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DESCRIPTION

SYSTEM OIL COMPOSITION FOR CROSSHEAD DIESEL ENGINE

TECHNICAL FIELD

[0001] The present invention relates to a system oil composition for

crosshead diesel engines.

BACKGROUND ART

[0002] Cylinder oil for lubricating between the cylinder and piston and

system oil for lubricating and cooling other parts are used in crosshead diesel

engines that are mainly used in large ships. The present invention relates to

a system oil composition for crosshead diesel engines (hereinafter simply

referred to as a system oil composition).

[0003] A system oil composition is used for lubrication of parts other than

lubrication between the cylinder and piston (piston ring) in crosshead diesel

engines. Examples of lubricated parts include the crankshaft and piston pin

bearings, as well as cams and power take-off gears, and therefore sufficient

viscosity, anti-wear, and anti-scuffing performance are required.

Furthermore, the system oil composition is also used for cooling the backside

of the piston combustion surface (called the undercrown), and therefore an

extremely high oxidation stability and detergency are required.

[0004] In order to remove impurities, such as sludge resulting from

deterioration of the lubricating oil, wear particles, water, and the like, system

oil composition is normally purified with a centrifugal purifier or an oil

purification device such as a variety of filters, strainers, or the like. In a

centrifugal purifier, water is used as a medium, and therefore additive agents

in the lubricating oil and water come into contact at a high temperature.

Hydrolysis thus occurs easily, or sediments are easily formed due to the

interaction of additive agents, making water tolerance necessary. Various

efforts have thus been made in order to resolve these problems (see PTL 1

through 4).
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SUMMARY OF INVENTION

(Technical Problem)

[00061 Since a system oil composition is used in the above-described

environment, a relatively high viscosity grade of approximately SAE 30 is

used to keep a high lubricity in addition to the above properties. Therefore,

a so-called multi grade oil, which is used as diesel engine oil for automobiles

and includes a viscosity index improver, is not used as a system oil

composition. In recent years, however, the escalating price of crude oil has

raised the price of fuel oil, making greater effectiveness and improvement of

fuel efficiency necessary for ship engines.

[0007ì The present invention has been conceived in light of the above

situation, and it is an object thereof to provide a system oil composition for

crosshead diesel engines, the system oil composition having excellent thermal

stability and being effective for improvement of fuel efficiency, and to

provide a method for improving the efficiency of a crosshead diesel engine by

using the system oil composition.

(Solution to Problem)

[0008] As a result of intensive study in order to achieve the above object,

the inventors discovered that a system oil composition for crosshead diesel

engines that includes a particular base oil composition and additive can

contribute to achieving the above object, thereby completing the present

invention.

[0009] Namely, a system oil composition for crosshead diesel engines

according to the present invention includes a mineral oil andlor a synthetic oil

as a base oil (A) and has a kinematic viscosity of at least 35 mm2ls at 50"C, a

high-shear viscosity of at most 45 mPa.s at 50"C, and a high-shear viscosity

of at least 15 mPa.s at 70"C.
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[00101 In a first aspect of the system oil composition for crosshead diesel

engines, the base oil (A) is preferably a mixture of a base oil having a

kinematic viscosity of at least 3 mm2ls and at most 9 mm2ls at 100'C and a

base oil having a kinematic viscosity of greaterthan 9 mmzls and at most 15

.n-'ls at 100'C.

[00111 In a second aspect of the system oil composition for crosshead

diesel engines, the base oil (A) is preferably a mixture of a base oil having a

kinematic viscosity of greater than 15 mm2/s and at most 30 mmt/s at 100"C

and a base oil having a kinematic viscosity of greater than 3 ,n*2/s and at

most 12 mmzls at 100oC, a fraction of a total base oil amount occupied by the

base oil having the kinematic viscosity of greaterthan 15 mm2/s and at most

30 mm2ls at 100'C is preferably at least 7%by mass, and a viscosity index

improver (B) with a PSSI of at most 30 is preferably included.

[00121 In a second aspect of the system oil composition for crosshead

diesel engines according to the present invention, the viscosity index

improver (B) is preferably at least one selected from an olefin polymer, a star

polymer having in a molecule thereof a vinyl aromatic hydrocarbon structure,

and a methyl methacrylate polymer.

[0013] The system oil composition for crosshead diesel engines according

to the present invention preferably further includes a metallic detergent (C)

and a phosphorus compound (D).

[0014] A method according to the present invention for improving

efficiency of crosshead diesel engines uses the above system oil composition

for crosshead diesel engines.

(Advantageous Effect of Invention)

I00151 The system oil composition for crosshead diesel engines according

to the present invention is suitable for use not only as system oil (crankcase

oil) in two-stroke crosshead engines for ships, but also as engine oil

(crankcase oil) in four-cycle medium speed trunk piston engines for ships and

for cogeneration of electric power.

DESCRIPTION OF EMBODIMENTS

[00161 The following describes the present invention in detail. The base

oil in the system oil composition for crosshead diesel engines according to the
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present invention is not particularly limited, and a mineral base oil andlor a

synthetic base oil normally used in lubricating oil may be used.

