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

LARGE- BORE TWDO STROKE CROSS- HEAD DI ESEL ENG NES The
present invention relates to a lubricating oil _
conposition for diesel internal 5 conbustion engines.
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| ubricating oil conposition favorabl

| ubri cat i ng TWORTROKE CROSSHEAD Bﬂiﬁ. Eé@!NES‘esel
marine engines installed in |arge ships or vessels.
The lubricating oil conposition of the present
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scuffing performance. 10 BACK HE | NVENTI ON
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p03|t|on on t ner lubricating oils
used nowadays contain various addltlves to inprove

various perfor t he | ubricating
oils. 20 A ty%&kcﬁgwaﬂg%g'gll\&ﬁ”?mstroke .
cross-head diesel marine engines conprises a base oil
showi ng a ki nematic viscosity of approximately 22 to
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cr s-head di esel nmari ines mainly burn petrol eum

ormgness aad furability qfl]:he |I rigatingwilgont ent
(generally, 2.5t0 4.0 w.% such as C fuel

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 combustion of the fuel. In order to neutralize the
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oi |, and hence exhaust |arge anmobunts of acidic sulfur
oxi des (particularly, sulfuric acid) produced by
conbustion of the fuel. In order to neutralize the 1
sul fur oxides, the lubricating oil conposition
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has been proposed to use lowsulfur fuels in

t wo- stroke cross-head diesel rmarine engines.

AR@QéﬁIW%Mhe dﬁurh&#‘@f’ﬁ%ﬁ@ﬁﬂn %ng?ﬂr‘?rlmg a'! gpﬂut tr}%qwrement

I's advanta eo ein CO
t h@ been profasedftoalse low-sulfoe faels ngtwmetrdkesatssehmmelesei

h | | f | ubri cat | must h
ot SotesceeprEadini f s petsshvgR Caiien Mbriating ait
oadigintdgedBIERipbysbke frccHbination \Af?t'hed‘l@%\}v%!fur fpel. In

perf ormance,” its wear-preventing performnce an
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lubricating oil conposition, overbased cal ci um
SAUfBIgaPreyenting pesoemanesal i cyl ates are general |y used
in greater anmounts than overbased cal ci um phenates.
For one reason, overbased cal cium phenates are nore

em nba sasemmonem:aseﬁhamawenmﬁﬁg detdrgbHt® sudh fal@based
.cal C|fum salicyltates. Thus, it is nore cost

%E’tnl sHifongtess salehin saficylates| andesalgivanpbenates mre used in
cyl i nﬁ i Hb P lm‘%}ﬁ"g;\?' %(%ﬂn‘éééy(?'i%on %%éédr)rgélfzﬁjén sulfonates

ricating
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calcium’ phe)na?es t|J1c>r one reason, overbased calcium phenates are more
expensive components than overbased calcium sulfonates and calcium
salicyltates. 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 the
publication, it is shown that an overbased calcium sulfonate is used in an
amount much more than an overbased calcium phenate (weight ratio is
approximately 10:1 to 6:1).
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publication, it is shown that an overbased cal ci um
sul fonate is used in an 30 anmount nuch nore than an
over based cal ci um phenate (weight ratio is
approximately 10:1 to 6:1). 2 U S. Patent Publication

29053,/ BALREPAbRioH. 2%01?&?51?(?3&';53?14 Iéoéﬁg:l?tgﬁ?Nél 6351,965 also

describe lubricating o avorabl'y .
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di aryl di t hi ophosphate. 1t is shown that the
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aati-weaepedomasidd. ons conpri sing over based
metal -containing detergents with satisfactory
| ubrication performance such as thermal stability, 15
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hi gh outputs and sev erature
dequirements imposetiiomewoasteoker m\sﬁ-z@adodléﬁé}@nanﬁw ehgines
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burning in the marine engi nes. Hence, the trend
aéarmee@regmmmrhet ligh iondputs sindgsevere loaqia\andgthbow

T
eopsiderativavef the redlading aagiranibetal ERNorQ bt is deswed to reduce
the amounts of sulfur oxides and nitrogen oxides exhausted by fuel burning in
the marine engines. Hence, the trend towards diesel marine engines using
fuel having low sulfur content. Accordingly, although conventional lubricating
oil compositions for diesel marine engines have a total base number (TBN) of
approximately 70 mg*KOH/g, it is now required that the conventional
lubricating oil is replaced with a lubricating il composition having a TBN of
approximately 40 mg*KOH/g. There are no available lubricating oil

.compositions for diesel marine engines having a medium TBN value of 40

mg*KOH/g that can prevent the piston ring and the cylinder liner from wearing
and, in particular, inhibit scuffing on the cylinder liner. Thus, there is a need to

develop new lubricating oil compositions that can meet the performance
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approximately 70 ngKOH/ g, it is now required that the
conventional lubricating oil is replaced with a

| ubricating oil conposition having a TBN of
approximately 40 ngKOH g. There are no avail abl e

| . : | o {ace ; .
oo 12 v QRGNS shEke SrSithe P ieRB prgrine
t Baginean prevent the piston ring and the cylinder
liner fromwearing and, in particular, inhibit
scuffing on the cylinder liner. Thus, there is a need
to devel op new | mnmmkmpifnémveﬁﬂbﬂns that can
neet the performance 3 demands of such new generation
t wo- stroke cross-head diesel marine engines. SUMVARY

