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DI ESEL ENG NE LUBRI CATI NG O L COMPCSI TI ON FOR

. LARGE- BORE TWO- STROKE CROSS- HEAD DI ESEL ENG NES The

present invention relates to a |ubricating oi

conposition for diesel internal 5 conbustion engines.
More specifically, the present invention relates to a
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oil conmposition of the present invention denonstrates
hi gh tenperature wear and scuffing performance. 10
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cross-head di esel internal-conbustion engines
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A typical lubricating oil for two-stroke cross-head diesel marine engines
comprises a base oil showing a kinematic viscosity of approximately 22 to 300
mm?/s at 40°C and additives dispersed or dissolved in the base oil such as an
ashless dispersant and an overbased metal-containing detergent, e.g., an

overbased calcium sulfonate, i.e., an overbased calcium alkylbenzenesulfonate

~ detergent, an overbased calcium phenate, i.e., an overbased sulfurized

alkylphenol calcium salt detergent, and an overbased calcium salicylate, i.e., an
overbased alkylsalicylic acid calcium salt detergent. Most two-stroke cross-head
diesel marine engines mainly burn petroleum fuel containing sulfur in a high

content (generally, 2.5 to 4.0 wt.%} such as C fuel oil, and hence exhaust large

amounts of acidic sulfur oxides (particularly, sulfuric acid) produced by
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30 content (generally, 2.5 to 4.0 wt.% such as C fue
oil, and hence exhaust |arge anobunts of acidic sulfur
oxi des (particularly, sulfuric acid) produced by 1
conmbustion of the fuel. In order to neutralize the

sul fur oxides, the lubricating oil conposition
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are general l'y used in great anmoun an over based
cal ci um phenates. Overbased cal ci um phenates are nore

r bas alcium
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calstuneéﬂlﬁﬂtatw cafzium salitylgtes tantl kaldiwh@henhRBexdused in

ossible. .2 Lf Patent No. 4, 948, 522 descri bes a
g?ﬁ“?’ﬁ@@?” i e IEI?EHEIQCQIH cqg@qﬁﬁggqr}, okarbaged calcium sulfonates and
calcium salicylates are generally used in greater amounts than overbased
calcium phenates. Overbased calcium phenates are more expensive
components than overbased calcium sulfonates and calcium salicylates. Thus, it

Is more cost effective to use more of the later whenever possible.

U.S. Patent No. 4,948,522 describes a cylinder lubricating oil composition for
marine diesel engines. In the examples (set forth in Table 3 of col. 9) of this
reference, it is shown that an overbased calcium sulfonate is used in an amount
much more than an overbased calcium phenate (weight ratio is apprommately
10:1 to 6:1).
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mari ne di esel engines. In the exanples (set forth in
Table 3 of col. 9) of this reference, it is shown

that an overbased cal ci um sul fonate is used in an
anount nmuch nore than an overbased cal ci um phenat e
(weight ratio is approximately 30 10:1 to 6:1). 2
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performance. 10 Wile the conventional |ubricating oil
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agdilé theecrRERESH I PR ak ﬂ béhl!ﬁ)g YRR d m the prior art

net al - cont ai ni ng det erge sat | sfact
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engi RY OF THE | NTI ON
can meest the pe ormance demancl\lv 5 such new generation two-stroke cross-

head diesel marine engines.
SUMMARY OF THE INVENTION

The present invention relates to a lubricating oil composition for diesel internal

| combustion engines. More specifically, the present invention relates to a

- lubricating oil composition favorably employable for lubricating two-stroke cross-

head diesel engines installed in large ships or vessels. The lubricating oil
composition of the present invention demonstrates high temperature wear and
scuffing performance.
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25 The present invention relates to a |ubricating oi
conposition for diesel internal conbustion engines.
More specifically, the present invention relates to a
| ubricating oil conposition favorably enpl oyable for

| ubricating two-stroke cross- head di esel engines
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%in terns of calciumcontent, 10

to 2. (3) a

nitr oé@rﬁ E'Hﬁgﬁnﬁpﬂ’iﬁ”ﬂ% ?é@'@%ﬂ?ﬁ@?@ﬁhtﬂ amamaUBHRf he0Rto 0.1
0.005 t A G {n ogen content, and

(4) a z%/(]ji?;} roecfall’ng?/iémr?% hgéghate in an amount

of 0. (hm zive dlfwdmca@byldlthlmdmaphafe ip rosgrhouniof @i 7etot Q.1 wt.%

wher ei n f the overbased sul furized

al kyl phe'hg?eml:\ge(#fg%%ﬁf’@éf"g T%en&etergent to the
oxherdinsiesiweijht ratio of thy bberbzae B sulffirieat Sk st @icd ealciung salt
in thettgﬁaege of 22;:78 to 37:63 in ternms of calcium,

getaresn Qrzpesed caeiumaikybsnzengsulipnate siefrgent isin the
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her aspect, the present iInvention relates
ﬁépﬁwoamon hes @tpiay base numden pfhO tehpe rw-KQH/gear
performance of two-stroke engi nes wherein the nethod
conprises operating the two-stroke engine wwth a

Irub furtradriasgect theqorapentiihventionfrelates to a method of improving the
high temperature wear performance of two-stroke engines wherein the method
comprises operating the two-stroke engine with a lubricating oil composition of
the present invention. Preferably, the two-stroke engine is a two-stroke cross-

head diesel marine engine.

