AR NE ENG NE LUBRI CATI ON FI ELD OF THE | NVENTI ON This invention
relates to a trunk piston marine engine lubricating conposition for a
medi um speed four-stroke conpression-ignited (these!) marine engine
and lubrication of such an engi ne. BACKGROUND OF THE | NVENTI ON

The use of netal detergent MARINEENGINE $UBRIEIAFTIONOI | s (TPEO S) is
wel | known and is described in the art. See, for exanple,

US- B2-7,053,027. In "The Benefits of Salicylate Detergents in TPEO
Applications with a Variety of Base Stocks", Proceedings of the 7th

| nt er nati onal aﬁosi um on Marine Engi neering, Tokyo, October 24th to
28t h, 20@ZEL I N sel ection of the best detergent for
TPEO s are discussed. The paper states that there is a nove towards
the use of nmore Group Il base oils in marine lubricants in various
regi ons of t h&histnvedtjonralated tcontnakapistarinbririeyengime hubsisating composifiénefopaper
concl udes that sa | at e has advant age r ot her othe et ergepts
co" o asprbTEmEYl Eéﬁr@aﬁpmpwsw B mitepecpets and ol Sk
However, hBhsagetion 1.4, the paper states that overbased detergents

show | ower stability in Goup Il oils. The present invention
anel i orates the stabi I ity problemin Goup Il oils by enploying
speci fi CIan(E. ¥sTa al ~gar boxyl ate detergents of defined

basicity v ' | ON A first aspect of the
invention is a trunk plston marine engine lubricating oil conposition

for a nmedi um gpe essmnl ed mari ne Q | sing or .
made. by adm X RGLS 9 BFA et OBk AP eagBe iy PR S Ty broadis
cont ai ni RgcAPed B 2. Hee,VOF Saffpl QUSRS @S%t"ﬁ%en@ﬁgyof Shlicylate
respective mnor amounts, (A an over based net al

hydr ocar Bgterggotsse ﬂ“PEDe%pphydms( yisha Voret ofi BassrSyeoks”, Beaceerings b7l t v
i ndex of
hydr ocar gé?r%at?déla{ ﬁt%fﬁoég dﬁ %g(rﬁb%n%}éngéﬁg g&fﬁeggﬂr??erﬁgv |t(h‘28 2 %?é Fr(l:tle 2

i ndex of f@rﬁmstebbtubﬂﬁﬁheﬂfbdit demhgasmfor TtPEé) g at dl@cmieddéﬂlepmmmat(eﬁ\)hat t(here is
detergent (B), ssed_as SS .actiyve red| ent, is.in the

X
range fraﬁmeso% Sltéeugf oF mor Gewp S“a%‘ d@ fnagpe t"h’é FB N REE rq8ions 0
met hod Oihe%fcﬁBAs@Qo@aiailﬂﬂﬁty%aEQs@ medi um speed conpression-ignited
marine engi ne conprising (a) fueling the engine with a heavy fuel
oil, and (b) lubricating the crankcase of the engine with a
conposition 0 f i A
third aspect afﬁ éﬁ%%pﬁ%ﬁélgcrlt SP lgar% Sahs‘:?%tc%%%éé@mgée %J&??ﬂg% oﬁﬁer dgt@fgg{l 26% 1 ty
Iof bover ba@hdltdiilefdﬁberﬁﬁh Bﬂgﬁtﬂt}fﬁoupilﬁn(ﬁ(}td’up Akbase agcﬂas Haive e, inngition 1.4, gle
ubricating oil conposition for |ums ee ression-ignite
mari ne eR#HECE BRpYNCEaR detprasnts SB?W? ltma%vs%cﬁgﬁt-y cont ai ni ng
50 mass % or nore of a Goup Il basestock, whi ch conpri ses providing
detergents (A) and (B) as defined in the first aspect of the
i nvention in Tb@mef@tli iueemipn@me];aqmmqtﬂts stability protilem ithGpup peeilstiy canplaying
the foll ovm' N9} the
meani ngs Scrl oa o%e gased( 1[1)'16{e Hatccfgte égpts%S&tn%§%981c1Bﬂnref ers to
additive materi al that i's not d uent or solvent; "basicity index"
means t he etotal metal to the total of
organi c & A e Yergent. In the case of salicylate
detergents as used in thls invention, it is nunerically the sanme as
"metal ratio" which is defined in "Chem stry and Technol ogy of
Lubri cant s", Adist aspegi efdle iyeniion i5 adtrunk piptanymarineiepgine lubricating oil

composition for a medium-speed compression-ignited marine engine comprising or made by

admixing an oil of lubricating viscosity, in a major amount, containing 50 mass % or more of

a Group II basestock, and, in respective minor amounts,



"conprising” or any cognate word specifies the presence of stated
features, steps, or integers or conponents, but does not preclude the
presence or addition of one or nore other features, steps, integers,
conponents or groups thereof; the expressions "consists of' or

"consi sts esse@)i alanpverbasedmetab fndroeashyraybshmteditydemapopngpaitdatergent having

"conprises" or cognat reine" si.sts essentially of' permts
i ncl usi on of substa}r?gléfsty}r%@?x ﬁfa{?%?rﬁgﬁgl %/n%affecti ng the characteristics

of the composition to which it applies; "major amount” nmeans in
excess of 50 s % of Cc osition; "mnar nt" means,K|less than
50 mass % of a onﬁ&s‘i"?li%é%?,g%Rﬁdfﬁ%‘é%'s?‘%ﬂ%e%g&a@xﬁllﬁ?ﬁ%ﬁw %Féerﬁ%gﬁ‘?%
by ASTM D2896. Fur thaktie®y SidkDof StbferR@i § i cation: "cal ci um context”

is as measured by ASTM 4951; "phosphorus content” is as neasured by
ASTM D518%hereimuihgtatio efidesergent O} tordetergent (B3, botheaxpresstdisy masTafiacies ;

