%@%% Fﬂb%%a&fm%ut adi ene reacted by

1,2- 10addi tﬁ'o@mj NChde, dyt b &0 hbhA B8 Anc B DEAH irfed" tAQVAhy CRRIHRITY Bk
G oup [0057] The pendant “car bonyl -contai ning group nay be represente
by a car boxyuidsr dig¢rthadrera@imigvedniditesnst loptiendl]ly suche psesamceanf dd-evas acid.

i m de- copt ai Qi. . Tl boxyl i i d deri vati f
ol udesd anr IR LR g PR ire g frufle ST A bl B narb spm-
anm des, ket ggﬂéﬁes feARRY ARSI, anid 1, r 3R], Moshipl &&s off BRUGHCIREE 8btdH &ifaRN

al so be use These include nono-carboxylic acids (e.g., acrylic acid

and met hacr yliideetherady, banen Esflerride-phayo] andherondrifippridstrdosphdyis asdd.,

|1 dy ' ' . T -2
ATkt est or SOTRSF oot teiafl el WHBHARS o RoBRRCLT f Ftc ot «

esters incl udectzéimhgiceatans of ®FC anhyofCoe, 10F Wrey 120 &1 d, or ester,
such as_|ower alkyl, i.e., those containing no nore than 7 carbon
atoms ohOt hel09PRY | ddeearengani, parbpppseqntriniite SEpomaNchf defied from alkyl

0 canony | ot e AR R SRR i
carboxylic acids or derivatives thereof. In different embodiments the alkyl
group confains 6 to 100, or 8 to 80 or 8 to 50 carbon atoms. Examples of a
suitable alkyl group include polyisobutylene, linear or branched dodecyl, tetra-

15 decyl or hexadecyl.

[0037] The weight average molecular weight of the hydrogenated copolymer
typically ranges from 1000 to 1,000,000, or 5,000 to 500,000, or 10,000 to
250,000, or 50,000 to 175,000.

[0038] In different embodiments the polydispersity of the hydrogenated

20  polymer typically ranges from 1 to less than 1.6,or1to 1.55,0r1to 1.4, or 1.01
to 1.2.

[0039] In one embodiment the polymer of the invention comprises a back-
bone derived from 5 to 70 mol %, or 10 mol % to 60 mol %, or 20 mol % to 60
mol % of the alkenylarene monomer e.g., styrene.

25 [0040] In one embodiment the polymer of the invention comprises a back-
bone dérived from 30 to 95 mol %, or 40 mol % to 90 mol %, or 40 mol % to 80
mol % of an olefin monomer e.g., butadiene.

[0041] In one embodiment the polymer of the invention is a block copolymer
and includes regular, random, tapered or alternating architectures. The block

30 copolymer may be either a di-block AB copolymer, or a tri-block ABA copoly-

- mer. Often the polymer _i__s__a__di-block__AB_.cop_olymer. In one embodiment the
polymer is other than a tapered copolymer.
9



OCH/ RiO MR H c CHNVR'O O CH/ CHN-R" I IRl 00 [O059]R is
hydr ogen or hydrocarbyl of up to 8 carbon atons, such as al kyl,

al karyl or aryl. Each R is independently hydrogen or hydrocarbyl,
for instance, |ower alkyl of up to 7 carbon atons (e.g., nethyl,
ethyl, butyl or heptyl). R° 5 may be independently aromatic

(”DnOﬂUC|eaqoonzﬁUSﬁﬂoﬂ@bﬁmﬁﬁﬁﬁﬁﬁkhéﬁ@ﬁ&ﬁ@%Hﬂ%nyﬁ&ﬂﬁﬁ%%ﬁig&m&qSQﬁeﬁﬂt
aromati c am ne or polyanm ne as described bel ow. " The dicar

aci ds, anhydimi a3 Yoes disklpscdby shesFomatlaoBlagkdifoandyBleek(B) defipediabors.

car on atormhRAE! 586 L B BuE TRy 2 BT PRI

anhydri de; diadeormlical Gonaltiing. a’ﬂl‘ﬂé’(ffdedﬁdldaﬁﬁbﬂdhtlﬁ’ﬁé Q¢ knowhag@nineliel &l
or anhydride; citraconic acid or anh dolde gthyl fuymarate; fumaric

aci d: mesacdRreiofcicmpeERtwip ofi 2006 I?aloéép Ctpsl répyl fumarate;
hexyl net hyl[()foJl]feat glteﬁﬁquQEQHé 1ﬁ@n ovver ?diﬁQﬁJse% Ef@H‘H‘X E:'quck

mal ei ¢ aci d and funari c aci and t he este there are
of ten used. (B9NndrRigeln{Budefinedreblovsed Pol ymer [0060] 1 n one

enmbodi nent t ol t he |nvent|on rther conprises a
e ogon: corlbESE ny TP oS £ro-of BT O MUESREy BDjrage also be

further reacimiearald eohyMotduPpibl {PEFHLESMRLN Tige 9720URAIDH Pfdlubes a
functional i sed pol yner cont aining an am ne, am de or i mde group.

Typi cal 1§ t anyl grovpen bransbingagnouing T@ueaulplhee@étcsrhms presihet gre A ansubsti-

oY & oM MG i R b 30 of 10 Ak b 4 R RO Stpe bt

be (i) bondedtdd) eag. pmﬂﬁatpmabpaa/ﬂbonylce@ﬁtacﬂnmgﬂ@r(grppune Iﬁ‘mﬂ)e'r &f carbon
carboxylic acid to forman imde or amde functionalib5ty, (i) the
am ne may beat%ﬁd@de iin@geasey nthe nwabey ef parbpn émmp Groset n the pendant

carbonyl containing group.
15 - [0046] The Z group of the -alkyl-Z and/or the Y group may be grafted onto
the vinyl or branched group or backbone under ene-reaction conditions.
[0047] The ene-reaction conditions are known and include a reaction tem-
perature of 60 °C to 220 °C, or 100 °C to 200 °C.
[0048] . R3 may be derived from vinyl aromatic monomers, or mixtures
20  thereof. In one embodiment R* may be substituted styrene.
[0049] In different embodiments the hydrogenated copolymer may be a
sequential block, random block or regular block copolymer. In one embodiment
the hydrogenated copolymer is sequential block copolymer.
[0050]  As used herein the term ‘sequential block copolymer® means that the
25 copolymer consists of discrete blocks (A and B), each made up of a single monomer.
Examples include of a sequential block copolymer include those with A-B or B-A-B
architecture. ,
{0051] In different embodiments the hydrogenated copolymer may be a
linear, a branched or a star copolymer.
30 [0052] In one embodiment the hydrogenated copolymer is a linear copoly-
mer, '
[0053] In one embodiment the hydrogenated copolymer is a star copolymer.
10 '



(block A). [0062]In different enbodi nents the am ne functional group
may be derived froma nitrogen-containing nononer, and/or an am ne
with a primary and/or secondary nitrogen. 10[ 0063] Exanpl es of

sui tabl e nitrogen-containi ng nononmers include (neth)acrylam de or a
nitrogen containing (nmeth)acryl ate nononmer (where "(nmeth)acrylate” or
"(meth)acryl pSdE" feptiéesmt serhioddimiehs ger iy diogenatedtdopolyhdércis either a
materials). Typically th i t.rogen-contai ni pg conpound conprises a
(et h) acry!| a%@éio%eqﬁmﬁgtﬂﬁd&a PAYRIChgOY ﬁéﬂﬁlfak rlvmag dHAdmstar £emoly-
may be 15repgpesented by the formula. wherein Qis hydrogen or nethyl
and, in one enbodinment, Qis methyl; Zis an N-H group or 0 (oxygen);
20each Ri || [0955hde pemde renibodimpenioterhysirogenayedr ogzodjoykr gv nefpa triblock or

cont ai ni Bg lhtg Zblc rbon 1atoms and, in one enbodinent, each R'' is
hydr ogen; EATHREY PR Y M8kpendent | y hydrogen or a hydrocar byl

group cont ai miose] 1 1 o8e @mbolnéntGAE PERNMrAMEiprARE abacRbae dNItGRAE and
froml to 6 and, in one enbodinment, gis 1 to 3. [0064] Exanples of

sui t abl e ni t hdduviadiers ai Gomgermdbmereilable | cggelymexs of styrene and butadienc

di et hyl acr y}.am L] gar ] S , Vi - for 1 de
N "vi oyt acet oanrgaeelbiflsc RRNAR: 4 i VRO et gl 5 ARG
N-vi nyl hydr frsmafoeinaiae sbovey imith 5 pydli Bi t0e95 Mot i%\df butidiazotaactdd- byt ny-
pyrrolidinone, 5 Nvinyl caprolactam dinethylam noethyl acrylate,

di met hy8ni nestditign nelideleybrzl @748 At hyl ani nobut yl acr yl ani de,

di met hyl am Weﬂ%ﬁp@hrb&ﬁgiﬁéﬁ{z%@%gG@lﬁggt hyl am nopr opyl acryl ani de,

di met hyl am nopropyl ne cryl am ae, dinethyl am noet hyl acryl am de or

m xt ures t hel867] [ 00BS] pendant cartivoi-wentrirtihge @ipenhy & oemesented by a
Aromatic am nes includ 10 t hose i ch.can be represented t he, .
general str u%f%‘?’@ﬁ’lﬁl-ﬁgﬁ‘rorp s A Ve%\ﬁ_,ﬂerﬁ%rsé‘gh' et E’é‘l‘iﬁ'k‘ﬁﬂ 1%1?_1%Tcontammg
aromatic, ArglofipaNTRE QARG8T Q4P or! D&GHHEVES tRérebP ISR YIr s, acyl
aromatic groups and Ar groups including any of the foll ow ng

structulés: Imlides, onbwserwalkyl astersutherqnie ametesc satanseadehydes rauddimides.
aromatic ringg, .1 (th §irch l%gtgerlra?sl g glso be used.” These include mono-carboxylic

acids (e.g., acrylic acid and methacrylic acid) and esters, e.g., lower alkyl esters

thereof, as well as dicarboxylic acids, anhydrides and esters, e.g., lower alkyl

esters thereof. Examples of dicarboxylic acids, anhydrides and esters include
20 maleic acid or anhydride, fumaric acid, or ester, such as lower alkyl, i.e.; those

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

[0058] In one embodiment the dicarboxylic acids, anhydrides and esters may

be represented by the groups of formulae:

11



structures, IC and 1r" can be independently, anong other groups
di scl osed herein, -H -Cl1..18 al kyl groups, nitro groups,
-NH Ar, -NH CO Ar, -00CAr, -00C-Cl1_18-alkyl, -COO C1_18 al kyl, -OH,
-0-(CH2CH2-0) 11C1- 18 al kyl groups, and -0-(CH2CH20), Ar (where n is O
to 10). 20[ 0066] Aromati c am nes include those am nes wherein a carbon
atom of the aromati @ ring structure is atpached directly to the am no
nitrogen. The ami negl may be npnoan nes or ||pol yam nes. The aromatic
ring will tympicallyde a nmononuclear arongtic ring (i.e., one derived
from benzene) bl can TRY ude fused acwratic-orRNgs, especially those
derived from nappthal ene. Exanpl es of (25 aromatic am nes include
ani | ine, N-al kykta |_ne®rRsuch as N-meg ani | «and N-butyl ani Li ne,

i - (para- met yIphg.nL /)rL:mne 4- amﬂ/d % Nnﬁh /(IJ

N, Ndi met hyl phenyl engfdi am ne, napht hyl ami n R' R /
4- (4-ni trophenyl azoXaniline (di sperse ora e 3), sul farret\lw-i’n
4- phenoxyani line, 3-nitroaniline, 4- am noacetanilide N——R"
(N-(4- am nophenyl ) acet am de)), 4-am no-2-hydroxy-benzoic a¢id p/henyl
ester (phenyl am no licylate), N (4-am go-phenyl)- benz/arﬁ"&ie\,c
various benzyl am nes/such as 2, 5-di net hoxylbengyl am ne, )&
4- phenyl azoani™N nd substi tut@p ver SI ns ¢f these. O her egrrpl es
i ncl ude para- et Hnya |ine, 5 para- Tyl antNirRY,
cycl ohexyl - subst| t ut eg”napht hyl am ne,

