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(54) Lubrication oil composition

(57) The first lubricating oil composition of the
present invention is a composition comprising a poly-
carbonate represented by the following general formula,
at least one compound as an essential component
selected from the group consisting of epoxy com-
pounds, phenol compounds, sulfur compounds and
amine compounds, and a triester phosphite compound
and a triester phosphate compound as an optical com-
ponent.

R1OCOO[(R2O)pCOO]nR3

wherein R1 and R3 are each independently a specific
hydrocarbon group or a specific hydrocarbon group
containing an ether bond, R2 is a specific alkylene
group, and p and n are specific integers.

The lubricating oil compositions are excellent in
lubricating properties, cleaning properties and electrical
insulating properties, and their viscosity at low tempera-
ture can readily be lowered and, in addition thereto,

generation of carbon dioxide gas can be inhibited.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to lubricating oil compositions. More particularly, the invention relates to lubricat-
ing oil compositions excellent in lubricating properties, detergency and electrical insulation properties which can be
used as industrial gear oils, automobile engine oils, automobile gear oils, lubricating oils for refrigerators, lubricating oils
for rolling mills and lubricating oils for textile industry, for those oils the lubricating properties and the detergency being
more severely required now than ever. Specifically, the invention relates to lubricating oil compositions most suitable as
lubricating oils for refrigerators where hydrogenated fluorocarbon (HFC), hydrogenated chlorofluorocarbon (HCFC) or
a mixture thereof is used as a refrigerant.

BACKGROUND OF THE INVENTION

[0002] Lubricating oils include, for example, industrial gear oils, engine oils, lubricating oils for refrigerators, lubricating
oils for textile industry and lubricating oils for rolling mills.
[0003] Recently, the industrial gear oils have been desired to keep the lubricating properties and the detergency at
higher temperature regions, as the environmental conditions under which various industrial machines are used have
come to be more severe. Especially in baking paint process or baking food process, those oils have been desired to
have higher performances in the lubricating properties and the detergency. In those areas, lubricating oils of synthetic
hydrocarbon type, carboxylic ester type or glycol type have been conventionally employed.
[0004] The synthetic hydrocarbon type oils and carboxylic ester type oils, however, have such problems that they are
insufficient in the lubricating properties and they cannot function as the lubricating oils at high temperatures because
they are carbonized when heated for a long period of time. On the other hand, the glycol type lubricating oils have such
a merit that they are hardly carbonized even when heated for a long period of time, but they are insufficient in the lubri-
cating properties and have high moisture absorption properties (hygroscopicity), so that these oils are desired to be
improved in the lubricating properties and the resistance to moisture absorption.
[0005] The engine oils have been required to have lubricating properties and detergent-dispersing properties at
higher temperatures for a long period of time, in accordance with enhancement in the performance of the automobile
engines. In the case of using additives to comply with those requirements, the additives are necessarily used in a large
amount, and hence a precipitation of a curdy (mayonnaise-like) sludge takes place. Further, a co-use of the synthetic
hydrocarbon type oil or carboxylic ester type oil and a mineral oil as a base oil has been conventionally tried. However,
the engine oil thus obtained is insufficient in both the lubricating properties and the detergent-dispersing properties at
high temperatures for a long period of time.
[0006] Differently from the above-mentioned lubricating oils for automobile engines, namely, those for four-cycle
engines, the lubricating oils for two-cycle engines are added to gasoline and subjected to combustion in the two-cycle
engines, so that the detergency is particularly important for the lubricating oils for two-cycle engines. As the lubricating
oils for two-cycle engines, there have been heretofore used a caster oil, polybutene, etc., but they are not sufficient both
in the lubricating properties and the detergency.
[0007] The automobile gear oils, particularly gear oils for ATF, are necessary to be decreased in the friction coefficient
and moreover to be reduced in a change of the friction coefficient with time. Therefore, an anti-friction agent or a friction-
adjusting agent has been conventionally added to decrease the friction coefficient. However, the automobile gear oils
containing these additives involve such a problem that a friction coefficient becomes larger during use.
[0008] As the lubricating oils for textile industry, those of carboxylic ester type or glycol type have been heretofore
used, but they are not satisfactory both in the lubricating properties and the detergency.
[0009] As the lubricating oils for rolling mills, those containing beef tallow as the host component have been conven-
tionally used. Such lubricating oils show good lubricating properties and excellent rolling efficiency. However, the deter-
gency of these oils is markedly bad, so that a step of washing off the residual beef tallow is essential. Also used as the
lubricating oils for rolling mills are those of carboxylic ester type, but these oils show poor lubricating properties, result-
ing in poor practicability, although they are very excellent in the detergency.
[0010] With the alteration of a refrigerant gas for refrigerators to R-134a (CH2F-CF3) which is nondestructive to the
ozone layer, mineral oils or alkylbenzene compounds having been heretofore used as the lubricating oils for refrigera-
tors have become unusable, because they have no compatibility with the refrigerant gas. Hence, glycol ether type lubri-
cating oils have been now developed as the lubricating oils for refrigerators using the above-mentioned refrigerant gas.
[0011] For example, U.S. Patent No. 4,755,316 discloses a composition for a compression refrigerator which com-
prises tetrafluoroethane and polyoxyalkylene glycol having a molecular weight of 300 to 2,000 and a kinematic viscosity
at 37 °C of about 25 to 150 cSt.
[0012] However, there are pointed out such defects that this glycol ether type lubricating oil is generally insufficient in
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heat stability and high in hygroscopicity, and moreover it shrinks a rubber sealing material such as NBR to increase the
hardness.

