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Lubricating 0il Composition

Technical Field of the Invention

The present invention relates to a lubricating oil
composition having a high viscosity index, excellent low-
temperature flowability, and a high flash point, and
which can be satisfactorily used as a hydraulic oil,
turbine o0il, compressor o0il, machine-tool lubricating
0il, gear o0il and so on.

Background of the Invention

In lubricating oils such as hydraulic oils used in
automobiles and machine tools, the viscosity is generally
lower the higher the temperature, but it is desirable in
practice that as far as possible there should be no
variation in viscosity over a wide range from low
temperatures to high temperatures. The method of
improving the temperature dependence of the viscosity by
adding high molecular compounds known as viscosity index
improvers to lubricating oils is therefore widely carried
out. The wviscosity index (VI) is an indicator of the
resistance to change in viscosity due to temperature
change, and the higher its wvalue the smaller the change
in viscosity due to temperature change. From the
standpoint of energy conservation, a desirable VI is
regarded as being not less than 180, but more preferably
not less than 200. For example, Japanese laid-open Patent
2009-96995, which is based on the Inventors’ work
discloses a hydraulic oil for use in construction
machinery with a viscosity index of 200 to 220.

In devising a way to improve the VI, merely
increasing the amount of viscosity index improver added

will mean some loss in low-temperature flowability, and



10

15

20

25

30

WO 2011/089259 PCT/EP2011/050943

there is also the problem that the domain of temperature
use will be limited. But ways of combating the problem
with low-temperature flowability have been considered, by
using additives and low-viscosity base oils. There have
been various types of research on additives with a view
to improving low-temperature flowability. For example,
Japanese Laid-open Patent 2004-352946 has disclosed a
pour—-point depressant for hydrocarbon oils which has
better pour-point depressing capability than products of
the prior art through satisfying specified conditions for
its composition.

However, there are many and various kinds of
additives intended to improve low-temperature flowability
(referred to hereafter as flowability improvers). On the
one hand, because the base o0ils of lubricating oil
compositions to which flowability improvers are added are
manufactured under various manufacturing conditions
depending on the raw materials and plant apparatus, there
are naturally many and various kinds of these. However,
as to whether they do offer the characteristics expected
of a lubricating oil composition to which a flowability
improver has been added, given that it depends on a
suitable combination of flowability improver and base oil
and there are no specific ways to determine the optimal
flowability improver for the base 0il, the present
situation is that various tests are carried out on
various combinations of base o0il and flowability
improver, and the flowability improver is selected by
reference to the results thereof. There have therefore
been problems in that the selection of which flowability
improver is best used with a desired base 0il requires
time and money and is considerably influenced by the

experience of the person making the selection.
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On the other hand, methods of using low-viscosity
0oils to improve low-temperature flowability have also
been under consideration. However, in this case, although
no problems arise with the selection of a flowability
improver, there have been problems in that the flash
point decreases, and as a result there have been
increased complications as regards storage due to fire
safety regulations, and problems as regards safety when
handling. Also, given that the base o0il has a low
viscosity, there have been problems in that the requisite
amount of viscosity index improver increases, which
increases costs, and the polymers which make up the
viscosity index improver also end up shearing.

In other words, in the blending methods used
hitherto, when costs and so on are taken into account, it
has been difficult to reconcile in a suitable way all the
factors of viscosity index, low-temperature flowability
and flash point, so that there have been no lubricating
0il compositions which satisfy the practical requirements
for all of these factors, viscosity index, low-
temperature flowability and flash point. In the case of
hydraulic oils in particular, it has been difficult to
satisfy the provisions for low-temperature use of JCMAS
HK P041.2004, which is the standard for hydraulic oils
used in construction, and there has been nothing which
satisfies the performance requirements thereof.

The aim of this invention is therefore to offer a
lubricating o0il composition which will satisfy the
practical performance requirements as regards all of
viscosity index, low-temperature flowability and flash
point.

