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1 Lubricating G| CornR2sitions This invention concerns
| ubricating oil conpositionsy in particular,

| ubricating oil conpositions for use in marine diese
engi nes such as marine diesel cylinder 5 engines.
Lubricating oil conpositions for use in marine diesel
cyl i nder engi nes Lubri¢ativen Oib€ompositiodsesel cyl i nder

| ubricant (' MDCL') conpositions. They are total |oss
| ubricants and their purpose is to provide a strong oil
Thig Irw@hhs%%ﬁeeﬁrgﬁusb@:étﬂ&%il dGmbbSifibn&NA ddificilhe i®ricating oil
rings. rine diesel cylinder [ubricant conpositions
compositians foniusbdn amatine dibselpenginés gucte apanaring diesehcylinder
ressures, such as, for exanple, tenperatures of 300C
en -above and firing pressures of 150 bar and above. If
the lubricant conposition breaks down under these high
operating tenperatures and pressures, the interna
Lubrighting ofl compositionsder usé iremarinel dieselytipder engines are known
excessjve, 15 adhesive .e. scutfingl. The aim of
as PRGN clasal cvindar ubtsant SMROCH somAbatiansn T hey At Al Oss
] hbitR8i {986 ipP6vids @Sst oifl il Bbtviseh fie cylinder
Im%@ﬁéﬁéﬁ%@?%ﬁg igﬁgggﬁ\{laﬁnvemnl Ps to provi deﬂ‘a
linemand iee gister Iingab Marine digsei ¢yliodepubiricanhcempositiens bieed to

wittSine high oreraling semeeradissand Basstias. Sk 55, Bradiaify
ten‘@%ﬁdﬁrég@f 66T 4h8 abdve Andfirty predsbds &”FS(PB?V&M g]péve. If

provi de inproved protection against scuffing
the tutsricawit iconhpositiomdsreaks doanoundexibesenhigh eperating éemperatures

MVECTHRR ERENT T COMTERTIE LN IEE A = W

ad%},ﬁ}_ets\j(\),fgﬁ%{i_@. §c|l_,fﬁhg)_cati ng oil conposition, the

e hydroCar byl phenol al dehyde condensate
having the follow ng structure: 2 wherein nis 0 to

oS B 5k b L Sl €k o AR

mapﬁe Bré&iishieall diesbl Rn@irs A BURhaEY aifPof ther sregsabinyehtion isdto
roml to 4 carbonTatons; and R is a hydrocarbyl grou

proviglei amarinectiese!tlubrieating: ik eompesitien thatexhikitscoerss resistance

o R BBty S AR F i G o
as S00MaAd Avove RN resalideaisigh (RIS Bacand above, and can

ubricating oil conposition reduces wear in a marine
providesaipreved peotegtion against sculfing ef Hie gylindpeliners. wear .
The marine diesel engine is preferably a marine diese
cyl i nder engine.
In accordance with the present invention there is provided use of an oil-soluble

hydrocarbyl phenol aldehyde condensate as an antiwear additive in a lubricating
oil composition, the oil-soluble hydrocarbyl phenol aldehyde condensate having
the following structure:

OH OH OH
i Y. Y
R R n R
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10 The hydrocar byl phenol al dehyde condensate is
preferably a hydrocarbyl phenol fornal dehyde
condensate. The hydrocar byl %henol al dehyde condensate
is preferably netal-free. The hydrocarbyl pheno

al dehyde condensate is preferably sul phur-free. 15 The

whéreinh i'g 46 02 phatbrabig 146 8 mistePreferBBRR td8L and fhd¥t Préferably

concerned is primarily conposed of hydrogen and carbon
3 todioviis adivalentduidging group, andrie peefesbly ef hydrecanblybgraup,

prefi G o' £18 4l Boriel LBl Aot BT e naving
frorh @ 1830, nbidralsing foe1 8, Qo fpidietdbly 96 1MSHBER atoms.

characteristicS of the group. The hydrocarbyl group is
preferably conposed of only hydrogen and carbon atons.

e FREIR RS s P 0 B8R S51B0 Eeo
pheﬂol(dldeﬁgﬂé' RBNdBASAE iNRNUBACAtiNtESi cOMpERiBATBEucES Wear in a
preferably an al kyl or alkylene group. R is_preferably

marne digsetiengipe| M hecweadisiefammbly adhesivecwear. The énaringdiesel

engitischreferBpira Fafite §6=4 STbdREaRing: o | “composition.
the nmethod including the step of adding the
h drocaﬁg%ghphenol al dehyde condensate defined above

The bydmea eaelialdehyde eondansate ispreferabla hydracaseyl mipenol

rorBoeF IS B3hheEnE, 1% Al ScdA nd) Aloiiodritie s
preftrablg mla)-fraee iRy hydrebafsyl pheneleiléenydiccondensi$d id preferably
D2896. 3 The hydrocarbyl phenol al dehyde condensate

sulphwifegeabl y has a wei ght average nol ecul ar wei ght (M)
in the range of 800 to 4500, preferably 1100 to 4200,
nore preferably 1300 to 4000, nost preferably 1700 to

The3 &l "hgdrotaabylt ag usid Midkdin-maahs (Hattthe yrégs cobeatnbdder
Desorption lonization- Tinme of Flight

h Va
priragydly copRased of hydregean and cathonalonts a)ad &Eéa@ed to the

or BRI B ATt ZBL s o o prsence

of dieéoaenty or gaups\e a groporidndnsufficient ¢ detrdctfromdhet one
hédrocar byl phenol, in the gr?sence of
subs o

ntiajly hygrpgarhen charactsristics of thegraug,| ?ﬁ%ﬁ%?@%?bvl group is
prefithBy Wnp S o Irl§ hHERSYYH and carbon atoms. 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.