Exanpl es of ot ~syitabl e aromatic nes ipQluge am no-substituted
aromatic co unds d amnes in ich th amine nitrogen is a part
of an aromatic ring, \\such as 3-ami noqui nol|i neR" 5- ani noqui nol i ne, and
8- am noqui nol i ne. %o |ncI uded are aromatic am nes such as 2- 10
-am nobenzi m 0 u t
directly to l?Bﬁgé}iar oie g (gtjn dég%r%}) SPHQ?F% Oglu%tgh}% g %%S Cﬁ}eld

t he i m dazol #tkaryhgr a@l h@acmm’ﬁeﬁldepeﬁm&y hydrogen or hydrocarbyl for instance,
N- (4-anilinophenyl) am nobut anam de or 3-am_no gém}l m dazol e

Yet other anfoi&s ailwémfo}@ B b carhay ﬁessgstf@rgzaymathyheetpﬁ ylA@rdhqntblMR”
aromati cgam C

o 307, 27 ardeg ROBdGRARAEy SRORRE iRt fadt S S ORREY Faielian niBER!
benzoi m _daz ob s remasandatictod feemn, aramaﬂomymmeloemlyamme)as descxibled rbeies., The

ani noper i m rcatotr| zql es ngphenot hi,azi.n

2 nopyr | of HUSSORR oA aE kot oyl FHFH: feteot SgriFaTh gentain up to 25
pyrazines, pybed BioR@StotadTbNep b QQ'&Mneﬁorr@mE}&EﬂBl@sI HcRst A aleRS aciditd
am nobenzot ri aozl es. Other suitable am nes include 20

3- ami no- N- ( @r&wdrldmwhwnrymmﬂe derpyaspies tb%neaﬁdmnaxel mah:dc anhydnde chloro
N- ( 4- anhbl n 1% n(yzilﬁh dte fnma?eo qu %})HI(CC OI' a %}’(ﬁ' cdtraconlc a01d or
but ananm de. o “APSha M Nes WhHI ¢ e use ﬁ u

aronmati c am arthydyige; athet mﬁaﬁt@sﬁmi@aadnmd@wdﬂwIaeld@r@mt is@prrolppgma-
| i nked by, for exanple, am de structures. npl es i nclude materials
of the generl§ptesiSOFEQmL éumaxateﬁhCXYéﬁ@ethgloW@}qaée, \aadi phengh ;aleie papydride.
where R andy®Ri p. t y X '
Tot | ot eyt apRyRACTRARGE dols A unlic iR o | BEAS Y S peters
- OCli 3 and ttheravfitaer ofi¢n usedknown as Fast Bl ue RR [CAS# 6268- 05- 9] .

[0068]I35ant er tance, RI)%IS-@I‘B and Rvin is -CH3, and the

mat eri a iﬁ&&%@ﬁ&@?—‘ﬂ—@—&‘—ﬂ@—{e 99-21-8]. When both WII and Rix
are ethoxy, [opg0[Rt & iRk dnfhdd@nbntBnd§ oBRnbrlePL0nIbntidh ﬁﬂfe@tc‘%ﬂ{pnses a
5,744,429 discl oses other aromatic am ne conpounds, particul arl

am noal kyl pheitrogen-sentagEng I‘graup)rram oné ostteslimentt & polytheanindg be further
conmpounds, such

50051 0030035 ARG Suth of BEGErPortaidiny pobhs FORop & Fhvtinesined

Sui t abl e ar op@EYmer aBhiaesing era' Mflel RASEe oR iMRAE Brdupe %ﬂﬁll?'thé QERbgds
a substituent on an aromatic car boxycl i c conpound, th

and thienylsubstituted aniline’
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25[0070] I n one enbodi ment of the invention, the am ne conponent of
the reaction product further conprises an am ne having at |east two
N-H groups capabl e of condensing with the carboxylic functionality of
the polyner. This material is referred to hereinafter as a "linking
amne" as it can be enployed to |ink together two of the polyners
cont ai ni ng tdmmtaaidgognoupaeacts dvithutiod pemndnt cyrbodl-tonthmsnd esrupobSeitatdd
t hat hi gher nol ecul ?r ight. material s may provide . inproved

per f or mance, 2AHES {1 ’éd‘%l\gllgﬁgcﬂ?f’ﬂ@ﬂct% TORAREEHC AR Pat er i al ' s

mol ecul ar vwejogbi; THeicldnikl Fan@HnAL o fAD RSy Bk {(N&orIRd 3 aARALLS: SFbERI
or an aromatic amne; if it is an aromatic am'ne, it 1s considered
to be in addéontainingogranp, agdiastarbetylisl asnd e fdnmoam ihédeavormidectuactioneli-

d ib b, ich typicall A I bl
Cencti vesner gy on D] 8 it Ray s bihaght TPt Lo fu iR SR pifmer
pol ymer chai @%ckﬁxﬁrrpl es of such linking amnes include 5

et hyl enedi am ne, phenyl enedi ani ne, and 2, 4-di am not ol uene; others

i ncl ude pr opf08Akdi dwridifderenesmbedimanin el aming dunefinabeteyp, may be derived
w- pol ymet hyl dj am y r ' Net. I L

a |inking arri:Hr;l&gl %gﬁ@rg ésﬂr(éo u%él , ﬁ&gfegselr’r g%%t\éﬁrgeﬁlglt%i%ﬁﬂ\% %ﬁ}%agi'gﬁlﬁ%?
t han a st oi cdecomddry inftregamunt - of a bl ocki ng material such as a

hydr ocar byl -[ﬁﬁggtitut ed uccigi c anhydride. 10 [0071] In one )
enbodi mt¥t t hi nEXEBRS s85  APYRRIE e IEGREUCANIIRS nIBRRAIECTE a paBiude
of reacting (i : : ne. f?qubllﬁ' b

am nes i ncl u%étﬁﬁ%%%?%%ﬂy?aﬁ%ﬁg@% g’ﬂ’?@%@%hé’ﬁéﬁ%ﬁ%ﬁ% am egebﬁbﬁre
ani | i nophenyf(meti)ecrylate’ of-‘Ymicth)acyhamgde” irtpescresibad) tiae aptydiceoramitha-
met hacryl ate_esters, of . 4- hydr oxydi phenyl am ne, the reactio r oduct
of - 15 am HSHF FREHISH ndYBIAY gy PRSI B £ LSHIRROYHY, Fomprises a
gl yci dyl netdﬂ@&]é)ébatmmdeh@r_ e Asdch OsbripditHAC tméth) R A AnBRARA VhA ThAE be
wi th isobutyral dehyde, derivatives of p-hydroxydi phenyl am ne;

deri vat I Yes 1§praspeted biyithe foraulei nyl ogous derivatives of

di phenyl am ne, or m xtures thereof [0072]The nitrogen-containing
conpound may be directly reacted onto the/20 pol ynmer backbone by
grafting of the ami ne onto the poly ckbone either (i) in a
solution using a solvent, or (ii) under Aeactive extrusion conditions
in the presence or absence of sol vent. Thﬁ%ne-functi onal nononer
may be grafted onto the pol yner backbonea[n_ ltiple ways. In one
enbodi ment, the grafting takes place by t hermal process via an .
"ene" reaction. In one enbodi nent the 2%grafting takes place by a
Friedel Crafts acylating reaction. In anogher enbodi nent the grafting
is carried out in solution or solid formitBfRdugh a free radical
initiator. Solution grafting is a vvell-kryévvn net hod for producing
grafted polynmers. In such a process,RiVLed%ints are introduced either
neat or as solutions in appropriate solvents. The desired pol yner
product nust sonetines then be 30separatedRformthe reaction solvents
and/or inpuritigg. .y appropriate purifica- tion steps. [0073]1n one
enbodi ment the nitrogen-containing conpound may be direct- |y reacted
onto the pol yner Qagkpdmogehypr fredleylraad| ocadnecanbbddigedt,dp & mietiyl;of t he
polymer in solvents |i benzene ¢q-xbut | benzene, toluene, xylene,
or hexane. The react FHR-HeBFOBR OF B éfgelﬁut at an el evated tenperature
in the pgnge of 10QLRTid fdd 0 ,
e.g., above 160 C, in a sol vg%td,@nggché%ggséég ?7112%2 %Oc?tbeﬁr}%g%@ %gn%?ll%gl
sol uti on cont atn2grboa, ajoms Endpinsge anb&liment@ach R"%s hiydgegdnpn t he

initial total oil_ solution of sai olyner and, pref erably under. an
nert envir onmenteRngb e HiSbad ity TR RS pPafea R atotio it lie 1
polymer will be 8@krres-4 dRbeeathngladsonewhat hi gher than the ranges

gi ven above for the polyner. However, the weight average and nunber
g is an integer from 1 to 6 and, in one embodiment, gis 1 to 3.
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[0077] Refined oils are simlar to the unrefined oils except they
have been further treated in one or nore purification steps to

i nprove one or nore properties. Purification techniques are known in
the art and include solvent extraction, secondary distillation, acid
or base extraction, filtration, percolation and the like. 25 [0078]

Re-refined giops4pr eEﬁhﬁlgldsn@mnﬁﬁble%Ix@gmo@ralﬂlﬁ@rlﬁsﬁ&ﬁ@@ Biclwle WN-
are obtained by processes simlar to those used to obtain refined

oi | s and of t&pegtdacyamiendi- ronrcett@slg@dd%y(whhrﬁ, lednylr fosmemide, oN-
| of

o 1s userul “TEMaeRdaltda SR AR PolodthARIIAL MU AC Fi it B RS

veget abl e oilgirgeyagetoanadsd,oringl pyridiaedNotviny] nlf[idﬁb&l, Nyl gfyirtolgligures

such as I|qU|d petrol eum oils and so] vent-treated or acid-treated

mi neral ¥ ubrN 4Ryl eppsplpstamyrdipg Ybaéil@f’ﬁhﬁi acrybatsndiesthy aBIm?ﬁ%édmeJ‘ha"

paraffinic e ol V, I

~mixtures t h(rah?' 2%#1[ g%)ng%th%e%?ﬂgﬁi%ﬁb r {?ai |(§glef(t)}|hﬁé%§%2 Prgée}fl uP?e'{tﬂlﬁag?ﬁate,
i ncl ude hydr@mt@mmomsommwlammm yime ethy&onianpropyimethetrytarids e dlime-

olefins (e | enes oly 5 | enes, propyl enei sobutyl ene
copolyners)QhﬁﬁﬁyﬁTahé i@?“ﬁ n@gﬁns%ﬁg% ), pol y(1-decenes), and
m xt ures t hemees alﬂ(}éhe Rebeantent(tBe Amifl® e ednRRZ eAfRSmatic amines include
tetradec | benzenes, di nonyl benzenes, di-(2-ethyl hexyl)-benzenes);

pol ypheh§| s theseywhigh parehg|rspresentehdnyths geaﬁt@ls&me@rwi%ﬁéwlkwi -Ar, -
al kyl ated di n

derivatives ‘Qgﬁrgﬁolgng&}nda Hgl & Ei%ﬁ%hgt ﬁgrlgo’?%&%uc g 9’%“?%‘?%%%‘ .trogen'
[0081] Ot her cywditiglgi aromeiid (gmuprsgaml | f5r ighelpsdendliditg dar@STofrﬁleOfollowing
phosphorus- containing acids (e.g., tricresyl phosphate, trioctyl
phosphat e, aWI“tHES:di et hyl ester of decane phosphoni ¢ acid), and
polymeric tetrahydrofurans. Synthetic oils may be produggd by

Fi scher-Tropsch reactions and typically may.be hydroi- 15 somerised

Fi scher - Tropsch hydrocarbons or wa l/cr FE | =B\

prepared by a Fi Lopsch gas-£ o- I i
wel |l as other g
may al so be
(API') Base G| -
groups are as follows: G oup | Irﬂﬂur content >0°0

<90 Wt ¥ satasrwatleas muligsleiohycondeeved @ 1hXOd ardmatikprihips. (E‘Uﬂhléfwﬁnd related
content <0.03 wt % and >90 wt %saturat es, viscosity index 80-120);
Group |11 (sUMYSHUES, é’emtRentan@rB ‘b sanbegndensadsnly. gmangsether giowgs disclosed
viscosity i n>140). I ha nsnL ang.

