2005NO9 FF - 1 _ LUBRICATING OL COWOSI TION The invention is directed to

| ubricating oil conpositions, in particular, although not exclusively to

| ubricating oil conpositions that exhibit inmproved rust 5 inhibition.
Lubricating oil conpositions for use in crankcase engine oils conprise a
maj or anpupdgsmisrbase stock oil and m nar_anmounts of additives that inprove
the performance of the engine. There are many different types of additives
used in 10 lubricating oil conpositions, each perform ng one or nore
different functions in theLUBRICAFINGOPCOMPOSITHONI s of sul fated ash,
phosphorus and sul fur (SAPS) em ssions from passenger car notor vehicles
decrease the |levels of conventional 15 additives such as netal -based
detergents that ¢ap;Re,4Ged d%&e&lﬁpfugfl?eﬁgl oﬁzuoﬁlrﬁoﬁﬁ’i‘éﬁs i@ parifylaffPal ance in
the additive conbinations conventionally gse I passénggr car ’not or

vehi cl es andithegtisiot Sehispreiiodtibricating oil Rem@esitioeshatcethibivienpgewvddiragtt i ons i n
order to neet, the requirenents of vehicle nmanufacturers. 20 European patent
applicat?on“ﬁ%ﬁﬁ@@ 0 575 154 discloses a lubricating oil conprising a

car boxylic dispersant, a rust inhibitor combination conprising a m xture of
a hydrocarbyl -substituted carboxylic acid and a non-ionic surfactant, an
antioxi dant  conbubrdatiap ofl @6RIpbsitious fot useSiStankcise2a5ine Bil@b@d?ﬁée Oajar

hydr ocar byl - substi tuted phenol and an al dehyde and optionally a hindered
phenol , andaaeuntedbasegteck il andiminopgmeunss ﬂfga%m\@éuﬂmt gnprovpenol i ¢

functionalif i.ch een reacted w th,. asl c l,... speci.es, such that
the totar seirrltiafceiihe BREk, PRF Blate el uRerd BuinBlR% s ana 1w
% Pref @y r emhbgiviap siEdtnspositioht) @adH S&eoHnihd Wi Brirfdte REfBFbatErAdtions Rpgheve

| ubricating 30 oil conpositions, which seek to provide adequate engine

cl eanl i nessothnd corrosion resistance in | ower SAPS | ubricating oil
~conposi tion, whilst maintaining other

As the permitted levels of sulfated ash, phosphorus and sulfur (SAPS)
emissions from passenger car motor vehicles decrease the levels of conventional
15  additives such as metal-based detergents that can be used are decreased. This leads to
an imbalance in the additive combinations conventionally used in passenger car motor
vehicles and leads the formulator to consider new additive combinations in order to

meet the requirements of vehicle manufacturers.

20 European patent application number 0 575 154 discloses a lubricating oil
comprising a carboxylic dispersant, a rust inhibitor combination comprising a mixture
of a hydrocarbyl-substituted carboxylic acid and a non-ionic surfactant, an antioxidant
combination comprising at least a reaction product of a hydrocarbyl-substituted
phenol and an aldehyde and optionally a hindered phenol, and at least one material

25  having an acidic or phenolic functionality which has been reacted with a basic metal

species, such that the total sulfated ash content of the composition is between 0.25 and

I wt%.

Preferred embodiments of the present invention provide alternative lubricating
30  oil compositions, which seek to provide adequate engine cleanliness and corrosion
resistance in lower SAPS lubricating oil composition, whilst maintaining other

performance characteristics.



performance characteristics. -2- The present invention provides use of an
oi | -sol ubl e hydrocar byl phenol al dehyde condensate as a rust inhibitor in a
| ubricating oil conposition having a sulfated ash content of |less than 1.0
% by wei ght of the composition, of an ashless, oil-soluble hydrocarbyl
phenol al dehyde condensate having the follow ng structure, OHOHCHY\ Y\
RRnR Fornmula (1) 2005MO19 FF -3 wherein nis 0 to 10, Y is a divalent
bridging group, and is preferably a hydrocarbyl group, preferably having
from1 to 4 carbof,ahR8E iRftiéh pPovidddXgs QPﬁfélY-EolﬁBB‘H}’rd:J&éfH g from4 to 30
carbon atons. 5 Other and further objects, advantages and féatures of the
present i nveitenoaldélyde chidensate as & owtiinhybitoe frex mboeating diheorhpydsiton haying

speci fication. . The hydrocarbyl phen dehyde ndensat.e of .t he present

i nvention i sas‘%%éqdeaﬁél‘ip?teﬁt cr%}awﬁaalr gbl"fg}ﬁgﬁéﬂt ?g‘gﬁﬁP’a@H%%@é’éﬁﬁé &%e. The
term "hydrocgy ; 1¢ﬁ¥ i . r ed is
primarily cgﬁggﬁggﬁo c@%?%ﬁ nngﬁgﬁgggggﬁﬁg?%ﬁgﬁgﬁggﬁgf%gﬁ%gl%ﬁgEtﬁg

remai nder of the nolecule via a carbon atom but does not exclude the
presence of other atonms or groups in g proportjon insufficient to detract
fromthe substantially hydroc@dbon chara@teris\i cs dfHt he group. The

hydrocar byl group is preferably conpgsed|of only hydfogen and carbon atons.
15 Advant ageously, the hydroesa &S aA'] i phatic group, preferably

al kyl or al kyl ene group, gr oups may be |inear or
branched. R is preferablyfjan al kyl ene (g R is preferably
branched. Preferred enbodi he of tlhe~pregent i on conpri se a

hydr ocar byl

Formula (T)



20 phenol al dehyde condensate according to Formula (1) above, wherein n is
preferably 1 to 8, nore preferably 2 to 7, and nost preferably 3 to 6
and/or R preferably conprises 8 to 18, and nost preferably 9 to 15 carbon
atons. The hydrocar byl phenol al dehyde condensate preferably has a wei ght
average 25,5mleGul ar weight (My) in the range of 600 to 4000, preferably
800 to 3500, nore preferably 1000 to 2000, even nore preferably 1200 to
1900, and nost preferably 1250 to 1680, as neasured by MALDI - TOF (Matri x
Assi st ed LaswiereDesdy Pid )Y isardivaddnt Ofidgihp goupl artd is @hdferabBsshydpecattydnet ry. 30
The hydrocar byl phenol al dehyde condensate is preferably one obtained by a
condensat i o@%a@?f@blbb@mgﬂml toghearbgrnaomp;cradyRiEs adiydreaahd Senpr eact i ve

equi val ent h%\nﬁé?r%ﬂﬂ%%@éaﬂ# easi one hydr ocar byl phenol, in the presence of
such &as, |

an acid catalys O exanpl e, an al kyl benzene sul phonic acid. The
product is preferably subjected to 2005M)19 FF stripping to renpove any

unr eact ed hydrocar byl phenol, preferably to |ess than 5 mass % nore
preferabfy to | eShernahigthenekjeoty, adyariagasand frairey afithg presentamventiomwill mass
% of unreagted q§dr arg%l(p etol 11I\/bst ref-erably, the product includes

| ess than ?Bn% GRY TR A eoﬁp 4 &t $HOL { han 0.1 mass % of

unreact ed hydrocarbyl 5 phenol. Al though a basic catalyst can be used, an
acid catalyst is 1Ereferred. The acid catalyst nay be selected froma w de

vari ety of aci di €hehydsocaroyd phend aldshydecondensatepifahe priassp inyenigorsisi d,

| phur i i | phoni i.d | i i d and hyd | orjc.10 aci,d. Th
o 0 Bt R e S afcoa s Bnafee SaRErt TRE BRSO i
treated;gl ays usthBeRIPMBANsThat GRd %Mﬁ&oﬁ&ﬁﬁd@ﬁﬂﬁﬁw orPBLdl Fhylifogt Mass % or

nore, such as for exanple 0.1 mass % of the'total reaction mxture. In
parti cul ar, anderfopcdtons aid/is bohdedob thd waiayler obthd erdemuée vig apadfopratdshy 15

b anched do8scil: BIsiohl SLTRL IS0 ERUEROT S0 BT ASprdF UBIRLP
to detract from the substantially hydrocarbon characteristics of the group. The
hydrocarbyl group is preferably composed of only hydrogen and carbon atoms.
15 Advantageously, the hydrocarbyl group is an aliphatic group, preferably alkyl or
alkylene group, especially alkyl groups, which may be linear or branched. R is
preferably an alkyl or alkylene group. R is preferably branched.