Summary of the Invention

According to the present invention there is provided
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a lubricating o0il composition comprising a base oil
having a kinematic viscosity at 100°C in the range of
from 3 to 6 mm’/s and not less than 18% by mass of
flowability improver having a peak-top temperature
measured by DSC of not less than 13°C lower than the
crystallisation onset temperature measured by DSC of the
base 0il, wherein the lubricating oil composition has a
kinematic viscosity at 100°C in the range of from 9.3 to
12.5 mm?/s, a viscosity index of not less than 200, a
pour point of -40°C or lower, and a flash point of not
less than 200°C.

Detailed Description of the Invention

Lubricating oils, including hydraulic oils, are
mostly classified into Class III Petroleum and Class IV
Petroleum of Hazardous Materials Category IV in fire-
safety laws. In the case of a Class III Petroleum of
Category IV, the classification criterion is a flash
point of not less than 70°C but less than 200°C, and in
the case of a Class IV Petroleum of Category IV a flash
point of not less than 200°C. The lubricating oil
composition of this invention also requires the flash
point to be not less than 200°C. Also, taking into
account the broad range of various applications, the
kinematic viscosity at 100°C must be within the scope of
SAE30 of the SAE viscosity classification, or more
specifically from 9.3 to 12.5 mm’/s.

The term “DSC” as used herein means differential
scanning calorimetry. The measurements may be taken by
methods known in the art. There is no special limitation,
and it is possible, for example, to use the following
conditions.

Apparatus used: DSC6200 (commercial name, made by

SIT Ltd)
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Atmosphere: no gas purge

Sample amount: 8 mg to 10 mg

Temperature conditions (heat history removal): After
holding for 2 minutes at 50°C, holding for 2 minutes at -
60°C, then holding for 5 minutes again at 50°C

Temperature conditions (evaluation): dropping from
50°C to -60°C at 20°C/minute

Sample pans: Sealed aluminium pans

Reference sample: a—aluminium oxide

Temperature correction samples: Sn, In, n-tridecan.

The term “Crystallisation onset temperature” as used
herein means the temperature, in the transitions due to
change of heat flow relative to the temperature measured
by DSC, when it begins a transition which is different
from the previous one, and it is obtained by the method
described in JIS K 7121 9.2 “Methods of Obtaining
Temperature of Crystallisation, Extrapolated
Crystallisation Onset Temperature”. It may, for example,
also be taken as the temperature when the measured heat
flow becomes greater than 0, but if the changes over time
of the amount of heat put out are small, in other words
if the period the heat is put out is long and a broad
peak appears, or if the changes over time for the amount
of heat put out are large, in other words if the
temperature period the heat is put out is short and a
sharp peak appears, there is a risk that the influence on
flowability improvement will vary. Therefore, the
crystallization onset temperature is preferably taken as
the intersection of the tangent of the point of
inflection in the transition due to change of heat flow
relative to temperature measured by DSC and the axis line
which shows the measured temperature.

The term “peak-top temperature” as used herein means
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the temperature where the heat flow is largest in the
transition due to change in heat flow relative to the
temperature measured by the aforementioned DSC.

According to this invention, it is possible to
satisfy the practical requirements regarding lubricating
0il compositions by selecting a suitable flowability
improver for a desired base o0il through the
crystallisation onset temperature and the peak-top
temperature as measured by DSC of the base oil and
flowability improver. More specifically, it is possible
to achieve a viscosity index of not less than 200, a pour
point of -40°C or lower, and a flash point of not less
than 200°C.

Furthermore, in the blending methods of the prior
art, depending on the performance of the base 0il, there
have been cases of not satisfying the requirements even
with high-performance flowability improvers, but
according to this invention it is possible easily to
select a suitable combination by measuring the
crystallisation onset temperature of the base o0il
measured by DSC and the peak-top temperature of the
flowability improver.

