MARI NE ENG NE LUBRI CATION 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 (diesel) marine engine and | ubrication of
such an engi ne. BACKGROUND e of nmetal detergents in
trunk piston engine oils (MRES B ENGIN R i s described in the
art. See, for exanple, US-B2-7, 053 027 I n The Benefits of Sallcylate

Det ergents in TPEO Appllcatlons with a Variety of Base Stocks", Proceedings
of the 7°h International Synposiumon Marine Engineering, Tokyo Qct ober
24th to 281h, 2 a. for the selection of the best detergent for
TPEO s apslai SoussdYYIag _Hader states that there is a nove towards the use
of nore C}oup Il base oils in marine lubricants in various regions of the
wor |l d, based on availability and cost. The paper concludes that salicylate
has advant agd“h(iwiaWemioheélamtthtrdﬂtpistgﬁmaﬁnaSngine hﬂﬁiphtarlgmcditﬁ)pefms:ant in
both G oup_ | and G oup base stocks. However, .in sectiqgn 1, paper
st at es tmﬁaleuwe@q@af%rdstmép@@fﬁsg%weﬂ Hesespanie angipei aﬁd@tzﬂfﬁnw ofoﬁur:% The
pr esent h@xggglon aneliorates the stability problemin Goup Il oils by

enpl oyi ng pecific ratios of overbased netal carboxyl ate detergents of
defined basicity index. SUMVARY OF THE | NVENTION A first aspect of the
invention is a trunk piston narine engine |ubricating oil conposition for a
medi um dhde L O . NTIQN ne engi ne conprising or nade by

adm xing an oil of lubricating viscosity, in a mgjor anount, containing 50
mass % or nore of a Goup Il basestock, and, in respective mnor anmounts, 1
(A) an over bageaiseef mbtahyelérgems hVﬂrurﬂuﬂﬂﬁbh &mgl@aoﬂwarmb)e@mtk@odmtaﬂment

having a basicity index of 4.5 or |ess; and
described in the art. See, for example, US-B2-7, 053 027. In “The Benefits of Salicylate

Detergents in TPEO Applications with a Variety of Base Stocks”, Proceedings of the 7%
International Symposium on Marine Engineering, Tokyo, October 24" to 28“‘, 2005, criteria
for the selection of the best dreterg‘ent for TPEO’s are discussed. The paper states that there is
a move towards the use of more Group II base oils in marine lubricants in various regions of

the world, based on availability and cost.

The paper concludes that salicylate has advantage over other other detergents as an
asphaltene dispersant in both Group I and Group 1I base stocks. However, in section 1.4, the

paper states that overbased detergents show lower stability in Group I oils.

The present invention ameliorates the stability problem in Group II oils by employing

specific ratios of overbased metal carboxylate detergents of defined basicity index.

SUMMARY OF THE INVENTION

A first aspect of the invention is a trunk piston marine engine 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,



(B) an overbased netal hydrocarbyl -substituted hydroxybenzoate detergent
having a basicity index of greater than 4.5, wherein the ratio of detergent
(A) to detergent (B), both expressed as nass of active ingredient, is in
the range fro .5 ) n C f Lnyvent | i of
operating a t%ﬁk f:l)rli§¥eérﬁasﬁ@megaﬁn%y‘grﬁ)g%gﬁé%rl%%%tggseg?lg%r-%lxgﬁeintzgge rc%gtF Ilagr‘?g{3 lléaﬁgrl%ne

conprising (a) fuehbhgeityiadenst 08 omletd) afd heavy fuel oil, and (b)
| ubricating the crankcase of the engine with a conposition according to the
first aspect of the invention. Athird aspect of the invention is a nethod
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conpr essi on-i gni t ed baR¢ityiadendl grateraRaP4.55i ng an oil of |ubricating
viscosity containing 50 nass % or nore of a Goup ||l basestock, which
conpr i sewhpiegythdiratly efedetargrnn{4) to(dajerganel (RBpotasxmepsedad mass ohastive r st aspect
of the invention in.respectiyv iner amounts. In this specification, the
fol |l ow nB’g\ﬂ%ﬁ?{g légath&gfggggqnbﬁé%??- and when used, have the neanings

