1 MARI NE ENA NE LUBRI CATI ON HELD OF THE | NVENTI ON
This invention relates to a trunk piston marine engine |ubricating
conposition for a nmedi um speed four-stroke conpression-ignited
(diesel) marine engine and | ubrication”of such an engi ne. BACKGROUND
OF THE | NVENTI ON Marine trunk piston engines generally use
Heavy Fuel QO ('HFO) forvafHINBRERGINEYT.UBRICK®YgNFUel O is the
heavi est fraction of petroleumdistillTate and conprises a conpl ex

m xture of nolecules including up to 15% of asphal tenes, defined as
the fracti cﬂgfn éﬁtf%‘“%iﬁuﬁp ate that is insoluble in an excess
of aliphati eptane) but which is soluble in
aromatic solvents (e.g. tol uene) Asphal tenes can enter the engl ne
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presence of such c bonaceous deposits on a piston surface can act as
an i nsul au%‘cﬁré%‘? WG @HEEHS result in the formation of cracks that

t hen propagate through the piston. If a crack travels through the

pi ston, hot conbusti on gases can enter the crankcase, possibly

resul ting iBrAGKGMNBéE&EE&EM It is therefore highly
desirable that trunk piston engine oils (" TPEO s) prevent or inhibit
asphal tene precipitation. The prior art describes ways of doing this.
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Orszul i k discusses the properties and fornul ati on of nmarine

| ubricants (paragraph 10.6) and summarises typical properties of the
three t ypewcmgs/aey%rmsmses die o gf adylwbartbglanbsituted pherd) 8t @du@i ‘black
cylinder oil, % L.t notes that the three types of oils have
quite di ff%ar'%tnl” PP e requirements and summarises these al so.
Par agraph 10.9 d| scusses TPEO s in nore detail such as issues arising

fromtheir use in engines operating on HFO
Cashew nut shells contain approximately 40 % phenolic compounds. They are

readily available worldwide and potentially constitute a low-cost, widely-available
and renewable raw material for phenols. “Stabilization of Asphaltenes by Phenolic
Compounds Extracted from Cashew-Nut Shell Liquid” Moreira, Lucas and Gonzalez,
Journal of Applied Polymer Science, Vol. 73, 29-34 (1999) (herein “Moreira et al”)



SUMVARY OF THE | NVENTI ON It is now found that techni cal CNSL,
used in conbination with salicylate detergents, is not effective to
stabilize asphaltenes in TPEO s, but syrprisingly, that cardanol is
effective and that anal ogous phenols in which the long |linear alkyl
chains are saturated, (i.e. not nentioned by Mireira et al) are even
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A second aspect of the invention is the use of conponent

(A) a
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trunk pi st @R IcoRRidiAr1sC &ib&Y Rbrhs %&H)%hwnurﬁ%maoﬁeﬁeg%saﬁ%
conpression-ignited marine engine to I nprove asphaltene i ng
duri ng opeselsiitutedoin thaeeremgionang. f Jéee durther aem@hwyatfwcmm ynsatvgations
| ubricatio sp t he i nvention
i< a met hogeeer %}-‘hgttrg‘%&gﬁg)ls%@ﬁﬁ’a y) xm roveﬁh& Qﬁr CSB&I%K 2F pﬁj%r(ljorlllc r%)%npouncﬁq
| ubri cat i ndispérke asphaltis dispasionhur | ng i ts I ubr| cati on of surfaces of the
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(paragraph 10.6) and summarises typical properties of the three types of marine diesel

engine lubricants, i.e. system oil, cylinder oil and TPEO. It notes that the three types
of oils have quite different performance requirements and summarises these also.

Paragraph 10.9 discusses TPEO’s in more detail such as issues arising from their use

in engines operating on HFO.

SUMMARY OFI THE INVENTION

It is now found that technical CNSL, used in combination with salicylate
detergents, is not effective to stabilize asphaltenes in TPEQ’s, but surprisingly, that
cardanol is effective and that analogous phenols in which the long linear alkyl chains

are saturated, (i.e. not mentioned by Moreira et al) are even more effective.

A first aspect of the invention is a trunk piston marine engine lubricating oil
composition for improving asphaltenc handling in use thereof in operation of the
engine when fuelled by a heavy fuel oil, which composition comprises or is made by

admixing an oil of lubricating viscosity, in a major amount, preferably containing 50



(iv) conbusting the heavy fuel oil in the conbustion chanber. A
fourth aspect of the invention is a nethod of operating a trunk

pi ston engi ne nmedi um speed conpressionzignited narine engine
conprising (i)fueling the engine with a heavy fuel oil; and 4
(ii)lubricating the crankcase of the engine with a conposition as
defi n]?d i n thdse % Ef ﬁ‘{corelz':lsﬂ)ml Gistark @gﬁiﬂiﬁgégﬁﬁthMan or equal §0f90 %|d8‘a\tl\llinriitb§and g
specification, the follo rds and, expressionsg,. if an en used,
have the me&HiGLr 49! RO Bl or d mistul dhoreps ﬁnag‘i“é‘d’i“éﬂft gmovgy:
"(a.i.)" refers to additive material that is not diluent or solvent;
“conprising" or any cognate word specifies the presence, of stated
features, steps(Abr PRE GBS OdrSO%%d@ﬁé?itC&Omeﬁndéd@@m’@tng@F%‘HP@de t he
presence or addition : i gers,
Component s or gr oups Py 88 Hei 68 oEhEhecseRh iifed QRERTRu 0P
"consi sts essenti al | Yiqufi, providebihatainabe aesgndset e hipdraz prtnvaatchdatergent,
"conprises" or cognat,es, wherein "cgnsi.sts. essentiall f' _permts
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of the conposition temorddich it applies; "mgjor anount” neans in
excess of 50 mass % of a conposition; "mnor anount” means |ess than
50 mass % of a conposition; "TBN' neans total base nunber as neasured

by ASTM D2896. RUdetORI 43Pdce of the idVefticilie Selis€ 8f doRipones RhFhsHBneMnaRd "
is as nmeasured by ASTM 4951;
first aspect of the invention, in a minor amount, in a trunk piston marine lubricating
oil composition for a medium-speed compression-ignited marine engine to improve
asphaltene handling during operation of the engine, fueled by a heavy fuel oil, and its

lubrication by the composition.