Preferred embodiments of the present invention comprise a hydrocarbyl
20 phenol aldehyde condensate according to Formula (I) above, wherein n is preferably 1
to 8, more preferably 2 to 7, and most preferably 3 to 6 and/or R preferably comprises

8 to 18, and most preferably 9 to 15 carbon atoms.

The hydrocarbyl phenol aldehyde condensate preferably has a weight average
25  molecular weight (Mw) in the range of 600 to 4000, preferably 800 to 3500, more
preferably 1000 to 2000, even more preferably 1200 to 1900, and most preferably
1250 to 1680, as measured by MALDI-TOF (Matrix Assisted Laser Desorption
Ionization- Time of Flight) Mass Spectrometry.

30 The hydrocarbyl phenol aldehyde condensate is preferably one obtained by a
condensation reaction between at least one aldehyde or ketone or reactive equivalent
thereof and at least one hydrocarbyl phenol, in the presence of an acid catalyst such as,

for example, an alkyl benzene sulphonic acid. The product is preferably subjected to



The ashl ess hydrocar byl phenol al dehyde condensate of the present invention
has a Total Base Nunmber (TBN) of 0, because of the absence of netal ions in
the 20 conmpound. The lubricating oil conposition used in perfornmance of the
present invention nmay further conprise one or nore detergent additives.

Sui t abl e detesmgert additives include oyerbased metal salts of organic
acids. 25 Overbased netal salts of an organic acid useful in the context of
the invention generally conprise a polar head with a | ong hydrophobic tail.
The pol ar hs@agpingdopemeesang unetctbd hpdrbcabylgphendal] pieferablygamless thanpound. I n a
neutral or normal salt th sal t y.contain a substantially stoichionetric
Bount. of . t R8s BOTRRISISHELY if 196 b s ‘%’ Rucemarequt STebbadestibbl or TBN
(as can be ppasdir f nmet al
salt a large ar%"’ilﬁfmg a@ﬁ&%ﬁ?&%@?&%} %@@é}ﬁ%garb d?%%ﬁgg&%k;%cgg&%??%g excess
met al conpothaf 0(%emass, Yoasuchds, der exampled teax thaa )0. Minkis % f uakacted hgdocdrbylg. |
carbon di oxide). The resulting overbased detergent conprises 2005M)19 FF - 5
_ neutra?izB]éFnﬂbtergent as the outer layer of a netal base (e.g. carbonate)
m celle. Such overbased detergents may have a TBN of 150 or greater, and
typically will have a TBN of from 250 to 450 or nore. 5 Overbased netal

sal ts of organi cAthowkh 4 thsic oamysbearltsached nant doed chedlpdt geprefenednThsatidon of the
present invention include oil-soluble, overbased sul fonates, phenates,

sul furized ¢AtENYmeay ba sslesisd dEnpme Wadeowarietnef acydia cempoynds sueh asgfor

meal. par trpie RO HRRIE AT SR B SRl i SR CRAe R b S 7

sodi um 1(POt &3¢ THe acid thalyialshibePreseit! 46 ialodimpaneht BRYREI thateriaNgichBS heigommonl y
used netals are cal cium nmagnesi um and sodi um and m xtures of thereof

cal ci um andirestedlgineEhaamount of et pet usesd may ¥apyrfeare At05i ta 8 mass o oyaexs, cul ar | y

conveni ent SE [asb osf%g(a&{sfe%.l to 1 mass % of the total reaction mixture.

In particular, the hydrocarbyl phenol aldehyde condensate is preferably
15 branched dodecyl phenol formaldehyde condensate, such as, for example, a

tetrapropenyl tetramer phenol formaldehyde condensate.

The ashless hydrocarbyl phenol aldehyde condensate of the present invention
has a Total Base Number (TBN) of 0, because of the absence of metal ions in the

20 compound.

The lubricating oil composition used in performance of the present invention
may further comprise one or more detergent additives. Suitable detergent additives
include overbased metal salts of organic acids.

25

Overbased metal salts of an organic acid useful in the context of the invention
generally comprise a polar head with a long hydrophobic tail. The polar head
comprises a metal salt of an acidic organic compound. In a neutral or normal salt the
salt may contain a substantially stoichiometric amount of the metal and would

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

acidic gas (e.g., carbon dioxide). The resulting overbased detergent cbmprises



salts of organic acids are overbased netal salts of sulfonates, phenates,

sul furized 15 phenates and salicylates. The netal of the netal salt is
preferably, sodium nagnesiumor calcium and nore preferably cal cium or
magnesi um The one of nore overbased netal salts of organic acids useful as
a det er gent xbsmoro@spect of the present igvention may conprise a 20 plurality
of different netal salts derived fromdifferent organic acids and conpri sing
different netals. In one enbodinment, the plurality of overbased netal salts
conpri se netuwitaliged defengentiagdhk duterinydnef s aretal basediefgf earbontatgmyaeliec Sichds and
each conprising th sane netal . Eqr e | e, the detergent . conprise a
plural ity oPveabaserdeisteenisanes Bt e ObloGorgeale: 2 BBICALY Al A&YS Qe y, t he
det er gent ngBNcm&l @0%@50’6%&&)’ 25 of overbased nmagnesi um salts of
organic acids. As a further alternative, the detergent nay conprise a

m xture of one or nore overbased magnesiumsalt of an organic acid and one
or nore calciumsalt of an organjic acid.. Syl fonates nmay be prepared from

sul foni ¢ aci ds \Aﬁﬁ"%"ﬁ?a%ﬁdén?@/]pﬁag%ﬁ?gaﬂf afife that I@B}’E?uffﬂéné}m dt78e1ton of al kyl
substituted ' : 0 ' t he
fractionati%ﬁ&ggﬁ%gﬁgg%%@%ggé yﬁ?ﬁgﬁau §P%F?§§“%P¢§$%§§F?§ﬁﬁy T ocar bons.
Exanpl es i npliendtes tsatfagzahttenatey thiypladsilydmtes rglibdatzg niecluding uene, xyl ene,
napht hal ene, _di phenyl or their halo%en derivatives such as chl orobenzene,

chl or ot ol uehuirgxbeneisiaspaaphienates agnfthsolute carony1afek 9 2EBh nay be

carried out_j r o . i 0 I ts havin
from about %‘h rglet aﬁ Qigﬂ%:agrﬂ%gﬂ{}g‘%%%f e'yhé&%’%?@#d@gfa?%ﬁ%t es usualgl y
cont ai nid r okthiug Whalcturh Candligapne0moITheBiddt canmonlyalsedmetalsure telciabl,y from
about 16 to about 60 carbon atonms per al kyl substituted aromatic 5 noiety.
The oi| sol magResin Mshspdaun,cnd spigtires of sharead saleivae pri{onmgenssiufeut ral i zed with
oxi des, hydroxi des, al koxi des, carbonates, carboxylate, sulfides,

hydrosul fides, nitrates, borates and ethers of the nmetal. The anount of

met al conpound i B repR8esr the present invention, particularly convenient overbased metal

salts of organic acids are overbased metal salts of sulfonates, phenates, sulfurized

15  phenates and salicylates.

The metal of the metal salt is preferably, sodium, magnesium or calcium, and
more preferably calcium or magnesium. The one of more overbased metal salts of
organic acids useful as a detergent in respect of the present invention may comprise a

20  plurality of different metal salts derived from different organic acids and comprising
different metals. In one embodiment, the plurality of overbased metal salts comprise
metal salts derived from the same or different organic acids and each comprising the
same metal. For example, the detergent may comprise a plurality of overbased
calcium salts of organic acids. Alternatively, the detergent may comprise a plurality

25  of overbased magnesium salts of organic acids. As a further alternative, the detergent
may comprise a mixture of one or more overbased magnesium salt of an organic acid

and one or more calcium salt of an organic acid.

