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DIESEL ENGINE LUBRICATING OIL COMPOSITION FOR
LARGE-BORE TWO-STROKE CROSS-HEAD DIESEL ENGINES The
present invention relates to a lubricating oil composition for diesel internal
5 combustion engines. More specifically, the present invention relates to a
lubricating oil composition favorably employable for lubricating two-stroke
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lubricating oll compaosition of the present invention demonstrates hig
temperature wESY@rdiT B G PPRaTHRAD THENAKERGINND OF THE
INVENTION For lubricating two-stroke cross-head diesel
internal-combustion e'rrrw?i;nes installed in large ships or vessels, lubricating
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amount of the lubricating oil is supplied jnto the cylinder at a
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dantimaiiesiscositga@f approximately 22 to 300 mm2/s at 40C and
additives dispersed or dissolved in the base oil such as an ashless
dispersant and an overbased metal-containing detergent, e.g., an 25
overbased calcium sBiffEKeRQ@UNE Gerbd EciNMEMNTHON
alkylbenzenesulfonate detergent, an overbased calcium phenate, i.e., an
overbased sulfurized alkylphenol calcium salt detergent, and an

Fevdrbuisading buas Bake maess-beashdigseliatunalicpeitstieraengines
iksilEa PRk LRIQIB oMRsIMO- Rtk FRETRqRherally called "marine
cylinder lubricating oils" are used. In order to operate the internal-combustion
engine smoothly, a predetermined amount of the lubricating oil is supplied into
the cylinder at a predetermined position on the cylinder liner. Most lubricating oils
used nowadays contain various additives to improve various performances and

durability of the tubricating oils.

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 alkylbenzenesuifonate
detergent, an overbased calcium phenate, i.e., an overbased sulfurized
alkylphenol calcium salt detergent, and an overbased calcium salicylate, i.e., an
overbased alkyisalicylic acid calcium sailt 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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diesel marine engines mainly burn petroleum fuel containing sulfur in a
high 30 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 1 combustion of the fuel. In order to neutralize the sulfur
oxides, the lubricating oil compaosition contains overbased

metal-containi etergents and ashless._ dispersants. Further, the, . . )
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preventing environmental pollution, a requirement has been proposed to
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employable in combinatjon with the low-sulfur fuel. In operating the diesel
%ﬁé)’f‘?e W@*ﬁ‘&ﬁg rfh'('%ﬁrthe lubricating oil must have excellent thermal

stability at high 15 temperatures in order to maintain its
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than overbased calcium sulfonates and calcium salicylates. Thus, it is
(RIBREQILIATECHRLI0 A SAANGIE HIS RO PRSP ENgaRTiEnance, its wear-

preventing performance and its scuffing-preventing performance.

In the case where overbased metal-containing detergents such as overbased
calcium sulfonates, calcium salicylates and calcium phenates are used in
combination in the lubricating oil composition, overbased 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 ol 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 approximately
10:1 to 6:1).
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25 U.S. Patent No. 4,948,522 describes a cylinder lubricating oll
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
phonate (weight ratio is approximately 30 10:1 to 6:1). 2 U.S. Patent
Publication 2001/0019999 and U.S. Patent No 6 551,965 also describe

lyhdcating, ol somaosiions [orRBSI YRl I G o igkess

Cross- head diesel'marine engines. con ras Wlt
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zinc diaryldithiophosphate’ It is shown that the 10 lubricating oil

¢bmpoaiash PrBliradionrRaear hevktman e SWhtetidtofvertiditar The

Iipricating oil compestion teseiResiniNeRriuIREE CORIRAARAIENE a zinc
composmons comprising overbased metal-containin detergents with
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convestianall lobmeakbigh e beownaslionsearaifaaakie present
requirements imposed on two-stroke cross-head diesel marine engines

operating on low sulfur fuel that have been recently developed or will be
d’eh‘empmbhmﬂmmIfumrieat‘ﬁgeatiewmaxngeitibaréammmmtbmesmeaﬂ

di t h
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imposed on two-stroke cross-head diesel marine engines operating on low suffur
fuel that have been recently deveioped or will be developed in the near fuiure.
The new larger bore two-stroke cross-head diesel marine engines run at high
outputs and severe loads and the temperature of the cylinder liner are from 220
to 260°C. Thus, there is a need to develop new iubricating oil compositions that
can meet tne performance demands of such new generation two-stroke cross-

head diesel marine enginas.
SUMMARY OF THE INVENTION

Disclosed heregin is a lubricating oil composition for diesel internal combustion
engines. More specifically, there is disclosed a lubricating oil composition
favorably employable for lubricating two-stroke cross-head diesel engines
installed in large ships or vessels. The lubricating oil compositicn disclosed