[0017] Examples of a mineral base oil include an oil manufactured by

applying one or more of solvent deasphalting, solvent extraction,

hydrocracking, solvent dewaxing, hydrorefining, and the like to lubricating

oil distillate yielded by reduced-pressure distillation of atmospheric residue

obtained through atmospheric distillation of crude oil, as well as wax

isomerized mineral oil, lubricant base oil manufactured by a method for

isomerization of GTL WAX (gas-to-liquid wax) manufactured by a process

such as a Fischer-Tropsch process, and the like.

[0018ì The total aromatic content of the mineral base oil is not

particularly limited yet is preferably at most 40% by mass and more

preferably at most 30% by mass. The total aromatic content of the mineral

base oil may be 0% by mass, yet from the perspective of solubility of

additives, the total aromatic content is preferably at least l%by mass, more

preferably at least 5% by mass, even more preferably at least l0% by mass,

and still more preferably at least 20% by mass. A total aromatic content of

the base oil exceeding 40Yo is not preferable, since the oxidative stability

worsens

[0019] Note that the above "total aromatic content" indicates the aromatic

fraction content measured in conformity with ASTM D2549. Normally, in

addition to alkyl benzene and alkyl naphthalene, the aromatic fraction

includes anthracene, phenanthrene, an alkylation of the above, a compound in

which four or more benzene rings are condensed, heteroaromatic compounds

such as pyridines, quinolines, phenols, or naphthols, and the like.

[0020] The sulfur content in the mineral base oil is not particularly limited,

yet is preferably at most 1%by mass and more preferably at most 0.7%by

mass. The sulfur content in the mineral base oil may be 0% by mass, yet is

preferably at least 0.1% by mass and more preferably at least 02% by mass.

Including a certain degree of sulfur content in the mineral base oil can greatly

improve the solubility of additives.

[00211 Examples of the synthetic base oil include polybutene or

hydrogenated compounds thereof; poly-cr-olefins such as 1-octene oligomer

and 1-decene oligomer or hydrogenated compounds thereof; diesters such as

l0

15

20

25

30



5

5

ditridecyl glutarate, di-2-ethyl hexyl adipate, diisodecyl adipate, ditridecyl

adipate, and di-2-ethyl hexyl sebacate; polyol esters such as trimethylol

propane caprylate, trimethylol propane pelargonate, pentaerythritol-2-ethyl

hexanoate, and pentaerythritol pelargonate; copolymers of a dicarboxylic acid

such as dibutyl maleate and an c-olefin with a carbon number of 2 to 30;

aromatic synthetic oils such as alkyl naphthalene, alkyl benzene, and aromatic

esters, or mixtures thereof; and the like.

100221 A mineral base oil, a synthetic base oil, any mixture of two or more

base oils selected from mineral base oils and synthetic base oils, or the like

may be used as the base oil in the present invention. Examples include one

or more mineral base oils, one or more synthetic base oils, a mixture of one or

more mineral base oils and one or more synthetic base oils, and the like.

[0023ì The kinematic viscosity of the base oil that is used is not

particularly limited, yet at 100oC, the kinematic viscosity is preferably from 3

--2/s to 40 mm2ls, more preferably from 6 mm2/s to 20 *-2ls, and even more

preferably from 7 mm2/s to 12 --tls. If the kinematic viscosity of the base

oil at 100'C exceeds 40 mm2ls, the low temperature viscosity characteristics

worsen, whereas if the kinematic viscosity is less than 3 mm2/s, oil film

formation is insufficient at the lubrication spot, causing lubricity to

deteriorate and loss of base oil by evaporation to increase, both of which are

undesirable. Note that the kinematic viscosity at 100oC referred to above

indicates the kinematic viscosity at 100'C as specified by ASTM D-445.

100241 The viscosity index of the base oil that is used is not particularly

limited, yet in order to obtain excellent viscosity characteristics from a low

temperature to a high temperature, the value thereof is preferably at least 80,

more preferably at least 90, and even more preferably at least 95. No

particular restriction is placed on the upper limit of the viscosity index of the

base oil, and a base oil with a viscosity index of approximately 135 to 180

may be used, such as normal paraffin, slack wax, GTL wax, or the like, or an

isoparaffinic mineral oil in which these are isomerized. A complex ester

base oil or HVI-PAO base oil with a viscosity index of approximately 150 to

250 may also be used. From the perspective of solubility and storage

stability of additives, however, the viscosity index is preferably at most 120

and more preferably at most 110.
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[0025] The system oil composition for crosshead diesel engines according

to the present invention has a kinematic viscosity of at least 35 mm2ls at 5OoC,

a high-shear viscosity of at most 45 mPa.s at 50oC, anda high-shear viscosity

of at least 15 mPa.s at7ÙoC.

t00261 The kinematic viscosity at 5OoC is preferably at least 40 mm2/s,

more preferably at least 42 mm2ls, preferably at most 150 mm2ls, more

preferably at most 80 mm2ls, and even more preferably at most 60 mm2/s.

The high-shear viscosity at 5OoC is preferably at most 43 mPa.s, more

preferably at most 40 mPa.s, and preferably at least 25 mPa's. The

high-shear viscosity at J0oC is preferably at least 15.5 mPa's, more preferably

at least 16.0 mPa.s, preferably at most 35 mPa's, more preferably at most 25

mPa.s, and even more preferably at most 20 mPa.s.