G oup V (al Irlgegt herf;)I ng c%’n gc():llil nhg?&%@ﬂpﬁ g?ﬁr N ﬁA)Q )b{%%@‘ﬁrré
oi | of Iubri-@HﬁCﬂ@r,w@@GsCtyg abiypr FEE%- é]mnARIlkﬁEromHI -Og@HYCHA-0)nCias

Goup IIl, G [V, & res t ere O‘tenthe oi |l of
| ubricati ng %II%QC%SPI’% an §ﬁ(qgﬁél'é%aﬁr TWH cb@:‘roup 111, Goup
IV oil o0 mpbeses Whemaat «Mih&s ﬁl%ldd‘éethkfsé E'l@ur&'s w@rein@&hﬁﬂh'dﬂ&n of the
viscosity is often an APl Goup |, Goup I G oup | oi | or

m xtures t heirewhiic 30[DOBBItTreeis| umhe@@urecﬁmwh@ racnnmtr@gen M hehgmines -

formof a con tr nd/or a_f ated_ | ubr. cant

Dol yrer o COREF e BloRoRRMA of phifainfpde®! PR htnatO AR chpighllf be o
(whi ch may hﬂoﬁ(ﬁ[ﬂﬂé&@chrmfaﬁc&@ﬁ@ td.en@®neoddrivied fr@fn”belhﬂ:nép buykeh Enélude
in part, a finished lubricant), the ratio of the p érrer to the oil

of | ubri cat i fW§ed Pecsaiq jingn drsBeciplly alrchﬁéIWW@rllfmrﬁdr thajenes. r Brageplesfof
1:99 to,99: larg%a%'ag&hes Wc1ffe %9111‘;[1%, %ﬂa&@lﬂhﬂ&' Qﬂ:‘ﬁ as N-methylaniline and

N-butylaniline, di-(para—methylphenyl)amine, 4-aminodiphenylamine, N,N-

dimethylphenylenediamine, naphthylamine, 4-(4-nitrophenylazo)aniline (dis-

perse orange 3), sulfamethazine, 4-phenoxyaniline, 3-nitroaniline, 4-
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O her Performance Additives 5[0084] The conposition optionally
conprises other performance additives. The other performance
additives conprise at |east one of netal deactivators, conventional
detergents (detergents prepared by processes known in the art),

di spersants, viscosity nodifiers, friction nodifiers, antiwear

agents, corrasimacétaiiidet (¥ €4-atdiiapgiengacatasibds),t ¥- aﬂnﬁdbfj-hy&pwatehmie
pressure agent ant scuf f 0 agents At | 0XJ ant s, foam

i nhibitors, @F@r dﬁgg‘i‘ﬁpﬁmm‘) a@b?yzg«g nts(4 %@H‘lo'@?ﬁé‘ly ) bgrzamide,

agents and Wﬁi‘fdifse@entzpﬁhﬁﬁés R(cm ﬁ§|2| ¥-dith&thb¥y g4 Inghgdél \}J%Qﬁﬂ/lﬁ%dn'?ﬂne

oil will contain one or nore of these performance

Di spersants al{(bﬂﬁﬁ}lmtstbacl'_smSofahesmf t@ihek ﬁmmphs inslhtie para-gthexyaniline,
dispersats bec r|or t.0, m ubrl ting oil .
corrposit on, ?ﬁ%ﬁﬁ%ﬂ% {ihgon £X5IRR ﬁ?‘tﬁﬂ@ m‘é‘?%h H’dg‘? he§Adio thispyl-
nor mal |y condubisfitt@l amYinas lExhipesner mt@éﬁtm&o@%@%hﬁe@ ihdHMd gatio-
and pol yneric _dispersants, Ashless type dispersants are characterised

by a polar gfibsptuied acmeatia eompemdétanﬂemmﬁsgn whichcthesaminei jtrogen is a
h drocarbon , I. nc e. N-sub titut
I )c/)ng chain E{?rﬁ’?}ﬁn lsnﬁa?m nlé:'h Sl B& @i m?hﬁ s#% THEIE mlebﬁﬁg%'

chai n al kenydmBwquinoiintdes Amgl udﬁ:hmldyl aeP Uhiiedtec Slaﬁﬁmd‘!;l Mygkh Wag h 2-
nunber éerage I ecul,(ar Y\BI ght of the polyisobutyl ene substituent in
the r ang1 358 WeLermEidagple oy hich @99@1113819&1& Pﬁ%’i“lé%wdla%é‘? s&oUR atherhed

Lhel © Pr epargtin & e dhankas Sy o bAMIADSEDD PRk AT Ay 200 1400,

Succi ni m de di spérsants are typica e for
pol yam ne, t3qdé cang.y @th@ol@z(lmbhyhelmdarmr(é)anﬂ[mhyh -Jommimbintechiamede or

the invention further .co e, at | east. one eriv
from pol vi soBrycmErd SRR et ph i e S di e ot e Y fiviga
in the range[¢ds toﬁﬁﬂ@t@ona@raréﬁgtlé Qm3RE0and hearal %ﬁﬂhﬂfiﬂh’la@@%sclosed in

succi ni m de m e used alone or in conbination with other
di sper saht s. USO[R@w] 4. h06A87 end ol PbASS;t same of dheseomciuget dipinocarbazoles,

conpri ses atbén%%ﬁﬁlggﬂiﬁegl SGH A esd Sl e?}fntc{lg% e%gllﬂﬁ %az}%i ﬁl eneﬁﬁ}lg%e'

am ne and zi nc oOXl 01 T & poryl ol

with zinc. Tﬂﬁmuﬁabgg|mba§tytrmelesymlﬂupheﬁt&hmmﬂsez(mimdplsmaim sraopsra-
used al one or, i n conbinati gn. [0088] Anot her cl ass of ashl ess

di sper sant | €N AIBAP YN IDYRIGAIES, DHIAZHSS s aMHEidings.t apinetdadipanies,
products of ahiﬁxtmgn:mézmy %Ed%hﬂﬁ@ﬁl&%%tr{a%%f’e%c'étpﬁi/ séftfrﬂg%ﬂ%maude

and am nes (especi pol yal kyl'ene pol yam nes)
typi cal B§ co.’hamnms-l\hm hmﬂmprﬁy&hNbrsnpmpghhutaﬁﬁﬁﬂ&l MI\H(ASpEMmaphmyl)

may al so be treated con |on thods by reaction with
any of a varf’gf:{/aﬁ'fma’gﬁ%?ﬁlg)(c ﬁ‘@' ‘éaﬁﬁpﬁjﬁ (ke aremafic pwines

di mer capt ot hiyahaaalRSused 3h&98e Qhﬁb‘lhsoﬂoﬁf‘atlcadn‘ili%@m%sinteﬁ%ta&@?e%’contammg
carboxylic 10acids, hydrocarbon-substituted succinic anhydrides,

mal ei ¢ anhydnidiple rammiitllfegmg@dmedeby, fhrosysimples amuiqastnmtgrﬁndﬁaamples

net al corrpou 0 The.di s ant be present at O wt %to 20
w % or 0. A Rragiale %Slvﬁﬂa/egonrer Y, Lo 10 we % or 1wt %to 6
w % or 7w %to 12 wt % of the lubricating comyosition.

15Det er gent s o
N H -

25 Rviii
and isomeric variations thereof, where R" and R™ are independently alkyl or
alkoxy groups such as methyl, methoxy, or ethoxy. In one instance, R*'" and R*
are both -OCH3 and the material is known as Fast Blue RR [CAS# 6268-05-9].
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[ 0091] The lubricant conposition optionally further conprises other
known neutral or overbased detergents. Suitable detergent substrates
i ncl ude phenates, sul phur containi ng phenates, sul phonates,

sal i xarates, salicylates, carboxylic acid, phosphorus acid, nono-
and/ or di- thiophosphoric acid, alkyl phenol, 20 sul phur coupl ed

al kyl phenol[ooe%v]pounﬂﬁmot%r ﬁﬁ{alnﬂ@nll{‘ﬁﬁs —WHP&&&I Ryénbaser, ded efORAtcFial
and their nethods reparation are described in greater detail in

nuner ous patiéknopihis %t‘t’fl‘élﬁ!;et B rﬁ%?-@drfﬁg Wiro0mthFe95mdbRd arefatheric dbe
cited therei e t 8k0 e

% or 0.1 wtlﬂg/% %1%0352 }fg%/}w Bgi{;% %rb ﬁﬁvow' Y0 'o [A’{ngtﬁe}eﬁt gwégéa erls§lﬁses ~o
8 wt % Antimuindtiotaming 6083 ANs| pxﬂtﬂaﬁ&lmﬂm@umj@pl&hetﬁm adiromatic
i ncl ude for exarrpl e, sul phu- rised ol efins, Ehen yl.am nes, hindered

phenol s, ol PSRN @eitp 8T COBRORNGS SHehy BYdRRTH ditCHISEE alth Ahit é’@)ent
and m xture n

" combi nat 1SR CHra 207/ NORAAL IR oS hEGURRTRY pRAEEtr AP RS,
w % or 0. Tiomt Switablérewnats aoyings mt:hﬁzlﬁttho& mmﬁc}ofhetdimnleubtmgat isng
conposition 0094] The hi ndered phen ant i oxi,dant. of.t en _contai ns a,
secondary buSP%?g R e ‘B}a%afoé’?aﬁ ?}g CQFal?ﬁant t?tg}ei Rutfogen 18 not sp’
hi nderi ng gr}g%pldlz‘gaqﬁmg%largﬁlgggﬂng often further substituted with a
hydr ocar byI group and/or a bridging %roup linking to a second

aromat i €0 grd 969]EanbpeegommlgLﬁm1aB|‘él hityriesléy hawerasi NsHagraupx tafmhiss of

a"ct hy - 2, 0. AnebERtE S AR cRRicant i) Snbifiha, Brbibg L rpREIBbmape

4-butyl- 2, 6-anfines @fd cbuiydndhened as Gntioxidants. Of particular importance in that
4-dodecyl- 2, 6-di-tert-hutyl phenol. |In one enbodi nent the hindered

phenol ant i geeadrreialkyateddiphenylamingy suph e d@nykliphenylamias satminemg-

from G ba. il I

o Conar ediPRGRIARIR] | £ HESRELP LI Atterl §iIP SHAIRORNR) M Car
6, 559, 105. [WG9EL fSuéticataliey eﬁﬁwgiucﬂ;:m@f chmhyﬂnbgrunmathot duiitbker foanme edthin

whi ch may be.used a nti oxj dant i.ncl material s sold
inder thy ¢ b TReAB A GeR e O 6t G5 PPUCLSE TR 0 PR AR DS
T. Vander bi | dtta6Red td-tith amﬁﬁdmﬁ@%léﬁl Rk Wad- tb%@r]_@‘hﬁidjf%e andLAudBd reac-
S-600 from Asahi Denka Kogt/o K. 'K 15and m xtures thereof Viscosity
Modi fiers [0100] Abahowgiadichamings inelnde dhosehzaving seprimpny,wittoigon amgx(
serve as Vi ihlers. additional .vi sc05|

Cypes my ai ik reduitS LefOl Mo UG oL TR hEPT sBhehes
mat eri ap@ ard 4d Iﬂélbtidﬁyhsldﬂm@ﬁzﬁﬁt ﬂHthg’ydl@TEb g20nétivRdi £&R6ng WABRHomatic
et hyl ene- propyl ene copagl yners, hydrogenated stﬁrene i soprene

pol yners, hyAigge ks écphﬁaaliaé%mh% pt-éranesiphersiamings Ryamiwohsazamidazoles
(of ten poly nlamwdﬂﬁ iyl et 1)ene<ﬂg,!n¥@é.kgbm%t&frtﬁ@£esando§éh Phffmdift Afithes
esters of maleic an yrene copolyners, or res thereo
Such addi ti onay aksnsnmarttqntmnﬂaht peformgndedoghe pehymedrs, insagdétson to disper-

0, 0,
Including 0 s%cy/%n(? ot]her propérhe?sr 0.1

25 [0070] In one embodiment of the invention, the amine component of the
reaction product further comprises an amine havingr at least two N-H groups
capable of condensing with the carboxylic functionality of the polymer. This
material is referred to hereinafter as a “linking amine™ as it can be employed to
link together twb of the polymers containing the carboxylic acid functionality.