[0013] In refrigerators for automobile air conditioners, a through-vane type rotary compressor which can make a size
of the compressor smaller and increase power thereof has been used in recent years. As the lubricating oils for the
through-vane type rotary compressor, those having a high viscosity is more desired than those having sealing proper-
ties and friction resistance. However, when compounds having glycol ether structure are increased in the molecular
weight to have a high viscosity, the compatibility thereof with the ozone layer-nondestructive R-134a is generally dete-
riorated, so that such compounds cannot be employed from the structural viewpoint.
[0014] Further, carboxylic ester type lubricating oils called "polyol ester" and "hindered ester" have been developed
recently as the lubricating oils for refrigerators where the ozone layer-nondestructive hydrogenated fluorocarbon (HFC)
is used as a refrigerant. However, these lubricating oils are hydrolyzed or heat-decomposed to produce a carboxylic
acid, and thus produced carboxylic acid causes a phenomenon of corrosion and abrasion of metals or a phenomenon
of copper plating in the refrigerator. Therefore, an endurance of the refrigerator comes to be a problem in the case of
using the lubricating oils stated above. Moreover, a part of the carboxylic acid produced by the hydrolysis or the heat
decomposition is further decomposed under severe use conditions to generate a carbon dioxide gas. This carbon diox-
ide gas has non-condensation properties in an ordinary refrigerator system where fluorocarbon, chlorofluorocarbon or
hydrogenation product thereof is used as a refrigerant, and hence decrease of refrigeration efficiency and temperature
rise in the compression step are induced.
[0015] The ozone layer-nondestructive hydrogenated fluorocarbon (HFC) also includes concretely R-152a as well as
the aforesaid R-134a. Also employable as the refrigerant is hydrogenated chlorofluorocarbon (HCFC) having a small
destructive force to ozone, and this hydrogenated chlorofluorocarbon includes concretely, for example, R-22, R-123 and
R-124. These hydrogenated chlorofluorocarbons are used singly or in combination with the hydrogenated fluorocar-
bons (HFC).
[0016] The present inventors have earnestly studied for the purpose of obtaining lubricating oils which are excellent
in lubricating properties, detergency, electrical insulation properties and compatibility with both the hydrogenated fluor-
ocarbons (HFC) and the hydrogenated chlorofluorocarbons (HCFC), and further which can prevent generation of the
carboxylic acid and carbon dioxide gas. As a result, the present inventors have found that lubricating oil compositions
excellent in the above-mentioned various properties can be obtained by blending a specific polycarbonate and at least
one compound selected from the group consisting of an epoxy compound, a phenol compound, a sulfur compound and
an amine compound in the specific amounts, or by blending a specific polycarbonate derived from sugars and a phos-
phorous triester compound in the specific amounts, and they have accomplished the present invention.

OBJECT OF THE INVENTION

[0017] The present invention is intended to solve such problems associated with the prior art as mentioned above,
and an object of the invention is to provide lubricating oil compositions which are excellent in lubricating properties,
detergency, electrical insulation properties and compatibility with both the hydrogenated fluorocarbons (HFC) and the
hydrogenated chlorofluorocarbons (HCFC), and which can prevent generation of carboxylic acid and carbon dioxide
gas.
[0018] More particularly, the object of the invention is to provide lubricating oil compositions which can be favorably
used as the lubricating oils for refrigerators where ozone layer-nondestructive hydrogenated fluorocarbons (HFC) are
used as refrigerants, such as an automobile air conditioner.

SUMMARY OF THE INVENTION

[0019] A first lubricating oil composition according to the invention comprises:

(1) a polycarbonate represented by the following formula [I] in an amount of 100 parts by weight;
(2) at least one compound selected from the group consisting of an epoxy compound (a), a phenol compound (b),
a sulfur compound (c) and an amine compound (d), in an amount of 0.0001 to 5 parts by weight; and
(3) a phosphorous triester compound (e) and/or a phosphoric triester compound (f), in an amount of 0 to 5 parts by
weight.

R1OCOO[(R2O)pCOO]nR3 [I]

[0020] In the above formula [I], R1 and R3 are each independently a hydrocarbon group having 30 or less carbon
atoms or a hydrocarbon group containing an ether bond and having 2 - 30 carbon atoms, R2 is an alkylene group having
2 - 24 carbon atoms, p is an integer of 1 to 100, and n is an integer of 1 to 10.
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[0021] A second lubricating oil composition according to the invention comprises:

(1) a polycarbonate represented by the following formula [II] in an amount of 100 parts by weight;
(2) a phosphorous triester compound (e) in an amount of 0.0002 to 5 parts by weight; and
(3) at least one compound selected from the group consisting of a phosphoric triester compound (f), an epoxy com-
pound (a), and a phenol compound (b), in an amount of 0 to 5 parts by weight.