In accordance with the present invention, there is also provided a method of
improving the wear reducing properties of a lubricating oil composition, the
method including the step of adding the hydrocarbyl phenol aldehyde condensate
defined above to the lubricating oil composition.

The lubricating oil composition preferably has a TBN of greater than 55, more
preferably greater than 60, even more preferably greater than 65, as determined
by ASTM D2896.
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preferably subjected to stripping to renove any
unreact ed hydrocar byl phenol preferably to | ess than
5.0% by mass, nore preferably to | ess than 3. 0% by
mass, even nore preferably to | ess than 1.0% by nass,
of unreacted hydrocarbyl phenol. Mst preferably, the

Th@h%@érﬂw phofeisaltiehydd baim&sﬁ% prefefatiy has tarwénght average
exanpl e, less than 0.1 % ﬁonass of unreacted

molegullas eaight (Mkindhe l’i\ﬂ%@ﬁ@ 40 RGP cPeaterabis { 108 fo 200, more

e e e e

TOFl(Matl%?Asél‘Bfed ExssrDgsorptios idrizatiora Tihe dmngmwasacu d,
sul phoni ¢ acid, oxalic acid and 20 hydrochl oric aci d.

Spetiwreelinyl may al so be present as a conponent of a solid
materi al such as an acid treated clay. The anount of
catal yst used may vary from 0.05 to 10% or nore, such

Th@ﬁycﬁl%aﬂjy?ﬁhbﬁoﬁhl@eh}&idc%d@sm%prﬁfem obtairiable by the
reaction” mxture. 2s In particular, the drocarb

coqdeaaatnomemtmebaiwmar@é@a;shogiep@l@e'a!'%ﬂapy PRA{d82 tive

ool bl SEOBLA W ARIABEEH I oonta an s

catél?@ﬂﬁ!tﬂﬁé@ forl Brampil, eeadlkyll barizene!suiphibriy deldc Oftue proiuet is

referably used in the lubricatin

prefarablyssubjested o sHiRTRE 2 eraRVA AGY LPERAGIS] hy hver%fmmm
oG0S P 5EB) h.frhprBna 618E TP ok o mas,
ever QIOré p?éfeﬂéblmtéﬁs thas d0%rbyt inasspsisunrbacted hydrocarbyl
phentip bﬁétlpﬁ%fa?%wvu@%?rgﬁh& inciys g (naidh§% isUBnds, for
exq(ﬂwélgolqstls;jn%h?)a“d Ef A Qc@ﬁﬁrb% gl ?ﬁéh&at i ng

sone erre to a ing oil
may be any oil SU|tabIe for the Iubrlcat|on of a

AR bbb AR Sl TRt
cal%ﬁr%t Héy Qél'eﬁfé&frﬁnh Evlu?e 9§ﬁét9'o?lé&‘rdi@ébfﬁ%@uhuéfsu@masnﬂ:r

as a na c base; paraffinic base
exdmpis phos horid amﬂl selphatic aeidy summnimldc@salwgaqmi Iaﬂﬁay

b | 0 0il. S
hyqirEsﬁnoins?atant Ffie a4 mad ASd bR drgsent e sBRRORBAL B Fisghia
ma?%ﬂ.aﬁ 'su\ﬁ'ﬂ a%xhan abidﬁtréét H'éfh?y o166 hficunt of ba&sysﬂ iusedtrihy vary from

octy acate and tridecyl i pate, or
0. qsoﬂomuar rhovr, suah Iasrfor exampte 0.1dodi%sby mssaéhg tetal reaction
uid polyisobutene and pol y-al pha ol efins. Conmonly,
mi Uﬂ% neral oil is enployed. The lubricating oil may
generally conprise greater than 60, typically greater
than 70, 15 mass% of the conmposition, and ty
In partieutar kihecyrocarbykphanal pldehydemongensate is preferabﬁ? branched

dodecyl phenol formaldehyde condensate, such as, for example, a tetrapropenyl
phenol formaldehyde condensate.

The hydrocarbyl phenol aldehyde condensate is preferably used in the lubricating
oil composition in an amount ranging from 0.1 to 20 mass%, more preferably from
0.2 to 15 mass%, even more preferably from 0.5 to 12 mass%, and most
preferably from 1 to 10 mass%, based on the mass of the lubricating oil
composition.
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from2 to 40, for exanple for 3 to 15, mmRs' and a
viscosity index of from 80 t 100, for exanple from 90
“to 95. Another class of lubricating oils is
hydrocracked oils, where the refining process 20
further breaks down the m ddl e and heavy distillate
The lubsitatng oil compesitioasreludes anhyibofdgbricatinghwigtosity.
tenperatures and noderate pressures. Hydrocracked oils
typically have a kinematic viscosity at 100C of from 2

. ; from3 to 15, mmRs" and a viscosity
Oilbf 619'1 aIti‘ﬁ. i the range of from 100 to 110, for

exanple from 105 to 108. 25 The term' brightstock' as
used herein refers. t h are sol.vent..

ba e oiI§ whig b
The.o¥ Phlubegaling viscasity {somelies Eiener dnasabticaingsoil may be
anysal'Suj fgsdéél é@ﬁb?@gﬁﬁc&t%b%@ﬁiaﬁn}é'cﬁ&éﬁ'dn@r% A8 futsticatingoil

are typically used proportion
maypkultsbly behamafinalpa eegetetle of asmmMromSwtablyethe lubricating oil

is ahpsiaipam-dariveeLiubrisatinccoil e o RaBhifenis Hate arafiplc base
or ﬁ\ﬂﬁd%ﬂ&%l AEmalivély e!h%tlHMn?étEr@;l & }nagfbé Q%hﬂﬁti'cﬂabncatmg

VI SCOSI ty I S resent catl
oil. cHuipatie Eynthemn labricatingrailsgnelude rsymmucmterdybwatmg eils, which

f ter th %
oﬂsg%é@ﬁé%be%ia%%?m‘iégg%ﬁaé‘ns&a Y PEnBaBagA i thecy!

