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and which comprises 60mole% or more of structural unit derived from propyl- ene.
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VISCOSITY MODIFIER FOR LUBRICATING OILS, ADDITIVE
COMPOSITION FOR LUBRICATING OILS, AND LUBRICATING OIL
COMPOSITION

RELATED APPLICATIONS
The present application claims priority to International
Patent Application No. PCT/US2009/058526, filed September 28, 2009, which

1s incorporated herein by reference in its entirety.

TECHNICAL FIELD
The present invention relates to a viscosity modifier for lubricating oils,

an additive composition for lubricating oils, and a lubricating oil composition.

BACKGROUND ART

Petroleum products have so-called temperature dependence of viscosity
wherein a large variation in viscosity is exhibited with variation in temperature.
For example, for lubricating oil compositions used for automobiles or the like, it
is preferable that the temperature dependence of viscosity is small. Therefore, in
order to decrease the temperature dependence of viscosity, a certain kind of
polymer which is soluble in a lubricating oil base is used in lubricating oil as a
viscosity modifier.

Ethylene/a-olefin copolymers are widely used as viscosity modifiers for
lubricating oils, and various improvements have been made in order to further
improve the balance of performances of the lubricating oils (for example, see
patent Document 1).

In recent years, in view of the reduction of petroleum resources and
environmental problems such as global warming, an improvement of fuel
efficiency of automobiles which is aimed at reducing CO; emissions is required.
A significant effect with low cost can be expected from lowering fuel consump-
tion by lubricating oils, as compared to physical modification of the lubricated
machinery. Therefore, the requirement for improving fuel efficiency by lubricat-
ing oils is growing.

The power loss in an engine or transmission is divided into friction loss
at a sliding part and agitation loss due to the viscosity of lubricating oil. In
particular, reduction of viscosity resistance is one measure of lowering fuel

consumption by engine oils. In recent years, fuel consumption is tested based on
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performance at low temperatures as well as that at high temperatures, and thus
reduction of viscosity resistance in a wide temperature range from low tempera-
ture to high temperature is desirable for improving fuel efficiency.

Lowering viscosity is effective for the reduction of viscosity resistance
of an engine oil. In particular, at a low temperature, reducing viscosity is effec-
tive for the reduction of both friction loss and agitation loss. However, this does
not mean that the viscosity should be simply lowered, because abrasion is
caused at a sliding part at a high temperature. In other words, it is desired that
the viscosity is lowered as much as possible in order to reduce agitation loss at a
non-sliding part while a certain minimum required viscosity is ensured to avoid
abrasion at a sliding part.

In order to reduce low-temperature viscosity, it is known to use a poly-
mer as described in Patent Document 1, wherein the polymer dissolves in base
oil and provides excellent thickening properties at a high temperature, while the
solubility of the polymer in oil is decreased at a low temperature, and thereby its
effective volume (flow volume) and impact on viscosity are decreased.

Also, a viscosity modifier for lubricating oils comprising an ethylene/o-
olefin copolymer containing a structural unit derived from ethylene and a
structural unit derived from two or more kinds of a-olefins is known (for
example, see Patent Document 2).

Regarding the viscosity modifiers described in Patent Documents 1 and
2, an improvement of fuel efficiency at low temperature is sufficient because the
low-temperature viscosity of a lubricating oil composition containing said
modifier is decreased. However, there is room for improvement regarding fuel

efficiency at high temperatures.

[Prior Art Documents]
[Patent Document 1] International Publication WO 00/034420
[Patent Document 2] International Publication WO 06/028169

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

It is an object of the present invention to provide a viscosity modifier for
lubricating oils and an additive composition for lubricating oils, to obtain a
lubricating oil composition having good low-temperature properties and good

fuel efficiency at a high temperatures, which may be superior to those of con-
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ventional lubricating oil compositions. It is another object to provide a lubricat-
ing oil composition having excellent low-temperature properties and fuel effi-
ciency at a high temperature.

MEANS FOR SOLVING THE PROBLEMS

In the above circumstances, the present inventors have intensively
investigated and found that using a specific propylene copolymer as a viscosity
modifier for lubricating oils gives a lubricating oil composition excellent low-
temperature properties and fuel efficiency at high temperatures.

That is, a viscosity modifier for lubricating oils of the present invention
comprises a propylene copolymer (A) which has a density of 875kg/m3 or less
and comprises 60 mole% or more of structural units (i.e., monomer units)
derived from propylene, with the proviso that the total of all structural units is
100 mole% (calculated on the basis that the total of all monomer units in the
polymer is 100 mole%).