herein demonstrates high temperature wear and scuffing performance.
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head diesel marine engines. SUMMARY OF THE INVENTION 25
Disclosed herein is a lubricating oil composition for diesel internal
combustion engines. More specifically, there is disclosed a lubricating oil
composition favorably employable for lubricating two-stroke cross-head
diesel engines installed in large ships or vessels. The lubricating oil
composition disclosed 30 herein demonstrates high temperature wear and
scuffing performance. 3 Accordingly, in one aspect, there is provided a
lubricating oil composition comprising a base oil of lubricating viscosity

hednginginemane FReesin B2 asGreUda A AP HEAT A TEmBBeRIEaor
dispeiserdhersinehs Hllovirgpiitvessiny, Hﬁf@&%ﬁ%%@&@!@e@%ﬁ?%f 22 to

on a tota] amount of the |ubricating oil composition: 5 (1) an overbase

sHfLryed %ﬁ@)ﬁ&%@ﬁ’m ¢ isRryedIPHeiersErRnRRr bR TPEPYIBAGIdives in
YHSAIMORIRSph SgiUmBcanient ()23 pvermaseflcaleiidating oil composition:

alkylbenzenesulfonate detergent in an amount of 1.5 to 2.1 wt.% in terms
of calcilih b AKHPAE S IR B AR ASAIELE HRGILIEIRIARM A 30

amount of SENteOOL5 16 Wo%rindeimsobnifrogiiuaontenerand (4) a

zinc dihydrocarbyidithiophosphate in.an amount of 0.007 to 0.1 wt.% in
torms P RO YRS ER R TR ThEUB OGRS SRR moun
sulfurized afkyphedol ealéiuim Ealthdefamenitoctihdanterbased calcium
alkylbenzenesulfonat tergent isi X > of 22: ASKY!

ferms oL AG L RO T s bR e AR o 0
a total baswirfiermbéarofscef wttagemgrOent.andne embodiment, there is

provideg 2. meihod ok TR AN NG ISR b hate in an amount of 0.007 to 0.1 wt.%
in ferms of phosphorus content,

wherein the weight ratio of the overbased suifurized alkylphenol calcium sait

detergent to the overbased calcium alkylbenzenesulfonate detergent is in the

range of 22:78 to 37:83 in terms of calcium content and wherein the jubricating

oil composition has a total base number of 60 to 100 mgeKOH/g.

In one embodiment, there is provided a method of improving the high
temperature wear performance of two—s’i'roke 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.

In another aspect, there is provided a method of improving the high temperature
wear performance of two-stroke engines, said method comprising operating the
two-stroke engine with a jubricating oil composition comprising a base oif of

jubricating 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
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temperature wear performance of two-stroke engines wherein the method
20 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. In another aspect, there is
provided a method of improving the high temperature 25 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 mm2/s at

A0 WNG RASSEPEPICtRSPEI_EA BT Hheitaliorinty CRIBRREEIA the
following,4,arpQuiseasaslian 2 ok ARHUHY QLIBRIMHEMEIE Qbnt in an

composition: (1) an overbased sulfurized alkylphenol calcium salt

detergent T REER 8 DB W LdniesmakraisBrafitintcontent, (2)

an ove(basathoalense abyibanrangsvdionaiesigisraentictanamaiah aobunt
15t02.1 Wézo in tgrms of calcium contentBSC’s a nitro?en-containing
r

ashless diShdr2dftan' K- driBURIBEFPOEEEHE! CIMHRTin terms of nitrogen
conten{3aach{gdgerinzdibirdngcashiddishitppzosphibe am amaotuwftDOS to 0.1

0.007 to 0.1 wt.% . in ter f phosphorus.content, 10 wherein the weight
rato of the B BASA S AR RENT R Hof oa

2hof calcium salt detergent to the
overbag@decaiviuihptkglmbzétidsafbnapiaietérgenaisduthef thge of 0.1 wt.%

22:78 to BYﬁi]grmst f@%@%&%‘?w}b&ﬁ{gﬁ{“ and wherein the lubricating oil
| base

composition has a tota number of 60 to 100 mgKOH/g. 15 Among

gtheraimibedivaightsiatie ol tﬁhi@_mbﬂs@dmpkﬁgﬁmd@%mw%Iecr:@iﬁium salt
s &rerlign &%Mﬁ@@l&mﬁpgwﬁr&@&m%%f&é@?ﬁ@@M}ﬁr}he

Il
itis used In high-power and high-load super long stroke engines burning
RRaBER2: 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.