A third aspect of the invention is a method of dispersing asphaltenes in a trunk
piston marine lubricating oil composition during its lubrication of surfaces of the
combustion chamber of a marine-speed compression-ignited marine engine and
operation of the engine, which method comprises

(1) providing a composition as defined in the first aspect of the invention;

(i)  providing the composition in the combustion chamber;

(iii)  providing heavy fuel oil in the combustion chamber; and

(iv)  combusting the heavy fuel oil in the combustion chamber.

A fourth aspect of the invention is a method of operating a trunk piston engine

medium-speed compression-ignited marine engine comprising

€y fueling the engine with a heavy fuel oil; and



"phosphorus content” is as neasured by ASTM D5185; "sul phated ash
content” is as neasured by ASTM D874; "sul phur content” is as
measured by ASTM D2622; "KV100" neans ki nematic viscosity at 100C as
measured by ASTM D445. 5 Also, it will be understood that
vari ous conponents used, essential as well as optinmal and custonary,

may react under (pndidtriefingahe EafiktdbedsitiengtileaFidOEcodpokition andefindat
the invention al so proyi &j.es t he product obtainable or obtained as a
result of any such r &hfisT aspect of thednyymli@p. it is understood that any
upper and lower quantity, range and ratio limts set forth herein may
be independently conbi ned. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

The features of the Ihthenpeeficaion) thadyllopangiverly 9adexnressivns, df ensk when
below. AL I : The lubricating oils may
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range in viscosity stillate mneral oils to heavy
| ubricating oils. Cenerally, the viscosity of the oil ranges from2
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pet r ol eum @blventand hydrorefined, solvent-treated or acid-treated
m neral oils of the paraffinic, naphthenic and m xed
paraffinic-naphthenic types. Gls of lubricating viscosity derived

from coal or shaigplsaf» RTMP cBsnuS Qb sRBFRs Al Sresence of stReAtBRLE,
| ubricating oils include hydrocarbon oil's and hal o-substituted
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(e.g., polybutylgngs, oﬂo&le%{?; c%t)é;? e??eatd%§Pééb%?ﬁéeég%gg@%&'ﬁ% or groups

copol ymers, chlorinated po nes, po
pol y(1- oct enes) thepofy (lE-atpessias) considikylon Zeomssts(essegtially of” or cognates
dodecyl benzenes te&)r adet%%ﬁenz nes._ . di nonyl benzen(?esé, i

2- . .
ethyl hexyl ) benz&#¢s}” HORE ( SoBPRRSY | Heopares, gy wonsit
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di phenyl sul phides and .derivative,, anal ogs, and honol ogs thereof.
pheny P c aractergtlcs of the composition to wl%ch%applgs; g

“major amount” means in excess of 50 mass % 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:

“calcium content” is as measured by ASTM 4951;

“phosphorus content” is as measured by ASTM D5185;
“sulphated ash content” is as measured by ASTM D874;
“sulphur content™ is as measured by ASTM 1D2622;

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



6 Al kyl ene oxi de polynmers and interpolymers and derivatives

t hereof where the term nal hydroxyl groups have been nodified by
esterification, etherification, etc., gonstitute another class of
known synthetic lubricating oils. These are exenplified by

pol yoxyal kyl ene pol yners prepared by pol ynerization of ethyl ene oxide
or propyl ene oxide, and the al kyl and aryl ethers of polyoxyalkylene

polynmers (e.qg., th I I SO- pr ene gl ycol ether having
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polycarboxyllc esters thereof, for exanple, the acetic acid esters,
m xed C3- Cahatdbe pvantion absor mrpedesnide onmluch@bteindbie e ebiaiesd asfa result of any
tetraethyl%galggﬁﬁﬂl Anot her suitable class of synthetic

| ubricating oils conprises the esters of dicarboxylic acids (e.g.,
pht hal i ¢ acid, succinic acid, aIkyI succinic acids and al kenyl

succinic acids, I ¢ .aci c acid eric acLd, s
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(e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol, 2-ethyl hexyl
al cohol , ethylene glycol, dlethylene gl ycol nonoet her, propyl ene
glycol). SPEIAIIEBPESTEPTIONOE IS IRVENTIONdes di butyl adi pate,
di (2-et hyl hexyl) sebacate, di-n-hexyl Tumarate, dioctyl sebacate,

di i sooctyl azelate, diisodecyl azelate, dioctyl phthalate, didecyl
phthal ate, di el ¢RS¥nF& %txﬁvenhg‘l??v%l \Dﬁhaﬁé}égedqh%ﬁﬁ'@ﬁetm %]5\90 leic
acid dinmer, and the conplex ester acting one of
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silicate, hexa-(4-nethyl-2-ethyl hexyl)disiloxane,
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d) Goup IV base stocks are polyal phaolefins (PAQ. 8 e) Goup V
base stocks include all other base stocks not included in Goup I,

bel ow. PROPERTY TEST METHOD Sat ur at es

or

V. Anal ytical Methods for (Base Stock are tabul ated
RSTM D 2007 Vi scosity | ndex

ASTM D 2270 Sul phur ASTM D 2622

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 aleohol, 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.

Esters useful as synthetic oils also include those made from Cs to Ci,
monocarboxylic acids and polyols and polyol esters such as meopentyl glycol,

trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.

Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy- or
polyaryloxysilicone oils and silicate oils comprise another useful class of synthetic
lubricants; such oils inciude tetraethyl silicate, tetraisopropyl silicate, tetra-(2-
ethylhexyDsilicate, tetra-(4-methyl-2-ethythexyl)silicate, tetra-(p-tert-butyl-phenyl)
silicate, = hexa-(4-methyl-2-ethylhexyl)disiloxane,  poly(methyl)siloxanes  and
poly(methylphenyl)siloxanes. Other synthetic lubricating oils include liquid esters of
phosphorous-containing acids (e.g., tricresyl phosphate, trioctyl phosphate, diethyl

ester of decylphosphonic acid) and polymeric tetrahydrofurans.