100271 Note that if the kinematic viscosity of the system oil composition

at 5OoC is less than 35 mm2/s, the oil pressure of the system oil supply system

may not reach a predetermined pressure, leading to insufficient supply of

system oil and the risk of burning. On the other hand, if thç kinematic

viscosity of the system oil composition at 50'C exceeds 150 mm2/s, the oil

pump efficiency worsens.

[0028] Furthermore, if the high-shear viscosity of the system oil

composition at 50'C exceeds 45 mPa.s, the effect of improving the efficiency

of the crosshead diesel engine cannot be achieved. On the other hand, if the

high-shear viscosity of the system oil composition at 5OoC is lower than25

mPa.s, oil film formation properties by the bearings may be insufficient,

leading to the risk of burning.

[0029] If the high-shear viscosity of the system oil composition at 70oC is

less than l5 mPa.s, oil film formation properties by the turbocharger may be

insufficient, leading to the risk of scuffing. Conversely, a value of at most

25 mPa.s for the high-shear viscosity of the system oil composition at 70oC

heightens the effect of improving the efficiency of the crosshead diesel engine.

If the high-shear viscosity at70"C exceeds 35 mPa.s, the efficiency of the

tuebocharger \¡/orsens.

[0030] Note that in the present invention, the high-shear viscosity is

measured at the prescribed temperatures at a shear velocity of 106 s-t itt

conformity with the measurement method prescribed by ASTM D4683.
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[0031] In the first aspect of the present invention, the system oil

composition has a mineral oil and/or a synthetic oil as a base oil (A) and has a

kinematic viscosity of at least 35 mm2/s at 50oC, a high-shear viscosity of at

most 45 mPa's at 50oC, and a high-shear viscosity of at least l5 mPa's at70"C,

and furthermore the base oil (A) is preferably a mixture of a base oil having a

kinematic viscosity of at least 3 mm2/s and at most 9 mm2ls at 100oC and a

base oil having a kinematic viscosity of greaterthan 9 mm2/s and at most 15

-m2/s at l00oC.

[0032] The base oil having a kinematic viscosity of at least 3 mm2/s and at

most 9 mm2/s at 100oC preferably has a kinematic viscosity of at least 4

mm2/s and at most 8 mm'/s at l00oC. Furthermore, the base oil having a

kinematic viscosity of greater than 9 m-2/s and at most l5 mm2ls at 100oC

preferably has a kinematic viscosity of at least 9.5 mm2ls and at most 12

mm2/s at 100"C and more preferably at least l0 mm2/s and at most ll mm2/s.

t00331 If the kinematic viscosity is less than 3 mm2/s at l00oC, the

vaporizability is high, and both lubricity and cooling efficiency are

insufficient. On the other hand, if the kinematic viscosity exceeds 15 mm2ls

at 100oC, it becomes difficult to keep the high-shear viscosity to a value of at

most 45 mPa.s at 50oC, preventing the effect of improving the efficiency of

the crosshead diesel engine from being obtained sufficiently.

t00341 By using a mixture of a base oil having a kinematic viscosity of at

least 3 mm2/s and at most 9 mmtlr at 100oC (low kinematic viscosity base oil)

and a base oil having a kinematic viscosity of greater than 9 mm2/s and at

most 15 mm2ls at 100"C (high kinematic viscosity base oil), the molecular

weight distribution of the base oil increases, and the viscosity index increases

above that of a base oil with a narrow molecular weight distribution, thereby

maintaining a high-shear viscosity of at least 15 mPa.s at70"C while yielding

a lower high-shear viscosity at 50oC. As a result, a greater effect of

improving the efficiency of the crosshead diesel engine can be obtained.

Note that from the perspective of suppressing vaporizability, the mass ratio of

the low kinematic viscosity base oil to the high kinematic viscosity base oil

(low kinematic viscosity base oil / high kinematic viscosity base oil) is

preferably in a range of 5195 to 40160.

[00351 The second aspect of the present invention has a mineral oil and/or
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a synthetic oil as a base oil (A) and has a kinematic viscosity of at least 35

-m'/s at 50oC, a high-shear viscosity of at most 45 mPa.s at 50"C, and a

high-shear viscosity of at least 15 mPa.s atJ)"C. Furthermore, the base oil

(A) is preferably a mixture of a base oil having a kinematic viscosity of

greater than 15 mm2/s and at most 30 mm2ls at 100oC and a base oil having a

kinematic viscosity of greater than 3 mm2/s and at most 12 mm2ls at l00oC,

the fraction of the total base oil amount occupied by the base oil having the

kinematic viscosity of greater than l5 mm2ls and at most 30 mm2/s at 100'C is

preferably at least 7% by mass, and a viscosity index improver (B) with a

PSSI of at most 30 is preferably included.

10036ì The base oil having the kinematic viscosity of greater than 3 mm'/s

and at most 12 mmzls at 100oC preferably has a kinematic viscosity of greater

than 3 *-2ls and at most 9 mm2ls at 100oC, even more preferably from 4

mm2ls to 8 mm2ls, and still more preferably from 6 mm2/s to 8 mm2/s. If the

kinematic viscosity is at most 3 mm2/s at 100oC, the vaporizability is high,

and both lubricity and cooling properties are insufficient. On the other hand,

if the kinematic viscosity exceeds 12 mm2ls at l00oC, the effect of improving

the efficiency of the crosshead diesel engine cannot be obtained sufficiently.