Su-O-R [II]

[0022] In the above formula [II], Su is a group represented by the following formula (A), and R is a group selected from
the groups represented by the following formulas (B), (C), (D), (E) and (F).

-(C3H6O)nCOOR5 (E)

-(C3H6O)n(C2H4O)pCOOR5 (F)

[0023] In the above formulas (A), (B), (C) and (D), R4 is a group represented by the above formula (E) or (F).
[0024] In the above formulas (E) and (F), R5 is a hydrocarbon group having 30 or less carbon atoms or a hydrocarbon
group containing an ether bond and having 2 - 30 carbon atoms, and n and p are each an integer of 1 to 12.
[0025] A third lubricating oil composition according to the invention comprises:

(1) a polycarbonate represented by the following formula [III] in an amount of 100 parts by weight;
(2) a phosphorous triester compound (e) in an amount of 0.0002 to 5 parts by weight; and
(3) at least one compound selected from the group consisting of a phosphoric triester compound (f), an epoxy com-
pound (a), and a phenol compound (b), in an amount of 0 to 5 parts by weight.

(R4O)CH2[CH(OR4)]mCH2(OR4) [III]

[0026] In the above formula [III], R4 is a group represented by the following formula (E) or (F), and m is an integer of
1 to 6.

-(C3H6O)nCOOR5 (E)

-(C3H6O)n(C2H4O)pCOOR5 (F)

[0027] In the above formulas (E) and (F), R5 is a hydrocarbon group having 30 or less carbon atoms or a hydrocarbon
group containing an ether bond and having 2 - 30 carbon atoms, and each of n and p is an integer of 1 to 12.
[0028] The first to third lubricating oil compositions according to the invention (sometimes referred to as simply "lubri-
cating oil compositions" according to the invention) are excellent in lubricating properties, detergency and electrical
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insulation properties, and can be more easily decreased in the viscosity at low temperatures as compared with mineral
oils and ester type lubricating oils. Therefore, the lubricating oil compositions according to the invention can be widely
used as industrial gear oils, automobile engine oils, automobile gear oils, lubricating oils for refrigerators, such as an
automobile air conditioner and an electric refrigerator, lubricating oils for textile industry, lubricating oils for rolling mills,
etc.

[0029] Further, the lubricating oil compositions according to the invention are excellent not only in the above-men-
tioned properties but also in a compatibility with hydrogenated fluorocarbons (HFC) having ozone layer-nondestructive
properties and a compatibility with hydrogenated chlorofluorocarbons (HCFC) having a small destructive force to
ozone. Therefore, the lubricating oil compositions according to the invention can be employed as lubricating oils for
refrigerators where those hydrogenation products are used singly or in combination as refrigerant.
[0030] The lubricating oil compositions according to the invention may contain the aforesaid hydrogenated fluorocar-
bons (HFC) and hydrogenated chlorofluorocarbons (HCFC) and further mixtures thereof, and the lubricating oil compo-
sitions containing them can be also employed as the lubricating oils for refrigerators such as an automobile air
conditioner and an electric refrigerator.

DETAILED DESCRIPTION OF THE INVENTION

[0031] The lubricating oil compositions according to the present invention are described in more detail hereinafter.
[0032] The first lubricating oil composition of the invention comprises a polycarbonate represented by the following
formula [I] and at least one compound selected from the group consisting of an epoxy compound (a), a phenol com-
pound (b), a sulfur compound (c) and an amine compound (d). This first lubricating oil composition may contain a phos-
phorous triester compound (e) and a phosphoric triester compound (f) in addition to the above-mentioned components.
[0033] The second lubricating oil composition of the invention comprises a polycarbonate represented by the following
formula [II] and a phosphorous triester compound (e), and the third lubricating oil composition of the invention com-
prises a polycarbonate represented by the following formula [III] and a phosphorous triester compound (e). In some
cases, each of the second and third lubricating compositions of the invention may contain at least one compound
selected from the group consisting of a phosphoric triester compound (f), an epoxy compound (a) and a phenol com-
pound (b), in addition to the above-mentioned components.
[0034] Next, each component of the lubricating oil compositions of the invention will be illustrated in detail.

Polycarbonate

[0035] The polycarbonate used as a lubricating base oil in the first lubricating oil composition of the invention is rep-
resented by the following formula [I]:

R1OCOO[(R2O)pCOO]nR3 [I]

[0036] In the above formula [I], R1 and R3 are each independently a hydrocarbon group having 30 or less carbon
atoms or a hydrocarbon group containing an ether bond and having 2 - 30 carbon atoms.
[0037] Concrete examples of R1 and R3 include:

aliphatic hydrocarbon groups such as methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, iso-
butyl group, s-butyl group, t-butyl group, pentyl group, isopentyl group, neopentyl group, n-hexyl group, 1,3-dimeth-
ylbutyl group, 2,3-dimethylbutyl group, isohexyl group, n-heptyl group, isoheptyl group, 3-methylhexyl group, n-octyl
group, 2-ethylhexyl group, isooctyl group, n-nonyl group, isononyl group, n-decyl group, isodecyl group, n-undecyl
group, isoundecyl group, n-dodecyl group, isododecyl group, n-tridecyl group, isotridecyl group, n-tetradecyl group,
isotetradecyl group, n-pentadecyl group, isopentadecyl group, n-hexadecyl group, isohexadecyl group, n-heptade-
cyl group, isoheptadecyl group, n-octadecyl group, isooctadecyl group, n-nonadecyl group, isononadecyl group, n-
eicosyl group, isoeicosyl group, 2-ethylhexyl group and 2-(4-methylpentyl) group;
alicyclic hydrocarbon groups such as cyclohexyl group, 1-cyclohexenyl group, methylcyclohexyl group, dimethylcy-
clohexyl group, decahydronaphthyl group and tricyclodecanyl group;
aromatic hydrocarbon groups such as phenyl group, o-tolyl group, p-tolyl group, m-tolyl group, 2,4-xylyl group, mes-
ityl group and 1-naphthyl group;
aromatic aliphatic hydrocarbon groups such as benzyl group, methylbenzyl group, β-phenylethyl group (phenetyl
group), 1-phenylethyl group, 1-methyl-1-phenylethyl group, p-methylbenzyl group, styryl group and cynnamyl
group; and
glycol ether groups represented by the general formula -(R6-O)q-R7, such as ethylene glycol monomethyl ether
group, ethylene glycol monobutyl ether group, diethylene glycol mono-n-butyl ether group, triethylene glycol
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monoethyl ether group, propylene glycol monomethyl ether group, propylene glycol monobutyl ether group, dipro-
pylene glycol monoethyl ether group and tripropylene glycol mono-n-butyl ether group.

[0038] In the above formula -(R6-O)q-R7, R6 is an alkylene group of 2 - 3 carbon atoms. Concrete examples of such
alkylene groups include ethylene group, propylene group and trimethylene group. R7 is an aliphatic, alicyclic or aromatic
hydrocarbon group of 28 or less carbon atoms. Concrete examples of such hydrocarbon groups include the same
groups as exemplified above for R1 and R3 in the formula [I]. q is an integer of 1 to 20.
[0039] In the above formula [I], R2 is an alkylene group of 2 - 24 carbon atoms. Concrete examples of such alkylene
groups include ethylene group, propylene group, butylene group, amylene group, methylamylene group, ethylamylene
group, hexylene group, methylhexylene group, ethylhexylene group, octamethylene group, nonamethylene group,
decamethylene group, dodecamethylene group and tetradecamethylene group.
[0040] In the formula [I], p is an integer of 1 to 100, and n is an integer of 1 to 10.
[0041] When a polycarbonate represented by the above formula [I] is employed for a lubricating oil composition in a
refrigerator where an ozone layer-nondestructive hydrogenated fluorocarbon such as R-134a is used as a refrigerant,
R1 in the formula [I] preferably is an alkyl group such as n-butyl group, isobutyl group, isoamyl group, cyclohexyl group,
isoheptyl group, 3-methylhexyl group, 1,3-dimethylbutyl group, hexyl group, octyl group and 2-ethylhexyl group; or
alkylene glycol monoalkyl ether group such as ethylene glycol monomethyl ether group, ethylene glycol monobutyl
ether group, diethylene glycol monomethyl ether group, triethylene glycol monomethyl group, propylene glycol mono-
methyl ether group, propylene glycol monobutyl ether group, dipropylene glycol monoethyl ether group and tripropylene
glycol mono-n-butyl ether group.
[0042] Examples of the polycarbonate represented by the formula [I] are given below.

R1OCOO-CH2CH2CH(CH3)CH2CH2-OCOOR3 (1)

R1OCOO-CH2CH(CH3)(CH2)6-OCOOR3 (2)

R1OCOO-(CH2)5-OCOOR3 (3)

R1OCOO-(CH2)6-OCOOR3 (4)

R1OCOO-(CH2)9-OCOOR3 (5)

R1OCOO-(CH2)10-OCOOR3 (6)

[0043] In the above formulas (1) to (6), R1 and R3 are the same groups as those for R1 and R3 in the aforementioned
formula [I].
[0044] The polycarbonates used as lubricating base oils of the second and third lubricating oil compositions according
to the invention are represented by the following formula [II] and the following formula [III], respectively.
[0045] The polycarbonate represented by the following formula [II] includes sucrose type polycarbonate, oligosaccha-
ride type polycarbonate other than sucrose and monosaccharide type polycarbonate.

Su-O-R [II]

[0046] In the above formula [II], Su is a group represented by the following formula (A), and R is a group selected from
the groups represented by the following formulas (B), (C), (D), (E) and (F).
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-(C3H6O)nCOOR5 (E)

-(C3H6O)n(C2H4O)pCOOR5 (F)

[0047] In the above formulas (A), (B), (C) and (D), R4 is a group represented by the above formula (E) or (F).
[0048] In the above formulas (E) and (F), R5 is a hydrocarbon group having 30 or less carbon atoms or a hydrocarbon
group containing an ether bond and having 2 - 30 carbon atoms, and each of n and p is an integer of 1 to 12.
[0049] The polycarbonate represented by the following formula [III] is a polycarbonate derived from sugars not having
a cyclic structure.

