1, A LUBRI CATING O L COWPCSI TI ON FI ELD OF THE

| NVENTI ON The present invention relates to autonotive |ubricating oil
conpositions, nore especially to autonotive |lubricating oil
conpositions for use in gasoline (spark-ignited) and diesel

(conpression-ignited) inkquMBRICATING OO i@ | ed at least in
part with a biofuel, espml‘lmi)res—SAm_W%Eé_mt er nal
conbustion engines fuelled at least in part with a biodiesel fuel and
spar k- i gni i (a¥e) .on engines fuelled at |least in part

wi t h bi oetlﬁ-gifgﬂlgsi. , S5 'WEJQPI ubrication, such conpositions being
referred to as crankcase |lubricants. |In particular, although not
exclusively, the present invention relates to autonotive |ubricating
oi | corrpoé[%thi Bi¢scnt pHWPRIGID [rglatsa o ngutprative Vebrcaging pib sgomposisions dmakes o

| ow | evel fesul fu : . d.. j.ch exhibit inprove
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fuel | ed wigdited) bid8ized];(camnpretion-Ipmitsépin@frnaddinbuytes dngied Ghelled at least

conpositions for_ jnproving the anti-oxidant properties of the ]

| ubri cat i i Pait| W’éfb r?pé@iﬁtql,o?ﬁpe@ﬂ@(@ﬂ@m@@ﬂmdl intrenat| coRbaSHem AREREE
| ubri cant g L f | g1bor | i | ' r .
combust 1 o SeB Tt abish & A Olin BEBRIRNel oY RELIAR st Tl Bl PRlbustion
cr ankshaf engifies fieelledgatnieagtnio part whitlc biaeithianol ditedd coinkcasetlubricatiokheuch
contam nation or dilution of the crankcase |ubricant in internal
conbust i oﬁo%ﬁﬁﬁl%@?,begégprg%r%}lt?/a%ﬁréf‘gfé’é‘? &%&F?@ﬂ at least in part with
a biofuel, is a concern. Biodiesel fuels include conponents of |ow
volatility which are slow to vaporize after injection of the fuel
into the énganﬁléulamyzgitfmgh ynot grclusiisely ntheppresant inehtivh gelates db eswdmaeing

sone of t resul tin rtially.c st.ed,deconposi tio roduct s
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| ubricant. The biodiesel fuel in the contam nated |ubricant my form

further de¥éHEHBRETRIHS! Shooguging whicle it duellné veith pebipfughrafidt oothe wharding

| ubricati : t he i 1. b ngd. that the presence qof
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Moreover, it has been found that this problemis significantly worse
in diesel engines which enploy a |l ate post-injection of fuel into the
cyl i nder g&kGROMDWFrHREWRPHYN and passenger car diesel

engi nes) To régenerare an exnadst gas after-treatnment device.

Exhaust gas after-treatnent devices, such as a diesel particulate

filter (DPE reqguire riodical eneration to renmove the bujld up
of soot - ancrineidubie Rt i of Shed B Reral 1B dDerit an erabeomhpstion
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sustai ning regeneration of a DPF involvés el evating the tenperature
of the extRatbichgeisadatedodr aterns.helBPEontaminationt dredidatistn. ofAshea coinkeask

engi ne r . at i. d lean, this. jgay be achieved . by addi ng
Fual 1 nt dupnETLTh g SRBbe S0 SRl R SelRraged SRR eite Hgeror
an oxi datwiglna daifadlysta doaeahed upstream of the DPF. Heavy duty diesel
(HDD) engi nes, such as those in trucks, typically enploy a |late
post-injection of fuel directly into the exhaust system outside of
the cyli . j list_ i i dut y. di esel engines
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thereby contaminating the crankcase lubricant. The biodiesel fuel in the contaminated

lubricant may form further decompositions products, due to the extreme conditions

during lubrication of the engine. It has been found that the presence of biodiesel fuel



3 SUMVARY OF THE | NVENTION The present invention is based on the

di scovery that a lubricating oil conposition can be fornulated which
exhibits significantly inproved antioxiZlant properties in the
presence of a biofuel. In accordance with a first aspect, the present
i nvent i on gudothe déscoamplostitivh gabdwngs ehdresfo fp @i ttaﬁﬁca&(sg)rmbﬂiédnﬂﬁjromlf)t‘éﬁl @8
oil of lubricating.vjscosity in a major_ anount; an oil-sol uble
or oil-di aLIop) ‘gf é’lbfdﬁPt?f%}@nEonM@FF@H?n(lB)hﬂasb%?ﬁ fvadt thae this promlemoris
amount, obiaimahts Wrst e dlesa | - t, Qoo 1ADRGY Ak
agent.  an oAaly kst B cleSa i Ol bRy RGP R 8 B B
gener al FdhangyBnder (Feflalight-duty,- madiugd Jdutyhen@ipasseagarhcar diend eppidents v

represents_an aronati §rF)i havi n to 3 substituents selecte

ti.c et 0
fromthe JFSUBSHSPIRPHE? ?%%{thl?grglq%ﬁ', al koxyal kyl , aryl oxy,
aryl oxyal kyl, hydroxy, hydroxyal kyl, halo and conbi nati ons t hereof;
each L is _independently a linking noiety conprising a carbon-carbon
si ngl e bok@hwist a5 ph-iptgedudeyiaes,clucly as ndbigeh patichlyter filfr D@, sreq GR

i ety of. th | & H O CR2R3).. )y X- in: each R,
nependorrig el oendr S il of G55 HRY ahpeen Greaufrom

each X i shiavidgpeRaantit dalceeh @ﬂ%{hé BBRhieinBE. O0Re GRSH i%&éaﬁwccﬁi‘ditions for

(CR4R5) z, .Q .and S; each R2, R3, '14 and _R5 independéntly represents H,
Cl to Co Hlslingnndagusiainipg regeneraidgon of a PREsingokves ¢lovatingnihi téraparGRARST z
with the ' i is,1, nis 2 to 10 when X is
0 or S aﬁ%%;\%h?]%t %ggt%% e@%ﬁﬂég}:ehﬁ%pf(;sﬂi?rﬁé%epseoz%leﬁf; Ahegelepeme ips W?EEWS y

provi so t bedl and ldagatis mapbAachivicdty dddiipSuéltintoahs bxipmest @E@ﬁfpti\énﬁ’[ﬂy fnhe

formula HLO(CR2ZR3)n).yX-: and mis 1. to 100; and, wherein the
| ubri cati WPF“%%H%@S thei B PE 2BoMidaHORasatel s boratad upstseam f3thaelRBF.o4

Dy of Ul of B g ) S e ool ST B by 2 tge
post-injection of fuel directly into the exhaust system outside of the cylinder, whilst
light duty and medium duty diesel engines typically employ a late post-injection of
fuel directly into the cylinder during an expansion stroke. Surprisingly, it has been
found that the oxidation of the lubricant increases significantly in a diesel engine
fuelled at least in part with biodiesel when the engine employs a late post-injection of
fuel directly into the cylinder. Although only theory, it is believed this increased
oxidation of the lubricant is due to more biodiesel being absorbed by the lubricant on

the more exposed cylinder wall, thereby increasing contamination of the lubricant in

the sump.

A similar increase in the oxidation of the lubricant has also been found to occur in
spark-ignited internal combustion engines fuelled at least in part with an alcohol
based fuel (e.g. bioethanol) due to the presence of the alcohol based fuel and the

decomposition products thereof in the crankcase lubricant.

Oxidation of the Jubricant typically yields corrosive acids and an undesirable increase
in viscosity, thereby shortening the useful life of the Iubricant. Accordingly,

lubricants with improved antioxidant properties need to be identified.



Preferably, the lubricating oil conposition according to the present
invention is a crankcase lubricant. It has unexpectedly been found
that the inclusion of the oil-soluble agiditive conponent (B), as
defined herein, in a lubricating oil conposition, particularly one

i ncl udi ng SUMMARY OF TEEEINVENCIONPr oves the anti oxi dant properties
of the lubricant, 1n use, 1Tn the Tubrication of an internal
conbustion engine which is fuelled at least in part with a biof uel.

In partic r . ] . .an oilz-soluple additive ..
conponent ult}%)p rfgr?ﬂglqvgggrl#giasﬁa %%J %I? "ﬁ%Qj 5 B%r?’tq”i i} IBE%WIBE o1l Gompgsition gan
positive deefirtulated erhich @:fchibiwutgﬁﬁidaiﬂiljﬂaﬁlbfmre@fanftihﬁidhﬁtb{;ﬂoﬁéﬁfes apaher
may pronote the useful life of the lubricant. According to a second
aspect, t PEHResAbiPEebnti on provides a nethod of lubricating a
spark-ignited or conpression-ignited internal conbustion engi ne which
is fuelled at least in part wwth a biofuel, conprising operating the
engi ne wi tth agcérdbudecwithnyg finst| aspertpdsi piesent doveRtioni prgvidés ) Jabri@itingodil

| ubri cati ng Vi SCOSI t%Pi.n a maj or anmount; and, (B) an oil-soluble or

oi | - di spefSPBPEUGRHEPNPYE g onponent (B), as defined in accordance with
the first aspegh)of LB RigseIlind & ol itive conponent
in a mnor am)(lgng. aAccordi ng tH(])é aﬁﬁ?t?gﬂggﬁ%%ﬁg pr esent

i nvention proviBes w@heilsadyble nr phalispatsible atditne obmporsma(R) agim hdditiay
conpression-ignited. internal combustion engine ich is fuelled at
least in part W f‘ﬁnlgoﬁf‘w&& f)g@fnaﬁf‘? B {L-eSIB%Lﬁ‘BPé)\thﬂI (i?ﬁﬂ ORf Shah dFYpiang
addi ti ve compoagei:, {Bhikysingebbest dmadtain J3BmE M tedulioubl 't loeneral
aspect of the invention, as an additivé conmponent In a nor anount,
in a lubricati A§M#R Iconposition, to reduce and/or inhibit oxidation
of the lubricating oil c ositioT during operation of the engine.
According to a fourth as&%ﬁ% t he ?aesent i nvention provides a nethod
of reducing and/or inhibiting the pxidation of a |ubricating oil
conmposi tion in the |ubricas-efr6f—arngpark-igni H;d or
conpression-ignited internal combustion engine which is fuelled at

| east in part wheieirma bi of uel, the nethod conprising lubricating the
engine with a |ubri,cati oj | .conposition conprising; (A an oil of

| ubricating vi %%gsﬁry “ilcp?%‘én(“?é‘flﬁr p%’ﬁ‘ﬁﬁ?mt?; an YOmARe mRLedY | havang ) efoop
oi | - di sper si bl gibagdeiehis \481ccRABRIE : i 5.4 C

with the first aspect of the pregﬁéen%%i)lﬁvcgﬁ?ggfé%%kghag{géﬁtalqgéeﬂan&ﬁ
conponent i n aaTioAyr aryhaxyAlkyl, Aydmxgi hydropyadkylj falh aad pembinatibes fhersgnt

compr essi on- | giicEda EbRdet By kOB, FiErhne A ROt e
| east in part wdrdhora lhikidgigbup,0f a |ubricating oil conposition

conprising: (A) an oil of Tubricating viscosity in a major amount;
and, (B) an oi%3BoYundersndently. deriseanss bt@Radefi tai weoigtynbnétet foBhvlaas

and, (B) _ o i @ ™ ipBpylaa:
e an addi | ve KACRORGHE Y etein b KO en Jepels A BRI 1o AR

oxi dation of tdreup whrdncatyi rgowy; | eachmpdsiindependedtlyi RE:ca@eot @R Slouphe
engi ne. Accordi ng to a Z'@xt4h5as ect, the refeng i pvention provides a
spark-i gni t ed PSSR PESEGROR g #BY FintashnBl, RonBugnd oy @&Pﬁ@denﬂy
conprising a kGRS N ai-ni |.ubticatq il OSh t i .
conpri si ng: (%ﬁgn ol ﬁ’?l foﬁg? iac %?)rrlga&lgi’ szclgsll %@’nhe{g(rg}&o;fo é’&nl%()%{l}n}t(;ls
and, (B) an 0i(CREB}ublith the poivisodhaiperenirbis @ thetdy ts e is AP A0&Hen 0B)s, O as
defined in acco;sgange 'Wilthr#()he first. gspect of the present invention,
as an additi v corpdadid ©rrta cathdis g gentiQ o3 with dheoprgiise thay at
fuelled at |eaglsti onPant Wolidlyanbi9f el Iea#‘c%ﬁédgﬂﬁ t a7 a0 EYENthimyla
aspect, the present i pvention provides a lubric tlﬁg 0|P conposition
conprising: (EXPER BI)h),Bf; and i isclatoi 19§; endscosity in a major amount;

B) an oil.,-sol uybl e or oil-dispersible. additive conponent , as an
(B) wherein L{Ee ?ubrlcagng 091 C mpos%tpon 18 contamlnateg Wrga‘l at Peast( 5)3 mass %,
based on the total mass of the Iubricating oil composition, of a biofuel or a

decomposition product thereof and mixtures thereof.



Ar-( L-Ar)n(ll) wherein: each Y' independently represents -0ORl or a
noiety of the formula Z(0(CR2R3),)3, X-; each Z independently
represents H, an acyl group, a polyacyld4group, a |l actone ester group,
an acid ester group, an al kyl group or an aryl group; and Ar, L, X
123, R2, R3, m n, y and a, and R4, R5, and z when present, are the
sane as defiped for a conpound of general Fornula (1), with the

provi so t haeterahly, bgsubpersingrothgpmpysitien pscarding daghe grescaiubwentioreig a
group Y %axfﬂ%ﬁscfl%ﬁwn’f‘. Z(O(CR2R3).)yX- in which Zis not H and, 6
wherein the lTubricating oil conmposition is contam nated with at | east
0.3 mass % based on the total mass of the lubricating oil
corrpositi(} of a biofuyel or %Pdecorrposition product thereof and

n, | ; s
m xtures thdtor exprelrdly apser Tound thatr theainchision ©of chepeisaelubles additive
defi ned i Rohh@nSRG®d eyt : ' L .
i ndepender)tO fﬂ? gontc(??ﬁ %%?eggf e\zfﬂvil{aﬁég’ltoﬁ f%ggb?fcsﬁxg?%%g\é&%ﬁgg% o??%ﬁﬁ%{l}é one
total masdndudinpe Grobp ild Masengodk, impmvps Hietdntinxidedi propuridsuef the tutdicant,

d it d .t f d m xtures. thereof Preferably, the,.
abr 1 catt i S8 08 EPefEE g G, COHBSHonSRERR QYN B Lt oy
the presephrti WiBNY ibafudnd IRaf@MREdhd ndiiiors 8¢ Qe L §ii1-’§6]]lﬁb%]§ R&itive

of the present invention each independently conprise an ol
| ubri cat i 6gMPPREOGEBY {0 AAubyicstipe oilaempositioompevidesdn asdacpasitiviel crisdis én

tock. Pr r.abl rk-kgni;ted internal conbustion engi i.S
Pk, o R B RATEI o B kDb SE el ST LSBT oo
et hanol bageafituel such as bioethanol fuel. Preferably, the

conpression-ignited internal combustion engine is fuelled at |least in
part with-a biodiesel fuel. Preferably, the engine as defined in the

second t 0S5} .1 NV Lon [ a. . .
conpr essi oar S ARE e AR BRI AN snb AR RS TRIST St Bprigaing o
bi of uel ofpaekatdnitd peatonyhessiva-ignitehintanali ®ntbwedoesfdine WhidhhisSfuelled at
specification, the foll %wi ng words .and expressions, if and when used,
have the MFE¥nPnRYE! §ieh H)éFegmﬁomﬁEﬁlp%é’PF P& dhe pRgine Frith: ¢ dubrigating oil

refers tocafshsitiottedBb&ing! (Ah Maloil 8f MkicHidd'Gi8loshY i ' MGB 2amount; and,
(B) an oil-soluble or oil-dispersible additive component (B), as defined in accordance
with the first aspect of the present invention, as an additive component in a minor

amount.

According to a third aspect, the present invention provides the use, in the Iubrication
of a spark-ignited or compression-ignited internal combustion engine which is fuelled
at least in part with a biofuel, of an oil-soluble or oil-dispersible additive component
(B), as defined in accordance with the first aspect of the invention, as an additive
component in a minor amount, in a lubricating oil composition, to reduce and/or

inhibit oxidation of the lubricating oil composition, during operation of the engine.