ASTM D 4294 ASTM D 4927 ASTM D 3120 As stated, the oil of

| ubricating viscosity preferably contains 50 mass % or nore of
basestock containing greater than or equal to 90 %saturates and |ess
than or equal to 0.03 % sul phur or a mi'xture thereof: It may contain
50 mass % or nore of a Goup Il basestock. Preferably, it contains
60, such as 70, 80 or 90, mass % or nore of a Goup Il basestock. The
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Techni cal @iBled ©dp aei absainegl iyl proceased aindlar nthmmia tProyidae kdfmed oils but
onta

t I (S, be expressed a .nin
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Its first carbon atom .
attached t 8rothsesmag using tec%mquesgfor removmg spent additives and oil breag(down 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 Oil
Licensing and Certification System”, Industry Services Department, Fourteenth
Edition, December 1996, Addendum 1, December 1998. Said publication categorizes
base stocks as follows:

a) Group I base stocks contain less than 90 percent saturates and/or greater than
0.03 percent sulphur and have a viscosity index greater than or equal to 80 and

less than 120 using the test methods specified in Table E-1.

b) Group II base stocks contain greater than or equal to 90 percent saturates and
less than or equal to 0.03 percent sulphur and have a viscosity index greater than

or equal to 80 and less than 120 using the test methods specified in Table E-1.
¢) Group III base stocks contain greater than or equal to 90 percent saturates and
less than or equal to 0.03 percent sulphur and have a viscosity index greater than

or equal to 120 using the test methods specified in Table E-1.

d} Group IV base stocks are polyalphaolefins (PAQ).



Thus, cardanol contains significant quantities of material having

| ong linear unsaturated side chains and only small quantities of
material with long |linear saturated si gge chai ns. The present

i nvention enpl oys, as an additive, cardanot or, nost preferably,
material where a mmjor proportion, preferably all of the phenol,
contains material with Iong | i near saturated side chains. Such latter
material is obt abl Qgenati ng cardanol; a preferred exanple
is 3-(pent adecy‘fit3ld1r ﬁfd:]age ?ﬁ%‘éﬁsé‘m@w@ @%ﬁ%&éﬁ%@%ﬁ?ww@@@ﬂm@a@uﬁnﬂ is
attached to thegagprgtic ring at its first carbon atom It nmay
constitute 50 or nore, 60 or nore, 70 or nore, 80 or nore, or 90 or
nore, mass % of additive conpound (A). It may contain small
quantities of I I entlon does not -

i ncl ude techni c%mm%ﬁqg%&%?f ?gé%fsg%%??r? tagqgteh ﬁ%PWéctl ve as an

asphal tene di spersant. OTHER ADDI TI VES O\/ERBASED VETAL DETERGENT (B)
A nmetal detergent is an addPROPERTaSedTESTIOETHEDDE| netal "soaps”
that is metal salts of acidic—organiclconpounds _sometimes referred
to as surfactants. They genSRHiAS corrpﬁsg@lgzﬁmar head with a | ong
hydrophobic tail. Overbasedyigigly IH@éxeA@?ﬂtﬁzz%“ ch conprise
neutralized netal detergentis_as the 0 ayer ofja netal base (e.g.
carbonate) micelle, may be {prlphirded byABWMD(ﬁSﬁg | ar ge anmount s of
nmetal base by reacting an gxcessof—ajnek D4“M such as an oxide or
hydroxi de, with an acidic das such as é ZP%XI de. 10

salicylate, detergents may |[be used in Ksmmpa,ggpnt 5 i n conbi nation

wi th phenolic conpounds (A)}—Salicylatle detergents may be
particularly useful in thig respect. ASTMBPA ochrbyl " neans a
group or radical that contains carbon and hydrogem atons and that is
bonded to the remainder of the nolecule via a carbon atom It may
contai n hetero A&8a@taied, itheeoil of dybsicatinpevistosiy prederblip canielink\50r a@8M% or
provi ded t I (o) on nat re and
characteri gﬁ%s a?&tt%& éog{amtlm%ga%e@l%%?re cP{lS? %%Jd'l%&ﬁ Faip and dess thanpry
be ment i oneghahtoki03 Fnehlgtiuk eny nixtifeehavelr Hosed comdial50 mass % or more of a

hydr ocar by ted benz ate t cally has the structure

shown; OH b\/\ﬁ“ér el hseéoﬁg gl%flei”%% %Wsﬁeg‘gck} a5|7pp${b@r,%0 FAEY Gcd e

group, andofrerGropy &f Bisahbck amhelolYdr 10h@lng WiehSHS MLy 8L rsﬁ\tss@dﬂhanfﬁn
There may be nore than ‘one gr oup

br anched- chai n ?L)%% r oups.

attached t 8*4Rd! Basksterte SYCh@ils mqtgefaﬁechbtsause fh@a&hﬂvewngonddmr@hlmof
sodi um or RehAkHE Hﬁhpﬂﬁtl&ﬂ 1§§to‘ré1§cuﬁea§tth%h%a§ést&ﬁ sBurafete déléjm magnesi um
bariumor strontiun). Calciumor nmagnesiumis erre calciumis
especially preferred. The COOM group can be in the ortho, neta or
para positp NP he hydroxyl group; the ortho position
is preferre lgm\l\‘ﬁtl}m:R&gr ou%bcan /@e in the ortho, neta or para position
vvith respect to the hydroxyl group. Wien Mis divalent, it represents
"half' an atomjn the above droxybenzm c acids are
typically pr epaflr‘e ByePHE g&pﬁg%*ea@feoﬂf iy Phepglig someounds wsed in the

process, dhvqiien Wmdﬁﬂzydﬁj&ﬁrbyﬁstibbﬁhn&ﬁﬁthc Wdntati® Qﬁ%rv@ﬁclré/ th%%uﬁ’ﬁ{n?énf‘ed
(normally dn a diluent) in adm xture wi th uncarboxyl at ed

Hydr oxyberi? 3#@°hadite éhf‘nﬂpg BE it SHst(GLp eibpe atombr Thisi qmlgturd efdatuland oty
be ch f t
e chem calvh¥auig) ch&ﬁc@lnﬂf(ﬁr%lﬁg S}'ggnbﬁgg & Aak Fﬁ-tégél dlr%ﬂg aﬁté?-, 8f .

Processes for sulphurizing a stl tute
aci d are \REROlKHishuolafims: hﬂ@elﬁﬂu ktpélly rgwdsemamur;as af\@rtho andqm@r atkgd,

for exanpl p‘ﬁendlgl (tH% oﬁﬂ%;&’r?d??%%f meta alkyl phenols), and where attachment of the

alkyl group to the aromatic ring is at the second (C2) or higher carbon atom.