f |
ad’é%(?gﬁtl on. *lgrégéeirr?t%? 5 The Iub“r%| g(gr{?xrééﬁﬂlbllm‘d "9 o
polynsabotenau and polyfaiphe blefinacIGaremonly, lacminergheil is employed. The

o S S o e A o e,
magk%hoftﬁ nﬁ?}é&nﬁoﬁ’ Hridf tyPicaly haté alinemario viscosity at 100°C of

engi nes; aci d- neutral,i zing properties and is
fromed &h#4e, imfr ekaarmlmgarfa 1§, mmsawdsa)msg@s'mnﬂ@x of from 80 to

ensi o ed on netal "soaps", that is netal
10&-39?5"%@‘3&:“ é@?‘bg conpounds, sometinmes referred
to as surfactants. The det ergent conprises a pol ar head

with a | ong hydrophobic tail. The polar head co HRS
AnathwtchissﬁlIubmﬁatmgsulsﬂa&wdmcraql@dggl%meghgfeg‘l lpgtpcess

rﬁ'?ﬂsﬂ%&ar ¢ %\HE %ﬁ‘qﬁﬁleo%hc{j@?%& cﬁ}gtm te ?Bé&ﬁéﬁ ﬂﬂ]ﬁb ﬁ?e's@hce of

hy@%ttgéhfat féﬂﬁﬂsbramréardmrrnddamtdprésmegemummacmdseus
ergent™ whi ch conpri ses neutral | zed det géent as

iypigallpravayeekinematondaassiy 44 807 &6 1oBa 2B D 15" GaTapledTom 3 to
15, mm?s”’ and a viscosity index typically in the range of from 100 to 110, for

example from 105 to 108.

The term ‘brightstock’ as used herein refers to base oils which are solvent-
extracted, de-asphalted products from vacuum residuum generally having a
kinematic viscosity at 100°C of from 28 to 36 mm?s™ and are typically used in a
proportion of less than 30, preferably less than 20, more preferably less than 15,
most preferably less than 10, such as less than 5, mass%, based on the mass of

the composition.

Preferably, the oil of lubricating viscosity is present in the lubricating oil
composition in an amount greater than 40 mass%, more preferably greater than
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20 The metal may be an al kali or al kaline earth netal
such as, for exanple, sodiu potassium |ithium
cal cium barium and nmagnesi Calciumis preferred.
The surfactant may be a salicylate, a sul phonate, a
car boxyl ate, a phenate, a thiophosphate or a

50 rﬁﬁﬁ?%h Wbﬁ)refé?hﬁly grahie? than 60irBasds, ané neustereferably greater
The deter%ent may be a corrpl ex/ hybri d

thamsﬁemgas% basehoad emﬁs(aofnmtlub@caimg t?rbwnpﬂﬂﬁoene
metal surfactant, such as a cal cium al kyl phenate and a
calcium al kyl salicylate. Such a conplex detergent is

Detgrdy_Tﬁ;ﬁi d material in which the surfactant groups, for
exanpl e phenate and salicylate, are incorporated during

the so overbasi ng process. Exanpl es of conpl ex

The, b G641 31260 St Bleratly 181085 At 2 opi Hya B EBRidiing

det 99|7/ Acfetéigent iSSan adeitivetthaf duche fortmétimt ai1b|sm;sdmsuts for
the net aI detergents contain at | east

examme igh-tampegedure, V&'Bﬁh@mmu%ge@%@bm PRGiBRS: ibhas qcid-

neuﬁ@ﬁﬁ@ltg'tqﬁ'g{)bﬂ%g @{lﬁ cearg?r%e? i hﬁb%@éndﬁﬁ%hﬁ& i r

suspbnSivAl JDR DR @mrﬁmal “‘sbaps”, anwt i8 métahshits d)foacntile orgamc
remai nder of the s nolecule via a carbon atom but does

compauridss isometines rafered de agsusiaRENt&: ons or  groups in a
proportion insufficient to detract fromthe
substantially hydrocarbon characteristics of the

ThéHetthgeMidtmpagsna polar Headr withalighg glyd:qmqmc tail. The polar
surfactants for use in a corda ce wth t nventl

heag eomprigesiairoel@l salof a @& FMAN s 9 ﬂwgmgase are
oA A B oot e
hydrbkitacivith tah adidicl ghsosuakt as earbonsdioxideitegive an overhased

deitgpgegrgg\?ﬁlélg gggiplnp;glrﬂueglt '@hzé’qg de\ll'agltgt?%e Qﬁse)}ﬁp Fﬂiegofélrgﬁtal
ba#% fé%&ghg@))gwéévé_o 20, car bon atons. Where there is

one group, the average nunber of carbon
atons in all of the alkyl groups is preferably at

Thelanetab@aybea) Aali Ry alkaling gt Btptaheudh &, (Pr lalfple, godium,
po@%uuﬁﬁtlﬁﬂﬁﬁ Q@lcidm, Eﬁﬁhlfn'&ih AAYNREIUAR.N Calldiumdg iprefenaid.

uen urtable sul phuri"zi ng processes are well
knomn to those skilled in the art. 20 The detergents

Thg 15 @gtag](i :rrr"liatnggé Iaﬁssqll ﬁglageg{aag@gﬁoﬁét%? %:%?ﬁo%ﬁ“e, 5%@?1&9, a

thiophosphate or a haphthenate. Metal salicylate is the preferred metal salt.