Sulfonates may be prepared from sulfonic acids which are typically obtained
30 by the sulfonation of alkyl substituted aromatic hydrocarbons such as those obtained
from the fractionation of petroleum or by the alkylation of aromatic hydrocarbons.
Examples include those obtained by alkylating benzene, toluene, xylene, naphthalene,

diphenyl or their halogen derivatives such as chlorobenzene, chlorotoluene and



10 having regard to the desired TBN of the final product but typically
ranges fromabout 100 to 220 nass % (preferably at |east 125 mass % of
that stoichionetrically required. Metal salts of phenols and sul furized
phenol s are prepared by reaction with an 15 appropriate nmetal conpound such
as an oxi de,@ioldydr oxi de and neutral or .overbased products nmaybe obtai ned
by methods well known in the art. Sulfurized phenols may be prepared by
reacting a phenol with sulfur or a sulfur containing conpound such as

hydr ogen suthlotheaplsthidléng. Thermbybtichemay bsedrfied outiih sltd ghesent®of ocanlgstoduct s
which are generally m xtures of conpounds in which 2 or nore phenols are
bri dged by ¥dthralkylatmgagertahaying o 2hgus3 taomprsdhan 20 earben ategsntlde e. g. |
salicyl ates e i i r | i cid with
an appr opr | SKERTSRERLERALES AN aLERGH'Bludbo BT o B AN LT 2 o

over based pp@@u@m? fioRy ativat 06 taabereloMyarb®t foahs peehlkyknbwiuild aidindthe art. The
aromatic noiety of the aromatic carboxylic acid can contain heteroatons,

such as hit me¢En and oxygen. Preferably, the noiety contains only carbon
atons; nore preferably the noiety contains six or nore carbon atons; for
exanpl e benzene is a preferred noiety. The aromatic carboxylic acid may

contain one or TR 6il %lﬁﬂl%khﬁ'oﬂméseiriaﬂéryl%Mﬁaﬁci@@ﬁlaﬂIbe@i@lﬁt@llﬁ@d‘%&ﬂhe rings,

ei ther fused or 30 connected via al kyl ene bridges. The carboxylic noiety may
be at t achedoxiflesebydrgxides, alkogideacarbpngigs,ccadozyleiensyliderphpdrpsulfest er abl y t he
carboxylic aci ro S t ached irectly to carbon atomon the aromatic
ot oty suchiasegdtPy it ShREERE e Ik ptiob iRt °f he
aromat i g NOhALNg RS t6 MY dlsiéd BBNSTARSiAdl BESduealt tﬁ;ﬁ@aﬁmgéﬁrm gboutgroup,
such as a hydroxy group or a sulfonate group, which can be attached directly
or indirect160 o228 mass Ho(prefemsilyoat leasel 2 oamt’ocofitbatetoichiPmefrisaled exanpl es of
aromatic car box%/dni c acids are salicylic acids and 5 sulfurized derivatives

t hereof , i nCAREhg hydr oxybenzoat es such as those described in

Metal salts of phenols and sulfurized phenols are prepared by reaction with an
15  appropriate metal compound such as an oxide or hydroxide and neutral or overbased
products may be obtained by methods well known in the art. Sulfurized phenols may
be prepared by reacting a phenol with sulfur or a sulfur containing compound such as
hydrogen sulfide, sulfur monohalide or sulfur dihalide, to form products which are
generally mixtures of compounds in which 2 or more phenols are bridged by sulfur

20  containing bridges.

Carboxylate detergents, e.g., salicylates, can be prepared by reacting an
aromatic carboxylic acid with an appropriate metal compound such as an oxide or
hydroxide and neutral or overbased products may be obtained by methods well known

25  inthe art. The aromatic moiety of the aromatic carboxylic acid can contain
heteroatoms, such as nitrogen and oxygen. Preferably, the moiety contains only
carbon atoms; more preferably the moiety contains six or more carbon atoms; for
example benzene is a preferred moiety. The aromatic carboxylic acid may contain
one or more aromatic moieties, such as one or more benzene rings, either fused or

30  connected via alkylene bridges. The carboxylic moiety may be attached directly or
indirectly to the aromatic moiety. Preferably the carboxylic acid group is attached
directly to a carbon atom on the aromatic moiety, such as a carbon atom on the

benzene ring. More preferably, the aromatic moiety also contains a second functional



US 5, 808, 145 or EP 933 417, such as hydrocarbyl substituted salicylic acid
and derivatives thereof. Processes for sulfurizing, for exanple a
hydrocar byl - substituted salicylic acid, are known to those skilled in the
art. Salicylic acids are typically prepared by carboxylation, for exanple,
by the Kol bewsmoSahmi tt process, of 10 phenoxides, and in that case, wll
generally be obtained, normally in a diluent, in adm xture with

uncar boxyl at ed phenol. Preferred substituents in oil - soluble salicylic

aci ds are algkoup, swbsasiatlwém(y grdup oralskifbnate giops which ean bahtiached direntlyds, t he
al kyl groups a ag&ya eou ont all_I;l 5 1t0,.100, 15 preferably 9 to 30,

especi al |y PAf IBHE LHEMAtE MO s nore than one al kyl group,

t he average nunber of car bon atons in all of the alkyl groups is preferably
at least 9 to ensure adequate oil solubility. Overbased netal salts of
organi ¢ aci ds gePResferiréd/exammplaslof iarormdnie chﬂuoxulﬁcaﬁdid:rmeﬁalic&ﬁc heills amdat i ng oi |
conposi t| ons Iso i ncl ude "hybrid %ents formed wth m xed . surfactant

SyIS;E ens, / & dsrtyss ThEEPIO&tl%@u gg. y ﬁﬁﬂ@pﬂpﬁém as those described 1nb .
exanpl o, i ﬁ@pse%"?f’ﬁ‘@u“s‘iﬁgﬁt 245 SRRt BRGRBI LR RY 3 Gy oBR 483° L 00

6, 281, 179. d&ivaiechihsedf nBioatssesafot mlﬁxﬁqzﬁrggmlegarﬁpledshyﬁmchﬂiyﬂ esistitutge i n the
pr esent |nvent| on suitably have a_total base number of at |east 250,

and pr ef er afRlipyhe agidaage knopn to thege Sclfﬂl,fddF thegre S?Jﬂéylﬂfag%ﬁ %mcaé ¥ ts of

organi ¢ aci e sition may
conprise a gl%ﬁg{ na :%(%ﬂ)%éﬁgg@g ?rl%f/xes WP pgth§l§(?gge§?%0 gs In this
case, the apknagkied,BiNdad tHaheasomeillpraadilybe abtaﬁﬁhtmrmhllpirg@ailwenaan acids is
suitably at |east 250 and pref erably at | east 300. Overbased netal salts of
organi ¢ aci admigife pathgueameylppd phaiol. netal ratio, which is the ratio of
the total equivalents of netal to the equivalents of acidic organic 2005MOL9
FF - 8 _ conpound reacted with the netal Overbased netal salts of organic
aci ds suitabl e fPfefert@ubstithdis RrotisadlubldaBioylioaridlkre alklyysubstittedsmt al ratio

of greater than 1, preferably at
alkyl - substrtuted salicylic acids, the alkyl groups advantageously contain 5 to 100,
15  preferably 9 to 30, especially 14 to 20, carbon atoms. Where there is more than one
alkyl group, the average number of carbon atoms in all of the alkyl groups is

preferably at least 9 to ensure adequate oil solubility.

Overbased metal salts of organic acids generally useful in the formulation of
20  lubricating oil compositions also include “hybrid” detergents formed with mixed
surfactant systems, e.g., phenate/salicylates, sulfonate/phenates, sulfonate/salicylates,
and sulfonate/phenate/salicylates, as described, for example, in pending U.S. Patent

Nos. 6,429,178, 6,429,179, 6,153,565 and 6,281,179.

25 Overbased metal salts of organic acids suitable for use in the present invention
suitably have a total base number (TBN) of at least 250, and preferably at least 300.
The one or more overbased metal salts of organic acids providing component (A) of
the detergent composition may comprise a combination of additives with different
TBN values. In this case, the average TBN of the overbased metal salts of organic

30  acids is suitably at least 250 and preferably at least 300.