According to a fourth aspect, the present invention provides a method of reducing
and/or inhibiting the oxidation of a lubricating oil composition in the lubrication of a
spark-ignited or compression-ignited internal combustion engine which is fuelled at
least in part with a biofuel, the method comprising lubricating the engine with a
lubricating oil composition comprising: (A) an oil of lubricating viscosity in a major

amount; and, (B) an oil-solubie or oil-dispersible additive component (B), as defined



"al cohol based fuel"” refers to a fuel including an al cohol,
irrespective of the source of alcohol, such as nethanol, ethanol,
propanol and butanol, especially ethanaof. The term "al cohol based

fuel " enbraces pure al cohol based fuel (i.e. 7 pure ethanol) and

al so al cohinlacbargentef with thel fﬁﬂd&pﬁ@mﬁhégmgemfi@\fenﬁﬁﬁrﬁﬁ|aﬁad@itﬁ'h)&bii{p%n&{t
an al cohol, and. petroleun1gasollne anol based fuel" refers

f uel |ncIdB@HBH@fﬁ§HB? and is otherwi se defined in the sane way as
"al cohol based fuel"”; "biofuel" refers to a biodiesel fuel, a

bi oal cohol fuel and an al cohol based fuel as defined herein (i.e. a
fuel that Aleesdingto edith spedf theqiredeyt pweniddrepioyges tlei uze, B ths Ahtedd4tion
petroleunkﬁlesel e biof uel conprises bjodiesel

. Pref bly,.
RN e R A RIS A B PARS RN LE U AR Al SR o
pref er abl yy 1&5@&@&%@@%&@&1 ofBaBS@tihY el déﬁ{ﬁoéﬁﬁ? ?Bm#;ﬁ?lﬁg Ay RPGH

froma renewabl e bi ol ogi cal resource e.g. biodrese
bi oal coholofflurricatipy eiscagityeinps efagoratshqunt;handp(B) are bilsohbld sxeml—ldl$elnsﬁﬂel

or bioeth | ere speci a b|o
Geconpost LgvEaEbh R Bl o WkBnnt BESG stk RABIhE SRy svnsdt Ohibe present
aut o- oxi davention e&s bh GANEE hAMpbR AN b NEilndd %ni&ﬁhp N6 Sred G@ 5&9:??&(11 befhibit
aci ds, al deh des and esters; "biodiesel fuel" reférs to a

derived aPxidaHer of theupricating il somppsitiem|daripg opergiiondt thesngm@e (e.g
derivable froma natural oil/fat, such as vegetable oils or anlwm
fats) conprising at |east one aIkyI ester, typically a nono-al kyl

ester, of Amcowing ¢dnaei rmna‘thtatspeca,citlm pidsentt eivgntitn Qb Ha& af %ﬁﬂrk Hages
pure bi odi esel f.uel, e. B100 as defined by ASTM D6751- A) and
EN 14214 FRHPGHEY- l%ﬁdév%labf:%%%@n CRgEE %n@ﬁé@g@dmﬂkcgwgnﬁammg a

i xtur e ofunbica aipleofitBl @ omBRLE” (husl oi SHERERRRILRLEYR diresel

fuel ; "bioal coh fuel™ refers i nc I ng an
froma remoeal endi(B) @glodaﬁlolubés oucid-dispersiple bédittentadpsiega(n), aﬂdemﬁed
othermnse defined in hpg y:ﬁ' 'al cohol based fuel’
“bi ot hant) “ehaisce Bith e F5T Fende? oEiBe aihene YRR S Adoiiver qogppogent
renewabl eindi @iRGiafRunt, SIS MedRPink Is RlclISd W 1%551: ﬂfﬁ#f\%ﬁh b i ngi)fﬁ@l same
ano ue

way as "ethanol based fuel". The term "bi oet races pure
bi oet hanol fuel (i.e. pure

According to a seventh aspect, the present invention provides a lubricating oil
composition comprising;:

(A)  anoil of lubricating viscosity in a major amount;

(B)  an oil-soluble or oil-dispersible additive component (B), as an additive

in a minor amount, and represented by the general Formula II:

(Ya (Y)a

|

Ar—(tL—Ar1), (II)
wherein: '
each Y’ independently represents ~OR' or a moiety of the formula
Z(O(CR’R?),),X-; each Z independenily represents H, an acyl group, a
polyacyl group, a lactone ester group, an acid ester group, an alkyl group or an
aryl group; and Ar, L, X, R!, R?, R3, m, n, y and a, and R*, R®, and z when
present, are the same as defined for a compound of general Formula (), with
the proviso that, at least one Ar moiety bears at least one substituent group Y’
of the formula Z(O(CR?R?),),X- in which Z is not H; and,



8 bi oet hanol E100) and al so bi oet hanol fuel blends conprising, for
exanple, a mxture of an bioethanol and petrol eum gasoli ne;

"petrol eum gasol ine" refers to a gasol ige fuel produced from

petrol eum "petroleumdiesel fuel" refers to a diesel fuel produced
from petrolkessin theiiaBiidangl oil t@hSeskidiisCEdiiflnafar WS d: €83 mass %,
renewabl e bi ol ogical resource; "conprising" or any cognate word
speci fi es Baed P dlien detabmass gfcthet librigating oift epraposition, mfegebisfust or 2
component sueplithodAGTpRRLcRhAELLAN didfuB FegRge Of addition of one or
nor e ot her ures, ste tegers corrpoﬂ nts or groups t her eof .
The expre55| ons "consists of' or "consists essentl ally of" or

cognat es ced wthin ri ses” nates, wherein
"consi sts ég@ﬁﬁlﬁ gﬁ‘? ;—‘bdll‘:a“%?lﬁic?@PP Wﬁs@sdfffﬁprd% seAerds ongkth aspects
mat er i al | yorafd RCthdish ér@%a&ﬂfﬁﬁ haéﬂtﬁ;aqqa%anﬁka&ﬁ%m&om&%l65%‘ &£ 9 WUSG

it applies; "hydrocarbyl’ s ac > S unsts tu’enatsi
of a corrp@mnthe tdtak mmmﬁmnéuﬁryzdnnmeﬂ oamjbosmbbomf aabmlﬂtﬁai and debatposition
bonded to th der of th ound directly via a carbon atom
The group P ‘ﬁl L@’ﬁfeé’?ﬁn%ﬂléx%’iﬁsﬁqﬂ atoms ot her than carbon and

hydr ogen provided they do not affect the essentially hydrocarbyl
nature of the grou Such substituents include the follow ng: 1.
Hydr ocar bé’lfﬁfglia b it mbqbtn@atmgmnpcgl,tmal anbmlmgto( fhe rflrwmmeeexah kegpecty of
al kenyl ), for ex C cloalkenyl

substit ueh s entﬁyérgmn 4, %npg?%ﬂ‘? 3 F#F‘EV‘E §1 U BPEFIE A dhe present

aromati c muehgon aach iipkidedily aBmeit Aoty hubrisHRSt bARAY WeEBHN
the ring is conpleted tlgrou yangﬁﬁﬂer portion o? tfhﬂg 1| gan% ?that‘ﬁb

any two i F\G'Plé%ltt‘@é}l@@wfi G[félﬁtlg bagssie@get her form an alicyclic group);
2. Substituted hydrocarbon substituents, that is, those containing
non- hydr ocar bon groups which, in the context of this i nvention, do
not alter Premaamyeﬂmmpmghiyemwrmaoﬂmzshstmaerngmees fiRiled REIeS RS bhrk Wetht -
Those skill ed the w. |l be aware of suitable groups (e.g.,
hal 0, es p%‘é?lﬁPfP‘a 61 Sﬁ‘ﬂﬁ"‘@llﬂé? gthangyibased @Pk%é@blas b’@é&’@a@tf@ld

al kyl mer capt o, nltro nitroso, sulfoxy, etc.). "halo" or "hal ogen"”

i ncl udes fluoro, chloro, brono and iodo; "polycyclic carbocyclic
aromatic Hmiffealyl‘y, ﬁma&mmmsmndgnﬂtddcinmhﬁtqonﬂmstime endine s fuatibdidekativn
or nore arona h cﬁ h@T wherein each aromatic ring conprises
only car b?ﬁ{ A tvvo or nore rings are fused together by
shari ng adj acent carbon atons; "polycyclic heterocyclic aromatic

noi ety" nmeans a pol ycyclic carbocyclic aromatic noiety as defined
her ei n whPieferatigl dite sngine | asadifingd einhieesesond om $intht hepedn eofothenpresent

aromatic
1rn'vgrg§o'n comprises a compression-ignited internal combustion engine.

Preferably, the biofuel of each aspect of the invention is biodiesel.

In this specification, the following words and expressions, if and when used, have the

meanings given below:

“active ingredients” or “(a.i.)” refers to additive material that is not diluent or

solvent;

“alcohol based fuel” refers to a fuel including an alcohol, irrespective of the
source of alcohol, such as methanol, ethanol, propanol and butanol, especially

ethanol. The term “alcohol based fuel” embraces pure alcohol based fuel (i.e.



"oi |l -soluble” or "oil-dispersible", or cognate terns, used herein do
not necessarily indicate that the conpounds or additives are sol uble,
di ssol vabl e, m scible, or are capable df being suspended in the oi

in all proportions. These do nean, however, that they are, for

exanpl e, sol }Jbbﬁrecgthaiiogbma 416 RRbBI MWaBed fuediblenid campexingor Lbthinplzi, @nt
to exert their intended effect in the environment in which the oil is

enpl oyed. Mor emizhre aftia adepdipt snshpgtrolenabgasebsti on of ot her additives
may al so permt incorporation of higher |evels of a particular
additive, if desired; "mgjor anount” nmeans in excess of 50 mass % of
a conposi ti on; «cthardd baRAFUIr refoRans fhet dscluidiag ef@notand i9othérvdse defined
conposition, expressed in respect of the stated additive and in

a5

respect of thelnthe sameraey apialeghol bagd ARt i ves present in the
conposition, reckoned as active ingredient of the additive or
addi tives; "ppnt neans parts per mllion by nmass, based on the total
mass of the | uthibfual referotd a biodiesd ifbél pmbioalcOhsITHBN! andesairedccthot based dud

nunber as measured, by ASTM.D2896; '"phosphorus .content” is nmeasured by
ASTM D5185; " s ¢eé%ﬂeééﬁ_{eé‘h£m-? %é‘gggPegnWOR%\ﬂrP[ﬁ?E‘%&P%%ﬁm BaSoine
"sulfated ash 89551@9;6€tﬂ0§3u%3_§k€1%6151y PRSTEMOIE (e bidifhie] RBfHEBABIBEiesel

0

reported are mmss n an active ingredient ‘basis, i.e., wthout
regard to car rfuel, booalchiHoliérel and kthawell feglsasodefimedihsrsing t Mosprefiraldy, the

wi | | be understood_ t.hat ,vari ous ¢o nents .used, .essential a as
opti mal and cu$t8ne 19],%6}7&?1‘:1&8%& %ﬂFﬁg‘g?erSSn%ﬁ felag[nén (ﬂzﬁ for rg}lulaafeln\éﬁ)?%le
storage or usep@ibidaatesdiite idw eplodRReIalsD B Bidal@shol haelpr OBugt more
obt ai nabl e or obtdined as a result of any such reaction. Further, it

i s under st ood piefaratdpythediefielagrmprisge biegiesst iof yiogikagh aaglipgd jhgrein,
limts set forth herein may. be independently conbi ned. DETAI LED
DESCRI PTI ON OFSPEEA T KRS OR

“biofuel decomposition products™ are known to be produced by a radical auto-
oxidation reaction mechanism and include ketones, carboxylic acids,

aldehydes and esters;

“biodiesel fuel” refers to a fuel derived at least in part from a renewable
biological resource (e.g. derivable from a natural oil/fat, such as vegetable oils
or animal fats) comprising at least one alkyl ester, typically 2 mono-alkyl ester,
of a long chain fatty acid. The term “biodiesel fuel” embraces pure biodiesel
fuel (i.e. B100 as defined by ASTM D6751-08 (USA) and EN 14214
(Europe)) and also biodiesel fuel blends comprising a mixture of biodiesel fuel

and another fuel, such as petroleum diesel fuel;

“bioalcohol fuel” refers to fuel including an alcohol derived from a renewable
biological resource (e.g. fermented sugar) and is otherwise defined in the same

way as “alcohol based fuel”;

“bioethanol fuel” refers to fuel including ethanol derived from a renewable
biological resource and is otherwise defined in the same way as “ethanol based

fuel”. The term “bioethanol fuel” embraces pure bioethanol fuel (i.e. pure



The features of the invention relating, where appropriate, to each
and all aspects of the invention, will now be described in nore
detail as follows: OL OF LUBRI CATI NG & SCCSI TY (A) The oil of

| ubricating viscosity (sonmetines referred to as "base stock™ or "base
oi ") is the phicamaioll Emﬂ%(inﬂ(ﬁ[s‘@tljibuﬁzfﬁol diiel dld¢nds roompnisingj foir exampleh a
addi ti ves and possi blfy other oils are blended, for exanple to produce
a final |ubriceweturegi! aniueqthanst andpayolsum BPINA hase oil is useful

for maki ng concentrates as well as for naking lubricating oil
conpositions therefrom and may be selected fromnatural (vegetable,
ani mal or m netduolaundgaplindiatetears toubgasoline fugl protsceddbmpsirelews;
thereof. 11 The base stock groups are defined in the Amrerican
Petroleum Institute (APlI) publication "Engine G| Licensing and
Certification m df i ) 8R8e1PRAFEIRBA fro tiioRimt;h
Edition, Decen?ée?ltol ?le%%dﬁer???y%ecenber %%998. Tyg?%illy, t he
base stock will have a viscosity preferably of 3-12, nore preferably

the base. ot ook DiaHAmAL e o Ara e B Pl Thisdl 899 ose

found in the American PetroleumlInstitute (API) publication "Engine
Ol Licensing and Certification Systen, |Industry Services

Depar t ment, Folrongeisitg” i ariyoenenpscuendesredidios thenpreesga Al 1statesh £aiyes:
1998. Said publication, cateqgorjz e, st S : p
| base stocks COWYaiTn'IEEL t%ﬁacr?nglén%g?’c%%t Qéé;st ﬁ?t;{) Ieegidétjgd ?)rljrg%eclal%ceHrf
than 0. 03 per camitiGibpbid opmdrehather fatrese 6184, Yinte pelexcogimates o lgacupsr
equal to 80 and less _than 120 usjng.the_test methods s ecqiff,i ed in
Table E-1. b)thereofipThe eRRI&ESIaNso SRASISHAT AN CHRBNE e3seRialy Uy OBGRENAISo

90 percent sat leagit P@ A rdcES Swhthan “Bém %?’l’ 50 QgfepeWheRin StoRbY:

and have a visco y I ndex greater tha equal to 80 and |ess than
120 using the ¢xsitiaigt dfdsersytednélusidn iof sThiheccE-ot metpridhyoaffedting thgse
stocks contain greater, than or equal to %0 ercent saturates and |ess
than or equal ?}@rﬁﬁt@@lﬁ%Pg@ﬁfo@BP%mﬁtoa‘ﬁ le‘ugt\f‘é’p ®%i scosity i ndex
greater than or equal to 120 using the test nethods specified in
Table E-1. d) Goup |V base stocks are pol yal phaol efins (PAQ. _e)
Group V base sthyckecartyd? adensblchomivel gtoapei-et sdREupR) of dctogensynl fhat

g gggr alt y S clzoln’taigsr h)lfc‘}{bgt;lx-lafglldecar _o%:atéa‘mnsa l'ir}lcf tihgtails b%&&ﬂg%ej RhnaRRRE oPHRCK
compound directly via a carbon atom. The group may contain one or more
atoms other than carbon and hydrogen provided they do not affect the
essentially hydrocarbyl nature of the group. Such substituents include the

following:

1. Hydrocarbon substituents, that is, aliphatic (for example alkyl or alkenyl),
alicyclic (for example cycloalkyl or cycloalkenyl) substituents, aromatic-,
aliphatic- and alicyclic-substituted aromatic nuclei and the like, as well as cyclic
substituents wherein the ring is completed through another portion of the ligand

(that is, any two indicated substituents may together form an alicyclic group);

2. Substituted hydrocarbon substituents, that is, those confaining non-
hydrocarbon groups which, in the context of this invention, do not alter the

predominantly hydrocarbyl character of the substituent. Those skilled in the art



Test Method Saturates ASTM D 2007 Viscosity |Index ASTM D 2270 Sul phur
ASTM D 2622 ASTM D 4294 ASTM D 4927 ASTM D 3120
9

will be aware of suitable groups (e.g., halo, especially chloro and fluoro, amino,

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

“halo” or “halogen” includes fluoro, chloro, bromo and iodo;

“polycyclic carbocyclic aromatic moiety” means an aromatic moiety per se
which includes two or more aromatic fused rings, wherein each aromatic ring
comprises only carben atoms and the two or more rings are fused together by

sharing adjacent carbon atoms;

“polycyclic heterocyclic aromatic moiety” means a polycyclic carbocyclic
aromatic moiety as defined herein which includes at least one hetero atom in

the one or more aromatic rings;

“oil-soluble” or “oil-dispersible”, or cognate terms, used herein do not
necessarily indicate that the compounds or additives are soluble, dissolvable,
miscible, or are capable of being suspended in the oil in all proportions. These
do mean, however, that they are, for example, soluble or stably dispersible in
oil to an extent sufficient to exert their intended effect in the environment in
which the oil is employed. Moreover, the additional incorporation of other
additives may also permit incorporation of higher levels of a particular

additive, if desired,;

“major amount” means in excess of 50 mass % of a composition;

“minor amount” means less than 50 mass % of a composition, expressed in
respect of the stated additive and in respect of the total mass of all the
additives present in the composition, reckoned as active ingredient of the

additive or additives;

“ppm” means parts per million by mass, based on the total mass of the

lubricating oil composition;

“K'V100” means kinematic viscosity at 100°C as measured by ASTM D445;