ascri bed below "active ingredients” or "(a.i.)" refers to additive materi al
that is not diluent or solvent; "basicity index" neans the equivalents

ratio of the toeadndmspedt of thetiveention il a wethod ghepasatinga unkipision ovditased
e F e st Eamplpsting v Wheine Fhe oo G uekiE SrRine b Reuy BTG, £
and Techgg! S@)bPlubkitdine RO EinkcaddG2he BbiteRithY MRpbiiBsn ARdrdhSwithé Kirst

"conprising" or any cognate word specifies the presence of stated features,
st eps, omspecitfabemyemtronconponent s, 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 "consists essentially of'

or cognates NMaYhRE a§REeY FGRE iehtils a nRARR! bfSEProvehg HEIRBHRS of HRSEARLAD
"consists essentially of' permts inclusion of 2
metal detergents, in a trunk piston marine engine lubricating oil composition for a medium-
speed compression-ignited marine engine, comprising an oil of lubricating 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



L

substances not materially affecting the characteristics of the conposition
to which it applies; "major anmount” nmeans in excess of 50 nass % of a
conposition; "mnor anmount” means |ess than 50 mass % of a comnposition;
"TBN' neans total base nunber measur ed by . AST 896. Furthernpre in
this specifi CHPSWAgeS Rt APFTEAY cBlge e the pharalriguies g CRYPPAUHRA Wokhich it
"phosphor us (;lg Lgnt" is as nmeasured by ASTM D5185; "sul phated ash content”
is as measure y’ ASTM D874; "sul phur content" is as neasured by ASTM
D2622; "KV100" neans ki nematic viscosity at 100C as neasured by ASTM D445.
Also, it wll_ be understood that various c nents used, essential as well
as opti mal aﬁﬂl%&&%ﬁhrmanﬁ&}/e’i@%&fsﬁﬁ%F ‘b%ﬁﬂ?qmﬁﬂ?glo&f fornul ati on,
storage or use and that the invention also provides the product obtainable
or obtained as a result of any such reaction. Further, it is understood that
any upper andmiooveamapuenhedny less drageOands Zabi ocdmpositonset forth herein may
be i ndependently conbi ned. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
features of the invention will now be discussed in nore detail below. QL
OF LUBRI CATI SR [ ' i | ge in viscosity from
light distil :\lgt}%(j m nerk-:g alg?aggﬁ%%blﬁgg\%%q}%bw é?g?(%gzg??s. General ly, the
viscosity of the oil ranges from2 Mn 2/sec to 40 MM /sec, as neasured at
100C. Natural_oils include animal oils and vegetable oils (e.g., caster oil,
lard oil); | ifydnermysein BIssPRsBFIONand hydroref i ned, sol vent-treated or
acid-treated mneral oils of the paraffinic, naphthenic and m xed
paraffinic-naphthenic types. GOls of lubricating viscosity derived from
“calcium context” is as measured by ASTM 4951;

“phosphorus content” is as measured by ASTM D5185;

“sulphated ash content” is as measured by ASTM Dg&74;

“sulphur content” is as measured by ASTM D2622;

“KV100” means kinematic viscosity at 100°C as measured by ASTM D445.

Also, it will be understood that various components used, essential as well as optimal
and customary, may react under conditions of formulation, storage or use and that the

invention also provides the product obtainable or obtained as a result of any such reaction.

Further, it is understood that any upper and lower quantity, range and ratio limits set

forth herein may be independently combined.

DETAILED DESCRIPTION OF THE INVENTION

The features of the invention will now be discussed in more detail below.