Among other embodiments, the lubricating oil composition disciosed herein
shows excelient 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 cyiinder liner is heated to 200 fo
260°C. Accordingly, when used in diesel marine engines, particularly, irﬁ two-
stroke cross-head diesel marine engines (which are highly loaded and which is

continuously operated for a long fime) burning low-sulfur fuel, the lubricating oil

4a
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fuel under conditions where the walls of the cylinder liner is heated to 200
to 260C. Accordingly, when used in diesel marine engines, particularly, in
two 20 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 4a composition disclosed herein prevents
production of black sludge, which originates from residue produced by
combustion of the lubricating oil, preventing the accumulation of deposits
on the upper surface of the piston or on the piston groove, and further

BREVEABLIRR: RS 28 P AMRI R YRETS, RFRAMIHRST RiopRSKRluriRy rhich

SFiitRg 4 HoReF MR hRYIRWAUIRIEBEEHbE dilsalingaating oil, preventing
composmon disclosed herein is more cost-effective than those disclo @gzdptston
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D;!i:'oSrC?flpylgg FCJL‘J_'E H}Q/} rlc %!t '8{%5 %l?ﬁ%ﬁté)gctthg B&eﬁs%n contains
nven 1on tO pI’OVI rlcatlng posit two-s I’O?(
amss'eféadadieﬁd:mamibyémmesangiw!wwmg@%mpwmpbesmiiame ata
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Eavmg ﬁ{erm | stability, high wear-preventing and scuffing performance at

el brsap srdfurEedrdpiiannbcrRisHEat sefRigRahcEBiIth cetalqdively high
%?i\é%@c%ﬁr%‘?@’i@n requirements imposed by two-stroke cross-head

diesel marine engines that have been recently developed or shall be
developed in the near future. It has now been discovered that a diesel

marine engine-cglinglen lgbr i rib BORPOSITHE N BN Tg@Rcertain
combination of an overbased calcium sulfonate

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, high wear-preventing and scuffing performance at high
temperatures and providing lubrication performances {o meet the severe
operation reguirements imposed by two-stroke cross-head diesel marine engines
that have been recently developed or shall be developed in the near future.

It has now been discovered that a diesel marine engine-cylinder iubricating oil
composition containing 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 between the
overbased compounds is adjusted in a specific range and an ashless dispersant
and a zinc dihydrocarbyldithiophosphate, e.g., zinc dialkyldithiophosphate or zinc

diaryidithiophosphate, are incorporated.
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25 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
ALSORAIRISH SR e IR RERHRARAR IR bbbGAINg
o] com% Sition” comprising a base oil of Iubrl_catln%ylscos[ty )aving a
codinmingca/iseesio) of Ribtisadon wissortnhasohAKaRIE e yisrariyrted to
34 A iR g ARA s b R BHOUNAALIR WY ORATROB AN in

amount of the lubricating oil composition: 5 (1% an overbased sulfurized

thelkglionénoRearinin BanrageesrgdatahaRCam Gl oluPERIDG Jlkatposition:
term3of 2l sienliniAlan Avsrbases ealeium sHyihasrsnasnltanate

detergent in an amount of 1.5 to 2.1 wt.% in terms of calcium content, (3)

a nitrogeHKSIbRtA P deHid Whire RSt P EAAlHBR SPBIE OS5 to 0.1 10
wt.% i) teins G baiERDen santeityah idhastifienate detergent in an amount

dihyd byidithiophosphate in ergividuigglduiyiialh
of phoseol & EaHE AHLEI e RIS IAed B he overbased

sulfurized sftphenohtaldhgreshitsetésperstta ihen\eTioast o calonbto 0.1

alkylbenzenesulfonate detergent is in t range of 22:78 to 37:63 in

terms of‘@l{fe?ﬂ#%r&?ecﬁtné%g%ﬁﬂ&%ﬁ%eta% u%ricating oil composition has

a totguhasanwidifogirotad yid Ebo phgrDiate. iF e @rofarmé o fedbdttmBntswt. %

of the luBricating qil Iti gﬁding to the present invention will be

describe'éll ﬁ]&hr%h%rpgl(é{%ﬁ%&eﬁ}gv& 0 Overbased Sulfurized Alklyphenol
wlaleinihSalebtergionf the overbased sulfurized alkylphenal calcium 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.

The preferred embodiments of the lubricating oil composition according to the

present invention will be described in further detail below.