Overbased metal salts of organic acids can be defined by their metal ratio,

which 1s the ratio of the total equivalents of metal to the equivalents of acidic organic



| east 5, nore preferably at |east 10 and possibly of up to 25. 5 The total
anount of the one or nore overbased netal salts of organic acids suitably
provi des the lubricating oil conposition with a sulfated ash content of |ess
than 1.0 nmass % based on the mass of the |ubricating oil conposition,
preferably 'z?cﬁlﬁm fzhan 0.5 mass % and norg preferably less than 0.3 mass %
10 The oil o u%)ri cating viscosity, useful for making lubricating oil
conpositions of the present invention, may be sel ected from natural

(veget abl e, ARigEhd Rlactl REMHALS meBNdOFHBhRAI: Gall MY bEGEANG Gl SufBLL @t Xt ur es
thereof It may range in viscosity from |light distillate mneral oils to

heavy | ubri ameimte prdssntsoedntias syidablehayiemanetal ratioiofigreater than iy prefarabiy abi | |

not or vehicle oLl, and he ut iesel .ojl.. Generally, the viscosity 15 of
the oil randE%S%)%’rtB%e?r%%‘f‘i‘gy}gﬁtg?@égl(??)n s&‘gh'tqfé’ﬁ’éRgéy especially 5
centistokes to 20 centistokes, at 100C. Natural oils include animal oils
and vegetable oils (e.g., castor oil, lard oil); liquid petroleumoils and

hydr o-r efsSi ned, sdhedoth! imeatt efltheronaor thore ereatedimeeal ahltsaflosgamic ac2dy t he

paraffinic, naphtheni nd m.xed paraffinic-naphthenic types. G.ls of
| ubri cating SUl# xagqvvf%%m%%tmg@ OBRPSIHPN YA Asulfpied aglotQrecTi Of {fsef ul base

oils. Synthetjc i j | i .

hal o- subst i ﬁlrlljdfneldb Hﬁ%‘@lﬁzzfg%%ﬁiﬂgi %sggggﬁq%@cggﬁéﬁfé??@gﬁlg%%?% rg‘Pl o1 s;meri zed
ol efins (e. ghan XSnfasd Ydunidyrhere @sefefablyypdsaigd @B emss Pi. opyl ene-i sobut yl ene
copolynmers, chlorinated polybutylenes, poly(1l-hexenes), poly(1l-octenes),

pol y(1-decenes)); al kyl benzenes (e.g., dodecyl benzenes, tetradecyl benzenes,

Ler phamFe. al kyraF o of BRI ¥ aiRDARBRE for RNERSAA el et BRETY <

al kyl at ed diopteriytsestintéins, madbdeeleed faminaturalavagcsdte aniindloralingsl) t her eof
Al kyl ene oxi de polyners and interpolynmers and derivatives thereof where the
t er mi nal hy@ﬁ@%mth@wdwwaﬁa%ellb@éﬁmmm theepoby It arayeiangs @atiscepity from

etherificat ili%ﬁ't difthifate mn 2R % E&w& h?oricating oils such as gas engine oil, mineral

lubricating oil, motor vehicle oil, and heavy duty diesel oil. Generally, the viscosity
15  of'the oil ranges from 2 centistokes to 30 centistokes, especially 5 centistokes to 20

centistokes, at 100°C.

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

viscosity derived from coal or shale also serve as useful base oils.

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

30  derivative, analogs and homologs thereof.

Alkylene oxide polymers and interpolymers and derivatives thereof where the

terminal hydroxyl groups have been modified by esterification, etherification, etc.,



constitute another class of known synthetic lubricating oils. These are
exenplified by polyoxyal kyl ene pol yners prepared by pol ynerizati on of

et hyl ene oxi de or propylene oxide, and the al kyl and aryl ethers of

pol yoxyal kyl ene polyners (e.g., nethyl- polyiso-propyl ene glycol ether
havi ng a mol,geuhas wei ght of 1000 or di phenyl ether 5 of poly-ethylene

gl ycol having a nol ecul ar wei ght of 1000"to 1500); and nono- and

pol ycarboxylic esters thereof, for exanple, the acetic acid esters, m xed

C3- C8 fatty congiteteagbtBiesclan df ASvOxmtlaticdusiath@oilNfTHest hrakbpEfied By ycol .
Anot her suitable class of synthetic lubricating oils conprises the esters of

10 di car boxyi¥exsakyleng polymersprenasad by pedymerizatioe phethylges exidapokpropyignei ni ¢

aci ds and al y L i [ | 8] ' a ic,acid,..suberic acid,
sebasi c aci 8?9#0%#?%%%%’% ﬁglaﬁ?%rscgg%oﬁg&y%ﬁéﬁgeﬁlgPé%rsd(ecﬁ"rfg?t}l yfrgral oni ¢ acid,
al kyl mal oni ?og@siodﬁrorﬂleﬁ@gybolrmie@nmng aﬁidﬂ&mmxerghaoﬁmdoe&miﬁien | @n&ol s
(e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol, 2-ethylhexyl alcohol,

et hyl ene5gl pépply-aihdensgleeed havipe 8 maleoudss treeght op 1 48,1od 380 land s1opo- a8l Exanpl es

f h est i ncl ude di but vyl -adi pat i (2-ethylhexyl). t
o ey P BraPEk DB B e o8 B B ST e
azel ate, di geidyksteRdndal 30Ro acid d@ et lof RiaBRlRhE glydbel cosyl sebacate, the

2-ethyl hexyl diester of linoleic acid diner, and the conplex ester forned
by reacting one nole of sebacic acid with two noles of tetraethylene glycol

and two nol es of 2-ethyl. anoi c.acid.. Est.ers..useful ag synthetic oils

al so incl ude thoéé“’ﬁ&aémggfﬁﬁl%é"fm C%'T%BT?& %B@%@Wsﬁﬁﬁ@ggﬁ%ﬂéol yol s and
pol yol g§t efRafégPlisiME@RE Mhttlali6h¥id Wuccintd dciE byl QlcRIMAPAI@s and alkenyl
pentaerythritol, dipentaerythritol and tripentaerythritol. 25 Slllgon-based

oi | s such asudcinc podsy atdlsit acid paklaragid, subrsicyaaldk ssbysic acid, fmararagidoxysi | i cone

oils and silicate.pils co .se_anqt her .ys | cl ass.of nt.het.i C.
ubr i cant s SSRGS} fiaSleR e HHATEs ralern gridag iy Enalasto teith AIEBIBHORSS1 || ca e,
tetra-(2- ephy ghﬁwé Varkty bf@tshold Rlyl, dutyt-altehbly hexdn slcbNdINgsaeLy Blikd Rt €.
tetra-(p-tert-butyl-phenyl) silicate,
hexa- (4- nmet Ryethytheaxtyhslcolet,ydthydersi glpoodndicthplehy glyeolhmbnathanxpmpglernglycol).
15 Examples of such esters include dibutyl adipate, di(2-ethylhexyl) sebacate, di-n-hexyl

fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate,

didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer,

and the complex ester formed by reacting one mole of sebacic acid with two moles of

tetracthylene glycol and two moles of 2-ethylhexanoic acid.

20
Esters useful as synthetic oils also include those made from Cs to Ci;
monocarboxylic acids and polyols and polyol esters such as neopentyl glycol,
trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.
25 Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy- or

polyaryloxysilicone oils and silicate oils comprise another useful class of synthetic
lubricants; such oils include tetraethyl silicate, tetraisopropyl silicate, tetra-(2-
ethylhexyl)silicate, tetra-(4-methyl-2-ethylhexyl)silicate, tetra-(p-tert-butyl-phenyl)
silicate, hexa-(4-methyl-2-ethylhexyl)disiloxane, poly(methyl)siloxanes and

30  poly(methylphenyl)siloxanes. Other synthetic lubricating oils include liquid esters of
phosphorous-containing acids (e.g., tricresyl phosphate, trioctyl phosphate, diethyl
ester of decylphosphonic acid) and polymeric tetrahydrofurans.