12 In accordance with a preferred aspect of the present invention,
the oil of lubricating viscosity conprises a Goup Il base stock.
Preferably, the oil of lubricating vist@sity conprises greater than
or equal to 10 mass % nore preferably greater than or equal to 20
mass % even nore preferably greater than or equal to 25 nass % even
nore preferably greater than or equal to 30 nass % even nore
preferably gre4TBN”mirans trtaldgsaunioer 49 measgedby avdivl B388O:pr ef er abl y
greater than or equal to 45 mass % of a Goup IIl base stock, based
on the total mass of the oil of lubricating viscosity. Even nore
preferably, th IQJS hdéths baidrire atrh&8ured $&SSTY IDSIgEL | ses greater than
50 mass % prefera |y greater than or equal to 60 mass % nore
preferably greater than or equal to 70 nass % even nore preferably
greater than oy ual » ferably greater than
or equal to 90 sr‘r@gﬁc‘a}lt%ﬁ U|i§)edI{?YI[E ase 5 égﬁ‘fbased on the total
mass of the oil of Iubrlcatlng Vi scosity. Nbst preferably the oil of
lubricating viscosity consists essentiall Goup Il base stock.
In sone enbodi fretetdiagk contentofs meﬁlre(slehw?aé MQ%@SI ty consists solely
of Goup Ill base stock. In the latter case it is acknow edged t hat
additives included in the lubricating oil conposition may conprise a
wwwrmmmM%m@mmmmm%mmWMmmmmmmmmmm%m
lubricating viscosity be.included in the [ubricating oi
conposi t | OrfaEs Odélflﬂ?l}té’éi E%IGPrSd%%WéS"' Sf#¢%Ural oils include animal and
vegetable oils (e.g. castor and lard oil), liquid petroleumoils and
hydrorefined, solvent-treated mneral lubricating oils of the

par af fi ni Alsonaphllhxemndemmdrthﬁednpas aimponeutsnﬁmteﬁ@lﬂilél gsywalbas eptimgalof

lubricating viscosity derived fro coa se
oi | s. Syn‘l‘r}ﬁje(f"is@l?aﬁﬁ’r‘%é felaﬁtg“r%ﬁef £oh t&?ﬂ?d’é%ﬂwg{é%’ gtggag& gls’é;gc%}%at i
pol yneri zgJeansh kg Gf)"rmhéé”ﬁﬁlél %66uce|Bidinubld 8r BbtapRUYU4 Yésanest, any such
pol ypropyl enes, propyl ene-isobutyl ene copol yners, chlorinated

pol ybut yl waetsn. pol y( 1- hexenes), pol y(1-octenes), poly(1l- decenes));

al kyl benzenes (e.g. dodecyl benzenes, tetradecyl benzenes,

di nonyl benzenes, di (2-ethyl hexyl)benzenes); polyphenols (e.g.

bi phenyl spukier b enihderstédd thlahgcugser id tovadrsuantitgdraabk yhataid dinjhesty|
et hers and al kyl at ed dlphenyl sul fides ‘and the derivatives, anal ogues
and honnlﬁ@@é@ﬂﬂhéﬁgdﬁlnmﬁﬁn catlytrEbIngd; t abl e cl ass of synthetic

| ubricating oils conprises the esters of dicarboxylic acids (e.g.

pht hal i ¢ acid, succinic acid, alkyl succinic acids and al kenyl

succi ni ¢ PETALERDESCRIFHIONOY FHE EXVENTIOMNri c aci d, sebasic
acid, fumaric acid, adipic acid, linoleic acid dinmer, malonic acid,

al kyl mal oni ¢ acids, alkenyl malonic acids) with a variety of al cohols
(e.g. buty &%&9&%1&4@@%&@ 1%94@19 1wﬂé}g§ﬁyﬂopﬁﬁtﬁoﬁ@ach 2ad At Hpbhexythe
al cohol , ethyl ene co di et hyl ene gl ycol nonoet her, propyl ene

gl ycol). fﬁpemndm, mlémawﬂ:leeks@fbedhmwr@@&t@iSSfOH@WGde di but yl adi pate,

di (2-ethyl hexyl) sebacate, di-n-hexyl fumarate, dioctyl sebacate,
diisooctyl azelate, diisodecyl azelate, dioctyl phthalate, didecyl

pht hal at egyfli @FiWM@&*FﬂQ@WISGOSIﬁY%hyI hexyl diester of linoleic
acid diner, and the conplex ester forned by reacting one nol e of
sebacic acid with two nol es of tetraet hyl ene glycol and two nol es of
2-ethy|he noi c id...Est.ers. usef yl t[.Ge c e

t hose” nad ?%Fhf E‘%’W%ﬂr@ ?S%ﬁ%gsgpﬁél% ir%fx%%:(? sASangéé ﬁ?& ol b%%(?lﬂ Fis

pol yol et herSingdt§ hqafd aRpeRhybf glubeiehnt, intd mt&ﬁdhyidnihtﬁ)u’e@md@pssmly other
pentaerythritol, dipentaerythritol and tripentaerythritol. Unrefjned,

refined aoids are hl%rfdﬁﬁsefﬂ’f skaBpledn MRdugs ecfinah I{icapiolep SRR TBROS HoR):
present 'O,:&Vl%r%%![%e{s AT P g'r}%orfcr ?trﬁt%ﬁﬁ? Wit & B2 dnslih & Hitncalih %ﬁla

nat ur al i ¢ source mn puritfrcation treatmnme
compositions therefrom, and may be selected from natural (vegetable, ammal Of

mineral) and synthetic lubricating oils and mixtures thereof.



14 hydrocarbons typically require further processing in order to be
useful as a base oil. For exanple, they may, by nmethods known in the
art, be hydroi sonerized; hydrocracked &hd hydroi soneri zed; dewaxed;
or hydroi sonmeri zed and dewaxed. The oil of l|ubricating viscosity nmay
al so conpThé hage @IEUkP groups 4B pddfined Gnotle Avneicafar Patplddni alnetitateo CABI)or

base oil bl ends of the aforenentioned base stocks. Preferably, the
vol ati | i t puldicatiore “Eingings Ol hiGepsipg rpdy CSEHEGatign o3ysismy bﬁnéW Services
measur ed OB HARFM 8 bS6| B8edddf 10TDRIMBL 1998,
16% pr ef%%%ﬁ@c ess t%@?lﬁ orle-c?t;/la t%‘%’é.l?g/?’ pr e? erabl'y Tess trhan or
equal to TPdcallyrie: pasefsercabiiyl Haes e visvasityoprefaaidy of 3- 120 Worerpstferably 4-
preferably | ess than or ual ,t o 8% eferably, the viscosity index
(M) of tﬁ%%‘?sﬂp B@Wﬁ'g‘gtmﬁb}s\ﬁfzgg@éﬁ%&is at |least 95, preferably

at least 110, nore preferably at |east 120, even nore preferably at

| east 125, nost preferably fromabout 130 to 140. The oil of
| ubri cat i Pgfinition® Sirt the ibssepstoskischand tane ailsrap this amvsnhen aierthe sabE Ratthess

with a m por .ampunt, of. addjtive one B) ... as. deki ne re] d,
"t hecesstiipd oAb ovierisn Pelsolif BROGE e ool SEnBRs OF TA-AY
herei naf t {5 CORAtAdoAt iSYSter”] UBRLRAL iSegviedd IDepanaht, i BourteBhils Edition,
preparation may be acconpli shed by addi n% the additives directly to
the oi| oPetsynteddioRg. tddendum dhBeeembarof9%8. corid ambHeationt ¢rigeopiEes base
di sperse ar di sioﬁv“e,_the additive. Additives may be added to the oil
by any metHdd RANN ¥ o those skilled in the art, either before, at
the sane tinme g@sGraup Rbigrstedkdidonfin tdss olidneP0 peldbhti seematePrantd/er godajer
the oil of lubricating viscosity is present in _an anmnount of greater

than 55 mass UA1aA®EHS Prresnd SHIPRYT grehivera YGRS dndrsaredisr i oY gl to
preferably gre ?%qh : 5. of the

| ubricating oi ?6 g%dnfﬁgﬁﬂta?g%mﬁ%?ﬁgrtg% Y, (ﬂ%gﬁ%ﬁ(ﬁ%ﬁi{%ﬁiﬁ?ﬂi ng
viscosity is ppeGentp ilrbasnstanisucintaih gress thimnr egualde $0%ereent saturates

preferably | ess fhan 95 mass %, ey nor e pr.ef er ab | ess..t han 90
mass % based Ji {58 thak &1 eﬂ’é?fstooq&{]lﬁ’érqeﬁtbglflffé\ fi ?'ﬂf’ ﬁ"i“ic %3’&%8%1& Tlex
15 ol eagi nous %rf@ét'éf Bfan offtlggall tB\8ONHNIQBssAAEP TDRESAS tIEOBROREhbANGeBHTicah

conprise the defined conponents before m xing, or after m xing, or
bot h before anih BdbieE-Ini xi ng. Wien concentrates are used to nake the

bot h bef or ek xing. when conc _ |
to 100 e q.  soh 6D hksp syt petaoey] off Ry I8 oD A K FEsliblls”

per part by mags pks thaé 6pBGRNHa).63 pRreehesaphyt, addnBaveud viasityn ¢ndekl
conposition of the present invention contains |ow |evels of

phosphor us, nagrehtyr thanwpequal o hifkusing the test miethody spasificd ip Tablerfds o

nor e preferabl -0 n nore preferably up
to 0.09 nass e eﬁ%&g?ﬁ%@%t&%@gg?}%g@g@%ﬁqgr’g&\s@.% even nore
preferably up &GRHuP6V assSstéekafingibds alh othes baexgpodks sietinalidad gmérodp 1,
phosphorus, based on_the total mass of the conposition. Typically,
the |ubricatinds BI’|OIGI:8prOSi tion may contain |ow |l evels of sulfur.
Preferably, the lubricating oil conposition contains up to 0.4, nore
preferably up to 0.3, nost preferably up to 0.2, mass % sul fur,
expressed as atons oflabld E«r Ardzdgtéchi dbethhds fatBbserfitesk of t he
conposition. Typically, thetubreating—o}—canposition may contain

| ow | evel s of sul phated ashfPeHEferah Test Methad, b, T oot | ng oil

conposi tion contains up taSamEREsncl udiAGTM D 208hr b preferably up to
1.1, even nore preferably |¥iscbsityllndex eASRMnB287¢r ef erably up to 0. 8,
mass % sul phat ed ash, base@uphut he t o{ASTMER 2622 { he conposition.

Sui tably, the lubricating {oil conposi{AgnvmEw2bave a total base
nunber (TBN) of 4 to 15, preferabl’y S[ZOrNep 4bB; heavy duty di esel
(HDD) engi ne applications the—TBNOf fglﬁw{?’ilgﬁl[ ng conposition
ranges from about 4 to 12,.sueh—as—6-to—IZ—FHf—=apassenger car diesel




Preferably, the lubricating oil conposition is a nultigrade
identified by the visconetric descriptor SAE 20WK, SAE 15WK, SAE

| OWX, SAE 5WK orf SAE OAX, where X repregents any one of 20, 30, 40
and 50; the characteristics of the 16 different vi scometric grades

be f d t he SAE. J3Q0 h
cepect of 1 REoRERITEr PrAg e ARt AR pRE s o oE il Bl patarfige
| ubri cati a@csily coaippiRed 4 Gedupl BI tale tstbekf pfdﬁ&r@tﬁlyame SABf e At TAkisbK yor

SAE ONK, preferably in the formof an SAE 5WK or SAE ONK, wherein X
r epr esent SOTBPRSeS BECAT thag orpgualte 10 mepss B, npre PEeAPY sreate than @irequal o

A L- SOLUBLE AlDIo é,/( Q%Ogg%éa!;auﬂg réfan@rﬂahh Ughhl & &4 nﬁ's% ?Q'é\ﬂﬁrrﬁbﬁ' e

addi ti ve Conponent I'Ss om t e reaction of At Ieast
onehof anpmwhtgylgﬁ@tagmm Ipr Equalt?(gw Iemasagyb agentm«(nE ﬁaﬂ’ff«'@f?w gichteg (tmgeort
with a conpoun ral Formul a ama Ay - r erein:
each Ar i %’ébé‘hé@ﬁ'{“?s;? Pe‘f)‘f‘eéslg?ﬁesprﬁﬁ?mé’hbﬁﬁ@?eé% %‘tiff“ﬁg{f? ﬁ%ﬁ TS gn ogfa
substi t ue@ﬁ&lﬁﬁi ?&%Psgocfkr 04%ed BR (8 QR A5 SE B agopfubﬁbmg] v@dow even
al koxyal ky aryloxy, aryloxyal kyl, hydroxy, hydroxyal k hal o and

conbi nat i ows: pieeredy; theawh of_lubslcamgplsn@etmtdowpwsea plericy tlmmu ) ;nass %,
conprisin rbon-carbon sin ond
i ndependeﬁ{‘??egaﬁﬁgﬁr@ggﬁ%gn Ogduag fo L %% i retpﬁ er@ﬁ* n%fF%gf tHaf ¢ or equal

H( O CR2ZR3joz7)y rass W) @WER ﬁaor@@fe}ﬂerﬁ%lyl giélﬁaeﬂnd@ of b% udl 8P 8O SEE T Beveh thére
C30 al kyl group or "‘an aryl group; each X is independently sel ect ed

from t he pretugblg @nssitestthamorodqualorAdsmess B admdSoup Hdasestock, basqdomhg
n 50T clots Hyged, FERE SRR baytof ifhofiny, WO prBlerdbly che it F bl

then y isvﬁcosﬂrlc%néistﬁ @sskatiahiest KGsop UI bSe @cﬂﬁt ¥n s@nd efmbod@fienabd od
is independently O to 3, with the proviso that at | east one Ar mgiety

bears at PEMBHCHIE HIOGEY TOUSisty f’rféeli’é’if farpup [ bpsersadk. \Ia the latigp epsmif is 1
to 100. gl%nf?{viedggél pﬁl Bad? sﬁh&ﬁdé&qﬁﬁﬁé‘ﬁlﬂhce{t dlﬁcok%gr?mmhqngmlsrge

as a soot di sperSan ubricating ol oSt I n use he
| ubri cat i ®eargér @il ehighrie asti oGraugriiltbede stnck.spar k i gni ted i nternal
conbustion engine which is fuelled with a petroleumfuel i.e.

petrol eum di esel fuel or gasoline. The oil-soluble additive conponent

(B) and tHgef QRO ﬂlb‘hcat'i_'ﬂgr 'Ws'c@sﬂy WRYchPRiag Y MRSk R@dinbhes fudhidaith oil
chem cal procedures, such
composition are detailed as follows

Natural oils include animal and vegetable oils (e.g. castor and lard oil), liquid
petroleum oils and hydrorefined, solvent-treated mineral lubricating oils of the
paraffinic, naphthenic and mixed paraffinic-naphthenic types. Oils of lubricating

viscosity derived from coal or shale are also useful base oils.

Synthetic lubricating oils include hydrocarbon oils such as polymerized and
interpolymerized olefins (e.g. polybutylenes, polypropylenes, propylene-isobutylene
copolymers, chlorinated polybutylenes, poly(l-hexenes), poly(l-octenes), poly(1l-
decenes)); alkylbenzenes (e.g. dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes,
di(2-ethylhexyl)benzenes); polyphenols (e.g. biphenyls, terphenyls, alkylated
polyphenols); and alkylated diphenyl ethers and alkylated diphenyl sulfides and the

derivatives, analogues and homologues thereof.



17 those disclosed in U S. published patent applications

2006/ 0189492A and 2008/ 194438A. Aromatic noieties which each Ar of
Formula I may i ndependently represent igclude: nononucl ear
carbocyclic aromatic noieties (e.g. phenyl); polynucl ear carbocyclic
aromati ¢ MRLAel eSuitaBRNAME | BAT syRRE ORYGLAH éaro‘?lgmcbﬁ pARIsE e Soste® © of
pol ynudear heterocyclic aronmati'c noieties. | ynucl ear car bocyclic
aromatic dmaéJtolxelsc heids (g phthalicpsid, syedinic acis blk@y@uqcmlga@dmand: alkenyl
noi eties, nanely

aromat | o FOCER FFRGs Hoiorein Sedeh s brubris Arily i 1bs BTy aci

carbon at adipicasdd,! ol iBcRT diT e mlal ohgkS aéitl ealkyﬁmOﬁlegeid@ealkbwl&hﬂbhi&g
adj acent carbon atons eﬁghknapht hal ene, ant hracene, phenant hrene,

benzant hr atiésievitlyp Hemetn alaalh o2 i) akaeBol, b%éﬁkcoh@eﬁﬁfﬂwleﬂéow
rononuct sai S kiTed AABE D bRANER ARG Hondkinel, ArbiipEt elycoD

pol ycycl i Spsifibogansples ob (i@ tstersnincladd dﬁmtﬁ Ladtpa&-s diizrealyhiral esebacate,
Het erocycl | ¢ noi eties which each Ar may independent!y represent

i ncl ude” t fiokBerBnyBIRRie Hesk ﬁ%haﬁ?je,o#ésoai:tymféata* pisedeey! azrigls: WiRckd
i ncl ude th%lgt%t dRHie lh@txtﬁ lgteaH 08 ! &‘B&?ﬁie tho BN I‘Beﬁgddléter of Imolem
oh @ ‘ar onatl c se

Mononucl e te ocyc ieties conpri
pyrrol e, 4aid dimer bncbpi’mec:wnplemsialzfmhaed bx azawlieg onbéinade bé sel:pylceez;(ﬂ with
pyri di ne, and i he nucl ear ter c_aronmt.ic noieties
Prel de: (19 malt pE ek el Bop ot Lo e el el y an
aromatic noiety which includes two or nore fused aromatic rings and
at | east one of the rings includes at | east one hetero atom sel ected
from N, OEsiend uscful g sygthietioloiln elsoiindes thosei mede lzemKazo|(a; monaershexyéc

ononucl crcn gL PRy et AN IR BRA aBRIRT R Peapiibugpat *

(iii) ||nﬂfe%¢he?ﬁhﬂfby(ﬂlpﬁltiw§tﬁﬁ@ﬂ}dﬁd irfpeafa@y@lirit6]l. ar omat i ¢ ni et i es.
Preferably, each Ar in a conpound of Formula I independently

represents a pol ynucl ear carbocyclic aromatic noiety or a pol ynucl ear
het er ocy t I d
o For mi A IREGIBhEL AR £ abalbe PHEASFLAN HunPATHpdlod & EBRQUR
aronat i ¢ invergion. olUnseffrelyeijschiecthbet ebmnmdldlmcﬂydmla:nmmraetq sylistic
preferably, each Ar in_a conpound of For rruIPa 18 |nde ndent