Overbased Sulfurized Alklyphenol Caicium Salt Detergent

The lubricating oil composition of the present invention contains an overbased
sulfurized alkylphenoi 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 calcium sulfurized alkylphenot (often simply
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The lubricating oil composition of the present invention contains an
overbased sulfurized alkylphenol calcium salt detergent, i.e., overbased
calcium sulfurized 25 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
"gHEUEbIABRrSaTISERI WD SH'RUIRRY 280/ RdRnobnhdns e a dase number
(Wgawg@a:;@umﬁgldzeﬁowlﬁwmh | ,Lttaismﬁh@ml @g@g;&ﬁ&g@ @Re total
overbased calcium sulfyri alkylpheno en simply 6 referred to as
et B P BF HESH R S BENE AboD e o
200 mgKOH/g or more, preferably, 250 mgKOH/g or more. The total base
er (unit; m /9).is. measured according to ASTM D2896. 5 The
e S L G S A0 S et ehlinent
Heaiipeateded bsssemuntiserob 2200nmggK OH/g or more can be used im
binai " o ) I i

a total b%se num e(r) o%ﬁg%%%%r%v#%;ﬁ%%@g g?eaégggw{’%ﬁ %5@8@% total
bege HURPEI P! EsOfumn 288brezkiohl/ odigebeiaidyeEBIbabES betfhgent
maadaiprigating oil composition of the present invention also contains an
overbased calcium alkylbenzenesulfonate detergent, i.e., an overbased
calcium 15 alkylsulfonate, in an amount of 1.5 to 2.1 wt.% in terms of
calcium contencBases ahibeie kMot b g dnaticaingabnt

composition. The overbased calcium alkylsulfonate detergent Is a calcium
sulfonate of a mineral oil having a molecular weight of approximately 400

Tihebl0Bdcatiod i 20agmsaiin edtopRs Bavingartiatkyl@redptains an
o%%%@aé%%igéoaefgy?gépz%naégm%nate detergent, i.e., an overbased calcium

alkylsuifonate, in.an amount of 1.5 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 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 caicium alkylsulfonate detergent, it
is preferred to use an overbased calcium alkylsulfonate detergent having a total
base number of 200 mgeKOH/g or more, preferably 250 mgeKOH/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 fow
overbased calcium alkylsulfonate detergent having a total base number of less
than 200 mgeKOH/g, preferably, TBN of 50 to 180 mg=KOH/g.
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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 25 base number of 200 mgKOH/g or more,

R L LR G O e PR, SHIRE s LAl

calkiylsuehatetdetendéot e over bastdl drsiern wiiipireofz206 sujicly geergent

, re, cap seqd i pati it ow, overbased calgium )
e S Ep Bttt AR R R U Fang g 227s
tariyKESHrgtgsretepblbicTBNcohEmtoprerabiAR/g/ o IB8Huld be noted
that the weight ratio of the overbased sulfurized alkylphenol calcium salt
detergent to the overbased calcium alkylbenzenesulfonate detergent in
the lubricating oil c&WiEsibR g bR g4 the range of
22:78 to 37:63 in terms of calcium content, preferably 23:77 to 36:64. 5
Nitrogen-Containing Ashless Dispersant The lubricating oil composition of
Tt SRESAHR U RRHRORAER Qe Pl BRI A RS GERIBEs 2
niispersabhiniahamonateids0ebstnOid . .4MolRtter M6 MI0geRt % in

content, hased on the total amount of the Jubricating ojl composition.,
R L BP R ARISG e o e BTGP LB e
cprgsesitionvention include succinic imide, benzylamine, and their

derivatives which may 15 be modified with organic acids, inorganic acids,

alcohols or esters. A particularly preferred nitrogen-containing ashlers
Edmpetearntithsunitingeimide dispayssite Shdispecait iengdogispénthatmasent
ir&%%ﬂ'ﬂ%ﬂm&%r W&%ﬁéﬁépsé@ﬂ%rﬂ{ne, and their derivatives which may

be modified with organic acids, inorganic acids, alcohols or esters. A particularly

A
HeSeNCipAHEDE

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
chiorinated polybutene having an average molecular weight of 800 to 8,000 with
maieic anhydride at a temperature of 100 fo 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 potybutenylsuccinic anhydride and polyamine with

boric acid or a boric acid derivative.
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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 20 maleic anhydride at a temperature of 100 to 200C to
prepare polybutenylsuccinic anhydride, and then reacting the
polybutenylsuccinic anhydride with polyamine. Examples of the
polyamines include diethylenetriamine, triethylenetetramine,
tetraethylenepentamine, pentaethylenehexamlne and
hexaethyleneheptamingiritHails i HiEn Ry 5

borated derivative thereof. The borated succinic imide dlspersant can be
prepared, for example, by reacting the above-mentioned reaction product

Heaidericpbiybaterymspesitinaitiyeriiesent popatandwitiersshe aertans a
ﬁ*&%lﬁﬁﬁ‘&'&%waﬂﬁ%gﬁ%ﬁﬁu%@VQC%H&QEQW@@%BB%%EH% or zinc