[00371 The fraction of the total mixed base oil occupied by the base oil

having the kinematic viscosity of greaterthan 15 mm2ls and at most 30 mm'ls

at l00oC is at least 7%by mass and preferably at least 10%by mass. At a

value of less than 7Yo by mass, the cleanliness worsens, and at a value

exceeding 40% by mass, the oxidative stability worsens.

[0038] Examples of the viscosity index improver include so-called

non-dispersion type viscosity index improvers containing polymers or

copolymers, or hydrogen additives thereof, of a single type, or two or more

types, of a monomer selected from methacrylate esters; so-called dispersion

type viscosity index improvers in which methacrylate esters further including

a nitrogen compound are copolymerized; non-dispersion type or dispersion

type ethylene-cr-olefin copolymers (examples of o-olefin include propylene,

1-butene, 1-pentene, and the like) or hydrogenated products thereof,

polyisobutylenes or hydrogen additives thereof, styrene-diene hydrogenated

copolymers, styrene-maleic anhydride ester copolymers, and polyalkyl

styrenes.
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[0039] The molecular weight of these viscosity index improvers needs to

be selected taking shear stability into consideration. Specifically, the

weight-average molecular weight of the viscosity index improvers is, for

example, normally 10,000 to 300,000, and preferably 50,000 to 200,000, in

the case of dispersion type and non-dispersion type polymethacrylates;

normally 10,000 to 300,000, and preferably 50,000 to 200,000, in the case of

dispersion type and non-dispersion type olefin copolymers; and normally

100,000 to 700,000, and preferably 250,000 to 500,000, in the case of star

polymers.

[0040] The PSSI (permanent shear stability index) of the viscosity index

improver according to the present invention is preferably at most 30, more

preferably at most 20, even more preferably at most 10, still more preferably

at most 8, and most preferably at most 6. If the PSSI exceeds 30, the power

take-off gear may shear, causing the viscosity to lower, and a decrease in oil

film formation ability may lead to burning.

[0041ì Note that the term "PSSI" used herein denotes the Permanent Shear

Stability Index of a polymer calculated based on data measured by ASTM D

6278-02 (Test Method for Shear Stability of Polymer Containing Fluids Using

a European Diesel Injector Apparatus) in conformity with AST}l4 D 6022-01

(Standard Practice for Calculation of Permanent Shear Stability Index).

100421 In the present invention, among the viscosity index improvers,

non-dispersion type or dispersion type ethylene-a-olefin copolymers that are

polymers of olefin monomers (examples of a-olefin include propylene,

1-butene, l-pentene, and the like) or hydrogenated products thereof,

polyisobutylenes or hydrogen additives thereof, styrene-diene hydrogenated

copolymers, polyalkyl styrenes, and the like are preferable. Among these,

star polymers or ethylene-cr-olefin copolymers, or hydrogenated products

thereof, formed from styrene-diene copolymers and hydrogenated products

thereof are more preferable. In particular, star polymers are preferable, since

their use allows for a system oil composition with particularly excellent shear

stability. A single type, or two or more types, of a compound selected freely

from the above viscosity index improvers may be included in any amount.

[00431 Based on a normal system oil composition, the content of the

viscosity index improver is from l.}Yo to 15.0% by mass, preferably from
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1.5o/o to 10.0% by mass, and more preferably from 2.0%o to 8.0Yo by mass.

When the content of the viscosity index improver is less than I .0% by mass,

the effect of increasing viscosity is insufficient, whereas when the content

exceeds I5.0% by mass, the shear stability and the cleanliness of the system

oil composition may worsen.

[00441 The system oil composition for crosshead diesel engines according

to the present invention preferably further includes a metallic detergent (C)

and a phosphorus compound (D).

[0045] The metallic detergent is not particularly limited, and examples

include well-known alkali metal or alkali earth metal sulfonate detergents,

alkali metal or alkali earth metal phenate detergents, alkali metal or alkali

earth metal salicylate detergents, alkali metal or alkali earth metal

naphthenate detergents, alkali metal or alkali earth metal phosphonate

detergents, a mixture of two or more of these (including a complex type), and

the like.

[00461 Examples of the above alkali metals include sodium, potassium,

and the like. Examples of alkali earth metals include calcium, magnesium,

and barium. Alkali earth metals are preferred, with calcium or magnesium

being particularly preferable. Note that the total base number and the

additive amount of these metallic detergents may be selected freely in

accordance with the required performance of the system oil.

[0047] Not only neutral metallic detergents but also (overbased) basic

metallic detergents are included in the above metallic detergents, and in the

present invention, an (overbased) basic metallic detergent including calcium

carbonate and/or calcium borate is preferable.

[00481 In the present invention, from the perspective of cleanliness and

water separability, phenate, salicylate, or a mixture thereof is preferable as the

metallic detergent. In particular, salicylate can reduce friction and is

therefore the most preferable.