OB PR sl o b At Gleprimmstigndor diesd! ftemal
QO@nb&_éﬂi(ﬂneﬁﬁf;ingﬁﬂoré\@ﬂiétiﬁ@ﬂm fHeCarek¥nt ibEntIrERdtEs to a
invention relates to a lubricating oil conposition

f WbpEating ok spmppsitive famrablyo@mpfwa kg fpmfutgicaﬁm@r; two-stroke
- .di . i i1 o rge, shi ps or
B3RO oy ROl B | g st AsdBisc .t he

present invention relates to a lubricating oil
C'R osition conprising a base oil of lubricating
ViR

dingly. e wpadesk pRBREL: the Rieseptinvgnitan tlates teeo
A e T e

aa kiveahatitSviscusitytof @R to 1890 rgmzifiailt 4(311’@ @rildi dislebmaidricﬁﬁersed
an . over.based | fur|z al ky] phenol cal ci um sa
( )B?'aé’h? %".%Wéfﬂg addigue InoihedolovdamoRts Rasad s driotak
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al kyl benzenesul fonate detergent in an anount of 0.6

“to 2. fhwanwvienbasednsulvrized latiyipheran taltium 24l (@Jergent in an
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(2) an overbased calcium alkylbenzenesulfonate detergent in an
amount of 0.6 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 0.01 o 0.1
wt.% in terms of phosphorus content,
wherein the weight ratio of the overbased sulfurized alkyiphenol calcium salt
detergent to the overbased calcium alkylbenzenesulfonate detergent is in the
range of 10:90 to 40:60 in terms of calcium content and wherein the
lubricating oil composition has a total base number of 30 or more but less
than 60 mg*KOH/g.

In a further aspect, the present invention relates 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
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(4) a zinc dihydrocarbyl dithi ophosphate in an anount
of 0.01 to 0.1 w.%in terns of phosphorus content,
wherein the weight ratio of the overbased sul furized
al kyl phenol calciumsalt 25 detergent to the

[ d t < S,. ¢
USRS P L ShH AT AR 308 L AB e
clwa-gimkeacrdssiendidiesdienarinegbengingéi ng oil conposition
has a total base number of 30 or nobre but |ess than

| 60 ngKOH g. 30 In a further aspect, the present
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where the walls of the cylinder liner is heated to.
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DETAILED DESCRIPTION OF THE INVENTION

it is an object of the present invention to provide a lubricating oil composition
for two-stroke cross-head diesel marine engines installed in large ships or
vessels. In particular, the present invention provides for a lubricating oil
composition having thermal stability and high wear-preventing performance at
high temperatures. The lubricating oil composition of the present invention
meets the severe operational requirements imposed by 'new generation two-
stroke cross-head diesel marine engines that have been recently developed

or shall be developed in the near future.
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detergent, which is available at a relatively | ow

price, and thus can be used in 20 a higher proportion

than an overbased sul furi zed al kyl phenol cal ci um salt
detergent, which is a relatively high priced

conponent. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25 |t

is an object of the present invention to provide a

| thasosaw hgeoidiscovepmbinat ardiedad marine etgind-eylindes dulbrieating oil
di esel nmarine en_ines nstalled in | shi ps,or .
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recently devel oped or shall be devel o in theé near

f diadlevidi @nftosm@t%w—!l@dwrﬂdﬁb@@bew\atﬁaareanmr@@eated
mar i ne engi ne-cylinder lubricating oil conposition
containing a certain conbination of an overbased

CAbcordinglys uhé pregent diotepition rﬁéla?ésitoam luvieathas elll comlpoisitioh
phenat e detergent effectjvely Frevents pi ston rings

afRMeysing g8 Al PE'UPF‘Q%'%‘A!W% ydiryingafinanaatiq yisegmty of 22
& 360 JuBeRotE %n é%%‘?ﬂ?l‘:cﬂgf? g ?hél%lrf‘ma @f!g\ﬂl ?Qn .

a specitic range an ess spersan

dadhyitives b thg fdildviing Fﬁmprhabase@ 09.a totalrmount of the [ubricating
di ixl I)II/I]I di t.hi ophosphate or zinc diaryl dithiophosphate,
aPLoPMPBFBFat ed. 10 Accordingly, the present

i nvent (19'33nrcﬁ}éi‘5§§ed Qflﬂjrileégrdbl@ﬁﬁﬁé%l ‘éh'cnﬁﬁ@@ﬁ%fe&%rgﬁnt in an

conprising a base oi ricating viscosity
a ki nematimowitst Ost toy1.6fwi2h inttern®06f cattilsn eontédC and

di | Mgd di d th th f | ow .
adar 01 PaenyThAlFGu i dhnrpecs Hopat ot dp an
anount  Ofanidit lof B8 &2 1A %Jh temTBOSAIEUADGortBN( 1) an
over based sul furized al kyl phenol cal ci um sal't

det er géh@ nitiogen-cantaining eshigss dispers@ntin amamourdrafd). @95 to
Co o SETAESh e R e
. {4) a zinc dihydrocarbyldithiophosphate in an amount of 0.01 to 0.1
wt.% in terms of phosphorus content,
wherein the weight ratio of the overbased sulfurized alkylphenol calcium salt
detergent to the overbased calcium alkylbenzenesulfonate detergent is in the
range of 10:90 to 40:60 in terms of calcium content and wherein the
lubricating oil composition has a total base number of 30 or more but less
than 60 mg*KOH/g.