The detergent may be a complex/hybrid detergent prepared from a mixture of
more than one metal surfactant, such as a calcium alkyl phenate and a calcium
alkyl salicylate. Such a complex detergent is a hybrid material in which the
surfactant groups, for example phenate and salicylate, are incorporated during the
overbasing process. Examples of complex detergents are described in the art
(see, for example, WO 97/46643, WO 97/46644, WO 97/46645, WO 97/46646
and WO 97/46647).
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The detergents preferably have a TBN of 50 to 500,
preferably 100 to 400, and nore preferably 150 to 350.
The detergents may be used in a proportion in the range
of 0.5 to 30, preferably 2 to 20, or nore preferably 5
to 19, mass% based on the mass of the |ubricating oi

Surfa@i%?‘ﬂé ifci)tj 1RB suffabtar ay5mm of tHeemietd!detergentoogriain atdeast one
preferably

i ncludes at | east one di spersant,

hyditicartsyi geoup ifor fmmaw,tas@smbﬁtit%emtm AR ArPMglie gﬁ‘ﬁos]i- he t&m
nydiggamal esues e rRarsdya: 1 YrobE iphep eSB! ©

co %%ftﬁyﬂfﬂéﬁéneﬁaﬂi&pwaﬁd & boridathtcethe remaindémof the
non-nmetal ITc organic material that forns

moleoliietvien aicarbgn _ratnmshutaipmlm therprggﬂp?%gf other atoms or
arou e profe R IRHHRINIE, diithct ol B s JB et ycrocarbon
chagﬂecglé@:s;@%ttﬂﬂh&@gﬁ'@uﬁ pavantageadsly} hydmohrbyl groupsi ingurfactants

fromi'ncl'usion of,, e.g., an 0, P orgg at.om
for Teimhgcosdantmwithdhainvendioprare iaiphatic, graups: P Rrani alkyl or
i |- solubility, haying f
allogorpproupe espealte B[ ol B, gy B8 Iribar BF pfdicted. The
tote it WP Rt AtPRid i thedietaztars sheakbbaat least syfficient to

unctional groups that are capabl e of associ at.i Wit h
impaet thecdiretd)oibsolubﬂip;erAduaﬂtggeg{%mﬂl‘%§"%(fgmsé§§%de from 5 to

10 e IR0 Rl UE PRI AGTonf AT ety . Wihere

theRS RAH6lstHaRdnd BikyDgroup! teeavarage imimbbartafazartaon atams in all of
I sper sants ma

bé used in a proportjon jn the r e of
theGalkyl grous ismre%larabb'l at leasts tOoe'?ﬁ.LB? aéieqh'ﬁtee&b?@\"‘?ﬁ ly
1.0 to 5.0, mass% based on the mass of the |ubricating
oi |l conposition. Antiwear Additives 25 The lubricatin
Thg deiéigaRaTaY 92 orsiiphlitizsd of sulphatizetandmayeie chemically
ant |

ar additive. D hydrocarbyl dithioph h
modﬁl%ar@osmmtmmaddlﬁpealeﬁubéatl@f%%sgUftafa'ﬁtﬁtﬁ@iW%ﬁg BRdcEsses
addjtive. .T ' i hydr ocar byl
ar%W?M‘BﬁWHéBRﬁ?%%@[‘%# [hrr{yyée%rg an alkali or alkaline
earth netal, or alumnium |lead, tin, nolybdenum
manganese, nickel or so ¢o Zi nc_sal

The dstengests meydre-benated.ysin nga;iﬁgeprgfse%ﬁetfs\ygﬁ Er_mg\fvn to those

nreferab 0.5 to 1.3, mass% based upon the tota
Sk'ﬁﬁ@?ﬁ%%ﬁe | ubricating oil conposition. They nmay be

prepared in accordance with known techni ques by first
ThLoc{erPeE;gen?s preferably have a TBN of 50 to 500, preferably 100 to 400, and

more preferably 150 to 350.

The detergents may be used in a proportion in the range of 0.5 to 30, preferably 2
to 20, or more preferably 5 to 19, mass% based on the mass of the lubricating oil

composition.
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di hydr ocar byl dithi ophosphoric acid (DDPA), usually by
reaction of one or nore alcghol or a phenol with P2S5
and then neutralizing the fofnmed DDPA with a zinc 8
conmpound. For exanple, a dithiophosphoric acid may be
made by reacting mxtures of primary and secondary

Dispersaimed s. Al ternatively, multiple dithiophosphoric
acl ds can be prepared conprising both hydrocar byl
groups that are entirely secondary in character and

The KA GormpdSfdh brofsiny ifiidos FioksPolb dibtictsart A
dispéreantignaradditivetor & ubricating ubmﬁmsltmn \dhese pyidrary furection in

and carbonates are nost eneral l({& g&og . Conmerci al
Iubwtsns/&aw@a@éﬁnﬁyt@m ianrefacidsby e dptergent systemo
use of an excess of the basic zinc conpound in the

neutralization reaction. 1o The preferred zinc
A n@téwdrltlﬁy: olaby lof didﬂersm’ﬂsw éas?rﬂe@e”errmammg)hmmmts organic

hydr ocar byl dithiopho ric ac ds.,and nm
malasipl SR {oERS BYbERBLAL NOASREN GO $%P"- J"z' RofrBatg metal-

o s T B, Tl Mipe s a o

chalif hyfiredaeborp withZa polat headatl'iecpolatltyrmalag dermeﬂ dmhnm gmlusmn of,
radi cals such as al k al kenyl r

o.gal ALy P i a9y oﬂm Byirorarantie i SedphiiEiarada Hap confers il
sol@fm@ye bgﬁ‘?\gf\‘ﬁr eﬁa Eé 19 Sﬁé%gr@ér‘? afdrty. THS URshI8ss ausb@rsants

e radical s may, 20 for exanple
maeontpride am omele pblymmm/hydmcamoﬁ baakbme;l'lqvmg functional

sec-butyl
arowe 209t Aressaniis of as55dRting Wi Bt ieR i 6 dspaiSidheny
cycl ohexyl, nethyl cycl opentyl, propenyl butenyl. In
order to obtaln 0|I-solub|I|ty t he total nunber of
Examplnmofaﬂsmsss( dlspersamtﬁamwdeu)|m|¢les.Iﬂang@IMIS@thﬁ§1$cﬁUQ§3ln'C

[
anfyarie: osasvanine snsiRosatah s inat By beorasa or .
unﬁ%@ﬁ?l'alkyl dlthlophosphates The further antiwear

ve may be used in a proportion in the range of
0.1 to 1.5, preferably 0.2 to 1.3, or nore preferably

93 oA 3R Bkl BB Bhob g 470 bty
0.840°6.0 BEh¢H8 Féfe'r&él?ﬁ OS5, rhdEsoh Dasediorotheanidis ob te

an ant i oxi da a pour poi nt depressant, an antifoam ng

lubrigating ol compasititn.y i ndex i nprover, a dye, a netal
deactivator, a denulsifier, or a mxture thereof.