"sul ph ' STM D2622; " KV100"
et | o) e RagOERE S ura by AsTia Dads. . | Aso, it

wi |l be understood that various conponents used, essential as well as
optimal and customary, ria% react .under conditions of formulation,
t

storage or use®&HQ@NE RRECHTR EciiRNEBHEN 13 mpthad o5 PRRFRIISS PRI um-

obt ai nabl egi{ c&ﬁé}ﬂsﬁﬁiq%{g%d%diﬁé Bhdineto Hl’in%g@ :?uoélv\lg el eABine with a heavy fuel

Further, 1 S ders at any upper a quantity, randge
and rat i ooil,iami (ty lsheicating thé ciagkcaserof theyenpiae Wit agompesntidnaceending i the first
DETAI LED DES EE%'IO\I tO: THE | NVENTI ON The features of the invention
will now BECHSENTER ™ nore detail below. O L OF LUBRI CATI NG

VI SCOSI TY The lubricating oils may range in viscosity from
light distillate mineral oils to heavy lubricating oils. General IX,
the viscosity dthitdaspest pf tha Hysaioniskmsthagpl igweoving the siabififyl overgese

measur ed ﬂm@taﬂ-@&ggents, in a trunk piston marine engine lubricating oil composition for a medium-
speed compression-ignited marine engine, comprising an oil of Iubricating viscosity
containing 50 mass % or more of a Group II basestock, which comprises providing detergents

(A) and (B) as defined in the first aspect of the invention in respective minor amounts.

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

meanings ascribed below:
“active ingredients” or “(a.i.)” refers to additive material that is not diluent or solvent;

“basicity index” means the equivalents ratio of the total metal to the total of organic
acid in an overbased detergent. In the case of salicylate detergents, as used in this
invention, it is numerically the same as “metal ratio” which is defined in “Chemistry

and Technology of Lubricants”, 1992, edited by Mortier and Orszulik;

“comprising” or any cognate word specifies the presence of stated features, steps, or
integers or components, but does not preclude the presence or addition of one or more
other features, steps, integers, components or groups thereof; the expressions
“consists of” or “consists essentially of” or cognates may be embraced within

“comprises” or cognates, wherein “consists essentially of”” permits inclusion of



“Neruraroirs incrude aninal olls and vegetable oils (e.g., caster
oil, lard oil); liquid petroleumoils and hydrorefined,

sol vent-treated or acid-treated mineral oils of the paraffinic,

napht heni ¢ and m xed paraffinic-naphthenic types. Qls of lubricating
viscosity der kbe@ndes 261 eQadialgrafBtinlgehadhamic8aiice ofthe uspaesitidnas ehizhlis .
Synthetic lubricating oils include hydrocarbon oils and

hal o- subst i t ufRRie%iydr ocar bon oils such as pol yneri zed and

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

pol y( 1- hexeneShajopmhgunt- meaps ireprgssy of Poimgs% dbzemepssitional kybenzenes
(e.g., dodecyl benzenes, tetradecyl benzenes, dinonyl benzenes,

di (2- et hyl hexyl ) benzenes); pol yphenyls (e.g., biphenyls, terphenyls,
al kyl at ed pol yphepahein:” aeths Mskihhabe thash Plepydmpdshivns and al kyl at ed
di phenyl sul phi des and derivative, anal ogues and honol ogues thereof.
Al kyl ene oxi de polynmers and interpol ynmers and derivatives thereof
where the teray m*ﬁ.@xrﬂrt&mas@ﬁmwﬁmuﬁ%mmm% by
esterification, erificatron, etc constitute another class of
known synthetlc Iubrlcatlng oils. These are exenplified by

pol yoxyal kyl e re d by pol ynerizati on of ethyl ene oxide
or propyl ene Ewm%' §ﬁ%ﬁ?ﬁ?edﬁ PP and aryl ethers of pol yoxyal kyl ene
polymers (e.g., nethyl pol yi so- propyl ene glycol ether having a

nmol ecul ar melght of 1000 or dlphenyl et her of poly-ethylene glycol
havi ng a nol ecilcaym GRItet is@s mepwirdiy AT ind nono- and

pol ycarboxylic esters thereof, for exanple, the acetic acid esters,
m xed C3-C8 fatty acid esters and Cl3 Oxo aci d diester of

t et r aet hyl ene“glloyphokus content” Mrestnipasuredibt ABTM 1211885 of synthetic

| ubricating oils conprises the esters of dicarboxylic acids (e.g.,
phthalic acid, succinic acid, alkyl succinic acids and al kenyl

succi ni ¢ aci dssulpile@iash @icH” ifaehakeready ASTMIDBT4;C acid, sebasic
acid, fumaric acid, adipic acid, linoleic acid diner, nalonlc aci d,
alkylnalonlc aci ds, al kenyl nalonlc acids) with a varlety of alcohols
(e.g., butyl 84 g@hp+ontéa@ms ﬁk&eﬁe'by A%qﬂ@ﬁzészzal cohol , 2-ethyl hexyl

al cohol, ethylene glycol, diethylene glycol nnnoether propyl ene

gl ycol ). Specific exanples of such esters includes dlbutyl adi pat e,
di ( 2- et hyl hexy. baca r I at e,

di i sooct vyl aze#{h&& i so ecy[fc végzlg%(é{at fl&ijzlﬁoaggnc?sug%ﬁ#a%( w‘g"ﬁdecyl
pht hal at e, di ei cosyl sebacate, the 2-ethylhexyl diester of linoleic
acid dinmer, and the | ex ester faornmed by reactin nmol e of .
sebacic acid \%tlsf’h“t"ﬂ]i%grgp‘g’éﬂ?ﬁd tﬁ"@t"t"’&%‘isw}”@ﬁ’é‘m@ usedie g%?ﬂﬂ‘ﬁta&b"e getirgyl
2-ethylh @Qgét&n ] ‘fhay react UrAbEESdURAL Wr f@ﬁmﬂéﬁ%h%{ol'%eoérl &ea&rﬂothat the
include those madé from C5 to Cl2 nonocarboxylic acids and polyols
and pol ydiveaisanealso pronddesdbe predyséenbtginatye mmnqdms egshly p’barp/rsapiamcnon
pentaerythritol, dipentaerythritol and tripentaerythritol.