(R4O)CH2[CH(OR4)]mCH2(OR4) [III]

[0050] In the above formula [III], R4 is a group represented by the above formula (E) or (F), and m is an integer of 1
to 6.
[0051] In the invention, a ratio of n to p (n/p) in the formula (F) is in the range of 0.5 to 20, preferably 1 to 10, more
preferably 2 to 5.
[0052] Examples of the hydrocarbon groups indicated by R5 in the formulas (E) and (F) include aliphatic hydrocarbon
group, alicyclic hydrocarbon group, aromatic hydrocarbon group, aromatic aliphatic hydrocarbon group, and glycol ether
group represented by the general formula -(R8-O)q-R9 (wherein R8 has the same meaning as that of the above-men-
tioned R6 and is an alkylene group of 2 - 3 carbon atoms; R9 has the same meaning as that of the above-mentioned R7
and is a hydrocarbon group of 28 or less carbon atoms; and q is an integer of 1 to 20).
[0053] Concrete examples of the hydrocarbon groups indicated by R5 include the same hydrocarbon groups as exem-
plified for R1 and R3 in the formula [I].
[0054] When the polycarbonate represented by the aforesaid formula [II] or [III] is employed for a lubricating oil com-
position in a refrigerator where an ozone layer-nondestructive hydrogenated fluorocarbon such as R-134a is used as a
refrigerant, R5 in the above formula (E) or (F) preferably is a lower alkyl group such as methyl group, ethyl group, iso-
propyl group and n-butyl group; or an alkylene glycol monoalkyl ether group such as ethylene glycol monomethyl ether
group, ethylene glycol monobutyl ether group, diethylene glycol monomethyl ether group, triethylene glycol monomethyl
ether group, propylene glycol monomethyl ether group, propylene glycol monobutyl ether group, dipropylene glycol
monoethyl ether group and tripropylene glycol mono-n-butyl ether group.
[0055] Examples of the polycarbonate represented by the formula [II] are given below.
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[0056] Examples of the polycarbonate represented by the formula [III] are given below.
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Process for preparing polycarbonate

[0057] The polycarbonates represented by the aforementioned formulas [I], [II] and [III] can be prepared, for example,
by the following first and second processes.

(1) A process comprises the steps of heating diol (or polyol) and a carbonate compound in the presence of a basic
catalyst to react them with each other until a conversion of not less than 95 % attained, while distilling off the pro-
duced alcohol from the reaction system, then removing the basic catalyst, and distilling off the unreacted carbonate
compound from the reaction system, to prepare a polycarbonate.
(2) A process comprises the steps of heating diol (or polyol), monoalcohol and a carbonate compound in the pres-
ence of a basic catalyst to react them with each other until a conversion of not less than 95 % attained, while dis-
tilling off the produced alcohol from the reaction system, then removing the basic catalyst, and distilling off both the
unreacted carbonate compound and a carbonate compound which has not participated to the final stage reaction
from the reaction system, to prepare a polycarbonate.

[0058] The first process for preparing a polycarbonate is described in detail hereinafter.
[0059] In the first place, (a) a diol represented by the formula [IV] described later or a polyol represented by the for-
mula [V] or [VI] described later, and (b) a carbonate compound represented by the following formula [VII] or [VIII] are
heated in the presence of a basic catalyst to react them with each other until a reaction conversion of not less than 95
% attained, while distilling off the produced alcohol (R1OH, R3OH or R5OH) from the reaction system.

R1OCOOR1 or R3OCOOR3 [VII]

wherein R1 and R3 have the same meanings as those of R1 and R3 in the aforementioned formula [I].
[0060] In the case of using this carbonate compound, a boiling point of R1OH or R3OH is lower than that of the above-
mentioned diol, and a ratio of m1/2m2 (m1: number of moles of the carbonate compound, m2: number of moles of diol)
is in the range of 0.5 to 200.

R5OCOOR5 [VIII]

wherein R5 is the same as R5 in the aforementioned formulas (E) and (F).
[0061] In the case of using this carbonate compound, a boiling point of R5OH is lower than that of the above-men-
tioned polyol, and a molar ratio of this carbonate compound to polyol represented by the formula [V] or [VI] is in the
range of 3 to 80.
[0062] For carrying out the above reaction, the reactor is desirably purged with nitrogen, but the reactor may not be
purged with nitrogen.
[0063] In the next place, the above-mentioned basic catalyst is removed, and then the unreacted carbonate com-
pound is distilled off from the reaction system, to obtain a polycarbonate represented by the aforesaid formula [I], [II] or
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[III].

[0064] In this process, a polycarbonate in which all hydroxyl groups of the polyol (starting material) are carbonated is
produced, but there is a possibility that a polycarbonate in which some hydroxyl groups of the polyol are carbonated is
produced in a small amount.
[0065] The above-mentioned diol is represented by the following formula [IV]:

R2(OH)2 [IV]

wherein R2 is the same as R2 in the aforesaid formula [I].
[0066] The above-mentioned polyol is represented by the following formula [V]:

Su-O-R10 [V]

wherein Su is a group represented by the following formula (G), and R10 is a group selected from the groups repre-
sented by the following formulas (H), (I), (J), (K) and (L).

