2005MD19 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.

Lubri cati ng %&hlg ositions for use in crankcase engine oils conprise a
maj or anoun ot base stock oil and ninoft—anounts of additives that I nprove
the performance of the engine. There are many different types of additives

used in 10 lubricating oil iy bt g one or nore
different functions in the .é TikErorf LiT s of sulfated ash
phosphorus and sul fur (SAPS) em ssions from passenger car notor vehicles
decrease the |l evels of conventional 15 additjves such as netal - based
detergents that cHf BENi9BdS diFestede deyicatng qihpempesitipnst i pagticulatpal ance in

et er gent. Hit Ipgerie derdhrsamne dihs !
voni ol e5. and Sagk Btk gy B0 FloRI At il che MR ERMITImERYT AT o 1

order to s ne@hibitlem. requi renments of vehicle manufacturers. 20 European patent
application nunber 0 575 154 discloses a lubricating oil conprising a
car boxylic dispersant, a rust inhibitor combination conprising a m xture of

a hydrocar byl - SUl:Lsutbi 'tcgtﬁned(gg%}grg}%(sm&ng f(ﬁ‘ -sginacgrglga:ageoc%{g%ilgengi%r%ﬁ{?%&%g %?n%idr an

anti oxi dant conbinatrio rsing a eas rea n

hydr ocar by -satast of BHsestoclp b aad i asdualsdghydiavendatniprénahé y a hi nder ed

phenol, and at |east one material 25 having an acidic or phenolic
functi onal i tperiginateciod therragmer dhereee wiany dafepens itypesef additiggsaseédin, such t hat

h I | f d h : f.th J iti ' .0.25 and 1
o prof o od RS0 BNP RGP 5P ESERE R dOR Pl B PO e B e
| ubri cating oijB80 oil conpositions, which seek to provi de adequate engine

cl eanliness and corrosion resistance in |ower SAPS |ubricating oi
conposition, whilst maintaining other performance characteristics.

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

1 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 0il composition, whilst maintaining other

performance characteristics.



2005MO19 FF '2 The present invention provides a nethod of passing the ASTM
‘D6557 Ball Rust Test using a lubricating oil conposition having a sul fated
ash content of less than 1.0 % by weight of the conposition, conprising a
maj or armuntzo(%&m oil of lubricating viscosity and an ashl ess, oil-sol uble
hydr ocar byl ‘phenol al dehyde 5 condensatezrepr esented by general Formula (1),
OHOHOH YI ~YRRNR Formula (1) 10 wherein nis O0to 10, Yis a

di val ent bridgin i r p ef erably
having from 1 togaﬁcﬁa}rgﬁg%ﬁg?lgir@;pqgﬁggsl?ﬁ%%g@R%(ﬁ)@gﬁ%ﬁ%é@@ggﬁh%@! ng from4
to 30 car borRuzst des .usifige Ipbréseng oil surpodsition favidgesul faccdvashl esnteterfddss an

oi |l -sol ubl e ydrB%ar byl 15 ga_lenol al.dehyde condensate as a rust_inhibitor in
a | ubricati nigadi{ 7 S¥pesisht phHCIIPAY O COMPTISNG @ TAler ainé At abeil pEss t han
1.0 % by wei - > It ; il=s hydr ocar byl
phenol al dehlg ecagg%ggggsg@;% ﬁ?\}lta%llggﬁsh@i F%P?lg\%} !rillgB%P Vltfg{eh?lea?&&%h?m OHY Il ~Y
| ~ R R5n Ron@éhsktereprbsenfeld by2@0&dW Gk d),3 _ wherein nis 0 to 10, Y is a
di val ent bridging group, and is preferably a hydrocarbyl group, preferably
having from1 to 4 carbon atons; and Ris a hydrocarbyl group having from4

to 30 carbon atons. 5 O her 6an further &5)] ect\s, ad&ﬁnt ages and features of
the present invention wll
Y- Y.
R R

Formula (I)

10  whereinnis 0to 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.

The present invention further provides use of an oil-soluble hydrocarbyl
15  phenol aldehyde condensate as a rust inhibitor in a lubricating oil composition having
a sulfated ash content of less than 1.0 % by weight of the composition, of an ashless,

oil-soluble hydrocarbyl phenol aldehyde condensate having the following structure,

OH OH OH

20

Formula (I)



be .understood by reference to the foll ow ng specification. The hydrocar byl
"phenol al dehyde condensate of the present invention is preferably a

hydr ocar byl phenol fornal dehyde condensate. The term "hydrocarbyl™ to as
used herein pgeans.that the group concerned is primarily conposed of hydrogen
and carbon atons and is bonded to the rehminder of the nolecule via a carbon
atom but does not exclude the presence of other atons or groups in a

proportion iyspdihnGt 688 10,10i0edivAckt trid@hgtdhsus Uhs tsahtfepiblya BYHbOg@fIboN
characteristics of the group. The hydrocarbyl group is preferably conposed
of only hydrgroem peafetablythiswmg dtooms to 4 Sarbdw atonwgawlR lisya hydyecanlydrgomar byl gr oup

is an aliphatic grou eferably al kyl or al kyl ene group, especially alkyl
whi RV R e JLGerbey gt

gr oups, nched. Ris preferably an al kyl or
al kyl ene group. Ris preferably branched. Preferred enbodi nents of the
present invention conprise a hydrocarbyl 20 phenol al dehyde condensate
accordi ng to For fther ahtd)furterwbjectshatvantages and fpatafes pfithle presenttinva@itionwvil

preferably to. 7, and nost prefer .3 to 6 and/or R preferably conprises
8 to 18, an er‘r‘Bg‘fr“BP@g@F%{%We?g@tottgeggfo é%ch%em- The hydrocarbyl phenol
al dehyde condensate preferably has a weight average 25 nol ecul ar wei ght

(Mv in the range of 600 to 4000, preferably 800 to 3500, nore preferably
1000 to 2000, evdieimyd®cabglgreabl aldh306comlca@fof thadresextinyengdeisabl y 1250

| oni 2at | on- PRIFEblE Iifestiy! BES! K5BEKebiE Fpdensg B fgar JoarBgoTphenol
al dehydqo congenaaiefeih RO Al b by ARG S BHAN I borSRRERSAI RN eact i on

bet ween at | east one al dehyde or ketone or reactive equival ent ereof and
at | east onendyatbacatonglang meopided ionthe hempnds of de mdlearie swiatkcadatnadtye; such

as, for ex e, an al kyl benzene sul phonic acid. The product i referably
subj ected t g%ﬁ K}@l@‘csi-lléeélﬁer Prﬁiﬁnﬁﬁ(’f Q}kgrméoram%%%gwlﬂ@m@?%
phenol , preteiablyabf thesibstahaa d%’c%ﬁo YchIRERrM& i r¥up. OThESS than 3
mass % even nore prefer i%lsy to }i%e}:ss t a?n CI mags %0 0 n?lseact ed
hydr ocar byl hpdrecaby] dvbai ispreffemb hdoyposérko frmby bipdro gencdnd desboh eassmns.
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

