Mari ne Engi ne Lubrication FIELD OF THE | NVENTI ON Thi s

i nvention concerns reducing deposit formation in a centrifuge system
in a trunk piston diesel engi ne. BACKGROUND OF THE | NVENTI ON

Trunk piston diesel engines are used in marine, power generation and
rail traction applications and may have a rated speed of between 300
and 1000 rpm In trunk piston diesel engines, a single |ubricant

conposition is used for crankcas PP diRdE LnlikRtdcat i on. Al maj or
noving parts of the engine, i.e. e@e—nm‘r#“zmg—%'g—wrd beari ngs,
canshaft and val ve gear, are lubricated by a punped circulation
system The cvlinder liners are |ubricated partially by splash

| ubricati onl‘!ﬁBL]?thliﬂtJ—gcEI Nfrom the circul ation system whi ch
finds its way to the cylinder wall through holes in the piston skirt
via the connecting rod and gudgeon pin. Trunk piston diesel

engi nes use a centid ihugdios gehemstreduanpdeposit firemtiomnt scatrchgasystdom a
exanpl e, soot or.water, fromthe |ubricant conposition. The
centrifuge g?@?@%‘ﬁ?%ée%mrhe use of a sealing mediumthat is

heavi er than the lubricant. The sealing nediumis generally water.
When the lubricant conposition passes through the centrifuge system
it comes i nBACKGIY HE INMENTIONe | ubricant therefore needs
to be capable of shedding the water and rermaining stable in the
presence of water. If the lubricant is unable to shed the water, the
wat er buil ds up mMiudkhsistod Bick@@ALinkOiURE MM, o0&, gewdraibn higb@l t o
deposits building up in the centrifuge system and prevents the

centrifuge ${eHAMPPHEHIRS ARG WY brvsperatsd speebolchahveqrsipfand J9P@mm. In

normal Iy op (P - At U f . g ?éﬂg

t han 95C, e%ﬁﬁ gg’gﬁln%ésgg%%% Jﬁ%lgéﬁrﬁ%ﬁta%&ﬁbaﬁgp% %St%g%& I esé:?é%sand
engi ne | ubr icglamter dbnioaisirt | Alhmajravneoving paresl ofitisesengmenbe theomaiBGnd ®ig end
However, the recent devel opnent of trunk piston diesel, engi nes

havi ng ver y%P%Wgéi qanﬁgi‘ﬁ ﬁfg‘?ﬁ'&%g%sar? E@EFF{‘)"@%%VHPPG‘BF (V) QEP&WP% ors
i ncreasing tije c%ﬁ’ﬁcﬁ} liﬁﬁﬁrﬂﬂﬁ?&ied%nfieﬂly Hyp1 K AP cBtiorPHidGRrtially by (?il

Unfortunately, this increase in total Dase nunber affects the ability

of the | ubr fivanthe conpatin systent whichdudaity wap he taeicpbnden wallithdouginholes in
seal ing nedi,um.used .in.the centrifu yst.ens, .resulting in deposits
bui | di ng up P ﬂ’églﬂétnvt‘? &Fﬁaﬁn?b% Eogfan% ZUdgCORNAi m of the present
invention is to provide for the reduction of deposit formation in a
centrifuge systemin a trunk piston diesel engine. ]

US- A- 2008/ 0287323 ryxk gistgp dicsel gagioes wies eenirifiags waiem @irpmpys contamainpie
four-stroke_engin h iLncl 20 ¢ i of a . e
ol vi sobuty Paia s hylrBoHiRTad, Fnfite Mmeaotibefon e ERIAER

| ubri cant oOkysterh Selith oneitk whe\wfi a sEd0ing \rRddiur 320 igTedgeier than Mieslubseunef Thdre

above-nenti oned deposit formation problemin the centrifuge of trunk
pi ston engi feaking qigdiuanys geperpil wakgyeNMipaophe lubricant composition passes through

the centrifuge system, it comes into contact with the water. The lubricant therefore

needs to be capable of shedding the water and remaining stable in the presence of
water. If the lubricant is unable to shed the water, the water builds up in the lubricant
forming an emulsion, which leads to deposits building up in the centrifuge system and
prevents the centrifuge system from working properly. The centrifuge system
normally operates at temperatures of less than 100°C, such as less than 95°C, e.g.

around 90°C.

Traditional trunk piston diesel engine lubricant compositions have a total base

number of 30-40. However, the recent development of trunk piston diesel engines
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It is now found that a polyisobutylene additive in a trunk piston
engine oil lubricant enables the above deposit formation to be

over cone. Thus, the present invention provides the use of a

pol yi sobut yl ene of nunber-average nol ecul ar wei ght in the range of
400 to 8000, such as 1,300 to 2,225, and having a kinematic viscosity
at 100C i n thegingyggelopfoibepnsempiomies resilied mbagmt foynmlaony ingypasingdhe
as an additi i i - Sc Vo of i i

ngi ne. | ubr i anFRE kb o8, fr SeulfBCs0 0 URHARRELEIRE ekl A Btal base
centrifuge inumbet afifists thi abibity off ths dlbriemgicompekidon tdshed @np oG itdmmations with
| ubricating the engin _duriag i.ts operation. . Preferably, the |
trunk pi st odn@seating meaigrised ip thecapirilipgeaysiems, sl tomingenastts;uildmegp in
no bright st ggk ahek , the trunk piston diesel engine |ubricant
conpositionqﬁsﬁgﬁgs%aﬁﬁgg¥ly free of brightstock. Even nore
preferably, the trunk piston diesel engine |ubricant conposition
contai ns no brightstock, . In this specifi.cation, the | | owi ng
Worde. and expr eSSEgn OF freepenHBHEICBAS HETVEE FE THeSbsH oS BPPBbg
bel ow. forn@ftloh Y€ a kB 8HRD{tem ik trufiR piston diéR] &gind 0 additive
material that is not diluent Oor solvent; "conprising"” or any cognate
word specifies the presence of stated features, steps, or integers or

conponents, but I Lhe..pr.esence addi tion of .one or
nore other feat uﬁg‘gi@éﬁ@geﬂﬁj’gg r2?9 3&%%"6@8%?@15’8F“3r08ﬁ a{lﬁgpgg‘?uf'
the expr essisgpke enfpaisthaitificlolies 10t 200RMmSivwdight@F a€Bhdt aht Yol9fsob@¥lene. 329
cognates may be enbraced within "conprises” or cognates, wherein
"consi sts estiasthaltheingreasendrvicosity efengs [ubrcet ods Bstlaweddovwint However,
material |y affeahingothe AR Spkehldifionls dpeCRMARYT LBRckOAL Ch
it applies, "major anount" means B0° eSS 96 or Privr € of " a onposition;
“m nor anourthtrifiggns tiuak pistdeenghids.mass % of a conposition; "TBN'
nmeans total base number as neasured by ASTM D2896. Furthernore in
this specification, if and when used: "calciumcontent” is as

measured by sfMIMARYOF THE INVENTION

It is now found that a polyisobutylene additive in a trunk piston engine oil

lubricant enables the above deposit formation to be overcome.

Thus, the present invention provides the use of a polyisobutylene of number-
average molecular weight in the range of 400 to 8000, such as 1,300 to 2,225, and
having a kinematic viscosity at 100°C in the range of 50 to 50,000, such as 630 to
2,500, mm?/sec, as an additive constituting 1-25 mass % of a trunk piston diesel
engine lubricant composition to reduce deposit formation in a centrifuge in a trunk
piston diesel engine when the composition is lubricating the engine during its

operation.

Preferably, the trunk piston diesel engine lubricant composition contains little
or no brightstock. Preferably, the trunk piston diesel engine lubricant composition is
substantially free of brightstock. Even more preferably, the trunk piston diesel engine

lubricant composition contains no brightstock.