However, if the pour point is being reduced, it is
only natural that it is preferable to use a base 0il and
a flowability improver where both have a low pour point,
but it has already been said that there is a problem in
that this invites a reduction of the flash point in low-
viscosity base o0ils with a low pour point. Also, using a
base 0il and a flowability improver with low pour points
involves an increase in cost. However, excessive low-
temperature flowability is not necessary, and 1if it gives
performance to a degree that matches the consumer’s

requirements, specifically, say, a pour point of about -
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40°C, it can withstand use well enough. The lubricating
01l composition of this invention can be blended by
taking this sort of problem into account. Specifically,
it is possible first to determine a base oil in order to
clear the target pour point, for example -40°C, and,
taking the crystallisation onset temperature thereof as
the criterion, to pare down candidates for the
flowability improver to be used, so that it is possible
to select an ideal flowability improver which benefits
cost and necessary performance.

Furthermore, once the crystallisation onset
temperature and peak-top temperature of the flowability
improver have been measured by DSC, it is possible to use
them for selection work thereafter, so that if it is
decided to reflect this in selection work thereafter,
tests for selection itself are not needed, and it is not
necessary to make the selection of the test object on the
basis of experience. Consequently, this brings the
advantage that selection of the desired base o0il and
ideal flowability improver can be made easily and
accurately without being influenced by the experience of
the selector.

Furthermore, as regards a base o0il mixture mixed in
any proportions, there is the advantage that it is
possible to obtain the crystallisation onset temperature
thereof by calculation, using the crystallisation onset
temperatures of the individual base oils. Normally, base
0ils are marketed with viscosities such as SAE10, SAE20,
SAE30 and SAE40, but when incorporating additives the
need arises to regulate the viscosities by blending a
plurality of base oils with different viscosities as
appropriate to the viscosities of the additives, so that

there have been many base 0il mixtures. Therefore, in the
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past, as regards the finally blended product, there has
been the need to confirm the flowability again. In
contrast, in this invention if the crystallisation onset
temperatures of the base oils to be used have been
measured in advance, it is possible, by exploiting their
additivity, to calculate the crystallisation onset
temperature of the base 0il mixture mixed in whatever
proportions, by using the crystallisation onset
temperatures of the individual base oils. With regard to
the calculated crystallisation temperature, by selecting
flowability improvers where the peak-top temperature is
not less than 13°C lower, it is possible to assume
flowability at -40°C.

It is necessary that the kinematic viscosity @ 100°C
for the base o0il is in the range of from 3 to 6 mm’/s. If
it is less than 3 mm?/s, a fire-prevention problem will
arise owing to a reduction in the flash point and a
problem will arise with a reduction in shear stability.
If it is greater than 6 mm’/s, the pour point will
increase and there will be a problem in that low-
temperature flowability will be degraded.

For the base 0il in the lubricating oil composition
of the present invention it is possible to use the
mineral oils, synthetic oils or mixtures thereof used in
normal lubricating oils, and it possible to use, singly
or as mixtures, base o0ils which belong to Group I, Group
IT, Group III, Group IV and Group V of the API (American
Petroleum Institute) base o0il categories.

Group I base o0ils include, for example, paraffinic
mineral oils obtained by a suitable combination of
refining processes such as solvent refining,
hydrorefining, and dewaxing in respect of lubricating oil

fractions obtained by atmospheric distillation of crude
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0i1l. The viscosity index should be in the range of from
80 to less than 120 and preferably in the range of from
95 to 110. The kinematic viscosity at 40°C should
preferably be in the range of from 2 to 680 mm’/s and
even more preferably in the range of from 8 to 220 mm?/s.
Also, the total sulphur content should be less than 1.5%
by mass and preferably less than 1.0% by mass. The total
nitrogen content should be less than 50 ppm and
preferably less than 25 ppm. In addition, oils with an
aniline point in the range of from 80 to 150°C and
preferably in the range of from 90 to 120°C should be
used.