Cardanol, the product obtained by distilling technical CNSL, typically
contains 3-pentadecylphenol (3 %); 3-(8-pentadecenyl) phenol (34-36 %); 3-(8, 11-



11. I n hydrocar byl -substituted hydroxybenzoic acids, the

hydr ocar byl group is preferably al kyl (including straight- or
branched-chai n al kyl groups), and the al kyl groups advantageously
contain 5 to 100, preferably 9 to 30, especially 14 to 24, carbon

at ons. The term "overbased” is generally used to describe netal
det er gent s pentadédacienylh eherml (n -z %t);rmdm;qsbex 1t peatiatoaateand @h@:ﬁol t(«ttﬁ41

nmet al m)let(%t thennber of %glg ts of, the acid npiet
greater thafi»@ a'ﬁ’i‘é 28O ecyil regeigok - de ek ilsa 1 f&‘l’ to as

det er gent s dafioWiTehrfida® COBI dohkAmN mﬁﬁhﬂ &r@noﬁﬁh@lsod?@b@lﬁz)ﬁeh?edaﬁhtgnal
noiety is greater than 1, and up to abou By an "over based
cal ci um sal ar@,efnogmay sherefprede eixpresred A C%ﬁalmgﬁm@émt@mnrg@ﬁmethmx ch
t he net al i

cal cf um cat Do oo Eiel e R BB bR REREAM b
o0i | -i nsol ubi endiettikchsdict the bipmatiy ping af 1ts>ﬁrattcafb®asaton8@31)rmr e typically
at least 90, for exanple at |east 95 nole %of the cations in the
oil-insoluble netal salt, are calciumions. Cations other than

cal cium may be G%ns,wacianbloconexngipificdnt Quadtiies Us eatoial Bﬂnﬁ%lﬁﬁ%dﬁ‘kh&r e
of the overbased gel er gent of surfactant salt in which the cation

'S a metal GtgRte iR chapand Ao realkquapities of mategial with lopglinggr spiygated
surfactant side @las@. CaheipidRent mvenu&ﬁ@agl%?& ek %%ﬂ%%@dcﬁﬁmk or, most
detergents typically conprise amor phous nanoparticles. Additional I Y,
there are @Fderbyumaterig wheipepagier pigpertien,nreferablyl all ebikp phenaigeontains
car bonat e i %

basi oi 1y of her JERABIEbLF Saialdh it GRRs Sl ok RUHR o oprajpapl
number (TBNydrogcrtatmglcatdas@ rauprb&rred $xmh1pleausrcﬂj(wntaﬂeoal)i phenele ddrd che

neutralize a h sicitw.of the o) rbased nate

be neasuref ‘ﬁé‘?"%&l é&%‘%ﬁg nﬁ% & B%B%j 9IS OWANG Uug %tr} Sailbrrg @g@ﬂraéom ‘The
det er gent Etaya)tmneutatelmﬂi&l‘rb (60 & mode, TBNr @ford, 80 Sr 1dad) obO) or MoEERlbdAM
TBN ( ? E 50t015iorah| hTN( .aTBNof reater
{han’ 150, Tuéhe “?(%(508’@891‘ AVt A i kP Rl meaRlities 1 3-(satedsesl
Degree of Rbleaioat T8 iNPtiBE desL ot ﬁélﬁﬂé?'técmeC@NSL Swhil§ 1§TBhAH b He! O
of total base soap in the overbased detergent. Degree of Carbonati on
i s the per H&Hegllys 2pan asphpléangdisppiseient in the overbased present in
the overbased detergent expressed as a nole percentage relative to
the total excess base in the detergent. 12 Over based net al

hydr ocar by OTSUER ADDYIAYES, dr oxybenzoat es can be prepared by any of
the techni ques enployed in the art. A general nethod is as foll ows:

1. Neutralisation of hydrocarbyl-substituted hydroxybenzoic acid with
a nol ar exOVERRBASHDIMETIAI. DEIERGENT@BUCe a slightly overbased netal
hydr ocar byl substituted hydroxybenzoate conplex, in a solvent m xture
consisting of a volatile hydrocarbon, an alcohol and water; 2.

Car bonat i on to gnes@stesht @'aﬂﬂhéxﬁv%a’%&%ﬁﬁﬁceﬂ‘l@& fetat agogs@ash@t oldgued
by a post-reaction period; 3. Renpval resi dual solids that are not
col I oi dal | Spltgi afpesidie Preame cnmpgewpmrnglmqs redaripdetopap sedactant. v dilies .

generally comprise a polar head with a long hydrophobic tail. Overbased metal

detergents, which comprise neutralized metal detergenis as the outer layer of a metal
base (e.g. carbonate) micelle, may be provided by including large amounts of metal
base by reacting an excess of a metal base, such as an oxide or hydroxide, with an

acidic gas such as carbon dioxide.

In the present invention, overbased metal detergents such as overbased metal

hydrocarbyl-substituted ~ hydroxybenzoate, preferably  hydrocarbyl-substituted



Over based netal hydrocarbyl -substituted hydroxybenzoates can be nade
by either a batch or a continuous overbasi ng process. Met al
base (e.g. netal hydroxide, nmetal oxidgor netal alkoxide),
preferably Iime (cal cium hydroxide), may be charged in one or nore
stages. The charges may be equal or nmay differ, as may the carbon

di oxi de chasafjedatehdatreéos hmaw Hehese 11V\hﬁﬂ0razdﬂ(bmh§; i dogibinEibn GALIC phblic
hydr oxi de cha oxi de treatment of the previous stage
need not be” 5"6%5?‘&(23 %ghcé’%fao‘geﬁﬂéﬁ“&fnﬁ?ﬁc@éﬂ@la%ﬁ@%} ipebis KPRPDxi de i s
converted into colloidal carbonate particles dispersed in the m xture

of volatile hydr, ﬁ@Pon sol vent and non-vol atile hydrocarbon oil.

Car bonat i on may ¥k dBeann aogau o1 Fasical gheh gerdaioy errben eath zdiogen

t enper at ur egoraddothhie bélﬁfeh%tﬂe% ﬁiﬁgérwf?h Q[El felfe @a%oﬂptlon%&qo Etenrlasy

Addi tion tenperatures may be si m ar, di ?er ent,

duri ng eaclfoB@H hetesp atlonsgies. aPMg ST thanwhxboh andehpka:m;premdai ﬂlcy do sed,

and option G furth bonatign ste

The vol a1 ety P et By IR nh SRR Sparkli'Bls Gl PGP &7 cRaripls

preferably o hydrmmbgly tlmrq by laer onfioned kil Qmﬁrdmbﬂd y1hagh@@v%bma |b1hélﬂl

poi nt not ater t t,15 C Aromat i rocarbons have been
s M gy

found to o ¥qrpxy egzo&tc yRIga HeSHusteshoyon r at es,
and exampl es of suitable sol vents @He tol uene, xylene, and et hyl

benzene. The al kanol is prefgerably nethanol although other
al cohol s such as ethanol can be uskd. Coprect choice of the ratio of
al kanol to hydrocarbon sol vent n hejjwat er content of the initial

reaction mxture, are inportantf to obkal t he desired product.