"phosphorus content” is as neasured by ASTM D5185; "sul phated ash
content” is as neasured by ASTM D874; "sul phur content” is as
nmeasured by ASTM D2622; "KV100" neans ki nematic viscosity at 100C as
measured by ASTM D445. Also, it will be understood that

vari ous conponents used, essential as well as optinmal and custonary,
may react under conditions of fornulation, storage or use and that
the invention also provides the product obtai nable or obtained as a
result of any such reaction. Further, it is understood that any
upper and | ower QquahikispyoifiéARECthtBIl6wWink GvdriibhS eg@bssddk] I dnevien By,
be i ndependently conbi hed. DETAI LED DESCRI PTI ON THE | NVENTI ON

The f eat ur ediaye thepeanings §sqrgd REloW: now be di scussed in nore detail

bel ow. O L OF LUBRI CATI NG VI SCOsI TY The | ubricant of
conposition contains a nmajor proportion of an oil of lubricating
viscosity. Such [|“althieCagiedignsl los “(iEY)” refbigaoiatddivive domériay tat Gmdtidiient or
distillate mnperal oils to heavy lubricating oils. Cenerally, the

vi scosity ofS°f'§BLoil ranges from2 to 40, such as 3 to 15, mm2/sec,
as neasured at 100C, and a viscosity index of 80 to 100, such as 90
to 95. The lubricating oil may conprise greater than 60, typically
greater than 70. “nersprifingf ot ey cogmpsivbidospecifies the phmemiel ofnsyted Mediurde
trightstock’ which refers to base oils whjch . are solvent-extracted,

de- asphal ted pr odti®fs ARABSFS A UTRTRADERISu ARG dAES 4P Pres _ nije gpresence or
ki nematic vi scosizh¥itigh oFQAE oPindré SMer eahRes3CtdFiAfitekers! orhSoneiQ W \bups

preferred that little or no brightstock is included, Tor exanpl e 1 ess
than 5, 4, 3, 2 dhergofhethe cxpredsinne Teansisihel” massonfists bsentomyad? o orgnates
ubst anti.al I,y abs

Bri ghtstock may be caonpletely.or . ent.. . Nag, ur al
ol |5 ncl ude ani A g STRered gl eOBprifes; Lof, otiep.ophgren | pses
oil); liquid petregeptiamyols ?@ﬂﬂtshﬁ‘lﬁlﬁ.l@ibﬁfdmﬁﬂstaﬁéﬂsvmtmﬁtéﬁﬂgedff@Jting the
acid-treated mneral oils of the paraffinic, naphthenic and m xed
par af f i ni c- napht I§B#Refetisfise of thejcompesitipy iy Whighiitipplits cosi ty deri ved
fromcoal or shale also serve as useful base oils.

“major amount” means 50 mass % or more of a composition;

“minor amount” means less than 50 mass % of a composition;

“TBN” means total base number as measured by ASTM D2896.

Furthermore in this specification, if and when used:

“calcium content” is as measured by ASTM 4951;

“phosphorus content” is as measured by ASTM D5185;

“sulphated ash content” 1s as measured by ASTM D874;

“sulphur content” is as measured by ASTM D2622;

“KV100” means kinematic viscosity at 100°C as measured by ASTM D445.
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Synthetic lubricating oils include hydrocarbon oils and

hal o- substituted hydrocarbon oils such as pol ynerized and

i nterpolynerized olefins (e g, polybutylenes, polypropyl enes,
propyl ene-i sobutyl ene copol ymers, chlorinated pol ybutyl enes,

pol y(1- hexenes), poly(1-octenes), poly(1l-decenes)); alkybenzenes
(e.g., dodecyl benzenes, tetradecyl benzenes, dinonylbenzenes,

di ( 2- et hyl hexyl) ,
al kyl at ed poIyphgﬁgfq?gﬁag%eg%%&p&Qﬁ%§V&$1%5? ﬁ%%?é&g S%P%@%§¥%§as
di phenyl SulopﬁhﬁEﬁn(ﬂﬂdtdﬁ&fry,\miy react 1@dat @gditina of fdronititiog uesragd er esefand
Al kyl ene oxi de | ymers and interpolyners and derivatives thereof
where the t dhait anﬁVH?Ib%W ppvisiep shenprpdudgs cbfrinabls o4 eRfaipgd as a result of any
esterlflcatlﬁ ? Bﬁ‘lflcatlon etc., constitute another class of
known synt hetic ricating oils. These are exenplified by

pol yoxyal kyl ene pol yners prepared by pol ynerization of ethylene oxi de
or propyl ene oxide,. and the al kyl and aryl eth rs of al kyl ene
pol yners (e.g. %Eﬁh?’lv Hollswnélﬁrsﬂ%gp@fﬁeﬁé’ RFE &I e?‘ﬂ%rr q‘%&v‘{ X‘?ag dndrafio
mol ecul ar “@ihﬁﬂtsepfoﬂii%%lﬁﬁlag'bg End%hﬁ EorflbinB@! Y- et hyl ene gl ycol
havi ng a nol ecul ar wei ght of 100 o} 150 and nono- and

pol ycarboxylic esters thereof; for exanple the acetic acid esters,

m xed C3-C8 ! o ester of

tetraet hyl ere :,\ﬁ:u ﬂhféﬁﬁﬁﬁwﬁffﬁyﬁﬂﬂpﬂs of synthetic
lubricating oils conprises the esters of dicarboxylic acids (e.g.,

pht halic acid, succinic acid, alkyl succinic acids and al kenyl

succi ni ¢ acids, rRiedeaiuragpiihe ivention wiknew be disevssed Wonere detaheley.
acid, fumaric acid, adipic acid, linoleic acid diner, malonic acid,

al kyl mal oni c acids, al kenyl mal oni ¢ acids) with a variety of al cohol s
(e.g., butyloid oshalBRIEXTING v 0OSITYdecyl al cohol, 2-ethyl hexyl

al cohol, ethylene glycol, diethylene glycol nonoether, propylene

gl ycol ). Specific exanples of such esters includes dibutyl adipate,

di (2- et hyl hexyl) te,

di i sooct vyl azelagggb@?ﬁggﬁecyfgh@8$§é%fM g%tgln%ﬁ?ﬁ&¥(Hﬁ&ygﬁgéﬁ(PlOf
pht hal at e, dil‘tmcamsg/hsemshac abeh luﬂaheatﬁlgenlsyﬂldyexyge i vesoeity bml light Hisiillate

acid diner, and the c x. ester forned reacting o | e of
Sebact o aci AUl TS TRBIGLDBR PO ey 03t Ve e AR ofes rogh 2
2- et hyl hexapoie, A6k 9s 3 to 15 mmz/sges'faﬁ'irﬁzaé{fr&f b IO@QCSMﬂtﬁ@%é&ltS"lﬂcﬁaxQJf%g to
i ncl ude those made fromC5 to 2 monocar boxylic’ acids and’ po

and pol yol &80 mhﬁa@lﬂ tasﬁﬁweﬁhembﬁca@ig/exblmayt ¢qmmsqygrmtgrthpraﬁ@ typlcally
pentaerythrltoL ¢ taerygﬂrh trlpentaerythrltol

Si | i con- basé&f? e;rl n c a5y 7 Gié ep%qr(}%qs pol yaryl -, pol yal koxy- or
polyaryloxyS|I|cone oils and silicate 0|Is conpri se anot her useful
class of synthetic lubricants; such oils include tetraethyl silicate,
tetrai sopropyl siTheedmeay ipgude! t(flzghtsélolﬁyWh@JNPﬁéﬁ tpibagg qils which are solvent-
tetra-(4-nme

silicate, htggtéic %I Q#]{ﬁ %Z(&l@?)ﬁh tﬁexyedat © ggsg(ﬁ%‘ﬁﬁéénepﬁwavm&%hémam

pol y(net hyl )zﬁbd)myameowmhye mes@mnﬁ’sénwlé &b%x&ﬂpﬁ:ferﬁlhhﬂt little or no
synthetic lubricating oils include Iiquid ester

phosphor us- SHERIEIRK Hgneluderds fqréxamplqlﬁsséhebw Bh%@’iohg’taés 7o P1sge o the
phosphat e, diel Byhe 85thf8si®n. %ﬁ%{&abgg@ﬁgee €o 'e@ey @fgglbagigy 1B dvSent.

t et r ahydr of urans. Unrefin ed an olI'l's can be
used in lubricants of the present |nvent|on Unreflned oils are those

obtained directly. fra tural. het| e W thou
purification tr eﬁa ﬂtc’ﬂal’%“ﬁ %@iﬁ‘ﬁfﬂ{e‘” S ﬁ’%eéﬁﬂ? P& FREQT 8%117 la ?15
fromretort ﬁlagldﬁ)gﬁﬁﬁhhl%ﬁﬂne B8R &Y Aotv AREBABEIr Aid-8ehtbd ndiA @ oils of
distillation ester oil obfained directly fromesterification and

used wit houtherpauraf’ﬁmc, tapagtenrndaniged pareffime damithenic HEesY 1 GBEBU TylbrigEng