Tonization- 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



than 0.5 mass % such as, for exanple, less than 0.1 mass % of unreacted
“hydrocarbyl 5 phenol. Although a basic catalyst can be used, an acid
catalyst is preferred. The acid catalyst may be selected froma w de
variety of agjgdigrcompounds such as, for, exanple, phosphoric acid,

sul phuric acid, sul phonic acid, oxallc #t7d and hydrochl oric 10 acid. The
acid may al so be present as a conponent of a solid material such as acid

treated cl aytripfig: @Temete Aty @rﬁr&a’ékéﬂ&i de (}rﬂﬁhfen%ﬁ&ﬁ/eféﬁagmt@ 168 thap 510 mass % or
nore, such as for exanple 0.1 to nass Yoof the total reaction mxture. In

particul ar, m#e "/hymrgcpmfbyblypthéqs@thaaﬁdem% e@@lﬁnd@n@meﬁeralﬁyml@ssetﬂnalbﬂy 15
branched dodec

et apr openyTit ¢t RARBRprERBTOF SRRty ALk i ranb te Prigucrifigges" ©

hydrocar byl tRhem9imal e BydhersConeenssit efithdn®1 R3S ¢ f unfdRdiIArochds] @ Tot al
Base Nunberh;TBhD of 0, because of the absence of nmetal ions in the 20

conmpound5 Tipdenalbri cating oil conposition used in performance of the present
invention may further conprise one or nore detergent additives. Suitable
detergent additives include overbased netal salts of organic acids. 25

Over based net al Sﬁﬂ{hfoﬁglf?ﬁ badic edt8l&tican BE Lskdehdil cétBlyEth@pFe@éﬁ&P(tTlﬁfacidWe
invention generally conprise a polar head with a ng hydrophobic tail. The

pol ar head ca@lvptmglebe ss%lm@frmealmdgfvamiyaﬁwdlc comgamcts sgdmoimd In a
neutral or nor aIt the . t, m ntain.a bst nt .onetric
ot of -t Rl Sbshpriicisich b F Rl S Pk st Pl i ot rREREERHET o
(as can jpe nERS yhedcidindyHid w&%@ltﬁacdmwﬂeﬁt 3Q s%ﬂd mdlerdd] s@tedshered et al

salt a large anount of a netal base nmay i ncorporated by reacting excess
met al corrpo@mdte(ielag Thaamountdé ceﬁalmy@hedmacreﬁarymfrom BPS toald) mass %gas moee, g. |

carbon di C)Xlsﬁic as for ex e%tllt(? n?a\ésel% (?fs’tﬁe togaﬁtreearc gﬁltrnl)%torg)rl ses 2005M)19 FF -5-

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 comprises



neutralized detergent as the outer layer of a netal base (e.g. carbonate)
'‘mcelle. Such overbased detergents nmay have a TBN of 150 or greater, and
typically will have a TBN of from 250 to 450 or nore. 5 Overbased netal
salts of orggpi&saci ds that maybe used ip the detergent conposition of the
present invention include oil-soluble, overbased sul fonates, phenates,

sul furi zed phenates, thiophosphonates, salicylates, including

hydr oxybenzogiueglizddaRbd-fein as & oattdl 19ehef a Bkfat BRE (D) &afdhbeYiddes saéh a
metal, particular the alkali or alkaline earth netals, e.g., barium

|
sodi um pot a&srhased Xelﬁrgpmﬁ Flaymave aTBNeA | 54w sreatpnesid ivricathew e@onmonl y

used netal s fﬁﬁo‘f%rlo?ril %B to%@%?%o%n and sodium and m xtures of thereof

cal ci um and/ or ‘magnestum 1'n Tespéct of the present invention, particularly
conveni ent overbased netal salts of organic acids are overbased netal salts
of sul fonates, phenates, sulfurized 15 phenates and salicylates. The netal

of the ndtal sal tOy®bgsedmetadsalis of sgrnimacidpetbatanayihn wed tmtheidatergeahd nore

pref erabl y cal ¢ um.0r-IRNESLUM . TIE 1005100 UGS, QYehbased rlal salts of

organi ¢ aci u et ergen Fesp ot hvention may

conprise a gmeﬂitw, shlifiirize@ phehdidseihesphosionhtes 3hlicy14&! in¢adidgd om di f f er ent
organi ¢ acids and conprisin different netals. In one enbodi nent, the
plurality ofhydiaybenzeateparanhtheratesand ofsr pdsolutetcarboxalates ofemeiald from t he

same or diff n r b C-acies;. an onprii si ng_t ne.netal . For
exanpl e, théﬁgg?%¥§gﬁggﬁé§%gg%%P?E%ng?%ﬁﬂgﬁrWgﬁﬁwggvgﬁ%a§@8$ng%lciun1sa|ts
of organipc gihidfh, cAtiué, Aad imaghdsiunt. NEhERbET@BMonIPYsed QR4 SR caldbir al ity 25

of overbased magnesium salts of organic acids. As a further alternative, the
det ergent  rBAgneHRprand sodium ardmixteres ghdersel eadeibmand(os awsnesitignesi um sal t  of
an organic acid and one or nore calciumsalt of an organic acid. Sulfonates
may be prepared fromsulfonic acids which are typically obtained 30 by the

sul fonation of alikydspsdtldsthietpreseet Ak eitivh| paripdirdcasmvenisntsiielbagsd hbase
obtained fromthe fractionation of petroleumor by the al kyl ati on of

aromati c hyd@rlécefraspmuc acigsapreadased anaielsakinefsuliomates, pbenatss, ailfegized i ng
benzene,lst olpﬂg&%s gﬁglsgﬁ&latgsgpht hal ene,