Among other aspects, the lubricating oil composition of the present invention
shows excellent thermal stability and wear-preventing performance when it is
used in high-power and high-load super long stroke engines burning low-sulfur
fuel under conditions where the walls of the cylinder liner is heated to 200 to
260°C. Accordingly, when used in diese! marine engines, particularly, in two-
stroke cross-head diesel marine engines (which are highly loaded and which is

continuously operated for a long time) burning low-sulfur fuel, the lubricating oil
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the present invention. Preferably, the two-stroke

engine is a two-stroke cross- head diesel marine

engi ne. 25 Anobng ot her aspects, the lubricating oil
conposition of the present invention shows excellent
thermal stability and wear-preventing performance when
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t hose sclosed 1n the prior art. This is because the

| ubricating oil conposition of the present invention
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det er gent, ch aval l t a relat
price, and thus can be used in a hlgher proportlon 10

an_an _.ove sed su| furi al k henol cal ci.um sal t
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|t it b reesihty deRIGfed & IR beldiSeRDEAIif the near future.

[t has now been discovered that a diesel marine engine-cylinder lubricating oil
composition containing a certain combination of an overbased calcium suifonate

detergent and an overbased calcium phenate detergent effectively prevents

~ piston rings and cylinder liners from wearing and scuffing, if the ratio between the

‘overbased compounds is adjusted in a specific range and an ashless dispersant

- and a zinc dihydrocarbyldithiophosphate, e.g., zinc dialkyldithiophosphate or zinc

diaryldithiophosphate, are incorporated.
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20 operation requirenments inposed by two-stroke
cross-head di esel marine engines that have been
recently devel oped or shall be devel oped in the near
future. It has now been di scovered that a diese

mari ne engi ne-cylinder lubricating oil conposition
PSP gt RO IALLE Yo ARy B AR ior
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sul f uri Ydd6 & feymsrmiroges eontenitsand  det ergent in an

anoun fi : : ' ' t.ent o
(2) o) i Sz inionos (EETn ah ol L 6 1 we.s
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m sa etergent to the overbased cal ct'um
al kyl benzenesul fonate detergent is in the 15 range of

T Aikied Girnghents T By lybric e HLETE Gtort Sesatidit 1 fhe
preseetrineént® Wil bEbsaBb&Hrofurther detail below.

Overbased Sulfurized Alklyphenol Calcium Salt Detergent

The lubricating oil composition of the present invention contains an overbased
sulfurized alkylphenol calcium salt detergent, i.e., overbased calcium sulfurized
alkylphenate detergent, in an amount of 0.5 to 1.0 wt.% in terms of calcium

content, based on the total amount of the lubricating oil composition.

The overbased calcium sulfurized alkylphenate detergent is a calcium salt of a
sulfurized alkylphenol having an alkyl group of approximately 8 to 30 carbon
atoms on average. As the overbased calcium sulfurized alkylphenate, it is

advantageous to use an overbased caicium sulfurized alkylphenol (often simply
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The preferred enbodi nents of the |ubricating oi
conposition according to the present invention wl|l
be described in further detail below 20 Overbased
Sul furized Al klyphenol Calcium Salt Detergent The

| ubricating oil conposition of the present invention
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.%in terms. of calciumcontent, based on the total
chsChebt (B e ROBIGITS Fetsrshpereranado AR1 D636,
over based cal ci um sul furi zed al kyl phenate detergent is
a calciumsalt of a sulfurized al kyl phenol having an

al g/ pbeietignbienedpyarkased @ulmr‘sted@!lsdprmo?oaipiuwsalt detergent
glﬁak@?{gga %5 i @J}ﬁb&vcgfﬁmﬂg-&ém Ul ealh éé??s% g

enate, 11 IS advantageous 10 use
cainehinatiguwiti anzedrizdsied|splferizad aeffoaensticapdiym @it having a total

referred to_.as "basic calcj sul furized_ al kyl phenol ")
RS o i TenasBan Ph oKl Poererasty et 80 b 160
magesOBrgef erably, 250 ngKOH/ g or nore. The total base

nunber (unit: ngKOH g) is nmeasured according to ASTM
D2896. 5 The above-nenti oned over based sul furized

al kyl phenol | gen [ I
pase. humber2iReStCaRu A8 Bhesd Bl nBigiod
conmbi nation with an overbased sul furized al kyl phenol
| i um salt .having.a total base. nunmher of |ess than
306 THRg ot amRasifin o thareent inestian olso fgréaingan 10
Quertieddalenini iR iosheafFRE alct QL ige. Dt Sg&%a&ed calcium

The lubricating oil corq)osn tion of the present

iafdsuiopateainsen apmuat akl.8io 201 wit.Bairsiermalof calgium content, based
. i e an over based

Bt 087 BRBAN oARE)rikEh BF Comrosfion, 20 °1 5 to 2. 1

Ww.%in terns of calciumcontent, based on the total

%%uor{}erl%setdhc%klzillfrwéiI‘(:ﬁédl%%a?é (liet%?grg)n??sl ;Icgn:ium suifonate of a

mineral oil having a molecular weight of approximately 400 to 6,000 or of an

aromatic compound having an alkyl group of approximately 8 to 30 carbon atoms
on average. For example, it is possible to use an overbased calcium
alkyloxybenzenesulfonate prepared according to the process disclosed in PCT
Publication WO 96/20265. As the overbased calcium alkylsulfonate detergent, it
is preferred to use an overbased calcium alkylsulfonate detergent having a total
base number of 200 mg*KOH/g or more, preferably 250 mg*KOH/g or more,
more preferably 350 mg*KOH/g or more, most preferably 450 mg*KOH/g or