Antiwear Additives

The lubricating oil composition may include at least one further antiwear additive.
Dihydrocarbyl dithiophosphate metal salts constitute a preferred class of antiwear
additive. The metal in the dihydrocarbyl dithiophosphate metal may be an alkali or
alkaline earth metal, or aluminium, lead, tin, molybdenum, manganese, nickel or
copper. Zinc salts are preferred, preferably in the range of 0.1 to 1.5, preferably
0.5 to 1.3, mass%, based upon the total mass of the lubricating oil composition.
They may be prepared in accordance with known techniques by first forming a
dihydrocarbyl dithiophosphoric acid (DDPA), usually by reaction of one or more
alcohol or a phenol with PS5 and then neutralizing the formed DDPA with a zinc
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9 It may be desirable, although not essential, to
prepare one or nore additive, packages or concentrates
conprising the additive or additives, which can be
added sinul taneously to the oil of lubricating
viscosity (or base oil) to formthe 5 lubricating oil
conysouritk i Fopexarbples al dithiophasiphotie asitimayne padedyelesicting
_into the Iubricatirﬁ%oil be {Paci.itatedl.b?/?e
mixiiTes o PEMAH A0yl SROANKNLBICERAIEN ALTRRIYEI THIIPIR o¢ i ng
d“&%#@hﬁ?%&&%ﬁnﬁ?ﬁ ée@érte(c)i cont al hé P F]Sgl ajddi te ?6?(5 2é’l)'cmldns' that
arelgnipsly seconday incharasterand iydrbeairpy groepsithat areentirely
~and/or to carry out the intended fﬁnc.ti on inIaLhe final d
primapyrinicherasteno Taraake the zipgsalt,anyBarig L neptral ARe compoun
maf@gﬂ%%w t[FE e&gﬁﬁ?ﬁ&?&ﬂ Snd CBIYNaRds alPst generally

ve package may contaln actl_ve
emphyeddiGumhmerciabadditivesifrequeathecontain ar excess ofzinc due to use

package, of, for exanple, fram2.5 t 0... preferably
of an exgass;¢f the bagiczing C nftﬁmegf’rpﬁzééw?i f??&?é hof
additives in the appropriate proportions, the

renai nder being base oil. 15 The final formulations may
Thé prafesbtzinmdihydrocadoyl dithiaphosphatessaredil-solublacnsitsiofe

dihdrocata tibloaesRRon acksandcmas b Rpretanted B hé fdlawine
forﬁgﬁ:tive material that 20 is not diluent. The term
0

-sol ubl e’ as used herein does not necessarily
indicate that the conpounds or additives are sol uble

in the base oil in a h&ﬁr ' f does nean,
however, that it is, l( (?ﬁg)?r@igh uble in oil to an
extent sufficient to exert 25 the intended effect in
the environnent in which the oil is enployed. Mreagve

. er,
whereR aretiR! imajabe the samer on diffarest hydrraarbyl dadicalscontgining from
al so rmt i.ncaqrporation ' . S f
1 1548 pERIPERE AP 12 artan dlobts ah HEludingFiEats th as all
hid f alkBiE ahl \t§BloafiphatrRidicats.d Particedarly preferred as
A Ay 2D et o 1 hat n%y" o
R ang R groupsrarenalkylegroups of Rari& eabpniaipsse thits, the agicals may,
m xi nq. Jhe,faqoll ow e [ t & i Op- -
oo, S5 SR Y, SRR, R ELER' S B oo |
he&l?h%ﬁl{’déeﬁ%ﬁéwﬁ'dﬂﬁﬂ@l,@edﬂdﬁwb phBayk; butyiphenyl,
onen a -
cyclorr:gxyl, me?hylcyclopentyl, propenyl, butenyl. In order to obtain oil-solubility,
the total number of carbon atoms (i.e. in R and R') in the dithiophoshoric acid will
generally be 5 or greater. The zinc dihydrocarbyl dithiophosphate can therefore
comprise zinc dialkyl dithiophosphates.

The further antiwear additive may be used in a proportion in the range of 0.1 to
1.5, preferably 0.2 to 1.3, or more preferably 0.3 to 0.8, mass% based on the
mass of the lubricating oil composition.

The lubricating oil composition may also include at least one of the following
additives: an antioxidant, a pour point depressant, an antifoaming agent, a
viscosity index improver, a dye, a metal deactivator, a demulsifier, or a mixture
thereof.
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Hydr ocar byl Phenol Al dehyde Condensates 1158 Mwv1663
MAV1839 M3692 Mv Dodecyl phengl 2200 92200 g2200 g2200 ¢
Sul phoni ¢ Acid 22 g22 g22 g%g 9 Catal yst