Si l'i con-based oils such as the pol yal kyl -, pol yaryl -, polyal koxy- or
pol yaryl oxysi Fiorgead: BiUnderaodd ghat hrgaj[@epiﬂdslowarmmhﬁtg, angd hrelrratis Efnitk set
cl ass of nthetic lLubricants: ils include tetraethyl silicate,
tetrai soﬁ? eig ey bg indepqngently. CP ’é‘F%yl hexyl )silicate,
tetra(4-nethyl-2- ethylhexyeS|I|cate tetra-(p-tert-butyl-phenyl)
silicate, hexa- eth Ihex I d|S|onane

pol y( met k BES A ek xhlIN si | oxanes. O her

synt hetic Iubrlcatlng oils |nclude I|qU|d esters of
phosphorous-containing acids (e.g., tricresyl phosphate, trioctyl
phosphat e, di Ehdiehtuees of theddvedeaywilhms(iratidcossad indhoradetaip belgwer i ¢

t et r ahydr of ur ans. Unrefined, refined and re-refined oils can be
used in lubricants of the present invention. Unrefined oils are those

OIL OF LUBRICATING VISCOSITY




~—PefTrtrons—orTIMe pase SLoCks and base oils in this invention are
the sanme as those found in the American PetroleumInstitute (API)
publication "Engine G| Licensing and Certification Systent, Industry
Services Department, Fourteenth Edition, December 1996, Addendum 1
Decenber  1998rcSairktaphid J)ﬂscrﬁ&g ﬂﬁlg[eciﬁbﬁgdgftj’ £881 1AB&slRChmeas of dolhe

a) Goup | base stocks cont ess than 90 percent faturat es ,and or

great er hlhacratmgOBS peenceatly, thel Visensity eftle pidvanges frdms @ aam¥sec inHemmyisecater
t han or L ag and | ess than 120 using the test nethods
specifieﬁl?ﬁe’lia ’-1. b) G oup Il base stocks contain greater than

or equal to 90 percent saturat es and | ess than or equal to 0.03
percent sul phur apd. have,a vi sity index greater th 0 q

80 and | ess t NI aLRdsEntiFAl offs Wtﬁﬁae&(g@c.%w i i § °
c) G OUpgénlo euhf»h?&ﬁe. anl Hy&ﬁreﬁ%& @dl{?bn@'—&@ﬁ&c%r dcluaReall rﬁﬁa«ai 01IsQJf B8R paREmRat
saturate | ess than or equal to 0.03 8ercent sul phur and "have a

vi scosi t mphﬁﬂelx aryd wived pataffinic- héxqmartyptc@ Q@ofdgbnfgtmmsméx derpveth Gg@

speci fied i I -1, V base stocks are pol yal phaol efi ns
(PAO) . %33 @@%%3%05%%%&%&%“& 4ude all other base stocks not

included in Goup I, Il, IIl, or I'V. Analytical Methods for Base
Stock are tabul at ed bel ow PRCPERTY TEST METHOD, Sat ur.ates ,ASTM D 2007
Vi scosity | nd®Rtkasbacaegilsiclyds hydaesprisn 285 ond ’E%ﬁ'f\ﬂbﬁ“&tfg Jydrocarbon

oils such as polymerized and interpolymerized olefins (e.g., polybutylenes, polypropylenes,
propylene-isobutylene copolymers, chlorinated polybutylenes, poly(1-hexenes), poly(1-
octenes), poly(1-decenes)); alkybenzenes (e.g., dodecylbenzenes, tetradecylbenzenes,
dinonylbenzenes, di(2-ethylhexyDbenzenes); polyphenyls (e.g., biphenyls, terphenyls,
alkylated polyphenols); and alkylated diphenyl ethers and alkylated diphenyl sulphides and

derivative, analogues and homologues thereof.

Alkylene oxide polymers and interpolymers and derivatives thereof where the terminal
hydroxyl groups have been modified by esterification, etherification, etc., constitute another
class of known synthetic lubricating oils. These are exemplified by polyoxyalkylene
polymers prepared by polymerization of ethylene oxide or propylene oxide, and the alkyl and
aryl ethers of polyoxyalkylene polymers (e.g., methyl-polyiso-propylene glycol ether having a
molecular weight of 1000 or diphenyl ether of poly-ethylene glycol having a molecular
weight of 1000 to 1500); and mono- and polycarboxylic esters thereof, for example, the acetic

acid esters, mixed C;3-Cg fatty acid esters and C;3 Oxo acid diester of tetraethylene glycol.

Another suitable class of synthetic lubricating oils comprises the esters of dicarboxylic
acids (e.g., phthalic acid, succinic acid, atkyl succinic acids and alkenyl succinic acids, maleic
acid, azelaic acid, suberic acid, sebasic 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, dieicosy! sebacate, the 2-ethylhexyl



WS VR TeTe b s e Ay, As—statred, the oll of [ubricating
viscosity contains 50 mass % or nore of a Group Il basestock.
Preferably, it contains 60, such as 70, 80 or 90, nass %or nore of a
G oup 11 basestock The oiI of lubricating viscosity nay be