30 pol y(net hyl phenyl )sil oxanes. Qther synthetic lubricating oils include
liquid esters of phosphorous-containing acids (e.g., tricresyl phosphate,
trioctyl phosphate, diethyl ester of decyl phosphonic acid) and polyneric
tetrahydrof urans. 2005MO19 FF -10 The oil of lubricating viscosity may

conprise a Gaupr, Goup H Goup Ill,,,Goup IV or Goup V oil or blends
of the aforenentioned oils. The oil of }ijri cating viscosity may al so
conprise a blend of a Goup | oil and one or nore of Goup Il, Goup III,

G oup N or G oupT¥e olllof Idbricetingwikdosits mfag kompPseod Geoupsl, Gsanh MeGup [A € t he
same as those found in the _Anerican PetroleumlInstitute (APl) publication

"Engi ne O | Grewehspngrasnd’ oder biendscefithe afomyrantianed gitrd (deroyl afdntricatiag

Departnment, Fourtee Edi tion, e . dendum er 1998.
Sar d publ i cXProi SRR AeRg Ao 281 OO st BT I ot o
| ess than 9@:rfg BETrogRiwoaGesupandilor greater than 0.03 percent sul fur and
have a viscosity index greater than or equal to 80 and |l ess than 120 using

the test5nmethods specified in Table 1. b) Goup Il oils contain greater than
. 03 percent

or equal to 90 percent satuyrat.es and J|ess than or 15 eqgual .,t0,0

sul fur and have 35%188%?@’? %E@aﬁ_uﬁ?de}éetrgp afehtiﬁ sype @ﬁ@gfeqﬁ}n%ﬁl BEd 1 ess than
120 using t RencriRad PERIIBAAInstRAE (APK PublicafidR FEndine OiltIIed3hgAH a separate

G oup recogni zed by the API, Goup'll oils having a viscosity index greater
t han about Certificatien Bystem’, Tedusiry Sdrvicss Rspa@GnentpFourteenthi Edstiors Decerober 111 oil s

contain gre t.han, or ual .to ercent. saturates and | ess.than or 20
caual o 0. B asdanRL i RmegR 1988, S icd i ReRed W 2t Fdiovthan or
equal tq 120 wusing the test nethods specified in Table 1. d) Goup IV oils

are pol yal phaolefins (PAO). e€) Goup V oils are all other base stocks not
i ncl uded i na)&mup Ibjls téntainll¢ss than 94 percent saturates and/or greater than 0.03 percent

sulfur and have a viscosity index greater than or equal to 80 and less than 120 using

the test methods specified in Table 1.

b) Group II oils contain greater than or equal to 90 percent saturates and less than or
15  equal to 0.03 percent sulfur and have a viscosity index greater than or equal to 80 and

less than 120 using the test methods specified in Table 1. Although not a separate

Group recognized by the API, Group II oils having a viscosity index greater than

about 110 are often referred to as “Group II+” oils.

¢) Group III oils contain greater than or equal to 90 percent saturates and less than or
20  equal to 0.03 percent sulfur and have a viscosity index greater than or equal to 120

using the test methods specified in Table 1.

d) Group IV oils are polyalphaolefins (PAO).

e) Group V oils are all other base stocks not included in Group I, II, III, or IV.

25 Tablel
Property Test Method
Saturates ASTM D2007
Viscosity Index ASTM D2270
Sulfur ASTM D4294

The oil of lubricating viscosity preferably has a saturate content of at least
65%, more preferably at least 75%, such as at least 85%. Most preferably, the oil of
lubricating viscosity has a saturate content of greater than 90%. Preferably, the oil of
30 lubricating viscosity has a sulfur content of less than 1%, preferably less than 0.6%,

more preferably less than 0.3%, by mass, such as 0 to 0.3% by mass.



25 Table 1 Property Test Method Saturates ASTM D2007 Viscosity |Index ASTM
D2270 Sul fur ASTM D4294 The oil of lubricating viscosity preferably has a
saturate content of at |east 65% nore preferably at |east 75% such as at
| east 85% Most preferably, the oil of [lubricating viscosity has a saturate
content of ewpaater than 90% Preferably;,;the oil of 30 lubricating viscosity
has a sulfur content of |less than 1% preferably less than 0.6% nore
preferably | ess than 0.3% by mass, such as 0 to 0.3% by mass. 2005MO19 FF -
11 Preferably the volatility of the oil of lubricating viscosity, as
nmeasured by the ack test (ASTM D58380), i.s less than or equal to about 40
mass % such asPr %@b]tyﬁg‘h"o%tl’ht&?lﬁg}e %Ofé brigating Visgesityy s measuEgdh fgm ess than

or equal to ) mass
% more prohCrdps ST Deea fiiBennfifer R b ABGHRI0 ARU%Y i PR LR "The
vi scosity i oflegual ¥l gboof 33 f@ssOt) preferdbipless ifah 0F eytiab Gosboluy 32 masd %, hwast 85,

preferably at |east 100, npst greferaobly fromabout 105 to 140. The TBN of a
| ubri cat § ngasbieps hanpoequal orabaaicl Massyet Boxereisrablless thay enequshto abgutyi | |

depend to s te i i G I.{i.on. .For...|. i cating
the cr ankcggsrgmg%< Alétnrl;rlefr\%[:!i gwngkllea‘@gér%ﬁghdgg @hgffﬁe, OIF %ﬁ%{@t@g stlggglgjolggf)si tion
i s suitabl yleabt@3spiehiablQt lepdtaDerabdt prdfeablyt fian aBSut 185¢o nas.e preferably |ess

than 10. The sulfated ash content of the |ubricating oil conposition useful
in the 15 present invention will also depend to sone extent upon the

| ti ft |1 th t I ts. Th
Cotal oul fated atfe LN ERBH BN bERerHgh BodBR E e PREAEETEMR. for use
in the pyeseil dépevend soiie Bdnt davee %)pliwhcfnactteﬂe ésihipds@iin€ Hor Afbricessg thean 0. 8

mass % nore preferably less than 0.5 mass % o
crankcase of an internal combustion engine, the TBN of the composition is suitably

less than 20, preferably less than 15, and more preferably less than 10.

The sulfated ash content of the lubricating oil composition useful in the
15  present invention will also depend to some extent upon the application of the
composition and the current market requirements. The total sulfated ash content of a
lubricating oil composition suitable for use in the present invention may have a
sulfated ash content of less than 0.8 mass %, more preferably less than 0.5 mass %

and potentially less than 0.1 mass %.

20
A lubricating oil composition according to the present invention suitably has a
sulfur content of less than 1.0 mass%, preferably less than 0.5 mass % and more
preferably less than 0.3 mass %, based on the mass of the lubricating oil composition.
25 A lubricating oil composition according to the present invention suitably has a

phosphorus content of less than 0.5 mass %, preferably less than 0.3 mass % and

suitably 0.1 wt% or less.

A lubricating oil composition suitable for use in the present invention, may
30  further comprise one or more other performance improving additives selected from
ashless dispersants, antiwear agents, oxidation inhibitors or antioxidants, ashless and
metal-containing friction modifiers and fuel economy agents, antifoamants, corrosion

inhibitors, and polyalkenyl acylating agent. Conventionally, when formulating a



and potentially less than 0.1 mass % 20 A lubricating oil conposition
according to the present invention suitably has a sulfur content of |ess
than 1.0 mass% preferably Iess than 0.5 nass % and nore preferably |ess
than 0.3 mass % based on the mass of the lubricating oil composition. 25 A
| ubri cati ngz2@sMoise0NPOSi tion according tp the present invention suitably has
a phosphorus content of less than 0.5 nmass % preferably | ess than 0.3 nass
% and suitably 0.1 wt%or less. A lubricating oil conposition suitable for
use in the hibesanjthe addiivésomill begyoviddi thuhd foemutatorpin oaeoomerey preferaidlyat her

per formance i nprovi n% a&di(ﬁ_i,ves el ected. f ron} aahl ess_di spersants, antiwear
agents, oxi taglkesANSHHRIS pddilivepackags, oReniintsTetesed e asa R (1SpeEsaRt-- cont ai ni ng
friction nogpfu; fuel - . ' : |

i bi Cor o, TEHEE Etke s OARAR SR 71 ARk ARTRORE, y PSR ARd

for mul at i nginca 206t Rade- - 12 | ubricant, the additives will be provided to
the fornmulator in one or nore, preferably a single concentrated additive
package,’ oftentines referred to as a DI (dispersant- inhibitor) package and
a VI inprover ang] L] |- WLk ' | n_a second
package. 5 Ashl eggﬁ%sls\séﬁ)s r fsgglﬁlt? \éﬁrlrrglglﬁg%lklr%%%méﬁuslgglggkugﬁggésﬁﬁ?‘ﬁs%q%bI es

resul ting féxitatiowdfdisd 6idturdig wée o dmblistibng THERUre PartRaliblyidv anagebiey are
particul arly advantageous _for preventing the precipitation of sludge and
the formati %’ﬁ pEveRtingthe Rrecipaation of dudsp an& thefagprtioneofaiaglise particplarly in

Di hydrocarbgoﬁil'éetg{' (ﬁ{%hosphate netal salts are frequently used as antiwear
and anti oxF 43Nt 4¢ents. The netal may be an al kali or alkaline earth netal,
or alumogum |ead, tin, nolybdenum manganese, nickel or copper. The zinc
salts are nost

Dihydrocarbyl dithiophosphate metal salts are frequently used as antiwear and
antioxidant agents. The metal may be an alkali or alkaline earth metal, or aluminum,
lead, tin, molybdenum, manganese, nickel or copper. The zinc salts are most
commonly used in lubricating oil and may be prepared in accordance with known

15  techniques by first forming a dihydrocarbyl dithiophosphoric acid (DDPA), usually
by reaction of one or more alcohol or a phenol with P,Ss and then neutralizing the
formed DDPA with a zinc 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

20  entirely secondary in character and the hydrocarbyl groups on the others are entirely
primary in character. To make the zinc salt, any basic or neutral zinc compound
could be used but the oxides, hydroxides and carbonates are most generally employed.
Commercial additives frequently contain an excess of zinc due to the use of an excess
of the basic zinc compound in the neutralization reaction.