©T (FPRPIE %i

r epr esent QuEcepBieytc further HUFSEST Heapshbt i 04| phrained
napht hal i R

et or SRR & ORI RIS S pARIATR A (e Hlé%‘??cgéﬁsﬁm”a“‘m
pr ef er abl o, eseaclil dbtaingd directiypbomdanoéstddiaatibm proqem)almlsmﬁsmthout further

ht hal Each tic noiety (Ar) i |
e pendariyoRe o Bh ot efiapeat ReEai ofUne SHOTR L Py uri Rt i eRtPt
groups) OheyUbed bbdH REHM tkatdd lif ode VbRl pi@ication E‘teﬁfﬂﬂj tthp@ve @ne or

group(s) Y, selected fromal kyl, alkoxy, al koxyal kyl, aryl oxy,
aryl oxyalmete, plhvjbdlrU@S(y MﬂyﬂrS@R ukfirationaiegheigeese sreh astdighlationesadvint

xcopt T oRaRah (A5 o7 SRsf COPRR SYrBRECHhEbreofe bl df b e

nmay be t hgilkdn® @ afll TRefgHed olBAre shtatied @yq:ab&@gbstsimﬂﬁfﬂbotﬂo&l gl o
bond between the carbon atons of adjacent noieties Ar, or a |inking

group. Pradtanapiiyed e APRlicAKP rigiingsh @@%/W@L‘)h h%ﬁ'ﬂéﬁéﬁé&ﬁ%qwu&eéplflﬁ@ﬁ%es a

| 'i nki ng p h t i I

al kyl ene u%ﬁkrgargfslg J ptﬂse gre ﬁg‘ﬁ%‘g‘é‘é’ﬂ |rg§£i&e1d| %ggﬂ)cggsg E)ers _a[ﬁﬁ (#féﬁ are

l'i nkages, adamdm@uy prikaged byaénhdmubs faifagpfeyalaﬁrspamadmtm lﬂhdigﬂ%reakdown

uret hane |inkages, and sul fur linkage. Preferred |inking groups are

al kyl ene MPé&Tes such as - CH3CHC(CH3) 2-, or C(CH3)2-; diacyl

| i nkages such as - COCO or -CO(CHZ)4CI)-; and sul fur Iinkages, such

as -Si- or -S.-. Mre preferred |linking groups are al kyl ene |i nkages,
Other examples of base oil are gas-to-liquid (“GTL”) base oils, i.e. the base oil may

be an oil derived from Fischer-Tropsch synthesised hydrocarbons made from

synthesis gas containing Hp and CO using a Fischer-Tropsch catalyst. These



19 HHOQ(CR2R3)")yX- to permt reaction with the at | east one acylating

agent, al kylating agent or arylating agent. Preferably, each 121 of

the noiety -ON which each Y may i ndepe#dently represent,

i ndependent|y represents a G to ClO0 alkyl group, particularly a Cl

to C4 al k}ﬁ&dx@&&ﬁ@ns( by ﬁeauge&cﬂme,fuﬁh&ylbroc@emgxh ofdler Q6 th¥ uke fuP 598 Hadd b, @
met hyl group. El noiety - , Wwhich each Y may

i ndependefiot wmmifeséﬁv maty bye metodsalrovvr iai theeragintbe Nbydeisomerized;

L e e R

whi ch each Y may |ndependently represent, represents a mnethyl group.
Pr ef er abl each R2, R3, R4 and R5 |ndependently represents Hor a Cl
to C6 al kﬁ‘hc grlmiﬂulemcaéng YESCRSHEY, MY BiFp COBIPHISY R, rau@ Vi Grayer{.yGroyp IV or

h I th
oreX)dll 12fer §%ﬁ$ rbg egrlé%{s%%g%eccﬁ ] t%aflos%? £ ca‘a{gg)étoméS ° sane

preferably each R2 and represents hydr ogen. Preferably each R4

d R5 dent i cal h R4 and R5 t
Pycr ogen; PGBy cibey ORBEHOMS R Gp L GEERIIG VD REGEN bpes ByBcavpreghbys,

more pref gy n
Fapr coent Bo P ACK B GhS TIIZED) i e tm o0 Y e e iRl Fos M o
each X i sequiknmnd i1841%, profeeabpy ﬁsertbebi o1 eqpeh (X 12&pmese prefemkipgless than or
Preferably, ac inth | et f formul a X-

" ndependetiieh & o cuBsnatetstiplyTads Benatidiil § b Toelen) SheFsemsyy inder,
y in the m%%tfwhé)foﬂf@frm%h@at iSERIRS)is ¥ Xeasi 95,1 seRtintilat 1d36el £, albg.
each n in e noiety of formila H( CR2R3)z)yX— i ndependent |

r epr esent preferady @f lemtelﬂﬂxe\re@gn@r@@wfgr@l)bat lenst Y, angst praderablyyiram ehoyi
represent% %st preferably, each n in the noiety of formula

H( O CR2R3 S? is identical when X represents 0 or S. 20
Preferably, each a |n a conpound of Formula I independently

represents 1 to 3, Pem ally 1. More preferably, each a in a
conpound &ke g ofiybaicatipg Vﬁsﬁéshtﬁ’ iig HWV“WSSIP %P@PE?IQBPFF inegRpbigatiqn ith a

For il o 1 e gofiinfel o ERRApL: o & Smsiher i bR EATRA R 1

t hose whemeten coadHities,s smcmd epeatn&enntbddy hareimiftet, y cafstifuimpguh alubricating oil

H( O CR2R3) 0) y X- V\/nere R2 and re._as efl er ei re
pr ef er abl spnm%tt@nz Fi@)l%;vgf@araﬂﬂ% Pty @C&m@%@g ?éﬂfﬁﬁf’%ﬁ Qirchlyy

| s HOCH2 Qe . 0iPTo@ Ty %1 % tﬁ‘é‘ﬁ hn\fhé Soirsl &td E@ﬂcen@rlbttﬁ&%b!f t6 W&Berse or
preferred conpounds “of Fo may be derived from

2- ( 2- naphdibsmkwe) thet daditbie. V\Aémtlm:s maprbe%ldté tmalmhmlhé)b'e‘:me' mNhDédmaante

hi ghl y pr ferre oun i ncl ude t hos t
east” oheliase Hafied 1 Becis cuber B ahibenBRd e ab e driied of

as definegidnpr.gi n, and at |east one Ar noiety bears at |east one
group Y of the forrrula H O CR2R3)0) yX-, where R2, R3, n, y and X are
as defined herein. Preferably, 2 nol. %to about 98 nol. %

o5 ol - obEl R 8 (hBRegini @S0 prbttal B SR bRl S8

repr esentmk&s%cﬁ%wbrere&m, grberethil? 60 s 196, evemEbrX pad’feraal:? gtefitbﬂﬂﬂn
herein, nore preferably O([CR2R3 )2)y0- where y is 1 to

pr ef er abl §5 mews-#chpgd ona[h@ to ¢1rraaﬁ8§§éhﬁluwcwg Oﬂ%otnépoﬁlt’(%l Pre%rably, the
pref er abl y 1 £ 30Br gcgﬁg%lv@s%&gw ;g)ege%ﬁ}ﬂ A0 ou{ﬁ FUEL @ fgrsolﬁsh@sb@utm&@

mol . %to a unit's eac ependen rep r edent
-O0R1, as gteferdbegld3etiaings msse%peﬁnanenl gtefe@BHBlesPt}ﬁh@O&hhss %,elaashd ¥n
uni t representl ng o%t a)yX- is identical. Preferably, each Y
uni t repriBg&tplimgps }%?IPEH?E’(H’@EPFICFQWPO%PPany, such preferred
conpounds of Fornmula (1) nmay be derived from about 65 nol. %to about
75 mol . % of 2-(2-naphthoxy)-ethanol and fromabout 35 nol. %to

The lubricating oil compositions of the invention comprise defined components that

may or may not remain the same chemically before and after mixing with an



Met hods for form ng conpounds of Formula | should be apparent to
those skilled in the art. A hydroxyl aromatic conpound, such as
napht hol can be reacted with an al kyl ed@ carbonate (e.g., ethylene
carbonate) to provide a conpound of the formula AR-(Y)a. Preferably,
t he hydr oxigdagimpusratirer. cdﬂ;jmtimdma'mml catdqxpgm @mmlmsifmma velrieh rceppried then
t he prese f a base ca such as. a 0 r oxi de,
bnd ot o O8fineecupRetis BER Hitine i ate BT SEBhOSb ahd bR,
at a tenperature of from about 50 to about 200C. During the reaction,
wat er may be renoved fromthe reaction m xture by azeotropic

distill at V&Slwno@on@@nt@rte%@mﬂém tomake thahricatingseib gpmpositionst thayemay for
resulting_] [ f. des i

Feact i on tiae SERG MALE 108, £ Ao BRGTPE B Bt el biekifing,
pr oduct camqﬁﬂygefba@bﬁdumaaﬂﬁ@@@mﬁﬂnﬁ@ solidify. Alternatively, a
hydr oxyl aromatic conpound, such as naphthol, can be reacted with an
epoxi de, such as et hyl ene oxi de, propyl ene OXIde but yl enes oxi de or
styrene o ngen }: f
A T
i nter medi af phmpﬁpmsnda:ﬁe}y(ﬁﬁ ao rtel2 lﬂfas$ Jh .t pmferﬁtﬂaatped) Giltlhmass %, more

e B 5l AR 5P e o s

pol y- ol ef ipn(ifo@- prefdbibBH 5 050 08%%5@9%%9&%&9?6@&5@2 t0006 mass % of
1, 4- hexadi ene, 1,’5-hexadiene, etc co und of Formu a I

havi ng anpla:lspmremeeXpreﬂsﬂdmgaSgatouqssof Rbeﬂphomﬁ, asedmnetth@som @mydsa ainthea
ket one or aIdeﬂYde (e.g., fornmal dehyde, acetone, benzophenone,
acet ophenBHEESEI®: ) provi des an al kyl ene |inked conpound. An
acyl -1inked conpound can be forned by reacting noieties Ar-(Y), with
a diacid or anhydride (e.g., oxalic acid, malonic acid, succinic
acid, gl uTemiralyacihg, lubgicaiing ] ccomnpoesitioni masinpemrindéow elexels. ofsuifuge,
polysulfl | fhn L p

reaction ﬁ§ﬁ¥%ﬂmﬁ%|g%?%%ggg%IV%%%kmlOgg%gﬁgs @qgﬁfﬁﬁg ?onaﬁxyupto
sul furi zi mg, mgerprefeeablly up $¢1052 masd OO e dxpesseaiudsf diomsl o€ bhidiri Besed on
thionyl chloride (SOClZ) sul furyl chloride (SO2C12), etc.). To
provi de athe&fplouag abtth FSTPRASKION. Wi th an al kyl ene et her Iinkage,
noieties Ar-(Y)a can be reacted with a divinylether. Conpounds of
Formula I, wherein L is a direct carbon to carbon |link, may be forned
vi a oxi dalypieallyouis lubgicptalgy o comabsitinn wsdyncpnaaimilosy Ueelobf ablphatediash.
chl oride an rous _chl ori de, as described, for exa | e, ,.by P
kovact o Betexil (e pbiine ‘St cBRebTiBhieoHEs chuis AR mcTiging 4 more
(1983) f i

oi et . BRI WL St pRIpaIs, Yo, Fﬁ%‘é‘%fr%%‘”é%%%%l“@g".ong

" Cat al ytlmaﬁéhzdtphateduﬁl ibagedam s exilundssiaf tieaoopssiGanbon Cat al ysts”,
MG Stevens, KM Sellers, S. Subranoney and H C. Fol ey, Chem ca
Comruni cati ons, 2679-2680 (1988). 22 m xture can be neutralized with

acid, pr eﬁlﬁfaﬁg'l YheWubAcAhgIC&gpdRitictGhsy h8et totad basd Tlibes (FBNY )of a,rtd
reacted wth an al dehyde,” preferably formal dehyde, and prefer ablg}

t he presekceraierablysh guadl. deibgavy dutprdirscl@ilaR) angine aprlicapers thealdp
t hyl o] f
RS TR RTINS E ——.

101 (cor reas@aneli ﬁ@ﬁ@lu@n\tﬂiﬂgeoﬂ)ﬁomg@sﬁuéﬂ [oirTe)! Qn@bq:laﬁsei;@é}) ¢ar motor oil
preferabliy fromabout 2 to about 5 nost rgreferabl fromabout 2 to
o

about 25.fora spatkyicacd pegine GRCYIQ) dicel BROL BAJBRIESIS COMPORGIOR Tanges
napht hyl é’rﬁ%ﬁaﬂ%%&%‘ﬁt P%Oasugh)é% ﬁl?ﬁ)fOH{?‘BrE(B Qf?ﬂl&lgéy t hanol and

2- met hoxy napht hal ene can 'be’ reac orma e in the
presence of an acid catalyst, preferably selected from oi | soluble

sul fonic acid and solid. acid catal yst. Pref erabIIy he. -
Preferably, the lubricating oil composition i1 a multigrade identified by the
viscometric descriptor SAE 20WX, SAE 15WX, SAE 10WX, SAE 5WX or SAE

OWX, where X represents any one of 20, 30, 40 and 50; the characteristics of the




acid halides, hydrocarbyl sulfonic acid and hydrocarbyl sulfonic acid
hal i des, hydrocarbyl phosphoric acid and hydrocar byl phosphoric
hal i des, hydrocarbyl 23 isocyanates d8d hydrocarbyl succinic

acyl ating agents. Preferred acyl ating agents include pol yacyl ating
agent s whidgkerpiitovisetamditis @ade8r canfbé Ebut iifl (RN GAR T80 @lassificitiie In an
substituent groups. Preferred acylating agents are C8 and hi gher

hydr ocar bymbpdigeaps aheach aspesé R s iavrase infepsadeiyted thethpresmbrbiBeyts,

i socyanat (8. i [ I ;

pr ef er abl ;é/h eg@ﬂ?%{n ?Pb%ggéﬁl%fsgg%%ﬁnrgggﬁﬁ sgls(ﬁg ’§§Ep§%’§8f g#}ﬁ ,
or polyi sOMWK gmyferablie @i the Corantifyxr SAR SWXBSSAE (PVET, ethaleliy Xtrbpresents any
hydr ocar byl succinic acylatjin ent. wll he derived froma

pol yal ken8'h @ ?%&Ba&ﬁ : éﬁ?g‘?ﬂg%%ﬂﬁﬁ@@ﬁﬁﬁr wei ght (M) of from
about 100 to 5000, preferably from about 200 to about 3000, nore
preferably from about 450 to about 2500. Preferably, the hydrocarbyl
i socyanat ©@IheSORUIBIGE a8ITIME COMPONENEIB) r om pol yal kene having a
nunber average nol ecul ar weight (M) of from about 100 to 5000,
preferably from about 200 to about 3000, nore preferably from about
200 to abgpé R0QFublACH BlidRgeRBFNLAIRRE EgngineRa(BdisdyberRVRNloRN®e
met hods known to those skilled in the art, such as chlorine-assisted,
t her mal aredctieniplcatileagt ana oiap srvidtngagenthan alkylating agenagemn eryiaimgrgent

nono- or palyfunctiaonal. Pr rably, the acylating agents have a
functi onaﬁ'iltkliléL Cgpﬂoggg%tﬁ%lﬁrﬂi%ﬁ%gre functionality (F) is determ ned
according to the follow nqy)formul ay)aF = (SAP x cl.)/((112,200 x A l.)
- (SAP x MANJ) wherein SAP|is the spponification nunber (i.e., the
nunber of mlligrans of KOH consuned in the conplete neutralization
of the acid groups in oneAframhof—4AHe acyl gr O&E-cont ai ning reaction
pr oduct , aﬁ determ ned according to ASTM D94); M is the nunber
average nBPe€War wei ght of the starting polyal kene; A l. is the
percent agichV&r 'iﬂ(fwr?%ﬂaéﬂﬁz_ &grés&ﬁs 3G hroffafd Pm6RAL 84NHED §EAC kiR Atuents
product (the remai nder béing unreacted pol yal kéne, acyl ati ng agent
and di | ueselgctedanfdormMbes  ghoep nobrsidlingr oferbiivt, atkoxhe dkgdyalivbuprylexy.