- more. The overbased calcium alkylsulfonate detergent having a total base

number of 200 mg*KOH/g or more can be used in combination with a low
overbased calcium alkylsulfonate detergent having a total base number of less
than 200 mg*KOH/g, preferably, TBN of 50 to 180 mg*KOH/g.
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The overbased cal ci um al kyl sul fonate detergent is a
calcium sul fonate of a mneral oil having a nol ecul ar
wei ght of approxinately 400 to 6,000 or of an 20
aromati ¢ conmpound having an al kyl group of
approximately 8 to 30 carbon atons on average. For
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preferably 350 ngKOH/ g or nore, nost preferably 450

mgKOH g or  nor ﬁltrogtéﬁ-@gﬁéggﬂsﬁl@%bi%g&l‘%}é' sul fonate
det ergent havi ng"a ngKOH g

or nore can be used in conbination with a | ow

f [ Lkyl sul f onat e, det t., having. a
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piteigenaonainihGiishless Aispershi uirglK@hKommt of70 lot)ssds] oul @t .Bein
gﬂted t hat the weight ratio of the overb

en qanieebrted eathe total agaung et meglehmcqt@gtqﬂe
egﬁbggﬁgg cal ci um al kyl benzenesul fonate detergent in
the lubricating oil conposition of the present
invention is in the range of 22:78 to 37:63 in terns

' , f. 23
e DI o1 AR hcoRlln B 3RHess disbkrent Agoisctlo dbe pepsent
miventiarnipekidei suacifc irlide, epgglatmineg @it thei deHvaies which may
ashl ess dispersant in

goWﬁﬂ with glféa%‘%gae‘ggg gg‘tir%%gwﬂgqlqlﬁ algphpls oresiers. A particularly
F#éfé@éifﬁlﬂ%@@ﬁ-%ﬂhtauhﬁé 8dhie8s H%Eiéétn?'s QIHB#HE w‘ﬂf:let(jlikepersant

ubricati ng oi | conposli tion

hhe suqéwcmmemhmergamrmomamn forrexampie, dyettie istepshef
(005 o hIAR He oL aiftpod HcQlL iPBRf akg00 1o ggo or

~ chidiifiated pmybhtmgmwng ac hdsragenmoleaunbewaighti 6f 800 &08.006 with

r%fafe?c aﬁﬁfdrldA eﬁ arttem%%rgturg of 100 to 200°C to prepare
polybutenylsuccinic anhydride, and then reacting the polybutenylsuccinic
anhydride with polyamine. Examples of the polyamines include
diethylenetriamine, triethylenetetramine, tetraethylenepentamine,
pentaethylenehexamine, and hexaethyleneheptamine. The succinic imide
dispersant preferably is a borated derivative thereof. The borated succinic imide

dispersant can be prepared, for example, by reacting the above-mentioned

- reaction product between polybutenylsuccinic anhydride and polyamine with

boric acid or a boric acid derivative.
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preferred nitrogen-containing ashless dispersant is
succinic imde dispersant. The succinic imde

di spersant can be obtai ned, for exanple, by the steps
of reacting polybutene having an average nol ecul ar
wei ght of 800 to 8,000 or chlorinated pol ybutene
havi ng an average nol ecul ar wei ght of 800 to 8,000
with 20 nal eic anhydride at a tenperature of 100 to
200C to prepare phhybiitvdmdasindditmophasphytdy i de, and
then reacting the pol ybutenyl succinic anhydride wth
pol yam ne. Exanpl es of the pol yam nes incl ude

dited iptiemeig dipcBmosifior 6f thislPESIR ihamMios furthermore contains a
t et raet hyl enepent am ne, pent aet hyl enehexam ne, and

HaRGenyglosatmidithigahesphateee gu i dialkyldithiophgsphate or zinc

r r t. r
WEARIPRBhoRBEAE! ALYaBYR 9182 IR KA Bphorus
prospent cbsefdarn dhedntsll amcomt o‘é&etlub@anhg oil mowepasiioni oned
reacti on product between pol ybutenyl succi ni ¢ anhydri de
and polyamne with boric acid or a boric acid

ditd alRyligréup 8f taermnéhfau@rmn:rphzzsbméta iPpiasA G andited,

Iubrlcatlng oi | conposition of present invention
R SRSFOB @la/rﬁrépﬁ@r}éalkgi FPHE of 2 to 18 carbon atoms, such as ethyl,

Frop R6popYt BLbE RERARP B8NS nExfl hedtibetyl deyl, dodecyl or
iqo:teedecahﬁ hatzm:fdlery&ﬂthlqmo@pnatm pl%fenabtyes aszind