30 It has been observed that higher molecular 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
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25wt %to 10 wt %or 1 w %to 5 w %of the lubricating conposition.
Antiwear Agents [0101] The |ubricant conposition optionally further
conprises at | east one other antiwear agent. The antiwear agent may
be present in ranges including O wt %to 15w % or 0.1 w %to 10
w %or 1w %to 8 Wt %of the |ubricating 30 conposition. Exanples
of suitabl e speWehit Bgemaremait agingHbiphansdeasd dpshe sukgditionstedand a

ol efins, sul -C i.nd N shl ess,..anti.- wear .additives .are. net .
Gi hydr ocar by o P SahBL kR B8 ARt BRer e phov e R BER sk Abe gy
t hi ocar- 22 hben@ilg-dendcidehsi®le ofpeistiss, NHUgbupsid bidee ab RaoRt excessive
esters, thiocarbamate am des, thiocarbanm c ethers, alkylene-coupled

t hi ocar bamat @8ssligking,ps theapelymer tohpmsc aEwampley ofisyel pinkinss amjnesopgirde
di t hi ocakba LN e Rr g r i

i thi ooat banar EeCRRY, Qe GR TR nlt o I BRATEHfRG ARGE ok,
di t hi ocar banpbeyleasdiainfhe)g Kexaptingsndtiymiles0 ddd PoRAr €eh-Pylymethylene-
si mul t aneously reacting an am ne, carbon disul phide and an )

unsat ur at ed HamRRnd hGERaw) ofjreacthie fungtionaliy Gecinch alinking amise e pe
of 25 Ctol P Si,4, 362 and 4,997, 969. l:he

di t hi ocar bar2r1m553td gcec%%ggﬁfgg&’a% rfzr%?wgldél%f férsrsalg?%’g at %gﬁﬂﬁﬁ%&tlglﬂ unt of a
Exanpl es of HHuockiapneatedisdfsunk at hdtydnmoartind-ssbbtted ssedinioarilodmdan t he
sul phurilﬁed @I ZH n 't[ncl ude ﬁr‘?oi | ene, butyl ene, . isohutyl ene, pentene,
hexane, fept @11 ocimfoe Hhediatentdhe faung fooyuifes TEASAUItaNRE CoMm-

tridecene, tghihAdespislc &Pfﬁa@ﬁgg ehfectiex Al ef PBEmACPI ABEAENExamples of

oct adecene, ‘oct adecelnen(_a, nonodécene, “el cosene "or m xtures thereof In
one enbodi nesvitablecsmisies érvdudel N-hdithedplasries, batitidepksny] nuthadgenyids &-
nonodecene, eji.cosene.or m.xtures therepf and their, di ner triners

s ety o B haRit8¢ S bR Stk Fiden oty Anfiygetiory-
olefin may batea Bhtefss- 4F darhpidiediphénydatiRNe tHaICRe@Sioh, Splddhadi 6ne p-
and an unsaturated ester, such as, butylacrylate. [0104] Anot her cl ass

of sul phuri sEaingAuhenyipmine aes-allaylapingdiphenyiraming avith glycidyl eneghacriiate,
Cnts o . e . 1
typi cal |y conpaca il pRRbel BFib ARAMARREL I Ge Qi FafRliRlonOps 48V

aci ds and t hives eftphgdioagtiphenylairghy;c detidebyesobigheaoitdazihé, nelmlegous
acid, pal mg(ﬁqlei C. acig ,0[1 m_xt ures thereof O‘tgn, the fatty acids are
obt ai ned f r dtfif1'afycHP} dip Eﬂ“fl%‘ilqe,’ opBHnKtresthereodoy bean oil | cot t onseed
oi I, sunfl owgp7sped T‘Bb'ni&&géﬂ-&éﬁkﬁﬁ&\}\% t@ﬁﬁlgleg?d fRly bW ?Qgﬁ@f‘&n’co the

fatty acids and/or ester afe m xed Ins.” [0105 n
al t er naZ® ve mripodi hadkbone hy sishingsy theninieaentaghe polymyerdackboenddst €

f | yol .and_an,.aliphati y id, oft .acid ... .
conta ning. 13 § 303408 1B Se R0 Ry eRroRRE rsfise et iy inahe
an al i phati cpreggneexylabgeraeiof sobvent. tie dhdnsf@dctndl HonbMeWnidy W grafted

sunflower oil or the |ike, which 30 may be present in the friction
modi fier mixanipdhe pelyips tyckbomsin wultiple sravsr lanpsdimbedinent the gogting

.or 20 to 85, 0. el t. of  saj t . Th .
al i phatic catfa g%sxéﬁf;%%g% té‘\séﬁjt“glg%ré’g?{éf‘ﬁg 4 %ﬁote%rc g%éyltﬂl’l %ngcﬁ odwn%{s%%the
form th® esgrefttngataked phwe byca GsictylpCeatsl seylaingadeaction. 1 2n boothér eimbddi-

to 20 carbon atons. anpl es of carboxylic acids_ include dodecanoi¢
aci d, steari®eHcia erplithg ie cagiiel oBleHetnlbtion: oy solid domn dhipugh jadtree radical
[ 0106] Pol yol ;s 76l Ude, 16184 S | OLs, . it j .gu

of 5 al coholllﬁ%: OH gr oups}%FgoTlaf}L%rliéca gﬁ@oﬁ%@%%ﬁ%eﬁéﬁﬂagﬁgg Eit&?treﬁ
gl ycol s, i nghalginecs. di such niproeasd, teagemts tany irdrelugkd etthear, ngat @pyds esodutions
gl ycols, including di-, 1tri- aﬁg‘i tetrapropyl ene glycols; glycerol;
but ane di ol ; PHEPEARIIHF 5P 1VCBE b _?)Id,ESlé? Bok 1°T PR tippst sofierigigs; then be
fructosgy 9ldposesd foral BRexaBEotsBlvenR HdM fRburit’dy appropriate purifica-
pentaerythritols, including di- and tripentaerythritadl. Izjf%jen t%e

pol yol is ditsrhsteehe 10gl ycol, triethylene glycol, glycerol,
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[ 0108] The | ubricant conposition may al so contain an antiscuffing
agent. Antiscuffing agent conpounds are believed to decrease adhesive
wear are often 20 sul phur-containing conpounds. Typically the

sul phur - cont ai ni ng conpounds i ncl ude organi ¢ sul phi des and

pol ysul phi des, such as di benzyl di sul phi de, bis(chl orobenzyl) .

di sul phi de, @083}yl T eh¢ ambbpinete thelhittoyehcdhyaibingydonpouyd whphbe direct-
sul phurised net hyl ester. of oleic¢ acid, sulphurised al kyl phenal,

sul phuri sed Wi rﬁéﬁ%@@ﬁ’é‘to tha polymes ck@“ﬁebﬁéfregdﬁﬁlﬁﬁ]r P%té]anﬁ)graéh;@s @ the
adducts, al kyljygut B{"@@D(fgnt%%l@ DErfhe i:ktyl:)utgl BQﬁ%@rBﬁ E%y1dR€ or hexane. |
reaction pr oduct of pol yam nes W|t asi c aci estérg

chl or obut'yl Bt mastio nmysbajcmmdnmt (apan)pilmmsﬂt teniperaoredin the range of 100

ot hors”of xat RotshiG ShdPReCARE I o i QB0 ool Bt & Emgopredel G 1o

Agents  30[ OsbPnEXducBMB Pi@fee sl RibliERIn AR Rb ﬁltfoﬂaéon@dlﬁm%O b lgb | etd BOLbYes

oi | include sul phur- and chl orosul phur-cont ai ni ig P agent’s,

chl ori nat ed ﬂ@f&wt&ﬁme@né@@mx@alatntalp)hlo@bmm@ wid agymeas. angpaefisrably
of such EP nat ed wax; organi c sul phides and
pol ysul phi dg‘gleds%% %‘%ﬁre"%% i sul phi de, bi s(chi or obenzyl)

di sul phi de, dob4f vyl Thetrﬁ@l&lﬂlhlﬁhmdﬁ‘ghts(hﬂ hisufunsg@endIBEd ol Bhéevildfbeot@tds-

aci d, sulphurlsed aIkyIphenoI hsulphurlsed di pent ene, sul phuri sed

t er pene [0 andPdingly r oaRaV ISt clhighey dlan dlhgiganges sHEEpARRYS forutie dglymer.

W th tur pentrageaer e WihEriaRE: TnBbRE Lishl pRIGIRINN HENS fof Rdtfo-

g! Eyd { olcar Eamlﬁnatﬂ pbbmlm;rdnimjclﬁc bcrrdﬂprhmp’:]ut?cben thee ?asl,ls ﬂf thcltg»rhc;]mitcm;]x!d[mbb,-
i heptyl phosphite cl ohex phite, pentyl phenyl phosphite;

di pentyl phen ﬂgbﬂ?f ewpﬁéﬁﬁf E fosphite, distearyl phosphite and

pol ypr opyl er@ll%@'%})ﬂhyﬁgm&ﬁ@jl% phosphite; netal thiocarbamates

10such as zinc di oct Iocarbamate and barium heptyl phenol diaci d;

the zi né5>sall0878F alpheopirosisiontdonmriscaandil afdubsicating yisspsiby. kﬁuclands

di al kyl phosp| f xanp! t.h e s

the reacti ongg{uggun%?d rgf and g?ﬁﬁgﬁ?%ﬂ? ’nlg%p eélggﬁéf‘?né ! %r%crarii ahyd5§$%]ﬁe
oxi de; and ntiogt, LE[r&Bh?dil@ﬂﬁ%n@ hﬁ{reﬁﬂéﬁ tiefi@ed k] Eldddineiheils and mixtures
perfornance addltlves such as corrosion inhibitors include those
descri bed i nfhg%Pkgraphs 5 to 8 of US Application USO5/ 038319 (fil ed
on Cct ober 2 04 r I

oct anoat e, c@%gﬁsa%ﬁ&g@o Egg%llséo% ed@%tg{g%rqﬁﬂréc;ﬂ ??é]l?casgactlu%qtg\r{ S%Qh@ﬁc
anhydri 2@ anwuacd geneyalhewithewidbr mthdhtdle);ﬁathed purificatiorptreytarenhe | n one

enbodi nent t rrqsi.on. inhibi or.s includ theSnanx
corrosion i nﬁﬁgﬁ) %e’?ﬁ‘gd aﬁ%ﬁ“&ﬁ?‘r&% Wnuﬁ‘rﬁh toblrs G*&°R tytﬁ'leéf&az’ﬁ bz?en
hormopol ymer fkihePBehIEA 0fE 0P hfi¥ Iﬁﬁﬁo@ﬁb@@tepérk@uﬁyf&b%@r& ROl R8h&0
inhibitor is described in nore detail in a product brochure with Form