98 for succjnic,anhydride). Suitable kyl ating.agents,include to
50 ol kanGola g b EE Wiy piter 0 o BaRERRL At 86t it o b
aryl ati nginﬂ%%ﬁﬁént?“@'liﬂﬁﬂxg@ﬁofb@ &oIbrisiigeh @adBha®sn sthgfel Bond or a linking

al kane-substituted aryl nono- or pol yhydroxide. 24 50% or nore or

75% or rnogleupf egelbuls Indegprdeatiy eaprsgnso—§Roups ¥ mokely tdfe temstormmlar e
t he conp 2 Ul ). yvdr v.drox

substit ugjﬁ@(ﬁg rl$ gﬁiyt%h@g%% 0 E?@sﬁ aﬂlg Qﬁ %1&%@%%@@%&%% éa]{ctg I(%f’ ¥%‘3 : 6?061 ] p,
it is posa b arflhgdoupd bachr Xaispiadtpendemty seledtedfbioxhe grabpoconsisting of
al kyl hydr oxy, _gubstituents wl |, bgﬁé&)nyerted t o acyl oxy or acyl ox;i

al kyl gr R):nOtomd s 53¢ findt eRt Ard BompslsbeneeBly paresants foiGr thdss dlkyl

nydroxy a0k a4 Kb 1D FHBRE] KUERERRINHR6ATPRHIdReARS: 0

react ed n-ary at|ngS group, i'S poss or a portion
of such hijrelm gxs/1;anid/Zom 181 vkhydnh¥ dv @y Sg aimady ist Lieri(s eavhl d 1s hedepomdemtly édot o

aryl oxy or aryloxy alkyl groups. Therefore,. conpounds of For nyl 1)
Subst1 T utd i (F RESPIER el 26 Hest gnea ey OTe GRS gt it OF° SRy OlalRy |
groups ar@ AeRI@RCRIRM, Y XL ink heisSicep@eof the oil-soluble additive

conmponent (B). A salt '6f m’of conpounds of Formula (11) in which Zis

an acyl ating group, which salts result fromneutralization wi th base

as m cur.,, for. e |l e, due to,lnteracti ith a netal .
Gt er gant [ heuniIRble RN SameP o S RGO o piombe d 851 Fimrantit 7
is also QQBﬁéa(ﬂi%gQﬂl E@mg@si hit, h st the apBricitioh vE 20kdmysressiv exrnaddiznlive
conmponent (B). Preferably, the oil-soluble additive conponent (B) is
formed byspetkeigniied intemaborabustiey leaginggviige it fuglled wathcd pplgalpemdiel ie.
Fornul a Ip'etro Y Bfegélefugphy gastoﬂ(rale.a%eaéii-n&uglgea%%it{vse c%(rarllp % r?td(lsf)ré)nra] tthge

compound of Formula I may be synthesised by standard chemical procedures, such as



25 acyl ating agent selected fromthe group of (i) a hydrocar byl

succi nic acyl ating agent as defined herein, or (ii) a hydrocar byl

i socyanate acylating agent as defined herein. Accordingly, each Y' in
a conmpound of Formula Il preferably independently represents -OW or

Z(0(CR2123) L Y % 1@!@&{ €;£ag! agpms%@&ngsfah Ya ﬁggtf'o%@ntzaogﬂglmgaay'and

group, a po yac group, a one ester gr p or an acrd ester
group. Predes/adi4s8Acach Z i ndependently represents H or is derivable
froman acyl ati ng agent selected fromthe group of (i) a hydrocar byl
succi nic acyl ating agent as defined herein, or (ii) a hydrocar byl

I socyanat %@Xﬁ@ﬂof&e@%ﬁh @a§ defdr %gmgﬁrlefhﬁ'y 1ﬂd'e€<md¥ntw RIpftsERinclude:

conmpounds of Formu |ncIu e those erein ea
i ndependentonynucleai @rlyocyélid eromadtis m@tm(ueﬂze,gsphgqm ,polmeckay caf@cydlis,

n, y and X are as defined her eferaJyZ CR2123 -
Whet ey i &romefis gofeiient araBry g ooy S pg e PRI o b Py gear
szmzohetege?élﬁfae}gllﬂmg@gelﬁe; is identical. Mre preferably, each Y
group is identical. Alternative, highly preferred conpounds of

Forrmula H include those wherein at | east one Ar noiety bears at | east

one groupyY' of the a fin erein at ne
Ar noi et yP%lé'g?Cs}eaJt Cflr@§§w18néno Ré%ﬁ:p @Dlgg ﬁgu ﬁhﬂ %01%!% ng%‘%%ﬁf)le
where Z, Rmal3 mdletids, andel) aarLomstic aidideovHiet ﬁjcmdeﬂvecf of 8oy arcaniel .

%to about 98 nol. % preferably fromabout 40 nol. %to about 60
mol . % subiedEngs, orheatb gacteHorsHc g MsSER O CAn algmgand the tywo or

oer o’ sl S5 HERLY TS AP L s £ By,
y is 1), ambiacgiecf ph@hh&reﬁ@d—ﬂ%ﬁtﬂﬂhnacemd dIbBImZmﬁlb':QHile 98h1rys¢ne %)ynanég
mol. % preferably from about

0.t o 40 | % h
about 35 PRIEPYERE GndneRIPnes #s) gn%f 6‘?‘{ 421511%.1105’0%%%% tﬁ%@%a@é lﬁgﬁd
represent ., ,,\0RL,c138 &%Haa@dmeﬁh@g rbucﬂoﬁse b&ﬂf‘e%?f apldy (PCHRkedT SOI9ERDICY .

each Y' unit representing Z(0(CR2123)")y 15 identical. Prefefably,
each Y' ucarboayehc emanitic mgpietERIsuch ap Umaphtd:tallene Preferably, each Z is
i dentical . 26 (ra

Heterocyclic moieties which each Ar may independently represent include those
compounds comprising one or more aromatic rings which include at least one hetero
atom selected from N, O and S. Mononuclear (i.e. monocyclic) heterocyclic aromatic
moieties comprise pyrrole, furan, thiophene, imidazole, oxazole, thiazole, pyrazole,
pyridine, and pyrimidine. Polynuclear heterocyclic aromatic moieties include: (i)
polycyclic heterocyclic aromatic moieties, namely an aromatic moiety which includes
two or more fused aromatic rings and at least one of the rings includes at least one
hetero atom selected from N, O and S e.g. quinoline, isoquinoline, carbazole,
cinnoline, phthalazine, quinazoline, quinoxaline and phenanthroline; (i) linked
mononuclear heterocyclic aromatic moieties such as bipyridyl; and, (iii) linked

polycyclic heterocyclic aromatic aromatic moieties.

Preferably, each Ar in a compound of Formula I independently represents a
polynuclear carbocyclic aromatic mojety or a polynuclear heterocyclic aromatic
moiety. More preferably, each Ar in a compound of Formula I independently
represents a polycyclic carbocyclic aromatic moiety or a polycyclic heterocyclic

aromatic moiety. Most preferably, each Ar in a compound of Formula I



Ar Ar)in
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independently represents a polycyclic carbocyclic aromatic moiety, especially

naphthalene.

According to a preferred embodiment of the present invention, each Ar in a
compound of Formula I is identical. Most preferably, each Ar in a compound of

Formula I represents naphthalene.

Each aromatic moiety (Ar) in a compound of Formula I may independently be
unsubstituted (except for group(s) Y and terminal groups) or substituted with 1 to 3
substituents, in addition to group(s) Y,i selected from alkyl, alkoxy, alkoxyalkyl,
aryloxy, aryloxyalkyl, hydroxy, hydroxyalkyl, halo and combinations thereof.
Preferably, each Ar in a compound of Formula I is unsubstituted, except for group(s)

Y and terminal groups.

Each linking moiety (L) may be the same or different, and can be a carbon to carbon
single bond between the carbon atoms of adjacent moieties Ar, or a linking group.
Preferably, each linking- moiety (L) independently represents a linking group as
defined herein. Suitable linking groups include alkylene linkages, ether linkages,
diacyl linkages, ether-acyl linkages, amino linkages, amido linkages, carbamido
linkages, urethane linkages, and sulfur linkage. Preferred linking groups are alkylene
linkages such as -CH3;CHC(CHs)-, or C(CHas);-; diacyl linkages such as —
COCO- or -CO(CH,)4CO-; and sulfur linkages, such as -S;- or -Sx-. More preferred
linking groups are alkylene linkages, most preferably -CH,-. Most preferably, each
linking group (L) represents the same linking group, particularly alkylene linkages,
especially -CHs-.

Each Y in a compound of Formula I independently represents ~OR' or a moiety of the
formula H(O(CR?R?),),X-, wherein: each R! independently represents a Ci to Csp
alkyl group or an aryl group; each X is independently selected from the group
consisting of (CR'R®),, O and S; each R?, R?, R* and R® independently represents H,
C; to Cs alkyl or aryl; z is 1 to 10; n is 0 to 10 when X is (CR*R’), with the proviso
that when n is O then y is 1; nis 2 to 10 when X is O or S; and y is 1 to 30; with the

proviso that at least one Ar moiety bears at least one group Y of the formula
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H(O(CR*R?),),X- to permit reaction with the at least one acylating agent, alkylating

agent or arylating agent.

Preferably, each R' of the moiety —OR’, which each Y may independently represent,
independently represents a C; to Cyg alkyl group, particularly a C; to C4 alkyl group
(i.e. methyl, ethyl, propyl or butyl), especially a methyl group.

Each R' of the moiety —OR, which each Y may independently represent, may be the
same or different. More preferably, each R' of the moiety —OR’, which each Y may
independently represent, is identical. Most preferably, each R! of the moiety ~OR’,

which each Y may independently represent, represents a methyl group.

Preferably, each Rz, R3, R* and R® independently represents H or a C; to Cg alkyl
group (i.e. methyl, ethyl, propyl, butyl, pentyl or hexyl), especially hydrogen. Each
R% R’ R? and R’ may be the same or different, Preferably, each R? and R® is
identical, more preferably each R? and R® represents hydrogen. Preferably, each R*

and R’ is identical, more preferably each R* and R® represents hydrogen.

Preferably, each X independently represents (CHz),, O or S, more preferably O or S,
especially O. Z, when present, preferably represents 1 to 6. Each X may be the same
or different. Preferably, each X is identical, more preferably each X represents

oxygen.

Preferably, each y in the moiety of formula H(O(CR2R3)n)yX- independently
represents 1 to 6, especially 1. More preferably, each y in the moiety of formula

H(O(CR’R?),),X- is identical.

Preferably, each n in the moiety of formula H(O(CR’R’),),X- independently
represents 2 to 6, when X represents O or S, more preferably each n represents 2.
Most preferably, each n in the moiety of formula H(O(CR*R?),),X- is identical when

X represents O or S.
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Preferably, each a in a compound of Formula I independently represents 1 to 3,
especially 1. More preferably, each a in a compound of Formula I is identical. Most

preferably, each a in a compound of Formula I represents 1.
Preferably, m in a compound of Formula 1 is 2 to 25.

Highly preferred compounds of Formula I include those wherein each Y is
independently a moiety of formula H(O(CR2R3),,)YX-, where R% R, n, y and X are as
defined herein, more preferably H(O(CR?*R?),),0- where y is 1 to 6, most preferably
each Y is HOCH;CHzO-, Preferably, each Y is identical. Suitably, such preferred
compounds of Formula I may be derived from 2-(2-naphthoxy)-ethanol when Ar

represents naphthalene.

Alternative, highly preferred compounds of Formula I include those wherein at least
one Ar moiety bears at least one group Y of the formula —OR’, as defined herein, and
at least one Ar moiety bears at least one group Y of the formula H(O(CR’R?),),X-,
where R%, R?, n, y and X are as defined herein. Preferably, 2 mol. % to about 98
mol. %, preferably from about 40 mol. % to about 60 mol. % such as from about 65
mol. % to about 75 mol. %, of the Y units each independently represent
H(O(CR*R?),),X-, where R, R?, n, y and X are as defined herein, more preferably
H(O(CR*R*),),0- where y is 1 to 6, most preferably HOCH,CH,0-; and, from about
98 mol. % to 2 mol. %, preferably from about 60 mol. % to 40 mol. %, such as from
about 35 mol. % to about 25 mol. %, of Y units each independently represent —OR,
as defined herein, more preferably -OCH;. Preferably, each Y unit representing
H(O(CRZRE')H)y - is identical. Preferably, each Y unit representing —OR" is identical.
Suitably, such preferred compounds of Formula (I) may be derived from about 65
mol. % to about 75 mol. % of 2-(2-naphthoxy)-ethanol and from about 35 mol. % to

about 25 mol. % of 2-methoxy naphthalene, when Ar represents naphthalene.

Methods for forming compounds of Formula I should be apparent to those skilled in
the art. A hydroxyl aromatic compound, such as naphthol can be reacted with an
alkylene carbonate (e.g., ethylene carbonate) to provide a compound of the formula
AR-(Y),. Preferably, the hydroxyl aromatic compound and alkylene carbonate are

reacted in the presence of a base catalyst, such as aqueous sodium hydroxide, and at a
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temperature of from about 25 to about 300°C, preferably at a temperature of from
about 50 to about 200°C. During the reaction, water may be removed from the
reaction mixture by azeotropic distillation or other conventional means. If separation
of the resulting intermediate product is desired, upon completion of the reaction
(indicated by the cessation of CO, evolution), the reaction product can be collected,
and cooled to solidify. Alternatively, a hydroxyl aromatic compound, such as
naphthol, can be reacted with an epoxide, such as ethylene oxide, propylene oxide,
butylenes oxide or styrene oxide, under similar conditions to incorporate one or more

oxy-alkylene groups.

To form a compound of Formula I, the resulting intermediate compound Ar-(Y), may
be further reacted with a polyhalogenated (preferably dihalogenated) hydrocarbon
(e.g., 1-4-dichlorobutane, 2,2-dichloropropane, etc.), or a di- or poly-olefin (e.g.,
butadiene, isoprene, divinylbenzene, 1,4-hexadiene, 1,5-hexadiene, etc.) to yield a
compound of Formula I having an alkylene linking groups. Reaction of moieties Ar-
(Y), and a ketone or aldehyde (e.g., formaldehyde, acetone, benzophenone,
acetophenone, etc.) provides an alkylene linked compound. An acyl-linked
compound can be formed by reacting moieties Ar-(Y), with a diacid or anhydride
(e.g., oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, succinic
anhydride, etc.). Sulfide, polysulfide, sulfinyl and sulfonyl! linkages may be provided
by reaction of the moieties Ar-(Y), with a suitable difunctional sulfurizing agent (e.g.,
sulfur monochloride, sulfur dichloride, thionyl chloride (SOCL:), sulfuryl chloride
(8O,CL), etc.). To provide a compound of Formula I with an alkylene ether linkage,
moieties Ar-(Y), can be reacted with a divinylether. Compounds of Formula I,
wherein L is a direct carbon to carbon link, may be formed via oxidative coupling
polymerization using a mixture of aluminum chloride and cuprous chloride, as
described, for example, by P. Kovacic, et al., J. Polymer Science: Polymer Chem. Ed.,
21, 457 (1983). Alternatively, such compounds may be formed by reacting moieties
A1-(Y), and an alkali metal as described, for example, in “Catalytic Benzehe Coupling
on Caesium/Nanoporous Carbon Catalysts”, M.G. Stevené, K.M. Sellers, S.
Subramoney and H.C. Foley, Chemical Communications, 2679-2680 (1988).

To form the preferred compounds of Formula (I), having an alkylene linking group,

more preferably a methylene linking group, base remaining in the Ar-(Y), reaction
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mixture can be neutralized with acid, preferably with an excess of acid {e.g., a
sulfonic acid) and reacted with an aldehyde, preferably formaldehyde, and preferably
in the presence of residual acid, to provide an alkylene, preferably methylene bridged
compound of Formula (I). The degree of polymerization of the compounds of
Formuia I range from 2 to about 101 (corresponding to a value of m of from 1 to

about 100), preferably from about 2 to about 50, most preferably from about 2 to
about 25,

To provide the highly preferred compounds of Formula (I), naphthyloxyethanol alone
or a mixture of naphthyloxyethanol and 2-methoxylnaphthalene can be reacted with
formaldehyde in the presence of an acid catalyst, preferably selected from oil soluble
sulfonic acid and solid acid catalyst. Preferably, the naphthoxyethanol is the product
of a reaction of a hydroxyl-naphthylene compound in the presence of a base catalyst.
Preferably, remaining base is neufralized with an excess of acid prior to the

introduction of the formaldehyde.

The oil-soluble additive component (B) formed by reacting a compound of Formula [
with at least one of an acylating agent, an alkylating agent and an arylating agent, and

may be represented by the general Formula II:

(Y)a (Ya

| |

Ar—CL—Ar), {1
wherein:
each Y* independently represents —OR' or a moiety of the formula Z(O(CR*R’),),X-;
each Z independently represents H, an acyl group, a polyacyl group, a lactone ester
group, an acid ester group, an alkyl group or an aryl group; and Ar, L, X, RY, R% R% n,
y and a, and R* R®, and z when present, are the same as defined for a compound of
general Formula (I), with the proviso that, at least one Ar moiety bears at least one

substituent group Y of the formula Z(O(CR?R*),),X- in which Z is not H; and m is 1
to 100.

Suitable acylating agenis include hydrocarbyl carbonic acid, hydrocarbyl carbonic
acid halides, hydrocarbyl sulfonic acid and hydrocarbyl sulfonic acid halides,

hydrocarbyl phosphoric acid and hydrocarbyl phospheric halides, hydrocarbyl
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isocyanates and hydrocarbyl succinic acylating agents. Preferred acylating agents
include polyacylating agents which provide bis ester, ester acid and/or ester lactone
substituent groups. Preferred acylating agents are Cg and higher hydrocarbyl
isocyanates, such as dodecyl isocyanate and hexadodecyl isocyanate and Cg or higher
hydrocarbyl acylating agents, more preferably polybutenyl succinic acylating agents
such as polybutenyl, or polyisobutenyl succinic anhydride (PIBSA). Preferably the
hydrocarbyl succinic acylating agent will be derived from a polyalkene having a
number average molecular weight (Ma) of from about 100 to 5000, preferably from
about 200 to about 3000, more preferably from about 450 to about 2500. Preferably,
the hydrocarbyl isocyanate acylating agent will be derived from polyalkene having a
number average molecular weight (Ma) of from about 100 to 5000, preferably from

about 200 to about 3000, more preferably from about 200 to about 2000.