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



di phenyl or their hal ogen derivatives such as chl orobenzene, chl orotol uene
‘and 2005MO19 FF -6 chl oronapht hal ene. The al kyl ati on may be carried out in
the presence of a catalyst wth alkylating agents having fromabout 3 to
nmore than 70,,6gkbgn atons. The al karyl gulfonates usual Iy contain from
about 9 to about 80 or nore carbon atons; preferably from about 16 to about
60 carbon atons per al kyl substituted aromatic 5 noiety. The oil soluble

sul fonat es oghléokashylalie! fToBiatky®iod mayEne dafidaest rtdhe HedtcideldT a calEes.
hydr oxi des, al koxi des, carbonates, carboxylate, sulfides, hydrosulfides,
nitrates, bevihekykitiag agméskavare frem ahettd to mute thamoidarkeh atemsl Theonpound i s

chosen 10 having, regard to he desiged ,TBN,of th i nal r oduct, but
typically raér%éé’gl ﬁ‘uj}%n tgio%sbltahy ff%‘%alflo&%tﬁb%ggo %?“Srgéfoé%ffpgﬁrg 031gM&t 105 nass
% of that sirefeedblPfBinrdbead 16/to abEEIEY RebonMedas p&rallityd sstipfenabmadod

sul furized phenols are prepared by reaction with an 15 appropriate netal

conpound 3sucdhoigy. an oxi de or hydroxi de and neutral or overbased products
may be obtai ned by nmethods well known in the art. Sulfurized phenols may be
prepared by reacting a phenol with sulfur or a sulfur containing conpound

such as hydr ogenrtewil olighle Sulfdndfes BPAIRAG sidOnR acds thal béthduddaligkel witlp f orm
products which are generally m xtures of conpounds in which 2 or nore

phenol s ar e d¥ideggerexidesylkoriden carbpraies ragorvataguiiidesdidospifides det er gent s,
€.g.. Sal'C%ﬁ&&%?bo%ﬁ%a%ﬁeg%%%ﬁﬂﬁgmg%Lrfﬁ?&h&ﬂu%?gwﬁﬁ9&%&&%&%@5@%% lic acid

W th an approprrate neta ound sucCh as an oxi de ‘or ydroxide and

neutral @r GeeMpasesd By BddedifedTEBN bE tHelfinal predudbulBipials ravpks frkmAMauRS i n
the art. The aromatic noiety of the aromatic carboxylic acid can contain

het er oat ons,1080e B2@maps Yor(prsseralliiat lprstdan mass &5 @f At gtoichianetveadlyy cont ai ns
only carboq_é}o ; nore preferably the noiety contains six or nore carbon
atons; for g é??g‘lee benzene is a preferred noiety. The aromatic carboxylic
acid nmay contain

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



one ‘or nore aromatic noieties, such as one or nore benzene rings, either
‘fused or 30 connected via al kyl ene bridges. The carboxylic noiety may be
attached directly or indirectly to the aromatic noiety. Preferably the
carboxylic agjgdngoup is attached direcfly to a carbon atomon the aromatic
moi ety, such as a carbon atomon the benhzene ring. Mre preferably, the
aromatic noiety al so contains a second functional 2005M)I9 FF - 7 _ group,
such as a hygegy ¥udy Suthydioxy goilf enadutfogie group\Mvhich caabe btachtd dzbey directly
or indirectly tg a carbon atomon the aromatic noiety. Preferred exanpl es of
aromatic carBeddiecty i3 ersben gomann thg promatie mpietiind 5 sul furi zed derivati ves

t hereof, including hydroxybenzoates such as those described in US 5,808, 145
or EP 933 417, such as hydrocarbyl substituted salicylic acid and

derivatives ther datferPd ogassiesSoffapsmativ dadsioxzlingeidd ae seliaiplacida ahd dr ocar byl -
substituted salicylic acid, are known to those skilled in the art..
Salicylié acnHunzadderiypives thepeofypelyding hydspxybangeatos sich ah those desssibesbine, by

t he Kol be - hi t [ ' - will
goneral Iy b obtarnsarEE el sheh S1GARELAGT sotRifbudRaliile £2°f

uncar boxyl atdetlvgihesteredfr Bfoeedseslfos wblsiriAingg fdrexuimplzi d hydreaakbibl eutsstihitey | 1 c
acids are al kyl substituents. In alkyl - substituted salicylic acids, the
al kyl gr oupSabenlisaeidgasdapyn sothoss skiked iy thogt. Salwyhe agidy asitypicallo 30,
especially t r i e al kyl group,
t he aver ageJp?\l?%’geéigoq’o%a?@&%gﬁ&af?g%mw&g?ltﬂ%ggg’ﬁeﬁgwwp}g? %‘p@ni s preferably
at | east109 tpheixidescardide dudtaseowlll saktalllylbe oftaifddendramtig imeddbesaht s of
organic acids generally useful in the formulation of 20 lubricating oil
conposi t i on@dmixiureividh psarbopylated pherpdt er gents fornmed with mixed surfactant
systens, e.g., phenate/salicylates, sulfonate/phenates,

sul fonate/salicylates, and sul fonate/phenate/salicylates, as described, for
exanpl e, in pendiPagfettedsubRiathaitt in dibssolithld 2AicYliBacibs 4k AlkyT Mbshituthi3, 65 and

6, 281, 179. 25 Overbased ngt al salt% of. frganic acids suitable for use in the
present i nveéhdl osibsdifadsglicygapids the glkyl erhupsrdyanigasoustymrntag: S i 1§%kast 250,

and prefigr ame)ferﬁﬁlylﬁﬂsﬂb, %ggcially 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 is the ratio of the total equivalents of metal to the equivalents of acidic organic



The ‘one or nore overbased netal salts of organic acids providing conponent
‘(A) of the detergent conposition may conprise a conbination of additives
with different TBN values. In this case, the average TBN of the overbased
metal salts ,gfy@d@anic 30 acids is suitgply at |east 250 and preferably at

| east 300. Overbased netal salts of orgahic acids can be defined by their
nmetal ratio, which is the ratio of the total equivalents of netal to the
equi val ent s cofpaghdiieactod gathithe 2RRAD MM bided metal GARPSLRgarii€ G dLhitable ot he

met al CNerbased metal salts of organic acids suitable for wuse in the
present i nvawe inohe prasentinyentian suitabhshayp ameatalgates ofjgreaterthan hapreferably &ff er abl y
at |east 5, Iy of up to 25. 5 The

t ot al am)untleagEg’sﬁgrEg’n%%Efyyﬂ%?%d13%%61 iog%ﬁ&g)tfﬂﬁ ts of organic acids
suitably provides the lubricating oil conposition mnth a sulfated ash
content of less than 1.0 nmass % based on the nass of the lubricating oi
conposi t Pon, pr efldeigiplamens of the pRe or morsayerigsethmetab padts of ereanigrAcids| ess t han
0.3 nmass % h : f

i et v BRIL Sl e PR L R0AT s AL SDEELAR o o
nat ural (vedemalbd massa%bmd:d & theinmss aft}le haﬂmaﬁxy@mme@mposhu@r peddrablg sl s and

m xtures thereof. It nay range in viscosity from Ilght distillate m neral
oils to hea\?}}ﬂnl%maésa%%ﬁé Imrp@re@f@remé@ss@l@@ G&hgiepe’oi I, nineral |ubricating
oil, notor vehicle oil, and heavy duty diesel oil. Gener ally, the viscosity