R aSldtRipebBRbER ko ATER 1% alkdSnd Bl R ot Sup it & pheny
zgmsm Hadhds yphdilieyn Igﬁﬂfmﬁlm}ﬂb@is%u@h lals R plRENyRr rmh?rw@nyl or

pri mar secondary or tertiary al kyl group of 2 to
f@d€§¥8@ﬂ¥ toms, such as ethyl, propyl, isopropyl,
but yl , |sobutyl, pentyl, hexyl, heptyl, octyl, decyl,
dodecyl or octadecyl. The zinc diaryldithi ophosphate,
preferably is a zi Base @ilgfiybtcstindi Viscogityosphat e, in
whi ch the al kylaryl group is, for exanple, a phenyl
group having an al kyl group of C2 to Cl18 such as

Thieyasbaiyisedrio tyd mibﬁaa‘thn@dsn dampesiesy bbihepreserBaaentbh is a

of. LuPr icatj nt? \/ SCOSi
minerai or synthetfc o: showmg a kinematic viscosity of approximately 22 to 300

mm?/s, preferably 22 to 200 m?/s at 40°C. The mineral oil can be an oil obtained
by distilling crude oil under atmospheric or reduced pressure to obtain a distillate,
and subjecting the distillate to a refining operation such as solvent extraction,

hydrocracking, solvent dewaxing or hydrogenation refining.

It is preferred to use a major amount of base oil of lubricating viscosity in the

~ lubricating oil of the present invention. A major amount of base oil of lubricating

viscosity as defined herein comprises 40 wt % or more. Preferred amounts of

‘base oil comprise 40 to 99.9 wt %, preferably greater than 50 to 97 wt %, more

preferably 60 to 97 'wt % of the lubricating oil composition. (When weight percent
is used herein, it is based on the total weight percent of the lubricating oil
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The base oil used in the lubricating oil conposition
of the present inventionis a 20 mneral or synthetic
oil showing a kinematic viscosity of approxinmately 22
to 300 mmR/s, preferably 22 to 200 n2/s at 40C. The

m neral oil can be an oiI obtained by distilling
!IHBL% reduced pressure to
Hg:%smo'n I'stl crtﬁ%ﬁ&?é@ Jectlng the distillate to

a refining operation such as sol vent extraction,

r : .
06 DA o 0B AR DY BSIEE e
mglmgdhe aviditives independently ercisattoncerio theebadeudit. maewmge, an

of the pr esent  i.nve amount
o0 o Ms Ehiper oY Gdbe Plgised BURBR EEnaitattns S35 be
cb@rméharﬁs prepardd Sndtheniked Reaities rbaee @mw REspaPé thdP@BAcating
oi |l conprise 40 to 99.9 w % _preferably greater than
0l cogPgRitipn Of/oth%'i@ée”b'ﬂwfél%bﬁge diabricgting ofixcompesitionef the
r
BHSEE e Ao  RATRE SR N A B e
pelavent of the lubricating oil 9 conposition unless

ot herw se specifi ed. ¢ Thﬁ l.ubricatin il conposition
of the present invem—g%ﬁ—%g—g%gﬂ&j' V&0 by adding

.‘

‘the additives independently or all at once to the base

Qi l. Otherwise, an additive concentrate conpri sing
the TallRying aeditive CAMPRNEHS AEh exarPlasof camnsaests that can be

{P@fogagtg @P@ %egqﬁg;gﬁb@aagﬁohgﬁm meﬁsgndaﬁ.nyardatﬁe%%ﬁe Blcsent

ol | of th
prestion. TheserexaoplesTtfeadditivels ame |prrgnmd tocibugirste theopresént

he ..pr t .inven further contain other
E”J%PP@%?%%?Q&%‘ ?"e\né’i trﬂgncg%g r”"ﬂfL'& bel ow. Ot her
Addi tive Conponents 10 The followi ng additive
?Ig%onents are exanpl es of conponents that can be

¥igglign IeYEd i n conbination with the | ubricating

additive of the present invention. These exanples of
additives are provided to illustrate the present
i nvigithena| typatphehelc)axidation inhivitansted 4t methyierebis (2,6-di-tert-

butylphenol),4,4'-bis(2,6-di-tert-butyiphenol), 4,4'-bis(2-methyi-6-tert-
butylphenol), 2,2'-(methylenebis(4-methyl-6-tert-butyl-phenol), 4,4'-butyli
denebis(3-methyl-6-tert-butyiphenol), 4,4-isopropylidenebis(2,6-di-tert-
butylphenol), 2,2'-methylenebis(4-methyl-6-nonyiphenol), 2,2"-isobutyli dene-
bis(4,6-dimethylphenol), 2,2"-methylenebis(4-methyl-6-cyclohexylphenol), 2,6-
di-tert-butyl-4-methylphenol, 2,6-di-tert-butyl-4-ethylphenol, 2,4-dimethyl-6-
tert-butyl-phenol, 2,6-di-tert-a-dimethylamino-p-cresol, 2,6-di-tert-4(N,N'
dimethylaminomethylphenol),4,4'-thiobis(2-methyl-6-tert-butylphenol), 2,2'-
thiobis(4-methyl-6-tert-butylphenol), bis(3-methyl-4-hydroxy-5-tert--
butylbenzyl)-sulfide and bis (3,5-di-tert-butyl-4-hydroxybenzyl).

2) Diphenylamine type oxidation inhibitor: alkylated diphenylamine, phenyl-a-
naphthylamine and alkylated a-naphthylamine.