In one embodiment, the propylene copolymer (A) exhibits a melting
point (Tm 1) of 30 °C to 80 °C when measured by:

(al) preparing a sheet with a thickness of 2 mm, which sheet is obtained by
preheating the propylene copolymer (A) for 5 minutes and pressing the propyl-
ene copolymer (A) for 2 minutes using a hot press molding machine set at
190°C, and cooling the pressed propylene copolymer (A) for 4 minutes in a
cooling tank set at 20 °C; storing the pressed sheet at 20 °C for 4 weeks; and
subsequently observing the pressed sheet in a differential scanning calorimeter
(DSC) by cooling the sheet to -20 °C, maintaining the sheet at -20 °C for 5
minutes and heating the sheet to 200 °C at a rate of 10 °C/min.

In one embodiment, the propylene copolymer (A) exhibits a heat of
fusion (AH2) of 5J/g or less when measured by:

(a2) preparing a sheet with a thickness of 2 mm, which sheet is obtained by
preheating the propylene copolymer (A) for 5 minutes and pressing the propyl-
ene copolymer (A) for 2 minutes using a hot press molding machine set at
190°C, and cooling the pressed propylene copolymer (A) for 4 minutes in a
cooling tank set at 20 °C; storing the pressed sheet at 20 °C for 4 weeks; and
subsequently observing the pressed sheet in a differential scanning calorimeter
(DSC) by cooling the sheet to -20°C, maintaining the sheet at -20°C for 5 min-
utes, heating the sheet to 200°C at a rate of 10°C/min, maintaining the sheet at
200°C for 5 minutes, cooling the sheet to -100°C at a rate of 10 °C/min, storing
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the sheet at -100°C for 5 minutes, and heating the sheet to 200°C at a rate of
10°C/min, measuring the heat of fusion (AH2) on said subsequent heating.

In one embodiment, the propylene copolymer (A) comprises 60 to 90
mole % of structural units derived from propylene and 10 to 40 mole % of
structural units derived from at least one kind of olefin selected from ethylene
and a-olefins having 4 to 20 carbon atoms with the proviso that the total of all
structural units in the polymer is 100 mole %.

In one embodiment, the propylene copolymer (A) comprises 60 to 85
mole % of structural units derived from propylene, 5 to 20 mole % of structural
units derived from ethylene and 5 to 30 mole % of structural units derived from
o-olefin having 4 to 20 carbon atoms with the proviso that the total of all
structural units is 100 mole%. In one embodiment, the a-olefin having 4 to 20
carbon atoms comprises 1-butene.

In one embodiment the density of the propylene copolymer (A) is in the
range of 853 to 875kg/m”’.

In one embodiment the weight average molecular weight of the propyl-
ene copolymer (A) is 10,000 to 500,000 as measured by a gel permeation
chromatography (GPC).

An additive composition for lubricating oils of the present invention may
comprise 1 to 50 wt % (weight percent) of the propylene copolymer (A) and 50
to 99 wt % of oil (B) with the proviso that the weight % of said (A) and (B) are
calculated based on the total amount of (A) and (B) in the additive composition.

A lubricating oil composition of the present invention may comprise the
propylene copolymer (A) and a lubricating oil base (BB), wherein said propyl-
ene copolymer (A) is present in an amount of 0.1 to 5 wt % in 100 wt % of the
overall lubricating oil composition.

In one embodiment, the lubricating oil composition of the present inven-
tion further contains 0.05 to 5 wt% of a pour-point depressant (C) in 100 wt %

of the lubricating oil composition.

EFFECT OF THE INVENTION
The lubricating oil composition of the present invention typically pro-
vides low-temperature properties and fuel efficiency at high temperatures which

are superior to those of conventional lubricating oil compositions.
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BRIEF DESCRIPTION OF THE FIGURES
Figure 1 is a plot of high temperature-high shear viscosity as a function of
shear stability index for calculated formulations having a constant KV100 of 10.5.
Figure 2 is a plot of kinematic viscosity at 100 °C as a function of shear
stability index for calculated formulations having a constant HTHS of 2.9.

BEST MODE FOR CARRYING OUT THE INVENTION
In the following, the present invention will be specifically explained.

[Viscosity Modifier for Lubricating Oils]

The viscosity modifier for lubricating oils of the present invention
comprises a propylene copolymer (A) having a density of 875kg/m3 or less,
wherein the propylene copolymer (A) comprises 60 mole% or more of structural
unit derived from propylene (i.c., units derived from propylene monomer) with
the proviso that the total of all structural units is 100 mole%.