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




MWRi st e. Pol yi sobutyl ene al so enbraces m xtures of several

pol yi sobut yl enes, synthesi sed separately and possi bly having
nol ecul ar wei ghts outside the ranges of val ues indicated above,
provi ded that the m xture of the various polyisobutylenes has a
nmol ecul ar wei ght Iying within said ranges, Polyisobut%%ene i's

comercial ly avaiSY&Ehe ¢ lybrjcalpss) ﬂii?\?E@u@?lEYCB?CW@iEfanfl lorgibpiiiifedg nay
al s be | ndiEatRiR ohibe SRR R aRPh LIRS ized olefing (e et o7 gent

is an additi reduces fornati on or ex | e,
hi gh- t enper aiybatytares; giymoplyl biss purepyleepzebitglene copoigherechlorinateds

aci d-neutralisin roperties and is pabl e of epi ng finely divided
solids in s_lPé’F?’é’Hgil‘%ﬁ?=_ Ryl el Pswfﬁ-e‘et_aves'),wbﬁ*dfwwﬁs; Hevtrpraes (o2
sal ts of acwéusc}%ea%éﬂdeg, ERIRRYIBESenSO BRbh B En eﬁés?af(.@%%e%@b?ngﬁ%es);

surfactants. etergent conprises a polar hea
hydr ophobi ¢ pobiphenylateye, EHpbunylss tapfheayispalbylated pelyphendlsicanddakiyl bigd

reacting an gxcess of a I mound uch as .an oxide or
ydr oxt de. TR FUEs A ated GUTPHE SEIATHSH 08 BTN pmgiopues
over based debgictshbs e conmprises neutralised detergent as the

outer layer of a netal base (e.g. carbonate) mcelle. The
detergent is preferably an alkali netal or alkaline earth netal

additive such as e i|l-sql.ubl e;o il -dispersi al ¢
magnest am sodi urh B CKAPRES Sy RE RS Bierdind SRaBT SRy Rafné R
phenol , sul piiihd hadioslyl ganhobavk becra@bdifics Bl iestytificatida] ethétfitation, etc.,
napht heni ¢ acid, wherein _ the overbasing is provided by an )

oi | - i nsol ublcansiifpte apgthendassof knowpsyptheligdplyirating o sThese arersspmplified by
acetate, for i r LEH il ]

or T a0t ubl o PPRyAlIEACEY e AL po YL bR of DI} 588, B pioBSlenc
surfactant salde, amalthbelkyhandsapiectivrs df pdlesgmtkylanepotsinedrs (6 g.f hethyet al

of the oil-ipsoluble salt. Preferably the petal, er the netal
of the oil - S81iSrFoBYleRs glypofEtey ft\gngépm?equg? é‘éﬂlﬂit\éﬁé or &HWQF%Q
of the detey . i : dGH 590y 3R4 - n®-
50-150 g KO S‘ty %Wﬁ%@?‘%ﬁ“%&é‘?&?%&@%%%fy AR S )e,gﬁ'&#ggbb%m#
ASTM D2896. pPlyeéitbpaylioestanethERNifer ¢exadipleantlor ackiighgid esters, mined G:HanfaBP
TBN. More p

| east 100, hﬁﬁééﬁﬁg%fg§35§35%5h§g§%oﬁ%@?égﬁ@ﬁ%%ﬁ%ﬁ-EBSTeQﬁELyagtup to
350 ng KOH/ g, as determ ned by ASTM D2896.

Another suitable class of synthetic lubricating oils comprises the esters of
dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids and alkenyl
succinic acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid,
adipic acid, linoleic acid dimer, malonic acid, alkylmalonic acids, alkenyl malonic
acids) with a variety of alcohols (e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,
2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol).
Specific examples of such esters includes 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.



Surfactants for the surfactant system of the overbased detergent
preferably contain at |east one hydrocarbyl group, for exanple, as a
substituent on an aromatic ring. The term "hydrocarbyl" as used
herein neans that the group concerned is prinarily conposed of
hydrogen and carbon atons and jis bonded to the remai nder of the

mol ecul e via a cdisnuwfides pyathetiseilsmbio iedludeibese madgfresdnde Cof ot her
atoms or grQy %r‘Bo a%ﬂﬁrahhﬁﬁl oﬁsa%f ' o?@%t r%gu&eésrrf%%enftﬁ%n}éo'i‘,e
ydroc group.

substantial l'y on c teris

Advant ageou Shm,etHy}cﬂlpmpmebyd:nt@rﬁhnﬂﬂ Jjdip aﬂr{efrﬁhtl’a)m tusd fripentaargthiritol.
accordance with the invention are aliphatic groups, preferably alkyl
or al kyl ene groups, especially alkyl groups, which may be |inear or

branched. The tOtS?ﬁcdﬂ%EQ%olﬁfsuEﬁﬁPﬁl@pgieﬁ@é [ ﬁoﬁ' ls"g#‘f}g?ﬁ”%t"% shoul d

be at least sufficient to inpart t
Phenol s, f ompolimeyloxysprcepaoilngndt shlecattedibraerprise amthderelseﬁuhelaul qitsymthetec

. pref | d, Furth h |
e el i nl dUicaRReRGN oS Gt rirg b FUCE e B R DTE: GRS (f or
exanpl e, al ky 1&@9@%@4@ )tet@af—(4f KSR Qfeﬂ'@ﬁdx‘j}' f)§1h@ﬁ§ tétfré)[p Ry 1Spheal Y|

napht hol s) and phénol s whi ch have been chem cal Tteacti on,
for exanple sﬂa:mcyh@crae(4bn¢thﬂehetbh@nn}'&dlamamnvnly@meﬂbabalqmmded

P enol ana " Bs PR s R e G Mg o Blifer SRR R Mk Bfe R BEC 1AMt g,

be derived fphesphbAs-dogfaiiih@aci@He. gf\hﬁr:@sﬂph@ﬁp}ﬁﬁeeﬁio%t;aphu@m@ambm&l
group and y represents 1 to 4. \Were %;eater than 1, the

hydr ocar byi egfebefpiecipjosponisacisy aed mlmm rghydrofurans. The phenol s
are frequently used in sul phurized form Sul phurized hydrocar byl
phenols may typically be represented by the fornula: OH

Unrefined, refined and re-refined oils can be used in lubricants of the present

invention. Unrefined oils are those obtained directly from a natural or synthetic
source without further purification treatment. For example, a shale oil obtained
directly from retorting operations; petroleum oil obtained directly from distillation; or
ester oil obtained directly from esterification and used without further treatment are

unrefined oils.
POLYISOBUTYLENE

The polyisobutylene additive may be present in the following proportions: 1

to 20, or 1 to 15, such as 1-10, such as 1-6, such as 1-5, such as 1-4 mass percent.

As mentioned above, the polyisobutylene has a number-average weight in the
range of 400 to 8,000, such as 1,300 to 2,225. Among other ranges that may be used,
the following may be mentioned: 900 — 3,000, 1,000 — 8,000, 1,500 — 6,000 and
2,000 — 5,000, and also a lower limit of 500.

Also, the polyisobutylene has a kinematic viscosity at 100°C in the range of 50
to 50,000, such as 630 to 2,500, mm?/sec. Among other ranges that may be used, the
following may be mentioned: 2,000 — 6,000, 2,000 — 5,000, and 3,000 — 4,500,
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OH Ry

SX

mm?/stc. Polyisobutylene also embraces mixtures of several polyisobutylenes,
synthesised separately and possibly having molecular weights outside the ranges of
values indicated above, provided that the mixture of the various polyisobutylenes has

a molecular weight lying within said ranges.

Polyisobutylene is commercially available.

CO-ADDITIVES

One or more of the following may also be indicated in the composition.

Detergents

A detergent is an additive that reduces formation of deposits, for example,
high-temperature varnish and lacquer deposits, in engines; it has acid-neutralising
properties and is capable of keeping finely divided solids in suspension. It is based on
metal “soaps”, that is metal salts of acidic organic compounds, sometimes referred to

as surfactants,

A detergent comprises a polar head with a long hydrophobic tail. Large
amounts of a metal base are included by reacting an excess of a metal compound,
such as an oxide or hydroxide, with an acidic gas such as carbon dioxide to give an
overbased detergent which comprises neutralised detergent as the outer layer of a

metal base (e.g. carbonate) micelle.