AN ( Byt Epoicicoat e, 8 VOBl MyoDRaY i BGOLTIPPES RoPelr

'soaps”, acld\ith twd ABESS & eth$lehé glasd] dhd vy @aled 6f TeRplasadsic asian®et i nes
referred to as surfactants. They generally conprise a polar head

with a | ong hydrophobic tail. Overbased netal det ergents whi ch

conpri se neutgS }Sluzsgﬂ mS’ ?tftegjfs‘ ﬂ%ﬁ,d@%how H»’% @{ .nQJnoF’agrge

base (e.g. car onate e prow y |nc udi ng
anount s arofdsmclmﬂydia&ei [imj/yoﬂ esigs sueh aamwmyz]@y@i tametbylalprdpas®, such as

an oxi de or r de., w an.acidi ¢ such as carbon di oxi de.
In the ;ﬂ%‘f@r nfﬁi\fhﬂﬁﬂt%ﬂ’ W@Bi@gﬂtaﬁ%ﬁ’%ﬁddetergents (A and (B) are
each overbased metal hydrocarbyl-substituted hydroxybenzoate,

preferably a hydrocarbyl -substituted sali cyI ate, detergents.
" Hydr ocar by! ‘Silipearbased 0&? $1ep apihe palyplksl. nohuatyls BAAKSY- 6Br bon and

hyd
Myar g€y W@’i O%gorfc%ts ah@s&g%t&gag hﬁpﬁ&%naﬁms%%la@fofs}hﬁheﬁe Eidhis:

ero atons ms ot her than
car bon asch bﬂsdndgummtrzpcthyi/sﬂimb tetreigoptop vl eilicatk | tetra-(hath dieesgsilicdtd, yetra-

Py ocar YTt e B SRS e s e e e e PR e - based
netal hygiymes Sfll?&iéﬂoiuﬂibs&?ﬁ&@lﬁﬂ&{aﬁé@%&@61?@11&@1%91@&11'0}(&'@@.80&1%6
a

struct ure 'shown wherein Ris i near branched al i phatic

hy dr ocarsyythetisr lobiratingeilipeladediauidesten of PAASPAPIOYS-COHRIPE a6l dditrgosy]
;t ral ghtp’hoglfhag,r ﬁ@&p?ﬁfogﬁ}ﬁ{e?di@ﬁ]%stcgBP&E@ﬁph&Bﬁt{rﬁc ) o€ poPherd han one

tetrahydrofurans.

Unrefined, refined and re-refined oils can be used in Jubricants 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 an esterification and used without further treatment would be an unrefined oil.
Refined oils are similar to unrefined oils except that the oil is further treated in one or more
purification steps to improve one or more properties. Many such purification techniques, such
as distillation, solvent extraction, acid or base extraction, filtration and percolation are known
to those skilled in the art. Re-refined oils are obtained by processes similar to those used to
provide refined oils but begin with oil that has already been used in service. Such re-refined
oils are also known as reclaimed or reprocessed oils and are often subjected to additionally

processing using techniques for removing spent additives and oil breakdown products.

Definitions for the base stocks and base oils in this invention are the same as those
found in the American Petroleum Institute (APT) publication “Engine Oil Licensing and
Certification System”, Industry Services Department, Fourteenth Edition, December 1996,

Addendum 1, December 1998. Said publication categorizes base stocks as follows:



iRt AR Sty TTTIg TS A al Kal | netal (e.g.

l'ithium sodiumor potassium or alkaline earth netal (e.g. calcium
magnesi um bariumor strontium. Calciumor magnesiumis preferred,
calciumis especially preferred. The COOM group can be in the ort ho

nmeta or para. position with respect to he hydr ox ou r
position is 3;3%@ ]:'t@ée st C‘Pi‘tﬁﬁffﬁi)th@é?\ BECqH Satt?{@eé%?ﬁ%‘ g?‘?‘?éelr& B(r6 ara
posi tion W tlrdeRSRARMEr 4 Haliea W@}E@%thﬂ%r@d!é} than or equall{6I8®x4065 21RinQ1 20
acids are typically prepared t he car oxyI ation, by the

Kol be- 3chmtqs1qgrtbecrestsnctlmﬂsm¢éﬁmhrwé@lc d in that case, will
general ly be obtained (normally in a diluent) in adm xture wth
uncar boxyl at ed phenol . Fwdroxypen20|c aci ds may be nonsul phurized or
sul phuri zed b)ﬂ"rdup‘ﬁjbas’@etachﬂmnwi grgaterablinf érequad ¢ bpereeohsatiiratessadiless onal
substituents Proce or s uriz a_hydrocarb stitute

Py ir oxy bens e A 4 B0aBfreont AR pil Ble 8 besip i barafth 3 of el
are descri begh anfl Mss msarmtb@smgtﬂetéaﬁ&ﬁk?ds@@e%?f&‘azn Table E-1. | n
hydrocar byl - substituted hydroxybenzoic acids, the hydrocarbyl group
is preferably al kyl (including straight- or br anched- chai n al kyl
groups), an &fl@h doialG89b Plrlent shifirateBnd 1
preferabl y gc)td? , aéegé%gﬁﬁntﬁqggtg{g?%ggﬁﬁgon g? c. s .T%eefserm
‘over based" than grenea & ﬂ) 03 pas.'emjlt sldpidmami hdve a vistesity detes igrrater thai or eguilch
the ratio of_.the nynher of equivalen f_the netal noiety to the
nunber of e b\?ﬁ’lnﬁ cdeshmefhg ESW’E ‘ﬁ’ﬁ’lt]sﬁpt}ﬁ " greater than one. The
term|ow based' is used to describe netal detergents in which the
equi valent ratio of metal noiety to acid noiety is greater than 1,
and up to abﬁtﬁfo@“’d?ﬂsﬁﬁm@mﬂ?i)@@a@aﬁ@(ﬁﬁpéalt of surfactants" is
meant an overbased detergent in which the netal cations of the
oil-insoluble netal salt are essentially calciumcations. Small
anounts of o) lGeoupcebasenmcksinclode P @b buse sockhirotdidluded sroGrevp & Tdiladr
salt, but t)&&l cally at |east 80, nore typically at least 90, for
exarrple at ast 95, nole % of the cations in the oil-insoluble
netal salt, are calciumions. Cations other than cal cium nmay be