Copolymers having a large amount of structural units derived from
cthylene, such as ethylene propylene rubber (EPR), have been used as conven-
tional viscosity modifiers for lubricating oils. However, the present invention
uses a propylene copolymer (A) containing a small amount of structural units
derived from ethylene as a viscosity modifier for lubricating oils. A lubricating
oil composition containing said propylene copolymer (A) has excellent low-
temperature properties such as low-temperature storage property and low-
temperature viscosity, and excellent fuel efficiency at high temperatures.

The density of the propylene copolymer (A) is 875kg/m’or less, typically
in the range of 853 to 875kg/m?, such as in the range of 853 to 870kg/m>. A
lubricating oil composition containing the propylene copolymer (A) having a
density within the above-mentioned ranges is desirable because it has excellent
low-temperature storage property and low-temperature viscosity.

The propylene copolymer (A) is a copolymer comprising at least a
structural unit derived from propylene, and preferably the propylene copolymer
(A) further comprises a structural unit derived from propylene and a structural
unit derived from at least one kind of olefin selected from ethylene and a-
olefins having 4 to 20 carbon atoms. In one embodiment, the propylene copoly-
mer (A) comprises a structural unit derived from propylene, a structural unit
derived from ethylene and a structural unit derived from a-olefin having 4 to 20

carbon atoms.



WO 2011/038331 PCT/US2010/050370

When the total of structural units is 100 mole% as described above, the
propylene copolymer (A) comprises 60 mole% or more of structural units
derived from propylene. In one embodiment, the propylene copolymer (A)
comprises 60 to 90 mole % of structural units derived from propylene and 10 to
40 mole % of structural units derived from at least one kind of olefin selected
from ethylene and a-olefin having 4 to 20 carbon atoms. In another embodi-
ment, the propylene copolymer (A) comprises 60 to 85 mole % of structural
units derived from propylene, 5 to 20 mole % of structural units derived from
ethylene and 5 to 30 moles% of structural units derived from an a-olefin having
4 to 20 carbon atoms. A lubricating oil composition comprising the propylene
copolymer (A) containing structural units derived from each monomer within
the above-mentioned range is desirable because it provides excellent fuel
efficiency at high temperatures, low-temperature storage property and low-
temperature viscosity.

Examples of the a-olefin having 4 to 20 carbon atoms are 1-butene, 1-
pentene, 1-hexene, 4-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, 1-
tetradecene, 1-hexadecene, 1-octadecene, 1-eicosene and the like. The a-olefins
having 4 to 10 carbon atoms are often used. Particularly, 1-butene is often used.
These a-olefins having 4 to 20 carbon atoms may be used solely or in combina-
tion of two or more kinds thereof.

In one embodiment, the propylene copolymer (A) exhibits a melting
point (Tm 1) of 30 °C to 80 °C when measured by:

(al) preparing a sheet with a thickness of 2 mm, which sheet is obtained by
preheating the propylene copolymer (A) for 5 minutes and pressing the propyl-
ene copolymer (A) for 2 minutes using a hot press molding machine set at
190°C, and cooling the pressed propylene copolymer (A) for 4 minutes in a
cooling tank set at 20 °C; storing the pressed sheet at 20 °C for 4 weeks; and
subsequently observing the pressed sheet in a differential scanning calorimeter
(DSC) by cooling the sheet to -20 °C, maintaining the sheet at -20 °C for 5
minutes and heating the sheet to 200 °C at a rate of 10 °C/min.

The requirements instructions of (al) may also be expressed as follows:

(al) when the propylene copolymer (A) is preheated for 5 minutes and
pressed for 2 minutes using a hot press molding machine set at 190°C and is
thereafter cooled for 4 minutes in a cooling tank set at 20°C to give a press sheet
having a thickness of 2 mm and when the press sheet as a specimen after storage
at 20°C for 4 weeks is cooled to -20°C, held at -20°C for 5 minutes and heated

6
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to 200°C at an increasing rate of 10°C/min, the differential scanning calorimeter
(DSC) curve recorded during the above process shows a melting point (Tm1) in
the range of 30°C to 80°C.

Such specimens may be obtained, for example, under conditions de-
scribed in the Examples. In the above requirement instructions, the propylene
copolymer (A) is preheated at 190°C, the propylene copolymer (A) is pressed,
and then the propylene copolymer (A) is cooled, and it is preferable that this
cooling is conducted immediately after the pressing. Specifically, it is preferable
that the pressed propylene copolymer (A) is placed in the cooling tank within 1
minute after the pressing.

When plural fusion peaks are observed in a differential scanning calo-
rimeter (DSC) curve, the highest peak is regarded as a melting point (Tm 1).
That the propylene copolymer (A) has a melting point (Tm 1) of 30 to 80°C
means that the propylene copolymer (A) forms microcrystalline components. A
lubricating oil composition comprising the propylene copolymer (A) whose
melting point (Tm 1) is within the above-mentioned range is desirable because it
has excellent low-temperature viscosity.