No. 118- 0145esoAzifeEon pedhinigies drdpinawe iDEw athend wlluctecﬁqbw extFhgtion,

Porvg- 251 ycorengs? ReoR Ao Ree ko Abben hEPuRtha AT R <

i ncl udi pg defoioysy i ves- &ﬁnb@@ﬂ@taﬁ‘e anol laﬁ)wrdam&ﬁﬁredt&tﬂ&pﬁdﬂe@geal #lls, and
derivatives, 1,2,4-triazoles, benzim dazol es, 2-al kyl dithi obenz-

i mi dazol es, P @iﬁn%bm|pﬁwe@§rér§@tlhr 4 Bhass - used dpnobkn Beieadsoilhand aftey
copol y- ners,of I | 18X

optionally vﬁg dagg)éta g?gﬁé{é%%) C}Je%és | n%/%dﬂtgl r)r%%%’?l Bfl%i’ﬁnt additives
phosphat es, mﬂqbb@k%ngkqdmtss poI yet hyl ene oxi des, pol ypropyl ene

oxi des and ( | ene_ oxi ene oxide) .pol yners: pour paqint
depressant s ﬁ’h?%udl gﬂj‘* E@lrlg ‘fF)f%LH} 104n dF‘V%Fé“@t '}'}PEH%H"S wlmtﬂw&al
25 crybgt esOllSOQ)e%a%Bbél Gi1€%e.8", JAoY A, Mbﬁm}ﬁfsxﬁm%%i fubtiChti QD oﬂs such as

nmodifiers including fatty acrd derivafives slich as am nes, esters,
epoxi des, f aiquidipeirdknol priesnd sclvestigedted or priddinedtsd ofincat bxbxy:latmg oils
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I ndustrial Application [0112] The polynmer of the invention is
suitable for any |ubricant conposi - tion. The polymer may be
enpl oyed as a viscosity nodifier and/or a dispersant 10vi scosity

nodi fier (often referred to as a DVM. [0113]1n one enbodi ment the
pol ynmer of the invention provides at |east one of acceptable

vi scosi ty noafi fhe pgrafénico maphthenicaoc epixall pardffspgemsephthepier fypres ardnods

d tabl e. d sl handl.i ng.. Wen the pol f th
vent | on | S EE8 191 ARHGTAE o PR ARRT conposi 11 on, 11

typically funoBer lSphgiidembacsaiy abkeark UglefifiC NP INCINEE HRIPRACKOP bils
accept abl e soot and sludge handling. [0114]1In one enbodi nént for fuel

econony per fBChaadelymerésedoingniaterpolyprarised obafinsr(sreat pelybwiyltanes, polypro-

[ 0115] I nc one di or ;acgept ahl _soot.. an l.udge Rhandl.i he
Sopol yret  comuTTSe B RAER. 2nfiaReh: T afiREe ool Pbetels).
| ubricant i nallydedaenes)giang aldtufedrtharedf;salkokbetends 4e gl rdolecylbéeena,

conbusti on enfjl ne, a gear oil, an automatic transmssion oil, a
hydr aul i ¢ f Itgffadecylhenzensse djionylbengencs) dint?ethydhenyl)-bengengs); polyphenyls

circulating Qi . I j t ] [ j
engi ne may b(g'éé’ g{pgl%gﬂg?% rﬁﬁﬁﬁg“qgﬂgﬁ%?&gﬁ lgl]% cl)ﬁi’ n%ghflg%ﬁ?%igflée gljiertllé?rs
a natural gemdf slilyladetl eigliengl enlphiddsxadi glas detinatiadsc ahalogh ualdl Bemologs

engi ne. ,ln one enbodi.nent the i.nternal conbustion engine is a diesel
fuel | edléengitﬁﬁreﬁﬂgrP’ﬁ’“&ﬁ‘?ﬁt}?%‘iﬁogfrrbodi ment a gasoline fuelled engine.

[0118] The inpesmel CARQUSIIARCRBHREHAR YIRS nlude HudK @siets 4f §h&ﬁ§ﬁ%n|1s-

engi ne. 30Suitable internal conbustion engines include narine di'ese
engi nes, aviwnianing atidn (©agitnewesyl ohesrdate, diiestl phogphats, andhthe diethyl

aut onobi l e and. truck engines. .[0119] The |ubricant conpositionfo n
internal co Sgesrt?flcj)glec«?ﬁﬁﬁ) e S%%/m%eac rta8§|1’e°l1'¥18?“&ﬁ§tf§wg1?ﬂ r?rthriSé’ﬁ{]i’[egc
i rrespecti veoiifmhbe prdduted by HiSSRAdTbisscBre st daR ahe dygishll{ AQTNMDnRifd)

content. The sul phur_content of the engine oil |ubricant ma%/ be 1T wt
% or | ety ocmergeduFisshsr-Trapsch Bydrgcarbaps g oFaxesss [n gmeoembaligentogs

s
| ess, or 0. (0f other9ganstotlapsd ollhe total sul phated ash content may be 2
\INtes(;/? O-{)r | g_sgﬂagil%lbf)i];gﬁe%fgfu%glcgtggg\ss ’V#E)sji%}&lna\é\rﬁe%lgg %re cie%sn%’d aosrsp%ecivf\%ed%not%e
American Petroleum Institute (API) Base Oil Interchangeability Guidelines.
20 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 III (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 I,
25 IL III, or IV). The oil of lubricating viscosity comprises an API Group I, Group
II, Group III, Group IV, Group V oil or mixtures thereof. Often the oil of
lubricating viscosity is an API Group I, Group II, Group III, Group IV oil or
mixtures thereof. Alternatively the oil of lubricating viscosity is often an API
Group I, Group II, Group 111 oil or mixtures thereof.
30 [0083] The lubricant composition may be in the form of a concentrate and/or
a fully 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,rin
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10[ 0120] I n one enbodi nent the lubricating conposition is an engi ne
oil, wherein the lubricating conmposition has a (i) a sul phur content
of 0.5 w %or less, (ii) a phosphorus content of 0.1 w % or |ess,
and (iii) a sul phated ash content of 1.5 wt % or less. [0121]In one
enbodi ment the lubricating conposition is suitable for a 2- 15 stroke
or a 4-strokehsRréme gaselfinifi&er NakiceAybUR! FR1d 6NEhdBolyhitrabethe oil of
enbodi ment the marine di esel conbustion engine is a 2-stroke engine.
The pol yner lgbrie#ing wseesiiyorndies tohdilepndedl eludenfieiraegadiafsep9 to 99:1 by

| ubricating I ol t . w % or 0.05to 10 vt % or
0.1 to5w %&FBE?}J@ t?elvog?gﬂ’yé&r%%@i ments a suitable lubricating

conposi ti on OthepritaéarmAfecdidditives present on an actives basis in
ranges as shown jn T%bl e la and I b., Tapble la Enmbodi ments (wt %, of

| ubri cant coi88l ti dfy comneseiay oRfioRit BREPTiSesIOthT peripppanreaddigves.
0.1-40 0. 3- 3h 0 ohref G eLFPRanEE R h RO COnPLE Lt 885t U1t P nfla14®eactivators,

conventional detergents (detergents prepared by processes known in the art),

dispersants, viscosity modifiers, friction modifiers, antiwear agents, corrosion
inhibitors, dispersant viscosity modifiers, extreme pressure agents, antiscuffing
10 agents, antioxidants, foam inhibitors, demulsifiers, pour point depressants, seal
swelling agents and mixtures thereof. Typically, fully-formulated lubricating
oil will contain one or more of these performance additives. '
Dispersants
[0085] Dispersants are often known as ashless-type dispersants because,
15  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 dispersants. Ashless type dispersants are characte-
rised by a polar group attached to a relatively high molecular weight hydrocar-
bon chain. Typical ashless dispersants include N-substituted long chain alkenyl
20 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 dispersants and their preparation are disclosed, for instance in US
Pateﬁt 4,234,435. Succinimide dispersants are typically the imide formed from
25 a polyamine, typically a poly(ethyleneamine).
[0086] In one embodiment the invention further comprises at least one disper-
sant 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.
30 [0087] In one embodiment the invention further comprises at least one

dispersant derived from polyisobutylene, an amine and zinc oxide to form a
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0.3-30 1.5-20 G| of Lubricating Viscosity 1-99.99 15-99.89 40-99.4
60-98 Table IDb Enbodi nrents (wm % of |ubricant conposition) A BC
D Functionalised Polyner 0.01-25 0.1-20 0.3-10 0.5-5 O her

Per f or mance

10

15

20

25

polyisobutylene succinimide complex with zinc. The polyisobutylene succini-
mide complex with zinc may be used alone or in combination.

[0088]  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 alkyl
group typically contains at least 30 carbon atoms.

[0089]  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, thiou-
rea, dimercaptothiadiazoles, carbon disulphide, aldehydes, ketones, carboxylic
acids, hydrocarbon-substituted succinic anhydrides, maleic anhydride, nitriles,
epoxides, phosphorus compounds and/or metal compounds.

[0090] The dispersant may be present at 0 wt % to 20 wt %, or 0.1 wt % to .
15 wt %, or 0.1 wt % to 10 wt %, or 1 wt % to 6 wt %, or 7 wt % to 12 wt % of
the lubricating composition.

Detergents ,

[0091] The lubricant composition optionally further comprises other known
neutral or overbased detergents. Suitable detergent substrates include phenates,
sulphur containing phenates, sulphonates, salixarates, salicylates, carboxylic
acid, phosphorus acid, mono- and/or di- thiophosphoric acid, alkyl phenol,
sulphur coupled alkyl phenol compounds, or saligenins. Various overbased
detergents and their methods of preparation are described in greater detail in
numerous patent publications, including W02004/096957 and references cited
therein,

[0092]  The detergent may be present at 0 wt % to 10 wt %, or 0.1 wt % to 8

wt %, or 1 wt % to 4 wt %, or greater than 4 to 8 wt %.

7 Antioxidants

30

[0093]  Antioxidant compounds are known and include for example, sulphu-
rised olefins, diphenylamines, hindered phenols, molybdenum compounds (such
as molybdenum dithiocarbamates), and mixtures thercof. Antioxidant com-
pounds may be used alone or in combination. The antioxidant may be present in
ranges 0 wt % to 20 wt %, or 0.1 wt % to 10 wt %, or 1 wt % to 5 wt %, of the
lubricating composition.
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Additives 0-49 0.01-45 0.3-30 1.5-20 G| of Lubricating Viscosity
26-99. 99 35-99.89 40-99.4 45-98 [0123] The foll ow ng exanpl es provide
an illustration 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 bel ow t he styrene-butadi ene copol yner
has a vinyl [goe4jp copé qaﬁde(r@alp;fensp ahiSHia8RN 8P Honhind Qesé%'dh@ﬂ'yeﬂuﬁyl
bl ocks of between 40 and 65 nole % 10Styrene-Butadi ene Copoly