deri ved, for exanple, fromthe use in the manufacture of the

over based de‘b%ﬁl)@@ﬁltM@flo%ﬁ fey Basg Stogk redafuiatgdbelgiyich the cation is a
nmetal other than cal ci unT pROPERIOTTEST bpf] salt of the
surfactant is also cal cijum Car bonat ed _over based net al
detergents typically conpriSamragsor pha8IMhiaro@ariti cl es. Additionally,
t here are discl osures of —panepartiedutate—mterHal s conpri sing
carbonate in the crystalll 1??8515;@% eAIRMUZZE ik e for s, The
basicity of the detergents fmpyhal SO RETRKDREEESd as a total base
nunber (TEN). A total base nunber ils the anmount] of acid needed to
neutralize all of the basicity of théSMHa%d material . The TEN may
be neasured using ASTM standar-t—b5249 E*TEMh é i val ent procedure.
Over based netal hydrocaribyl - substi tju é ’?f ?oxybenzoat es can be
prepared by any of the tiechni ques ¢nakPyed 3120 tihhe art. A general
method is as follows: 1.Neutralisatlion of hydrgcarbyl -substituted
hydr oxybenzoic acid with a nolar excess of netallic base to produce a
slightly Over/?sas?ﬁgd TRt ofl%(?i'c&ﬁ‘%r\}?%&l@%gﬁ%ﬁ %ﬁﬁ cj)['r z@f@ﬁ I
conplex, in a solvént mxture consisti'ng of a vorat ocar on,
an al cohlnﬂsemwdat Reefeably, IQcontaarslﬁ@namh ai/Q, 80 prQIUmaes%or more of a Group I
col | oi dal | y-di sper sed carbonat e S ctlon
or i od. Ppsitie B S0P PBSMing B rdy bhay il Sl phsRice

di spersed; and 4. Stripping to renove process solvents.
OVERBASED METAL DETERGENT ((A) AND (B))

A metal detergent is an additive based on so-called metal “soaps”, that is metal salts of

acidic organic compounds, sometimes referred to as surfactants. They generally comprise a

6



“orervaseoTETar nyar ocar byl - subst it ut ed hydroxybenzoates can be nade
by either a batch or a continuous overbasi ng process. Met al base
(e.g. metal hydroxide, netal oxide or netal al koxide), preferably
lime (cal cium hydroxi de), may be charged in one or nore stages. The
char ges r har ges
whi ch fopﬁnc()rwﬁétg @'hyﬂ%?ﬁ%é {aaﬁf (ujrv té’l%%%&%:haeugleﬁm %‘3%%%? de hg‘?ge

t he car bmu@hmdmﬁaltdmaem s ﬂnbutphleyqrméamtaé base 4¢)p cathedatpiomicelie, may be

i, col Pdst SLIPRARTHEpAPORE G BR8P tecllE bR of § ERIYRL! 6

vol ati | eamﬁdfxmafrhymoﬁahmmmaamlcrgmsmlaatarb@a diggidacar bon oil .
Carbonation may by effected in one or nore stages over a range of
tenperatures up to the reflux tenperature of the al cohol pronoters.
Additi on t PGRGL LERS HRRAUBR bAbdelmerd iclsbfiC (/L1 Und (Bf alBYch\HEbased
during each addition stage. Phases in t% tenperatures are raised,
and opt i owal hydredaghyl-subdtivted hyﬁaw@nm@dpfefemﬂmhyct@naﬂndramhSbwtedt eps.
The vol atil e hy rocar bon solvent of the reaction mxture is

pr ef er abfac § AGHHEET™ 1 i qui d aromatic hydrocarbon having a boiling
poi nt not greater than about 150C. Aromatic hydrocarbons have been
found to offer_certain benefits, nproved filtration rates, and

exanpl es of sUPCESRRYE JneAsh? STOHP &r @%F%]é‘i’% congipgrasbonang hydngsn aps e
The al kapg ishsndRhi&f BE 2h¥ndee Bﬂﬂ@ HJOIe@IIJI% DU HRh A&m. Ak ﬁﬁg Q&I.arﬁalﬁ H&Qroas

et hanol can be used. Correct choice of the ratio of al kanol
hydr ocar bloms.S@l atems sthemthah ¢ankonvead bydrogemt pravided theydo nefialteethe @Sé%utltaﬂbn

m xture, are. i ant .t tai.n t desired pr i be
ndded t o TG R AR g Rty ocdfe S85- A BRBY Sl bty herd Ry
hydr ocar bomemioned alpgirani alkkigyl] The hesasalfmenalngdakardyligbnitued | s whi ch
have viscosities of 15 to 30 mmR2/sec at 38C are very suitable.

After t hBYdrpxyRenzopte SpicaHy had thesSiBLH oW Poxi de, the reaction nixture
is typically heated to an el evatedhH enperature, e.g. above 130C to
renove volatile materials (water gnd any renai ning al kanol and

hydr ocar bon sol vent). Wen the synthesi %‘i s conplete, the raw product

is hazy as a result of the pres spended sedinents. It is
clarified by, for exanple, fil{Tratior|onlcentrifugation. These
measures may be used before, o a'r]—i‘rGe{rredi ate point, or after
sol vent renoval . The pro \t-?Jre genénal |y used as an oill
solution. If the reaction m xtu¥e~ontains insufficient oil to retain
an oil solution after renoval df the volatiles, further oil should be
added. T ; i r
added TSR s S e Rl LRRL A pofy l

t he over pmagdndieting stekigthera em}che'ﬂh:haa alkglygrofipsr Tiexanpl be mormthaxdcmalR) ng

chain aliphatic no- .or di-car C ..aci t abl e,. car boxyl. c
Cerds | neRlaEhaE e e Sl Bl e bR B Rap ) o
succi ni caR@indarth metal (eAS caﬂélﬁﬁleﬂagr@Mﬁthlbﬁﬁlﬁﬂ o Btchtiufl§t €468 or fikmdifsn
basicity index of 4.5 or |ess and overbased netal detgggent ) has a

basi ci tylsmi@xedoﬁalgv@aﬁ espeai#byrprefensed. Ame (RN groupgae b isthe PR, MEBEX of
et al b@ﬁ ?@sﬂgon(\é}.h 1:9%) Rﬁk%yh?oagt;gs@&, ﬁqeto&héggmg@n@{egr&ga%yR eg?otutphe

range of the ty 1n et er gén

(B) is i eantHaan thamgho, oﬁetsoﬁparaapcﬁxtmme?thpcspé@ncalhbyydmxylrgeoupange of 6 to
8. Also as stated, the ratio of detergent (A) to detergent (B) is in
the range fromO0.5 to 15. Preferably, the ratio is in the range of