The preferred embodiments of the lubricating oil composition according to the
present invention will be described in further detail below.
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amount of 0.6 to 2.1 w.% in terns of cal ciumcontent,
(3) a nitrogen-containing ashless dispersant in an
anmount of 0.005 to 20 0.1 w.% in terns of nitrogen
content, and (4) a zinc dihydrocarbyl dithi ophosphate
in an anpunt of 0.01 to 0.1 wt.%in terns of
phosphorus content, wherein the weight ratio of the
over base@vedidaed Swlfurzek\AlklypheholdadlciunmSatiDetergent
detergent to the overbased cal ci um

al kyl benzenesul fonate detergent is in the 25 range of

TheABbtieatt &pcbrﬁ‘]pb&hﬂﬁ Rtne ﬁ}éi;'eHer/%Hﬁgﬁ‘Eoﬁi%%%‘?b%r%ased

the lubricating o onposition has a total
ﬁuﬁb@zedmlks@h@nohmielubusalt detergemtane 60 veriaSed galciime

ST RSP Bt e SopPERLAY tf‘%h'v@mtr/aw terms of
Waldiurh&otesrt! basst bi thal fdtAicdmeehe the fhinwatifig O

Sul furized Alklyphenol Cal ci um Sal t Detergen? The
l'ubricating oil conposition of the present invention

%g%g?{f%ﬁ%&% 8%(}8 u@?%@ﬂfrlz%dsﬁkylﬂ @?t% %&%ﬁ%ﬁp ﬁsn%ﬁ?lcium salt of a
sulfﬁmeck&lﬁyl@lhbmbld*mnﬂg andcdityt gasu of appreRindaeiy g to80 Badbon

1.6 wt.%in ternms of calciumcontent, based on the
AP ORAYERR0RFAS the eyasbased ralgium sullgireskalkylahenatenis is

%.u%ﬁ%aéeugﬁ}, ag&gh%uféyééﬁ%fgalahmlmﬁ@g% @ﬂ{)ﬁ%w%ﬂéﬁ

a cal crum sa urrzed a i'h
aimplly kgfer@ddnmsn’fb%mpu:ajmunaswfunz%dtajk}fiﬁh@ml'pOTaVIr@ ®TBN of

ot 7 s STEERraRH: 2o8 SRR Mot cthesFabguntt
.mmgzn.g hieistich abdoripap s ivame si ply referr ed

to as sic calciumsultdrized al enol") having a
TBN of 200 ngKOH g or nore, preferably 250 nmyKOH/ g

e AP eatoeR piidassed Sl AhreRe Rol el s oc

Séid‘r%émtz ﬁdvmbmehle@rozoo?mgmwn/g Qthmor@ebsﬁ %@rusedhﬁw ng

a TBN of 200 H g nore, can be used

@@wbinﬁpnmtwﬂ @vgrbas@érwyaae@ alkiylphened catk:kym pak having a
TBNCOMBLS Mdn 56 MR KOH/g, preferably, TBN of 50 to 180 mg*KOH/g.

Qverbased Calcium Alkylbenzenesulfonate Detergent

The lubricating oil composition of the present invention also contains an
overbased calcium alkylbenzenesulfonate detergent, i.e., an overbased
calcium alkylsulfonate, in an amount of 0.6 to 2.1 wt.% in terms of calcium

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

The overbased calcium alkylsulfonate detergent is a calcium sulfonate of a
mineral oil having a molecular weight of approximately 400 to 6,000 or of an
aromatic compound having an alky! group of approximately 8 to 30 carbon

atoms on average. For example, it is possible to use an overbased calcium
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20 TBN of |ess than 200 ngKOH g, preferably, TBN of 50
to 180 ngKOH g. Overbased Cal ci um

Al kyl benzenesul f onat e Det ergent The lubricating oil
conposi tion of the present i nvention al so contains an
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OM'@”-KM@ drahéicUdn Be used in combination wnth a low overbased calcium

ed di h
R O ?Q@b@ﬁ{ﬁ@fg{ cat ?Sﬁmm' 58/ 20265, As

the over based cal ci um al kyl sul fonate detergent, it is
Eeferred to, use an overbased cal ci um al kyI sul fonat e

vithere e Wright rafioofitBr everbasedgikturizgd slkyiphenol caicium salt
p | r r
n%%%ﬁ (t)érl “ﬁ%@‘éé% ast Qg?ﬁe era@lb&é@e@u%ﬁts o%kt’er}jeﬁ?f?] the
Thvbricatingaib ednpahmoumf ek pressgint tm@haod&t mrtgerrand;@mf 1Q:90 to
a,JBN.of 20 nore c be used
AT BD BN of CHOHM Stevk PrleEbl Aphim 50:70.
al kyl sul fonate detergent having a TBN of |ess than 200
ngKOH g, preferably, TBN of 50 to 180 ngKOH g. 10
Furt her, the weNdtoenaGontaifing Ashtessrbispedast| f uri zed
al kyl phenol calciumsalt detergent to the overbased
cal ci um al kyl benzenesul fonate detergent in the
| T iudrichiigg eil Icoﬁ@a@%htdmﬁe @)freéé}ﬁ ifeREBRfuHRMEBHtaMSs a
is in the range o 90 to :60 in ternms of calcium
dytieaa- coptagm@g aghgesgsilgsarsgntao ancamesnt of 0.005 to 0.1 wt.% in

Nehg %?ﬂlt%ﬂehaédﬂtgr% ééé‘éoe 3n tPe sl gr%gunt of the lubricating oil

' compaosition.