15 of the oil ranges from 2 centistokes to 30 centistokes, especially 5

centi stakes to 2QThe 6fnff lubriektdsy VlﬁosﬁﬁQ@eful\hirmﬂdngollubﬁcdtlﬁlg|oﬂ(i©m?6!;1tf8ﬂls oils
and vegetable oils (e.g., castor oil, lard oil) uid petroleumoils and
hydr o- r ef i nefithegagseriinvantions may be seleqted ﬁrw@a@@aalrﬁ@ﬁéra&le amrrsal of minegal} he

paraffinic, a&f‘gﬁl ﬂh‘?i@'lﬁbd—?cgg%%gfff&d%fxﬂr% t'ﬂ%x%o ail??&agf ihYVRESsit Cf’rcln? of

| ubricating viscosit rom coa serve ag Useful base

oils. Synt hhght(ﬂlsttﬂhtd flerdigilotd lseawﬁmbuﬂmdgydrsmalﬁ Bogas@hkise ailfmineral
hal o- substituted. hydrocarbon oils such as ynerized and interpolynerized

ol efins (e. b nczf@adal ytenyedirdeoil, @@lew;ﬁmﬁéﬁ@gel oHr SFPPBHE- the BiseRSene
copol ymggs, £f %fl'rgl?éegqlrom 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.,



pol'ybut yl enes, pol y(1-hexenes), poly(1l-octenes), poly(1l-decenes));

+ 'al kyl benzenes (e.g., dodecyl benzenes, tetradecyl benzenes, dinonyl benzenes,

di (2- ethyl hexyl)benzenes); pol yphenyls (e.g., biphenyls, terphenyls,

al kyl ated pgluphgnol s); and al kyl at ed d%phenyl ethers and al kyl ated

di phenyl sul fides and 30 derivative, anafogs and honol ogs thereof. Al kylene
oxi de polyners and interpolyners and derivatives thereof where the term nal
hydroxyl gr asmstitiev@oleealagisdikhbed sPithesd 1abridatiaa biloNTh&k ey ddchpiifie@by etc.,
2005M019 FF -9- constitute another class of known synthetic |ubricating

oi | s. These Relyoxyrikijenp pplameb%premﬁélwwmn@ﬁ@n@éleémg opidepapEapylepe

pol yneri zati Vi J i d t kyl and aryl
et hers of pdﬁ@%ﬁ%@f&%ﬁ% ég%géyﬁng%F@?ﬁ@?kﬁggﬁ?ﬁﬁ%%ﬁ§?§§%gp&%%@fene gl yco

et her havi ngpadyisepepyleae gweodigditier bbvih@@Gnalecudrpheghitlof e00®6r diphdfyl ether

pol y- et hyl ene gl ycol havinq a nol ecul ar weight of 1000 to 1500); and nono-
and  pol YcartieRPi-¢thyleng glyeolthyring grmolegparayeighiiof 100G knd8)siand mqng- ard er s,

m xed C3-C8 ey d_di r tet yl ene
gl ycol . Anoﬁ%%% sgﬁ?%% gggpgggﬂgﬁggyn léﬁg%ﬁﬁhg?gggﬁ%n§¢§%¥§%%aﬁhpses t he

esters of 1Gcill sardadyCi; Oxacicitsdi¢serdhf tetplettyddne@lywel.d, succinic acid, alkyl
succinic acids and al kenyl succinic acids, maleic acid, azelaic acid,
suberic acid, sebasic acid, fumaric acid, adipic acid, linoleic acid dinmer,

mal oni ¢ acid, al 1 I Qpi ] ] ariety of
al cohols (e.g., E%%§@£gﬁ%%#%ﬁ%gﬁggékﬁgP%%R%?%BE8Q%Sy b%%%é 6#Pxé%gethylﬁexyl
al cohol ,10et Riydaetxytit ¥eias (e. glj ghthaticewnrl, glogtid agid gl kedcinip aepy hehdtkglyycol ) . 15

Exanpl es of such esters include dlbutél adi pat e, di (2-ethyl hexyl) sebacate,
di - n- hexyl SHEGRE acids, ragleie pgid, wskicari® subsrcsasyh sehasis Agida flsnang dciddecy |
azel ate, di t . i 4 a el G , the
2- et hyl hexy%ag)l%%c?&;rlﬁgle ﬁ%?lg‘?eg’qgﬁﬁhﬂlgg% @é%l;ﬁyﬁ%arll%h? héB% é#% @%ﬂg@ lgr f or med
by reacti ng aoide) with e vafictg ebalcoltola. g, hitylaldonol, ek @ alhol, HedecgkilboHobne gl ycol
and two nol es of 2-ethyl| hexanoic acid. 20

2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol).

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

tetraethylene glycol and two moles of 2-ethylhexanoic acid.

20
Esters useful as synthetic oils also include those made from Cs to Cy;
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.



Esters useful as synthetic oils also include those made fromC5 to Cl12
‘monocar boxylic acids and polyols and polyol esters such as neopentyl glycol,
trimet hyl ol propane, pentaerythritol, dipentaerythritol and
tripentaerythslhok. 25 Silicon-based oila such as the polyal kyl -, polyaryl -,
pol yal koxy- or pol yaryl oxysilicone 0i r'd%nd silicate oils conpri se anot her
useful class of synthetic Ilubricants; such oils include tetraethyl
silicate, tetrai sgRopMAlutkidatiB@lReoskt®tiay-dodmprieé BGEr&&}Y Growd 111 GRfug 111,
tetra-(4-nmethyl-2-ethyl hexyl)silicate, tetra-(p-tert-butyl-phenyl).
silicate, hdxaupklV ﬁéﬁ%‘yﬂp‘éﬂdtqii)bﬂ%éwf thgia&rerasaiieacd pids. yThreaihgf lpbii¢ayrgnes and
30 pol y(net i . S tiC | icatin i i ncl ude
liquid esteBékgggnﬁh%ggég@%ﬁ%£€€§%§f%?%§ g@ﬁ g gggg?gﬁwkggégyksgkosphate,
trioctyl phauphalle, GdupVir Gress €loilof decyl phosphoni c aci d) and pol yneric
tetrahydrof urans. 2005MO19 FF -10 The oil of lubricating viscosity may
conprise®a Goup I, Goup Il, Goup IIl, Goup IV or Goup V oil or blends
of the aforenenti . 9l l.S. i brjcat.i i it y al so
conpr se a. bl end R iog SGn 05 f dsEhesit Ut isall® g MG R BRE S50 1
G oup |V or Am&itan PeRbleumdnéRhieMAPHQublitniont Bagiak I0i] Bigensiglander ei n are the
sanme as those found in the American PetroleumlInstitute (API) publication
"Engi ne O | Gertifisaspmgysdem”, lodustiyrSeruessdrergyseanifounteeatisEdijosdysspmber