Par af or mal dehyde 170g 209g 221 g 330g Water 550 g 550 ¢
550 g 550 g Heptane831 g831 g831 g831 g Method 10 Add

t he dodecyl phenol, sul phonic acid catal yst,

f
e B b S i s i e
oo GE1E SheafENB8 otproPiho il i o o

addedagimuitaneousiy $6 ¢e olbetiubricating siscosity (arhaseeil) $o foronthe
15 anbi ent to 80C \(er 30

lubriGasingsR SompssioRy Shssoviinr of theranditykfackeiiert s e
o APy sy s sres) ko Begumosnacin i
heatings but thisiis rﬁ:ﬂ@?,senﬁaln érhqxaddiwe package(e) wihiypicallyibe t o

forpHiaien 1 SomPEIG SUTE (FLE RIGDST Blmalipes 1n,pTovide the' desired
con&\%ﬁec f ﬁ kA DBr hcf é%in{SEtefh% m?éhde‘a Mﬁbﬁ&ﬁ inPtHer faas forrr]nulatlon

ar wel ricating G| Conpositions

whéar:i: ghet):gntmgvé mckag?(ﬁh ip/arel cl_?mhiped Vﬂth)a predatermpinegamaunt of
bass UARl P AIRULEARRERRE Tapamply a0tg, giegdesn Bho"
ambaAt, btask8Sn the additive package, of, for example, from 2.5 to 90, preferably
from 5 to 75, most preferably from 8 to 60, mass% of additives in the appropriate
proportions, the remainder being base oil.

The final formulations may typically contain about 5 to 40 mass% of the additive
packages(s), the remainder being base oil.

The term ‘active ingredient’ (a.i.) as used herein refers to the additive material that

is not diluent.

The term ‘oil-soluble’ as used herein does not necessarily indicate that the
compounds or additives are soluble in the base oil in all proportions. it does
mean, however, that it is, for instance, soluble in oil to an extent sufficient to exert
the intended effect in the environment in which the oil is employed. Moreover, the
additional incorporation of other additives may also permit incorporation of higher

levels of a particular additive, if desired.
The lubricant compositions of this invention comprise defined individual (i.e.
separate) components that may or may not remain the same chemically before

and after mixing.

The following examples illustrate, but in no way limit, the invention.
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reci procating oscillatory friction and wear test system
for the wear testing of qupicants under boundary
| ubrication conditions. An electromagnetic vibrator
oscillates a steel ball over a small anplitude while
pressing it with a load of 1 ON 5 against a stationary
steel disk. The lower, fixed disk is heated
electrically and is fixeg bﬁ!gﬁiﬂﬁ;lubricant under
test. The tenperature i E rom380C to 380Cin 15
m nutes. The lubricity of the fluid is eval uated by
measuring the wear scar on the steel ball in
wﬁgﬁﬂ@m—mmmﬂehwewthe wear scar
on the steel ball, the better the anti-wear protection
of the lubricant when two netal 1o surfaces are
I [ oundary lubrication conditions. In
Re N Compofign e tenperature is ranped from80 to

380C, thé friction coeffi c! ent d_oes not increase as

Inng as satis
met al surfaces. At ath@’rqcﬁmVP e Nsal8% on

coefficient § | RATPT Y. 1d30MeAT | Nd 3698 Mw
the oil fil niiiégﬂgaki nzslgg\%mm@ﬁd tre1 met aIWsurfaces

Dodé&/IShaifl’ enfrRooq rect ¢@200q to ar 2290egt ent 102200 g

cause the friction coeffilclient tn;{_a,,_(_,_%mgﬁr(_h__
SulpbopierAgidr e. | 28 hi gher |20t enper at{#%9at whi ch| +h8s

%&ni ng point in the frigtion coeffidient occurs,| the
Cafalyster the plotection of {the cylinder| Liner from

PariomraldBhy@al 170goh Tenpgagogr e HFRR| 22mg oved wepd30g

protection 20 ConparativeConparatived ar ati-velExarple

WateiFor nul ati onB28rpl e | Exarﬁﬁoleg 2Exanpl 30 91BN 550 ¢g

Caleci il A 0ON14 N4 4 NN 4
T

o+t —09U U, OUILH, a0 ) i pilU”dl g nate Zo
Heplang uns. 005 | 889,905, 00 p#éar}age Hi ghl 881G 8319

perated3. 003. 003.003. 00 di spersant Primary
ZDDPO0. 500. 500. 500. 50 C12 branched al kyl 3. 00 phenol

Melwbdghuri sed C12 branched al kyl 3. 00 phenol Phenol
al dehyde condensate, 3. 00

Add the dodecylphenol, sulphonic acid catalyst, paraformaldehyde, water and
heptane to a 5L baffled reactor with stirrer (200 rpm), nitrogen blanket
(600ml/min), condenser, Dean and Stark trap, a temperature controlling system,
and Cardice/Acetone trap vacuum system. Heat the reaction components from
ambient to 80°C over 30 minutes, then heat further from 80 to 100°C over 2 hours
and remove water by azeotropic distillation. Remove residual heptane and
dodecyl phenol from the reaction mixture under reduced pressure at 200°C.
Finally, decrease the temperature to 120°C and add an appropriate quantity of
ESN 150 to produce a product with the desired polymer concentration. (Mw refers

to weight average molecular weight.)

Lubricating Oil Compositions

The following lubricating oil compositions were prepared and tested using the
HFRR test.
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Mv 1663 Base o0il 77.574.574.574.5 Ki nematic

vi scosityl9.0017.7918. 9819.45 a 1000 cst Base
nunber, 71.179. 971. 671. 8 D2896, ngKOH g HFRR wear

scar 201. 5242207194 averse m 12

For mul at i onConpar ati veconpar ati veConpar ati veExanpl e 2

Thm e; ?Ia m?ejttﬁgdim:iprd@aﬁgg Blig Teistis.arcampaier controded
rocBogRp SRRaR Fohbs g e 2SR B BB RuR of

ol 553 RSP ot 0ot gna e
osdillztesh siteldialidever a small amplitude while pressing it with a load of 10N
against a stationary steel disk. The lower, fixed disk is heated electrically and is
fixed below the lubricant under test. The temperature is ramped from 80°C to
380°C in 15 minutes. The lubricity of the fluid is evaluated by measuring the wear
scar on the steel ball in micrometres at the end of test. The lower the wear scar on
the steel ball, the better the anti-wear protection of the lubricant when two metal
surfaces are experiencing boundary lubrication conditions. In addition, as the
temperature is ramped from 80 to 380°C, the friction coefficient does not increase
as long as satisfactory oil film exists between the two metal surfaces. Ata certain
temperature, the friction coefficient starts increasing sharply, indicating that the oil
film is breaking down and the metal surfaces are experiencing direct contact to an
extent to cause the friction coefficient to start increasing with temperature. The
higher the temperature at which this turning point in the friction coefficient occurs,
the better the protection of the cylinder liner from adhesive wear.