Acylating agents can be prepared by conventional methods known to those skilled in
the art, such as chlorine-assisted, thermal and radical grafting methods. The acylating
agents can be mono- or polyfunctional. Preferably, the acylating agents have a
functionality of less than 1.3, where functionality (F) is determined according to the
following formula:

F = (SAP x Ma)/((112,200 x A.L) - (SAP x MW))

wherein SAP is the saponification number (i.e., the number of milligrams of KOH
consumed in the complete neutralization of the acid groups in one gram of the acyl
group-containing reaction product, as determined according to ASTM D94); M. is the
number average molecular weight of the starting polyalkene; A.L is the percent active
ingredient of the acyl group-containing reaction product (the remainder being
unreacted polyalkene, acylating agent and diluent); and MW is the molecular weight

of the acyl group (e.g., 98 for succinic anhydride).

Suitable alkylating agents include Cg to Csp alkane alcohols, preferably Cg to Cig
alkane alcohols. Suitable arylating agents include Cg to Csp, preferably Cg to Cig

alkane-substituted aryl mono- or polyhydroxide.

Molar amounts of the compound of Formula (I} and the acylating, alkylating and/or

arylating agent can be adjusted such that all, or only a portion, such as 25% or more,
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50% or more or 75% or more of groups Y are converted to groups Y’. In the case
where the compound of Formula (I) has hydroxy and/or alkyl hydroxy substituents,
and such compounds are reacted with an acylating group, it is possible that all or a
portion of such hydroxy and/or alkylhydroxy substituents will be converted to acyloxy
or acyloxy alkyl groups. In the case where the compound of Formula (I) has hydroxy
and/or alkyl hydroxy substituents, and such compounds are reacted with an arylating
group, it is possible that all or a portion of such hydroxy and/or alkylhydroxy
substituents will be converted to aryloxy or aryloxy alkyl groups. Therefore,
compounds of Formula (II) substituted with acyloxy, acyloxy alkyl, aryloxy and/or
aryloxy alkyl groups are considered within the scope of the oil-soluble additive
component {B). A salt form of compounds of Formula (II) in which Z is an acylating
group, which salts result from neutralization with base (as may occur, for example,
due to interaction with a metal detergent, either in an additive package or a formulated

lubricant), is also considered to be within the scope of the oil-soluble additive

component (B).

Preferably, the oil-soluble additive component (B) is formed by the reaction of an
acylating agent with a compound of Formula I. More preferably, the acylating agent
is selected from the group of (i) a hydrocarbyl succinic acylating agent (such as a
polyalkyl succinic acylating agent or polyalkenyl succinic acylating agent), preferably
a polybutenyl succinic acylating agent (e.g. a polybutenyl or polyisobutenyl succinic
anhydride (PIBSA)), derived from a polyalkene having a number average molecular
weight (Mn) of from about 100 to 5000, preferably from about 200 to about 3000,
more preferably from about 450 to about 2500; and, (ii) a hydrocarbyl isocyanate
acylating agent derived from a polyalkene having a number average molecular weight
(M») of from about 100 to 5000, preferably from about 200 to about 3000, more
preferably from about 200 to about 2000.

Accordingly, each Z in a compound of Formula II, depending on the molar ratio of
acylating agent reacted with the compound of Formula I, preferably independently
represents H, an acyl group, a polyacyl group, a lactone ester group or an acid ester

group. More preferably, each Z independently represents H or is derivable from an
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acylating agent selected from the group of (i) a hydrocarbyl succinic acylating agent

as defined herein, or (if) a hydrocarbyl isocyanate acylating agent as defined herein.

Accordingly, each Y’ in a compound of Formula II preferably independently
represents —OR' or Z(O(CR?R®),),X- where each Z independently represents H, an
acyl group, a polyacyl group, a lactone ester group or an acid ester group. Preferably,
each Z independently represents H or is derivable from an acylating agent selected
from the group of (i) a hydrocarbyl succinic acylating agent as defined herein, or (ii) a

hydrocarbyl isocyanate acylating agent as defined herein.

Highly preferred compounds of Formula II include those wherein each Y’ 1is
independently a moiety of formula Z(O(CR?*R?),),X-, where Z, R%, R?, n, y and X are
as defined herein, more preferably Z(O(CR*R?),),0- where y is 1 to 6 (preferably y is
1), most preferably each Y’ is ZOCH,CH,O-. Preferably, each Z is identical. More

preferably, each Y’ group is identical.

Alternative, highly preferred compounds of Formula II include those wherein at least
one Ar moiety bears at least one group Y’ of the formula —OR, as defined herein, and
at least one Ar moiety bears at least one group Y’ of the formula Z(O(CR’R?),),X-,
where Z, R%, R, n, y and X are as defined herein. Preferably, 2 mol. % to about 98
mol. %, preferably from about 40 mol. % to about 60 mol. % such as from about 65
mol. % to about 75 mol. %, of the Y’ units each independently represent
Z(O(CR’R’),), X~ as defined herein, more preferably Z(O(CR’R?),),0- where y is 1 to
6 (preferably y is 1), most preferably ZOCH;CH,0-; and, from about 98 mol. % to 2
mol. %, preferably from about 60 mol. % to 40 mol. %, such as from about 35 mol. %
to about 25 mol. %, of Y’ units each independently represent —OR', as defined
herein, more preferably —OCHS;. Preferably, each Y’ wunit representing
Z(O(CR*R’),),X- is identical. Preferably, each Y’ unit representing ~OR’ is identical.

Preferably, each Z is identical.

One preferred class of compounds of Formula (1I) includes compounds of Formula

(I10):
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wherein one or more Y’ are groups Z(O(CR32),)yX- in which Z is derived from lactone

ester of formula IV, acid ester of formula V, or a combination thereof;

R’ 0 OH

Iv) V)

wherein Rﬁ, R7, RS, R’ Rm, R and R* are independently selected from H, alkyl and
polyalkyl and polyalkenyl containing up to 200 carbon atoms; and Z” is bisacyl of

formula VI;

RM

0
(VD

wherein R and R are independently selected from H, alkyl and polyalkyl and
polyalkenyl containing up to 300 carbon atoms; m is O to 100; and p and s are each

independently about O to about 25, with the proviso thatp <m;s<m;andp+s> 1.

Preferred compounds of Formula (IIT) are those wherein from about 2 mol. % to about
98 mol. % of the Y units are Z(O(CR*R?),),0-, wherein Z is an acyl group and y is 1
to 6 (preferably y is 1), and from about 98 mol. % to 2 mol. % of Y’ units are ~OR/,

such as compounds of Formula (III) wherein Ar is naphthalene; from about 2 mol. %
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al cohol s ¢omposifer ¢heattoohblhe) enghhd¢semagpthevednyentiomah paswhiot doalesd] Bughes

may conpri,se a bl end of an,al cohol and petrol.eu asol ine; suitable
bl ends | nErugEs Diopovertd by gaselinesey pottoleup diasel, Ygpecsly: gemgRyeling
90, vol. %H%ferlgli't%s%é?}ﬂb@bpec 8¢ reduitieetd Bl ?bwé’r@ﬁ BEnCficdHb® badeeotel or
and gasol i ne bl end. "Prefierably;, the al cohol based fuel conprises an
et hanol bhdies¢lfeel. Rubiceaby, dieciubticaiingtolecompositions araseankease! lubdraplsi ses
a bi oal cohol fuel, especially a bioethanol fuel. The bioethanol fuel
conpri ses ethanol derived froma renewabl e biol ogi cal source (i.e.

bi oet hanopjeferabl§f ah@blupriedthanell eanhpostgbrs G efoy st OM ahd GIBMERHOR of a
bi ol ogi cal source. The bioethanol may be derived fromthe sugar

f er nent at PYAPIGSSie-igRited yaHemal compushien zengingh ddicselc enging).asspesiadly a

b1 oat hanorotnpse o it SR s o Braife TRl S eT et BB it
may conpr bipdieselbfuend Sath lahgi@éé.mmlﬂdeg;ﬁuis@gbr ohrediszef @agines @nd Heevy duty
S

bi oet hanol  fuel blend nmay have the designation "Exx" _wherein xx
refers todichfd eheenfst Tor ckample psngarasafrond;in (8H. Gycksa dere oprefaseblyothsl

vol ume of | -h : I o; a -E£10 f a
bi oot hanol CPEepRAn TBpotiEn B A s Ofy B M Rpvicnl b B BSehebsycar
fuel and &inpetuceigfited ipetnabl cmubugasolenpme (For at hghtathay ddinged aigine),

doubt, the_ term "biqgethanal fuel includes. pure bjoethanol fuel (i.e.
E100) andWB}Cgéﬁ ﬁ&i‘ﬁgaf a5t 18 PaHEt & Rindicseiyeh espegrally su aIbF’b%{l%a’ﬁ?Eﬂh

employs a late post-injection of fuel into the cylinder. More preferably, the



31 Biodi esel Fuels The biodiesel fuel conprises at |east one al kyl
ester, typically a nono-al kyl ester, of a long chain fatty acid
derivabl e fromvegetable oils or animal2%ats. Preferably, the

bi odi esel fuel conprises one or nore nmethyl or ethyl esters of such
| ong chai nubmdatiyigasil d@dmpesifiesiiglfby ueddn ahe Mabecat®h Myl theSérefilcascT RE the
|l ong chain fatty acids typically conprise |ong chains which include
carbon, hydPsBentianeg ¢5g{§en atonms. Preferably, the long chain fatty
aci ds inciude from 10 to 30, nore preferably 14 to 26, nost
preferably 16 to 22, carbon atons. Hi ghly preferred fatty acids

i ncl ude paWvher the hxb'ridati@t @hcbmpaﬁﬂim sotkias aacrhwkcasediubrinaiteiscusadiid.the
The bi odi esel. f.uel deriyved fromthe es i.fication or

{anseat ennticaiip g 81span oredor eCOF&ﬁ%%S’eP&rlgm&?f{ dnternal gpmpugtion, pagine

such as CQfficiPid fuefad Q?l@aﬁ'ﬂl aﬂadintl?'alblofu!ép'tﬁl@hﬁhl:ant kRRRb o?.abfatlon of the
calendula oil, cotton oil, g oi |, soybéan oil, linseéd o

hazel nut @ng;neé)ammsmoatmlnateqbwmqhmwfuslead dscompgration probycts ﬁpw@ea“hus
oil, oI|ve0|I t ri.ce oil, sesa

o) ghe oi | tfnting: oo \ulferrady BReHT L 8| bisstamebidn. o Boshtng | o
and soybeaBmpbsitiofRh ¢hét ble¥ent Anvdhtion HoathirReshe fetigl0.4 rﬁbfemﬁ at 1t ASTM
D6751- 08 standard (USA) or EN 14214 standard European)

speci f i camanPreferablysatglaent dd cven mooopreferphly at Beastd ceven mers| predgyabbe at
m xed wt [ el

oy reduc B Gev e HO Ry Bt 43 e b s BrdeBD Rl gl &
bl ends ar igsleandloesidgeanpaitionByrodushahd@extk rAftkgught thet h&)rﬁﬁﬁng’ltmpf
t he B100 bi odi esel in volune % based on the total volunme of the

bi odi esel CHPBARLION oMy eAHITISe 1180 PR BASS P of binfleli auldr 3 desemppsition

conpri ses £

petr ol eunt g}%gggkﬂé?%d iﬁ%gbl? ng%(%%?ééaﬂﬁ%: hgf} n%éu 01'}éCBrﬁm‘:atb@,ﬁr %ISS than 30,
"bi odi esemabu@ Jf hiofmkelLatelforputeeompediies plodhcteheréof. e. B100) and

bi odi esel fuel blends conprising a m xture of biodiesel fuel and
petrol eum di esel fuel. Typically, the biodiesel fuel conprises a
B100, B9571BYefuBBeomBpEs ﬁ7élcoﬂooasaﬁgfuel%othc%§e 05@ arkE}%ﬁtecBﬂQernal
B35, B30, B25, B20 5, B10, B8, B6, B5,

Pr ef er abl wmbm@lonleugmese)refenably aclmmir:olscé@d ﬁsacldésblgﬁaamﬂrfu@r | ower,
nore preferably a B5 to B40, even nore preferably B5 to B40, nost
preferably B5 to B20. 32 CO ADDITIVES Preferably, the |ubricating
oi | conpoghé i BBAfeUr Ediffrise®NMbHRES GNEGhOT cA¥BT 6f COnipedkiohV @filed shidFhAIOr
anount, other than additive conponent (B), selectéed from ashl ess

di sper san@@nbliﬁ@@aleﬂa@ﬁ%r gents, corrosion inhibitors, antioxidants,
pour point depressants, antiwear agents, friction nodifiers,

dermul sifiers, antifoamagents and viscosity nodifiers. Co-additives,
wi th repr BSORURBILYe effective anobunts, that nmay al so be present,
different fromadditive conponent (B), are listed below. Al the
values listed are stated as nmass percent active ingredient.

Addi ti veMagsdvRsSSs Ybiodiesel fuel, a bioalcohol fuel and an alcohol based fuel as defined
herein. Biofuels include fuels that are produced from renewable biological resources
such biodiesel fuel as defined herein and bioethanol fuel which may be derived from
fermented sugar. The term biofuel also embraces an “alcohol based fuel”, such as
“ethanol based fuel”, irrespective of the source of the alcohol (i.e. the alcohol may be
derived from a renewable biological source or a non-remewable source, such as

petroleum).



(Broad) (Preferred) Ashless Dispersant0.1 -201 -8 Metal DetergentsO.1
- 150.2 - 9 Friction nodifierO - 50- 1.5 Corrosion Inhibitor0O - 50-
1.5 Metal Dihydrocarbyl Dithiophosphatef - 100 - 4 Anti-Oxi dantsO -
50. 01 23 Pour Point Depressant0.01 -50.01 - 1.5 Anti-Foam ng AgentO -
50. 001 - 0. dpodnpiseemdis Anti - Wear AgentsO - 50 -2 Viscosity Mdifier
(1)0 - 60.01 -4 Mneral or Synthetic Base Q| Bal anceBal ance (1)
Viscosity nodifiers are used only in nmulti-graded oils. The final

| ubri ' i | Pt i, cal | made ,by bl endi th ]
o ¢ ve Papehd HESEEER T Cpla Bl Shtat B G ke aT S5n i epdioes “Ehs
18, typi caldofollbdsed kRl MBS Hcl¥@Odnd dtan6@-adéhliblsi s¥Rted tfden ARMMLHY 8thanol,

being oil of lubricating viscosity. )
propanol and butanol. The alcohol may be derived from a renewable biological

source or a non-renewable source, such as petroleum. The alcohol based fuel may
comprise 100 % by volume of one or more alcohols (i.e. pure alcohol). Alternatively
the alcohol based fuel may comprise a blend of an alcohol and petroleum gasoline;
suitable blends include 5, 10, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 85, and 90, vol.%

of the alcohol, based on the total volume of the alcohol and gasoline blend.

Preferably, the alcohol based fuel comprises an ethanol based fuel. More preferably,

the alcohol based fuel comprises a bioalcohol fuel, especially a bioethanol fuel.

The bioethanol fuel comprises ethanol derived from a renewable biological source (i.e.
bioethanol), preferably ethanol derived solely from a renewable biological source.
The bioethanol may be derived from the sugar fermentation of crops such as corn,
maize, wheat, cord grass and sorghum plants. The bioethanol fuel may comprise
100% by volume bioethanol (designated as E100); alternatively, the bioethanol fuel
may comprise a blend of bioethanol and petroleum gasoline. The bioethanol fuel
blend may have the designation “Exx” wherein xx refers to the amount of E100
bioethanol in vol.%, based on the total volume of the bioethanol fuel blend. For
example, E10 refers to a bioethanol fuel blend which comprises 10 volume % E100
bioethanol fuel and 90 volume % of petrolenm gasoline. For the avoidance of doubt,
the term “bioethanol fuel” includes pure bioethanol fuel (i.e. E100) and bioethanol

fuel blends comprising a mixture of bioethanol fuel and petroleum gasoline fuel.

Typically, the bioethanol fuel comprises E100, E95, E90Q, E85, E80, E75, E70, EG6S,
E60, ESS5, E50, E45, E40, E35, E30, E25, E20, E15, E10, E8, E6 or E5. Highly
preferred blends include E85 (ASTM D5798 (USA)), E10 (ASTM D4806 (USA)) and
E5 (EN 228:2004 (Europe)).