[0049] 'While the base number of the metallic detergent is not particularly

limited, normally a value of at least 20 mg KOH/g is preferable, at least 100

mg KOH/g being more preferable, and at least 150 mg KOHig being

particularly preferable. Normally, a value of at most 500 mg KOH/g is

preferable, at most 350 mg KOH/g being more preferable, and at most 300 mg
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KOH/g being particularly preferable. Note that the base number as used

herein denotes the base number measured by a perchloric acid method in

conformity with section 7 of JIS K2501, "Petroleum products and lubricants -

Determination of neutralization number" (the same applying hereafter).

[00501 While the content of the metallic detergent is not particularly

limited in the present invention, in terms of total content of the composition,

the content is normally l% to 30Yo by mass, preferably 2o/o to 20% by mass,

and more preferably 2.5% to 10Yo by mass. The content in terms of metal

content is preferably 0.12%o to 1.0% by mass, more preferably 0.15% to 0.7Yo

by mass, and even more preferably 0.17% to 0.5Yo by mass. When the

content in terms of metal content of the metallic detergent is less than 0.1% by

mass, improvement of the fatigue life and extreme pressure performance is

insufficient, whereas upon exceeding 4.0% by mass, water resistance

diminishes, and hence neither range is preferable.

[005U In order to improve the wear prevention characteristics of the

system oil composition according to the present invention, the phosphorus

compound (D) is preferably added.

[0052] Examples of the phosphorus compound include zinc

dialkyldithiophosphate, phosphorous acid esters, thiophosphorous acid esters,

dithiophosphorous acid esters, trithiophosphorous acid esters, phosphoric acid

esters, thiophosphoric acid esters, dithiophosphoric acid esters,

trithiophosphoric acid esters, amine salts thereof, metallic salts thereof,

derivatives thereof, and the like.

[0053] As the phosphorus compound in the present invention, zinc

dialkyldithiophosphate is preferable. An example of zinc

alkyldithiophosphate is represented by the following general formula (1).

fChem. 1]

R
1 0R3
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represent a hydrocarbon group having I to 24 carbon atoms. Each

hydrocarbon group having I to 24 carbon atoms is preferably a straight-chain

or branched alkyl group having I to 24 carbon atoms. The hydrocarbon

groups preferably have a carbon number of at least 3 and preferably have a

carbon number of at most 12, more preferably at most 8. The alkyl groups

may be primary, secondary or tertiary, yet primary alkyl groups, secondary

alkyl groups, and a mixture thereof are preferable, with secondary alkyl

groups being most preferable.

[0055] In the present invention, a phosphorus compound not including

sulfur may be used. Examples include phosphorous acid; phosphorous acid

monoesters having one of the above hydrocarbon groups with a carbon number

of I to 30; phosphorous acid diesters having two of the above hydrocarbon

groups with a carbon number of I to 30; phosphorous acid triesters having

three of the above hydrocarbon groups with a carbon number of 1 to 30; a

mixture thereof; and metallic salts thereof. Note that phosphonic acid ester,

which is a tautomer of phosphorous acid monoesters and phosphorous acid

diesters, is also included in these compounds.

[0056ì These phosphorus compounds may also be mixed and used without

any problem.

[0057] In the system oil composition according to the present invention,

the content of the phosphorus compound in terms of total content of the

composition is, as elemental phosphorus, normally 0.001Vo to 0.3Yo by mass,

preferably 0.01% to 0.2Yo by mass, and more preferably 0.03% to 0. 1 % by

mass. If the content of the component (D) by elemental phosphorus is less

than 0.00I%by mass, the wear prevention characteristics tend to be

insufficient, whereas a content exceeding 03% by mass does not yield an

effect commensurate with the additive amount and also may deteriorate,

leading to deposits.

[0058] In order to further improve the characteristics of the system oil

composition of the present invention, and in accordance with other objectives,

any additives generally used in a lubricating oil may be added. Examples of
such additives include ashless dispersants, antioxidants, antiwear agents or

extreme pressure agents other than the above-described phosphorus

compounds, friction modifiers, viscosity index improvers, corrosion inhibitors,
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rust inhibitors, demulsifiers, metal deactivators, anti-foaming agents, coloring

agents, and the like.

[0059] Any ashless dispersant used in lubricating oil may be used as the

ashless dispersant. Examples include a nitrogen-containing compound or a

derivative thereof having in the molecule at least one straight-chain or

branched alkyl group or alkenyl group with a carbon number of 40 to 400.

Examples of the nitrogen-containing compound referred to above include

succinimides, benzylamines, polyamines, Mannich bases, and the like.

Examples of derivatives thereof include derivatives in which boron

compounds such as boric acid, borate, and the like, phosphorus compounds

such as (thio)phosphoric acid, (thio)phosphate, and the like, organic acids,

and hydroxy(poly)oxyalkylene carbonate or the like act on these

nitrogen-containing compounds. In the present invention, any single type, or

two or more types, selected from the above compounds may be blended.

[0060] In the present invention, the content when blending an ashless

dispersant is not particularly limited, yet in terms of total content of the

composition, the content is normally 0% to 5Yo by mass, preferably 0.2Yo to

3% by mass, and more preferably 0.5% to 2%o by mass. When the content of

the ashless dispersant is less than the above ranges, the rate of sulfuric acid

nettralization tends to be insufficient, and the effect of cleanliness is also

insufficient. Upon exceeding the above ranges, not only is an effect

commensurate with the additive amount not achieved, but also water

resistance is greatly reduced.