Group II base o0ils include, for example, paraffinic
mineral oils obtained by a suitable combination of
refining processes such as hydrocracking and dewaxing in
respect of lubricating oil fractions obtained by
atmospheric distillation of crude oil. Group II base oils
refined by hydrorefining methods such as the Gulf Company
method have a total sulphur content of less than 10 ppm
and an aromatic content of not more than 5% and so can be
used for this invention. The viscosity of these base o0ils
is not specially limited, but the viscosity index should
be in the range of from 80 to less than 120 and
preferably in the range of from 100 to 120. The kinematic
viscosity at 40°C should preferably be in the range of
from 2 to 680 mm?’/s and more preferably in the range of
from 8 to 220 mm?/s. Also, the total sulphur content
should be less than 300 ppm, preferably less than 50 ppm
and more preferably less than 10 ppm. The total nitrogen
content should also be less than 10 ppm and preferably
less than 1 ppm. In addition, oils with an aniline point
in the range of from 80 to 150°C and preferably in the
range of from 100 to 135°C should be used.
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Group III base oils include, for example, paraffinic
mineral oils manufactured by a high degree of
hydrorefining in respect of lubricating oil fractions
obtained by atmospheric distillation of crude o0il, base
0ils refined by Isodewaxing which dewaxes and substitutes
with isoparaffins GTL (gas-to-liquid) waxes synthesised
by the Fischer-Tropsch process in the technology of
making liquid fuels from natural gas, and waxes produced
by dewaxing processes, and base oils refined by the Mobil
wax isomerisation process. These are also suitable for
use in this invention. The viscosity of these base oils
is not specially limited, but the viscosity index should
be not less than 120, and preferably in the range of from
120 to 140. The kinematic viscosity at 40°C should
preferably be in the range of from 2 to 680 mm’/s and
more preferably in the range of from 8 to 220 mm?/s.
Also, the total sulphur content should be less than 100
ppm and preferably less than 10 ppm. The total nitrogen
content should also be less than 10 ppm and preferably
less than 1 ppm. In addition, oils with an aniline point
in the range of from 80 to 150°C and preferably in the
range of from 110 to 135°C should be used.

As examples of Group IV base oils mention may be
made of the polyolefins. Said polyolefins include
polymers of various olefins and hydrides thereof. Any
olefin may be used, and as examples mention may be made
of ethylene, propylene, butene and a-olefins with 5 or
more carbon atoms. In the manufacture of polyolefins it
is possible to use one kind or combinations of two or
more kinds of the aforementioned olefins. In particular
the polyolefins known as poly-a-olefins (PAQ) are
suitable. The viscosities of these synthetic base oils is

not specially limited, but the kinematic viscosity at
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40°C should preferably be in the range of from 2 to 680
mm’/s and more preferably in the range of from 8 to 220
mm?/s .

Group V base o0ils are esters and other base oils
that do not belong to Groups I to IV.

It is possible to use any of the aforementioned base
oils of Groups I to V, but those of Group I, Group II and
Group III are especially preferred.

Table 1 shows typical examples of the properties of

the various base o0ils 1in the API classification.

Table 1
Sulphur Saturated Viscosity
Class component, component. | index
masss mass %
Group T > 0.03 and/or | < 90 80 ~ 120
Group II |<£ 0.03 and 2 90 80 ~ 120
Group III |< 0.03 and 2 90 2 120
Group IV Poly-a—-olefins (PAO)
Group V Those not belonging to Groups I ~ IV
(esters)

Source: Base 0il Interchangeability Guidelines
API Publication 1509, API 13™ Ed., Washington D.C.
(1995)

Also, 1t is possible to ensure a pour point of -40°C
or lower, a viscosity index of not less than 200 and a
flash point of not less than 200°C for the lubricating
0il by regulating the kinematic viscosity at 100°C in the
range of from 3 to 6 mm’/s and by adding a flowability
improver in which the difference in its peak-top
temperature as measured by DSC relative to the
crystallisation onset temperature of the base o0il as
measured by DSC is not less than 13°C. With such a
lubricating o0il, it becomes possible to offer a hydraulic

01l for use in construction which, in particular, has
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excellent energy conservation, low-temperature
flowability and fire safety.