Examples of the nitrogen-containing ashless dispersant employed in the

present invention include succinic imide, benzylamine, and their derivatives
which may be modified with organic acids, inorganic acids, alcohols or esters.
A particularly preferred nitrogen-containing ashless dispersant is succinic
imide dispersant. The succinic imide dispersant can be obtained, for example,
by the steps of reacting polybutene having an average molecular weight of
800 to 8,000 or chlorinated polybutene having an average molecular weight of
800 to 8,000 with maleic anhydride at a temperature of 100 to 200°C to
prepare polybutenylsuccinic anhydride, and then reacting the

polybutenylsuccinic anhydride with polyamine. Examples of the polyamines
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The lubricating oil conposition of the present
invention further contains a nitrogen-containing

ashl ess di spersant in an anmount of 0.005 to 0.1 wm.%
in 20 ternms of nitrogen content, based on the total

a ; _ :
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ni trogen-containin shl ess di spefsant Is suUccinic

i memdoned pradtiantpro aiweenipolybutereylslicspic sahydridenaie

0 ' f.or _exanpl e by. t he, st eps. of reacting
p§§@%ﬁﬁ§%¥“ﬁ£vﬁﬁégﬁ¥°%9$P§§@°HB$%%@§%P-meight of 800

to 8,000 or chlorinated pol ybutene havi ng an average

nmol ecul ar wei ght of 30 800 to 8,000 with maleic

anhydride at a teéieldihydwcarbyidithiophasphete o prepare

pol ybut enyl succi ni ¢ anhydri de, and then reacting the

pol ybut enyl succi ni ¢ anhydri de with pol yam ne. Exanpl es
oThé hebrigativg ol Rempdsitiol efdRe predent ipreitibhddHR&more contains a
triethyl enetetram ne, tetraethylenepentan ne,

pahe ditircarkylditbipphasprhate. aexzahialiidihinnhaspbaterprzinc
S, - isper 0/
e G AN )
dhlsphead cardent baped parthd tofhbamexatpf the IDpricstagf ding

the abave 5 nmentioned reaction product between
FAPRRRUNY | succi ni ¢ anhydri de and ~ pol yani ne with

boric acid or a boric acid derivative. Zinc

D hydr ocar byl di t hi ophosphate 10 The | ubricating oil
cOmpalkivt gronpalf thdé einerdiskyidithiopbospleatefisi atlimeanor branched,

Cﬁc}%g'é'ir’] gﬁ%/l‘%ir{’] g?f g%ﬂ%g{)ﬁg%b i-lg Iﬂtf ﬁigg Q%ogﬁggh %’tor%é,g such as
Ry A SIS0, 000, DR Bl o .

tdndacyberemedesylt Hee knsrdiamtdithipphiosphatenposfetatdyis a ginc
dialkylaryldithiophosphate, in which the alkylaryl group is, for example, a

phenyl group having an alkyl group of C; to C4s such as butylphenyl,
nonylphenyl or dodecylphenyi.

Base Qil of Lubricating Viscosity

The base oil used in the lubricating oil composition of the present invention is
a mineral or synthetic oil showing a kinematic viscosity of approximately 22 to
300 mm?/s, preferably 22 to 200 mm?/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.
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The al kyl group of the zinc dialkyldithiophosphate is

a linear or branched, primry, secondary or tertiary

al kyl group of 2 to 18 carbon atons, such as ethyl,
propyl, isopropyl, butyl, isobutyl, pentyl, hexyl,

hg ps Mr‘efe@éd ¥ usé @%ﬂajor aRRARE Y baSe Qﬁb@ﬁﬁﬁ%btm%bi%céélﬂﬁm the

di ary |d|thIOFhOS phat'e, preferably is a zinc
divBrirgting 9il @ mwgﬁ@@tph\a@retmri A miajar frameintaif ibpisaojl of

BB (b8 B a B haRiey Po WA RS riffenbuferea
oamaarecfl el corfgsse 4D to 99.9-wb¥, @@éﬂe?&)l?/gﬁé‘élét {hén 50 to

25 The base oil used in the lubricatin

c%?r%sfp,tm@fe prefenablyf@ teaf M%@.ﬁth%wbmatm ail gergposidien.
SHISE b A eI S50 g oy proent o

rrlrhn%/lebmtatm@@:it ddrepaositien ahlesk lotiesrwvidiespetifed.) obt ai ned

by distilling crude oil under atnospheric or reduced
pressure to 30 obtain a distillate, and subjecting the

Tt WorBafing 81 GohfidsHoRtbIIRE B ieofibantft 1iEBared by

mdﬂmg; H’rmaddmv?safndnpagd?ntgf ot all at gnicef frthe dase ails @tlaervwse
or, .anount of hase oi cating viscosity

b BagS poechEAta conpsinte s indush Fencekiawgis can

%@H%réﬁarﬁﬁﬁn%p%éd 8hd tf‘néfpﬁilféﬁ 1t QGth\d BSES bFI Yo ??epare the

defined herein conprises 4 % or nore. erred
dubumtmgoml ¢rypowition obthe m@eenﬂmenm Fhet luwlcatmg oil
ater than 50 to 5

b &R 0By SsentifVepitr Carirufey odlam B otner lubricant

caidpadst aPfescribdestiaow] ght percent is used herein, it
I's based on the total weight percent of the

| ubricating oil conposition unI ess ot herw se

specified.) The |ub osi.fion of the
present invention crdtﬁ AH 59 & addi ng the
addi tives independently or all at once to the base

the@i]l herw se an additive concentrate conpri sing
t awing addifive ﬁ?@ﬁoeaﬂf@@wr@éﬁmﬁrﬂ@s @Bﬁom@@nents that can be

t o pr egar epﬁﬁeq{' %g A t?"ﬁg”% H&g@ﬁ%gg’l Qf %%&B?gté Eter% present
pnesdion. These exempléehef ddditivesadrengoeided to illustrate the present

ir_wention, but they are not intended to limit it.
(A) Oxidation Inhibitors:

1) Phenol type phenolic) oxidation inhibitors: 4,4'-methylenebis (2,6-di-tert-
butyiphenol),4,4'-bis(2,6-di-tert-butylphenol), 4,4'-bis(2-methyl-6-tert-
butylphenol), 2,2'-(methylenebis(4-methyl-6-tert-butyl-phenol), 4,4'-butyli
denebis(3-methyl-6-tert-butylphenol), 4,4'-isopropylidenebis(2,6-di-tert-
butylphenol), 2,2‘-methylenebis(4—methyl—6—nonylphenol), 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-

10
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conposition of the present invention can further
contain known other lubricant 15 additives as
descri bed bel ow. O her Additive Conponents The
foll ow ng additive conponents are exanpl es of

conpanophenbhat4-g ﬁ‘ﬁ‘etﬁ?la%-?&t-f)ﬁm-gﬁgh%!, QWHQQQ?-}%MethyIamino-

conbi nation with the ricatin ditive o
pr esesresal, i Srtti-tent-4( N simethytegrhioemethyipdendly, 4 o -thiebis(2-

oy AR RAS L2 BEFEE el B3bi iy Rhbnon, s
| nhi mbtma;hyﬁ&;}ﬁécenwﬂlbéaym)-éthlg@% :a'pte )grifg@,staﬁitémbutyl-zt-

inhibitors: 4,4 t hyl enebi s (
but yinysiiexenzyl)4' - bi s(2, 6-di -tert - butyl phenol ),

4, 4" 4\hi - :B-ternt-. 3 . .

2. 22 DBIROMRh: s Fidaism BHIBE Mclstes siengmyarmine, preny-
4, 4' g-paphithylarigeelridsdiRylaridny-haphtreidmipet y| phenol ),

4,4' -isopropylidenebis(2,6-di-tert 30 but_%l_ phenol ),

2, 2' Irfgthey bnash matal didiogarbamatmia. g &g dithiocarbamate), and

2,2 =i Ly ] -.dinet hyl phenol ),

2, 2'm%%ﬁéégﬁbgm@%é%ﬁ?%ﬁg@ycl ohexyl phenol ),
2,6-di-tert-butyl -4-nmet hyl phenol, 2,6-di-tert-butyl-4

10 et hyl nol , 2, 4-dinmethyl|-6-tert-butyl-phenol,
2?@%?‘&'5?‘&@%@%’(%’5 aaeMs): p-cresol

2,6-di-tert-4(N, N

di met hyl am nonet hyl phenol ), 4, 4' -t hi obi s( 2-

met HyIN@niorictpaiycxyktitybana gyrface active agents: polyoxyethylene lauryl

e i Rt e G e
(3, SetRér, pelhyoxbethylerd &tﬁkﬂﬂér‘i’ﬂﬁé@%}z }pryox@atlhxlflalngtogéyl stearyl

Di phenyl am'™ne type oxi dation inhibitor:
di presh§r, Reivexyetbiieng oley-atherh phijoxpethylenedsarbikylinorestearate,

?é n @%W@&ﬁ@{%‘f%%}gg%ﬁ@?g é’a%% mrcrjept)oghl(et%ltenie%??cro %%%o%leate.
nmet hyl enebi s(di butyl di t hi ocarbamate). 10 (B) Rust

Inhibitors (Anti-rust agents):
2) Other compounds: stearic acid and other fatty acids, dicarboxilic acids,

metal soaps, fatty acid amine salts, metal salts of heavy sulfonic acid,

partial carboxylic acid ester of polyhydric alcohol and phosphoric ester.

(C) Demuisifiers: addition product of alkylphenol and ethyleneoxide,
polyoxyethylene alkyl ether and polyoxyethylene sorbitane ester.

(D) Extreme Pressure Agents (EP agents): sulfurized oils, diphenyl sulfide,
methyl trichlorostearate, chiorinated naphthalene, benzyl iodide,

fluoroalkylpolysiloxane and lead naphthenate.

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

esters..