In one embodiment, the propylene copolymer (A) exhibits a heat of
fusion (AH2) of 5J/g or less, preferably 1 J/g or less, when measured by:

(a2) preparing a sheet with a thickness of 2 mm, which sheet is obtained
by preheating the propylene copolymer (A) for 5 minutes and pressing the
propylene copolymer (A) for 2 minutes using a hot press molding machine set at
190°C, and cooling the pressed propylene copolymer (A) for 4 minutes in a
cooling tank set at 20 °C; storing the pressed sheet at 20 °C for 4 weeks; and
subsequently observing the pressed sheet in a differential scanning calorimeter
(DSC) by cooling the sheet to -20°C, maintaining the sheet at -20°C for 5 min-
utes, heating the sheet to 200°C at a rate of 10°C/min, maintaining the sheet at
200°C for 5 minutes, cooling the sheet to -100°C at a rate of 10 °C/min, storing
the sheet at -100°C for 5 minutes, and heating the sheet to 200°C at a rate of
10°C/min, measuring the heat of fusion (AH2) on said subsequent heating.

The requirements of (a2) may also be expressed as follows:

(a2) when the propylene copolymer (A) is preheated for 5 minutes and
pressed for 2 minutes using a hot press molding machine set at 190°C and is
thereafter cooled for 4 minutes in a cooling tank set at 20°C to give a press sheet
having a thickness of 2 mm and when the press sheet as a specimen after storage
at 20°C for 4 weeks is cooled to -20°C, held at -20°C for 5 minutes, heated to

7
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200°C at an increasing rate of 10°C/min, held at 200°C for 5 minutes, cooled to
-100°C at a decreasing rate of 10°C/min, held at -100°C for 5 minutes and
heated to 200°C at an increasing rate of 10°C/min, the differential scanning
calorimeter (DSC) curve recorded during the above process shows that the heat
of fusion (AH2) observed in the second heating process is not more than 5 J/g.

A lubricating oil composition comprising the propylene copolymer (A)
whose heat of fusion (AH2) is within the above-mentioned range is desirable
because it has excellent low-temperature storage property.

The reason why a lubricating oil composition containing the propylene
copolymer (A) has excellent low-temperature properties is unknown. However,
the present inventors infer that in a lubricating oil composition at low tempera-
ture, an aggregate of the propylene copolymer (A) is crystallized and reduces
flow volume (effective volume), and thereby the lubricating oil composition has
excellent low-temperature viscosity. Furthermore, since the aggregate is not
precipitated or does not otherwise come out in the lubricating oil composition,
the lubricating oil composition also has excellent low-temperature storage
property.

The reason why the lubricating oil composition of the present invention
has excellent fuel efficiency at high temperatures is unknown. However, the
present inventors infer the following matters. It is considered that the propylene
copolymer (A) has high solubility in base oil, and the size of the copolymer
aggregate is small. When the size of the aggregate is small, viscosity reduction
is small under conditions in which a formulation containing the polymer is
subjected to high shear, such as between sliding parts. Thus, the temporary
viscosity reduction becomes small under such shearing, that is, the polymer
exhibits good high temperature, high shear (HTHS) viscosity. Regarding an
improvement of fuel efficiency at high-temperature, the minimum viscosity is
ensured in order to avoid abrasion at a sliding part. On the other hand, in order
to reduce agitation loss at a non-sliding part, lowering the viscosity as much as
possible is desirable. In other words, it is desirable that the dependence of
viscosity on shear rate is small. In view of these matters, the present inventors
infer that the propylene copolymer (A) used in the present invention has excel-
lent fuel efficiency at a high temperature.

The weight average molecular weight of said propylene copolymer (A)
measured by a gel permeation chromatography (GPC) may be 10,000 to
500,000, and in one embodiment 30,000 to 400,000, and in another embodiment

8
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50,000 to 350,000. Furthermore, the weight average molecular weight may be
190,000 or less, because more excellent fuel efficiency at a high temperature is
exhibited. The term, weight average molecular weight, refers to a weight
average molecular weight in terms of polystyrene measured by GPC.

The propylene copolymer (A) whose weight average molecular weight is
within the above-mentioned range provides excellent fuel efficiency at high
temperatures, and a lubricating oil composition having excellent shear stability
can be obtained.

The molecular weight distribution (Mw/Mn, in terms of polystyrene,
Mw: weight average molecular weight, Mn: number average molecular weight)
of the propylene copolymer (A) measured by GPC may be 4.0 or less, such as
3.0 or less, or 2.5 or less.