10
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15 (A) Oxidation Inhibitors: 1) Phenol type phenolic)
oxidation inhibitors: 4,4'-methylenebis (2,6-di-tert-
but yl phenol ), 4, 4" -bi s(2,6-di-tert-butyl phenol),
4,4'-bis(2-nethy|-6-tert 20 butyl phenol),

- (et hyl enebi s(4-net hyl -6-tert-butyl - phenol),

3) Qf%é(rlrtgg?ﬁd.ﬁﬂdélgi {h$ (%‘F%g}ﬁlafet%aqe élBg? IBﬁ%ﬂgﬁ% f;) and
2 2methylbyélm's(ellibmﬁéﬂmmdmbﬁﬁte)onyI phenol ),
2,2‘-isobuty|i dene- bis(4, 6-di net hyl phenol),
2, 2" -nmet hyl enebi s(4-net hyl - 6-cycl ohexyl phenol ), 2, 6-
dQBgtF@Js‘thﬂﬂﬁltdrs ffArﬁlﬁFJﬂ bﬁ@l@t@ gl _
2,6-di-tert-butyl - phenol 2,4-dinmethyl -6 25
tert-butyl -phenol,

2 g1gli\l'obg):n§c @:%@EW&?&@&%&&W& %lgents: polyoxyethylene lauryl
i mete) motyoystilericiighe et st ittty horbipreny
Itohgﬁ l phcﬁ?@{;)gthyﬁéq%qctﬂp %rglfl @ﬁvar;qu[g ?hytlene octwl Q’ tearyl ether,

b ut Eb?@ﬁi@thy}!eﬁé‘ bféyﬂéthéf‘ 33 ethylene sorbrtot monostearate
-tert-b enzy 2) D phenyl am ne

t yp@oldﬁxrﬁthyl@ne ﬁﬂ'ﬂﬁltbl m@ne-Oéﬁatg pat oelveiiirne yluedl magnooleate.

phenyl -a- 30 napht hyl am ne and al kyl at ed

a- napht hyl am ne. 10 3) Qther types: netal

di t B) @d:lmﬂmnm(mnde: glearizacid addtdﬂherdait)baﬁds,ejicaraoﬁlic acids,
th nebi s but yl di t hi ogar ba Rust . | .

A a0aRE AkY S aiming SRS  melebsdls ek eulionic acid, parta

pol ¥arpueylltyAcd estel bf BAFhRIFIC ASoRYARE PhoBShorRXakesMY | ene

| auryl ether, polyoxyethyl ene higher alcohol ether,

polyoxyethylene nonyl phenyl ether, polyoxyethylene

T8 oPIgHocblfon BRIELYEAIVMAR SR M TORIRNG.
sor polyoxyattoyierss euxyla&tber dred pmjw;o)eﬂwmné soreitsos bstenl

. mono-ol eate and pol yet hyl ene gl ycol nonool eate. 2)

O her conpounds: stearic acid and other fatty acids,

qD¢ Exbreiel Pr@s&ﬁ*ed@gentifﬁilabgéﬁt@ %mfﬁﬁzéd/o;ﬁ,cmﬂ)héﬁymmde
salts, netal salts of heav fonlc acid, partial
methyl trichlorostearate, chlorinated naphthalene, benzyl iodide,

fluoroalkylpolysiloxane and lead naphthenate.

(E) Friction Modifiers: fatty alcohol, fatty acid, amine, borated ester and other
esters.

(F) Multifunctional Additives: sulfurized oxymolybdenum dithiocarbamate,
sulfurized oxymolybdenum organo phosphorodithioate, oxymolybdenum
monoglyceride, oxymolybdenum diethylate amide, amine-molybdenum

complex compound and sulfur-containing molybdenum complex compounds.

(G) Viscosity Index Improvers (VII): polymethacrylate type polymers, ethylene-

11
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carboxylic acid ester of polyhydric al cohol and
phosphoric ester. 15 (C) Denulsifiers: addition
product of al kyl phenol and et hyl eneoxi de,

pol yoxyet hyl ene al kyl ether and pol yoxyet hyl ene
sorbitane ester. (D) Extrenme Pressure Agents (EP

o PR RIS, lirsRe Sorla Kol Byoisdpgfel Yrene-

i odisdprenefdopolyaadriytyiedyeridtex size-baarithiod adiyisupremenat e.

E) Friction Modifiers: fatty al cohol, fatty acid,
<(am) prlvispRitiieag. bidragenatad @i%%}ran@@deﬁtgtenwf{nf?ne copolymer
Mul 3id &8péisantlypbdiichbitPindes Whpriveied oxymol ybdenum
di t hi ocarbamat &, sulfurized oxynol ybdenum or gano
phosphor odi t hi oat e, oxynol ybdenum nonogl yceri de,

. l : g
i PPy PARERRR RSN BbFr R B BRDR VB R Rvates and
conglibkyd faprapatenrddényl adGtaléropbipmess.ty | ndex | nprovers
(M1): polynethacryl ate type polyners, ethylene- 11

propyl ene copol yners, styrene-isoprene copol yners,

y FoaarIRhibeErs Ky RRthd FABIERNYRBRLAN Biffothyl silicone polymers.
hydr ogenat ed star-branched pol yi soprene,

pol yi sobut yl ene, hydrogenat ed star-branched

~styrene-isoprene copol yméxg‘%@éspersant type

vi scosity index inprovers. our Poi nt
Depressants: pol ynet hyl nethacryl ates,

PP ERaR  B8 it T bR Bt PXbmptes, which
BBL fORA fplé'rtﬂiéﬁar%dﬂﬁﬁ[a%e%ﬁhg rR&tABY BYboRirhbst8 MR/ HAE tYE Bk Emples