Ol may be added to the reactign xtyres \l\f so, suitable oils
i ncl ude hydrocarbon oils, partiw thoseOMf mneral origin. Gls

whi ch have viscosities of 15 tof30"mR2/sec at 38C are very suitable.
After the final treatnent with 'carbon dioxide, the reaction mxture

i's typical WheliaR @a Liteaddr Bh@had BpHaBAREIraEh grcﬁlpgandeiﬁ&\fﬁrcl’gtgﬁy ah©
renove vol gﬁ{l le materials (water and any remalning al kano

hydr ocar bo ¥ogrgemtincludipg straighi- oy hranehedschria llgsrape, Theremamwepnaduct

i's hazy begaHge o otdi® 4t
clarified by, for gxarﬁ}p ea%QSf.ﬂr“fa)ltBFI%EI%Srﬁﬂgentrledgll uga |1(§)]ﬁtai #%%Shthmm

measur es nﬁ&ﬁnb?@ o PeEhsyamp oe alkgling cartmmietal ée.gechlcitre, pmgmmurro barhfrh et
o Vet Rl A B A o0 P b S

| f the reacti on xture con 1 Cl én
sol uti on afoeOM lgsmlp\cah befin theertio) mtualoemrafpmsmbﬁﬁmahi respaEray ikt PRiréelded.

Thi s may oc e r at a iate or af ter sol vent
renoval . ’tl%ltse ?r%(;f)emsotboﬁ 15 @?er yelﬂggggmul’ can be jnghg oxthq, gagty px para
i ndex of | lmsmoﬁmth tegecanttha hi@oxAeralp. cwnl@maisldi’m&lft BRpasBits “half

reater; or
9 an atom in the above formula,

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.



(B2) a basicity index of two or greater and a degree of carbonation
of 80 % or greater; or (B3) a basicity index of two or greater
and a degree of carbonation of less than 80% or 14 (B4) a basicity
i ndex less than of two and a degree of carbonation of |less 80 %

The treat rate of additive (A), or additives (A and (B), contained

in the lubricat |mqlgardcaﬂ@mmsmueenhywxivaﬁz&éamﬁsetm%yﬁfbcm 1@%51%% OI
8, ] ec

1 to 25, prefgag}b‘%g %o 20, nore preferably 5 mass

to any | i mREET lkplisincydise sfeaightnor @@%WWEQ)’I groupgihend the alkyl
| ubri cati NnQurBids £&RERAQ i 1pe c r
addi tives, g%rl fé‘ er ent %08%9}%{&%3?& @ﬁa?}#%g?lg?/g)nga?%?&ﬁﬁ E%;}gizs‘}’
used). SucI‘PadH’éilaqu@‘-hal additives may, for exanple include ashless
di spersants, other netal detergents, anti-wear agents such as zinc
di hydr ocar byl dithi ophosphates, antioxidants and denul sifiers.

It may be de5| r éﬂhleer;rnafdvhma@h" nmgeneﬁnymtsddatb deh@barn%mrd@tefgbﬂts% WHEE
addi tive pz% conc ntr tes corrgrtléf(sj the additives, whereb
addi tives ( ?Bq“ (q“fn EB) |e§1“‘rvélﬁﬂ fhecaﬁt%émﬁ@lfde@ the' number o
si mul t aneowthyaje@ts tolf éhed@s® ridty {s0erbREMEDEnd, Ul?ﬁé feth i “Rdy- B’alslsw}j1 is used to
conposi tion, Dissolution of the additive package(s) 1nto

| ubri cat i ngegribe meal geteregals ip Which dhasauiiglopbatia ohmeiabyoietkiorgid moiety
acconpani egg %bgtgrmrm éﬁg@%ltfpg)oupyt this is not essential. The

addi ti ve package(s) ypically be fornulated to contain the
additive(s) in proper anounts to provide the desired concentration,

d/ t ‘ i in,the f ti
andl o o carty el NG LAOFLLARAAS LTS Locviaten
amount of luag\éncﬁumel metat cat‘blnmso;f thﬁi@lltxnwﬂ,ﬂ)l& AetAngl (48 eédeﬁtle(lﬁ) cdléium

required), anongc @ance WI% rese i nvention, be adm xed
with smal | “AmBimP R0 MR tf’ercﬁa“ SHE?Y {igthe %IBF‘%IH'P@ meiRjstlher
wi t h ot her baegpicabl # 1edoid, Wtyb&aﬂﬁﬁﬂba’;&@d@ tfbx\/é;a%fek@%%& %Oﬁato?é Y 4}9

active ingredients |n an_anount, based on the additive
for exanpl ¢ ¢3tigps 3 ghe 8119@01“&}39%%1@% ?Ilrﬁcﬁﬁ@lm doTp5, Cﬁ‘ pl%etf érabl y

from8 to BfeiufBiay %eotieﬁ’ﬂfw' fdy %ﬁgﬁi tﬂ&'rla@grlﬁgrlhaﬁlg r%n%@é%:liur% Oor}sﬂlet he

remai nder bei ng base oil rmul ations as a
pi ston engPYf-'éb%PCF detasgent, pf eamfgctmﬁtalaum véhidr 116 ¢atioBGs apnethicothbl Jhai0

to 28, h ddi.t k
B S
has a 15

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. The detergent may have a low TBN (i.e. a TBN of
less than 50), a medium TBN (i.e. a TBN of 50 to 150) or a high TBN (i.e. a TBN of
greater than 150, such as 150-500). In this invention, Bascicity Index and Degree of
Carbonation may be used. Basicity Index is the molar ratio of total base soap in the
overbased detergent. Degree of Carbonation is the percentage of carbonate present in
the overbased present in the overbased detergent expressed as a mole percentage

relative to the total excess base in the defergent.



conposi tional TBN (using ASTM D2896) of 20 to 60, such 25 to 55. Wen
(B) is present, the relative mass: mass proportions of (A to (B) my,
for exanple; be in the range of 10:1 tg,1:10, such as 5:1 to 1:5,
such as 3:1 to 1:3. EXAMPLES The 'present invention is
illustrated by but in no way limted to the foll ow ng exanpl es.