The detergent is preferably an alkali metal or alkaline earth metal additive
such as an overbased oil-soluble or oil-dispersible calcium, magnesium, sodium or
barium salt of a surfactant selected from phenol, sulphonic acid, carboxylic acid,
salicylic acid and naphthenic acid, wherein the overbasing is provided by an oil-
insoluble salt of the metal, e.g. carbonate, basic carbonate, acetate, formate, hydroxide
or oxalate, which is stabilised by the oil-soluble salt of the surfactant. The metal of

the oil-soluble surfactant salt may be the same or different from that of the metal of



where x is generally from1l to 4. In sone cases, nore than two pheno
nol ecul es may be |linked by S, bridges. In the above fornul ae,
hydr ocar byl groups represented by R are advantageously al kyl groups,
whi ch advant ageously contain 5 to 100, preferably 5 to 40, especially
9 to 12, carbon atonms, the average nunber of carbon atons in all of

the R groupshdeilisobible salis Prefejahlyghe metal ovlatiacntlee maehobthe ogeplibld griojl-

inoil. Prefer alkyl garoups are nonyl (tripropylene) groups.
In the foIIé%%%%ﬁ%§%%ﬁ%%@%ﬁP'hydrocarbyl-substituted phenols will for
conveni ence be referred to as al kyl phenols. A sul phuri zi ng

agent for use in pre aringﬁa sul phuri zed phenol or phenate _may be any
conpound or el emgﬁ‘te ehihedetcsernt gay be Hw,-i.eplesgihian §0 oK PE panediwn,

th | kyl j ' 3
Lne 2l Phensl) SRATEOAL Bk, HOSLE Btk R PRSIl iR AL P
or a hal i de D2386eBteferhibly th B i@ med8uh phhigh diec Mooe thde 50 TBNmOMere

f bly, hloride, If el t al I i d, th
Lo o5 rEHeBBHE ST Sl ety i P et bt
conmpound at 1§%ﬁmo§9u&9p &P, BEAIRNAI ¥ 5@ el 1668, 10fetcfmind Dy ULTNP!

el enental su ur wll typically yie xture o ridgi ng groups
-(S)x- as déxi8Pbbed above. If a sul phur halide is used, the

sul phuri zation reaction may be effected by treating the al kyl phenol
at from-10 to 120, preferably at | east 60, C. The reaction nay be

conducted in the spiRSeMNs fordhe Jurfdetdn@Bseontlbf e B erbd A ddick &0 breferably
advant ageousl y conprises a substantially inert organic diluent, for

exanpl e m neprikinGit leagkongrhydrdearby] gtonp ey examme, as eisabstidaant poAN prpmatic
conduct ed f ?{nga TRE rfén%d" ](cirotclar l"salﬂfuf écfllle?éﬁl ‘%9? Eﬂca? &%@%ﬁu%f%%@éﬁ&%’ iéas of

reaction. | s generalty preferre o enp rrom

the al kyl phenratily@inesdsad oPRydregeal andlceibon @fonsddndlisiboided o @@a8Bihainder of
Where el emental sul phur is used as the sul phurizing agent, it may be
desirabl e t &aigalegulpyig Leabamatgmibut fogs nok greinde the Besserive Y athek rtges 6F

an or gani ¢ e PLRLEHAN ¥ Ak 6K prAl 084 ey nURLEDOL] Ne) -
gﬁq‘%ﬁurl Ea R,lal a Itl gt Pﬁtglh S(: %Ogael{)s | )

Details of I on processes are wel own to t ed
in the art. characteriftegaf theessupfAdatageousty, hydrosdrbglhgrotyssyinandactants for

prepared, sul phurized al kyl phenol.s usef.u] |n preparing overbas
detergents §& &%F?@%}ﬁﬂ?’h OB Merion e R R e Ry aﬁ(ﬁ@ﬂr&ﬁgﬂ%
general |'y C%Fﬁu%b,rbs{)éc?dn 1k gt hiPSAicRimd) RI1RAUNbrAchd. 1FhdReS nlfnband
nost preferably 6 to 12 nass% sul phur based on the mass of the

sul phuri zedoatdhén ghensoh the surfactamts shavdd bastddast baffieient toamipent the'dehiserb|
as used herein L@ﬁhudes phenol s that have been nodified by chem cal

reaction mﬁPHﬁo éxanple, an al dehyde, and Manni ch base- condensed
phenol s.

Phenols, for use in preparing the detergents may be non-sulphurized or,
preferably, sulphurized. Further, the term "phenol” as used herein includes phenols
containing more than one hydroxyl group (for example, alkyl catechols) or fused
aromatic rings (for example, alkyl naphthols) and phenols which have been modified
by chemical reaction, for example, alkylene-bridged phenols and Mannich base-
condensed phenols; and saligenin-type phenols (produced by the reaction of a phenol

and an aldehyde under basic conditions).

Preferred phenols may be derived from the formula



Al dehydes with which phenols may be nodified include, for exanple,

f or mal dehyde, propi onal dehyde and butyral dehyde. The preferred

al dehyde i s fornal dehyde. Al dehyde-nodified phenols suitable for use
are described in, for exanple, US-A-5 259 967. Manni ch

base- condensed phenols are prepared by the reaction of a phenol, an
al dehyde and an ani ne. Exanpl es of suit@Hbl e Manni ch base-condensed
phenols are described in GB-A-2 121 432 In general, the
phenol s may include substituents othe han t hose nentioned above
provi ded that such substituents do n ract significantly fromthe
surfactant properties of the phenol s.~EXanpl es of such substituents
are net hoxy groups and hal ogen at ons. Salicylic acids used in
accordance with the invention may be non-sﬁ$phurized or sul phuri zed,
and may be chemically nodified and/or contain additional
substituents, for exanple, as discussed above for phenols. Processes
simlar to tiieseR dggeschidachyalbmachyigyoupland yirepraseaick T ord. SWhpfeuy is Zrdagera
hydr ocar byl - substituted salicylic acid, and are well known to those
skilled in tha hthe hydspcagtpil geouns mey barthe sap5 ARt epar ed by t he
car boxyl ation, by the Kol be-Schmtt process, of phenoxides, and in
that case, wll generally be obtained (normally in a diluent) in

adm xture with uftampbenols atdqpareholsed in sulphuFired forme Gudplivsized uent s i n
oil -soluble salicyljg acjds fromwhj ch overbase etergents in

Sccor dance WWARCHHE RipShonaEyChS HarFoue &Y DedRETddne: | t uent s
represented by Rin the above di scussion of phenols. In

al kyl -substituted salicylic acids, the al kyl groups advantageously
contain 5 to 100, preferably @Hto 30, especially 14 t&t0, carbon

at ons. Sul phoni ¢ acids jused in accordance with fhe invention
are typically obtained by s onation of hydrocarb bstituted,
especi ally al kyl -substitut h, afomati ¢ hydrocar bons exanpl e,

t hose obtained fromthe fr ixdnati on of petrol eum stillation
and/ or extraction, or by the al ggation of aromatic hydrugar bons.
Exanpl es i ncl ude those obtained by al kyl ati ng benzene, tol%{ene,

xyl ene, napht hal ene, bi phenyl or their hal ogen derivatives, for
exanpl e, chl orobenzene, chlorotol uene or chl oronapht hal ene.

Al kyl ati on efhesrommenealy toochtddnb svee dagescaprd theh twd plienol fnelecules
presence of a cata ifh al kylating agents having from3 to nore
t han 100 capﬁgﬁeipgﬁigy§gﬁﬂd%§; for exanple, haloparaffins, olefins
that may be obtai ned by dehydr ogenati on of paraffins, and

pol yol efins, for exanEIe, pol ymers of ethyl ene, propyl ene, and/or
but ene. The al kylmthglabgyg bﬁ'ﬂ@nf/ , Ipslrerarhyd gedupy repoeseried by Roare 7 t o 100

or nore carbon atons, T referably cqontain from t0.80, .or, .12 to
20, Toar bon 0BT MRS Bl B LRy s ety RgeRsraaig S o

t he source #podap¥didiBo tEY cadbn i, RGverage numbGeT cA®Yh hdnisZin A of the

t hese al kyl aryl sul phon ¢ acids to provide sul phonates, hydrocarbon

sol vents an&/ &pupsiheinenat lest & imerdenliosaswe afdemupigdatnbiliy imeil r Beederregrplkyl
m xture, as I.scosity control agents.
Anot her typ&m%¥L%ﬁﬁ%ﬁ&ﬁ@§&§@ﬁ8353%¥hﬁhy be used in accordance with

the invention conprises al kyl phenol sul phonic acids. Such sul phonic

aci ds can be sulﬁgurized“ Whet her sul phurj zed, or non-sul phuri zed
these sul phoni c #tthgdolaveng Siscassian, bylmeareylsybstipicd Rheno ek fores

conpar abl e E&Jeggﬁgﬁggreﬁge&ggggg?&% Dﬁsgat her than surfactant

properties conparable to t eno

A sulphurizing agent for use in preparing a sulphurized phenol or phenate may
be any compound or element which introduces -(S),- bridging groups between the
alkyl phenol monomer groups, wherein X is generally from 1 to about 4. Thus, the

reaction may be conducted with elemental sulphur or a halide thereof, for example,