10 EXAVPLES _
are provided to illustrate the present invention, they are not intended to limit it.

- The additives and the base oil of lubricating viscosity employed in the below-

described Examples and Comparative Examples are as follows:

(1) Phenate detergent: calcium phenate having TBN of 250
(Ca content: 9.6 wt.%)
(2) Sulfonate detergent: calcium sulfonate having TBN of 425
(Ca content: 16.1 wt.%)
(3) Ashless dispersant: bis-type succinimide (N content: 2.0 wt.%)
(4) Zinc dihydrocarbyldithiophosphate (Zn-DTP): zinc primary-
alkyldithiophosphate (P content: 1.66 wt.%)

- (5) Base oil of lubricating viscosity: mixture (kinematic viscosity: 180
mm?®/s at 40°C) comprising a base oil (kinematic viscosity: 11.0 mm?/s
at 100°C) and a base oil (kinematic viscosity: 32.0 mm?/s at 100°C) in
the ratio of 60:40. '

12
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The present invention will be further illustrated by
the foll owi ng exanples, which set forth particularly
advant ageous net hod enbodi nents. Wil e the Exanples 15
are provided to illustrate the present invention, they
are not intended to limt it. The additives and the
base oil of lubricating viscosity enployed in the

bel ow descri bed Exanpl es and Conparative Exanples are
as follows: 20 (1) Phen&ixenghidset gad?2: cal ci um phenat e
having TBN of 250 (Ca content: 9.6 w.% (2)

Sul fonate detergent: cal ci um sul fonate havi ng TBN of

413'53 at(dﬁ@-rﬁ@nﬁﬂcﬁféﬁ addfitivbsWiertadddl e Base 6t FPAhoaMs shown in
pe succinimde (N content:

if e ﬁ.bﬁwﬂ e b glamic r@i%ﬂascmméﬁré S@ZWTWI;%TabE hgto)prepare
POl TR o MG DR RIRE R RBYscp tha 2. The

(Whrivaliag ol coimpositiony of t&0preset/iBvertiontBd aro8PE \Esougita grade
b I k t 11. 0 nm2/ t

3130 2o R RSB e TR, piepbiest S655rcing o TR b28oe) o
70Ghy*KOH/B0 the ratio of 60:40. 12 Exanples 1 and 2

The above-menti oned additi ves were added to the base
oil in amunts shown in 5 Table 1 based on the atom c

el enent content setedAbiRildE fosla th @ Prepare

| ubricating oil corrpo‘s?%mw%m i nvention
(Exanpl es 1 and 2). The |lubricating oil conpositions

Jrest OB tane PR HiptB crart Eaea ol arodHts shown in

Jebky tbaged on &RTMoREE 8ment coRfertBKotts-in T8ble 1, to prepare
arative Exanples A to G The above-nenti one

Tihieating. o) fempoaloes for SamRATBYe CEAMPias A Jedubrieating of

kBmpositions for Comparative Examples A-G had an SAE viscosity grade of 50
and a total base number (TBN, determined according to D2896) of 70
mg+*KOH/g. Comparative Examples C and D shows the calcium phenate was

used in an amount larger than the amount of the calcium sulfonate.

Evaluation of Scuffing and Wear Observed on Cylinder

With respect to scuffing and wear on the cylinder, the lubricating oil compositions
prepared in the Examples and the Comparative Examples were evaluated under
conditions simulating their use as lubricating oils in two-stroke cross-head diesel

marine engines. The evaluation test was carried out in the following manner. The
results are set forth in Table 1.

13
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15

Table 1 based on the atom c el enent content set forth
in Table 1, to prepare 15 lubricating oil conpositions
for Conparative Exanples A-G The lubricating oil
conpositions for Conparative Exanples A-G had an SAE
viscosity grade of 50 and a total base nunber (TBN,
determ ned according to D2896) of 70 ngKOH g.

- Conparative Exanples C and D shows the cal ci um phenate

vievaluationdesth an anount | arger than the amount of the

cal cium sul fonate. 20 Eval uation of Scuffing and Wear

(bserved on Cylinder Wth respect to scuffing and wear

dboufivey and iwedewerd beallistet ibyaheats Of 4 tweopRRIek bypas ubbing

\%@ ared in the%%Eéb Ies and the Conparative Exanpl es
Prons\ygprlgs pample QilmrasHien andigshpiesgs weee placed in

URE téster, URE 'tl‘?é‘fés[‘S?ba%'da?ru%1 doltis ﬁéﬁﬁﬁ@tﬁér\ﬁéér aRPtuffing. Jhe

di esel narine engi nes e evaluation test was carrie

dest nigcaseomprisedvd fixechpinne and Ehetatingites aaddhepwere made of

250 Rl B BaEEL oL Bl TGHLI g TnRg o

E‘:hég conditioms Mfeaan'lb@tcﬂﬁpomh 65)aﬂpjh t@nmérammtwdcj @itation: 477

an t est i ece Wwer e C I N {he tester an

BT, aw§§"§ spreetd BRec iﬁ@ Was inceegqes staprbyten fat Afate of
%/érﬁ% 2 RiFRY, %d?t%ﬁééﬁ%’s aoritlriﬁgé 8 ESEnided After the test

rotalng p1 ece, and th ey were cast 1 ron. e

wwcom@emo tfmwoevamounirmftegt plecetsh(m tarms-of pnhJosal mgasured.