The triad tacticity (mm fraction (%)) of the propylene copolymer (A)
measured by 3C-NMR may be 85% or more, or in one embodiment in the range
of 85 to 97.5%, and in another embodiment 87 to 97% and in yet another em-
bodiment 90 to 97%. The triad tacticity (mm fraction (%)) is described in and
can be measured by a method described in International Publication WO 2004-
087775 (page 21, line 7-page 26, line 6). In order to obtain a propylene co-
polymer (A) having high triad tacticity, in general, it is desirable that the po-
lymerization temperature is low, the polymerization pressure is high and the
polymer concentration is low.

The propylene copolymer (A) may have a syndiotactic index measured
with an infrared spectrometer of not less than 0.05, in a preferable embodiment
not less than 0.07, and in a more preferable embodiment not less than 0.1. The
syndiotactic index herein is a ratio of height of a crystalline peak of a syndiotac-
tic polypropylene (867 cm™) and that of a standard peak (4324 cm™) as dis-
closed in Polymer Vol. 45 (2004), p. 4453. To produce a propylene copolymer
(A) having a high syndiotactic index, it is generally preferable that the polym-
erization temperature is low and the polymer concentration is low.

Regarding the method for producing the propylene copolymer (A),
although it is not particularly limited, the propylene copolymer (A) may be
obtained by copolymerizing propylene, ethylene, butene-1 and the like in the
presence of known catalysts which can conduct stereoregular polymerization of
olefins into isotactic configuration or syndiotactic configuration (for example, a
catalyst whose principle components are a titanium component in solid form and

an organic metal compound or a metallocene catalyst in which a metallocene
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compound is used as a component of the catalyst). In particular, a production
method which uses a metallocene catalyst which can conduct stereoregular
polymerization in isotactic configuration is desirable in order to obtain a lubri-
cating oil composition having excellent fuel efficiency at a high temperature.
Examples of such metallocene catalysts include those described in International
Publication WO 2004/106430, International Publication WO 2005/019283,
International Publication WO 2006/025540 and International Publication WO
2004/087775 (Claims 6-8).

Specifically, as metallocene compounds, there may be mentioned di-
phenylmethylene(3-tert-butyl-5-ethylcyclopentadienyl)(2,7-di-tert-
butylfluorenyl)zirconium dichloride, diphenylmethylene(3-tert-butyl-5-
methylcyclopentadienyl)(2,7-di-tert-butylfluorenyl)zirconium dichloride,
dimethylmethylene(3-tert-butyl-5-methylcyclopentadienyl)(fluorenyl)zirconium
dichloride, and the like.

[Additive composition for lubricating oils]

The additive composition for lubricating oils of the present invention
contains 1 to 50 wt % of the above-mentioned propylene copolymer (A) and 50
to 99 wt % of oil (B) with the proviso that the weight % of said (A) and (B) are
calculated based on the total amount of (A) and (B) in the additive composition.

In other words, the amounts of the above-mentioned (A) and (B) are
amounts based on the total of the above-mentioned (A) and (B) being 100 wt %,
although other components may also be present.

As a propylene copolymer (A) which is contained in the additive compo-
sition for lubricating oils, the propylene copolymer (A) which is the above-
mentioned viscosity modifier for lubricating oils is used.

The oils (B) contained in the additive composition for lubricating oils
include mineral oils; and synthetic oils such as poly-a-olefin, diesters, polyal-
kylene glycol and the like.

Mineral oils or blends of mineral oils and synthetic oils may be used. The
diesters include polyol ester, dioctyl phthalate, dioctyl sebacate and the like.

Mineral oils subjected to a purification step such as dewaxing or the like
are generally used, and have several grades depending on purification proce-
dures. Generally, mineral oils having a wax content of 0.5 to 10% are used. One
may also use a highly purified oil which is produced, for example, by hydro-

cracking purification and has a low pour point, a high viscosity index, and a
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composition mainly composed of isoparaffin. Mineral oils having a kinematic
viscosity at 40°C of 10 to 200 ¢St are generally used.

Mineral oils are generally used after a purification step such as dewaxing
or the like as described above, have several grades depending on purification
procedures, and are classified into several grades which are defined by API
(American Petroleum Institute) classification. The properties of lubricating oil
bases classified into each of the groups are shown in Table 1.

[Table 1]
_ Viscosity | Saturated hydrocarbon | sulfur content (%
Group Kind . .
index *1 | content (% by volume) *2 | by weight) *3

(1) Mineral oil | 80-120 <90 >0.03

(i1) Mineral oil | 80-120 >90 <0.03

(1i1) Mineral oil > 120 >90 <0.03

(iv) poly-a-olefin

v) lubricating oil base other than the above

*1: Measured in accordance with ASTM D445 (JIS K2283)
*2: Measured in accordance with ASTM D3238
*3: Measured in accordance with ASTM D4294 (JIS K2541)

Poly-a-olefin in Table 1 is a hydrocarbon polymer which is obtained by
polymerizing at least an a.-olefin having 10 or more carbon atoms as a raw
material monomer, and polydecene obtained by polymerizing 1-decene is
mentioned as an example.