Depart ment r diti Pese : A er 1998.
Sai d publicé?ﬁ%ﬁ&ggﬁég%gi?égggrfs aéqggéPgaggﬁngﬂgﬁggggh%afggﬁfs'contain

| ess than 90 percent saturates and/or greater than 0.03 percent sulfur and
have a viscosity index greater than or equal to 80 and | ess than 120 using

the test nmeehGEIPdpBlsicpRiam less tramP@parcent patayatassnd/or greptsr @R Pegteaht er t han
cul fur - and FObu PR FRHOLER BT raRaidh s ata P Ban 20 B, £0C T han
120 usi ng t ke te@seticisRpetsfiep@cTableed i n Table 1. Al though not a separate
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, I, 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.



G oup recogni zed by the API, Goup Il oils having a viscosity index greater
‘'than about 110 are often referred to as "G oup I1+" oils. ¢c) Goup IIl oils
contain greater than or equal to 90 percent saturates and |ess than or 20
equal to 0. O0gswgsgent sul fur and have a,yi scosity index greater than or
equal to 120 wusing the test nethods sﬁé\c(i_fi ed in Table 1. d) Goup IV oils
are pol yal phaolefins (PAO). e) Goup Voils are all other base stocks not
included in Goup I, Il, 111, or IV. 25 Table 1 Property Test Method
Saturates ASTM D2007 I scosi t ndex_ASTM D2270. Sul fur ASTM D4294 The oil
of Iubricating &rg%@@ixk}aeap@fla?/yame piaef ibsgatingatiscosibh pp Acagiredhy theast  65%
nore prefer t to, P the oil
of lubri ca??éng Vi stom ty Tﬁf )qyfségst%rﬁré?;e iu%ﬁﬁ)ear?tgét Oﬁ{?%a{)e%u%%%g%%m
Preferably, drlaqsuadntd atafut 35)niausb‘r/d pmfermlgy\lessmmquﬂ:’oo Bb(ﬁlﬂBBhﬂas@%’,ltsmiht of |ess
than 1% pref %}4 | ess than O 6% nor e preferably | ess than 0.3% by
mass, such éé O S04 {0 Ahows 2 z@e‘smrme ferably l4s theg onBAYR! theDOWb at il ity
of the oil bl C { ASTM
6350y, 1 s AT P PIeTRibY, PRy ity TVRRUIRTO Y calfiidolifth of O
equal to abdnw‘st%pfﬂf@x&b%atﬂﬁaeﬁmomwtﬂre&sabmﬁammboemmltotloo.about 32 mass %
such 5 as less than or equal to about 28 nmass % nore preferably |ess than
or equal to about 16 mass % Preferably, the viscosity index (VI) of the

oi |l of lubricati D%% : f er 00, nost
preferably froma out Bﬁ\gggé %%n%‘[agi%[oﬁé lﬁ%ﬁ K rg%gltgglt%ﬁggegllﬁacon%om tion
accor di ng t ovill depgndes eorhe extestrin the applRatidn of tﬂepﬁnﬂom'@orscﬁmlwﬁoanngﬂm t he
application of the conposi t| on. For lubricatjn crankcase of an
"nternal coffEREAT hgiteeal copmbustisy einenhe ?&%ﬁeﬁﬁf@.ceﬁlppgﬂ%istsam%}y | ess
than 20, prefenaRly, heRsaif#ls fan 13Nshd MbR pRéefBIARLESE 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



The 'sul fated ash content of the lubricating oil conposition useful in the
'15 present invention will also depend to sone extent upon the application of
the conposition and the current market requirenments. The total sul fated ash
content of aglsiihsdzcating oil conpositiog suitable for use in the present
invention nmay have a sulfated ash conf At of less than 0.8 mass % nore
preferably less than 0.5 nass % and potentially less than 0.1 mass % 20 A

| ubri cati ng labricaag mragiditives walt be paiviigd t® the fernprigs et onerdy &ivre, Prefstablygd| y has
a sulfur content of less than 1.0 mass%. preferably less than 0.5 mass %

and nore pridiEs %flﬂ‘:?nqaé%dsaqdﬁb?’r‘? mclgagﬁﬁgfgen%neg,gg@aecbqq as R Ifdispersantt he
| ub
ubri cating ;oushi h@‘%vi!ﬁﬂﬁfo%{baﬁl%?r\fln& Rlvkr OnniEe’(gfi Wflﬁ"ﬂe g?&{i’(g]ﬁ' ng- to

t he present 1 nven Kosphofus ¢

mass % preﬁeaa&wndba&&géhan 0 3 nass @6and suitably 0.1 wt% or less. A

| ubricating oil conposition suitable for use in the present invention, may
30 furthér conprise one or nore other performance i nproving additives

o dant o aoPhES2 GRS SR Bn ANESGn BISHR XELAAL RN ) LOrS OF

anti oxi dants, ashless an nmet'al - con Ion o S and fue
econony agemiiatiombdf theaifedutiag wear sradimbnstidn el tag sartiaatlpad vaalakeduy|

acyl ating agent. Conventionally, when fornul ati n(t] a 2005M)19 FF -12

| ubri cant, ﬁ@ramflpgv@reﬁlmtat@@ op shydecia the farmatipp phyvarakB PAGCWHE Br nor e,

preferably | &ngoncentrated additive package, oftentines referred to
as a DI (dig%%ﬁgggtg %ﬁhlbltor) package and a VI inprover and/or VI inprover
and LOFlip will be provided in a second package. 5 Ashless dispersants

mai ntain in suspensi on oj I | nsol ubl es resulting from_ oxidation of the oi |
during wear or c&HpydeGaskyl h@yh%ﬁpéatﬁmaléahtwpﬁeamtua%w iwegy and

preventing the pres ag%n&satmqnam AbyH9S 08 SNl Ml o VAR,

particularly 1n gasoline en
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,S5 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