gﬁttho r_ the c%? 41 eco sition:.
I Cagt e it PaRRBAST.t os KkTRY Rores Bl is
sbpresemeddy “Scoffsecrabléig, | oad was increased
step-by-step at a rate of 20 kg/cn2 (2 MPa), and the
test was continued for 130 m nutes. After the test

was conplete, the worn anount of test pieces (in terns
of m) was neasured. In the case where seizure
happened, it was reported as scuffing, which is
represented by 'Scuff' in Table 1. 15

14



14 Table 1. Conponent Exanpl es Conparative Exanples 1
2 ABCDETFG Phenate Detergent 0.601 0.930 0.414
1.006 1.815 2.56 - 0.601 0.929 (Phe) (Ca% Sul fonate
Detergent 2.036 1.695 2.263 1.615 0.774 - 2.65 2.036
1.695 (Sul)(Ca% Ashless Dispersant 0.016 0.016
0.016 0.016 0.016 0.016 0.016 - (N® ZzZn-DTP (P%
0.019 0.019 0.019 0.019 0.019 0.019 0.019 - Ca Ratio
23:77 36:64 20:80 39:61 70:Bhbld00: 0 0: 100 23: 77 36: 64
(Phe/Sul) Wear Results, 11.4 16.3 Scuff Scuff 6.5 4.5
Scuff Scuff Scuff pm5 The results in Table 1

i ndi cate thedingsies 1rarine engi r@mﬁ]ﬁb,}alﬁdglEbu-mégiatl ng
(ﬁomp(mﬁrp osi-tions of [the present invention (Exanples 1
and 2) cont al nijhg 2an |ashl eks B di|spershnD ad & z{ nd G
Olif’WéHa? arbytdithropttosphat e, —tggether—wtt—=a ceftan
conbi nati on of fan overbased cal gi um spl fongte
dBetargemtt | and an ovenbased
0.601 | 0.930 | 0.414 | 1.006 | 1.815 | 2.56 - 0.601 | 0.929
(Phe)
(Ca%)
Sulfonate
Detergent | 2.036 | 1.695; 2.263 | 1.615 | 0.774 - 2.65 | 2.036 | 1.695
(Sul)}(Ca%)
Ashless
Dispersant | 0,016 | 0.016 | 0.016 | 0.016 | 0.016 | 0.016 [ 0.016 | - -
(N%})
Zn-DTP
(P%) 0.019 1 0.019 | 0.019 {1 0.019 | 0.019 | 0.019 | 0.019 - -
Ca Ratio
23:77 | 36:64 | 20:80 | 39:61 | 70:30 | 100:0 | 0:100 | 23:77 | 36:64
{Phe/Sul)
Wear
Results, 11.4 | 16.3 | Scuff | Scuff | 6.5 4.5 | Scuff | Scuff | Scuff
um

The results in Table 1 indicate the diesel marine engine-cylinder lubricating oil
compositions of the present invention (Examples 1 and 2) containing an ashless
dispersant and a zinc dihydrocarbyldithiophosphate, together with a certain
combination of an overbased calcium sulfonate detergent and an overbased
calcium phenate detergent, effectively prevents piston rings and cylinder liners
from wearing and scuffing, if the ratio of phenate to sulfonate is adjusted to a
specific range, i.e., in the rahge of 22:78 to 37:63.

15



cal ci um phenate detergent, effectively prevents piston
rings and cylinder liners 10 from wearing and

scuffing, if the ratio of phenate to sulfonate is

adjusted to a specific range, i.e., in the range of

22:78 to 37:63. 15 Accordingly, this denonstrates that

the lubricating oil conpositions of the present

invention enploying a relatively | arge anount of a | ow
cAenordiaglyr Gndemonsirgtes thedf theulubs catingnait eympositians of the present

(LN AT NI S T

peatoiigesulfogdte) Hed aablagvabishidilama@itiof altigy 6odtideteraBft, i.c.,
s%@gf-preventhg performance in _two-stroke cross-head
i &§

Wr pheRgtes it 8 GgTtRBJatlq gampeavie high thermal stabilEy. wear-

| . .
P LR Qg (toimaRES o, Aok Job gy Biesel
manre engines and di ssolved or 5 dispersed therein the
followi ng additives in the follow ng anounts based on
a total anount of the lubricating oil conposition: (1)
an overbased sul furized al kyl phenol cal ci um salt
detergent in an anount of 0.5 to0 1.0 wt.%in terns of
cal cium content, (2) an overbased cal ci um
al kyl benzenesul fonate detergent in an anmount 10 of
1.5t0 2.1 w.%in terns of calciumcontent, (3) a
ni trogen-cont ai ni ng ashl ess di spersant in an anmount of
0.005to 0.1 wt.%in terns of nitrogen content, and
(4) a zinc dihydrocarbyl dithi ophosphate in an anount
of 0.007 to 0.1 wt.% in ternms of phosphorus content,
15 wherein the weight ratio of the overbased
sul furized al kyl phenol calcium salt detergent to the
over based cal ci um al kyl benzenesul fonate detergent is
in the range of 22:78 to 37:63 in terns of cal cium
content and wherein '