11
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1) Nonioni c pol yoxyet hyl ene surface active agents:
pol yoxyet hyl ene | auryl ether, polyoxyethyl ene higher
al cohol ether, polyoxyethyl ene nonyl phenyl 15 ether,
pol yoxyet hyl ene octyl phenyl ether, polyoxyethyl ene

Ot FREbhaPA B liye L KIS %nﬁ Fodéfith dthtarbamate,

I'yoxyet ene sorbitol” nonos
poI )emdfyﬂzéd/bmymo%dbnmml organ@phbephc&roamlﬁioatd yrimplybaenum
ycol anool eat e. Qb O her c% ounds stearic acid
and raenRalygeridey oxunglybdangry digthviate amiflesaming-melybdenum
soa y
o FomAIek el RHARIMALD el flolfierund bopRk
pol weyyrdundal cohol and phosphoric ester. (O

Denul sifiers: addition product of alkyl phenol and
et hyl eneoxi de, pol yoxyet hyl ene al kyl ether and

W%&@é:tAwﬂnaES@ I deefr@(\?nf%b%ethééy(a@é wped ﬁcﬂgﬁeﬁs ethylene-

Pr essure ents P agents sul furized oOi'ls
sul mr@wleneréomwmem chyrenesserene e:opolymers.riwchfdgenated

G ShiBhE RaarPie flahtad furegetilt S SRR SR S B prene.
al C@b@hsobmwéue Wﬁog@dﬂt@@stéﬁﬁr@h@ﬁ’ecﬁ& ne"li%@Pu“ i CPoiymer

est ers (F) Multiftunctional Additiveés: sul

oxy @b )ﬂb‘é@f@ﬁﬁlfdvpﬁ viscasibatnges impsaMersir i zed

oxynol ybdenum or gano phosphor odit hi oate, oxynol ybdenum
nonogl yceri de, oxynol ybdenum di et hyl at e ami de,

dH)%mﬂdb@Eéu@ssamﬁpbewmwmﬁaéﬁﬂbtes alkylmethacrylates
sul fur,- contalnln ybdenum conpl ex 5 conpounds. (G

vi s@pdidigkyl jpmara r\@@ﬂ@etaw cPpolyRIgfset hacryl ate type
pol yners, ethyl ene- propyl ene copol yners,

styrene-i soprene copol yners, hydrogenat ed

styrene-i soprene copol yneEXAMRUES8genat ed

st ar - branched pol yi soprene, 10 pol yi sobutyl ene,
hydrogenat ed star-branched styrene-isoprene copol yner

arkb GicsRAt FRBAtIdY BRI Né ﬁ.ﬁﬂ?értlﬁ/uét ng'ﬁpé Riﬂ%ﬁv%g Elmples,
Pour Poi nt Depressants: polyneth thacryl ates,

avhigh set foatly particalerly advantageous method embodiments. While the
Examples 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 A: calcium phenate having TBN of 120
(Ca content: 4.25 wt.%)
(2) Phenate detergent B: calcium phenate having TBN of 250
(Ca content: 9.6 wt.%)
- (3) Suifonate detergent: calcium sulfonate having TBN of 425
(Ca content: 16.1 wt.%)
(4) Ashless dispersant: bis-type succinimide (N content: 2.0 wt.%)

12
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and di al kyl fumarate - vinyl acetate copol ynmers. 15
EXAMPLES The present invention will be further
illustrated by the foll ow ng exanples, which set
forth particul arl y advant ageous net hod enbodi nments.

Whi e (6)od0u RSamRL AR A HoBRIARY oD U SI Al AmbRe

present ’inven are n
The addi Blhymatl'm;masbbatm(ﬂ%c@mﬂennﬂ Setiogat i ng

he bel d bed
\ékécgo@é@a 4}'%@3%&% %geva&‘gvsw m?ﬁ%%\gklﬁg@gﬁ? vrﬂ@eﬁ'&x e180
det er geniyf?/sGalap ﬁﬁ%&hﬁﬁﬁhﬁ '8N il IBh: Eg&% éni?f‘ﬂo

content: 4. 25 at e detergent
phenat e Imm/a@t"ITB ©f aixba be(s@a)lb@xmmtlc dscosity: %Oaﬂm /s at

3) sulf t | fonate h TBN
of 425 (00 CofebRraasl 6090°0) (&) Achiess

di spersant: bis-type succinimde (N content: 2.0 w.%
12 (5) Zinc di hydrocarbyl dithi ophosphate (Zn-DTP):
zinc primry- alkyldithiDmmoglesdtie 3P content: 1.66
w.% (6) Base oil of lubricating viscosity: mxture
(kinematic viscosity: 180 mR/s at 40C) conprising a

bR albdve-(rdntienad iaeditives avdreaddby. 10 the BEBé ildh amﬁﬁi}ts shown
and a base oil (kinematic viscosity: 32.0 m#®/

2.
1ndeple h based oarthe ajemipelemept septant set icmtrenircabrmé to

a&@éﬁrgﬂﬁ?ﬁbé’tmﬁg b%’gﬁﬁng‘%ﬁf @@g%%gn{ ﬂgéﬂ@grﬁﬁ{ar\%les 1and

d)eThelubrivatiag bilsempaitidng of tfﬁélﬁrésént ifventioheRr &1 SAE
| ybricating ojl conpositions of the_lpresent i.nvention_
Yy §5age ghe0 and a total base number (TBN, determined according to

D2896) of 40 mg*KOH/g.

Comparative Examples Ato D

The above-mentioned additives were added to the base oil in amounts shown
in Table 1 based on the atomic element content set forth in Table 1, to
prepare lubricating oil compositions of the present invention (Comparative
Examples A to D). The lubricating oil compositions for Comparative Examples
A to D have an SAE viscosity grade of 50 and a total base number (TBN,
determined according to D2896) of 40 mg*KOH/g.