10-Di hydrocar byl dithi ophosphate netal salts are frequently used as antiwear
‘and antioxidant agents. The netal nmay be an alkali or alkaline earth netal,
or alum num |ead, tin, nolybdenum manganese, nickel or copper. The zinc
sal ts are mogkyo&@mmonly used in Iubricq?ing oil and may be prepared in
accordance with known 15 techni ques by first form ng a di hydrocar byl

di t hi ophosphoric acid (DDPA), usually by reaction of one or nore al cohol or
a phenol wi tdapp2Sompbandshedesteied & UR. Pgtchit€o. 4,868, BRPAcWbHEM-Zi NC
conpound. For exanple, a dithjophosphoric acid naybe nade by reacting

m xtures of CHRIZHHARECAMRPUSEE sRtiIPYPate aBHSPs. Alternatively, nultiple

di t hi ophosphoric acids can be prepared where the hydrocarbyl groups on one
are 20 entirely secondary in character and the hydrocarbyl groups on the
others are enti rkown faetalvesnfaihing dHeticichedifierbAndladeoil-bsluBle Beganal t, any basic
or neutral zinc conmpound could be used but the oxides, hydroxides and

car bonat s RAYbdsamgOmPOENdsy Séhﬁ"bIOFﬁP@GTmOIW@aWIOIh@@M%Iﬁe%SqHr@tjldént ly
contain an - £zl ne f S f ILE zinc
compound 1 n Hhe ol and ek Srdufls K0P AEacBls BLEERERn, AsehidfeshBOLE

ant i oxi dant sudhesiLisdutldergienaielybiernin conf@iuads, tieteSmiyobe weitihedthat e i n servi ce.
Oxi dative deterioration can be evidenced by sludge in the |ubricant,

var ni sh- | i k&1tHiepaamates, dithipghasphaigs, diffrenheatiunaigsxapihates Shigganthates owt h.  Such
oxi dation i fyichi i ] h kal i al salts of
30 al kyl pheﬁ@ﬂa sut’g‘é‘g'ihg?gé’%ggP{r%tﬁ%(r;@%@bﬁ%@”@@%@%ﬁ@&%@ﬁéhai ns,

cal ci umionowjthjobebarhated) dfalkdidithiphospbhted) latkypleitates and alityShibtantiaresd phenat es,
phosphosul furized or sulfurized hydrocarbons, phosphorous esters, netal

t hi ocarbamates, oil sol uble 2005MO19 FF - 13 copper conpounds as descri bed
in US. Patent - gﬁg t.alnj : d
aromati c am nesNP r}f)lfr\/\eﬁe%%ﬁa ’-“é’g{r#é?%%g r?{glfng)%n%cf%ﬁgcr grf’c:f‘iﬁgl u eﬁé}g’

oi | - sol ubl e and grhde Dilolubhdesmpovndspaitsitihg aSleadt one gare gronp wbldend fofr i cti on

nodi fiers al so provide . i ) o
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.



anti'oxi dant and antiwear credits to a lubricating oil conposition. As an
‘exanple of such oil sol ubl e organo-nol ybdenum conpounds, there may be
menti oned the dithiocarbanates, dithiophosphates, dithiophosphinates,

xant hat es, thjspxemt hates, sulfides, and,the |like, and m xtures thereof.
Particularly preferred are nol ybdenum 10 7"dit hi ocar banat es,

di al kyl di t hi ophosphat es, al kyl xant hates and al kyl t hi oxanthates. Metal free
friction nodifi er%n@e"@ftﬁ@mﬁﬁwlalryeﬂﬁmmmﬁtimg@mpmvfdeimhmPliﬁqd&ﬁdf&bﬁs; and

i ncl ude oil-sol ubl e conpounds contai ning at | east one_ pol ar group sel ected

from hydr oxpys ignexamlna spde pdditiviman ad opp imasanirexidationpriebibar. (Idifuci ng
crom. . . i |
condi 1 ons ERoach AP RBEnSRH  UADIARGERPOCRLY 1OV gher

fatty acids, for exanple, glycerol nono-oleate; esters of |ong chain
pol ycarboxylic acids with digls, for exanple, the butane diol ester of a
di neri zed unsat urapeesentaiysefigetive amquits i sieh addiions additiderd When uesdyinat ed

al kyl - substi qu{n ' i am.n . am nes, for 20
exanpl e, et h%% a g%%‘?%gi%uﬁ%&g}ﬁd%tlﬁ%gﬁ%gﬁg f%ﬁl?e%’w et her am ne.
Particularly preferred surface active agents include glycerol ol eates,
particul arly glycerol nonool eate, and et hoxylated am nes, particularly

et hoxyl at ed 2w anine Foam control can be provided by an antifoanmant of
the pol ysilloxane typaph@iye25 exanpl ¢, pvsid 4B | Mess PO(PFEeABAN) |
si | oxane. $urtabty,—=atubricating ot [COMpUST LI Om accordrng t o tie] present
i nvention |ckess ﬁéﬁﬁ’elﬁéﬁtrust inhihitof apa?i-20omthe ashleds  qil} sol ubl e

hydr ocar byl| (pRsRh mi@bighyde condensafie of gogmula (1). lgLparticufar the
| ubri cati ngort—Tonposition, 30 preferanl y gdges not Conprise a nomn-j oni c

0
sur f act ant |AMietel Dikpdnerarhyl Iithigphaspbate by byl 0-lsifhstitut ed dakhbhxylicl acid or
derivati ve |tAigiceREnt USt 1 nhi bitor as despri(begi on ppge 49.01l-pnes 16-48 of EP

0 575 154. [Z005M0T9 FF - 14 SOmME of th§ above- nentioped addi T VES cgn provi de
a mul tipli¢iPoyr PemnePepressant 1 hys for pxamfl@l-3 o nEJ_p_&:{B[uJiP_mg - act as a

di sper sant gﬁtmiﬁgggeﬁﬂ bitor. This |appr qai:gl is well gkomwyp and need not be
further el ghorated ner el n.

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

Oils 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



5 Representative effective amounts of such additional additives, when used
'in fully formul ated crankcase lubricants, are listed below in Table 2:

Tabl e 2 ADDI TI VE Mass % (Broad) Mass % (Preferred) Ashless Dispersant 0.1 -
20 1 -8 Congasiap I nhibitor 0-5 0- 1.5 gbtal Di hydrocar byl Dithi ophosphate
0.1 -6 0.1 - 4 Antioxidant 0-5 0.01 -2 Pour Poi nt Depressant 0.01 - 5
0.01 -1.5 Antifoam ng Agent 0-5 0.001 -0.15 Supplenental Antiwear Agents
0- 1.0 0 - Qeﬁgndﬁrtbq%iaﬁifywiw c&pabillly ofleaoh oBa g0 tAgiTkV BRsan el Balsence 10
This invention will be further understood by reference to the follow ng
exanpl es, wHicets amerit tgstiet measyees gveragrgricsivalie) with a mghwPumsricebvatyanpl e |

O |l's having. i ti-ans..set out in Table 3 bel ow, were bl ended and
subj ect ed téﬁﬁﬁaéﬁgwgﬁ%ggﬁl Rust Test, which nmeasures iron corrosion.
In 20 performance of the Ball Rust Test, nultiple test tubes each containing

the test oil and a specinmen are placed in a rack which is attached to a
nmechani cal shakerhe gHantiisaRiven ins hahde 3 arrdnmaasp & of the totalmass ehthedilled. Air and

an acidic S%rﬁgﬁa%'d & goﬁﬁ&gtg&gousl y fed

Ve environnent.

hours to crea a corros

rinsed and anal ysed by an opti cal
to quantify the antirust capability of each oil.