[0061] Examples of the antioxidant include phenol-based or amine-based

ashless antioxidants or metallic antioxidants. Among these, amine-based

antioxidants are preferable from the perspective of maintaining

high-temperature cleanliness. In terms of total content of the composition,

the content of the antioxidant is normally 0.lYo to 5% by mass, and preferably

0.5% to 2o/o by mass.

[0062] As the antiwear agent (or extreme pressure agents) other than

phosphorus compounds, any antiwear agent used in lubricating oil may be

used. For example, sulfur, phosphorous, and sulfur-phosphorous extreme

pressure agents may be used. Examples include phosphorous acid esters,

thiophosphorous acid esters, dithiophosphorous acid esters,
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trithiophosphorous acid esters, phosphoric acid esters, thiophosphoric acid

esters, dithiophosphoric acid esters, trithiophosphoric acid esters, amine salts

thereof, metallic salts thereof, derivatives thereof, dithiocarbamate, disulfides,

polysulfides, sulfurized olefins, sulfurized fats and oils, and the like. V/hen

these antiwear agents (or extreme pressure agents) are used in the lubricating

oil composition according to the present invention, their content is not

particularly limited, yet in terms of total content of the composition, the

content is normally 0.0I%o to 5% by mass.

[00631 Examples of the friction modifier include ashless friction modifiers

such as fatty acid esters, aliphatic amines, fatty acid amides, and the like; and

metallic friction modifiers such as molybdenum dithiocarbamates and

molybdenum dithiophosphates. In terms of total content of the composition,

the content of the friction modifier is normally 0.0Io/o to 5% by mass.

[0064] Examples of the corrosion inhibitor include benzotriazole-based,

tolyltriazole-based, thiadiazole-based, and imidazole-based compounds.

[00651 Examples of the rust inhibitor include petroleum sulfonates, alkyl

benzene sulfonates, dinonylnaphthalene sulfonates, alkenyl succinic acid

esters, and polyhydric alcohol esters.

[00661 Examples of the demulsifier include polyalkylene glycol-based

non-ionic surfactants such as polyoxyethylene alkyl ethers, polyoxyethylene

alkyl phenyl ethers, and polyoxyethylene alkyl naphthyl ethers.

[0067ì Examples of the metal deactivator include imidazolines,

pyrimidine derivatives, alkyl thiadiazoles, mercaptobenzothiazoles,

b enzotriazo I e s and d e ri v ativ e s there o f, 1,3,4 -thiadiazole p o lysul fi de,

1,3,4 -thiadiazolyl -2, 5 -b i s di alkyl d ithi o c arbamate, 2 - ( alkyl dithi o )

benzoimid azole, and B - (o -carboxybenzylthi o) propionitrile.

[0068ì Examples of the anti-foaming agent include silicone oil,

alkenylsuccinic acid derivatives, esters of polyhydroxy aliphatic alcohols and

long-chain fatty acids, methylsalicylate, o-hydroxybenzyl alcohol, aluminum

stearate, potassium oleate, N-dialkyl-allylamine nitroaminoalkanol, aromatic

amine salts of isoamyloctyl phosphate, alkylalkylene diphosphates, metal

derivatives of thioethers, metal derivatives of disulfides, fluorine compounds

of aliphatic hydrocarbons, triethylsilane, dichlorosilane, alkylphenyl

polyethylene glycol ether sulfide, and fluoroalkyl ethers.
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[0069] When these additives are included in the system oil composition of

the present invention, the corrosion inhibitor, rust inhibitor, and demulsifier

are each selected within a range of normally 0.005% to 5Yo by mass, the metal

deactivator within a range of normally 0.005% to IYo by mass, and the

anti-foaming agent within a range of normally 0.0005% to I%o by mass, in

terms of total content of the composition.

EXAMPLES

[0070] The present invention will be described in more detail with

reference to the following Examples and Comparative Examples, yet the

present invention is not limited thereto.

[007U (Examples 1 to 5, Comparative Examples 1 to 5)

A fuel consumption test was conducted using a two-stroke

crosshead engine with a three-cylinder turbocharger (3UEC37LA engine).

The specifications are listed below, and the results are listed in Table 1.

100721 Cylinder inner diameter: 370 mm

Piston stroke: 880 mm

Output: 1105 kW

Frequency of rotation: 188 rpm

Fuel: fuel oil A (sulfur content 0.08% to 0.09Yo by mass)

Cylinder oil: base number 40 mg KOH/g, SAE 50

[0073] In Table 1, the fuel consumption improvement rate is indicated as

an improvement rate over commercial system oil (base number 5.3 mg KOH/g,

SAE 30). A positive value indicates that fuel consumption improved

(lessened) as compared to commercial system oil, whereas a negative value

indicates that fuel consumption worsened (increased) as compared to

commercial system oil. Note that the ratio of frictional loss with respect to

fuel consumption is 6.5Yo.
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[0074ì fTable 1]