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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2). The lubricating oil conpositions of the present

i nvention had an SAE viscosity grade of 50 and a

total base nunber (TBN, determ ned according to 15
D2896) of 40 ngKOH g. Conparative Exanples A to D The
above-nenti oned additives were added to the base oi

in amounts shown 20 in Table 1 based on the atomc
eExpkation degtent set forth in Table 1, to prepare

| ubricating oil conpositions of the present invention
(Conparative Exanples Ato D). The lubricating oi
cs&nﬁmgtameéme@mm@d\@ mEARBI0FS two-d gmn@ehgpé r8Bbing
SAE vi scosity grade of 50 and a total bas

( fretion-wrardestendoackcsamplengjl compositien aotl tast pigeeHivgre placed

cﬁw B Plegithes B Bl R RITRUS va ppg scutfing

CYhé netpieddsecdripris<iba iRgd Qidce SRITBOSHtING rpﬁedér %\‘Pl@lrtﬁdy were
in the Exanples and the Conparative Exanples were

enadgafca@stinaa Thaiast waSr@rsiMﬁtﬂcbwqegdmléc they §tepalsp Ioadmg

lH@tlﬁ&fﬁh@& tﬂlalc% Hioh E@r’ﬁ@l‘é o@ﬁgﬁ%&e% ﬂ.ggegﬁﬁ?rature:

mari ne engl nes. e eva ua S car

i B80%% rbttibavWing rpimna@d slipkpeedst hi/se@thesiebd waid incrdused
Table 1. 13 Evaluation tesy Scuffing and wear were

eHePM-eler ) avaimef 8¢ alqmo(%waao@?d thedest wasicagtiaued for
f
| S rfacieAtel 6RBS S CDIRATE. MRl ATRER 4 Bpos (n

wasmeaf unedvas mdasuesdiith tiee thse Whare 8biduRschapperiad, ithigs
t est pleces conprised a fixed piece and a rotating

piepeded Asgsquiiing. wdreh isepsessinted by "Sedi’ inThabledst ~was
conduct ed according to the step-up | oading nethod
under the conditions of: sanple conposition: 60 niL,
tenperature: 10 280C, rotation: 477 rpm and slip
speed: 1 nmsec. The |oad was increased step-by-step
at a rate of 20 kg/cn2 (2 MPa), and the test was
continued for 130 mnutes. After the test was
conpl ete, the worn anount of test pieces (in

14
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terms 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 Table 1.
Conmponent Exanpl es Conparative Exanples 1 2 3 ABCD
Phenat e Detergent (PheA) 0.f44.Q. 108 0.253 - - 0. 144
0.253 (Ca% Phenate Detergent (PheB) 0.224 0.252 -
0.368 0.806 0.224 - (Ca% Sul f onat e Detergent (Sul)

1--429_-1 1299 1 S2°ELE 1 100 AQLE 1 12 1 :: ( Ca0A

4. ITO007 L 1TO0 I £99 L. U U009 L IO I L9
Ashicesondat Sper sant (REPE°014 0. 014 0. 0F8"PaghtsExamples
Q. 014 0.014 gn-DTP|0.@37{0.0331 0. 019A0.037B0.0Q37 G - D

by X el 4.2 [ . 7

Ca RPREELd PheAFPheB] oui) 25775 2577517 582-5125-75
85:45 25: 75 117.5: 82. Wear Results, pm 15.3 16. 2 10 P
schiptgronst (FheAlse k1445 uq]ws The 0@83ul {s n Table 1 0144 | 0253

ilndi caitaefn)t hat] a di esel mar|i ne engi ne-cyl ijnder

|5 .g 5ot +—¢onpostton—{Exarptesi—to-3)
gont ai ni n ashl ess di spersant apd a zilnc

dielragene & B?) di%3ophdaFhat e, t ogel HeBoswi|t Bi8@er|t Qi2Ad -
gonbi gmb/d)on of an overbased cal ci um sul fgonat e

[

Q oxr H
of f ‘?%U%F prevent$ piston rings and cylli nder
fr@meweatr(rsmg 1138 | 1.138 1.255 1138 | 0685 | 1138 | 1.255

an nuarhacoad ecal ciu nhenat e detier
CATT AY ' T VAT O I\.Ill\.lll A B o OOt
[

(Ca%)
Ashless '
. 0.014 0.014 0.014 - 0.014 0.014 0014

Dispersant (N%)

Zn-DTP 0.037 0.031 0.019 0.037 0.037 - -

Ca Ratio '

2575 2575 17.5:82.5 25:75 55:45 2575 | 17.56:82.5

(PheA+PheB/Sul)

Wear Results,
15.3 16.2 10.2 Souff | seuff Scuff Scuff

Mm

The results in Table 1 indicate that a diesel marine engine-cylinder lubricating
oil composition (Examples 1 to 3) containing an ashless dispersant and a zinc
dihydrocarbyldithiophosphate, together with-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 range of 10:90 to 40:60.