Functi onal i sa@d/qmwrimwémylmynrasdaester[lm%l]unﬁ\ersng/gm bﬁhauh@mé group

copol ynmer funpctd on sed wi.th are

process descri th %fﬁhc%vs“‘ﬁytﬁ%‘%ga ‘ﬁ%edﬁ%‘i}é §F§ 8r lad%m}r;glf‘g SBR'B
is added to 1tmding 134y Gcdndbaiioyl RNz, (Eiafﬂpd@SBR)suitﬁblé hinasge pHeask
with a 5-neck lid (with gasket) and equipped with nitrogen inlet for

a 15 nitr oglélﬁomdéwsofm&l?@ @n@'ﬂhf‘?it Pb?ylﬂhesebH‘*ﬂthhM]g%ﬁ) 1-tgutuigiptenol,

stirrer and 8ls G n & B0 € ~ A
condenser ar el I ARRLA-BARRED . SRR SR S -2,
under ni tr ogitentiituitylphiersd oby elddoddaly bR 6-dinfeytlnitgliphiesolt hém c&(édaﬂbcédimean
anount suita ovi de the incorporati on shown in_ Table ™
typically 1 E ?mq%r‘gi BYAE 2B1axigans 5rate P TRY IBIPYiret§- éffganox L-
stirred 20 134080mP0bANA Hi¥fe r&‘eﬁléﬁedésérlﬁt@&{ %@ shﬁaﬂ-l%qgter]_&%teﬁﬁﬂgtmﬁn

funnel is charged with di (t-butyl)peroxide (1:3 nolar ratio of
initiatdl tolened Elmoamty@md@té)chﬁmlstmtsﬁbbedmeﬁs Rapers Gr,lﬁﬁ‘gk@?) and

added dr opwi ..hgt sol u Lon The r ea ti,on |s
stirred for @ﬁ?é}rt h Plt%ﬁﬁo%aglpi Cﬁﬁl%(? péﬁ"%a%@ At W 1'{
solvent is h&B@‘d@dn@hﬁdidi@hhbﬁﬂénﬂl%rco\ﬂﬂﬁ%mQﬂﬁénas kel Snddr tHe t@d&ﬁaﬂﬁl%’@

(0.07 to 0.95 bar or 2-28" at 130C) and cooled to room
t enper at ur e.Suthas Melyvan 8221 end Mqlgv%qiﬂafbéépml% - t\Sm@n@lf(Qo pEtd., and

nm./ gsBR) an ﬁ’ﬂ anel b 0 t
solution is %@%9 Iﬁ%llig y ?olgc%lsdﬂ%yﬁlé)%% %dU ano |]§%Igéraa2%8%yq K.K
(1:1, 21% nialngsﬁi%)umstﬂermfnstant stirring and the resul ti ng white

precipitate |s fil tﬁr ch under vacuum and dried on the filter under

vacuum f or HALEs are dried under vacuum at 50C until no
further wei ghﬁoé]OSSA'lt%oﬁé’éﬁ{eV&ﬂ ymeReSH the g@%ﬁﬁh@&%lﬁﬁﬁg@éﬁ% ak vEé%o%iQy
are prepared by using the nmethod described above Iin co nation with
t he dat a showedifiarsTadditioal vigcosisy r@difaere df bthat types ntayyalsr s pieserite §uch

o vt TeaRgs e Ge 26 R YE i o b Bioaried FRpens
with 1:20 MMutdtiiéneat Aibbemy | @ﬂl‘lyldihelp}bllbjﬂéxhe I adspm?fh@fsy R @&ogEted N StyRdR-

slower to dissolve in oil and typically require prol onged m xing
and/ or heat pp@arene polymers, hydrogenated radical isoprene polymers, poly(meth)acrylates

(often polyalkylmethacrylates), 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 wt %, or 0.1
25  wt%to 10 wt % or 1 wt % to 5 wt % of the lubricating compbsition.

Antiwear Agents

[0101]  The lubricant composition optionally further comprises at least one
other antiwear 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
30  composition. Examples of suitable antiwear agents include phosphate esters,
sulphurised olefins, sulphur-containing ashless anti-wear additives are metal
dihydrocarbyldithiophosphates (such as zinc dialkyldithiophosphates), thiocar-
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Table 2

Ref erence Exanple Initiator(nole Solvent , Tenp (C) SBR

cone g/m. TAN (ng KOH g) W of MAA on SBR MAA Graft Efficiency (%

rati o)

10

15

20

25

30

bamate-containing compounds, such as thiocarbamate esters, thiocarbamate
amides, thiocarbamic ethers, alkylene-coupled thiocarbamates, and bis(S-
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,
the reaction occurs at a temperature of 25 °C to125 °C. US Patents 4,758,362
and 4,997,969 describe dithiocarbamate compounds and methods of making them.
[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, octadecenene, nonodecene, eicosene or mixtures
thereof and their dirhcrs, trimers and tetramers are especially useful olefins.
Alternatively, the olefin may be a Diels-Alder adduct of a diene such as
1,3-butadiene and an unsaturated ester, such as, butylacrylate.

[0104]  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 thercof. Often', the fatty 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
monoester of a polyol and an aliphatic carboxylic acid, 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 friction modifier mixture include 5 to 95, or in other
embodiments 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
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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-
rythritols, including di- and tripentaerythritol. Often the polyol is diethylene
glycol, triethylene glycol, glycerol, sorbitol, pentaerythritol or dipentaerythritol.
[0107] The commercially available monoester known as “glycerol monoo-
leate” is believed to include 60 + 5 percent by weight of the chemical specics
glycerol monooleate, along with 35 + 5 percent glycerol dioleate, and less than
5 percent trioleate and oleic acid. The amounts of the monoesters, described
above, are calculated based on the actual, corrected, amount of polyol monoester
present in any such mixture.

Antiscuffing Agents

[0108] The lubricant composition may also contain an antiscuffing agent.
Antiscuffing 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,

sulphurised methyl ester of oleic acid, sulphurised alkylphenol, sulphurised

dipentene, sulphurised terpene, sulphurised Diels-Alder adducts, alkyl sulphenyl

N’N-dialkyl dithiocarbamates, the reaction product of polyamines with polybas-
ic acid esters, chlorobutyl esters of 2,3-dibromopropoxyisobutyric acid, acetox-
ymethyl esters of dialkyl dithiocarbamic acid and acyloxyalkyl ethers of xan-
thogenic 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 chlori-
| 24
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nated 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;
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 phos-
phite 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 reaction product of a dial-
kyldithiophosphoric acid with propylene oxide; and mixtures thereof,
Other Additives
[0110] Other performance additives such as 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 products 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 Polyg-
lycols for Demanding Applications.”
[0111]  Metal deactivators including derivatives of benzotriazoles, dimercap-
tothjadiazole derivatives, 1,2,4-triazoles, benzimidazoles, 2-alkyldithiobenz-
imidazoles, or 2-alkyldithiobenzothiazoles; foam inhibitors including copoly-
mers of ethyl acrylate and 2-ethylhexylacrylate and optionally vinyl acetate;
demulsifiers including trialkyl phosphates, polyethylene glycols, polyethylene
oxides, polypropylene oxides and (ethylene oxide-propylene oxide) polymers;
pour point depressants including esters of maleic anhydride-styrene, polymetha-
25



18.84 1.65 28 7 2:1 (MAA:tBu02) PhCl, 130 0.080 43.96 3.84 64 8 2:1
(MAA: t Bu02) tBuPh, 130 0.080 13.61 1.19 40 9 2:1 ( MAA:tBu0O2) tBuPh,

130 0.083

10

15

20

25

30

crylates, polyacrylates or polyacrylamides; and friction modifiers including fatty
acid derivatives such as amines, esters, epoxides, fatty imidazolines, condensa-
tion products of carboxylic acids and polyalkylene-polyamines and amine salts
of alkylphosphoric acids may also be used in the lubricant composition. Fric-
tion modifiers may be present in ranges including 0 wt % to 10 wt % or 0.1 wt
% to 8 wt % or 1 wt % to 5 wt % of the lubricating composition.

Industrial Application

[0112] The polymer of the invention is suitable for any lubricant composi-
tion. The polymer may be employed as a viscosity modifier and/or a dispersant
viscosity modifier (often referred to as a DVM).

[0113]  In one embodiment the polymer of the invention provides at least one
of acceptable viscosity modifying performance, acceptable dispersant perfor-
mance, and acceptable soot and sludge handling. When the polymer of the
invention is used in an engine oil lubricant composition, it typically further
provides acceptable fuel economy performance or acceptable soot and sludge
handling.

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

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

[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
gasoline/alcohol fuelled engine. In one embodiment the internal combustion
engine is a dicsel fuelled engine andrin 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.

26



12.06 1.05 35 10 3:1 (MAA tBu0O2) tBuPh, 130 0.080 29.67 2.59 37
Where tBuQ2 is tertiary butyl peroxide, tBuPh is tertiary butyl
benzene, PhCl is chl orobenzene, SBR is styrene-butadi ene copol yner,
BPO is benzoyl peroxide, and MAA is mal eic anhydride. Preparative
Exanples 11 to 20: Am ne Functionalised Copol yners

5[ 0126] St yr efpg1dpt adhenebceRe|cpiRbsitiodnet iaﬁnﬁidrﬁeﬁctovﬂﬁdatiaﬁleﬁ%ﬁle may be
anhydride (prepared fromsolution grafting of naleic anhydride) na

be further radeblediey any sagke HbricTne isespeedee fofrthpr syplrdrn phapphorus or

am ne-functi ' i i.pbed I Hydr n . .
SR g M | <UHALF PP FATRE ) 874F SNERETTRE i UErRREaR, B ensing o
to 150C i n dubtiesgendy Bsk/Wi Yeomesk dritds ands 10 1gaske.5 wi 84 edldss,tdr 0.3
nitrogen_inlet (470 cnB/mn, 1 SCFH nitrogen, non soubsurface),

over head® st i V't & OF g5 8¢ REQSRIOTER GORtARERSY B Q-&Terruess, of Sok wiPher
pol ymer - oi | i i LRI g4 ) o

4- am nodi phéﬁ%’%‘i(ﬁgsﬂ( iv&‘&aér?@ii Q]rCrizé(gﬂeﬁl) “and a‘% %Orrlgﬁ%toé(r)?scwéu/r fozi‘cl{3 Bt
(1 w9 as &.8% witry orhessolThertetadselphdiddchsbcenteat payibed oft %6 omiasst@sl.5
and stirred for, a m ni of 18 15 hours. e yessel is fitted wt
er i on adtil 14 Snlnts L v Ao St 1 Pa T Loy SO i s fest o 0.5
(1:0.15, C=0OyfN; dfeto0l uene are then added and before stirring for 2
hours. The vessel is equipped for vacuumdistillation, and volatile
conponeh®s al0d2¢f st in |ang ambodimentathe Bbricmang Cogmosiionois 28" engide oil,

The resul tant, vi.sceu L/Lael | eJe]| Q 1 nd_transfecrr o
a1 st ot et e B, ofpGaRLE AL ML sultiite SRPRR! B Ot e o
the process ldes Qi) kephesphvfusadshtédteof OfloMIaLI @Nlcegnirdi (i6d 4 Bulppirke ash

In sonme instances pol ner s wi th a higher than expected residual
aci d/ anhydr i‘d’@t%\?élp%we@ oplass-sol ubi lity. 25 Table 3 Preparative

Exanpl e [0121] In one embodiment the lubricating composition is suitable for a 2-
15 stroke or a 4-stroke marine diesel internal combustion engine. In one embodi-
ment the marine diesel combustion engine is a 2-stroke engine. The polymer of
the invention may be added to a marine diesel lubricating composition at 0.01 to
20 wt %, or 0.05 to 10 wt %, or 0.1 to 5 wt %.
[0122] In several embodiments a suitable lubricating composition comprises

20 additives present on an actives basis in ranges as shown in Table 1a and 1b,

Table 1a

Embodiments

(wt % of lubricant composition)

A B C D
Unfunctionalised Poly- | 0.01-50 0.1-40 0.3-30 | 0.5-20
mer
Other Performance 0-49 0.01-45 0.3-30 | 1.5-20
Additives
Oil of Lubricating 1-99.99 | 15-99.89 | 40-99.4 | 60-98
Viscosity
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Table 1b

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
invention. '
EXAMPLES
[0124]  As used herein below the styrene-butadiene copolymer has a vinyl

group content (prior to hydrogenation) on the butadiene blocks of between 40
and 65 mole %.