Ex,2 Ex, 3 Ex. ó t-? Ex. I Ex. 9

Bre oil
basc i ms o,G

broe

bæ õ/ot1

bæe oil ? rnáss % r I

5J 5l 55 57 5J 55 55 23

30

15

39 l0 28 30 30 30 11

t0 l5 l5 5

Additlvcs
mctâll¡e detergent I

(Câ content ln èórïpos¡t¡on)
mus7o'2

melrllic d€lcrgql 2
ms oá ú2

zinc dÌolkildithiophosphatc

ß,"ôrl9.rtj:t.c9.Í.'ro:iiicr) lÏ1"i
y¡s..tity indqx impróycr I mf,$ o/o .2

ylT.3i-"irgrlip.pjeyú- -- - q*!:.f.:? 
"-

vissity indcx irnDrovcr 3 fntss 7ò ¡2

?.15
(0"2541

2;t5

t0.254ì

2.00
(0.182)

3,V2

(0J5ï
2.75

(0.2sd)

2,75

a0.2J4l

2.75

rc.254\

2.'.t5

(0,254)

4.r0
t0.255)

05s
(0.04)

055
(0.04ì

0.55
(0.04)

0.55

(0.04)
0.55

10.04)

' 0.55
(0.04)

0.55

(0.04)

0.55

10.04ì

4.7 1,1

4.5

4.5

0,03 0.01 o.03 0.03 0.03 0.03 0.0' 0,03

0.002 0.002 a,w) 0.002 0.002 0.002 0.001 0.002

Klmmadc vlscosity ofbâso oil (loo"c) mm'/s 1.1 1.t 1.1 ?,r 1.1 7,1 t,l &6 ¡.e

Bæ numbu of mmsitiou
{prtlrloric æid mctfud) mg Ñuñ/8 1.0 7,0 5.1 10.0 1.0 7,0 1,o ?.0 1.0

Kißmatlc viscûs¡fy of cômposhlon

(40'c) mmI/,

(100.c) r¡m!/s

82,r 6 81.33 E1.55 t).æ 76.53 fit.t6 6.ZS 71.10 69.?0

t r.s4 I 1,5ó 1 t.51 I t.J8 10.67 |L32 1 t,09 t.03 9.30

132 B4 t32 tt2 126 lt4 I00 il0
H lgt,l.shêår vtscos¡ty of cómposi(¡Òn

(50.c) ffPâ.S ll.l 31,0 308 3t.r 30,1 30.7 30,5 3?,0 192

ûPÁ.9 16,7 r ó.t 16.7 It.5 r8.0

mm'ls 53,3 53.0 53.6 495 52.6 I u,9 r¡4.J

Fucl cofsumplion
(vs. commerclål sylt€|tlr

imprvrnî¿nt
o¡l)

fttÊ
0.84 0.87 0,84 0-u 0,88 0.85 0.86 0,65 0.63

Shoâr sr¡bllity
vlsôô!¡tT ând shÉ¡rino llfX)"Cì mm2/3 I1.46 I 1.45 l l.1l ll.48 9.9,1 I 1.43 10,91 9.ù2 929

Pælcok¡Dg16i
wê¡ahl of &Doslt m 32 57 5E 52 49 49 4t
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[007s] [Table 2]

CoDrn. Ex, I aôññ l?Y 2

Basc oil
b¿se oil I rngss 7o rl

'__.- ...;__;1 .r - _¡.

base oil 2 rnôss o/o al

mass % ù1

bssc oil 4 muss %.1
base oit 5 mass % 1l

barc oíl 6 n¡¡ss o¿ +1

båse ó¡l ? mas o/o r I

t5 100

Commercial
sldêm oil

t5

6',1 50

33 r5 2A

30

mslûlllç dçhr8ent 1

lç¡J9$.".$-ir.ter!trIie-u .... . lnÏ-' 
*'*

metûllic dclerg,cnt 2

(ca conrent iû composition) ma¡s 7o t2

zino dialkyldithiophosphate
mass o1o +2

(P content in

viscosity index improvêr I m¿ss 7o 12

:gçSå[l_!!!|c?(iqproq¿__ n¡oge % 12

-Ifrygt/ index ifnprovgr 3 m -
-P9l1æl!!d9PS.g$--_-- 4 àqs 7"...:?-

anll-foamiris asent rrass e/o 13

2,75

(0.254)

2.75

(0254)
2,15

10.254)

2,15

(0.2s4\
2J5

fn ?{¿l

0.55

r0.04)

0.s5

{0.04}

0.55

t0.04)

055

10.04)

9

0.03 0,03 0,03 0,03 0,03

0.002 0.002 0.002 0.002 0.002

mm¡/sKinemnlic vlseosity of base oil (100'C) 't4.8 l t.5 1.t l0_9 4.4

Bæe number of
(perchloric acid method)

composition
mB KOWg 7,0 7.0 7.0 7.0 7.0 5.3

Kinemulìc viscosity of composil¡oll

mm2/s

(t00oc) mm¡/s

149.1 54.10 88.50 65.1 9 :03.3

r4.91 l:.50 7.SS I 1.00 I f,l8 I t.63

Viscosity index of comDosllion 99 r00 lt0 t65 t00

High-shear viscmily of composìtion
t50"cì mla.s 't9,2 46.5 12;l ¿f¡_1 lE.9 57.6
(?0pc) mPa'¡ 32,5 2l.s 14.9 22.1 I t.8 24.1