High Temperature HFRR: improved wear protection

. Comparative Comparative Comparative
Formulation Example 1 _Example 2 Example 3 Example 1
4108N Calcium
suiphonate/phenate 14.00 14.00 14.00 14.00
258BN Calcium
phenate 5.00 5.00 5.00 5.00
Highly borated
dis nt 3.00 3.00 3.00 3.00
Primary ZDDP 0.50 0.50 0.50 0.50
C12 branched alkyl
phenol 3.00
Sulphurised C12
branched alkyl 3.00
phenol
Phencl aldehyde
condensate, 3.00
Mw 1663
Base oil 775 745 74.5 745
Kinematic viscosity
@ 100C, oSt 19.00 17.79 18.98 19.45
Base number,
D2896, mgKOH/g AR 79.9 71.6 78
HFRR wear scar
average, um. 201.5 242 207 194
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10

condensate, 8. 00 Mv 1663 ease oil 77. 569. 569. 569. 5

Ki nemati c viscosity19.0016. 8

, 71.179.072.472. 6 D2890,
scar 201. 6227. 5212. 5197. 5 aver age,
exanples 1 and 2 exhibit

number

t han

||r\r\

| ess wear

£

9.2020.54 a 1000 cSt
m KOH HFRR wear
pm As shown above,

Base

in the HFRR t est

hado r\r\n!‘lr\

5 conparative exanples 1-5. The foll ow ng

PriparsZRBEi t y 2

8. 003.¢dv 1830 Phesal al d

a1l 70 9Nz
A>3 A~ A T MU, OUUT

QN7 9N Ki
O A AR BA AN = A~ A B

nhaoanaAl Al
Fopyiptien d|ff|erergﬂ,,.wg|1 ht %;,5,?;%"" |wu%f‘w ghl's (Bvimpie2
[aff T onExanpl € 5Exanp|e AEXANpT € I TOBN CATcI-um
106 o Hm &é € phenﬁf"bl? 4017. 46889, 40 dot er4§&nt Bor at e
25 3 003 00— ATy UsSt—agents—p-Tnonyt
phépReNOXY 0 OO. 8092080 tefra efdhoxy et hanobo®Phenol 5.00
at dchydh rdernsate 8 Po—v1158—Fherot—al dch'y')'c

cehydesomndensat e, 8080

annt.l o
LA A EE 2L L4

0. 73285%00523.

17 o 4900 cY

0.50

0.50

C12 branched alkyl
phenol

8.00

Sulphurised
branched alkyl
phenol

8.00

Phanol aldehyde
condensate,
Mw 16863

8.00

Base ol

775

69.5

69.5

69.5

Kinematic viscosity
@ 100C, oSt

18.00

16.85

18.20

20.54

Base number,
D289%6, mgKOH/g

711

72.4

72.6

HFRR wear scar

average, m

2015

227.5

2125

187.5

As shown above, examples 1 and 2 exhibit less wear in the HFRR test than

comparative examples 1-5.

The following examples show the use of phenol aldehyde condensates with

different weight average molecular weights (Mw):

Formulation

Example 3

Example 4

Example §

410BN Calcium

sulphonate/phenate
datergent

17.40

17.40

17.40

Borated dispersant

3.00

3.00

3.00

Antirust agent,
p-nonyl phenoxy
tetra ethoxy ethanol

0.80

0.80

0.80

Phenol aldehyde
condensate,
Mw 1158

8.00

Phenol aldehyde
condensate,
Mw 1839

8.00

Phenol aldehyde
condensate,
Mw 3692

8.00

Base oil

70.80

70.80

70.80

Kinematic viscosity
@ 100C, cSt

20.73

21.95

23.17

Base number,
D28%6, mgKOH/g

73.87

73.57

72.09

HFRR, temperature
of minimum friction

coefficient, °C

223.3

238.5

2568.3




Base nunber, 73.8773.5772. 09 D2896, ngKOH g HFRR,
tenperature of mninmumfrictjon223. 3238. 5258. 3
coefficient, C 13 'Formul ati onExanpl e 6Exanpl e 7Exanpl e
8 410BN Cal ci um sul phonat e/ phenat el7. 4017. 4017. 40