Iubncatlng oil composmon of the present invention furthermore contains a

Havdit Iﬁ%?%ﬁ'?@}%tﬂ@ﬁr%”gBHaté)fé}&oﬁﬁ%élmlcﬁtmdﬁﬁ@%eﬁ@fbwhoms
ZRtestianysiihionieshbairaifcm e aE L Mri88hd @R dowih¥sifiderms of

phosphorus content, based on the total amount of the lubricating oil
composition. The alkyl group of the zinc riialkylrlithinnhnsnhate is a linear

méz)emn,@@dt,étbpf'ﬁ@mh @oqat@w;@ptmkﬁmﬁkyl@rmat)mrztﬁ@ﬂ&fed,
carbon atoms, suc ropyl, iso sobu ent
T SR S Qe ot Ay e Bl ol P e St 8eh as ety
m‘@ﬁwdtﬂvpmmsphatﬂl memnfatblxmwizmwtdﬁeﬂwldﬁtvbrr:ﬂwftméelgyil or

ic ylaryl g or,ex e roup having an alky
OC acﬁ'a @1 Zé'};gu% dﬁ%upl?of%éﬂg# “héh ? % orglzoJ ofodecylphenyl
cﬁakglawl_dftmmhm@uh@aMmmmﬁbgoa&e!anmhgédun i tulenicaipig: ol phenyl
SR ASUAG AHIBRGREM BVeNUBHS Quch as butylphenyl, nonyiphenyt or

dodecylphenyl.

Base QOil 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 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,

hydroeracking, 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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20 mineral or synthetic oil showing a kinematic viscosity of approximately
22 to 300 mm2/s, preferably 22 to 200 m2/s at 40C. 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
d 8@&{3@&9& éggi%iﬂ%r%§ g% E%SH. d to use a major amount of base oil
of lubricating viscosity In tﬁe [ubricatirig oil of the present invention. A
major amount of base oil of lubricating viscosity as defined herein
TeRMPBISESHY \?ﬂ %%?rpm@nmemyh pebaamnunieafidpasenal %cpmpéis@j@to
99.9 wt %, preferably greater than 50 to 97 wt %, more prefer 60 to
R 1 AL e B SBIH SERRE 00t G BeRe g e, an
adsitivberentciticalzasechpristhg thtahdditidspier taght obtiveshutaizatngaeilh8
comppsition unless, otherwise specified.), The lubricating oil composition of .
D P G IR B il A% S e R TBARng
oihdepurddinly o thl: aresent iovbetioasd bit. idthealiixg pircoatiatipiléon of the
p?8$8§f‘#’\% ﬁSH“BéﬁfLﬂtHé‘? é‘QHéH}f?étlﬁbPl%r‘FQé]&eé‘&@{I%é 53308 Aned
betorehand prepared and then mixed it with a base oll to prepare the
bieleMéating oil composition of the present invention. The lubricating oil

composition of the presepfENgRFLCHHBSHERtain other lubricant

additives as described bélow. Other Additive Components 10 The
following additive components are examples of components that can be

TiRUTEA RAlRYeA RS A AR ANSRING ASOBiNE HENEn bo
present inventon. |1 nhese examples Ifves are proviae ustrate
N TRV R YR B AP ARGV of the present

invention. These examples of additives are provided to illustrate the present

invention, but they are not intended to limit if.
(A} Oxidation Inhibitors:

1) Phenol type phenolic) oxidation inhibitors: 4,4'-methylenebis (2,6-di-tert-
butylphenol),4,4'-bis(2,6-di-tert-butylphenol), 4,4'-bis(2-methyl-6-tert-
butytphenol), 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-methyi-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-terf-4(N,N'
dimethylaminomethyiphenol),4,4'-thicbis(2-methyi-6-tert-butylphenol}, 2,2'-
thiobis(4-methyi-6-tert-butylphenol), bis{3-methyl-4-hydroxy-5-tert-
butylbenzyl}-sulfide and bis (3,5-di-tert-butyl-4-hydroxybenzyi).