0.5 to 10; rrq&ﬁir@iy@&%ﬁiﬂcwstamgplaeﬂuy@mpamur&yttﬁtﬁ;afbmgleu@f b tHeX olbe- The
treat rate of additives %: contained in the lubricating oil
conposi t PEWItaieceSr ofPhaRxh St?édi%ﬁlﬁtr?éser wiHbgenglly be gbtaiged (mopnallydppy 2

to 20, nEhRn5PiakiRlywih htabSxylHBSphelpl. Hydroxybenzoic acids may be non-

sulphurized or sulphurized, and may be chemically modified and/or contain additional
substituents. Processes for sulphurizing a hydrocarbyl-substituted hydroxybenzoic acid are

well known to those skilled in the art, and are described, for example, in US 2007/0027057.
7



~~EOAEPHTVES e raorrcating ol conmposition of the invention
may conprise further additives, different fromand additional to (A)
and (B). Such additional additives may, for exanple include ashless
di spersants, other netal detergents, anti-wear agents such as zinc

di hydrocar byl y
It may be desi r"fg*y C%Qfﬁﬁgggﬁé hgta[% ch%%;?g{ﬁ@ lga%r epg}b(lgis ’{R{é‘ﬂé r%?tgy
addi t i ve alkaklumiysiingatraigbih oe htanchied shaiv ailyl goupy), ahdthadadktligueps  wher eby

For m t ho S RPERACY RE BRI RATpETERIR® brbanrarnss bi1d REoahafpfye |

package(s) into the lubricati ng oil may be faci I i tat ed by sol vents
and by m xing_acconpanied with mld heating his is_not

essential . ThEheiEER tqvRapralc ksasaraly wied fo Qeﬁ‘iﬂb@éﬂlqt"}) dB'érgeB‘iS ARIVBiCR gherratio
contai n {hge aﬁtﬁbér' )f@{ﬁtalen@s REPREARREG1S thtc%umeevafggmttleméeﬁms 8d
concentrati on, to carry out e“intended function in the final
f or nul at mmymia gmateh thandué.t Thneema&cbm{yaed) isiusgddp descobdmetebidanirgéntsin

pr edet er m n anmount of .base |ubr.i cant ve )

P e cor RO B A ERg ey BaBre THOER potmoiny s BESIeh NG 3. A oplld P
anounts of base oil or other conpatible solvents together with other
desirable additives to form additive packages containing active

i ngredi ents i BY ah“wsdasd calsismerltol serﬁ’étaat;di&m%t PRMREgEsd detergenpin
exanpl e, t , b
From st ol Temital Quichhor HeCliSh@Mute QAR hebaichialPSBh SRSl |
r emai nde emb@itngf ditees eatiwink may be preséihm the pikinsbloblembesdt] isglh duetypiaaltyayidast

pi ston epgi ne oil typically cantajin . preferably. 10.to 28, nore
pref er abg@ more gt ﬂ?xﬁégb‘&%{fﬁ&?ﬂ@%@&ﬁf ?55“‘3%%%8 @'(3 ﬁ“‘mt H’etg? 8‘ﬁ"ai nder
bei ng bagRolablk mefd €alt, areticRinSioB CARDNOEthE thah@Akian 6RNBO Jérived Yol TBN
(usi ng ASTM D2896) of 20 to 60, preferably 25 to 55, nore preferably
30 to 45exampiviopighe use in thpﬁvéanﬁ#aégléqﬂf theaQusthapesiietessent ¢f pstortastant s mbut
in no wa a Q@/g.‘ ng
corrponent&g C\Rgl}ete&ggiﬁ %&1 Oﬂa& gl\a&l g?ﬁﬁtﬁsﬁ cy?lg eter g@rﬁtﬁkﬁg%&%ﬂw
TBN of 64lsercpléd@l g and a Basicity Index of 1.3 (Al) a calcium
salicylate detergent having a TEN of 225 ng KOH/ g and a Basicity
Index of 3.0 (B): a calciumsalicylate detergent having a TEN of 350
ng KOH g and @arBaﬁteaiot:yrbhgadmet@fdet&g@mé BbicaRy Ecthystist Biniphbeytadbsarticles.

detergent havi ng a TBN of 350 mf:; and a Basicity _ |Index of 8.0.
Base O | Additipnatlyeihipreare ¢iacdesurss p tﬂlga!ar@saaiﬁematmals COMRIATRg R RoRalE in ife

above coppagsh éalé’i’ésanﬁlv%ﬁt%%ﬁ& give a selection of trunk piston
mari ne engi ne ubr| cants one of the lubricants are exanples of the
i nvention; others are reference exanples for conparison purposes The

lhggzi: ﬁgnt co rrPh Sbaswl y of tﬁé getgrrg]c(:)ﬁ/’tﬁsnI may aIStt] ge expressed%gla?otal%ra]ts(,jeenrum er (’]%E\EUIATS

total base number is the amount of acid needed to neutralize all of the basicity of the

overbased material. The TBN may be measured using ASTM standard D2896 or an

equivalent procedure.