The oil (B) used in the present invention may be an oil belonging to any
of groups (1) to (iv). Particularly suitable is a mineral oil having a kinematic
viscosity at 100 °C of 1 to 50 mm?/s and a viscosity index of 80 or more, or
poly-a-olefin. Furthermore, mineral oils belonging to group (ii) or group (iii) or
poly-a-olefin belonging to group (iv) are suitable as the oil (B). Oils belonging
to group (ii) or group (iii) tend to have a lower wax content as compared with
oils belonging to group (i). Particularly, a suitable oil as the oil (B) is a mineral
oil which belongs to group (ii) or group (iii) and has a kinematic viscosity at
100°C of 1 to 50 mm?/s and a viscosity index of 80 or more, or poly-a-olefin
belonging to group (iv).

The additive composition for lubricating oils of the present invention
containing the above-mentioned propylene copolymer (A) and oil (B), generally
contains 1 to 50 wt % of the above-mentioned propylene copolymer (A) and 50
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to 99 wt % of the oil (B) with the proviso that the weight % of said (A) and (B)
are calculated based on the total amount of (A) and (B) in the additive composi-
tion. The additive composition for lubricating oils of the present invention may
contain 2 to 40 wt % of the above-mentioned propylene copolymer (A) and 60
to 98 wt % of the oil (B), such as 3 to 30 wt % of the above-mentioned propyl-
ene copolymer (A) and 70 to 97wt % of the oil (B).

Moreover, in addition to the above-mentioned propylene copolymer (A)
and oil (B), the additive composition for lubricating oils of the present invention
may contain other components. The other components may optionally include
any one or more of the following materials.

One such additive is a detergent. Most conventional detergents used in
the field of engine lubrication provide basicity or TBN to the lubricant, due to
the presence of basic metal compounds (metal hydroxides, oxides, or carbon-
ates, typically based on such metals as calcium, magnesium, or sodium). Such
metallic overbased detergents, also referred to as overbased or superbased salts,
are generally single phase, homogeneous Newtonian systems characterized by a
metal content in excess of that which would be present for neutralization ac-
cording to the stoichiometry of the metal and the particular acidic organic
compound reacted with the metal. The overbased materials are typically pre-
pared by reacting an acidic material (typically an inorganic acid or lower car-
boxylic acid such as carbon dioxide) with a mixture of an acidic organic com-
pound (also referred to as a substrate) and a stoichiometric excess of a metal
base, typically in a reaction medium of an inert, organic solvent (e.g., mineral
oil, naphtha, toluene, xylene) for the acidic organic substrate. Optionally a
small amount of promoter such as a phenol or alcohol is present. The acidic
organic substrate will normally have a sufficient number of carbon atoms to
provide a degree of solubility in oil.

Such conventional overbased materials and their methods of preparation
are well known to those skilled in the art. Patents describing techniques for
making basic metallic salts of sulfonic acids, carboxylic acids, phenols, phos-
phonic acids, and mixtures of any two or more of these include U.S. Patents
2,501,731, 2,616,905, 2,616,911, 2,616,925; 2,777,874; 3,256,186; 3,384,585;
3,365,396, 3,320,162; 3,318,809; 3,488,284; and 3,629,109. Salixarate deter-
gents are described in U.S. Patent 6,200,936 and PCT Publication WO
01/56968. Saligenin detergents are described in U.S. Patent 6,310,009.
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Typical amounts of detergents in a crankcase lubricant may be 1 to 10
weight percent, or 1.5 to 9.0 percent, or 2.0 to 8.0 percent, all expressed on an
oil-free basis (that is, without the diluent oil in which they are conventionally
supplied).