-(C3H6O)nH (K)

-(C3H6O)n(C2H4O)pH (L)

[0067] In the above formulas (G), (H), (I) and (J), R11 is a group represented by the above formula (K) or (L) .
[0068] In the above formula (K), n is an integer of 1 to 12; and in the above formula (L), each of n and p is an integer
of 1 to 12.
[0069] Concrete examples of the polyol represented by the formula [V] are polyols represented by the following for-
mulas. In those formulas, n is an integer of 1 to 12.

5

10

15

20

25

30

35

40

45

50

55



EP 0 976 809 A2

14

5

10

15

20

25

30

35

40

45

50

55



EP 0 976 809 A2

15

[0070] Polyols obtained by substituting the -(C3H6O)nH group of the above formulas (1) to (4) with a -
(C3H6O)n(C2H4O)pH group, respectively.
[0071] The above-mentioned polyol is also represented by the following formula [VI]:

(R11O)CH2[CH(OR11)]mCH2(OR11) [VI]

wherein R11 is a group represented by the aforementioned formula (K) or (L), and m is an integer of 1 to 6.
[0072] Concrete examples of the polyol represented by the formula [VI] are polyols represented by the following for-
mulas. In those formulas, n is an integer of 1 to 12.

[0073] Polyols obtained by substituting the -(C3H6O)nH group of the above formulas (1) and (2) with a -
(C3H6O)n(C2H4O)pH group, respectively.
[0074] Preferred examples of the carbonate compounds represented by the aforesaid formulas [VII] and [VIII] include
concretely dimethyl carbonate, diethyl carbonate, dipropyl carbonate, dibutyl carbonate, di-[1,3-dimethylbutyl]carbon-
ate, diisoamyl carbonate, dihexyl carbonate, dioctyl carbonate, dicyclohexyl carbonate, di-3-methylhexyl carbonate, di-
2-ethylhexyl carbonate and di(2-methyl-methoxyethyl) carbonate.
[0075] In this process, the carbonation reaction is proceeded while distilling off alcohol produced in the carbonation
reaction from the reaction system, and hence a boiling point of thus produced alcohol, that is, alcohol represented by
R1OH, R3OH or R5OH, is required to be lower than a boiling point of the above-mentioned diol or polyol.
[0076] Further, the carbonate compound represented by the formula [VII] is used in such an amount that the afore-
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mentioned ratio m1/2m2 would be in the range of 0.5 to 200, preferably 1 to 80, more preferably 1 to 150.

[0077] On the other hand, the carbonate compound represented by the formula [VIII] is used in such an amount that
a molar ratio of this carbonate compound to the polyol represented by the formula [V] or [VI] would be in the range of 3
to 80, preferably 3 to 50.
[0078] By using the specific amount of the carbonate compound as above, production of a polycarbonate having high
polymerization degree can be restrained.
[0079] In this process, the above-described diol (or polyol) and carbonate compound are charged in a reactor, then
they are heated in the presence of a basic catalyst to react them with each other until a reaction conversion of not less
than 95 % attained, while distilling off the produced alcohol from the reaction system, followed by removing the basic
catalyst, and then the unreacted carbonate compound is distilled off from the reaction system. The expression "reaction
conversion of not less than 95 % attained" means that the reaction is proceeded until the alcohol (R1OH or R3OH) is
produced in an amount of not less than 0.95 time mole of the aforementioned 2m2, or that the reaction is proceeded
until the alcohol (R5OH) is produced in an amount of not less than 0.95 time mole of the mole number of the polyol rep-
resented by the formula [V] or [VI].
[0080] Examples of the basic catalysts preferably used in the invention include alkali metal hydroxides such as sodium
hydroxide and potassium hydroxide; alkali metal carbonates or hydrogen carbonates such as sodium carbonate and
sodium bicarbonate; alkali metal alcoholates such as sodium methoxide, potassium methoxide, lithium methoxide and
cesium methoxide; and alkali metal compounds such as sodium hydride and sodium amide. Of these, alkali metal alco-
holates are particularly preferred. Also employable are, for example, alkaline earth metal compounds such as magne-
sium hydroxide and calcium hydroxide; and organoamino compounds such as trimethylamine, triethylamine, imidazole
and tetramethylammonium hydroxide. The catalyst is used in such an amount that a ratio of the mole number of the cat-
alyst to the aforesaid 2m2, or a ratio of the mole number of the catalyst to the mole number of the polyol (molar ratio),
would be in the range of usually 10-1 to 10-7, preferably 10-2 to 10-5.
[0081] In this process, the temperature for the reaction is in the range of generally 50 to 300 °C, preferably 60 to 200
°C, and the reaction time for the reaction is in the range of generally 0.5 to 200 hours, preferably 1 to 100 hours.
[0082] After the completion of the reaction, the catalyst is removed by washing the reaction solution with water or neu-
tralizing it with an acid. Examples of the acids used herein include solid acids such as sulfonic acid type ion exchange
resin; inorganic acids such as carbonic acid, ammonium chloride, hydrochloric acid, sulfuric acid and phosphoric acid;
and organic acids such as acetic acid and phenol. In the washing procedure, a salt such as ammonium carbonate may
be added.
[0083] The basic catalyst is removed as mentioned above, and then the unreacted carbonate compound is distilled
off from the reaction system under a reduced pressure, whereby polymerization of a polycarbonate produced can be
prevented when the unreacted carbonate compound is distilled off from the reaction system in the presence of a basic
catalyst, and hence the aimed polycarbonate can be obtained in a high yield.
[0084] The polycarbonate obtained as above may be treated with an adsorbent such as active clay and activated car-
bon, or may be washed with water, to remove impurities existing in a trace amount. Through such treatment, an ionic
compound or a polar compound existing in a trace amount can be removed, so that the resulting polycarbonate can be
stably preserved.
[0085] According to the process as described above, in the case where dimethyl carbonate is used as the carbonate
compound in the above-mentioned reaction, methanol may be distilled off from the reaction system in the form of an
azeotrope with an azeotropic solvent such as cyclohexane, benzene or hexane after the azeotropic solvent is previously
added to the reaction system, instead of distilling off the methanol from the reaction system as an azeotrope with dime-
thyl carbonate. In this case, the azeotropic solvent is used in an amount of generally 5 to 100 parts by weight per 100
parts by weight of dimethyl carbonate.
[0086] Furthermore, according to the above process, methanol is distilled off from the reaction system as an azeo-
trope with the above-mentioned azeotropic solvent, and after completion of the reaction, the unreacted dimethyl car-
bonate is recovered from the reaction mixture, so that a recovery of the unreacted dimethyl carbonate can be increased.
[0087] Otherwise, it is possible that methanol is recovered as an azeotrope with dimethyl carbonate as described
above, then to the resulting azeotrope is added the above-mentioned azeotropic solvent, and methanol is distilled off
as an azeotrope with the azeotropic solvent from dimethyl carbonate, to recover dimethyl carbonate.
[0088] Moreover, according to the process stated above, after the reaction of diol (or polyol) and a carbonate com-
pound is completed, a basic catalyst is removed, and thereafter the unreacted carbonate compound is removed, so that
the aimed polycarbonate can be obtained in a high yield.
[0089] Next, the second process for preparing a polycarbonate is described in detail.
[0090] In the first place, (a) a diol represented by the above formula [IV] or a polyol represented by the above formula
[V] or [VI], (b) a monoalcohol represented by the following formula [IX] or [X] and (c) a carbonate compound represented
by the following formula [XI] or [XII] are heated in the presence of a basic catalyst to react them with each other until a
reaction conversion of not less than 95 % attained, while distilling off the produced alcohol (R12OH or R13OH) from the
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reaction system. For carrying out the above reaction, the reactor is desirably purged with nitrogen, but the reactor may
not be purged with nitrogen.