9



Sul phoni c acids suitable for use in accordance with the invention

al so include al kyl sul phonic acids, such as al kenyl sul phonic acids.
In such conpounds the al kyl group suitably contains 9 to 100,

advant ageously 12 to 80, especially 16 to 60, carbon atons.
Carboxylic acids that may be used in accordance with the invention

i ncl ude noneulphngdighloride e yrare preiiralely, suiphue moadchiondse dff Blgighiat swphutds

are those contai,ning.l to.30 speci al |l v.-8, t 4,..carbog t ons

(her o thi s SiE fbbrighions SRR L et dy Mro iR I AR 1 &
carboxyl i ¢ agimpoutichg fEsak BO o 2800 Bteddrably at RAsCIAOPTXY ThEu@roTeRfehtdl S/ ar e
i ncluded in that nunber.é Exanpl es of nonocarboxylic acids are

i sooct anoi ¢ salphur Wil waicplly sieldp miytareof Hedaing graups + (Sox-asidgs@ivgd isboien 1€

id Iso-ogt [ j N i : [ t
i xtur e of cafibay £ Aflets IR o S rPRUUE Ry bR chilRed B Meflng e
name " Cekanaily! phédohet frati-ialkd &2 prefsrablyat (dasts®, AC 1 The esatiiar ymay be

substitution at the a-carbon atom.and di carboxylic acids wth nore
than 2 car b&ﬂn%w&%ismé eepnregf ¢ Hitapledigcgt iThedilyenadvanizgenesly

di car boxyl i GoRGHES MubBafiRiilg ih&eBredmic diifEnt SR BRIple Hindrdl of PG anCAkARN
atons are algoﬁs%%fg%le? Un?étura@ggccargbky?icl c?ggncan gean '
sul phuri zedIn Aty énonghhesmbetopl is cormbticttd faompaiod of tinar duditgientdo effeatup,

for the purposes of the present invention they are cansidered to_be a
Separ ate. or S BHALIARINE A Eenerhiy AL T EERLPUEIEd o actes of th
carboxylic apiyllphdof ﬁﬁieﬁ'ﬂgﬁer cblenPofisipHaRzihBGYegONt @i N a hydroxyl
group, are théy considered to be phenol "'surfactants.) Exanpl es
of other surfactants which nay be used in accordance with the

i nvention includ he fallow conmpoynd and derivatives thereof .
naphthentc. aci ds. VAgS elefiepfl gy EPBRAR e SiuRhEARMnT ol B R
al kyl groupso ush bdsid datudgsp fonéanate, dediuth Bldodiddbraphesahe Rntheapriefisably
and di al kyl di_.t hi ophosphori c acids, high nol ecul ar wei ght (preferably
et hoxyl at edp hgfeeesyslicamiget(pgo &xrpting)- aci ds, t hi ophosphi nes, and

di spersants. Surfactants of these types are well known to those
skilled in the art. Surfactants of the hydrocarbyl -substituted

car boxyl al kyl eneletailks ed sydpunrtdatidby pmcesses ate lwetirkooamby khoss slatlsd of the art.
al kyl ene di carboxylic acids, the al kyl ene group being substituted
with a hydroxy group and an additional carboxylic acid group, or

al kyl ene- | i nked RQLYGIIBE he nfiBh&H vifen hBPaliRMmIL <APhEIaS1Mber eof
conprise at | east One hydrocarbyl -substituted phenol and at |east one
car boxy phepbénolsmesgfd s prepaimgiveaibised deergaste gemeralhyecommesediluent and

i nvention; such sur tants are described i.n - A; 708 1.

Fur ther _oxanpieagebfikGEERYS AP EaSERE orfite By WO Sssheitefeahing & 14
optional |y siskPfilbhd@QstirkRidbRes @A Madet, allphMEsReA6PHe RS BARS t hat
have been nodified by carboxylic acids such as stearic acid, for
exanpl es assdébaﬁmdéﬁﬂﬂnhﬁpLA- 271 262 (LZ-Adi bis); and phenol ates as
described in EP-A- 750 659 (Chevron). Al 'so suitable for use in
the present invention are overbased netal conpounds, preferably

over based cal ci umsdediedtgbitiove, thh&rmCPREailNatlsell Bagin fhviRdsdiiieack alnt
groups, such as phenol ., sul phonic acid, carboxylic acid, salicylic

aci d and napwterkesn aodificd byt shemicahyeasonwithi 196 g<amp e Aldsbyde. andf a
hybrid mate E%EK£Qm§@.&ﬂh£%ﬁﬁﬂﬁmﬂgre di fferent surfactant groups are
u

i ncor porate ring the overbasing process. Exanpl es of hybrid
materials are an overbased cal ciumsalt of surfactants phenol and

car boxyl | o aci d: MRS IET DAL BABaET e T L e A oS SR

car boxylic acid; :

sul phoni ¢ agl j j § O q@%Tg r ] lt of

surfactantsﬁ% gﬁ% M%%hhgﬁ#?gtﬁﬁ%gggi ) fadgﬂ%'qﬁﬁ%gﬁg@%ﬁgggh?glihere

at | east twiorombichpdee dAldetale-modifiedipbnobrsaitprle $@ntse awniesgilietiakh)| for
example, US-A-5 259 967.
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By an "overbased calciumsalt of surfactants” is neant an overbased

detergent in which the netal cations of the oil-insoluble netal salt
are essentially calciumcations. Small anmobunts of other cations may
be present in the oil-insoluble netal salt, but typically at |east

80, nore typically at |east 90, for exanple at |east 95, nole % of
the cations in tAdamwii¢h basgepudenscdidicarls ge nrepaedby dieapaghon ghs phenol, an

Cations oth CJ LV r . I r t he use
o the manurssroRCe g TRkl S e M B Bpa b TG 75
whi ch the calei®ibedl n @BARIZAI21043er t han cal ci um Preferably, the netal
salt of the surfactant is also cal cium Preferably, the TBN of
the hybrid detergent is at |east 300 ng KOH g, such as at |east 330
ng KOH g, nore pn I

"Rast 400 M. KoLy EESER, MeBhenoRhy dethditufiindes TRER Bl £ S AR ICE]
ng KOH g, subbvegsovided thab@hrgbdti@dngs doasot detrant signefttainyy ASTINhORAGBGtant

Preferably, the anmount qf overbased ta etergent in_the |ubricant
is at |east P@QI@#IG&PE%F@*&W% Frirles gﬁﬁ@LégbsFlﬂt?ﬁ“?SS‘f‘E Bedi9xy grugs an
preferably fhﬁﬁgb&&ohﬁ. 50, mass % based on the total amount of the
| ubri cant conpoOsition. The overbased netal detergents may or
may not be borated, and typically the boron contributing conpound,

e.g the netal borate,.is.consjdered.to fa art of the overbasjng.

The detergent nag aiic RIS BITH NG RORE S AU dSERPoREY B HoRHBPaTEd
detergent. orsulphurie®, AHMeh efiBéaAlly HeiREDRM/S RheLLIRIMIhahAbBtiRents,
sul phated ash content (as determ ned by ASTM D874) of at |east 0.85%

nor e pr ef er & exampld, andiscupsqgabgariel fasphanald r Bropessesetimbirtodhose dgsaribed 29
The det i.nci | d. .
e oomes S P pAEHES BE0KS AR 45 ARGk PPl BOEhE i e

conponent and, e a con

phenol cont ard wll BS@M tol thodehRilled G khepirs tAlicdiestds @Ogiphally phyphgdnty the
conposition. Al of the phenol present in the trunk piston diesel
engi ne | ubr FeRARYIalN BY the lsplbadghmphiropessrefinhenerddesy sudhin thyt case, will

det ts. The. j ' bt
etergents gt[anerally be m%}?lé&'p@?nﬂbl?} i (ﬁﬂl@\i}\ggn Rdmi Bfrgf\ﬁﬁl%lcyrb&l{)ﬁgted

i ncl udes at I east” one sant’, anti - r additive or anti-oxl dant.
Di spersant sphenol. The trunk piston diesel engine |ubricant
conposition may include at | east one dispersant. A dispersant is an
additive for a lubricating conposition whose primary function is to

i mprove engi ne ChegRkdd®SStituents in oiﬁsd]%l%‘éﬁl'iéym:' a8 &§8mAlhidh SP&HSRAT S

are "ashless", neaning a non-netallic organic material that forns

subst ant i al dgtergsntssh aenordepontywithitiminventiononay besdertved pestthe substituents
represented by R in the above discussion of phenols. In alkyl-substituted salicylic
acids, the alkyl groups advantageously contain 5 to 100, preferably 9 to 30, especially

14 to 20, carbon atoms.