16
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the lubricating oil conposition has a total base
nunmber of 60 to 100 ngKOH/ g. 20 2. The lubricating
oi | conposition according to claim1, wherein the

wei ght ratio of the overbased sul furized al kyl phenol
calciumsalt detergent to the overbased cal ci um

_ag%genzenesulfonate detergent is in the range of
2

to 36:64 in terns of calciumcontent. 25 3. The
l'ubricating oil conposition according to claim1l or

cl th b d | h |
AR A el PO neNich Bamprsie hats Shafubicnesosity

MO KOH 1§avitig BKirfemaltic \ﬁsco-ghﬁ of PPk sa@ hite%/8at 40TTRAG tisk8Red or
according to any one of precedi ng clains, wherein

t he ovéippRISed tharpiE tbmf@llomwga@ﬁqléﬁ%wl the fﬁ@toefwmamogetﬁ based
has a% PhabtaPat6u fi& ILfbfrlcglt'?r?g] Pg sifibnfmre. 5 5.
u accofrai

The lubricating oil comnposi ng to any one

of t he(1peacvdibaged cuiunimd am;dpbembltchhzlum salt detergent in an

ni trogen-con S is a.succinic

i mi de ha@m%mgogggaﬂat(g@/“ gg"fr’]ﬁ'b’nhc‘?ﬂi?'é ul ar

wei ght(22én RBriaded Zalkilin aﬂ@llﬁ}nzénéﬁllﬂ@ﬁdté)(ﬁetéfﬁ@hﬂm APamount
the high tenperature wear performance of - stroke

engi nes, 95hiddoet Wbde tfbtﬁﬁfm@fﬁ@‘%'ﬁéﬁ@ﬂﬁﬁ@ the

t t r |

0 S K Eony A A MG i SRR iR 10 01
a ki n_enawt&/omtennsnfyntm@eﬂ@omena@mdnﬁzls at 4OC and

di ssol ved or ers n.,the.foll ow n LLives o
1 °t ne i Bt i S B EERb SIS it o arti bl Bk o Bt wes
t he | ubrirciatiBof phospRfROsHtesn: (1) an overbased

sul furized al kyl phenol cal ciumsalt detergent in an

anountWhgretn thetweightaatip obtherpveshapedorulfuired alivipbaneralcium
salt detergent to the overbased calcium alkylbenzenesulfonate detergent

is in the range of 22:78 to 37:63 in terms of calcium content and wherein
the lubricating oil composition has a total base number of 60 to 100
mg+*KOH/g.

2. The lubricating oil composition according to claim 1, wherein the weight
ratio of the overbased sulfurized alkyiphenol calcium salt detergent to the
overbased calcium alkylbenzenesulfonate detergent is in the range of
2377 to 36:64 in terms of calcium content.

3. The lubricating oil composition according to claim 1 or claim 2, wherein the

overbased sulfurized alkylphenol calcium salt detergent has a {otal base

number of 200 mg*KOH/g or more.
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(2) an overbased cal ci um al kyl benzenesul f onat e
detergent in an anount of 1.5to 2.1 w.%in terns of
cal cium content, 20 (3) a nitrogen-containing ashl ess
di spersant in an anount of 0.005 to 0.1 wt.%in terns
of nitrogen content, and (4) a zinc

d14 hy dr 'Pﬁé‘ TJE;Ylk:Qﬂlﬂd%iPémﬁE abébrélﬂ HPbn8lof thed Bing
. Y

% In terns pnosp oruscnten wher el
weu ghtclams w@remlﬂ@e owbaa@bqalsum akylbedzatdsylfmmamletergent

cal ciu erbased cal ci um
al kyl b@%]zégeélﬂ%gﬁhwegéﬁ?ﬁgéﬂg W&?g 99 TRE: range of
22:78 to 37:63 in terns of calciumcontent and wherein
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imide having a polybutenyl group having a molecular weight of 800 to

8,000.

6. A method of improving the high temperature wear performance of two-
stroke engines, said method comprising operating the two-stroke engine
with a lubricating oil composition comprising a base oil of lubricating
viscosity having a kinematic viscosity of 22 to 300 mm?/s at 40°C and
dissolved or dispersed therein the following additives in the following
amounts based on a total amount of the lubricating il composition:

(1) an overbased sulfurized alkylphenol calcium sait detergent in an
amount of 0.5 to 1.0 wt.% in terms of calcium content,

(2) an overbased calcium alkylbenzenesuifonate detergent in an amount
of 1.5 to 2.1 wt.% in terms of calcium content,

(3) a nitrogen-containing ashless dispersant in an amount of 0.005 to 0.1
wt.% in terms of nitrogen content, and

(4) a zinc dihydrocarbyldithiophosphate in an amount of 0.007 to 0.1 wt.%
in terms of phosphorus content,

wherein the weight ratio of the overbased sulfurized alkylphenol calcium

sait detergent to the overbased calcium alkylbenzenesulfonate detergent

is in the range of 22:78 to 37:63 in terms of calcium content and wherein

the lubricating oil composition has a total base number of 60 to 100

mg*KOH/g.

7. The method according to claim 6, wherein the two-stroke engine is a two-

stroke cross-head diesel marine engine.
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