The

into each tube over a period of 18
speci nens are then renoved,

i magi ng system 2005MD19 FF -
The ASTM D6557 Bal

15 desi gned

Table 3
Component Oil 1 0il 2 0il 3 0il 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 Oil + 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.




Test' is a nerit test that neasures average grey value, with a higher
‘nunerical value indicating less rust formation. 5 The quantities given in
Table 3 are in mass % of the total mass of the fully fornulated oil
conpositi on.zo'g,@(p;ﬁ 3 Component G111 GO Ol 3 Ol 4 Detergent 1 - - 1.00
- Det ergent % .61 1.10 Detergent 36151 - - - Detergent 4 0.95 1.33 -
- Hydrocar byl phenol al dehyde condensate - 0.54 - 0.50 Additive Package 1
10.20 10.20 10.20 10.20 Base Ol + Viscosity 87.34 87.93 88.19 88.2

Modi fier % 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 E}lch)sﬁoaiscbozw %(N@CQHIQIZ@dOldgl@@n@l QPsives Iothe same 0. 05 0. 05

0.05 0.05 9% 0.,18 0.18 t a cal cj henat e
det er gent haq}laﬂtbtleg r‘FgﬂeSfO ﬂ%ye aﬁg}dé}tbvgﬁ; ac%a%eri ‘%ddr’ré‘é%aéz f;fﬂrg 3

det er gent haddpesant, TR deflkyAithiopdRis e Hictibnl Bodifiex labiiduTtars ahd eyt fohBant.
detergent having a TBN of 64 and Detergent 4 is a Magnesium salicylate

det er gent hakherbgsestainngfvigasity madifiseuseddeirash oy Oils Heﬁoﬁ apd 6é‘r¢y@jﬁlecondensat e
S L Rccor dang &b BRIy of Blochbi Al ARANEe pRAYeDARIA AP LEVET 20
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
Oil Oil 1 0il 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 S 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 additiona

‘quantities,

conprised dispersant,

ant i oxi dant

for each of Ols 1, 2, 3, and 4 were th
in the addltlve package varied slightly due

di l uent oil

additives in the sane

referred to above as Additive Package 1. Additive package 1

Afo@pt i foamant. 5

The base

47

zi nc di al kyl di t hi ophosphat e,
ock and viscosity nodifier used
sane, although the quantity of

to the variation in

friction

nodi fi er,

detergent quantitTagesThe quantity of detergent and hydrocarbyl phenol
al dehyde condensate in each oil Wwas. hal anced slmh hat .Pm‘h f O'.I s .1 & 2
and 3 & 4 H@W@P@qmtvalent sulﬂatéaﬂésh, sodpil 6pho phd?@g and st §r
content. 10 L gan beseen from Tabi_t: 3rthat—G1+s conpatati ve
exanpl es andb eERY and 4 are|in accordance with heﬁ%yésen iﬁgggtion. The
resul ts of ftpaeBahic Rust Test are gep oul bep.ow in| Table 4. [ 15 Table |4 G|
Gl 1012013 Q014 Result 80 106 67 110 Table 4 clearly [llustrategs that
at const ant| Gutibat @it cdsh, use of an ashl ess 20 hydrocarbyl phenol al dghyde
condensat e |ef f.ect n, i nproved| perfornmance i AST 557 Bal | Rudt
Test . Exarrpetéydﬁ("‘?%’y?ﬂlée”gl s set out”in Tabl &gg bel p % e b| ended and
subj ect ed t|0;14d0 4T Mendd@>57 Bal |l Rust Test, descr bed above] The quantities
given in Table are in mss %of the tptal mass pf the fully fornul ated
oi | conposi|tHpdroc2odpkBrd® FF - L7- Tabl e ; Cowponent Gl5 al{6 GlI? aGjl 8
Detergent 3§ fachyde dndonsce CLProefg6 0492 0.70 -1 - 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 Qil + 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

10

15

Detergent 5 is a calcium sulfonate detergent having a TBN of 300. Detergent

6 is a calcium salicylate detergent having a TBN of 344.

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.

Each of 0ils 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 Oils 5, 6, 7, and 8

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



Cat cium salt of hydrocarbyl phenol - 0.95 0.90 - al dehyde condensate

* "Hydrocar byl phenol al dehyde 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
G|l + Viscosjtyndpdifier 83.1 83.1 83.1 §§:1 % Sul fated Ash 0.54 0.54 0.54
0.54 Mass soap 0.66 0.66 0.66 0.66 9% a 0.115 0.114 0.114 0.114 %P 0.05
0.05 0.05 0.05 %5 0.125 0.124 0.133 0.137 Detergent 5 is a calcium

sul fonat e dstiglittyedile thahd vigiatiod BNicdérga Quarkdticer FhOGuanbity 6f detddadtt iatidn

salicyl ate detergent havj a TBN of 344. 5 The hydrocarbyl phenol al dehyde

condensat e &¥drcbyEphengl ggqhsydpﬁm&t?e&ﬁt@arﬁwalwrflﬁalmwhaﬂms balgpcedyt  above,

and has a n Hﬁ?ﬁ] pagrll Jaei ghat Ci salt of

hydr ocar byl [ép en%‘laéég{lgg%/l e %gﬁhgr?sl%?e&gfha%é Fiégﬁglﬁglgﬁf(ggéthhgwtal cium salt
of the hydr ealaiunylphpiphionis aatl delfuby@neandensate used in Gls 5 and 8. 10 Each
of oils 5 6, 7, and 8 conprised additional additives in the sane
quantitiés, referred to above as Additive Package 2. Additive package 2
conprised dispe i i LiAi t L i fier,

ant i oxi dant and 2%%? ggégggwg1%%§¥%?%E§H?@g@f?g é%@q%%%g °an v?%%%sity

nmodi fi er us@dlsfSandeart irniccbidaacodwith thepresentin@eritionwer e t he sane, al t hough the
quantity of diluent oil in the additive package varied 2005M)19 FF