Overbased metal hydrocarbyl-substituted hydroxybenzoates can be prepared by any of

the techniques employed in the art. A general method is as follows:

1. Neutralisation of hydrocarbyl-substituted hydroxybenzoic acid with a molar excess of
metallic base to produce a slightly overbased metal hydrocarbyl-substituted
hydroxybenzoate complex, in a solvent mixture consisting of a volatile hydrocarbon, an

alcohol and water;



TESTI NG Each lubricant was tested for stability according to the
fol |l ow.ng procedure: a sanple of lubricant (100 m) was poured
into a glass centrifuge tube (100 mM capacity). The filled tube was
stored vertically in an oven or cupboard as necessary to provide the
requi red test Cubomioattar grodice aculibigally-¢iRfbr&d Qnetar cH&O@ateT el lomweddhbyt iaopost-
of the sanples was ohserved and noted initially and then periodically
at weekly intg?qﬁp§mﬂﬂ£il the ternmination of the test. The

overbased3met %}lar&ﬁ\%ll5?%5315%@@%&%9%@%&%5@%@@%@8 elpnanﬁ Goup Il 600R

basestock™fro ever on. s of the above

testing ape ngf?gﬁﬁ-‘?%&fén{oﬂegﬁ@es@&b&n@e' ow where exanples of the
I nvention are denoted by nunbers and reference exanples by letters.

Tenper at u'tﬁrérbaémmydrocﬁ‘gﬁ-subMMﬁréxjybgﬂzGﬁei el Hhade by either a batch or

a continuous overbasing process.

Metal base (e.g. metal hydroxide, metal oxide or metal alkoxide), preferably lime
(calcium hydroxide), may be charged in one or more stages. The charges may be equal or
may differ, as may the carbon dioxide charges which follow them. When adding a further
calcium hydroxide charge, the carbon dioxide treatment of the previous stage need not be
complete. As carbonation proceeds, dissolved hydroxide is converted into colloidal carbonate
particles dispersed in the mixture of volatile hydrocarbon solvent and non-volatile

hydrocarbon oil.

Carbonation may by effected in one or more stages over a range of temperatures up to
the reflux temperature of the alcohol promoters. Addition temperatures may be similar, or
different, or may vary during each addition stage. Phases in which temperatures are raised,

and optionally then reduced, may precede further carbonation steps.

The volatile hydrocarbon solvent of the reaction mixture is preferably a normally
liquid aromatic hydrocarbon having a boiling point not greater than about 150°C. Aromatic
hydrocarbons have been found to offer certain benefits, e.g. improved filtration rates, and

examples of suitable solvents are toluene, xylene, and ethyl benzene.

The alkanol is preferably methanol although other alcohols such as ethanol can be
used. Correct choice of the ratio of alkanol to hydrocarbon solvents, and the water content of

the initial reaction mixture, are important to obtain the desired product.

Oil may be added to the reaction mixture; if so, suitable oils include hydrocarbon oils,
particularly those of mineral origin. Oils which have viscosities of 15 to 30 mm?sec at 38°C

are very suitable.
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After the final treatment with carbon dioxide, the reaction mixture is typically heated
to an elevated temperature, e.g. above 130°C, to remove volatile materials (water and any
remaining alkanol and hydrocarbon solvent). When the synthesis is complete, the raw
product is hazy as a result of the presence of suspended sediments. It is clarified by, for
example, filtration or centrifugation. These measures may be used before, or at an

intermediate point, or after solvent removal.

The products are generally used as an oil solution. If the reaction mixture contains
insufficient oil to retain an oil solution after removal of the volatiles, further oil should be

added. This may occur before, or at an intermediate point, or after solvent removal.

Additional materials may form an integral part of the overbased metal detergent;
These may, for example, include long chain aliphatic mono- or di-carboxylic acids. Suitable

carboxylic acids include stearic and oleic acids, and polyisobutylene (PIB) succinic acids.

As stated, overbased metal detergent (A) has a basicity index of 4.5 or Jess and
overbased metal detergent (B) has a basicity index of greater than 4.5. Preferably, the basicity
index of metal detergent (A) is in the range of 1 to 4, more preferably in the range of 1 to 3.
Preferably, the basicity index of metal detergent (B) is in the range of 5.5 to 9 more preferably

in the range of 6 to 8.

Also as stated, the ratio of detergent (A) to detergent (B) is in the range from 0.5 to 15.
Preferably, the ratio is in the range of 0.5 to 10; more preferably the ratio is in the range of 1
to 7.

The treat rate of additives (A) and (B) contained in the lubricating oil composition
may for example be in the range of 1 to 25, preferably 2 to 20, more preferably 5 to 18, mass
%.

CO-ADDITIVES

The lubricating oi! composition of the invention may comprise further additives,

different from and additional to (A) and (B). Such additional additives may, for example

10
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include ashless dispersants, other metal detergents, anti-wear agents such as zinc

dihydrocarbyl dithiophosphates, anti-oxidants and demulsifiers.

It may be desirable, although not essential, to prepare one or more additive packages
or concentrates comprising the additives, whereby additives (A) and (B) can be added
simultaneously to the base oil 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,
additives (A) and (B), in accordance with the present invention, 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.

The final formulations as a trunk piston engine oil may typically contain 30,
preferably 10 to 28, more preferably 12 to 24, mass % of the additive package(s), the
remainder being base oil. The trunk piston engine oil has a compositional TBN (using ASTM
D2896) of 20 to 60, preferably 25 to 55, more preferably 30 to 45.

EXAMPLES

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

examples.
COMPONENTS
The following components were used:

(A): acalcium salicylate detergent having a TBN of 64 mg KOH/g and a Basicity
Index of 1.3

11
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(AY  acalcium salicylate detergent having a TBN of 225 mg KOH/g and a Basicity
Index of 3.0

(B):  acalcium salicylate detergent having a TBN of 350 mg KOH/g and a Basicity
Index of 6.0

(B') acalcium salicylate detergent having a TBN of 350 mg KOH/g and a Basicity
Index of 8.0.