R1OH or R3OH [IX]

wherein R1 and R3 have the same meanings as those of R1 and R3 in the aforesaid formula [I].

R5OH [X]

wherein R5 is the same as R5 in the aforesaid formula [III], and is a hydrocarbon group having 30 or less carbon atoms
or a hydrocarbon group containing an ether bond and having 2 - 30 carbon atoms.

R12OCOOR12 [XI]

wherein R12 is each independently an alkyl group of 1 - 12 carbon atoms.
[0091] In the case of using this carbonate compound, a boiling point of R12OH is lower than that of the above-men-
tioned diol and monoalcohol, and a ratio of m1/2m2 (m1: number of moles of the carbonate compound, m2: number of
moles of diol) is in the range of 0.5 to 200.

R13OCOOR13 [XII]

wherein R13 is each independently an alkyl group of 1 - 2 carbon atoms.
[0092] In the case of using this carbonate compound, a boiling point of R13OH is lower than that of the above-men-
tioned polyol and monoalcohol, and a molar ratio of this carbonate compound to polyol represented by the formula [V]
or [VI] is in the range of 3 to 80.
[0093] In the next place, the above-mentioned basic catalyst is removed, and then the unreacted carbonate com-
pound and a carbonate compound which has not participated to the final reaction stage (R14OCOOR14 (wherein R14 is
each independently the above-mentioned R1, R3 or R12), or R13OCOOR13) are distilled off from the reaction system,
to obtain a polycarbonate represented by the aforesaid formula [I], [II] or [III].
[0094] Also in this process, a polycarbonate in which all hydroxyl groups of the polyol (starting material) are carbon-
ated is produced, but there is a possibility that a polycarbonate in which some hydroxyl groups of the polyol are carbon-
ated is produced in a small amount.
[0095] In this process, the carbonation reaction is proceeded while distilling off alcohol produced in the carbonation
reaction from the reaction system, and hence a boiling point of thus produced alcohol, that is, alcohol represented by
R12OH or R13OH, is required to be lower than a boiling point of the above-mentioned diol (or polyol) and monoalcohol.
The carbonate compound represented by the formula [XI] is used in such an amount that the aforementioned ratio
m1/2m2 would be in the range of 0.5 to 200, preferably 1 to 80, more preferably 1 to 50. On the other hand, the carbon-
ate compound represented by the formula [XII] is used in such an amount that a molar ratio of this carbonate compound
to the polyol represented by the formula [V] or [VI] would be in the range of 3 to 80, preferably 3 to 50. By using the
specific amount of the carbonate compound as above, production of a polycarbonate having high polymerization
degree can be restrained.
[0096] In this process, the above-described diol (or polyol), monoalcohol and carbonate compound are charged in a
reactor, then they are heated in the presence of a basic catalyst to react them with each other until a reaction conversion
of not less than 95 % attained, while distilling off the produced alcohol from the reaction system, followed by removing
the basic catalyst, and then the unreacted carbonate compound is distilled off from the reaction system.
[0097] The meaning of the above expression "reaction conversion of not less than 95 % attained" is the same as
described before. Further, the basic catalyst, reaction temperature, reaction period, removal of the catalyst after com-
pletion of the reaction, removal of the impurities, and recovery of the unreacted dimethyl carbonate in this second proc-
ess are the same as those in the first process described before.
[0098] In the first process for preparing a polycarbonate described before, carbonate compounds other than dimethyl
carbonate and diethyl carbonate represented by the formula [VII] and [VIII] are hardly available, so that they are
required to be beforehand synthesized. However, in the second process, polycarbonates can be prepared using the
easily available carbonate compounds represented by the formula [XI] and [XII] (dimethyl carbonate, diethyl carbonate,
ethylmethyl carbonate). Accordingly, the second process does not need to synthesize the carbonate compounds, and
this is an economical process.
[0099] Similarly to the first process described before, polycarbonate can be obtained in a high yield according to this
second process.
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Epoxy compound (a)