COMPONENTS The foll ow ng conponents were used: Conponent o
(Al): 3-pent adecyl phenol (ex Sigma Aldrich); Conponent (A2):distilled
techni cal CNSL Overbazad 8RB0 hydib@XbyPakbsaiutdd kR Adbboaks éan%?} NEM by
(B):a calciumsalicylate detergent having @ TBN of 350 (basicity

i ndex of t vBYSY thriechnigues gmplaysdda therark ok Benseat imethodfis &0oliews: gr eat er)
and containing 6 mass % of al kyl phenol; Base oil Il:an APl Goup Il

base oil known as CHEV600OR HFQ a heavy fuel oil, |SO F-RW 380
LUBRI CANTS 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;

2. Carbonation to produce colloidally-dispersed metal carbonate followed by a
post-reaction period;
Removal of residual solids that are not colloidally dispersed; and

Stripping to remove process solvents.

Overbased mefal hydrocarbyl-substituted hydroxybenzoates can be made 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.



Sel ections of the above conmponents were bl ended to give a range of
trunk piston marine engine lubricants. Sone of the lubricants are
exanpl es of the invention; others are ﬁff erence exanples for

conpari son purposes. The conpositions of the |ubricants tested when
each contai ned HFO are shown in the tables bel ow under the "Results”
headi ng.  1BnpFe&Hl MGatiorghitesSemt éx@fiplg of suitableT@Henks It it1A¢He S xYBAE and
eval uat ed fqé absgghal tene di spersancy using |ight scattering according
to the Focu® ﬁl AP Ref | ect ance Met hod ("FBRM'), which predicts
asphal t ene aggl onerati on and hence ' bl ack sludge' formation.

The FBRM test method was di scl osed at the 7' h International Synposium
on Marine Engi neBiidginols pigderabiy msthanglgdthoughtothes alcabilS suchmslethaml can
publ i shed i ysdine b i ents in TPEO

Appl i cations wi ?hcgﬁ‘g/tgfﬂﬁétéey&f&ﬁ%ggy@%@s% I,"’?ﬂffﬁca?‘?? SPHRPi AR dhe water
Pr oceedi ngsconiat efttbe indtisd sakgonmeixeureliascingmedntad obtain th 4G COGEERSS,

Vi enna, 21st -24th May 2007 and published in "Meeting the Chall enge
of New Base Fluids for the Lubrication of Medi um Speed Mari ne Engi nes
- An Additive A}l omah'bei sidedeo ObegleeS®nProaeediings, shitblsid abdigde
paper it iﬁ}ﬁi SC oseﬁ t hat P%/ using the FBRM nethod it is possible to
obt ai n quantRAPPOR OF% Particalapty thoge phamnes origins failsswhicly haveatisoositicl of
per f or manceasfieB0 ki¥see ands eysd waFsdiagred on basestocks contai ni ng
greater than or less than 90% saturates, and greater than or |ess

t han 0. 03% sul phur. The predictions of relative performance obtai ned
from FBRM wer e ' i Sy:l rine diese] enagines.
The FBRM probe %gﬁ g{egﬂ% P%arngl&gﬁ{i ?’céaggqtt‘)"l dééﬂg%?%eurﬁﬁmWin@ﬁlufaﬁgﬁ’pl?aﬁ]é[ht
travel s tobhpaedtk eheloypichdempaatury eighabdvep] 3046, aptdnovk GRUSIES nlalgials

| aser |igh t. JThe optic.is rotated.s hat the
focussed b gﬁgrs%lad?é@aﬂegﬁﬁlgntﬁ %{lr{an[%?%} h&*ﬁ‘@é‘?{”’tsﬁ Veﬂ)n?%’&?rbﬁ‘etswéth‘iﬁ%ﬁe
and the sanmphpletepthepaw pratherss hizgwepass of e ]PVUsé}d:@Wf blg¥ndeBLaligens. khe
scanni ng p?stharﬁgeld#){nﬁgbackslc tered light tromthe individual

particl es. o ¥ CANAP gt I3 onreBipifigation| Thesp eneasuaes way bhesedt he
parti ol es; bifbics onmansntthliiddiflabdnet ffvef Rnfhhect i vel y stationary.
As the focussed beam reaches one edge of the particle there is an
increase in the anmount of backscattered |ight; the anmount wll

decr ease Wgs pidatcd ARUISSRA r Sdge of the .
particle. | 17pa. di st an%e. og]?g'ﬁéc;ar ??@ﬁg? Rfuﬂﬁn.glﬁglfedreggﬂ:&rﬁlﬁnge gontains
strai ght | ingefisisntwsbio retain anwdl spbiting sftarmemiret efithe vofatiks Fartkdr el1&houldli S

is repres S haord | eng di strjbut.ion, raph of npunbers of
chord | engﬁgg?egér t%lh]%I Ig'gl? Oﬁglgs%e?%rﬁ’ 85 aLaf“dHWgﬁatgfpofrﬁe% REpIgsAl et h
di mensi onsreimovali crons. As the neasurenents are perfornmed in real tine
the statistics of a distribution can be cal culated and tracked. 113RM
typically neasures tens of thousands of chords per second, resulting
in a robust nurthetis bivestiar B) BdiaRedi stribution. The method gives an
absol ute neasure of the particle size distribution of the asphaltene
particles. The Focused beam Refl ectance Probe (FBRM, nodel
Lasent ec D60OL, i I l.e Lei cester The

i nstrunent was (Eggﬁbﬁa Iggn %%@%notﬁjot%gﬁi (%gteﬁ 035?&%?‘&% @hg? gg% or
resol uti org&fieriogmto Inm Data from FBRM can be presented in several
ways. Studi es have suggested that the average counts per second can
be used as a quantitative determ nation of asphaltene di spersancy.
This value is &B2uLnbdsiay infexdtio bhgreaviCinddedeptct D MBohRN8 lof 8 % or
agglonmerate. In this application, the average count rate (over tﬁe
entire si Z°%%nYe) was nonitored using a neasurenent time of 1 second
per sanpl e.