Accordingly, this demonstrates that the lubricating oil composition of the
present invention employing a relatively large amount of a low cost detergent,
i.e., calcium sulfonate, and a relatively small amount of a high cost detergent,
I.e., calcium phenate, in a certain ratio can provide high thermal stability and
wear-preventing performance in a two-stroke cross-head diesel marine

engine.
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and scuffing, if the ratio of phenate to sulfonate is
adjusted to a specific range, 10 i.e., in the range
of 10:90 to 40:60. Accordingly, this denonstrates that
the | ubricating oil conposition of the present
ﬁﬁﬁjon enploying a relatively |arge anount of a | ow
cos étergent, i.e., calciumsulfonate, and a
relatively small anount of a hi gh cost detergent, 15

i.e., ﬁjl ci.um phenate in certain ratio can provide
hilgh t

phFating -l ‘PCPff‘?O%H%"' CREWFSaey Base gy of lubricating
per f or I 0
gl ne oqesy Baving ¥R RAHACLEE0SE OREICSGE fimTBit 36°C and
conpr i dissglved mmuﬂrkemfhdraimrthedmﬂavgng iagiciitBAet \in Haa/fcrligwmg

a kinematic, vjsco 22 to C and 5
di ssol 9EQUEIS 'Eﬁ‘%ep?é é&o LW" pﬂ&erm%r'eﬁi%ogeamm@en
in the I

the | uwfﬁé*a‘?‘ﬁﬁgg%?m%%ﬁ?@ﬁ“%"*‘sa@%ﬁover A PBhoct in an
sul f uri zeamelnydf Ohe toll Gcwl % iortesas of daicm'rge:nntarlh, an
amount ,Qf 0.1 terns of_calci.u

(5" ant@ ey oesbfscs Pelblim KU oD NI BS HeRsS SN R an

det er gentapmeuritivf ol@t@mum %0 t8rfs bP calchunicofftent, t er ms
of cal ci um content, ani trggen cont ai ni ng ashl ess

di sper&am nttrﬁgan-cantﬁmngcash@ss spersaot in anx avwunt 0f0.A85 to

i nyar ocdy bYRaP U mRER e TRoNRRL At of 0. 01 o

0.1 wW4)%ifc diyaRocirbpldRBBPROSEhaE W Qﬁtamé@ﬂ\MT@m 0.1

t he wel ght 5 atio of the overbased sulfurized
al kyl pheN8i% IR BrE1s.eh RRISPhaBILeUARL.t 0 the over based

cal ci i

Fange. Py YRFRERRERAY O iyebhdSityrzRd Alglidfono

and whealeium medélebgeraab |t|rn@ ovelbasedpasiitiinakylasngenesulfonate

total base nunber of 30 nmore but | ess than 60

nmgKOH ¢etergent is in the range of 10 90 to 40:60 in terms of calcium content
and wherein the lubricating oil composition has a total base number of

30 or more but iess than 60 mg*KOH/g.

2. The lubricating oil composition according to claim 1, wherein the weight
ratio of the overbased sulfurized alkylphenol calcium salt detergent to
the overbased calcium alkylbenzenesulfonate detergent is in the range
of 156:85 to 30:70 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 total

base number of 50 or more but less than 200 mg*KQH/g.
4, ‘The lubricating oil composition according to ciaim 3, wherein the

overbased sulfurized alkylphenot calcium salt detergent having a total
 base number of 50 or more but less than 200 mg*KOH/g is used in
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2. The lubricating oil conposition according to claim
1, wherein the weight ratio of the overbased

sul furi zed al kyl phenol calciumsalt detergent to the
over based cal ci um al kyl benzenesul fonate detergent is

in the r f I m
cont on ooty af bt U R SiMergReAm sai
accor dihaginga ©talipask mrmlsérabfmofe makOi/§ or hiere.

over based sul furi zed al kyl phenol cal ci um salt

detergent has a total base nunber of 50 or nore but

| gss thap |899c%5§1& E&séf&)gl a-rg?:gr&i V\ﬁrté Ef?ﬁrh?ﬁ érmelrein the weight

conposition acco er éin

gv er basatib ﬁuihélﬂvezm‘aall :?q?ﬂughecm @Ikyqn?enov ?alsmlnﬁ salt detergent

et er gent aV| a t ot a se nunber of 50

but | e§aViNgaht %K@H"B‘aﬁ QFINere gt l@éW%?Q%WQ'KOH/Q

with ag, ﬂié%\h?ﬁﬁé’eégulfdi zb?%ﬁ%%ﬂcﬁ %Ergﬁj';m %gpmmgégatau base

havi ng a tot ase nu e

The | uburntﬁnoﬁ@%inhgd@fﬂlgsmrtmnremsdhncd:rmagpsto cl ai m 4,
wherein the weight 5 ratio of the overbased

sul furi zed al kyl phenol cal cium salt detergent having.

agt ot alrhBassricHIRB I FmPSittin ﬁ@&cﬁdmgttda?ﬁ%ﬁémhg%ecedmg
mgKOH g to the overbased sul furized al kyl pheno

cal ci uniairas whersimthesovesbasechealsium a}kbj&lenzenéﬂﬂfonate
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group having a nol ecul ar wei ght of 800 to 8,000. 8.
net hod8&0G; nprovi ng the high tenperature wear and
scuffing of two- 20 stroke engines, said nethod
conprising operating the two-stroke

A method of improving the high temperature wear and scuffing 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 oil

composition:

(1) an overbased sulfurized alkylphenol calcium salt detergent in an
amount of 0.1 to 1.6 wt.% in terms of calcium content,

(2) an overbased caicium alkylbenzenesulfonate detergent in an
amount of 0.6 to0 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 | |
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engine with a lubricating oil conposition conprising a
base oil of lubricating viscosity having a kinematic
viscosity of 22 to 300 mm2/s at 40C and di ssol ved or

di spersed therein the followi ng additives in the

fol | ow t
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nunber of 30 or nore but |ess than 60 ngKOH g. 9. The
nmet hod according to claim8, wherein the two-stroke
engine is a 10 two-stroke cross-head di esel narine

engi ne. 18
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