Styrene-Butadiene Copolymer Functionalised with Maleic Anhydride

[0125]

A styrene-butadiene copolymer functionalised with maleic anhydride
is prepared by the process described below. Hydrogenated styrene-butadiene
resin (“SBR”) is added to hot (120 °C) t-butylbenzene {10 mL/ggpRr) in a flange
flask with a 5-neck lid (with gasket) and equipped with nitrogen inlet for a
nitrogen flow of 470 cm’/min (or 1 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 to provide the incorporation shown in
Table 2; typically 1 g will provide 0.4 g grafted onto the polymer) and stirred
(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 td the hot solution over 60

minutes. The reaction is stirred for a further 3 hours and approximately 65-70%
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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 toluene (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/gsgr) 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
loss 1s observed. Specific Reference Examples 1 to 10 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
et i, oo 30 |58 T k| ot

°O) g/ml |[KOH/g) SBR (%)
1 (MAZIBPO) PhCI, 115[0.037] 9.18 | 0.80 | 18
2 o A}i:t}BuOZ) PhCl, 130(0.043| 27.42 | 238 | 48
3 | AAz::ti?,uOZ) t%‘g%h’ 0.086| 39.56 | 3.44 [ 69
4 v ;f;:&auoz) B lo.a17[ 2053 | L9 | 36
S | ova ;’:1}31102) Bt lo.osof 2011 | 176 | 35
6 |ma A3::t%3u02) tBl‘;%h’ 0.080| 18.84 | 1.65 | 28
7 | ovia A2::t}3u02) PhCI, 130[0.080( 43.96 | 3.84 | 64
8 | va Azz:t%BuOZ) "Bll;%h’ 0.080[ 13.61 | 1.19 | 40
9 | A?::t}SuOZ) Bt [o.083| 1206 | 105 | 35
10 | a }S::t}BuOZ) ﬂﬁ‘;%h’ 0.080} 29.67 | 250 | 37
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Where tBuO2 is tertiary butyl peroxide, tBuPh is tertiary butyl benzene, PhCl is
chlorobenzene, SBR is styrene-butadiene copolymer, BPO is benzoyl péroxide,
and MAA is maleic anhydride.

Preparative Examples 11 to 20: Amine Functionalised Copolymers

[0126] Styrene-butadiene copolymers functionalised with maleic anhydride
(prepared from solution grafting of maleic anhydride) may be further reacted
with an amine. The process for preparing an amine-functionalised polymef is
described below. Hydrogenated SBR-g-MAA is added to base oil (e.g., Nex-
base™ 3050) (89 wt%) heated to 150°C in a flange flask/five neck lid and
gasket, fitted with nitrogen inlet (470 cm’/min, 1 SCFH nitfogen, 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
hours. The vessel is fitted with immersion addition tube and DMAPA (dimethy-
laminopropyl 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 volatile
components are distilled at 160 °C and 95 kPa (0.95 bar or 28” Hg). The resul-
tant viscous oil/gel is cooled to 100°C and transferred whilst hot. Specific
Preparative 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.
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5.0 Where ADPA i s 4-am nodi phenyl am ne; DO3 is di sperse orange-3.
Rheol ogy Test [0127] A series of sanples prepared above are eval uated
in adrain oil 5 rheology test. The sanples are anal ysed using the
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Ratio AG Ratio DrarggQOl ADPA 00 0 50

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

5  rheology test. The samples are analysed using the oscillation rheology test with
a TA Instruments AR500™ rheometer in oscillation mode. The test geometry 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 0.080 Pa to ensure that all samples have a similar

10 baseline shear history. The samples arc allowed to 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 measurements taken at a total of 30 points. G’ is

15 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,

ISBN 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.
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Table 4
Preparative Treat . .
B}fample Rate ,II::;II; AG" G(g;a)") G' Ratio 1{:1 (t}io
(wt %)

Drain Oil 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 0.96 0.19 0.09
16 0.50 552 | 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 0

Where

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

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 prior to
the peak from the G’ .y value;

G’ ratio refers to a ratio of the G max of a candidate species to that of the
equivalent reference oil to provide a normalised measure of reduction in structure
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
calculation (ratio of sooted drain oil and sooted oil containing DVM G’(Max)
ratio).

[0129]  The results oBtained for the rheology screen test indicate that the
polymer of the invention reduces soot structure build-up relative to untreated
drain oil.

Preparative Examples 21: Amine Functionalised Copolymer From Extrusion
[6130] A 5 litre flange flask fitted with nitrogen inlet (250 cm3/min), Dean-
Stark trap with .water cooled condenser, overhead stirrer with gland and ther-
mowell/thermocouple is charged with a Group IIl mineral oil (2000 g). SBR-g-
MAA (160 g, 2.19 wt% graft MAA, 35.7 mol anhydride) is added to the oil over

1 hour at 130 °C and stirred for 3 hours. N-Phenyl-p-phenylenediamine (6.58 g,
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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 cm™) peaks is deemed
complete by IR and total acid number (very low residual acid value via titra-
tion). '

[0131] The product of Preparative Example 21 is then mixed with 1 wt %
and 2 wt % of surfactant to aid handleability. The surfactants include Surfon-
ics®L24-5 (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:

33



t he tenperature sweep rheol ogy,
m nimumprior to the peak fromthe G .
refers to a ratio of the G.

equi val ent
in structur

ref erence oi
e 10bui | d-up;

\Y

and

al ue;

AG between candi date and the equi val Eablerléf er ence oi

represent at

oot aod. dAr Al
T

nnll

by subtracting the G value of the

G ratio

of a candi date species to that of the
to provide a normalised neasure of

reducti on

AG Ratio refers to the change in

[0128] A

uglnn hgc haan |nﬁ|ndnd as—a

line. The s
G ratio 1§
cont ai ni ng

L\ A EEEeAvAv A Savav up vy |

oot ed drain oi
calculation (r
DVWM G (Max) ra

T O

is anal ysed p
ati o of sooted
io). [0129] The

R(H}eniaélceayﬂscé’éﬁﬁl edly OIQPI o

resu tS

soot ed oi

og ai n

ed for the

rheol ogy sg
reduces sodg
20Pr epar at i

reen test indi
t structure bu
ve Exanples 21

cat eSutfattagthe p
| d-up relative
Am ne Functio

oS yrfestamif (Iheati

Riteddit 8

ted g
pol yn

rBuefifctamt  Treat

dfln 0|I

Ext rusi on
(250 cns/ m

[ 0180 1ir
n) Dealzﬁe %’%%r k

SutfbAREBI DU 5K

trap with wate

§4gted WTh T

cool ed condern

Tg7Agoen 1 nlet
ser, overhead

stirrer wit

h @xamplaahb t h

DChﬁmmpm$@®k4nD

(160 ~ 210

cilfpl e is charg

ed2with a

Vi'AWAN

Goup II1

35.7 nol anh

o e 1

n ﬂ\
HIV

AHSH 5 PRE o |

Y 19—V

1

W 2

hour 4

+ Q0L ~r af Y
VIV,

37230 C and

stirred for
nol )

ES. N-Ph

enyr -

P- pnenylenedlanlne (6.58 g, 3Z
is added and the reaction mxture is heated to 150 C for

39,/
16

hours. The rEwmplon Zriﬂxtzﬂ,lb,e an@ %@o&@de&sondﬂty theusamkl, Exckptethhyduafactaat

propyl am ne dded subsurface and the reaction
is stirred f&éqﬁyﬁ%ﬁr em é@e@@?of the reaction can be readily

moni t or esl by[oiBdy ar €de. qmﬁaélaee@r@ﬁara@ve Wxe@p(el 208 g MERandE 212 is then
di sappearance of anhydride (1781 cm 1) peaks is deened conplete by IR

and t ot al acfrlat plutreded widran additiprali latiant Yaoif S uwianies®L24- ﬁuatwl a@aem)d for
[0131] The pr gy%al@c REAL hY ﬁ ngppléﬁagq 3 écﬁoér*"%sm &’1 Llove. Wrnd®

and 2 wt /60 actan to ard e sur antS-
i ncl ude Sur fprmductlﬂ‘ quﬁrat)wﬂxﬁnplemscd af Iraaucauﬁd) 0ad I(Qhém aieatHatsis e

cur T actant, Vol GPG CS0SH it Fitbas ERERON. Cor por ali on) .

surfactant, n Corporation), and

AT aeefE oty o) AL sl i RO CHRARLOT) Mo

Exanpl e 21 agrdugatstussdiif alstaadinaiys senss, wiidhl ie widdl-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 aromatic-, 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 (ii) substituted hydrocarbon sﬁbstituents, 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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(111} hetero substituents, that is, substituents which, while having a
predominantly hydrocarbon character, in the context of this invention, contain
other than carbon in a ring or chain otherwise composed of carbon atoms.
Heteroatoms include sulphur, oxygen, nitrogen, and encompass substituents as
pyridyl, furyl, thienyl and imidazolyl. In general, no more than two, preferably
no more than one, non-hydrocarbon substituent will be present for every ten
carbon atoms in the hydrocarbyl group; typically, there will be no non-
hydrocarbon substituents in the hydrocarbyl group.

[0134] It is known that some of the materials described above may interact in
the final formulation, so that the components of the final formulation may be
different from those that are initially added. The products formed thereby,
including the products formed upon employing lubricant composition of the
present invention in its intended use, may not be susceptible of easy description.
Nevertheless, all such modifications and reaction products are included within
the scope of the present invention; the present invention encompasses lubricant
composition prepared by admixing the components described above.

[0135] Each of the documents referred to above is incorporated herein by
reference. Except in the Examples, or where otherwise explicitly indicated, all
numerical quantities in this description specifying amounts of materials, reac-
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 normally understood to be present in
the commercial grade. However, the amount of each chemical component is
presented exclusive of any solvent or diluent oil, which may be customarily
present in the commercial material, unless otherwise indicated. It is to be
understood that the upper and lower amount, range, and ratio limits set forth
herein may be independently combined. Similarly, the ranges and amounts for
each element of the invention may be used together with ranges or amounts for

any of the other elements.
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Foot note: Exanples 2la, 21b, and 21c are essentially the sane, except
the surfactant enployed is specified fromthe table. 5[0132] The

pol ynmer of Preparative Exanple 21 e.g., Exanple 2la is then further
treated with an additional 1.4 w % of Surfonics(r)L24-5 and assessed
for rheology characteristics as defined in the Rheol ogy Test

descri bed aH8¥29] Tth‘p]reodwctnvcﬁtiﬁr dparbetn e pbiach e rditibago dtGprafatred

of 0.054 (mh treat 9 nd 0,.006 n the treat
rate is 1 w™® Oleﬁlftﬁ’lé ]‘SA§° LP§eHm¥1\%Ft§%’ﬂ t%f‘ﬁé(aPB rﬁ%ﬁ??fb%sb ereof will
substi t uent "be@bmehyshag&Rr 1Y thodk Mkidlled $n UBE Chrt Vhﬂohsre‘ﬁﬂﬁilfgnﬁfey sﬁ&'ﬂﬁ@a‘aon
which is well-known to those skilled in the art. Specifically,

refers to a Qrseferaalisnly ke vedessinodithsn the rnemnlt»pnahsd@wédlqr@mtumntended
remai ndeg of _t I [ edgm nant |

characté$ éﬁngquﬁﬁﬁﬂkﬁggﬁﬂgggéanyggp%%fnc0388¥ﬂfé?ﬂ?nﬁj§?%85§bon
substituents, that is, aliphatic (e.g., alkyl or alkenyl), alicyclic
(e.g., cycloal kyl, cycloalkenyl) substituents, and aromatic-,

al i phatic-, and alicyclic-substituted aromati c substituents, as well
as cyclic substituents wherein the ring is conpleted through anot her
portion of the nolecule (e.g., two substituents together forma
ring); 20(ii) substituted hydrocarbon substituents, that is,
substituents contai ni ng non-hydrocarbon groups which, in the context
of this invention, do not alter the predom nantly hydrocarbon nature
of the substituent (e.g., halo (especially chloro and fluoro),

hydr oxy, al koxy, mercapto, al kylnmercapto, nitro, nitroso, and

sul phoxy) ; (iii1) hetero substituents, that is, substituents
whi ch, while having a predom nantly hydrocarbon character, in the
context of this invention, contain other than carbon in a ring or
chai n ot herwi se conposed of carbon atons. Heteroatons include

sul phur, oxygen, nitrogen, and enconpass substituents as 5 pyridyl,
furyl, thienyl and imdazolyl. In general, no nore than two,
preferably no nore than one, non-hydrocarbon substituent will be
present for every ten carbon atons in the hydrocarbyl group;
typically, there will be no non-hydrocarbon substituents in the
hydrocar byl group. [0134]1t is known that sone of the materials
descri bed above may interact in 10 the final fornulation, so that the
conponents of the final fornulation may be different fromthose that
are initially added. The products formed thereby, including the
products formed upon enpl oying | ubricant conposition of the present
invention in its intended use, may not be susceptible of easy
description. Nevertheless, all such nodifications and reaction
products are included within 15 the scope of the present invention;
the present invention enconpasses |ubricant conposition prepared by
adm xi ng the conponents descri bed above. [0135] Each of the docunents
referred to above is incorporated herein by reference. Except in the
Exanpl es, or where otherwi se explicitly indicated, all nunerical
guantities in this description specifying anounts of materials, reac-
20 tion conditions, nolecular weights, nunber of carbon atons, and
the like, are to be understood as nodified by the word "about."