(B3) a basicity index of two or greater and a degree of carbonation of less than
80 %; or



The test lubricant formulations were heated to 60C and stirred at
400rpm when the tenperature reached 60C the FBRM probe was inserted
into the sanpl e and neasurenents nade % r 15 mnutes. An aliquot of
heavy fuel oil (10%ww was introduced into the |ubricant

formul ati on under stirring using a four blade stirrer (at 400 rpm. A
val ue for the av@agdasioinimicd®is GRAQDGv¥asd b AkaBe W@ﬂbéﬁlﬁo&%y Eﬁ_é@‘te
had reached_an equilibriumvalue (typically overnight). RESULTS
Scattering %. The results of the FBRM tests are summarized in TABLE

1 below. In TABLE 1, phenols Al and A2 were each bl ended separately
W th overbased Ca sal icylate (B). The base oil was Base oil I1l. 18
W. val ues are n§stres gate. Of'mbhtﬂ@sm)t or ad@tlpfa;r (A)chrsl dbymbnmmbdjéls thaBy
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20, more preferably 5 to 18, mass %, subject to any limitations indicated herein.

CO-ADDITIVES

The lubricating oil composition of the invention may comprise further
additives, different from and additional to (A) and (B) (if (B) is used). Such
additional additives may, for example 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 concenlrates comprising the additives, whereby additives (A) and (B) (if
(B) is required) can be added simultaneously to the base o0il to form the lubricating oil
composition. Dissolution of the additive package(s) into the lubricating o0il 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)
(if (B) is required), 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 3 or 5
to 30, preferably 10 to 28, more preferably 12 to 24, mass % of the additive

package(s), the remainder being base oil. Preferably, the trunk piston engine oil has a



Al (3-pent adecyl phenol) Al (cardanol) 0/0 27,920 - 3.84/0 33, 027*

37, 933*

7.68/0 13,980* -
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compositional TBN (using ASTM D2896) of 20 to 60, such 25 to 55. When (B) is
present, the relative mass:mass proportions of (A) to (B) may, for example, be in the

range of 10:1 to 1:10, such as 5:1 to 1:5, such as 3:1 to 1:3.

EXAMPLES

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

examples.

COMPONENTS

The following components were used:

Component (Al): 3-pentadecylphenol (ex Sigma Aldrich);

Component (A2); distilled technical CNSL or “cardanol” (ex Palmer

International);

Component (B): a calcium salicylate detergent having a TBN of 350 (basicity
index of two or greater; a degree of carbonation of 80 % or

greater) and containing 6 mass % of alkylphenol;

Base oil II: an API Group II base oil known as CHEV600R
HFO: a heavy fuel oil, ISO-F-RMK 380
LUBRICANTS

Selections of the above components were blended to give a range of trunk
piston marine engine lubricants. Some of the lubricants are examples of the
invention; others are reference examples for comparison purposes. The compositions
of the lubricants {ested when each contained HFQ are shown in the tables below under

the “Results” heading.



0/5.73 13,123 13,278 1.92/5.73 2,467* 11,697* 3.84/5.73 28* 5, 430*

7.68/5.73 13* 18* 11.52/5.73
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TESTING

Light Scattering

Test lubricants were evaluated for asphaltene dispersancy using light
scattering according to the Focused Beam Reflectance Method (“FBRM™), which

predicts asphaltene agglomeration and hence ‘black sludge’ formation.

The FBRM test method was disclosed at the 7" International Symposium on
Marine Engineering, Tokyo, 24" - 28" October 2005, and was published in ‘The
Benefits of Salicylate Detergents in TPEO Applications with a Variety of Base
Stocks’, in the Conference Proceedings. Further details were disclosed at the CIMAC
Congress, Vienna, 21% -24™ May 2007 and published in “Meeting the Challenge of
New Base Fluids for the Lubrication of Medium Speed Marine Engines — An Additive
Approach” in the Congress Proceedings. In the latter paper it is disclosed that by
using the FBRM method it is possible to obtain quantitative results for asphaltene
dispersancy that predict performance for lubricant systems based on basestocks
containing greater than or less than 90% saturates, and greater than or less than 0.03%
sulphur.  The predictions of relative performance obtained from FBRM were

confirmed by engine tests in marine diesel engines.

The FBRM probe contains fibre optic cables through which laser light travels
to reach the probe tip. At the tip, an optic focuses the laser light to a small spot. The
optic is rotated so that the focussed beam scans a circular path between the window of
the probe and the sample. As particles flow past the window they intersect the

scanning path, giving backscattered light from the individual particles.

The scanning laser beam travels much faster than the particles; this means that
the particles are effectively stationary. As the focussed beam reaches one edge of the
particle there is an increase in the amount of backscattered light; the amount will

decrease when the focussed beam reaches the other edge of the particle.

The instrument measures the time of the increased backscatter. The time

period of backscatter from one particle is multiplied by the scan speed and the result is
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that, in conbination with the salicylate, A (a phenol of the

i nvention) gives performance benefits gpd that A2 (also a phenol of
the invention) also exhibits performance benefits. Also, results
above the bar show that Al without the salicylate is effective. 19
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1 to 25 masfefibution. The method gives an absolute measure of the particle size distribution of
the asphaltene particles,

The Focused beam Reflectance Probe (FBRM), model Lasentec D600L, was
supplied by Metiler Toledo, Leicester, UK. The instrument was used in a
configuration to give a particle size resolution of 1 um to Imm. Data from FBRM can
be presented in several ways. Studies have suggested that the average counts per
second can be used as a quantitative determination of asphaltene dispersancy. This
value is a function of both the average size and level of agglomerate. In this
application, the average count rate (over the entire size range) was monitored using a

measurement time of 1 second per sample.

The test Iubricant formulations were heated to 60°C and stirred at 400rpm;
when the temperature reached 60°C the FBRM probe was inserted into the sample and
measurements made for 15 minutes. An aliquot of heavy fuel oil (10% w/w) was
introduced into the lubricant formulation under stirting using a four blade stirrer (at
400 1pm). A value for the average counts per second was taken when the count rate

had reached an equilibrium value (typically overnight).

RESULTS

Light Scattering

The results of the FBRM tests are summarized in TABLE 1 below. In TABLE
1, phenols Al and A2 were each blended separately with overbased Ca salicylate (B).

The base il was Base oil 1I.