OIL OF LUBRICATING VISCOSITY



coal or shale also serve as useful base oils. Synthetic lubricating oils
.include hydrocarbon oils and hal o-substituted hydrocarbon oils such as

pol ymeri zed and interpolynerized olefins (e.g., polybutyl enes,

pol ypropyl enes, propyl ene-i sobutyl ene copol yners, chlorinated
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azel ate, dioctyl phthalate, didecyl pnhthal ate, dieicosyl sebacate, the

2- et hyl Hexvitwd, amabgu@randfhomqlmguathe@ofd di mer, and the conplex ester forned
by reacting one nole of sebacic

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 Cs-Cy fatty acid esters and Cy3 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, alkyl 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, dieicosyl sebacate, the 2-ethylhexyl



acid with two noles of tetraethylene glycol and two nol es of 2-ethyl hexanoic
~acid. Esters useful as synthetic oils also include those made fromGC5 to Cl12
nonocar boxylic acids and pol yols and pol yol esters such as neopentyl

gl ycol, trimethyl ol propane, pentaerythritol, dipentaerythritol and
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tetrah ans. Unrefi’ne refi re-refined oils can be used in
| ubricants of the present invention. Unrefined oils are those obtained

directly froma natural or synthetic source wthout further purification
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Institute (API) publication "Engine G| Licensi ng ‘and
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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 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 (API) publication “Engine Qil Licensing and
Certification System”, Industry Services Department, Fourteenth Edition, December 1996,

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



Certification System', Industry Services Departnent, Fourteenth Edition,
. Decenber 1996, Addendum 1, Decenber 1998. Said publication categorizes base
stocks as follows: 5 a) Goup | base stocks contain |l ess than 90 percent
saturates and/or greater than 0.03 percent sul phur and have a viscosity
i ndex gr eat &rGtoapi base serwkabortta)inaﬁsalmﬂ d0gmecenhsamri@e and/er grgatehthan 898 rret hods

specified in Table Grou .base stocks cont ai re r th
equal to 90P‘H%er“éé‘14?§§eﬁ“63‘é¥%§‘”é 1tv X T than %951?1 §8@n%§sb€»ae

sul phur and Y L ex Tdh] @pr than or equal to 80 and Iess
than 120 us}lgr}\ggl@hgest g%?%?}%t%ec specil5 ied in Table E-1. ¢c) Goup Il base

stocks contain greater than or equal to 90 percent saturates and |ess than
or equal to cent Iphur and i ndex r than or
equal to 1§bG{Pé‘Pﬁ€‘g%sﬁét°P FONRLR RISALT 88? P‘ﬂ'@hj %R%fgﬁ’”ésﬁ“ﬁ?te ﬁgssup |V
base stocks 6d & L H‘Jﬁ§ 1 dghude all
ot her base tsht%g? g&ur%t&J (?’Q%Pér@éé@ﬁlgﬁfﬁ% pa ,aQ'SQ(SB?tly y Sg?eé?t Iq Anal ﬁGllﬁl (L:ta

Met hods f or 3BarskleSt thak 120 esingihe ltast mdtliodt m1ﬁeBRG?ERTE‘E ]I'.EST METHOD Sat ur at es

ASTM D 2007 Viscosity Index ASTM D 2270 Sul phur ASTM D 2622 ASTM D 4294
ASTM D 4927 ASTM D 3120 As stated, the oil of lubricating viscosity

contai ns S50y @R%p I Yasd ks @ OHE thd %ﬁﬁ% c'é’ﬁ@sf RIrBS ¥nd lefs contains
60, such as 70, goﬁ Bas 906&rsrars)r§t§m<%r m)fr]en% % r t?a;estonc% sThe oi |
of | ubri cat ihag oveqmbm .93 payerhaulphiasindritavah w;scmmy 1®Ierxugneat¢r thasasdqoelkto

120 using the test methods specified in Table E-1.
d) Group IV base stocks are polyalphaolefins (PAO).

e) Group V base stocks include all other base stocks not included in Group I, 11, 11, or
IV.

Analytical Methods for Base Stock are tabulated below:
PROPERTY | TEST METHOD
Saturates ASTM D 2007
Viscosity Index| ASTM D 2270
Sulphur ASTM D 2622
ASTM D 4294
ASTM D 4927
ASTM D 3120

As stated, the oil of lubricating viscosity contains 50 mass % or more of a Group II
basestock. Preferably, it contains 60, such as 70, 80 or 90, mass % or more of a Group II

basestock. The oil of lubricating viscosity may be substantially all Group II basestock.