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- butylphenol),4,4'-bis(2,6-di-tert-buty!l
phenol), 4,4'-bis(2-methyl-6-tert 20 butyl phenol),
2,2'-(methylenebis(4-methyl-6-tert-butyl-phenol), 4,4'-butyli
denebis(3-methyl-6-tert-butyl phenol), 4,4'-isopropylidenebis(2,6-di-tert-
ggtnX p@%‘ﬁ'@%ﬁﬂ el %Yd%ﬂ%%%ﬁéa%eﬁh (oA ARy Ml
2, 2hmatitigieekisisibuidiibia-aymorgryliphenol), 2,6- di-tert-butyl-4-methyl
phenol, 2,6-di-tert-butyl-4-ethylphenol, 2,4-dimethyl-6 25 tent-butyl-phenol,
2,6-di-tert-a-dimethylamino-p-cresol, 2,6-di-tert-4(N,N'

ity HihibtenedAnpHesbpgeatshiobis(2-methyl-6-tert-butyiphenol), 2,2'-
thiobis(4-methyl-6-tert-butyl phenol), bis(3-methyl-4-hydroxy-5-tert
butylbenzyl)-sulfide and bis (3,5-di-tert-butyl-4-hydroxybenzyl). 2)

Dlpwe‘Hg?!aﬁﬂweﬁW%s@H%%ﬂq RERGE W%M%W&Wﬁ@%ﬁ%%%"
30 gaphihdaminedokadulgied amnim@nﬂamI@@ya;saya@taa@tuaﬁﬁphenya

metal dithiocarbamate (e.g., zinc d|th|o rbamate)

meﬁjig)%ngf:}'gfﬁ%%mo %\%ﬁ?ﬁ’é‘tﬁ) ik F@B&QHH%R&%”@HHWL?,{%W’ ether,
agesuis)nby éj)“mm@@'@hﬁmmm)ﬂ@ﬂ%ﬂqﬂ@@@ ﬁ!ﬁ;ﬂﬂ&}a@ﬁiﬂﬁst@arate

lyo h | I h | |
P e T R TR A el e ke e leate.

polyoxyethylene octyl stearyl ether, polyoxyethylene nleyl ether

po'ﬁ?@( J:%?ﬁg%%ﬁ?é@' OA?%S% a#ﬁd]o(%r% '¥M%§lée'}ﬁc%%%>éﬂ¥c acids,

mono-o eate an eth ene gly monooleate her compoun
stegridacidapsd faﬂ%a%@tymumajt@am@mh@@ltﬁdﬁ heavy sulfonic acid, partial

carboxylic acid ester of polyhydric alcohol and phosphoric ester.

(C) Demulsifiers: addition product of alkylphenol and ethyleneoxide,

polyoxyethylene alkyl ether and polyoxyethylene sorbitane ester.

(D) Extreme Pressure Agents (EP agents): sulfurized oils, diphenyi sulfide,
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 (Vi) polymethacrylate type polymers, ethylene-

11
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metal soaps, fatty acid amine salts, metal salts of heavy sulfonic acid,
partial carboxylic acid ester of polyhydric alcohol and phosphoric ester.
15 (C) Demulsifiers: addition product of alkylphenol and ethyleneoxide,
polyoxyethylene alkyl ether and polyoxyethylene sorbitane ester. (D)
Extreme Pressure Agents (EP agents): sulfurized oils, Biphenyl sulfide,

20 IO R RSB RAGAE RS bl styronc-

lead naphthenate. (E) Friction Modifiers: fatty
alisshsEiatepaelimatinBy HourBd es St HREP LRAYSORISRS

MuliitiastionaAddijivrss shifieizsd cxvanehbdenyendiibigrarkaspieymer
sulfufized oxymolybdenum organo phosphorodithioate, oxymolybdenum
maheglirraiaanbpaoipsasiv iR rEHYRIREHide, amine-molybdenum
complex compound and sulfur-containing molybdenum complex
compounds. 30 (G) Viscosity Index Improyvers (VII): polymethacrylat
) BB B OSRSARES PN OB AT R B s and
cafielypersniedeogangledsiyrenepisigprerne copolymers, hydrogenated
star-branched polyisoprene, polyisobutylene, hydrogenated
star-branched styrene-isoprene copolymer and dispersant type viscosity
(InBsxrimiprobignss Sa(k) PetnRuids Raprassarsisrpoljmethyl shisorr god@ers.
alkylmethacrylates and dialkyl fumarate - vinyl acetate copolymers. (1)

Foam Inhibitors: alkyl methacrylate polymers and dimethvl silicone
polymers. EXAMPLES

The present invention will be further illustrated by the following examples, which
set forth particularly advantageous method embodiments. While the Examples

are provided to illustrate the present invention, they are not intended to limitit.