2. The conposition as clainmed in claim1 where (A) is hydrogenated
cardanol. 3. The conposition as clainmed in claiml1l or 2 where the
phenol i ¢ conpounds are 3-pentadecyl ph | and 3- pent adecyl resorcinol .
4. The conposition as clained in claim@l, 2 or 3, where the phenolic
conpounds conprise 50 or nore mass % of 3-pentadecyl phenol, where the
pent adecyl groupwi. &alubga@rm@.ec% ag. P RENAGDE 9a&161% caﬁﬂm%ideg lEyrkga;,an
its first carbon atom 5. The conposition as clainmed in any one “of

t he precedlci?@mé{l%ﬂnniéal“%*f@’f@e iyl elonegig alsp ipdispted.t y i ndex of |ess
than two and a degree of carbonation of 80 % or greater; or (B2) a
basicity index of two or greater and a degree of car bonati on of 80 %
or greater; or (B3) a basicity ind®ABIEiwo or greater and a degree
of carbonation ofless than 80 % or 20 (B4) a basicity index of

| ess than two and a at | wher e degree

cﬂegpe%ei—cax-bgnal_l_gn_of_Less_&O_/q_
of carbonation is thé percentageg of caldsotittef Bheaglent in|the
overbased netal hydr oCglPydn FAPITT T Ut ed, IyaT oXylJenzggte (let er gent
expressed as a nol e percentage rlel ative to the tlotal excess base in
t he detergent. % Salicylate B | (3-pentadecylphenol) | (cardanol)
0/0 27,920 -
3.84/0 33,027+ 37,933*
7.68/0 13,980* -
0/5.73 13,123 13,278
1.92/5.73 2,467* 11,697*
3.84/5.73 28% 5,430%*
7.68/5.73 13* 18*
11.52/5.73 14% 15%

= Inventive examples

The results below the bar show that, in combination with the salicylate, Al (a

phenol of the invention) gives performance benefits and that A2 (also a phenol of the

invention) also exhibits performance benefits. Also, results above the bar show that

Al without the salicylate is effective.



6. The-conposition as claimed in claim5 where the netal in (B) is
calcium 7. The conposition as clainmed in either claim5 or 6 where

t he hydrocarbyl - substituted hydroxybg&zoate in (B) in a salicylate,
preferably C9 to C30 al kyl -substituted” 8. The conposition as clained
in any one of clains 1 to 7 where the oil of lubricating viscosity

contains 50 m‘ﬁor nore, such as nore than 60 mass % of a
basestock co g greater than or equal to 90 % saturates and | ess

than or equal to 0.03 % sul phur or a mxture thereof. 9. The

conposi tion s cl ai rreg in claim8 where the basestock contai ning
greater than or e‘g t RJStOrD 107y ine: tengine: éﬁmaamdglcﬁ}ssoﬁﬁ@ﬁmprforegﬁ@wﬁg
0. 03 % sul phur i sas a@ﬁgqﬁndb}l C 10.. The_conposi tion -as
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clainmed in any of ai s to 9 aV|n
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Wt savy
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{(A)one or more oil-soluble phenolic compounds comprising distilled cashew
nut liquid or hydrogenated distilled cashew nut shell liquid; and
(B)an overbased metal hydrocarbyl-substituted hydroxybenzoate detergent;

wherein the treat rate of (A) and (B) in the lubricating oil composition s
from 1 to 25 mass%.

2. The composition as claimed in clajm 1 Where (A) is hydrogenated cardanol

3. The composition as claimed in claim 1 or 2 where the phenolic compounds are

3-pentadecylphenol and 3-pentadecylresorcinol.
4, The composition as claimed in claim 1,2 or 3, where the phenolic compounds
—_ comprise 50 or more mass % of 3-pentadecylphenol, where the pentadecyl
group is linear and is attached to the aromatic ring at its first carbon atom,

5. The composition es claimed in any one of the preceding claims, where (B) has

(B1) a basicity index of less than two and a degree of carbonation of 80 % or
greater; or

(B2) a basicity index of two or greater and a degree of carbonation of 80 % or
Breater; or

(B3)-a basicity index of two or greater and a degree of carbonation of less than
80 9%; or



; ' ' [ ith a conposition as
' ng the crankcase of the engine w _ _
géf! ﬁgg' icﬁt iamg of claims Ito 10. 14. A nmet hod of dispersing

' ' ' bricating oil conposition
es in a truth piston manne& ( on_
Sﬁfihﬁlgt ?Ps | ubrication of surfaces of {)jhe conmbusti on chanber

. - ' f the
: i on-1i ani ri ne engi ne and operation o
mar i ne- speed compr essi on-ignited ma vidi%g the conposition as

i “whi'ch et GRORL) 883 ‘%; ro on _
3219: 226 ml ;ny of tﬁ:ﬁé‘i B ﬂ%gef(ﬁ(tj] f%ﬁ??ﬁydﬁﬁ?é;f%dﬁg@g ghn
the combustion chifaber; (1) gggn;t}ng the heavy fuel oil in the

conmbustion Cﬂaggﬁher@@lggrge' Y9 oS onation is the percentage of carbonate present in the
ustion cha : i
co b overbased metal hydrocarbyl-substituted hydroxybenzoate detergent expressed

as a mole percentage relative to the total excess base in the detergent.
6. The composition as claimed in claim § where the metal in (B) is calcium,

7. The composition as claimed in either claim 5 or 6 where the hydrocarbyl-
substituted hydroxybenzoate in B)ina salicylate, preferably Cy to Csp alkyl-
substituted,

8. The composition as claimed in any one of claims 1 to 7 where the oil of
lubricating viscosity contains 50 mass % or more, such as more than 60 mass
%, of a basestock containing greater than or equal to 90 % saturates and Jess

than or equal to 0.03 % sulphur or a mixture thereof,

9. The composition as claimed in claim 8 where the basestock containing greater
than or equal to 90 % saturates and less than or equal to 0,03 % sulphur is a
Group I1 basestock.

10.  The composition as claimed in any of claims 1 to 9 having a TBN 6£20 to 60,
such as 25 to 53.

11.  Theuseoffrom1 to 15 mass¥ of component (A) as defined in any of claims
1 to 4 in a trunk piston marine lubricating oil composition for a medium-speed
compression-ignited marine engine to improve asphaltene handling during
operation of the engine, fueled by a heavy fuel oil, and its lubrication by the

composition.

12. A method of operating a trunk piston engine medium-speed compression-

ignited marine engine comprising

) fueling the engine with a heavy fuel oil; and
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()  hubricating the crankcase of the engine with a composition as defined

in any of claims 1 to 10.
A method of dispersing asphaltenes in a trunk piston marine lubricating oil
composition during its lubrication of surfaces ofthe combustion chamber of 2
marine-speed compression-ignited marine engine and operation of the engine,
which method comprises
6 providing the composition as defined in any of claims 1 to 10;
(i)  providing the composition in the combustion chamber;

(i)  providing heavy fuel oil in the combustion chamber; and

(v)  combusting the heavy fuel oil in the combustion chamber.