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



OVERBASED METAL DETERGENT ((A) AND (B)) A netal detergent is an additive
.based on so-called netal "soaps", that is netal salts of acidic organic
conpounds, sonetinmes referred to as surfactants. They generally conprise a 6
pol ar head with a | ong hydrophobic tail. Overbased netal detergents, which
conpr i seolanksativath azl@dg ﬂnpdxa;phcntéct ailgé)vtesbaa@i mhel detergents aylich ofmpriseet al base
(e.g. carbona r ovi
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I nventi over base tal detergents (A) and ( are each overbased netal

hydr ocarbad exiddet h}tdmuedb hwyi thr amvag b gassstieh) ageasaar dibkide.a
hydr ocar byl -substituted salicylate, detergents. "Hydrocarbyl" means a group
or radical that contains carbon and hydrogen atonms and that is bonded to
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atons, i.e. ot her than carbon and hydrogen,” provided they do not alter
t he ess ﬂretal hycﬂmcarbyldsrubstauted hyd@ixybenzaatel prefarablyt £hydocarisyl shibstitetedr oup. As
exanpl es of h arocar byl, there may be nentioned al kyl and al kenyl. The

over basé ICPﬂé‘f% eIfIE8PScar byl - substituted hydroxybenzoate typically has the
structure shown: OH/ ~cl OM R wherein Ris a linear or branched aliphatic
hydr ocar byl group, and nore preferably an al kyl group, including straight-
or branched- &Hydlmcabyly Imegno & geoup D exdécalrehat Oentaios arbhaanddmlr@gen @taougandt t ached

um sodi um or

to the benzene n IkaI| t al .g. lith
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hydrocarbon nature and characteristics of the group. As examples of hydrocarbyl, there may
be mentioned alkyl and alkenyl. The overbased metal hydrocarbyl-substituted

hydroxybenzoate typically has the structure shown:
OH

/|H

LT o

R
wherein R is a linear or branched aliphatic hydrocarbyl group, and more preferably an alkyl
group, including straight- or branched-chain alkyl groups. There may be more than one R
group attached to the benzene ring. M is an alkali metal (e.g. lithium, sodium or potassium) or
alkaline earth metal (e.g. calcium, magnesium barium or strontium). Calcium or magnesium
is preferred; calcium is especially preferred. The COOM group can be in the ortho, meta or
para position with respect to the hydroxyl group; the ortho position is preferred. The R group

can be in the ortho, meta or para position with respect to the hydroxyl group.

Hydroxybenzoic acids are typically prepared by the carboxylation, by the Kolbe-
Schmitt process, of phenoxides, and in that case, will generally be obtained (normally in a
diluent) in admixture with uncarboxylated phenol. 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



para position with respect to the hydroxyl group; the ortho position is
.preferred. The R group can be in the ortho, nmeta or para position with
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equi valent ratio of netal noiety to acid noiety is greater than 1, and up to
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insoluble netal salt, are calCiumions. Cations other than cal ¢ium my be

der i ved 30fmore tgpiaatiyl a leabt Yforexampke 4t keastS, mwdaifoaof the eawdnstineheaiker based
det er gent a surfactant salt in_. . which the cafion is.a tal .ot her than
cal o ominspiiEme it i aisiifonsa ool s Mpreplsu ey e RV 3l of um
Car bonakggnP¥ S HA RsEES Ble HRIuBIEREbBthE YRESA I ePEEt bE £ BIRIRANOHSI
nanoparticles. Additionally, there are disclosures of nanoparticul ate
mat er i amdichohpcatginniga czetd otfer thangalkchen. Preferably, the metal salt of the surfactant is

also calcium.

Carbonated overbased metal detergents typically comprise amorphous nanoparticles.
Additionally, there are disclosures of nanoparticulate materials comprising carbonate in the

crystalline calcite and vaterite forms.