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) comiprising 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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10 EXAMPLES The present invention will be further illustrated by the
following examples, which set forth particularly advantageous method
embodiments. While the Examples 15 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: 20 (1) Phenate
detergent: calcium phenate having TBN of 250 (Ca content: 9.6 wt.%) (2)
Sulfonate detergent: calcium sgltanaseebavimngiTBN of 425 (Ca content:
16.1 wt.%) (3) Ashless dispersant: bis-type succinimide (N content: 2.0
wt.%) 25 (4) Zinc dihydrocarbyldithiophosphate (Zn-DTP): zinc primary-
BGikyddithiephespbatsl (@1ddiveenivaré Gud 94 i ¢5ihB dseseibdfitubnicating shown in
' ity mixture, (ki ic Vi YA t. omprising a
o e e e LR T PP
lgkneptiagooliseny stRmsmhibispese 00 e dDERaoe$0:40d12). The

l&ﬁ?&ﬁ@lﬁd‘il%%Jﬁﬁoﬂ@%ﬂ@??@@@ﬁ?iﬁ@é’l‘ﬁh&ﬁ?ﬁ%ﬁrs%‘%f\}%&ﬁgity grade

base oil In amounts shown in 5 Table | based on the atomic elemen
dortersatrsphbpsedsieberd Prdb dletaupinedingwsirdon podifidid BESRS) of

ma&gm(v tion (Examples 1 and 2). The lubricating oil compositions of

the present invention had an SAE viscosity grade of 50 and a total base
number (TBN, determined according to ASTM D2896) of 70 mg(r)KOH/g.

Comparative Examples Ato G

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 for Comparative Examples A-G. The lubricating oil
compositions 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 SCu_fﬁnq and Wear Observed on Cvlinder

With respect to scuffing and wear on the cylinder, the lubricating oil compaositions
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

resuits are set forth in Table 1.

13
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10 Comparative Examples A to G 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 15 lubricating oil
compositions for Comparative Examples A-G. The lubricating oll
compositions 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
prnaienviestused in an amount larger than the amount of the calcium
sulfonate. 20 Evaluation of Scuffing and Wear Observed on Cylinder With
respect to scuffing and wear on the cylinder, the lubricating oil
Sefpusivhygrepareryelatestdy presap@tretleormpirdar sy Pramplay
lsRRLAed it R AopRllanespUaHEg el s dedubiratnp s in

in two-stroke cross-head diesel marine engines The evaluation test was

tharinsdesuand dhe (SROWMAY FREHPR PUtie SXaTHERRSWER@fh sating. The
13t %‘@HQW&&PHfﬁﬂgcﬁﬁlé&lféﬁWﬁrﬁ)%{ﬁ%%%é)/dﬁéwmre made of

two-cylinder t pe rubbing 5 friction-wear tester. Each sam e o]

iRt ARt aSePdE RIS S It eeslRr-yum ﬂ%ﬂ@é‘f‘ﬁi&?d under

tﬁ@frﬁ@ﬁkﬂlwd e @ﬁ?@mgmwwara@ssgﬁng fEh@é@Lp@f%ﬁgmptﬁm 477
IXe e an e rem cast Iron

B S S e e T I R e T Sl R At e of

zmhgmnﬁsmma)pmmtmnmag@mutmmmum aaameemﬁm tﬂaé?test

Rt R Raeg (AT B e R SR g
Fc'a kg ch and Pes Wa contlnued'for 1487
| Affes mthere selzure happened it was reported as scuffing, which is

represented by “Scuff” in Table 1.

14
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was complete, the worn amount of test pieces (in terms of pm) was
measured. In the case where seizure happened, it was reported as
scuffing, which is represented by "Scuff' in Table 1. 15 14 Table 1.
Examples Comparative Examples Component L2ABCDEFG
Phenate Detergent 0.601 0.930 0.414 1.006 1.815 2.56 - 0.601 0.929
(Phe) (CaJo) Su 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%) Zn-DTH &{/*€6).0.019 0.019 0.019 0.019 0.019
0.019 0.019 - - Ca Ratio 23:77 36:64 20:80 39:61 70:30 100:0 0:100 23:77
36:64 (Phe/Sul) Wear

Component

Examples

Comparative Examples

1

2

C

D

E

Phenate
Detergent
(Phe)

(Cad%)

0.601

0.930

-0.414

1.006

1.815

2.56

0.601

0.929

Sulfonate

Detergent

1 {(Sul)}(Ca%)

2.036

| 1.695,

2.263

1.615

0.774

2.65

2.036

1.695

Ashless
Dispersant
(N%)

0.016

0.016

0.016

0.016

0.016

0.016

0.016

Zn-DTP
(P%)

0.019

0.019

0.019

0.019

0.019

0.019

10,019

Ca Ratio
(Phe/Sul)

2377

36:64

20:80

39:61

70:30

100:0

0:100

2377

36:64

Wear
Resulis,

pm

11.4

16.3

Scuff

Scuff

6.5

4.5

Scuff

Scuff

Scuff

The results in Table 1 indicate the diese! marine engine-cylinder lubricating oil

compositions of the present invention (Examples 1 and 2) containing an ashless

dispersant and a zinc dihydrocarbyidithiophosphate, 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 o a

specific range, i.e., in the range of 22:78 to 37:63.