33 The above nentioned co-additives are discussed in further detai

as follows; as is known in the art, sone additives can provide a
multiplicity of effects, for exanple, &lsingle additive may act as a
di spersant and as an oxidation inhibitor. A dispersant is an additive
whose pri ngbMiekdlFakison is to hold solid and |iquid contam nations in
suspensi on, thereby passivating them and reduci ng engi ne deposits at
the sane time as reducing sludge depositions. For exanple, a

di sper sant i i ) C

esal t 1 oMCopaiRer Bt BoRPRBSAZLseR Rt bt B Bl RV AR AREARyisRh g =
sl udge fl aeggichiih dattpadidodsivaplet fadh ORtgetabldegilsort anfimab fatse PadfepdI, Shef
the engine. Dispersants are usually "ashless", as nentioned above,

bei ng non-hiediasel fuel sPERAFE FRstErMaednethzk of ghyh eptrss phsuchdpng chyn faty
on combust tai ning, and hence ash-formng
naterials?hgﬁﬁ?bgﬁggyéégégn]%nﬁﬁh@éﬁoggrbon chain with a polar head,
the polarity being derived fron1|nclu5|on of e.g. an 0, P, or N atom

The hydrocarbon is an_oleophilicg that confers ojl-soluhilit
havi ng, &}heeB@a&pﬁv@méat% ‘gg‘bt RFise. long daingswhich Sngfndp &p Bt s

may conpr Ih%mgen 9hd oﬁge&i%ﬁnp%xmm tH@Fdﬁ Wi f@ttf’ﬁ&ﬁ@fn&ﬁ@e@ﬂoﬂ? $0 &f
olefin polyners is constituted but e specifically
pol yi sobut3énesoré¢ RirBerably 34l tp- &6, bnmanp@fershlg h16a$0 78y ctubom%tpxas edHighly

pol yneri zation a C4 refine ire ers nts .in e, .for
el e - destrie @t by i R e B Qolb deierae LaSkis By 1 o
aci ds, exanples bei ng derivatives of high nol ecul ar wei ght
hydrocarb%‘substltuted succi nic acid. A noteworthy group of

di sper santlde |b$0d;@mk fuel mag detsiprivgdifromeathp st fipafiant atteapsestrsfication afegne
made, for of {fd ta@fe f‘zfsag ngm]ﬂr}g g{ Keas%&l d(?’ﬂ (c%hegfe(gl' 0%{ IY‘“alﬁﬁmx\‘o 1,
a nitrogen- ¢on a| I'Ng~ conpoun ageous Kyl éne

pol yani ne kesdfcdil, asleadpal ofgtdapbe o, ms;lnF;am rseybdaardﬂ qiﬂseerdl wil, plﬁa@falant efl,
are the reaction products of pol yal kyl ene paol yam nes wi th al ken

succi ni ¢ &wRAabIAPdls pumpkin sgad %st@}m S8 erApRsees Op. aliveoail, dallpw ol Sraﬁowo
-3,172, 89 0 d 9 at
oy be podl [ Bl Tas o0 QU ARy Rresieq RRealR oo ekt pIE
descr i bedrdpesdd8-oft 81da8¥b@d@iland - 3, 254, 025) fluori nated and oxyl at ed.
For exanpl e, boration nmay be acconplished by treating an acyl
nitrogen-containing 34 dispersant with a boron conpound sel ect ed

from bor ogexkde, Bﬁfe%loﬂlééél%‘e‘i thR0heds afd ASTRNB6951-88 StlalfUBR) or
acids. Prefera Iy, the lubricating oil conposition includes an

0i | - sol ubEd bldstandmddiEnrapgasppalicatione spdesigakiey aa BI6D aepiire biodiesel
di spersant.. . Pref.erabl he bor.at ed,.di ap t copni s

i £ ogen EShTHIE G S SULA Par OB LT Sltie! T Bhiok S PRu ST R e Ry
succi ni M gefucesRaGioa hid ﬁn%@‘l’/@é@gin@pdrfﬂrﬁ@ﬁw eSWth bieUi€deNbIEhekeare Aiven a
detergent is an additive that reduces formation of piston deposits,

for exanpfesigiagant Bepe mem@ xeégra tos the ampunk efjibe B 198 Ruediess] i yolume %,
engi nes; Bésfeﬁoém d }’otil Edof“t%Etﬂléélései %@eﬁroﬂﬁ{/gkﬁ AN hSFAP! L
of keepin I'ne in-suspen etergen sCaré

based on sRdikel tﬂa&p@hdﬂo@tnph‘ﬁem ﬁd:luﬁla| % B10D tacdieket firt gadhp0 volume %
conpounds. Detergents generally conprise a polar head with a | ong

hydr ophobe: peapleuny digsqlofugl  Hondhe aivpidargengf dones dpe dem “@F’m&ﬁ"la@fehl c
o o Chi omBICRE fare HifuiB ! L Y pIOOY Albi iBUPRLERNE, (ahmprising a mixtyre,

nor mal or ofisivtiiesd] fe«ll 48] pendlemudidsel Yypll.cal | y have a total base nunber
or TBN (as may be neasured by ASTM D2896) of fromO to 80. Large
anounts of a netal base can be included by reaction of an excess of a
metal compouigy, WEBiodRs@TulltolirREs MEd00X30E B, BBS ABs@ A 8702865,
such as carbon dIOXI The resudlting overbased detergent conmprises
B60, B55, B50, B45, B40, B35, B30, B25, B20, B15, B10, B8, B6, B5, B4, B3, B2 or

Bl. Preferably, the biodiesel fuel comprises a B50 designation or lower, more

preferably a BS to B40, even more preferably B5 to B40, most preferably B5 to B20.



35 250. Highly preferred salicylate detergents include al kaline earth
netal salicylates, particularly nmagnesi um and cal cium especially,
calciumsalicylates. Preferably, the al¥ali or alkaline earth netal
salicylate detergent is the sole detergent in the lubricating oil
conposition. Friction nodifiers include glyceryl nonoesters of

hi gher fat I r exanple, glyceryl nono-ol eate; esters of |ong
chai n pol fc‘ér‘g@wﬁﬂ;{ﬁa&m ds with diols, for exanple, the butane diol
ester of af’réfe%l*,_ztﬁéjlmbﬁ‘_ﬁ@t‘iﬂg(ﬁi Eshpitioh RFtheh confRRed b&%ﬁgg@&pf@tﬁﬁg@@d

al koxyl ated al kyl-substituted nono-am nes, diam nes an

ami nes, for examer eamenitipyiieat than talditbw ermpencandByt bdxgttditfest adhlossy
ether amng, O her kn friction nodi.fiers.conprise ail-soluble .
or gano- rmlaf}%’gésﬁﬂﬁi cHﬁ%m‘i'a TEC8IFe h COT YA - WE‘?R}@ nGATPFIgs.opour — point
nodi fiers dpfesats) dnd@eanhidxd, deibtiorn ithdfdrs \8ahulSitief taftifodnAagents and
| ubricating oi|l conposition. Sui tabl e oil-sol uble or gano- nol ybdenum
conpounds VA®P&EtAMAEIfigFdenum sul fur core. As exanpl es there may be
nment i oned dithi ocarbamates, dithi ophosphates, dithiophosphinates,
xant hat es, thioxanthates, sulfides, and m xtures thereof.

Par ti cul ardoradalisfes) rveith atprepatativdesfieatiiet hin6G@s DAL B8y also be present,

di al kyl di t hi ophosphat es, al kyl xanthates_and al kyl t hi oxant hates. The
mol ybdenusiESrpotipg sddivencrueanient (B), rare, listed drelovon éAlk thes walyes listed are
pref erred (RPN IR LY RAGIIIR, s useful in all aspects of the
present i r%ventl ongg;ggxt rn- nuc?g{g?é&fn%ﬁybdenum conpounds of the formula
MD3SKL, Q and m xtures thereof wherein L are independently sel ected

| i gands hzvhgg organo groups with a suffici eEot nunber qf carbon atons

to render npounds sol ubl e or disp in the S8 0is from
1to 4, kvaries from4 through to 7, 0 (gg,g6! ected frqppdy roup of
neutral el ectron donating conpounds sucrg as &/at er, am ges,é}gﬁcgohol S,
osphi negs epp@ses., and z ranges frdh o5 and i es

phosphi neéshigssiDesphrsant d ges frémi 0200 5 and i rdct8d

non- st oi chj ric values. At least 21 tofal_carbon at houl d be
pr esent a%ﬁa@fﬁ?‘gﬁ% | i gands' organo gﬁootﬁis such as ﬁ%’gast 25, at
| east 30, Faeti®t mbadRt 35 carbon atons. Thesnol ybdenum ganpgunds may
be present_in a lubricating oil conposition at a concentration in the
range 0. 1CeHOSOREEbHRT or providing at 1Bea®t 10 such a®5B5to 2, 000
ppm by nma s ?1‘[83 6 Preferably, the | ypbdenum from
t he nol yb%%ﬁ%n?lgg%gﬁﬁglﬁéﬁ% esglﬁ tg‘i n a(r?%) a{rr(gunt of frg@] 1% to 1500,
such as 2@nticDAiddils nore preferably 30 0o-¥50, ppm baseion3t he total

wei ght of thgp |.ubricating oil conposition. For sone applications, the

mol ybdenuhP P PRINESSAH an amount of gPddte? than 500 9gPm 1.5

Anti - oxi dgﬁ{igz*cﬁﬁﬁn$g%§&i mes referred togpassoxidation iphyRit@ys; they
i ncrease the resistance of the conposition to oxidation and nay work
by conbi nbupplewe¢i samdWmddpgitag per oxi dés-3 o0 render thémbarnl ess, by

deconposi e i des r by rendering an oxidation catalyst inert.
Ckidativeggﬁgﬂﬁﬁgbaﬁpgﬁgcan be evidence@“ﬁ? sl udge in bﬁE"T%bricant,
var ni sh- | \igerfleR&intite Bakd@imet al  surf aggsce and by vi gepsidy growt h.
They may be classi'fied as radical scavengers (e.g. sterically

hi ndered phenol s, secondary aromatic am nes, and or gano-copper
salts); hydr r oxi.de deconposer . 0. r ganosul fur and

or ganophosplggfgéscgﬁig'i TP@@SSS;M%H%%MX &f%ﬂ@f&ﬁ&‘?ﬂs@is( e.g. zinc

di hydr ocar byl dithi ophosphates, which may al so function as anti-wear

addi tives, and organo-nol ybdenum conpounds, which nay al so function
as frictibee feadilpbreqasng et camposifieartypigally inade by bleadingl the ontachuiddibyee
anti oxi dant.s..ar . d 0 - gont aini t i oxi dants
oo, oS B eSO SRSl SO LA ISR 7 o 1,

ant i oxi dafkss, % Ioif fbedoesidiheR othe eerddihded e thardisof 1dbhidatiapResHat es
derivatives, netal thiocarbamates, and nol ybdenum cont ai ni ng



37 D hydrocar byl dithi ophosphate netal salts nay be prepared in
accordance wi th known techniques by first formng a di hydrocar byl
di t hi ophosphoric acid (DDPA), usually B8 reaction of one or nore
al cohols or a phenol with P2S5 and then neutralizing the forned DDPA

with a nmetBie siwveomBstiontarcosadaitple aréd dictdib® R TSN defaiPGd FolNERYS; RS s
made by reacting mxtures of prinmary and secondary al cohol s.

Al ter nat i VOW ithihe AR woeq addids cappervide agdiplical dbefiseleplor evampler @
the hydrocgy é/lfldcﬂfi%’ﬁ’lﬁyg& %E‘di%feﬁsaﬁ{htddra‘é'a}{ o?:?cféﬁﬁr?ﬁ{t%i{o@. character and
t he hydrocarbyl groups onathe thers are entirely primry in
character. To nake the netal salt, any basic or neutral netal
compound cpul.d be used but..the oxides, hydroxjdes and carbonates are
nost gener‘%lm oy éd. ac@é‘i’ﬁ?e?” 8§ PEILY fyaction, i§qifeApldy selishaad ligud

excess of : : ] g@% t I; : .
conpound icgﬁ%ﬁiénﬁigﬁts Elgfllls?g?stl%ﬁ t%%%%ﬁ? @E%Irie}@el?@gdéﬁ %Ifg%}@ér 8%P§rs tSyI
di t hi ophogpHetsemediné asmidusingskmdgé depaditiopsir Bopextaydplefiat dispepdans phatdss
(ZDDP) whi.ch_are .0il -sol ubl e salts of, di hydracarbyl. dithi gphosphaqrjc
ot do. and ety tsasPhERHERE S5t e B goRphplon ulfnastion te
and R2 ”HYuH?R:ahtbﬂm%Ep?@veﬁfinglsIﬁlﬁ%J A6¢culiyh ana PR pifaBdh %Phﬁao%ﬁfbh%n%F‘tQI
from1l to 18, Iprefer_ably 2 to 12, carbon atons "and include radicals
such as alPRi$ of tApRB&YE. aryl, arylal kyl, alkaryl and cycloaliphatic
radicals. Particularly preferred as Rl and R2 groups are al kyl groups
of 2 to 8 carbon atons, especially primary al kyl groups (i.e. RL and
R2 are deDispethahtsoare prsaslont aildst’y agrmemionedla60%Q! elng dMfetdii€ organic
radi cal s may,  for exanple, be ethyl, n-propyl, i-propyl, n-butyl,

i so- but y| makgily, thaf) forgmpubstantiglyymo ash herkydombystéen, yin, corieast to” metal-
dodecyl , decyl = 1 : I v, o] I

nmet hyl cyc?‘g%%%t ,angrzhgg%%éw%n%% ?é}ﬂ#\s'o?g%y c?gﬁ)g%%éil fr:g% i]?}nﬁ&(éérbon
sol ubi | i t yhain kethtzopalr eadpibe polarigetrdinn datvedtrdph inlush @, BR)O, iR of e
di t hi ophos horjgﬁ Ec%d vv'hl | . gener al I,]ydz be abﬁut 5 or gr eater. )

Pr ef er abl §*°M hLhS PRFOGRIROY IS plEgRbibs emughd<sonire ol spyblypshaying, for
di al kyl ditdah 900SRBNEE carb3S afth@, e'Tﬁ@é,yfshIE&egﬂs#QE 1 ﬁHaggco%Fﬂ{ise an ofl-
conposition contains an anount of di hydrocarby It hi ophosphate ne
sal t t hat sdlwble pdlyoeesichaokbane. 0. 10 nmass % preferably 0.02 to 0.09
mass% preferably 0.02 to 0.08 nass % nore preferably 0.02 to 0.06
mass % of phosphorus into the conposition. To limt the anpunt of
phosphor ug prfdreduerss ioft @eﬁﬂilepdl%héﬂscﬁt batBtiRkdd 69 RAShIItRR, SedicaTlr €
than 0.10 mass % the di hydrocarbyl dithi ophosphate netal salt shodl d
pr ef er abl Bolpisobidensg (PEB) erepdlpitir hienesngychids s piepagdDyi polpmenzationno
greater t f{ 1Jy o 1.3 mass % (a.i.), based upon the total mass
of the |ubricating ot conposition. Exanples of ashless anti-wear
agents include 1,2,3-triazol es, benzotriazoles, sulfurised fatty acid

esters, and dithigcarbanate derivatjves. ]
Dispersants include, for example, derivatives of long chain hydrocarbon-substituted

al

carboxylic acids, examples being derivatives of high molecular weight hydrocarbyl-
substituted succinic acid. A noteworthy group of dispersants is constituted by
hydrocarbon-substituted succinimides, made, for example, by reacting the above acids
(or derivatives) with a nitrogen-containing compound, advantageously a polyalkylene
polyamine, such as a polyethylene polyamine. Particularly preferred are the reaction
products of polyalkylene polyamines with alkenyl succinic anhydrides, such as
described in US-A-3,202,678; -3,154,560; -3,172,892; -3,024,195; -3,024,237, -
3,219,666; and -3,216,936, that may be post-treated to improve their properties, such
as borated (as described in US-A-3,087,936 and -3,254,025) fluorinated and oxylated.

For example, boration may be accomplished by treating an acyl nitrogen-containing



Rust and corrosion inhibitors serve to protect surfaces agai nst rust
and/ or corrosion. As rust inhibitors there may be nentioned non-ionic
pol yoxyal kyl ene polyols and esters thersof, pol yoxyal kyl ene phenol s,

t hi adi azol es and ani onic al kyl sulfonic acids. Pour point

depr essantdispe@dal £ tidhSL bldAWAnADuhd BEe Qb HonPWoldMR:Q¥E borod RWRE stl%ﬁo
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compound is dinuclear or trinuclear.

One class of preferred organo-molybdenum compounds useful in all aspects of the
present invention is tri-nuclear molybdenum compounds of the formula MosS¢L,Q, and
mixtures thereof wherein L are independently selected ligands having organo groups
with a sufficient number of carbon atoms to render the compounds soluble or dispersible
in the oil, n is from 1 to 4, k varies from 4 through to 7, Q is selected from the group of
neutral electron donating compounds such as water, amines, alcohols, phosphines, and
ethers, and z ranges from 0 to 5 and includes non-stoichiometric values. At least 21 total
carbon atoms should be present among all the ligands’ organo groups, such as at least 25,

at least 30, or at least 35 carbon atoms,

The molybdenum compounds may be present in a lubricating oil composition at a
concentration in the range 0.1 to 2 mass %, or providing at least 10 such as 50 to 2,000

ppm by mass of molybdenum atoms.
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Preferably, the molybdenum from the molybdenum compound is present in an amount
of from 10 to 1500, such as 20 to 1000, more preferably 30 to 750, ppm based on the
total weight of the lubricating oil composition. For some applications, the molybdenum

is present in an amount of greater than 500 ppm.

Anti-oxidants are sometimes referred io as oxidation inhibitors; they increase the
resistance of the composition to oxidation and may work by combining with and
modifying peroxides to render them harmless, by decomposing peroxides, or by
rendering an oxidation catalyst inert. Oxidative deterioration can be evidenced by
éludge in the lubricant, varnish-like deposits on the metal surfaces, and by viscosity

growth.

They may be classified as radical scavengers (e.g. sterically hindered phenols,
secondary aromatic amines, and organo-copper salts); hydroperoxide decomposers
(e.g., organosulfur and organophosphorus additives); and multifunctionals (e.g. zinc
dihydrocarbyl dithiophosphates, which may also function as anti-wear additives, and

organo-molybdenum compounds, which may also function as friction modifiers and

anti-wear additives).

Examples of suitable antioxidants are selected from copper-containing antioxidants,
sulfur-containing antioxidants, aromatic amine-containing antioxidants, hindered
phenolic antioxidants, dithiophosphates derivatives, metal thiocarbamates, and
molybdenum-containing compounds. Preferred anti-oxidants are aromatic amine-
containing antioxidants, molybdenum-containing compounds and mixtures thereof,
particularly aromatic amine-containing anﬁoxidants. Preferably, an antioxidant is

present in the lubricating oil composition.