The basicity of the detergents may also be expressed as a total base number (TBN). A
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;



crystalline calcite and vaterite forns. The basicity of the detergents may
al so be expressed as a total base nunber (TBN). A total base nunber is the
anount of acid needed to neutralize all of the basicity of the overbased

or ocedur & | OVARERn S8 FARY (FRoB) IR GEREd AREREAORRE M Bhad Ty E R T

prepared by wu@ripeﬁdme technl ques enployed in the art. A general nethod is
as follows: 1. Neutralisation of hydrocarbyl-substituted hydroxybenzoic acid
w th a n3l ar Rexoealsofaésidumkbaldsitiat Aest tollgidaitudispessed] arght | y over based net al

hydr ocar byl - substituted hydroxybenzoate conplex, in a solvent m xture

consi sti dg ofStappimy @tremevhymicessaolvents. an  al cohol and water; 8 2.

Car bonation to produce coll oidally-di spersed netal carbonate followed by a

post - 1 e@letBedriadHydrdcarbrsabaitued hyéokdbklzosed ¢ahsbet fade By eitlvdta batch or
colloidally dispersed; and 4. Stripping to renove process solvents.
Q/erbaseéCﬁéftlla}ouhywrbé%@gogﬂoc%sﬁbst| tut ed hydroxybenzoates can be nade by
either a batch or a continuous overbasing process. Mtal base (e.g. netal
hydr oxi de, netal oxide or netal al koxide), pr eferably Iime (calcium

hydr oxi de), ed i.n qne.or npre. . be equal
or may di ffg?\)fetg@’ G’ﬂg ﬁ‘éet"llé‘rya’&’f c@i Blﬁaij%x@ 6‘8@1 Q&tl]iP’élﬁh)r %??59\&3% When
addi ng a (EHeEhRalydrdx@de)) HE By&{aeg@dqﬁoﬁ@&rﬁsm sItz{k%s CRROSAr gHs edydfe h@laarnent of
the previous stage neéd not be ~conplete. As carbonatlon proceeds, dissolved
hydr oxi denaysilffanﬁenmgdlaqatbmnabcbmm darges avhiantailew tpant V%heeasaddmgméusbct in the
m xture of_ vol droc sol.vent and non-Vvol at &% (c)icargon oi | .

Car bonat 81514 y 9’“@? %léegg% BHidg pramepLefdhe ngrouést[a
tenper at Ypgpled? Afcarbonation 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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the reflux tenperature of the al cohol pronoters. Addition tenperatures may
be simlar, or “different, or may vary during each addition stage. Phases in
whi ch tenperatures are raised, and optionally then reduced, nay precede
further carbonation steps. The volatil e hydrocarbon solvent of the reaction
m xture is pridfesitedingl freaimentawitly carbomydiodidar hawseaciomyndx torsas bpicallzeaigd a

boi | i i nt th b 150C. Al ti h b h b
Found ¢4 8 Per b et eres 2pe™ B R tE iR it g CFdraRd iy © "o
exanpl esefhinfngi aliRbEandi ydesthhon s6lvER). URMRA theydyBiRsis bngiléry| thoeswene. The

al kanol is preferably nethanol although other "al cohol s such as ethanol can

be used@rodogtisdery ashiecsdt of the presense iob susperdedapdiments. Hyidclasidicd b, 961 vent s,
and the water nt.ent of .the. initial reaction.,m xt are inportant to
bt ai n ERERESHPRHOR e uEg o syt S g™ el el PEH Al et ure: 11 so.
sui t abl eneirh&lidt®pbineldr Bftel sBRRhDRMoOAIl S, particularly those of mineral
origin. Gls which have viscosities of 15 to 30 nmmR/sec at 38C are very

suitable. 9 After the final treatnent with carbon di oxide, the reaction
i heated .to an el evated.te rature, e. above 130C, to

m xture is typical .