For the flowability improver it is possible to use
polymethacrylates known in the art. However, there are
appropriate combinations relative to the base o0il, and
there are cases where, i1f there is a mistake in the
combination, the desired effect will not be achieved.
Table 2 shows, by varying the amount of flowability
improver added, the pour points obtained when adding
different flowability improvers to a base 01l mixture of
Base 0il 1 and Base 0il 2 of Table 3 given later (the
flowability improvers, both Flowability Improver A and
Flowability Improver B in Table 2, were the same as
Polymer 2 and Polymer 3 mentioned later). As can be
confirmed in Table 2, whereas the pour point in the case
where Flowability Improver B has been added is virtually
the same independent of the amount added, the behaviour
of the pour point in the case where Flowability Improver
A has been added is that it rises as the amount added
increases. It can thus be seen that, depending on the
base 0il combined with the flowability improver, a
synergistic effect or, in reverse, a detrimental effect,
may be manifested. In consequence, it 1s necessary to
select a flowability improver that is suitable for the
base o0il. Specifically, it is necessary that the peak-top
temperature as measured by DSC should be not less than
13°C lower than the crystallisation onset temperature of
the base o0il as measured by DSC.

Also, the crystallization onset temperature of the
fluidity improver used in the present invention is not
more than -23°C, preferably not more than -25°C, more

preferably not more than -27°C.
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In addition, the peak top temperature of the
flowability improver is not more than -35°C, preferably
not more than -40°C, more preferably not more than -45°C.

The mass—average molecular weight of the fluidity
improver is not more than 55,000, preferably less than
54,000, more preferably less than 53,000.

Table 2

Amount of additive
wt$%

Flowability Improver
A (Polymer 2)

Kinematic viscosity @

40°C mm?/ s 17.68|18.81|23.71|31.99|43.65

Kinematic viscosity @

100°C — 3.81814.092|5.257|7.115]9.517

Pour point °C -22.5|-45.0|-40.0|-32.5|-32.5

Flowability Improver
B (Polymer 3)

Kinematic viscosity @

40°C mm?/ s 17.68|18.75|23.41(31.3442.44

Kinematic viscosity @

100°C e 3.818 1 4.076 (5.174(6.927(9.171

Pour point °C -22.5|-42.5|-47.5|-47.5|-47.5

Measurement of the properties shown in Table 2 was
by the methods given below.

Kinematic viscosity @ 40°C, and kinematic viscosity
@ 100°C were obtained in accordance with JIS K 2283
“Crude o0il and petroleum products - Determination of
kinematic viscosity and calculation of viscosity index”.

Pour point was obtained in accordance with JIS K
2269 “Crude 01l and petroleum products - Determination of

pour point and cloud point”.

Examples

Lubricating oil compositions were prepared using the
base 0ils shown in Table 3 and the flowability improvers

(hereinafter “polymers”) shown in Table 4 below.

Table 3

Values for Base 011 Characteristics
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Base o0il | Base Base Base

1 oil 2 oil 3 oil 4
Category Group Group Group

Group I | g 111 III
Kinematic viscosity
@ 40°C m? /s 24.32 12.42 19.04 45.62
Kinematic viscosity 4.59 3.08 495 7.6
@ 100°C mm’/s ) ) : :
Viscosity index 102 106 123 133
Pour point °C -17.5 -25.0 -25.0 -12.5
Crystallisation
onset temperature -20.5 -39 -17.6 -18.5
°C
Peak-top

-24.1 -52. -53.4 -57.
temperature °C 226 23 276
Flash point °C 216 204 230 260
Table 4

Values for Flowability Improver Characteristics

Polymer 1 |Polymer 2 |Polymer 3
Compound type PMA PMA PMA
Molecular weight
Mw (mass average 44,000 57,000 52,000
molecular weight)
Crystallisation onset 579 0.7 347
temperature °C
Peak-
oia top temperature 49 .7 230.6 _49.9

In Table 4, Polymer 1 was AC812 commercially
available from Sanyo Chemical Industries, Ltd., Polymer 2
was Viscoplex 8-200 commercially available from Evonik
Degussa Japan Co., Ltd. and Polymer 3 was Viscoplex 8-219
commercially available from Evonik Degussa Japan Co.,
Ltd.