Anti-wear agents reduce friction and excessive wear and are usually based on

compounds containing sulfur or phosphorous or both, for example that are capable of
depositing polysulfide films on the surfaces involved. Noteworthy are dihydrocarbyl
dithiophosphate metal salts wherein the metal may be an alkali or alkaline earth metal,

or aluminium, lead, tin, molybdenum, manganese, nickel, copper, or preferably, zinc.
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Dihydrocarbyl dithiophosphate metal salts may be prepared in accordance with
known techniques by first forming a dihydrocarby! dithiophosphoric acid (DDPA),
usually by reaction of one or more alcohols or a phenol with P,Ss and then
neutralizing the formed DDPA with a metal compound. For example, a
dithiophosphoric acid may be made by reacting mixtures of primary and secondary
alcohols.  Alternatively, multiple dithiophosphoric acids can be prepared where the
hydrocarbyl groups on one are entirely secondary in character and the hydrocarbyl
groups on the others are entirely primary in character. To make the metal salt, any
basic or neutral metal compound could be used but the oxides, hydroxides and
carbonates are most generally employed. Commercial additives frequently contain an

excess of metal due to the use of an excess of the basic metal compound in the

neutralization reaction.

The preferred dihydrocarbyl dithiophosphate metal salts are zinc dihydrocarbyl
dithiophosphates  (ZDDP) which are oil-soluble salts of dihydrocarbyl
dithiophosphoric acids and may be represented by the following formula:
- —

R'0 ﬁ

\P——S Zn
Rzo/
- -2

wherein R" and R? may be the same or different hydrocarbyl radicals containing from

1 to 18, preferably 2 to 12, carbon atoms and include radicals such as alkyl, alkeny],
aryl, arylalkyl, alkaryl and cycloaliphatic radicals. Particularly preferred as R' and R®
groups are alkyl groups of 2 to 8 carbon atoms, especially primary alkyl groups (i.e.
R' and R*are derived from predominantly primary alcohols). Thus, the radicals may,
for example, be ethyl, n-propyl, i-propyl, n-butyl, iso-butyl, sec-butyl, amyl, n-hexyl,
i-hexyl, n-octyl, decyl, dodecyl, octadecyl, 2-ethylhexyl, phenyl, butylphenyl,
cyclohexyl, methylcyclopentyl, propenyl, butenyl. In order to obtain oil solubility,
the total number of carbon atoms (i.e. R! and R in the dithiophosphoric acid will
generally be about 5 or greater. Preferably, the zinc dihydrocarbyl dithiophosphate

comprises a zinc dialkyl dithiophosphate.
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Preferably, the lubricating oil composition contains an amount of dihydrocarbyl
dithiophosphate metal salt that introduces 0.02 to 0.10 mass %, preferably 0.02 to
0.09 mass%, preferably 0.02 to 0.08 mass %, more preferably 0.02 to 0.06 mass % of

phosphorus into the composition.

To limit the amount of phosphorus introduced into the lubricating oil composition to
no more than 0.10 mass %, the dihydrocarbyl dithiophosphate metal salt should
preferably be added to the lubricating oil compositions in amounts no greater than
from 1.1 to 1.3 mass % (a.i.), based upon the total mass of the lubricating oil

composition.

Examples of ashless anti-wear agents include 1,2,3-triazoles, benzotriazoles,

sulfurised fatty acid esters, and dithiocarbamate derivatives.

Rust and corrosion inhibitors serve to protect surfaces against rust and/or corrosion.
As rust inhibitors there may be mentioned non-ionic polyoxyalkylene polyols and

esters thereof, polyoxyalkylene phenols, thiadiazoles and anionic alkyl sulfonic acids.

Pour point depressants, otherwise known as lube oil flow improvers, lower the
minimum temperature at which the oil will flow or can be poured. Such additives are
well known. Typical of these additive are Cg to Cyg dialkyl fumerate/vinyl acetate

copolymers and polyalkylmethacrylates.

Additives of the polysiloxane type, for example silicone 0il or polydimethyl siloxane,

can provide foam contro].

A small amount of a demulsifying component may be used. A preferred demulsifying
component is described in EP-A-330,522. It is obtained by reacting an alkylene oxide
with an adduct obtained by reaction of a bis-epoxide with a polyhydric alcohol. The
demulsifier should be used at a level not exceeding 0.1 mass % active ingredient. A

treat rate of 0.001 to 0.05 mass % active ingredient is convenient.

Viscosity modifiers (or viscosity index improvers) impart high and low temperature

operability to a lubricating oil. Viscosity modifiers that also function as dispersants
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are also known and may be prepared as described above for ashless dispersants. In
general, these dispersant viscosity modifiers are functionalised polymers (e.g.
interpolymers of ethylene-propylene post grafted with an active monomer such as

maleic anhydride) which are then derivatised with, for example, an alcohol or amine.

The lubricant may be formulated with or without a conventional viscosity modifier
and with or without a dispersant viscosity modifier. Suitable compounds for use as
viscosity modifiers are generally high molecular weight hydrocarbon polymers,
including polyesters. Qil-soluble viscosity modifying polymers generally have weight
average molecular weights of from 10,000 to 1,000,000, preferably 20,000 to 500,000,

which may be determined by gel permeation chromatography or by light scattering.

The additives may be incorporated into an o0il of lubricating viscosity (also known as a
base oil) in any convenient way. Thus, each additive can be added directly to the oil
by dispersing or dissolving it in the oil at the desired level of concentration. Such
blending may occur at ambient temperature or at an elevated temperature. Typically
an additive is available as an admixture with a base oil so that the handling thereof is

easier.

When a plurality of additives are employed it may be desirable, although not essential,
to prepare one or more additive packages (also known as additive compositions or
concentrates) comprising additives and a diluent, which can be a base oil, whereby the
additives, with the exception of viscosity modifiers, multifuntional viscosity modifiers
and pour point depressants, can be added simultaneously to the base oil to form the
lubricating oil composition. Dissolution of the additive package(s) into the oil of
lubricating viscosity may be facilitated by diluent or solvents and by mixing
accompanied with mild heating, but this is not essential. The additive package(s) will
typically be formulated to contain the additive(s) in proper amounts to provide the
desired concentration in the final formulation when the additive package(s) is/are
combined with a predetermined amount of oil of lubricating viscosity. Thus, one or
more detergents may be added to small amounts of base oil or other compatible
solvents (such as a carrier oil or diluent oil) together with other desirable additives to
form additive packages containing from 2.5 to 90, preferably from 5 to 75, most

preferably from 8 to 60, mass %, based on the mass of the additive package, of
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additives on an active ingredient basis in the appropriate proportions. The final
formulations may typically contain 5 to 40 mass % of the additive package(s), the

remainder being oil of lubricating viscosity.

EXAMPLES

The invention will now be particularly described in the following examples which are

not intended to limit the scope of the claims hereof,

Oxidative Stability: Hot Surface Oxidation Test

Oxidative stability is measured using the Hot Surface Oxidation Test which
determines the Oxidation Induction Time (OIT) of a lubricating oil composition by

Pressure Differential Scanning Calorimetry (PDSC).

A measured sample (3 mg) of a lubricating oil composition is placed in a test cell of a
Pressure Differential Scanning Calorimeter (Netzsch 204 HPDSC) and the cell
pressurised to 100 psi with clean dry air. The cell is then heated at a rate of 40°C per
minute until the isothermal test temperature of 210°C is attained and the sample
maintained at this temperature for a maximum of 240 minutes. The calorimeter
provides a value of the OIT i.e. the time taken for the sample to oxidise; a larger OIT

indicates the sample is more stable to oxidation than a sample having a smaller OIT.

Unless otherwise specified, all of the additives described in the Examples are
available as standard additives from lubricant additive companies such as Infineum

UK Ltd, Lubrizol Corporation and Afton Chemicals Corporation, for example.

Examples

A series of 5W-30 multigrade lubricating oil compositions (0.08 mass % P), as
detailed in Table 1, were prepared by admixing a Group III base stock with known
additives including an overbased calcium sulphonate detergent (TBN 310), an
overbased calcium phenate detergent (TBN 150), a non-borated polyisobutylene

derived dispersant, ZDDP, an aminic antioxidant and a viscosity modifier concentrate
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amount, and r eggent Fﬁo?%np%n{ Q)‘f) G tlﬁaolregyt Oql %ij at I&t %ﬁl %%MF%aan

each Y' indepen y repreéen S -

Z(0( CR2R3), 1) y Xgente an hllFlatingependenii yr;ﬂz&prge@,eﬁt ﬁmhl a @il & @rBsal @
pol yacyl group, a I one ester group, an acid ester group, an alkyl
group or an arﬁ %ﬁ[:) and Ar, L, X, le, R, R3, m n, y and a are

the sane as defi ned for O?erpounchzi general Formula (I) as defined
in any one of clains 1 toJ wth tg proviso that, at |east one Ar
noi ety bears at |east one [substituent group Y of the fornula
Z(O0(CR2R3) 11) yX- i n whi ch Al—§Lnot-Al),, and, whe(Bin the | ubricating
oil conposition is contamnated with at |least 0.3 nass % based on
the total nass V8®rike | ubricati ng oil conposition, of a biofuel or

secompen 1 o0 NGt MBS A 5 P b YA LG R

of Formula | T isbstindepesettenid from tH@gﬁiutp @nsik@RgTuf alkdl, A(KRZ Rako parkyl,

preferably eac rzgry tlnxyr, %P;lggy%?ﬁy? th%%_)';y, hydroxyalkyl halo and combinations thereof;
each L is independently a linking moiety comprising a carbon-carbon single
bond or a linking group;
each Y independenily represents —OR® or a moiety of the formula
H(O(CR2R3)n)yX~, wherein: each R' independently represents a C; to Csg alkyl
group or an aryl group; each X is independently selected from the group
consisting of (CR4R5)Z, O and S; each R% R® R* and R® independently
represents H, C; to Cg alkyl or aryl; z is 1 to 10; n is 0 to 10 when X is
(CR’R®), with the proviso that when n is O then yis1;nis 2 to 10 when X is O
or S; and y is 1 to 30; each a is independently O to 3, with the proviso that at
least one Ar moiety bears at least ome group Y of the formula
H(O(CR?R?),),X-; and m is 1 to 100; and,
wherein the lubricating oil composition is contaminated with at least 0.3

mass %, based on the total mass of the lubricating oil composition, of a biofuel

or a decomposition product thereof and mixtures thereof.

2. A lubricating oil composition as claimed in claim 1, wherein each Ar in a
compound of Formula I independently represents a polycyclic carbocyclic

aromatic moiety, preferably each Ar represents naphthalene.



46 15. A lubricating oil conposition as clainmed in claim 13, wherein
each RI in a conpound of Forrmula Il independently represents Cl to
C10 al kyl, preferably each Rl represent& nethyl. 16. A lubricating
oi | conposition as clained in claim15, wherein at |east one Ar

noi ety in & conpdubfcaringfodlr dBmpdsition RE l8mad il Elafh 101€, iRk YackOr. if he
formula -ORL. 17. A lubricati n% oi |l conposition as claimed in claim
1

16, wherein 40 fsmRowlal Fgemwa|l indgpepdently gensessatsi alinkinpgmooprrefstably a
| FRR3 X- and 60 nol. %
o 40 mol | o6 o C CPARAGR! tohahERlcRp Sthe AR SCRED) Y SR 00 ™

to 40 nol. % of sin each

i ndependent |y repr esent -OR . 18. A | ubricating oil conposition as
clainmed in anydgr] of clainms 13 to 17, wherein each Z independent]|y
represent §+H [igatige Glomposiiop 46 dlaimed im any Ong of Sieebreeadate eJrisng

or an acid estefhGtRWach XSn a%olﬂf)%ﬁhcf' F&%u‘?d{ﬁg&g?lﬁ§bt' on as claimed

in any one of the preceding clarns, erein sol ubl e or
oi |l -di spersible additive conponent B is present in an anount of 0.1

Compostt1 o, 205 ARRREGHSPIRRETEG 26 FHPE i Bk OhghI HecPreseding claims,
conpr essi on- i gRjlic@einieAte RAAhd ROTDYSohPRuRNBE F@nﬂ\hh?'&ré Rieht&l e;ﬁ'gfe?zﬂjly

| east in part with bi of uel , conprising operating the engi n

| ubricating oi Iea@bﬁpé@d Ri wprqs@mﬂﬁ sing: (A) an oil of lubricating
viscosity in a major anount; and, (B) an oil-soluble or

oi | -di spersible additive corrponent (B), as defined in any one of

clains 1 60 19.A asorizatingdil tco@osiopagenimeédifany 68 oPIHB YWdcedd: claT1
use, in the lubrication of a spark-ignited or conpression-ignited

i nternal conbudthedrin éagh Adn wHoapopad pfEpmedla liindepandsingdy uepresents Ao 5,

oi | -sol ubl e or pid - glys&%ﬁllpbe addi tive conponent (B), as defined in
any one of clalp f In a mnor anmount, in a lubricating oil

conposition, to reduce and/ or inhibit
7. A lubricating oil composition as claimed in any one of the preceding claims,

wherein each y in a compound of Formula I independently represents 1 to 6.

8. A lubricating oil composition as claimed in any one of the preceding claims,

wherein each a in a compound of Formula I independently represents 1 to 3.

S. A lubricating oil composition as claimed in any one of the preceding claims,
wherein each Y in a compound of Formula I is independently a moiety of

formula H(O(CR2R3)n)yX-, preferably each Y represents HOCH,CH,O-.

10. A lubricating oil composition as claimed in any one claims 1 to 8, wherein
each R in a compound of Formula I independently represents C; to Cyg alkyl,

preferably each R! represents methyl.

11. A lubricating oil composition as claimed in claim 10, wherein at least one Ar
moiety in a compound of Formula I bears at least one group Y of the formula
—OR', wherein 40 mol. % to 60 mol. % of Y groups in a compound of
Formula I each independently represent H(O(CR2R3)n)yX- as defined in any

one of the preceding claims and 60 mol. % to 40 mol. % of Y groups in a



47 oxidation of the lubricating oil composition, during operation of

t he engi ne.

12

13.

14.
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compound of Formula I each independently represent -OR’ as defined in any

one of the preceding claims.

A lubricating oil composition as claimed in any one of the preceding claims,
wherein the oil-soluble or oil-dispersible additive component (B) is obtainable
by the reaction of an acylating agent with a compound of Formula I as defined
in any one of the preceding claims, preferably an acylating agent selected from
the group of (i) a hydrocarbyl succinic acylating agent derived from a
polyalkene having an M, of 100 to 5000; and, (ii} a hydrocarbyl isocyanate
derived from a polyalkene having an M, of 100 to 5000.

A lubricating oil composition comprising:
(A) an oil of lubricating viscosity in a major amount;
(B)  an oil-soluble or oil-dispersible additive component (B), as an additive

in a minor amount, and represented by the general Formula II:

(Ya (Ya

Ar—(L—A1), {n

wherein:

each Y’ independently represents —OR' or a moiety of the formula
Z(O(CR’R*),);X-; each Z independently represents H, an acyl group, a
polyacyl group, a lactone ester group, an acid ester group, an alkyl group or an
aryl group; and Ar, L, X, R R?, R3, m, 1, y and a are the same as defined for a
compound of general Formula (I} as defined in any one of claims 1 to 8 with
the proviso that, at least one Ar moiety bears at least one substituent group Y’
of the formula Z(O(CRzRB)n)yX- in which Z is not H; and,

wherein the lubricating oil composition is contaminated with at least 0.3
mass %, based on the total mass of the lubricating oil composition, of a biofuel

or a decomposition product thereof and mixtures thereof.

A lubricating oil composition as claimed in claim 13, wherein each Y’ in a
compound of Formula II is independently a moiety of formula

Z(O(CR’R%),),X-, preferably each Y’ represents ZOCH,CH,0-.
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A lubricating oil composition as claimed in claim 13, wherein each R in a
compound of Formula II independently represents C;.to Cyp alkyl, preferably

each R represents methyl.

A lubricating oil composition as claimed in claim 15, wherein at least one Ar
moiety in a compound of Formula II bears at least one group Y’ of the formula

—_OR.

A lubricating oil composition as claimed in claim 16, wherein 40 mol. % to 60
mol. % of Y’ groups in a compound of Formula II each independently
represent Z(O(CR*R?),),X~ and 60 mol. % to 40 mol. % of Y* groups in a

compound of Formula II each independently represent ~OR'.

A lubricating oil composition as claimed in any one of claims 13 to 17,
wherein each Z independently represents H, an acyl group, a polyacyl group, a

lactone ester group or an acid ester group.

A lubricating oil composition as claimed in any one of the preceding claims,
wherein the oil-soluble or oil-dispersible additive component B is present in an

amount of 0.1 to 5 mass %, based on the total mass of the lubricating oil

composition.

A method of lubricating a spark-ignited or compression-ignited internal
combustion engine which is fuelled at least in part with a biofuel, comprising
operating the engine with a lubricating oil composition comprising: (A) an oil
of lubricating viscosity in a major amount; and, (B) an oil-soluble or oil-
dispersible additive component (B), as defined in any one of claims 1 to 19, as

an additive component in a minor amount.

The use, in the lubrication of a spark-ignited or compression-ignited internal
combustion engine which is fuelled with a biofuel, of an oil-soluble or oil-
dispersible additive component (B), as defined in any one of claims 1 to 19, in

& minor amount, in a lubricating oil composition, to reduce and/or inhibit
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oxidation of the lubricating oil composition, during operation of the engine.