Unl ess ot herw se indicated, each chem cal or conposition referred to
herein should be interpreted as being a conmercial grade materi al

whi ch may contain the isoners, by-products, derivatives, and other
such materials which are normally understood to be present in 25 the
comer ci al grade. However, the anount 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,
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becone appar ent to those skilled in the art upon reading the

specification. Therefore, it is to be understood that the invention

di scl osed herein is intended 5to cover such nodifications as fall

wi thin the scope of the appended clains. Wlat is clainmed is: 1. A

| ubricating conposition conprising: an oil of lubricating viscosity

and 5a hydrogenat ed copol ynmer conprising at |east one ol efin pol yner

bl ock (bl ockgAl:; : j.east one vinyl aromatic polynmer block (bl ock

B) with nole rattllggggﬁédo’lsbck A (bl ock A+B) of 0.5 to 0.9, wher ei n

bl ock A contains repeat units with 5 nol %to 95 nol % of branched

al kyl groups, with the proviso that when fhe copol r.conprises, a 1

t aper ed copoll'yrrer“g DY CRlRg ComPasiHen CaBRESgn iaflsoql/\ﬁ’%(ﬁﬁﬁw&ﬁgg VI§ORSHEY an

38.5 nol s % tpy 188 ebpd1RARF RERALRLIL! 2t Rhe MBEA PolyrhiEr1BER PSTREL
o?@ﬂak ild P s{%sa d’e and Tolrh @gﬂt he

al kyl groups ot block A are furthe tituted; wher el

hydr ogenat ecAcapbkt/ heast ome #inyl Reométio polyorealtilsedd (WyclaB) | witk madneatod of
the follow r,0 - 2 15( K or block B being further
functional i Qﬁcm@?oack;fgﬁgiﬂfbg;tp-&%’pnyl contai ni ng group, and
wher ei n the pendagheréil BRRYK! ACQMAhSirBLa@RRAHR With IR Ui d5tBo] % of
provide am ne, imde or am de functionali tﬁ’t and (ii1) block A

3

bei ng furt hetranchedtalbragiosps, withithapravisadbatuviben draroralyengemprises a
di rect| Yo Ont,Q érgg caﬁcﬁ&tn%(% gio GftkA %gh%%rrep%aqm% Svith gllté%temfge{n()%? ?t{l/ogg/o to

pol ynmer conpri ses en containrng func- tion group
from at | east5 mok%bf praathead alkybpghiups, wheretntiartoanditied @Akylngoups of block
wherei n the nitrggﬁg-containing functional group is bonded to a

car boxyl i ¢ &t 1 5eiidreindithe anmine conprises a

i trogen-cont ai ni i i : r
ni trog i 'v@lger_lglﬂr?]lgﬂ’il i dPSoAtA™ ﬁ%&h&séﬁs%ﬁhyﬁn\én%aﬁ&ﬁ M¥ast

ni trogen group. 2. ricating c Ition o aim 1, whérein
bl ock A and/are dfltbe koiBwingepatedent | y furt her conpri ses a pendant

car bonyl - cont ai ni [t roup. . The l.ubrjcati onposi,ti of clajm

T ber 6 n bl ook (1 eBRRA s Slacrs B et bR BEPTR AR aopesith -
4. The | ubr iyl REn@HIRS T mndl wREXIPAR Pdndahfbiodyll SondainMPesRNub is
t he pendant carbonyl -contai ning group conprises a car%ox lic acrd or

deri vati ves sgpstitutpsytogfrovideamiae.ngpianhy amidieBinchandligzsandr al kyl

esters thereof cQgl il ifP HhrthbP RurlceoARRO Fi@En UindCadleli¥hatity

ester group.
bonded directly onto the olefin block polymer,

20 wherein the hydrogenated polymer comprises a nitrogen containing func-
tional group derived from at least one aliphatic, aromatic or non-aromatic .
amine,

wherein the nitrogen-containing functional group is bonded to a carbox-
ylic acid, and

25 wherein the amine comprises a nitrogen-containing monomer or an amine
with a primary or secondary nitrogen group.

2. The lubricating composition of claim 1, wherein block A and/or block B
independently further comprises a pendant carbonyl-containing grouf).
3. The lubricating composition of claim 1, wherein block A comprises a

30  pendant carbonyl-containing group.

4. The lubricating composition of any one of claims 1 to 3, wherein the
pendant carbonyl-containing group comprises a carboxylic acid or derivatives
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5. The lubricating conposition of claim4, wherein the carboxylic acid
is a dicarboxylic acid. 56.The lubricating conposition of any one of
clains 1 to 5 wherein the nitrogen containing functional group is
derived fromat |east one aliphatic, aromatic or non-aronatic am ne
7. The Iubrlcatlng conposition of any one of clains 1 to 6, wherein
the nitr ogen aamhggng by iddes, hplidep corprilsederat thema$tcontigning no
aromatic am e r iolet B _Fast Blue BB,

lﬂEyel tkgn g ecla%:&n %OBI(S%IFt tkﬁ/yle%tﬁ]‘e ﬁgp gm ne,

ani |l i ne, ani I'i nes, parare

4- am nodi pheﬁyl arﬂ‘lmel,ubN,cbhﬂlg oBinbysipbe v cpnedl awhaRin DRGEHYH Y 24 is a
4-(4-nitroph cﬁ le ﬁ) ani_l i ne, sulfanethazine, 4-phenoxyani l'i ne,
3-nitroanili d Fﬁ%écet anilide (N (4-am nophenyf | acet am de) ),

4-am no dro I

sal i cyl a?e) IWI\I— ( ﬁma%nﬁ%gaﬁngcdoﬁjﬁ Qﬁ@b‘éﬁ?‘té enzy?g] ng’s wherein the
4- phenyl azoanirbgere Copaulangtﬂ:mxlymll goep 1padlﬁ'1\d§ddﬁ©yﬂ aﬂllbaslﬂa)ne aliphatic,
cycl ohexyl - substht ut ed nal?ht h%l am ne, and thienylsubstituted aniline.

8. The | ubriC3PPHY E BRGNS TREN2BI2%nNy one of claims 1 to 7, wherein

bl ock A further Chhibsichanaof{Polftion st hhPRAk! 4/ ciRRRATdo db! GALL 1
onto the olefin block 20 polyner, and wherein the am ne cohprises at
| east one ofmmogﬁrupcpﬁmwmrﬁm@wml oy mopimny:t alrellethm;d aromigtic amine

4- ani | h | d
et acr o at oieet R iBi 8 yA A8 B PR el GRS ek stifites i
of p- ani nodimpéthplphanyljanioe, pt- ainknﬁdamdn@mnﬁhenw mﬂﬁemylﬁahe&hx&éd%hme

net hacryl ate; the reaction product of p-am nodi phenyl anmne Wt

25i sobut yr aldehtylamigey f‘v(étm%’ﬁh%ﬂyl@B%h@%ywlmwﬁmar@phenoxyamhne
derivatives t4hi I

di phenyl am n%ﬁltllgj'raﬁ%ﬁlfi tjL r éelg}EJ Ogg?tgl\c{)ffh% @ﬂ%%ﬂ%@r}} gpi‘l%egargglr%)(bs‘} ﬁn&fﬁ) 8T
any one of &ydrm—herlzmda acid tphenylk ester i @henj?lg agtlind e@sicyRI®, N-(4-amino-

f dd | udi di , t dant
Pt vear® agdnenyiy i iztiden  hofksRmEinch,  froheny B8ottntnsof pararilmxmmaline,
| ubricating pﬁm@@dctyla@ﬁ‘hﬂé aé%l&f&%yﬂf;u&'ﬂ%t@& 1 ‘Bt la reifgthg ? yl-

| ubricating conposifion is ar engine oil, and & conposi t1’on
has at | eastbgHutedfaniline.a sul phur content of 0. 8 vvt %or Iess (| i)

a phosphorus, contgnt € or u hat ed

.content of ? }%% luﬁécs%m% “m polshéoq ?J%Hyc%ﬁq 41%013%9'52102‘? 1 BACTEH @Hﬁk A

one of cl ai fsrtllert @niiYisingan Qiming Eﬁldti@héh@%dﬂ&d‘iﬁfﬂéﬂ?&ﬁ@mé §lefil block

engi ne %(,)dl and wher ei rhthe conposition has a hur cont ent
%P8 Y

of 0.5 s 4N oeiy tha GERe COBIPEISAY éh!eaéif one of W- p%tphemymme

and (iii) ags f 1 e

of the |ubri cﬁlﬁﬁgﬁ}%g%gglg?ttﬁ ?%kﬁgﬁldg 41an§11¥\6& (h?f mﬁél{m{i & %fmélg %%enyl
engi ne oi l ﬁtapomnzdsl auwmt@rand me&acmkaielesteﬁ nﬁM-l@ﬁﬂ‘bﬁdﬁhpmyeﬁﬂin@e thd
gear oil,. aut omat i, c nsm.ssj.on oil, a hydraulic fluid, t ur bi ne

oil, a net afr IQEIR]IBdIHt dp -FEgROdipRsyiamine qrfgp-@ihylamg@dlph@@ylgg@n@wlth
the | ubri Calglyuid A OFR@FchY1afe; Ofhe@ R4 cAPR ﬁgdﬁ&@'o@‘sg%n{lﬂotﬂlﬂ)h% %n%ggkhﬁie

oil for a 2-stroke or a 4-stroke marine di esel tern
engi ne.25 isobutyraldehyde, derivatives of p-hydroxydiphenylamine; derivatives of pheno-

thiazine; vinylogous derivatives of diphenylamine; or mixtures thereof,
9. The lubricating composition of any one of claims 1 to 8 further compris-
ing at least one performance additive including a dispersant, an antioxidant, an
antiwear agent, a friction modifier or mixtures thereof.

30 10.  The lubricating composition of any one of claims 1 to 9, wherein the

lubricating composition is an engine oil, and wherein the composition has at
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least one of (i) a sulphur content of 0.8 wt % or less, (ii} a phosphorus content
0f 0.2 wt % or less, or (iii) a sulphated ash content of 2 wt % or less.

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 a (i) a
sulphur content of 0.5 wt % or less, (ii) a phosphorus content of 0.1 wt % or
less, and (iii) a sulphated ash content of 1.5 wt % or less.

12.  The use of the lubricating composition of any one of claims 1 to 11 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.

13.  The use of the lubricating composition of any one of claims 1 to 11 as an

engine oil for a 2-stroke or a 4-stroke marine diesel internal combustion engine,
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