Ferove vol at 1116 PReEisef & eralb e s o ishe T G SRS ocar bon
sol vent Jinsufii@ehtloN@o $atiin @IS ol utiof AFTEY BhRwalldF€hd PatilBl, Pekek oflShéid e S a
result of the presence of suspended sedinents. It is clarified by, for

exanpl e,adféd. tThas inap oosur defore,iok agent intenmedihie peinteasificesolvay rdmovabed before, or
at an internediate point, or after solvent renoval. The products are
generally used as an oil solution. If the reaction m xture contains

i nsufficient Qidiid] i@leRaR My Bith a8 mtégrhl%naéfttﬁ‘é oVeRHRY@ e d&t@f‘geﬁ@' atil es,
further oil should be added.” This may occur before, or at an internedi ate

poi nt, dihest mey, fendxagmple, imtudedbng dhadi alipbatd mono-eori ddcarbonylid apids. Suitableegr al
part of i

Chai n_ Al FBRS G BE o iR BT its 4BF BayisaaNyisnt IS SRy pif ach as
i nclude stearic and oleic acids, and polyi sobutylene (PIB) succinic acids.
| As stated, overbased metal detergent (A) has a basicity index of 4.5 or less 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 oil composition of the invention may comprise further additives,

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

10



As stated, overbased netal detergent (A) has a basicity index of 4.5 or |ess
~and ., overbased netal detergent (B) has a basicity index of greater than 4.5.
Preferably, the basicity index of netal detergent (A) is in the range of 1
to 4, nore preferably in the range of 1 to 3. Preferably, the basicity

i ndex ofncm&aéhwb@m@a@aﬁts (dRller inetdl AlefeRRntsa MR wohr %eﬁtsts@chgas@ﬁ@ preferably in
the range of 6 to 8. Also as stated, the ratio of detergent (A) to detergent

(B) is lthdﬂQéarbﬁlrﬂbélquh@mlﬁte& angi- oyg,dantsmnéfd@mﬂﬂlfyersthe ratio is in the range
of 0.5 to 10; nore preferably the ratiois in the range of 1 to 7. The
treat rate of additives (A) and (B) contained in the lubricating oil

conposi tion Ity HeQlesicatdelltBoudh dob edsbitial a0 @eepate dneld? ndize a@dlﬁf'@péﬂkh%’esz to 20,
nore preferably 5 to 18, mass % CO ADDITIVES The |ubricatin

CONpOsi ©1 GIRCETIata COMPUSng ﬁdeﬁy’e&}th@W@eadﬂle?hé‘?‘) addBy ceieke adcgrlf ferent from

d add le 10
?zcl 3deé1<}ans eeé)élglgl ﬁ)grbs?a%? @fg{]ﬁ ¢ }T@gl 3%1 ?oﬁﬁ%u on lssrz;\‘;l\l/e}@/ﬁaorn Ogg}éeﬁi(gngugh
as zi Ncaddifi veyshcRapa(d) ¥ito thd 1abAGHRAS B &k Bbe faahtatmyﬂswf:mmd byanmig fiers. It

may be desirabl e, although not essential, ¥re pare one or nore additive
pac kage@ecompam%wethtmléd keatiogripit this isgrot memmhu hwwltlwr@ﬁbagﬁ(ﬁadlltu ves (A
and (B) can i mul tan e base oi

ol conpBaty Br rRbue Gonlh R HNvaEn Rord? ieRny i S Rl e
| ubri Ca&dd&@nt@dn'on B/ d280 Eaﬁy butttRd RebnlYd fRLNENInShe Al X diOwh&@CGempani ed
with mld heating, but this is not essential. The additive package(s) w |
t ypi cal hddithee fackagel S ket combined aith atmedmlqumn@)nt phbase bpwicantrdius.s t o

provi de the d concentratia and/or .to carr ut the 'nt nde

P et 1 ondveE TR b PR B ARl 10 eafPt i b ed B RERE,

conbi negmyhdtdofbdRE 60 8&@15@1&’% AR veRfs tggeﬂeerwmdtﬁéwesxriiw&mu@a%tI ves (A)
and (B), in accordance with e present invention, may be adm xed with snall

form additive packages containing active ingredients in an amount, based on the additive