25

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

30  alkylphenolthioesters having preferably Cs to C;, alkyl side chains, calcium
nonylphenol sulfide, oil soluble phenates and sulfurized phenates, phosphosulfurized

or sulfurized hydrocarbons, phosphorous esters, metal thiocarbamates, oil soluble



commonly used in lubricating oil and may be prepared in accordance with
known 15 techniques by first form ng a di hydrocarbyl dithiophosphoric acid
(DDPA), usually by reaction of one or nore al cohol or a phenol with P2S5
and then neutralizing the fornmed DDPA with a zinc conmpound. For exanple, a
di t hi ophosphpaler@Ci d may be nade by rf cting mxtures of primary and
secondary al cohols. Alternatively, mult %Te di t hi ophosphoric acids can be
prepared where the hydrocarbyl groups on one are 20 entirely secondary in

charact er apéppeheohiyslings as BriBdaH NS S PatéI NOUIRET 390, MRS lyb&In¥im-Pri mary in
character. To nmake the zinc salt, any basic or neutral zinc conpound could

be used but cemH@nFgiceEpoundsing eramaticaminesar bonat es are nost general |y
enpl oyed. Commercial additives frequently contain an excess of zinc due to
the use of an excess of the basic zinc conpound in the neutralization

reaction. 25 OxKdawh@ietdlldohRidifg fiction abidifers fRRdE ofle@dUbee bipand-endency of
mneral oils to deteriorate in service. Oxidative deterioration can be
evi dencetl bmobibdern compeunds] Sheli ergano-mekybdemim fridtondeghiens alsoprovide net al

surfaces, and. by, vjscosi.t ro . ch ..oxidation.jnhibitors include

hi nder ed ph?e‘ﬂ{ﬂxzqangﬂfﬁ?‘ﬁ“ﬁ%“%ﬁ?%%@?ﬁ?“%ﬂ% SU GPMBRS Bk y MBI Vest er s
havi ng pr ef gicablinéofblelRedadandlbathus cHRip6iliids Nere Hithy be WiBntibREMhehenol  sul fi de,
oi | sol ubl e phenates and sul furized phenates, phoSphosul furized or

sul furi zed dgldocadanatassdithpipbesihetes uisthmphespbinates; txahtheths, duaxdnthatdses, oi |

sol ubl e 2005 9 FE - copper . compoun as scribed in U S Patent No.
4,867,890, M WW@BW‘HF%F@%}&HEH@%%T BhEOEdEhos. Known
met al - cont agififtGrfahdatds! @RPRAKDHEIsPhatRCh KA aftihhres A AIAHRS@RMG e ! ybdenum

conpounds. Such or gano-nol ybdenum friction nodifiers al so provide
anti oxi dant and antiwear credits to a lubricating oil conposition. As an

ment | oned ¢ he.  HePh st S e ST R UHOSBIAPE 2 GTERRICopBO MORGIEESs .
xanthates, IRiigaa Brs&8ble compounds containing at least one polar group selected from
hydroxyl and amine groups, which compounds are capable of reducing friction under
15 hydrodynamic and mixed hydrodynamic/boundary layer conditions. Examples of
such materials include glycerol esters of higher fatty acids, for example, glycerol
mono-oleate; esters of long chain polycarboxylic acids with diols, for example, the
butane diol ester of a dimerized unsaturated fatty acid; oxazoline compounds; and
alkoxylated alkyl-substituted mono-amines, diamines and alkyl ether amines, for
20  example, ethoxylated tallow amine and ethoxylated tallow ether amine. Particularly
preferred surface active agents include glycerol oleates, particularly glycerol

monooleate, and ethoxylated amines, particularly ethoxylated tallow amine.

Foam control can be provided by an antifoamant of the polysiloxane type, for

25  example, silicone oil or polydimethyl siloxane.

Suitably, a lubricating oil composition according to the present invention
comprises no rust inhibitor apart from the ashless, oil-soluble hydrocarbyl phenol
aldehyde condensate of formula (I). In particular the lubricating oil composition

30  preferably does not comprise a non-ionic surfactant rust inhibitor or a hydrocarbyl-
substituted carboxylic acid or derivative thereof rust inhibitor as described on page 4,

lines 16-48 of EP 0 575 154.




sulfides, and the like, and m xtures thereof. Particularly preferred are

nol ybdenum 10 di t hi ocar bamat es, di al kyl di t hi ophosphates, al kyl xanthates and
al kyl t hi oxant hates. Metal free friction nodifiers are conmonly known as
organic friction nodifiers, and include oil-soluble conmpounds containing at
| east one pedodorsgr oup sel ected from hygﬁgxyl and am ne groups, which
conpounds are capable of reducing friction under 15 hydrodynam ¢ and m xed
hydr odynam c/ boundary | ayer conditions. Exanples of such materials include
gl ycerol esters Gbmeioflterabbat-inentienedadditives eatprplide aghultiglicity ofrbiectspl eat e;
esters of |aong chain polycarboxylic acids with diols, for, exanple,. the

but ane di ol 8 tf%rrexampﬁe, aiSHEHS addHIVG a3t agk at eaispEsanj-oxidation gbabitr; ABis
conmpounds; | I i .nes, diam nes and

al kyl et her n?%%§$Qégﬁgéggéggﬁ%%gﬁHggﬁg§$%gggﬁggg1 g%ﬁanine and et hoxyl at ed
tall ow ether amne. Particularly preferred surface active agents include

gl ycerol oleates, particularly. glycerol nonooleate, and ethoxyl ated am nes,
particul &rly et hBsglesenéalivesffcefiveamavats efsuch adstitionsl addivasewherolsedédl by an
ant i f oamant h l,ysi ] LLor ex .Sl licone oil or
polydinethypﬁévﬁggg%%q%%ﬁ¥g§§P&?kéﬁgﬁ%?ﬁgggﬁaﬁwﬁﬁﬁgkgé%osition according to
the present invention conprises no rust inhibitor apart fromthe ashless,

oi | -sol ubl e hydrocarbyl phenol al dehyde condensate of fornula (1). In
particul ar _T#elubricating oil conposition 30 preferably does not conprise a

non-ionic Eurfact ant A fytmgphi bitor o ﬁastgy%ir( Fo%ﬁfyl Mﬁ%s(ﬂ&%ﬁ&ﬂ car boxylic
acid or deft Ve Hhtbrtor—as—aescrhbed—onr—page—4— | i nes
16- 48 of EPAshlsspispersanP005MD19 FF - 14 Sorfel 020 t he |above- heBti oned additi ves

can provi decgoub ididiekt Y of effects| thqﬁ_ipr exanpl e g $inglq additive
My act as = f ; i bttor—Fht-s—appt oach—ts—weHl known
and need npMeta Dilydrogarbyd Dithoephiosphateer ei n. 0.5 - Bepr edent at De 4f f ectfi ve
amount s of Xﬂﬁ&la&?l tional additives, Menpu_s§d in| fullygfopnul atjed

crankcase Heafts—aret+isted—betopw+nr—tabre—2:
Pour Point Depressant 0.01-5 0.01-1.5
Antifoaming Agent 0-5 0.001 - 0.15
Supplemental Antiwear Agents 0-1.0 0-0.5
Friction Modifier 0-5 0-1.5
Basestock Balance Balance