Another additive is a dispersant. Dispersants are well known in the field
of lubricants and include primarily what is known as ashless-type dispersants
and polymeric dispersants. Ashless type dispersants are characterized by a polar
group attached to a relatively high molecular weight hydrocarbon chain. Typi-
cal ashless dispersants include nitrogen-containing dispersants such as N-
substituted long chain alkenyl succinimides, also known as succinimide dispers-
ants. Succinimide dispersants are more fully described in U.S. Patents
4,234,435 and 3,172,892. Another class of ashless dispersant is high molecular
weight esters, prepared by reaction of a hydrocarbyl acylating agent and a
polyhydric aliphatic alcohol such as glycerol, pentaerythritol, or sorbitol. Such
materials are described in more detail in U.S. Patent 3,381,022. Another class of
ashless dispersant is Mannich bases. These are materials which are formed by
the condensation of a higher molecular weight, alkyl substituted phenol, an
alkylene polyamine, and an aldehyde such as formaldehyde and are described in
more detail in U.S. Patent 3,634,515. Other dispersants include polymeric
dispersant additives, which are generally hydrocarbon-based polymers which
contain polar functionality to impart dispersancy characteristics to the polymer.
Dispersants can also be post-treated by reaction with any of a variety of agents.
Among these are urea, thiourea, dimercaptothiadiazoles, carbon disulfide, alde-
hydes, ketones, carboxylic acids, hydrocarbon-substituted succinic anhydrides,
nitriles, epoxides, boron compounds, and phosphorus compounds. References
detailing such treatment are listed in U.S. Patent 4,654,403. The amount of
dispersant in the present composition can typically be 1 to 10 weight percent, or
1.5 to 9.0 percent, or 2.0 to 8.0 percent, all expressed on an oil-free basis.

Another component is an antioxidant. Antioxidants encompass phenolic
antioxidants, which may comprise a butyl substituted phenol containing 2 or 3 t-
butyl groups. The para position may also be occupied by a hydrocarbyl group
or a group bridging two aromatic rings. The latter antioxidants are described in
greater detail in U.S. Patent 6,559,105. Antioxidants also include aromatic
amine, such as nonylated diphenylamines. Other antioxidants include sulfurized
olefins, titanium compounds, and molybdenum compounds. U.S. Pat. No.
4,285,822, for instance, discloses lubricating oil compositions containing a
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molybdenum and sulfur containing composition. Typical amounts of antioxi-
dants will, of course, depend on the specific antioxidant and its individual
effectiveness, but illustrative total amounts can be 0.01 to 5 percent by weight
or 0.15 to 4.5 percent or 0.2 to 4 percent. Additionally, more than one antioxi-
dant may be present, and certain combinations of these can be synergistic in
their combined overall effect.

Viscosity improvers in addition to the polymers of the present technol-
ogy (also sometimes referred to as viscosity index improvers or viscosity modi-
fiers) may be included in the compositions of this invention. Viscosity improv-
ers are usually polymers, including polyisobutenes, polymethacrylic acid esters,
diene polymers, polyalkylstyrenes, esterified styrene-maleic anhydride copoly-
mers, alkenylarene-conjugated diene copolymers and polyolefins. Multifunc-
tional viscosity improvers, which also have dispersant and/or antioxidancy
properties are known and may optionally be used.

Another additive is an antiwear agent. Examples of anti-wear agents
include phosphorus-containing antiwear/extreme pressure agents such as metal
thiophosphates, phosphoric acid esters and salts thereof, phosphorus-containing
carboxylic acids, esters, ethers, and amides; and phosphites. In certain embodi-
ments a phosphorus antiwear agent may be present in an amount to deliver 0.01
t0 0.2 0or 0.015t0 0.15 or 0.02 to 0.1 or 0.025 to 0.08 percent phosphorus.
Often the antiwear agent is a zinc dialkyldithiophosphate (ZDP). For a typical
ZDP, which may contain 11 percent P (calculated on an oil free basis), suitable
amounts may include 0.09 to 0.82 percent. Non-phosphorus-containing anti-
wear agents include borate esters (including borated epoxides), dithiocarbamate
compounds, molybdenum-containing compounds, and sulfurized olefins.

Other additives that may optionally be used in lubricating oils include
pour point depressing agents, extreme pressure agents, anti-wear agents, friction
modifiers, color stabilizers, and anti-foam agents, each of which may be used in
their conventional amounts.

It is preferable that the additive composition for lubricating oils of the
present invention contains the propylene copolymer (A) and oil (B) in the
above-mentioned ranges. When a lubricating oil composition is produced using
the additive composition for lubricating oils which contains the propylene
copolymer (A) and oil (B) in the above-mentioned range, mixing the additive

composition for lubricating oils and other components of the lubricating oil
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composition can provide a lubricating oil composition having excellent low-
temperature properties with a reduced amount of propylene copolymer (A).

Moreover, since the additive composition for lubricating oils of the
present invention contains the oil (B), it provides good workability at the time
of production of a lubricating oil composition and can be readily mixed with the
other components of the lubricating oil composition.

The additive composition for lubricating oils of the present invention can
be prepared by mixing the propylene copolymer (A) and the oil (B), as well as,
optionally, any other desired components using publicly known conventional
methods. Optionally, the copolymer (A) may be provided as a concentrate in oil,

for ease in handling.