&Ibl’l cating

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



AR

amounts of base oil or other conpatible solvents together wth other
~desirable additives to form additive packages containing active ingredients
in an anount, based on the additive package, of, for exanple, from2.5 to
90, preferably from5 to 75, nost preferably from8 to 60, nmass % of

additives inA'he apnEiaRydabéRateiderfichi Biveng 4 TBNrPREREKOMPE agd bB3sicey | . The
final formulations as a trunk piston engine oil may typically contain 30,
preferably 10 to Irdex b3 8 preferably 12 to 24, nass % of the additive
package(s), the remrainder being base oil. The trunk piston engine oil has a
conpositional TBN (using ASTM D2896) of 20 to 60, preferably 25 to 55, nore

preferably 3@y o #8alciEANRtfiSe dierent Ay a TBXEITII50Md KOH/k Usd & Basiditpy but
in no way Ii%)t ed to the fo}I&fﬁovvi ngg exanpl es. CC]VPC]\IE%\ITS %’he foll ovmpng
conponents were uldex of AP: a calcium salicylate detergent having a TBN of 64
ng KOH/g and a Basicity Index of 1.3 11 (A') a calciumsalicyl ate detergent
having a TBN of 225 ng KOH/ g and a Basicity Index of 3.0 (B): a calcium

sal i cyl ate dg'gr ggpdicinavdaneylate TBdrgeht Boh DTENHISB 506L Kcﬁagiaﬁdi hBasititdex of
6.0 (Bl1) a calciumsalicylate detergent having a TBN of 350 ng KOH g and a
Basicity Index ofndgxof8Base O1: APl Goup Il base oil LUBRI CANTS A

sel ection of the above conponents was blended to give a selection of trunk
pi ston rmarine engine lubricants. Sone of the lubricants are exanples of the

i nvention; oBRRIGil:aA®I 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 lubricants 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



reference exanpl es for conparison purposes. The |lubricant conpositions are
‘shown in the table below under the RESULTS headi ng. TESTING Each | ubricant
was tested for stability according to the foll owi ng procedure: a sanple of

| ubricant (1 m ). was poured into a gl ass centrif t ube (100 mi

capaci ty) . THOefesbItea 1B BE e e drSuyBtset f I 1 BB PETRIBSE o as
necessakpe fhQentiohQYd %oﬁéa%yrﬁﬁwefs&ﬁdtret%¥en58E@ﬁﬁ;ﬁéwﬂeﬁérs.anb! ent (20-30C) or
60C. The condition of the” sanples was observed and noted initially and then
periodically at weekly intervals until the term nation of the test. The

ov erbased—+etat—saH-eygte—gdetergentsrwere—tested—+n—ag-Group—H—660R
base.;ﬁ%ﬂ?erf‘%ﬁi Chever oAMBERNITS 12 fThe results of tH#EGabove test i ng arle
sumrar T 280 Ik TNe| Tabl e pEl i pier € exanpl €s 01 Tiend (W&kky on ar e denotled
by nunber s amd referenC‘é—Eéa'rTﬁ' s by |etters. Terrp'é'r‘a‘[%.—jAl\/Bl ENT 60C
Exaljrp]])etef‘g'emll(dﬁbe BE) Tink (Week$) Detkrgents/Ralio 141 26 128 1 214 q 8
12 @30 TBN@30-BN—1-A-B /2. 006 CCCCCCCCCCtr

I 1 A-B /2. ace-trace 2
ABl6.124 cCccclcCcCc@BTBNrace tface XABOGPBEcco1cca
0.13 0.15 .4 0.4| Y

A:B'/2.906 CcCcC C Cc ¢cC 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 cC C C Cc ol C C C 0.15 0.15 04 04
Y

A:B/0.344 c ¢ C C 025 C C C 01 01 06 07

@ 50 TBN @ 50 TBN
3

A:B'/1.052 cccCc - ¢C C C C - - trace trace
4

AB'2714 |C C C - C C C C - - 0.05 0.05
P

A:B/0.009 C C C - 1%hz | C C C - - 07 06
Q

A:B/0.345 C C C - 02%hz|C C C - - 08 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.