Measurement of the kinematic viscosities (@ 40°C and
@ 100°C) was by the method given below. Measurement of
the crystallisation onset temperature, the peak-top
temperature and the molecular weight was by the methods
given below.

Crystallisation Onset Temperature




10

15

20

25

30

WO 2011/089259 PCT/EP2011/050943

_15_

The crystallisation onset temperature was obtained
in accordance with JIS K 7121 9.2 “Methods of Obtaining
Temperature of Crystallisation, (2) Extrapolated
Crystallisation Onset Temperature”. The DSC conditions
were as follows:

Apparatus used: DSC6200 (commercial name, made by
SIT Ltd)

Atmosphere: no gas purge

Sample amount: 8 mg to 10 mg

Temperature conditions (heat history removal): After
holding for 2 minutes at 50°C,

holding for 2 minutes at -60°C, then holding for 5
minutes again at 50°C

Temperature conditions (evaluation): dropping from
50°C to -60°C at 20°C/minute

Sample pans: Sealed aluminium pans

Reference sample: a—aluminium oxide

Temperature correction samples: Sn, In, n-tridecan.

Peak-Top Temperature

The temperature where the heat flow is largest in
the transition due to change of heat flow relative to the
temperature as measured by DSC when performing
measurement of the crystallisation onset temperature.

Mass Average Molecular Weight

The mass average molecular weight was calculated
based on “JIS K7252-1 Plastics Determination of average
molecular mass and molecular mass distribution of
polymers using size-exclusion chromatography Part 1
General principles”

Apparatus: Shodex GPC-101
Detector: Refractive Index (RI) Detector
Column: KF-G (Shodex) *1, KF-805L (Shodex) *2

Ambient Temperature: 40°C
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Carrier Solvent: THF

Carrier Flow rate: 0.8ml/min (Ref. 0.3ml/min)
Standard sample: Shodex Standard (Polystyrene)
Mp = 2.0%10°

Mp = 5.0%10°

Mp = 1.01%10"
Mp = 2.95*10°
Mp = 9.60%10"
Mp = 2.05%10°

Standard curve: cubic equation
Sample concentration: about 2 mass$

Amount of sample injection: 50 ul

The pour point, viscosity and flash point of the
prepared lubricating compositions were measured. In
addition, calculations were made of the crystallisation
onset temperatures and peak temperatures of the base oil
mixtures according to the proportions in the base oil
mixture, on the basis of the crystallisation onset
temperatures and peak temperatures of the individual base
0ils shown in Table 3. The measured values and the

calculated values are shown in Table 5.
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The crystallisation onset temperatures of the base
0il mixtures were values calculated by totalling the
crystallisation onset temperatures of each of the base
0ils by reference to their proportions in the base o0il
mixture. For example, taking the crystallisation onset
temperature of Base 0il A as Ta, the crystallisation
onset temperature of Base 0il B as Tb, the proportion of
Base 0il A in the mixture as Ra and the proportion of
Base 0il B in the mixture as Rb, then Ra + Rb = 1 and the
crystallisation onset temperature of the mixture is Ra x
Ta + Rb x Tb. A calculation similar to that for the
crystallisation onset temperature of the mixture was also
done for the peak-top temperature of the base o0il
mixture.

The same amount of a widely marketed hydraulic oil
additives package was added to each example and
comparative example. The hydraulic oil package included,
as the additives, a metallic detergent, an anti-wear
agent, an amine-based anti-oxidant, a phenolic anti-
oxidant, a corrosion inhibitor, a defoaming agent and a
metal deactivator.

Measurement of the kinematic viscosities (@ 40°C and
@ 100°C) and of the pour points shown in Table 5 was by
the aforementioned methods. Measurement of the viscosity
index was by the method given below.

Viscosity index

Determined in accordance with JIS K 2283 “Crude oil
and petroleum products - Determination of kinematic
viscosity and calculation of viscosity index”.