(Lubricating Oil Composition)

The lubricating oil composition of the present invention contains the
above-mentioned propylene copolymer (A) and a lubricating oil base (BB), and
may further contain a pour-point depressant (C).

First, each component composing the lubricating oil composition of the
present invention is explained.

As propylene copolymer (A) contained in the lubricating oil composition,
the above-mentioned propylene copolymer (A) which is a viscosity modifier for
lubricating oils is used.

The lubricating oil bases (BB) contained in the lubricating oil composi-
tion include mineral oils and synthetic oils such as poly-a-olefin, diesters,
polyalkylene glycol and the like.

Mineral oils or blends of mineral oils and synthetic oils may be used. The
diesters include polyol ester, dioctyl phthalate, dioctyl sebacate and the like.

Mineral oils subjected to a purification step such as dewaxing or the like
are generally used, and have several grades depending on purification proce-
dures. Generally, mineral oils having a wax content of 0.5 to 10% are used. One
may also use a highly purified oil which is produced, for example, by hydro-
cracking purification and has a low pour point, a high viscosity index, and a
composition mainly composed of isoparaffin. Mineral oils having a kinematic
viscosity at 40°C of 10 to 200 cSt are generally used.

Mineral oils are generally used after a purification step such as dewax-
ing or the like as described above, have several grades depending on purifica-

tion procedures, and are classified into several grades which are defined by
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API (American Petroleum Institute) classification. The properties of lubricat-
ing oil bases classified into each of the groups are shown in the above-
mentioned Table 1.

Poly-a-olefin in Table 1 is a hydrocarbon polymer which is obtained by
polymerizing at least an a-olefin having 10 or more carbon atoms as a raw
material monomer, and polydecene obtained by polymerizing 1-decene is
mentioned as an example.

The lubricating oil base (BB) used in the present invention may be an oil
belonging to any of groups (i) to (iv). In one embodiment, the oil is a mineral oil
having a kinematic viscosity at 100°C of 1 to 50 mm?*/s and a viscosity index of
80 or more, or poly-a-olefin. Furthermore, mineral oils belonging to group (ii)
or group (ii1) or poly-a-olefin belonging to group (iv) are suitable as the lubri-
cating oil base (BB). Oils belonging to group (ii) or group (iii) tend to have a
lower wax content as compared with oils belonging to group (i).

Particularly, a suitable oil as the lubricating oil base (BB) is a mineral oil
which belongs to group (ii) or group (iii) and has a kinematic viscosity at 100°C
of 1 to 50 mm?/s and a viscosity index of 80 or more, or poly-a-olefin belonging
to group (iv).

The pour-point depressants (C) which may be contained in the lubricat-
ing oil composition include an alkylated naphthalene, a (co)polymer of alkyl
methacrylate, a (co)polymer of alkyl acrylate, a copolymer of alkyl fumarate
and vinyl acetate, an a-olefin polymer, a copolymer of an a-olefin and styrene,
and the like. In particular, a (co)polymer of alkyl methacrylate and a
(co)polymer of alkyl acrylate may be used.

As described above, the lubricating oil composition of the present inven-
tion contains the propylene copolymer (A) and lubricating oil base (BB), and
may further contain the pour-point depressant (C).

In 100 wt % of the lubricating oil composition, the above-mentioned
propylene copolymer (A) is generally contained in an amount of 0.1 to 5 wt %,
such as in an amount of 0.2 to 4 wt %, or in an amount of 0.4 to 3 wt %, or in an
amount of 0.6 to 2 wt %. Furthermore, when the lubricating oil composition of
the present invention contains the pour-point depressant (C), in 100 wt % of the
lubricating oil composition, the pour-point depressant (C) is generally contained
in an amount of 0.05 to 5 wt%, such as in an amount of 0.05 to 3 wt %, or in an

amount of 0.05 to 2 wt % or in an amount of 0.05 to 1 wt %.
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The components of the lubricating oil composition of the present inven-
tion other than the above-mentioned propylene copolymer (A) and the pour-
point depressant (C) are the above-mentioned lubricating oil base (BB) and
blending components which are described later. The blending components refer
to components other than the propylene copolymer (A), lubricating oil base
(BB) and pour-point depressant (C) which are contained in the lubricating oil
composition.

When the lubricating oil composition of the present invention contains
the blending components, there are no particular limitations on the amounts of
the blending components, but the amount of the blending component is gener-
ally over 0 wt %, such as | wt % or more, or 3 wt % or more, or 5 wt % or more
with the proviso that the total of the above-mentioned lubricating oil base (BB)
and the blending components is 100 wt %. Furthermore, the amount of the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>