Sulphonic acids used in accordance with the invention are typically obtained
by sulphonation of hydrocarbyl-substituted, especially alkyl-substituted, aromatic
hydrocarbons, for example, those obtained from the fractionation of petroleum by
distillation and/or extraction, or by the alkylation of aromatic hydrocarbons.
Examples include those obtained by alkylating benzene, toluene, xylene, naphthalene,
biphenyl or their halogen derivatives, for example, chlorobenzene, chlorotoluene or
chloronaphthalene. Alkylation of aromatic hydrocarbons may be carried out in the
presence of a catalyst with alkylating agents having from 3 to more than 100 carbon

atoms, such as, for example, haloparaffins, olefins that may be obtained by
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cont ai ni ng, hence ash-formng, materials Ashl ess di spersants conprise
a long chain hydrocarbon with a polar head, the polarity being
derived frominclusion of, e.g. an 0, P or N atom The hydrocarbon is
an ol eophilic group that confers oil-solubility, having for exanple
40 to 500 carbon atons. Thus, ashl ess di spersants nmay conpri se an

oi | - sol ubl e dshydragenatomgtipaeidinbondpabtiokdimes, fenoxamplepetimern af ethylenss

that are capabl e of assqciati i, L articles to be di spersed.

Earp! es of TG i &gt diend e A elRulmnpnt els? vt SBRT G A e g
succi ni ¢ anhyehidréeirbamstoRt! YRiByIRefoRBE G S aiA BBmPIEEWOL 6r IM@t40MBstbhie
borated or unborat ed. ~If present, the dispersant is preferably
present in &fPraneaigtkyl-sehstititel argmatieneiety,depending emthesaurce fram whishnt
of the lubri ition. Anti-wear Additive The trunk

pi ston dieséﬁggﬁﬁﬁﬁgﬂgabricant conposition may include at | east one
anti-wear additive. The anti-wear additive may be netallic or

non-netallic, preferably the fon-ner. Di hydr ocar byl

di t hi ophosphat e neheq n ]tl%m&ﬂ'@see%u&)ﬁlﬁﬂéé“l@l“oqlﬁémg?ﬁoi PrRde supbenafsies .
The netal i fyhhe,dbhydyosne ichi ARNASPRES S ARG irPle Adkabd miley
al kal i ne ear?g netaF, or a%ﬁ%#ﬁﬂunl(ﬁeggépt?%,enDF§ dénuﬁ1zhangghes§?
ni ckel or cappeil.asfromotelangd vescesityroeheolrazdntspr ef erably 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 conposition. They nay be prepared in
accordance w th @Hﬁ%rl%&ﬂ%ﬁl@ﬁ&i@ﬂdﬁ&lﬁaﬂﬂa& He@is8d HhcBordbisadraraeby!
di t hi ophosphoric acid (‘DDPA), usually by réaction of one or nore

al cohol s or irvephiemotmpiisch alkybpheanbsulphomicasidsy Huck syigharheadids sandeDDPA

made by reactng iUt SRR § ko U BRUARR e BRP o o

Al ternati velbglievddltd hplessuelhttBhiGRORERGUonthatbicld thée dFeulph@Ret&ds, rather
conpri sing both gydrocarbyL groups that are entirely secondary and

hydr ocar by tfnsupactenfdropgriscsesempaeable torthepgiof Phawlsrake the zinc salt,
any basic or neutral zinc conpound nmay be used but the oxides,
hydr oxi des and carbonates are nost generally enployed. Comrerci al
addi ti ves frequeSulphosientals Suittblefe assinakcatineediith the imeetiaf alaninclude
excess of th@zba iC zing_co oun? in the neutralisation reacti

y e

i on.
The pr ef er r eEYZ PRI WY DE elkenylulpmpisasise &n sicd compourss fby alkyl
salts of di Li-Ai i L €

By the T ol | S g A hor ey OBy 00 BB ey 32 3550 ec R 1RO B ket
be the saneatmsdi ff erent hydrocarbyl radicals containing from1l to
18, preferably 2 to 12, carbon atons and including radicals such as
al kyl, al kenyl, aryl, arylalkyl, alkaryl and cycloaliphatic radicals.

Particul arly pretamoRglidaciit RRtnEY bOLRURE addotdabk WithThOMRENtRh iAclhe 8

carbon atons. Thus, the radicals may, for exanple,
mono- and dicarboxylic acids. Preferred monocarboxylic acids are those containing 1
to 30, especially 8 to 24, carbon atoms. (Where this specification indicates the
number of carbon atoms in a carboxylic acid, the carbon atomn(s) in the carboxylic
group(s) is/are included in that number.) Examples of monocarboxylic acids are iso-
octanoic acid, stearic acid, oleic acid, palmitic acid and behenic acid. Iso-octanoic
acid may, if desired, be used in the form of the mixture of Cy acid isomers sold by
Exxon Chemicals under the trade name "Cekanoic". Other suitable acids are those
with tertiary substitution at the a-carbon atom and dicarboxylic acids with more than
2 carbon atoms separating the carboxylic groups. Further, dicarboxylic acids with

more than 35, for example, 36 to 100, carbon atoms are also suitable. Unsaturated

carboxylic acids can be sulphurized. Although salicylic acids contain a carboxylic
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be ethyl, n-propyl, I-propyl, n-butyl, 1-butyl, sec-butyl, anyl,

n- hexyl, I-hexyl, n-octyl, decyl, dodecyl, octadecyl, 2-ethylehexyl,
phenyl, butyl phenyl, cycl ohexyl, nethylcyclopentyl, propenyl,
butenyl. In order to obtain oil-solubility, the total nunber of

carbon atons (i.e. in Rand RI) in the dithiophoshoric acid wll
general | y begréum forghepupeses D theziresentdinigndioo dagyoyre caisiderasighbsgrsapasatean

t her ef ' i di al.kyl dithi.oph hates. ... .. |f

the anti -vedbumaiefodsd sy aRabR Yo mmiangd srroebisfy o eb
to 3.0 mass afholkdsely eshtding HiyBioxkl Q‘B‘ﬁ?@“ﬁi‘e fiky thisideid lo®Bhenol surfactants.)
conposition. Anti-oxidants he trunk piston diesel engine

| ubricant conposition nay include at |east one anti-oxidant. The

anti - oxi dant may e, gfgé%'f%th%fs %&8 '&hlcf&agéé@édei c?EEor&{Hc@%ﬁthttHEre
may be nentioned Ssec ar ona am nes h™a

exanpl e di phmtlaﬂﬁmaﬁiewhxefoelbmmbmmhﬁdsy bndd@ivatives thbﬂeyf nsplblsetmd adidyd
with an al kyl group having 4 to 9 carbon atons._ As exanpl es. of
anti - oxi dantegpchélw&aﬂlﬁyefﬁé aﬁéﬁ@%ﬁ@%ﬁﬂﬁ&éﬁl@&? Hhdrpups, ik lpgpspgonic

mono- phenol $.4g ddlgl(?l-t g‘ﬁﬂ)%lﬁh ic acids, and A %ﬁllrl i é)‘lﬂogathlaﬁc Q&H 'h%l ﬂaiﬁéular

if present, Ts prov e conpositio mount
mass % basexkigin (preferdabdy athomytetad) alodhold) élth1ubarbmmctacnisn¢1m@hbsphmes and