Base Qil: API Group II base oil
LUBRICANTS

A selection of the above components was blended to give a selection of trunk piston
marine engine lubricants. Some of the Jubricants are examples of the invention; others are
reference examples for comparison purposes. The lubricant compositions are shown in the
table below under the RESULTS heading.

TESTING

Each lubricant was tested for stability according to the following procedure:

a sample of lubricant (100 ml) was poured into a glass centrifuge tube (100 ml
capacity). The filled tube was stored vertically in an oven or cupboard as necessary to
provide the required test temperature of ambient (20-30°C) or 60°C. The condition of the
samples was observed and noted initially and then periodically at weekly intervals until the

termination of the test,

The overbased metal salicylate detergents were tested in a Group II 600R basestock

from Cheveron.

RESULTS

12
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The results of the above testing are summarized in the table below where exampies of

the invention are denoted by numbers and reference examples by letters.

Temperature: AMBIENT 60°C
Example Time (Weeks) Time (Weeks
Detergents/Ratio |I 1 2 4 12 I 1 2 4 6 8 12
@ 30 TBN @ 30 TBN
1
AB2906 |[C C C C C C € ¢ C C  trace trace
2
A:B/6.124 C C C C C C C C C C trace trace
X
A:B/0.008 c CcC Cc Cc 0 C C C 015 015 04 04
Y
A:B/0.344 cC C C C 02 C C C 01 01 .06 07
@ 50 TBN @ 50 TBN
3
A:BY1.052 cCcCCc - ¢C C C C - . trace trace
4
AB2774 |C C C - C cC C - - 0.05 0.05
P
A:B/0.009 c Cc C - 1% hz C C - - 07 0.6
Q
A:B/0.345 C C C - 02%hz |C C C - - 0.8 1.0
KEY: C=clear

Numbers are volume % sediment

% hz = volume % haze

I = initial reading

The results show that, at comparable TBN’s and temperatures, the stability of the

examples of the invention, depicted by numbers, is superior to the stability of the comparison

examples, depicted by letters.
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0.8 010.6 trace 0.05 1.0 KEY: C = clear Nunbers are volune %
sedinment % hz = volune % haze | = initial reading The results
show that, at conparable TBN s and tenperatures, the stability of the
exanpl es of the invention, depicted by nunbers, is superior to the
stability of the conparison exanples, depicted by letters. CLAIM
1. A trunk piston marine engine lubricating oil conposition for a

medi um speeq, AQ8Pr essi on-ignited mari ne engi ne, conprising or made by
adm xing an ol of lubricating viscosity, in a major anount,
containing 50 mass % or nore of a Goup II basestock and, in

respectlve mno

hydr ocar by subét%?ﬁgﬁwﬁx@gneﬂgﬁé%? etg’%’ {m%foramedlunbsSI City
i ndex o f4.5 orcompsassionqdighited prBnacnzne, w:mgnhythdeg:yaﬁmxxsg anoibbtky|
group of 14 to 0 n_over

v bcar by! - suSETE AU G s dbe ok SRS spirdpal G ey iy Rerats oi 1y
i ndex of 5.5 tdG@pp Iasssrick ahfiidn es’pictivomindeinngent (A) to detergent
(B), both expressed as mass of active ingredient, is in the range
fromO0.5 to 15; the trunk piston nmarine engine |ubricating oi

conposi tion ha\(th an 6 Bhbdsed inba! KydTddaiByBABMitelkd B&Hr&@b@&oa@d

conposition as claimed in claiml wherein the metal in éA) an |n (B)
is . calcium 3.The E‘G%bg*}sﬁ%r‘lﬂd&é of f-Aofisss and whesginfhe hydrogarhyly 2

wherein the hydr ocaghiths SIS ihith @81 DMBQKEEEREARL Sl N (A) and in

(B) is a salicylate. 4.The corrp05|t|on as claimed 1n any of clains 1
to 3 wherein the oil of

(B)  an overbased metal hydrocarbyl-substituted hydroxybenzoate detergent
having a basicity index of 55 t¢ 9,

wherein the ratio of detergent (A) to detergent (B), both expressed as mass of
active ingredient, is in the range from 0.5 to 15; the trunk piston marine engine
lubricating oil composition having a TBN (using ASTM D2896) of 20 to 60.

2. The composition as claimed in claim 1 wherein the metal in (A) and in (B) is
. calcium,
3. The composition as claimed int claim 1 or claim 2 wherein the hydro cérbyl-

substituted hydroxybenzoate in {A) and in (B) is a salicylate.

4, The composition as claimed in any of claims 1 to 3 wherein the oil of

lubricating viscosity contains more than 60 mass % of a2 Group II basestock.

5. A method of operating a truok piston medium-speed compression-ignited
marine engine comprising (a) fueling the engine with a heavy fuel oil, and (b)
lubricating the crankcase of the engine with a composition as claimed in any

ofelaims 1 to 4.
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| ubricating viscosity contains nore than 60 nass % of a Goup Il
basestock. 5. A method of operating a trunk piston medi um speed
conpression-ignited marine engine conprising (a) fueling the engine
with a heavy fuel oil, and (b) lubricating the crankcase of the
engine with a conposition as clainmed in any of clainms 1 to 4. 6.A
nmet hod of inproving the stabi lity of overbased netal detergents in a
trunk pistaon mayd BeneNst; %@&Bﬂ:ﬂﬂo@bver&gmﬂébltdc%p emfm Btrunk

medi um speed conpressi on- n|t e engl ne, conprl an o |

| ubricating vi s@ﬁmntwﬂmennmmhhgcaﬁﬂg mgsnj%imnn tnylamcdfunas;@ed)up W

basest ock, whic ISt r e L3 ol B
defined in any g?‘ﬁ@i Eon'E‘TneB n?%f"g Fé’éé%‘f’a@ E@ D h ﬁ{"ls"mc?f“?he
conposi tion. containing 50 mass % or more of a Group II basestock, Wthh comprises

providing detergents (A) and (B) as defined in any of claims 1 to 4 in

respective minor amounts in the composition.
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