Kinematíc vísco¡ilv fJOoCì mmt/s 89,4 54;l 34.9 55.6 44.5 64.0

fuel c,oÍ¡!¡umption impmvomcnt
(vË. comñerclal systom Öil)

rat€
4.57 0.19

loss ofoll
pfsrsur!
oontrol

0.t3 0,00 (rcO

mnr2ls 10.8 9.65 11.62
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[00761 * 1: Content by percentage in base oil
*2: Content in terms of total content of the composition (in

mass o/o)

*3: Represented as an additional mass Yo with the total content of

the composition being I00% by mass (out mass %)

100771 Base oil 1: solvent-refined base oil, kinematic viscosity at 100oC:

4.42 mm2ls, viscosity index : 102

Base oil 2: solvent-refined base oil, kinematic viscosity at 100oC:

7.I2 mm2ls, viscosity index : 96

Base oil 3: solvent-refined base oil, kinematic viscosity at 100oC:

10.8 mm2ls, viscosity index : 97

Base oil 4: solvent-refined base oil, kinematic viscosity at l00oC:
31.7 mm2ls, viscosity index : 96

Base oil 5: hydrogenation-refined base oil, kinematic viscosity at

100'C :6.40 mm2ls, viscosity index : 130

Base oil 6: solvent-refined base oil, kinematic viscosity at 100"C:
10.3 mm2ls, viscosity index : 106

Base oil 7: poly-a-olefin, kinematic viscosity at l00oC: 10 mm2/s,

viscosity index : I37

[0078] Metallic detergent 1: overbased calcium phenate, base number :
255 mg KOH/g, Ca content : 9.25Yo by mass, metal ratio = 3.7

Metallic detergent 2: overbased calcium salicylate, base number:

170 mg KOH/g, Ca content : 6.2yo by mass, metal ratio : 2.3

Zinc dialkyl dithi opho sphat e : pri mary zinc dialkyl dithi opho sphate

(alkyl : 2-ethyl hexyl), P content : 7 .4% by mass

Viscosity index improver 1: polyisoprene star polymer, PSSI : 2,

Mw: 400,000

Viscosity index improver 2: olefin copolymer, PSSI :24, Mw :
100,000

Viscosity index improver 3: dispersion type PMA, PSSI : 5, Mw:
102,000

Pour point depressant: PMA, n-Cl2-C22

Anti-foaming agent: dimethyl polysiloxane, kinematic viscosity at

100'C : 3,000 mm2ls
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5

High-shear viscosity: shear velocity of 10ó s-l

[0079] For the system oil compositions in the examples, fuel consumption

improved (lessened) by 0.63% to 0.88%, with friction decreasing by 9.7Yo to

13.5%.

[00801 Conversely, with the system oil composition of Comparative

Example 1, which has a higher viscosity than commercial system oil, fuel

consumption was worse than that of commercial system oil.

[0081] The system oil composition of Comparative Examples 2 and 4, in

which the high-shear viscosity at 50'C exceeded 45 mPa.s, did not exhibit a

significant improvement in fuel consumption.

[00821 For the system oil composition of Comparative Example 3, in

which the kinematic viscosity at 50'C is less than 35 --2/s, a fuel

consumption test could not be conducted since the oil pressure did not reach a

predetermined pressure and was uncontrollable.

[00831 For the system oil composition of Comparative Example 5, in

which the high-shear viscosity at 70"C was less than 15.0 mPa's, no fuel

consumption test was conducted since damage to the turbocharger was

expected.
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CLAIMS

1. A system oil composition for a crosshead diesel engine, comprising

a mineral oil and/or a synthetic oil as a base oil (A) and having a kinematic

viscosity of at least 35 mm2ls at 50oC, a high-shear viscosity of at most 45

mPa's at 50oC, and a high-shear viscosity of at least 15 mPa.s at70oC.

2. The system oil composition for a crosshead diesel engine according

to claim 1, wherein the base oil (A) is a mixture of a base oil having a

kinematic viscosity of at least 3 mm2/s and.at most 9 mm2ls at 100oC and a

base oil having a kinematic viscosity of greater than 9 mm2/s and at most l5

mm2ls at 100oC.

3. The system oil composition for a crosshead diesel engine according

to claim 1,

wherein the base oil (A) is a mixture of a base oil having a kinematic

viscosity of greater than 15 mm2/s and at most 30 mm2/s at 100oC and a base

oil having a kinematic viscosity of greater than 3 mm2/s and at most 12 mmzls

at l00oC, and a fraction of a total base oil amount occupied by the base oil

having the kinematic viscosity of greater than 15 mm2/s and at most 30 mm2ls

at 100"C is at least 7%by mass, and

further comprising a viscosity index improver (B) with a PSSI of at most

30.

4. The system oil composition for a crosshead diesel engine according

to claim 3, wherein the viscosity index improver (B) is at least one selected

from an olefin polymer, a star polymer having in a molecule thereof a vinyl

aromatic hydrocarbon structure, and a methyl methacrylate polymer.

5. The system oil composition for a crosshead diesel engine according

to any one of claims I to 4, further comprising a metallic detergent (C) and a

phosphorus compound (D).
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6. A method for improving efficiency of a crosshead diesel engine

using the system oil composition for a crosshead diesel engine according to

any one of claims 1to 5.