O her additiyes such_a our i nt depressants, an neta
Cust i nni bi CPEsalS SRS oBrbaRne Rk Ko Brlibis S en

provided, ifgupBeeseariheh drocarbyi[ﬂﬁ)sﬁﬁﬁéﬁﬁ:ar%'x&taﬂ@léhléllﬁlke@f)henolt ¢, or,
"oi |l -di spersabl e’ as useg herein do not neceSsarily indicate gﬁ he

conpounds odiladeicaibybesters of sldimbe élcaxdbpsﬁm acads) the a&h)émetgr@mirel@pabl e

of being suspended. i e .oil

Ponever . ¢ hIRCRAES bitn'a TRy dfhuhod RIBRRRRAFboxdiERTe SRRRT: 1)
inoil to aﬁlk@l@n@ﬂinké&&&lly@ﬂoﬁmlcTnibl@*)&ﬁstthé BRinfatic i BEQdviRtdofebmbiisd die
envi ronnent in e oil is enployed Mor eover, the additiona

i ncor porat i é@?sb@nedb’ﬁ@aw&ﬁ'@hw@%edﬁvnah and 2 loasti qneicAOK Y Bheol, gRaydiso be
hi gher | evelsﬁlte%fle r R&L ﬁl' tﬁé’{n%&eﬁﬂg}e}lﬁ ’suc':ﬂc sugﬁﬁfaﬁt%% escn‘%ﬁdl-qﬁ %lPVfIXJ

Iubr|cant conp05| I ONs nven I’'on conpri se

(i.e. separdafe) conponents that may or may not remai n the sane
chenically before and after m xing. It may be desirable,

al t hough not essential, to prepare one or nore additive packages or

concentrates Conpi; ﬁér%aﬁqﬁﬁ:s%ﬁﬁét%ﬁg\éﬁ g?él‘ﬁc?lg??fr?%pﬂefﬁt ﬁﬂ/@ht’idn%&é Pg@h ﬁe

added sinul taneously to e ol Vi scosity
| ubricating sdphulmdmﬁ@lme exrth Dewbloydivcacy] phenates thatdiave b@npamﬂ{ﬁgbléss)

into the lub t be, f t at | .
Leconpani ed CHPERYI AR IS R SRabiea s gy i pdh 22 "9
addi tive pagkagefis); wbhénmt&adsldxsc%ecﬂ o prUAatBd 659 éemrr@in t he

additive(s) in proper anounts to provide the desired concentration,
and/or to carry out the |ntended function in the final formnulation

when the additiv a re_conbin

Arount of base | (Ui age fo use T B e 8 GaHt Rl L fimas
with snall areseras o@érbaﬁeﬁe:awlﬁm@rateﬁgehgrth@pcmaetm Bl [@ast &by QiR tdnO GRLPET
wi th ot her de5|ra | e additives to form additive packages contal ning

acti ve i ngr 8éheastrhenql, sphominastd, cirherdicasid, selicyliapeidviad paphithepic acd,
for exanpl e81aft 22 Bl m AP BIB BE Y nlB MRt ifRwniBP o B fbE" abl y

from8 to 6
different surfactant groups are incorporated during the overbasing process.

Examples of hybrid materials are an overbased calcium salt of surfactants
phenol and sulphonic acid; an overbased calcium salt of surfactants phenol and
carboxylic acid; an overbased calcium salt of surfactants phenol, sulphonic acid and

salicylic acid; and an overbased calcium salt of surfactants phenol and salicylic acid.
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mass % of additives in the appropriate proportions, the remai nder

bei ng base oil . The final formulations may typically contain
about 5 to 40 nmass % of the additive packages(s), the renmai nder being
base oil. EXAMPLES The present invention is illustrated by, but
in no way limted to, the follow ng exanpl es. Exanples The

foll owi ng exanpl es use a centrifuge water shedding test which

eval uates the ability of an oil to shed er fr a prepared tes

m xture of of | ard eipgr e alRed SESoloRed Iefal GarPpkE gdepraSa, any
centrifuge olsle rotp@rtﬁ)ny\ﬁg%ﬁ@s MR e Wsde bicBdrably/itge BHRo mEI®proportion of
centrifuge is sealed with litres of water. A neasurenent Is nade of

t he anount @hy@eposirbased sratagompopmbiogaiivtlier mpéal @uerbagsdichmppend is iTHe

test is carrjed t _at. ChzPRre-nmeasur ed.. ut.s~.0f water and. the..
tost orl ar duiedorlsetites 2 R OB IR T dusdporP RS Erafo o o0,
a rate of 2 tdBOROSEsprdIallylRemt7BSI0 1o 0F 100 ad @ihta@BotDLfro@Hd: 40 16060
allowing the mxture to pass through the centrifuge about 10 ti nes.

The centrifuge is weighed before and after the test. A poor trunk

i ston di esel engi i it i |
Dt of - dopost (0BG AATBAR IR basPS GUER o IRSAEL more
engi ne oi | s p{efdiREIPsdt Jeasellempsstpaf saticylatei Mhe Tigdisd déteraboirefbfhblyTineludes

TPEGs were supjected to the centrifuge ter sheddjng test. ails
of the TPEQ#! gﬁﬁ StrH%SS%%f{PhF%%fa-| ng sRguo sl B e’if%.tﬁllléthf%’L’FQ\BLE

1 Exanpl e RebRf&AFEn be determined using techniques such as chromatography, spectroscopy
and/or titration, well known to persons skilled in the art. The hybrid detergent may
also include other surfactants such as sulphonate, sulphurized phenate, thiophosphate,
naphthenate, or oil-soluble carboxylate. The hybrid detergent may include at least 5
mass% of sulphonate. The surfactant groups are incorporated during the overbasing

Process.

Particular examples of hybrid materials include, for example, those described
in WO-A- 97/46643; WO-A- 97/46644; WO-A- 97/46645; WO-A- 97/46646; and
WO-A- 97/46647.

By an “overbased calcium salt of surfactants” is meant an overbased detergent
in which the metal cations of the oil-insoluble metal salt are essentially calcium
cations. Small amounts of other cations may be present in the oil-insoluble metal salt,
but typically at least 80, more typically at least 90, for example at least 95, mole %, of
the cations in the oil-insoluble metal salt, are calcium ions. Cations other than
calcium may be derived, for example, from the use in the manufacture of the
overbased detergent of a surfactant salt in which the cation is a metal other than

calcium. Preferably, the metal salt of the surfactant is also calcium.

Preferably, the TBN of the hybrid detergent is at least 300 mg KOH/g, such as
at least 330 mg KOH/g, more preferably at least 350 mg KOH/g, more preferably at
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least 400 mg KOH/g, most preferably in the range of from 400 to 600 mg KOH/g,
such as up to 500 mg KOH/g, as determined by ASTM D2896.

Preferably, the amount of overbased metal detergent in the lubricant is at least
0.5, preferably in the range of from 5 to 50, more preferably from 10 to 50, mass %

based on the total amount of the lubricant composition.

The overbased metal detergents may or may not be borated, and typically the
boron contributing compound, e.g the metal borate, is considered to form part of the
overbasing. The detergent may include both a non-borated detergent and a borated

detergent.

The overbased metal detergents preferably have a sulphated ash content (as
determined by ASTM D874) of at least 0.85%, more preferably at least 1.0% and

even more preferably at least 1.2%.

The detergent or detergents may include phenol as an unreacted component
and, if so, the amount of phenol contributes to the total phenol content present in the
trunk piston diesel engine lubricant composition. All of the phenol present in the
trunk piston diesel engine lubricant composition may come from the detergent or

detergents.

The trunk piston engine oil preferably also includes at least one dispersant,

anti-wear additive or anti-oxidant.

Dispersants

The trunk piston diesel engine lubricant composition may include at least one
dispersant. A dispersant is an additive for a lubricating composition whose primary

function is to improve engine cleanliness.

A noteworthy class of dispersants are “ashless”, meaning a non-metailic

organic material that forms substantially no ash on combustion, in contrast to metal-
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containing, hence ash-forming, materials. Ashless dispersants comprise a long chain
hydrocarbon with a polar head, the polarity being derived from inclusion of, e.g. an O,
P or N atom. The hydrocarbon is an oleophilic group that confers oil-solubility,
having for example 40 to 500 carbon atoms. Thus, ashless dispersants may comprise
an oil-soluble polymeric hydrocarbon backbone having functional groups that are

capable of associating with particles to be dispersed.

Examples of ashless dispersants are succinimides, e.g. polyisobutene succinic

anhydride; and polyamine condensation products that may be borated or unborated.

If present, the dispersant is preferably present in an amount from 0.5 to 5

mass %, based on the total amount of the lubricant composition.

Anti-wear Additive

The trunk piston diesel engine lubricant composition may include at least one
anti-wear additive. The anti-wear additive may be metallic or non-metallic,

preferably the former.