10
This invention will be further understood by reference to the following
examples, which are illustrative of the invention.
EXAMPLES
15
Example 1

Qils having the compositions set out in Table 3 below, were blended and
subjected to the ASTM D6557 Ball Rust Test, which measures iron corrosion. In
20  performance of the Ball Rust Test, multiple test tubes each containing the test oil and
a specimen are placed in a rack which is attached to a mechanical shaker. The shaker
speed and temperature are controlled. Air and an acidic solution are continuously fed
into each tube over a period of 18 hours to create a corrosive environment. The

specimens are then removed, rinsed and analysed by an optical imaging system



Tabl e 2 ADDI Tl VE Mass % (Broad) Mass % (Preferred) Ashless Dispersant 0.1 -
201 -8 Corrosion Inhibitor 0-5 0 - 1.5 Metal D h drocarb | Dithio ho hate
0.1 - 60.1- 4 Antioxidant 0-5 0.01 - 2 Pour Point Depressant 0.01 - 5
0.01-1.5 Antifoam ng Agent 0-5 0.001-0.15 Supplenental Antiwear Agents O -
1.0 0 - 0.5, Khdkion Mdifier 0-5 0 - i 5 Basestock Bal ance Bal ance to
This invention will be further understo a_by reference to the follow ng
exanpl es, which are illustrative of the invention. EXAMPLES 15 Exanple 1

G |'s having d"eﬂ%n %ﬁﬂg%axﬁﬁﬁst@bﬁabilﬂ $88dch ofl. TRl VS TVIEDGS Sy IBumdekt and

subj ected to the ASTM D6557 Ball Rust Test, which neasures iron corrosion.
In 20 per f orlieslris @ nadritit¢sé thBhimeasRiastavarage greiyrtuepwsh adigher nwerieshgtiueont ai ni ng
t he test oibﬁﬁn 108 quéinen.are placed in a rack which is attached to a
nechani cal g Tesgdust %%-speed and tenperature are controlled. Air and
an acidic solution are continuously fed into each tube over a period of 18
hours to create a corrosive environnent. The specinens are then renoved,

rinsed afd anal ydéd qgntities gpeh amllablerd giraig nsass Ueof o 0GMOnassRIE theiBligesi gned to

auent ),k BREIh (SHBER L o oo ol The 2T Doser Bl must
val ue ,
Table 3

Component Oil 1 0il 2 0il 3 Oil 4
Detergent 1 - - 1.00 -
Detergent 2 - - 0.61 1.10
Detergent 3 1.51 - - -
Detergent 4 0.95 1.33 - -
Hydrocarbyl phenol
aldehyde condensate - 0.54 - 0.50
Additive Package 1 10.20 10.20 10.20 10.20
Base Qil + Viscosity 87.34 87.93 88.19 88.2
Modifier
% Sulfated Ash 0.56 0.56 0.56 0.56
Mass soap 0.77 0.76 0.58 0.62
% Ca 0.035 0.000 0.054 0.000
% Mg 0.072 0.100 0.056 0.100
%P 0.05 0.05 0.05 0.05
% S 0.18 0.18 0.21 0.18

10 Detergent 1 is a calcium phenate detergent having a TBN of 145. Detergent 2
is a magnesium sulfonate detergent having a TBN of 400. Detergent 3 is a Calcium
salicylate detergent having a TBN of 64 and Detergent 4 is a Magnesium salicylate
detergent having a TBN of 342.

15 The hydrocarbyl phenol aldehyde condensate is in accordance with Formula

(1) set out above, and has a number average molecular weight of 1500.




indicating |l ess rust formation. 5 The quantities given in Table 3 are in
mass % of the total mass of the fully fornulated oil conposition. Table 3
Component GOl | Gl 2 Gl 3 Gl 4 Detergent 1 - - 1.00 - Detergent 2 - -
0.61 1.10 Detergent 3 1.51 - - - Detergent 4 0.95 1.33 - - Hydrocar byl
phenol al dehyd@ogondensate - 0.54 - 0.50. Additive Package 1 10.20 10. 20
10.20 10.20 Base QI + Viscosity 87.34 87.93 88.19 88.2 Mdifier %

Sul fated Ash 0.56 0.56 0.56 0.56 Mass soap 0.77 0.76 0.58 0.62 % Ca 0.035
0.000 0.054 0.000 % My 0.072 0.100 0.056 0.100 %P 0.05 0.05 0.05 0.05 us

0.18 0.18 0.21 0,18 10 Detergent | is a calciumphenate detergent having a
TBN of 145. Det eEadaf Qils h,g,immnw@amm addivesrg i samevi ng a TBN of

400. Deterg 24 j er, ' 64 and
pet er gont . 4T iptideq JefBrePloshlily oS AIAYS PAkaRE1 SAARve DAUAR0 L 3OS )% "0
hydr ocar byl dighezsuat, zdodihkdidithioptiesphate efriction hodfiep) diogRland dnd dnGifodmant. (1)
set out above, and has a nunber ayverage nol ecul ar. wei ght of 1500. 2005MJ 9
FF - 165  The base stock and viscosity modifier used for each of Oils 1, 2, 3, and 4 were the

same, although the quantity of diluent oil in the additive package varied slightly due

to the variation in detergent quantities. The quantity of detergent and hydrocarbyl

phenol aldehyde condensate in each oil was balanced such that each of Oils 1 & 2 and

3 & 4 have equivalent sulfated ash, soap, phosphorus and sulfur content.

10
It can be seen from Table 3, that Oils 1 and 3 are comparative examples and
Oils 2 and 4 are in accordance with the present invention.
The results of the Ball Rust Test are set out below in Table 4.
15
Table 4
0Oil Oil 1 Oil 2 Oil 3 Oil 4
Result 80 106 67 110

Table 4 clearly illustrates that at constant sulfated ash, use of an ashless
20  hydrocarbyl phenol aldehyde condensate effects an improved performance in the

ASTM D6557 Ball Rust Test.

Example 2

25 The Oils set out in Table 5 below, were blended and subjected to the ASTM
D6557 Ball Rust Test, described above. The quantities given in Table 5 are in

mass % of the total mass of the fully formulated oil composition.



Each of Ols 1, 2, 3, and 4 conprised additional

quantities,

conpri sed
ant i oxi dant
for

di l uent oil

detergent quantities.
al dehyde condensaukleiSn each oil

additives in the sane

referred to above as Additive Package 1. Additive package 1

di sper sant,
and anti f oamant .

each of x@@dMosrd, 2, 3, and 4 were th

zi nc di al kyl di t hi ophosphat e,
5 The base stock and viscosity nodifier used
_sane, although the quantity of

In the additive package varied slightly due

friction nodifier,

to the variation in

The quantity of detergent and hydrocar byl
was bal anced such that each of Gls 1 & 2

phenol

and 3 & 4 -have nnuu\lnl ent syl fated agh seap; nh cnhnrnc and-sul fur
content. 1pCPMPERFNtbe seen frdm TOMI% 3| thA 614 1 Hd 3 gre @drgpar ative
exanpl es an 2—and—4—arg T accorgance wtirithe eser mtion. The
resul ts of Fﬁgﬁﬁgié Rust Test |are set out below ir Taglg 4. 156$§ble 4 G
Ol 1 G122 Otk 54 Result 80 1g®267 110 ofgble |4 clearlyfillustratés that
at constant_sulfated ash, uselof an ashllers 20 hydrocarbyl phenaol al dehyde
condensat e| €alcawm saltef | nproved performance in the| ASTM D6557 Bal |l Rust
Test . Exannh; 2 ZQgThe i |s set out in TabISS% bello @@re bl ended and
subj ect ed "$6557 Bal | Rust West ESCFIb68 bove. Thé quantities
given in Taghgnac%ggyﬁ@anass % of the total nassLof the fullly fornul ated
oi | conpos|tion. 2005M) FE - 17- Table 5 Conponent Ol 5 @Gl 6 Gl ¥ G| 8
Det er gent 5Hydrocﬁrb717pk&n@]8
aldehyde condensate 0.80 - - 0.75
Additive Package 2 14.13 14.13 14.13 14.13
Additive Package Diluent 1.05 1.12 1.10 1.04
Base Oil + Viscosity
Modifier 83.1 83.1 83.1 83.1
% Sulfated Ash 0.54 0.54 0.54 0.54
Mass soap 0.66 0.66 0.66 0.66
% Ca 0.115 0.114 0.114 0.114
%P 0.05 0.05 0.05 0.05
% S 0.125 0.124 0.133 0.137
Detergent 5 is a calcium sulfonate detergent having a TBN of 300. Detergent
6 is a calcium salicylate detergent having a TBN of 344.
5
The hydrocarbyl phenol aldehyde condensate of Oils 5 and 8 is in accordance
with Formula (1) set out above, and has a number average molecular weight of 1500.
The calcium salt of hydrocarbyl phenol aldehyde condensate of Oils 6 and 7 is the
calcium salt of the hydrocarbyl phenol aldehdye condensate used in Oils 5 and 8.
10
Each of oils 5, 6, 7, and 8 comprised additional additives in the same
quantities, referred to above as Additive Package 2. Additive package 2 comprised
dispersant, zinc dialkyldithiophosphate, friction modifier, antioxidant and antifoamant.
The diluent oil, base stock and viscosity modifier used for each of Qils 5, 6, 7, and 8
15 were the same, although the quantity of diluent oil in the additive package varied