Flash point

Determined by the Cleveland open cup method in JIS K
2265 "Crude 01l and petroleum products - Determination of

flash point”.
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As shown in Table 5, Example 1 was a base oil
mixture of Base 01l A and Base 0il B blended in the
regspective proportions of 34.00% by mass and 42.50% by
mass. Recalculating on the basis of the mixing
proportions by using the individual crystallisation onset
temperatures of each (shown in Table 3), the result was -
30.8°C. However, the peak-top temperature of the
flowability improver (Polymer 1) being used in Example 1
was —49.7°C. The value whereby peak-top temperature of
the polymer was subtracted from the crystallisation onset
temperature of the base o0il (Bs - Pt) was 18.9.
Similarly, in Example 2 it was 21.7°C, in Comparative
Example 1 it was 2.3°C, in Comparative Example 2 it was
12.7°C, in Comparative Example 3 it was 4.6°C, in
Comparative Example 4 it was 29.2°C, and in Comparative
Example 5 it was 29.4°C. On the basis of these results it
was possible to achieve a pour point of -40°C by adding
at least not less than 18% by mass of a flowability
improver with a Bs - Pt of not less than 13°C to a base
0il having a kinematic wviscosity at 100°C in the range of
from 3 to 6 mm?/s.

In other words, in the case of Comparative Examples
1 to 3 where a flowability improver with a Bs - Pt of
less than 13°C was added, even though the amount was
large the pour point was clearly higher than -40°C. In
the case of Comparative Examples 4 and 5, where the
amount of flowability improver of Bs - Pt of not less
than 13°C added was less than 18% by mass, the viscosity
index in both cases was less than 200, and they were
clearly not suitable as high-efficiency hydraulic oils.
Furthermore, given that the flash point in all of the
aforementioned examples and comparative examples was not

less than 200°C, they clearly satisfy the flash point
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requirements for hydraulic oils used in construction, in
addition to the aforementioned requirements for pour
point and viscosity index in the case of base o0ils having
a kinematic viscosity at 100° in the range of from 3 to 6

mm?/s .
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1. Lubricating oil composition comprising a base oil
having a kinematic viscosity at 100°C in the range of
from 3 to 6 mm?/s and not less than 18% by mass of
flowability improver in which the peak-top temperature
measured by DSC is not less than 13°C lower than the
crystallisation onset temperature measured by DSC of the
aforementioned base 0il, wherein the lubricating oil
composition has a kinematic viscosity at 100°C in the
range of from 9.3 to 12.5 mm?/s, a viscosity index of not
less than 200, a pour point of -40°C or lower, and a
flash point of not less than 200°C.

2. Lubricating oil composition according to Claim 1
wherein the crystallization onset temperature of the
fluidity improver is not more than -23°C.

3. Lubricating oil composition according to Claim 1 or
2 wherein the peak-top temperature of the fluididty
improver is not more than -35°C.

4, Lubricating oil composition according to any of
Claims 1 to 3 wherein the mass average molecular weight
of the aforementioned fluidity improver is not more than
55,000.

5. Lubricating oil composition according to any of
Claims 1 to 4 wherein the base 0il is selected from base
0ils belonging to Group I, Group II, Group III, Group IV
and Group V of the API (American Petroleum Institute)
base 0il categories, and mixtures thereof.

6. Lubricating oil composition according to any of
Claims 1 to 5 wherein the base 0il is selected from base

0ils belonging to Group I, Group II and Group III of the
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API (American Petroleum Institute) base o0il categories,
and mixtures thereof.

7. Lubricating oil composition according to any of
Claims 1 to 6 wherein the flowability improver is a
polymethacrylate.

8. Use of a lubricating oil composition according to
any of Claims 1 to 7 as a hydraulic oil, a turbine o0il, a
compressor 0il, a machine-tool lubricating oil or a gear
oil.

9. Use of a lubricating oil composition according to
any of Claims 1 to 7 for providing improved energy
conservation.

10. Use of a lubricating oil composition according to
any of Claims 1 to 7 for providing improved low
temperature flowability.

11. Use of a lubricating oil composition according to

any of Claims 1 to 7 for providing improved fire safety.
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