Dihydrocarbyl dithiophosphate metal salts are examples of the anti-wear
additives. The metal in the dihydrocarbyl dithiophosphate 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 firstly forming a dihydrocarbyl
dithiophosphoric acid (DDPA), usually by reaction of one or more alcohols or a
phenol with P»Ss and then neutralizing the formed DDPA with a 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
comprising both hydrocarbyl groups that are entirely secondary and hydrocarbyl
groups that are entirely primary. To make the zinc salt, any basic or neutral zinc

compound may be used but the oxides, hydroxides and carbonates are most generally
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employed. Commercial additives frequently contain an excess of zinc due to use of

an excess of the basic zinc compound in the neutralisation reaction.

The preferred zinc dihydrocarbyl dithiophosphates are oil-soluble salts of
dihydrocarbyl dithiophosphoric acids and may be represented by the following

formula:
[(RO) (R'0) P(S)S]2 Zn

where R and R' may be the same or different hydrocarbyl radicals containing from 1

to 18, preferably 2 to 12, carbon atoms and including radicals such as alkyl, alkenyl,
aryl, arylalkyl, alkaryl and cycloaliphatic radicals. Particularly preferred as R and R'
groups are alkyl groups of 2 to 8 carbon atoms. Thus, the radicals may, for example,
be ethyl, n-propyl, I-propyl, n-butyl, I-butyl, sec-butyl, amyl, n-hexyl, I-hexyl, n-octyl,
decyl, dodecyl, octadecyl, 2-ethylehexyl, phenyl, butylphenyl, cyclohexyl,
methylcyclopentyl, 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.

If present, the anti-wear additive is preferably present in an amount from (.10

to 3.0 mass %, based on the total amount of the lubricant composition.
Anti-oxidants

The trunk piston diesel engine lubricant composition may include at least one
anti-oxidant. The anti-oxidant may be aminic or phenolic. As examples of amines
there may be mentioned secondary aromatic amines such as diarylamines, for
example diphenylamines wherein each phenyl group is alkyl-substituted with an alkyl
group having 4 to 9 carbon atoms. As examples of anti-oxidants there may be

mentioned hindered phenols, including meno-phenols and bis-phenols.
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Preferably, the anti-oxidant, if present, is provided in the composition in an

amount of up to 3 mass %, based on the total amount of the lubricant composition,

Other additives such as pour point depressants, anti-foamants, metal rust

inhibitors, pour point depressants and/or demulsifiers may be provided, if necessary.

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

levels of a particular additive, if desired.

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.

It may be desirable, although not essential, to prepare one or more additive
packages or concentrates comprising the additives, whereby the additives can be
added simultaneously to the oil of lubricating viscosity to form the lubricating oil
composition. Dissolution of the additive package(s) into the lubricating oil may be
facilitated by solvents and by mixing accompanied with mild heating, but this is not
essential. The additive package(s) will typically be formulated to contain the
additive(s) in proper amounts to provide the desired concentration, and/or to carry out
the intended function in the final formulation when the additive package(s) is/are

combined with a predetermined amount of base lubricant.

Thus, the additives may be admixed with small amounts of base oil or other
compatible solvents together with other desirable additives to form additive packages
containing active ingredients in an amount, based on 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.
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The final formulations may typically contain about 5 to 40 mass % of the

additive packages(s), the remainder being base oil.

EXAMPLES

The present invention is illustrated by, but in no way limited to, the following

examples.

Examples

The following examples use a centrifuge water shedding test which evaluates
the ability of an oil to shed water from a prepared test mixture of oil and water. The
test uses an Alfa Laval MAB103B 2.0 centrifuge coupled to a Watson Marlow
peristaltic pump. The centrifuge is sealed with 2 litres of water. A measurement is
made of the amount of deposits formed in the centrifuge during the test. The test is
carried out at 87°C. Pre-measured amounts of water and the test oil are mixed
together and then passed through the centrifuge at a rate of 2 litres/min. The test is
run for an hour and a half, allowing the mixture to pass through the centrifuge about
10 times. The centrifuge is weighed before and after the test. A poor trunk piston
diesel engine lubricant composition will produce a larger amount of deposits in the

centrifuge system.

Trunk piston engine oils (*TPEOs’) were prepared having TBNs of about 40.
The TPEOs were subjected to the centrifuge water shedding test. Details of the

TPEOs and the test results are shown below in Table 1.
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Total Deposits (g) 45 12 33 PIB = Polyi sobutyl ene (nunber-average
nol ecul ar wei ght given). The results show that Exanples 1 and
2, containing PIB and no brightstock, perfornmed better in the
wat er - sheddi ng test than the Reference Exanple that contained
bri ghtstock, but no PIB. CLAI MG

TABLE 1
Example Reference 1 2
Co-Additives 16 16 16
(mass %)
Lubricating Oil | 75.5 82.3 80.94
(mass %)
Brightstock 8.5 - -
(mass %)
PIB 2225 - 1.7 -
(mass %)
PIB 450 - - 3.06
(mass %)
TBN 41.17 40.46 40.63
VI 104 105 104
Deposits (g)
Bowl 4 8 5
Hood 3 0 0
Top Disc 1 0 0
Distributor & Disc | 37 4 28
Total Deposits (g) | 45 12 33

PIB = Polyisobutylene (number-average molecular weight given).
The results show that Examples 1 and 2, containing PIB and no brightstock,

performed better in the water-shedding test than the Reference Example that

contained brightstock, but no PIB.
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1. The use of a polyisobutyl ene of nunber-average nol ecul ar weight in
t he range of 400 to 8000, such as 1,300 to 2,225, and having a

ki nematic viscosity at 100C in the range of 50 to 50,000, such as 630
to 2,500, m®/sec, as an additive constituting 1-25 mass % of a trunk
pi ston di eseé_li @g§ne | ubri cant conposition to reduce deposit
formation i rifuge in a trunk piston diesel engine when the
conposition is lubricating the engine during its operation. 2. The
use as clainmed in claim1 wherein the conposition includes |ess than

0.5 mass% ofl- bri ghesseeka pelyspitglsng of masbaripaarage mobesylaygusight in the range
bri ghtstock. 3. e i I

conposition is s-uBL?a? g?\ ?%@I’)g/d raggd')'opq%? ﬁh gkm%f%%éégﬁcsvelscgglty at
claimed in clai mﬂOOWDﬁHﬁB@aﬂgb@fGOWQ@OO(D Qﬁc}ﬁﬁﬁi‘@itﬂs ,300, hii’gbt, sk agk.

5. The use as clained in claim1 or. 4, wherein the

nunber - aver age nEISEYP SPnshiBtEgt] %’#mtﬂﬁﬁe%p)&aﬁ%@eﬁt% digeel pagipg ybpgant
range of 900- 8,

2,000 - 5,000. 6Qgﬁelﬁgaf}(s’%%g’%dﬁé‘%a‘}%r?egpfoﬁlﬂgﬂ‘ifna%‘fal"c??g&”n%e 1?‘ a%g,k %‘g‘? gl
t he ki nemati c vi sogiskwheatheld@dpositionhelupatbatingabeéngimnduring itsropetation.
range of 200 - 6,000; such as 2,000 - 6,000, such as 2,000 - 5,000,
such as 3,000 - 4,500, m®/sec. 7. The use as clained in any of
claims 1 -5, whergikmst RecIFiBNah clatf 16PRRER titd %ﬂo%xt%ﬁ u%lu(ﬂers‘?@s% ®han 0.5
such as 35 or greater, such as 45 or greater, such as or greater,
such as at nost @&oasslo of(bpght@tocb,)mﬁﬁgtabl)sﬁssthmo 1 mass% of brlghtstock

3. The use as claimed in claim 1, wherein the composition is substantially free of
brightstock.

4. The use as claimed in claim 1 wherein the composition contains no brightstock.

5. The use as claimed in claim 1, 2, 3 or 4, wherein the number-average

molecular weight of the polyisobutylene is in the range of 900 - 8,000; or 1000
to 6,000 such as 1,500 — 5,000, such as 2,000 — 5,000.

6. The use as claimed in any of claims 1 — 5, wherein the kinematic viscosity at
100°C of the polyisobutylene is in the range of 200 — 6,000; such as 2,000 —
6,000, such as 2,000 — 5,000, such as 3,000 — 4,500, mm?*/sec.

7. The use as claimed in any of claims 1 — 5, wherein the TBN of the

composition is 30 or greater, such as 35 or greater, such as 45 or greater, such

as 50 or greater, such as at most 60 or 70, for example 50 - 60.
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