Detergent 6 0.92 0.70 - - Calciumsalt of hydrocarbyl phenol - 0.95 0.90 -
al dehyde condensate Hydrocar byl phenol al dehyde condensate 0.80 - - 0.75
Addi tive Package 2 14.13 14.13 14.13 14.13 Additive Package Diluent 1.05
1.12 1.10 1.04 Base Ol + Viscosity Mddifier 83.1 83.1 83.1 83.1 %
Sul f at ed AshyQup4: 0. 54 0.54 0.54 Mass fgap 0.66 0.66 0.66 0.66 9%Ca 0.115
0.114 0.114 0.114 %P 0.05 0.05 0.05 0O % 0.125 0.124 0.133 0. 137
Detergent 5 is a calciumsulfonate detergent having a TBN of 300. Detergent
6 is a cal cilightiyalut ¢y itrtvarigedeingRirgdndqudigitias. TEN @fanBé/of deteffent Aydlr ocar byl
phenol al dehyde condensate of Gls 5 and 8 is in accordance wth Fornmula

(1) set out hacb@wébylahanﬁaiédeay%m@pn%mratj@amezdt valreaw@p@ itas bplansdo.  The

cal cium salt ydr.oc a de cond |s 6 and 7 is
CpeCt o on g ?‘ﬂ‘éﬁ%éé‘% @i}?%ﬁg BYe Uy ea\/aul A ond 1n O 1's
5 and 8. 10c#tsiGfh, Phosphbms and Sulfuf.cotesl. 8 conmpri sed additional additives in
the sane quantities, referred to above as Additive Package 2. Additive

package 2 conprised di spersant zi nc di al kyl di t hi ophosphate, friction
nodi fier, antioxjdant and a The | uent oil., base .stock and
T scosity modi 11 e be e rorh daRie s ils Gendgf afy Soipagave XIS &

Oils 5 and 8 are in accordance with the present invention

The results of the Ball Rust Test are set out below in Table 6.

10
Table 6
Test Oil s Oil 6 0il 7 Oil 8
88 68 61 69
% improvement of hydrocarbyl
phenol aldehyde condensate 29 12

compared to calcium salt.

Table 6 clearly illustrates that at constant sulfated ash and soap content, use of
an ashless hydrocarbyl phenol aldehyde condensate effects an improved performance
15 inthe ASTM D6557 Ball Rust Test compared to a calcium salt of hydrocarbyl phenol

aldehyde condensate.

A description of a composition comprising, consisting of, or consisting
essentially of multiple specified components, as presented herein and in the appended
20  claims, should be construed to also encompass compositions made by admixing said

multiple specified components.




15 were the sane, although the quantity of diluent oil in the additive
package varied 2005M)19 FF slightly due to the variation in detergent
guantities. The quantity of detergent and hydrocarbyl phenol al dehyde
condensate or its calciumsalt in each oil was balanced such that each of
Ols 5 &6 and Ols 7 & 8 have equivalent sulfated ash, soap, calcium
phosphorus and sul fur content. 5 It can b&-seen from Table 5 that Ols 6 and
7 are conparative exanples and G ls 5 and 8 are in accordance with the
present inve@LA%gSThe results of the Ball Rust Test are set out belowin
Table 6. 10 Table 6 Test G115 G116 G1? GI8 88 68 61 69 % inprovenent of
hydr ocar byl phenol al dehyde condensate 29 12 conpared to calciumsalt.

Table 6 cl ly i]lustrat t t t fat ed h d tent,
vae of i an auni baCuATARERaPIRle Dot Bhtnd dloeRidhoRit kel “an "
i nproved perbaiBRGes hbritdinke ARPYsHBR PAviBRhsuftMed asteSintGR BPREEthahO a

cal cium salt of hydrocarbyl "phenol” al dehyde condensate. A description of a
conposi ti on tofpby sierght of tiesosippsitjomfof anashiesssiik$dlulge hgdmearbiybpiepobf

mul tiple spegified copponepts, as presented herein and in the appended 20
cl ai ns, shOLﬁ‘i@F}H eE%‘HEBF%%Ea‘P%g g’leégu%‘?’féléﬁ%%tgrecorrposi ti ons made by adni xing
said nultiple specified conponents. -19-

OH OH OH
i Y. Y.
R R n R

Formula (I)

wherein n is 0 to 10, Y is a divalent bridging group, and is preferably a
hydrocarbyl group, preferably having from 1 to 4 carbon atoms; and R is a
hydrocarbyl group having from 4 to 30 carbon atoms.

2. A use according to claim 1, wherein the oil-soluble hydrocarbyl phenol
aldehyde condensate has a weight average molecular weight (Mw) of 600 to 4000,
preferably 800 to 3500, more preferably 1000 to 2000, even more preferably 1200 to
1900 and most preferably 1250 to 1680, as measured by MALDI-TOF (Matrix

Assisted Laser Desorption Ionization- Time of Flight) mass spectrometry.

3. A use according to claim 1 or 2, whereinn is 1 to 8, more preferably 2 to 6,

and most preferably 3 to 5.



CLAIMS: 1. Use of an oil-sol uble hydrocarbyl phenol al dehyde condensate as a
rust inhibitor in a lubricating oil conposition having a sulfated ash
content of less than 1.0 % by wei ght of the conposition, of an ashl ess,

oi | -sol ubl e hydrocarbyl phenol al dehyde condensate having the foll ow ng
structure, OHOHOH Y\ YI \ RRn Rfaornmula (1) wherein nis 0 to 10, Y
is a divalent bridging group, and is preferably a hydrocarbyl group,
preferably having from1l to 4 carbon atons; and Ris a hydrocarbyl group
having from4 to 30 carbon atons. 2. A use according to claim1, wherein the
oi | -sol ubl e hydragcarbyl phenol al dehyde condensate has a wei ght average

mol ecul ar wei ght 4( falsedscording taclaimpb, 2 onpt, evlesrain| Ry 1sgdey drepanith groupdiaging

or i or bl y 1980t 1918 dR0ere Ml nF LB le 1O M i mcsi st ed Laser

Desorption lonization- Tinme of Flight) mass spectronetry. 3. A use according
toclaiml or 2, wherein nis 1to 8 more preferably 2 to 6, and nost
preferably 3 to 55 A2ge acpordingeany @6 ceaIng 1t 3, TPafwherein thy lubricatiagroai n R i s
a hydrocarbyl group having from8 to 18, preferably from9 t car bon
atons. 5. Al _ B CRERE TEGRYVERESE piidpgalt of a0 organs agit RHGFEh e

l'ubri cati ngofd br mbid AIRAN mE@MPIH 688 2DRRINE eaftR et 48K Q%?Henri?et, Alrgald of an
organic acid, preferably, one or nore alkali netal salt or an al kaline earth
met al salt edlicylaphenatanplsxbétagahtecommpeingy t@ahkinetiorpo famyiive o f de tabatj e nt
conprising a cqnbination of any two of an alkali _nmetal salt or an al kaline
earth netal Hheéﬂ?tgaléf’r%P%lﬁélﬁ’éteé{tg%tﬁléﬁ]épga@ enale.isElfpnateor saficylate.