Bor at ed di spersant 3. 003. 003. 00 Antirust agent,

p- nonyl phenoxy0. 800. 800. 80 tetra etho ethanol Phenol

—al-dehyde—condensat-e—3- de
Fopnylativansat . 3. BOMRRA 1839 PRBe7a| dehy &&@MP88densat e, 3. 00
NENCIDOY Bise oi | 75. 87H. 875.8 Kinenptic
sulphonleBRendR 19 3016%8320.153 a 'THHC cst Bas@®
sant3. |91 /3. 2o /3. 32 D289 npK H-s#@ ([ enperature
Antinfstagenhi mum fri ction221. 62280 5249. 7] coef &Loci ent| C
e i dnExanpPe 9Exanpl e*Foexanpl e 13*4108BN cal ci um
Phénbl e a a7 pﬁenat €14. J014.0014. 00 deter gent
condensate, 3.00
Mw 1158
Phenol aldehyde
condensate, 3.00
Mw 1839
Phenol aldehyde
condensate, 3.00
Mw 3692
Base oil 75.8 75.8 75.8
Kinematic viscosity
@ 100C, oSt 19.30 168.83 20.53
Base number,
D2896, mgKOH/g 73.31 73.05 73.35
HFRR, temperature
of minimum friction 2216 2285 249.7
coefficient, °C
Formulation Example 9 Example 10 Example 11
410BN Calcium
sulphonata/phenate 14.00 14.00 14.00
detergent
258BN Calcium
phenate 500 5.00 5.00
Borated dispersant 3.00 3.00 3.00
Primary ZDDP 0.50 0.50 0.50
Phenol aldehyde
condensate, 3.00
Mw 1158
Phenol aldehyde
condensate, 3.00
Mw 1839
Phencl aldehyde
condensate, 3.00
Mw 3692
Base oil 745 74.5 74.5
Kinematic viscosity
@ 100C, oSt 18.25 18.70 20.02
Base number,
D2896, mgKOH/g 72.21 71.78 72.25
HFRR, temperature
of minimum friction 362.8 363.1 3751
coefficient, °C

The above tables show that as the weight average molecular weight (Mw) of the
5 phenol aldehyde condensate increases, so does the temperature of minimum
friction coefficient (°C).



258BN Cal ci unb. 005. 005. 00 phonat e Bor at ed
di spersant 3. 003. 003. 00 Prin§ry ZDDP0. 500. 500. 50 Pheno
al dehyde condensate, 3. 00 MI* 1158 Phenol al dehyde
condensat e, 3. 00 Mv 1839 Phenol al dehyde condensat e, 3. 00
Mv 3692 Base oil 74.574.574.5 Ki nenatic
CLAnugcosity19.2519.7020.02 (r) 100C cSt Base
nunb¢r372.2171.7672.25 D2896, ngKOW) HFRR, tenperature
of minimumfriction362.8363.1375.1 coefficient T The

above I j r
1 ool 81e %8@%98@%8@!9%2%%@%@% Sofndbear
antiweaf Gddrivs in adubneating el & esitibn/ theodil-solablenydroca on

coefficient (C. 14 CLAl ﬂl\/gpl. U_s{e of an oil-sol ubl SYI
phenny aldebyde grndassate havindiiedoloWiaHBHAUMES an  anti wear

addltlve in a Iﬁgricatina o;l co uosituo , the

oi | - sol ubl e hydirocar byl %ol akdehyde condensat e

having the foll ¢wi ng stfruct : \' QH A wherein

nis 0 to 10, Naferably 2 to
6, and npst '

hydr ocar byl groyp havi ng
wherein n is 0 to 10, preferably 1 to 8, more preferably 2 to 6, and most preferably
310 5: 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, preferably 8 to 18, and most preferably 9 to 15 carbon atoms.

2. The use as claimed in claim 1, wherein the lubricating oil composition is for
use in a marine diesel engine.

3. The use as claimed in claims 1 or 2, wherein the hydrocarbyl phenol
aldehyde condensate has a number average molecular weight (Mw) in the range
of 800 to 4500, preferably 1100 to 4200, more preferably 1300 to 4000, most
preferably 1700 to 3800, as measured by MALDI-TOF (Matrix Assisted Laser
Desorption lonization- Time of Flight) Mass Spectrometry.

4. The use as claimed in any one of the preceding claims, wherein the
condensate includes less than 5.0% mass, more preferably less than 3.0% mass,
even more preferably to less than 1.0% by mass, of unreacted hydrocarbyl

phenol.

5. The use as claimed in any one of the preceding claims, wherein the
hydrocarbyl phenol aldehyde condensate is obtainable by the condensation
reaction between at least one aldehyde or ketone or reactive equivalent thereof
and a hydrocarbyl phenol, in the presence of an acid catalyst.



from4 to 30, preferably 8 to 18, and nost preferably 9
to 15 carbon atonms. 2. The yge as clained in claiml,
wherein the lubricating oil conposition is for use in
a marine diesel engine. 3. The use as clained in clains
1 or 2, wherein the hydrocarbyl phenol aldeh
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3800, as neasured by MALDI - TOF (Nhtrix Assisted Laser
Desorption |onization- Tinme of Flight)

7. Spdtierusecas glaimed hanysmexf the greeeding C!ammsow@eé?'"tth%

RS By L5 e RGBT PN e

Réutgore preferably to less than 1.0% by nmass, of
conﬁ%reacted hydrocar byl phenol. 5. The use as claimed in
any one of the precedlng cl ai ms, wherein the

RS cERGRE o A B B ERAT0 e R ot

%cﬁa‘?ﬁ?’l Righy8e GontieAsate\e t ropeaplt phbnolofmaldetiyde
hyda yd gﬂgrbyl phénol, in the prgfﬂace of an acid

condansatest . 15 6. The use as clained in any one of the
precedi ng clainms, wherein the hydrocarbyl group in the
hydr ocar byl phenol al dehyde condensate is branched. 7.

9. mermases@as @Ieﬂh@dnlahy@cme ofhthecfretbeingrataiens, ndrereini the,

bssaing osemposioe ose b ash ook o FW R oy
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use as clained in any one o% preceding cl ai ns,
deaaﬂafahirnatdﬁ@ulﬂfj%uoéét"‘H@U'iﬂ eﬁﬁpo& tion includes at

| east one of the followng additives: a detergent, a
di spersant, an antioxidant, an antiwear additive,
10.POUA ri¥éthot of dpreving the wear mdunimgamop?rheggﬁa Iulylcatung oil

Vi scosity index over a.d
compashiancheiBethas naluding tecstpi of aBe,Ble A aEbIFHRénol
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g8 o oot 45 gty £ i oo
corpgdsitignt he hydrocarbyl phenol al dehyde condensate

defined in any one of clainms 1-7 to the lubricating oi
conposi tion.