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

10
Table 6
Test Oil 5 Oil 6 0il 7 0il 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.



slrghtly due to the variation in detergent quantities. The quantity of

* ‘'detergent and hydrocarbyl phenol al dehyde condensate or its calciumsalt in

each oil was bal anced such that each of Gls 5 &6 and Ols 7 & 8 have

equi val ent sisfigtgd ash, soap, calcium phosphor us and sul fur content. 5 It
can be seen fromTable 5 that Ols 6 anc} 7 are conparative exanples and

Ols 5 and 8 are in accordance with the present invention The results of the
Bal | Rust TeSLABVB: set out below in Table 6. 10 Table 6 Test Gls GI 6 Gl
7 Ol 8 88 68 61 69 % inprovenent of hydrocarbyl phenol al dehyde
condensate 29 12 conpared to calciumsalt. Table 6 clearly illustrates that

at constant sulfated g}[egggfogg%nfgqﬁgg@tTM%gS@haymsgﬁ&Itggﬁ Rydrocar byl

phenol al dehyde condens cts Tan I nproved or mance in the ASTM
D6557 Bal | Rulsicafiag bilcompasigeh havimg a:ailfaltadmshabmtenrfofhg/sdnmm © 94 byptveipht
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2005M019 FF Eorh8la (QLAI MS: 1. A met hod of passing the ASTM D6557 Bal | Rust
Test using a lubricating oil conposition having a sulfated ash content of

| ess than 1.0 % by weight of the conposition, corrprisi ng an oil of

| ubricating viscosity and asqg rust :Eh&_ltor :an

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 method 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 method according to claim 1 or 2, wherein n is 1 to 8, more preferably 2

to 6, and most preferably 3 to 5.

4. A method according to claim 1, 2 or 3, wherein R is a hydrocarbyl group
having from 8 to 18, preferably from 9 to 15 carbon atoms.



ashl ess, oil-soluble hydrocarbyl phenol al dehyde condensate represented by

* 'general Fornmula (1), OHOHOHY |l | RRn R Formula (1) wherein nis 0 to

10, Y is a divalent bridging group, and is preferably a hydrocarbyl group,
preferably hgwgigefrom1l to 4 carbon atggs and R is a hydrocarbyl group
having from4 to 30 carbon atons. hod according to claim1l1, wherein
the oil-sol ubl e hydrocar byl phenol aldehyde condensate has a wei ght average

mol ecul ar wei ght 5 Mwhethbd 66drding 40443, onepif efegiredelin g&Mimk owBréia théror e
preferably 1000 to 2000, even nore preferably 1200 to 1900 and nost
preferably 190pafipg e deth eagorﬁee%eépaeowowet basedmetghgalts of apngrganiced Laser

Desorption |y cht‘l'[s gﬁ&fe%l Bgérﬁ \,\ﬁfgré: Alkaﬁml):taff% to%g%ﬁéah{?@%{}%’ efdl %a]/ﬁ t hod

according to reftn niIs nor e pre era to 6, and
nost pr ef er gphkyatd stiformte 4aho§damtntmebm;de;oddénggnttaomptrmn@aJ:;orribnmtloB ofaterein R
i s a hydrocar byl u having fr 8 to 18, refe ably fro 9 to 15 carbon

at ons.  20050¥29f PiFa]?( Ig@ef? Isalt ﬂ*b%"‘r?g@hé’&%ﬁﬂﬂm B3t Plt?ﬁéteo? Héte;S’Fecedi ng

cl ai s, vvherg*dg,l Jibe lubricating oil further conprises one or nore overbased
nmet al salts of "an organic acids, preferably, one or nore alkali netal salt

or an al kal i ne earth netal salt of a phenate, sulfonate, salicylate or a

conpl ex detergent i Si i nation of two of an alkali neta
salt or an alkal in S% ql}plﬂgq@pleglg&pcg% hﬁﬂ%lri’g‘{%yd%ﬁﬂqdﬁ%%feeas@rms%al i cyl ate.
6. Use of a a rust

i nhi bitor |%ﬂg&kﬁgﬁ%gg#?ﬁgM%@P&%gﬁ%%g???gﬁ&ﬁg%?ﬁﬁuggéﬁﬁ?ggggﬁggﬂﬁgontent of
| ess than 1.00%%ybyeigkti og”lﬂlte Qﬁnpdselonpaffpmashlemthe@ﬁl soubds hydrssarb¢liphenol

oi | -soluble a{]dy lqy(i) Cc%glggnsat% havmg the following structure,

OH OH OH
i . 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.

7. A use according to claim 6, 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.

8. A use according to claim 6 or 7, wherein n is 1 to 8, more preferably 2 to 6,

and most preferably 3 to 5.



al dehyde condensate having the following structure, OHOHOH RRnNn R
Formula (1) wherein nis O to 10, Y is a divalent bridging group, and is
preferably a hydrocarbyl group, preferably having from1l to 4 carbon atons;
and Ris a Jygdnegarbyl group having frgﬂ14 to 30 carbon atons. 7. A use
according to claim6, wherein the oil-sol'ubl e hydrocarbyl phenol al dehyde
condensate has a wei ght average nol ecul ar wei ght (Mvy 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 MALD - TOF
(Matrix Assi st ed Pad¥racetding e clam Pohos & WegieinR s hydrooprhyh gioupdaging
spectronetry, i cl.al 7, wherein nis 1 to 8, nore
pref erabl y zﬁ?”gséély’zrﬁﬁﬁﬁ%gﬂp@%%ﬂéb%‘@o?at@%ﬁ . 2005MD19 FF -21 9. A use
according to claim6, 7 or 8 wherein Ris a hydrocarbyl group having from
8 to 18, preferably from9 to 15 carbon atons. 10. A use according to any
one claims 6, 7, 1§ 4rusgacegrdingihamypene qaimsdati her diwhergiy thedubricapppilses one
or nore over - I i j : or nore
al kali et al sgﬁE Ogﬁhans a I?gﬁo(r?lgeog%lr)%?gﬁe{ytt%lsglgga t oo?éagﬁ%%%é#ee,f erg@ﬁr onat e,
sal i cyl at e amear annpilkxali thetad sgeot ancakgline iy metal eatbofephenatepsul fonytef wo of an

alkali netal salt or an alkaline earth netal salt of a phenate,_ sulfonate
or salicyl atsalicylate or a complex detergent comprising a combination of any two of an alkali

metal salt or an alkaline earth metal salt of a phenate, sulfonate or salicylate.