13



A
. AP
0. 05
0.2%
hz =

:B/0.344 CCCCO0.25CCCO0.10.10.60.7 @50 TBN @50 TBN 3

/1.052 CCC- CCCC- - trace trace 4 AB /2. 774 CCC- CCCC
0.05 P AB/0.009 CCC -
Y% h
\

haze | = initial reading The results show that, at conparab

TBN s and tenperatures, the stability of the exanples of the invention,
depicted by nunbers, is superior to the stability of the conparison

exanpl es,
Iubricatin

engine

in respectlve mn

delpi ct edltrogk pstanenarine8giGk Aitivisatidg oiRcompositiqi fot e medami-npeedngi ne
oi | osition for a mediums d ressi gon-ignited nmarine
o T OB e ARBEEHE S B 1Y GBS 2 Bt of PRt Sl ety

r anounts, an over based net al

a naj Oryi IR tin a ﬁﬁg;r%rﬂiuﬂg coftai ??n%%o%?ﬂsr 5 9BE Riof oft @dﬂgﬁl bdsefiBae9h@Gk, and,

1%hz CCC- - 0.70.6 QAB0.3d5 CCC-
z C ﬁ & - - 0.81.0 KEY: C = clear Nunbers are vol une % sedi nent

%
l e

in

hy dr ox ytbgpeztdat minde taogamt haV|ng a basicity index of 4.5 or less; and (B)
an over based netal hydrocarbyl -substituted hydroxybenzoate detergent havi

(A)  an overbased metal hydrocarbyl-substituted hydroxybenzoate detergent having

a basicity index of 4.5 or less; and

(B) an overbased metal hydrocarbyl-substituted hydroxybenzoate detergent having

a basicity index of greater than 4.5,

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.

3.

The composition as claimed in claim 1 wherein the metal in (A) and in (B) is calcium.

The composition as claimed in claim 1 or claim 2 wherein the hydrocarbyl-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 a Group II basestock.

5.

The composition as claimed in any of claims 1 to 4 wherein the hydrocarbyl group in

(A) the overbased metal hydrocarbyl-substituted hydroxybenzoate detergent having a basicity

index of 4.5 or less, is an alkyl group of 14 to 19 carbon atoms.

6.

A method of operating a trunk 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 of claims 1 to S.

14
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a basicity index of greater than 4.5, wherein the ratio of detergent (A to
. detergent (B), both expressed as mass of active ingredient, is in the range
fromO0.5 to 15; the trunk piston marine engine lubricating oil conposition
having a TBN (using ASTM D2896) of 20 .to 60. 2. The conposition as clained
in claim 1 whedhod offRprRYing the ﬁtabl,&}y ofryertasgdapetakdetengents i 2 rgnk pigion

conposi I I

hydr oc aéq%&fk é}% rfsétl?ﬂtnjl;?t%&ejlgé Bﬂ%ﬁg&;%%rﬁf%gtngédlmﬁ C%g{brésg(g)g lgmtede{n asna el cyl ate.

4. The aginepsihprisingsh 6l f lobdcating amgodfy cohairisg 30 tmsS%drenat of b lBzowp I of

Iubrlcatln viscosity contains nore than 60 nass %of a Goup |l basestock
5. The R4 » Whish caglpaﬁ%ﬁ.mﬁdms dgtsyeents (&) an%B)laStd@ﬁneWé.qﬁC%arms to

hydr oc nmet al hydrocar byl - substituted

hydr oxy enz Eﬁ%%?%%gséﬁ%mﬁggvﬁéﬁéB @@Elty index of 4.5 or less, is an

al kyl group of 14 to 19 carbon atons. 6. A nethod of operating a trunk

pi ston nedi um speed conpression-ignited nmarine 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 clains 1 to 5. 14 7. A
met hod of inproving the stability of overbased netal detergents in a trunk
piston marine engine |lubricating oil conposition for a nedi um speed
conpression-ignited marine engine, conprising an oil of lubricating

vi scosity containing 50 mass % or nore of a Goup Il basestock, which
conprises providing detergents (A) and (B) as defined in any of clains | to
5 in respective mnor anounts in the conposition. 15
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