15




Results, 11.4 16.3 Scuff Scuff 6.5 4.5 Scuff Scuff Scuff pm 5 The results

in Table 1 indicate the diesel marine engine-cylinder lubricating oll
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 10 from wearing and scuffing, if the ratio of

Phesrgioaty sihifo detedssititesdbabthedpbdifitinggd, deenposiiorand dhef present
2278 X ' i trat icatl il
meehihih Spibyin e racivaly i demenplanesdnaldiedupialiog 8

h
compositions o present inverition employing a relatively large amount

eHlailpsionadte Ajehe relativaleismaliumonael el RigblagsbReseraant. ie.,
SNaunt Sienhighifestdataraenb tan BrelabmiphenatSNsB6a RN afio

can provide high thermal stability, wear- preventing and scuff-preventing
PEERthEBTSRE- BN RS BT aidSR I b ArRirekgires sTBaahirsel
rhafirlbigatiag oil composition comprising a base oil of lubricating
viscosity having a kinematic viscosity of 22 to 300 mm2/s at 40C and
dissolved or 5 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
0.5 to 1.0 wt.% in terms of calcium content, (2) an overbased calcium
alkylbenzenesulfonate detergent in an amount 10 of 1.5t0 2.1 wt.% in
terms of calcium content,

16
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(3) a nitrogen-containing ashless dispersant in an amount of 0.005to 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, 15 wherein the weight ratio of the overbased
sulfurized alkylphenol calcium salt detergent to the overbased calcium
alkyeinzenesulfonate 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 mgKOH/g. 20 2. The lubricating oil composition
hecordinlybeieating PIVGREPBRTHRNGEIGRIIT AL PESE Slirbiduirting iragsity
atkylphepa Al HinBsali ORRIGSHE 60 e ooEIRaBEtsCalCURT and dissolved or

alkylbenzenesulfonate detergent is in the range of 23:77 to 36:64 in terms
of calcititRESHEHIes W Eliaring B'iY‘?:gr‘rﬁ‘p%‘ﬁt?BHOé{Y!EQraiﬁBLlBtEIQﬁﬁed

1 or claiudcwheraisuieofaverhaskehbudfwilzeshalogiibenol calcium salt
detergfﬂt has a'ﬁﬁtal bﬁse number,of 200 m K(?
i |

orco O RS o A AP B B L Sedige B e
wherein theroxertbeiced dalditnvalk)it &rren ef ulidriate detéegent has a
E;%tr?: b@?a%“&%%a%‘fezé gamcﬂg%Ka%{l?ﬁ%&g}%&ﬁoﬁatTh%f"@r&%ﬁ? ?rgaoﬁ:amount
position according tc any one e preceding claims, wherein the
nitrogen-adntdirtin@ dswic¥siditpors aficalciwncemitentnide having a
polybufenyl greip. RAIRE A MGSSIE G G- 05 300 9 888Nt 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 alkyiphenol calcium
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 compaosition 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

23:77 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 total base

number of 200 mgeKOH/g or more.
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10 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 mm2/s at
40C and dissolved or dispersed therein the following additives in the

followinga BrarSHASL BacarpPLIRR SIS Bt Y RBRCLERG BiFceding
compaogitians, (NeBineaaasae ssstudariakylRiibankealsiuiiosatle detergent
detergent in an amount of 0.5t wt.% in terms of calcium content, (2)
an ovetﬂﬁééb@@%ﬁﬁ’ﬁ ﬁwwrfi?e%%%%ﬁg@ﬁ%t%?&?ﬁh an amount of
1.5to 2.1 wt.% in terms of calcium content, 20+(3) a nitrogen-containing
ashless dispersant in ap amount,of 0.0 0.1 wt.% in terms of nitro
coriont AR S e RseA s e e M hiekiee
0.007 iddrisywivbierairténem siobphospidritico mehesshitisprr saalig g hticcinic
ratio of the over ' ' I

tne oveIae L e Bl e e T Ry
22:78 @& @¥363 in terms of calcium content and wherein the lubricating oil

composition has a total base number of 60 to 100 mgKOH/g. 30 7. The

method according to claim 6, wherein the two-stroke engine is a two-
strdke Arbnathashef draianinariie Bigiiigmpgrature wear performance of two-

stroke engines, said method comprising operating the two-stroke engine

with a fubricating 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 alkyl'phenol calcium éalt detergent in an
amount of 0.5 to 1.0 wt.% in terms of calcium content,

(2) an overbased catcium alkylbenzenesulfonate 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 -térms 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 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

mgeKOH/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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