[0100] Concrete examples of the epoxy compounds (a) include:

glycidyl ethers such as phenyl glycidyl ether, tolyl glycidyl ether, xylyl glycidyl ether, butyl glycidyl ether, 2-ethylhexyl
glycidyl ether, sec-butylphenol glycidyl ether, 2-methyloctyl glycidyl ether, n-decyl glycidyl ether, diglycidyl ether
and diglycidyl ether of bisphenol A;
glycidyl esters such as glycidyl acetate, glycidyl laurate, glycidyl palmitate, glycidyl stearate and glycidyl oleate; and
epoxidized hydrocarbons such as epoxidized octyl stearate, epoxidized soybean oil, epoxidized cyclohexane, epox-
idized dicyclopentadiene and epoxidized dihydrodicyclopentadiene.

[0101] Of these, particularly preferred are epoxidized octyl stearate, phenyl glycidyl ether and tolyl glycidyl ether.

Phenol compound (b)

[0102] Concrete examples of the phenol compounds (b) include 1,3,5-trimethyl-2,4,6-(3,5-di-t-butyl-4-hydroxyphenyl)
methylbenzene, tetra [methylene-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]methane, t-butylated hydroxytoluene, p-
hydroxyanisole, 3-methyl-4-isopropylphenol, 2-t-butyl-4,6-dimethylphenol, 2-t-butyl-4-methoxyphenol, 2,6-di-t-butyl-
phenol, propyl gallate, styrenated cresol, 2-(1-methylcyclohexyl)-4,6-dimethylphenol, 2,4-di-t-butyl-5-methylphenol,
2,6-di-t-butyl-4-hydroxytoluene, 3,5-di-t-butyl-4-hydroxytoluene, 4,4'-thio-bis(2-methyl-6-t-butylphenol) and 2,2'-thio-
bis(4-methyl-6-t-butylphenol).
[0103] Of these, 3,5-di-t-butyl-4-hydroxytoluene, 2,6-di-t-butyl-4-hydroxytoluene and tetra[methylene-3-(3,5-di-t-butyl-
4-hydroxyphenyl)propionate]methane are particularly preferred for the first lubricating oil composition of the invention.
[0104] On the other hand, t-butylated hydroxytoluene, 2,6-di-t-butylphenol and styrenated cresol are particularly pre-
ferred for the second and third lubricating oil compositions of the invention.

Sulfur compound (c)

[0105] Concrete examples of the sulfur compounds (c) include mercaptobenzimidazole, phenothiazine, N,N'-diphe-
nyl-thiourea, tetramethylthiuram disulfide, N-oxydiethylene-2-benzothiazolylsulfenamide, N-cyclohexyl-2-benzothia-
zolyl-sulfenamide, 2-mercaptobenzothiazole/cyclohexylamine salt, N,N'-diisopropyl-2-benzothiazolylsulfenamide, 2-
(N,N-diethylthiocarbonylthio)benzothiazole, tetraethylthiuram disulfide, dibenzothiazolyl disulfide, zinc diethyldithiocar-
bamate, zinc ethylphenyldithiocarbamate, zinc di-n-butylthiocarbamate, dilauryl thiodipropionate, dilauryl thiodi-1,1'-
methylbutyrate, dimyristyl-3,3'-thiodipropionate, laurylstearyl thiodipropionate, distearyl thiodipropionate, distearyl thi-
odibutyrate, penta(erythrityl-tetra-β-mercaptolauryl)propionate, dioctadecyl disulfide, and 4,4'-thio-bis(3-methyl-6-t-
butylphenol).
[0106] Of these, dilauryl thiodipropionate and 4,4'-thio-bis(3-methyl-6-t-butylphenol) are particularly preferred.

Amine compound (d)

[0107] Concrete examples of the amine compounds (d) include phenyl-1-naphthylamine, N,N'-diphenyl-p-phenylen-
ediamine, 4,4'-bis(α,α-dimethylbenzyl)diphenylamine, N,N'-di-β-naphthyl-p-phenylenediamine, 2,2,6,6-tetramethyl-4-
piperidine methyl methacrylate, bis(2,2,6,6-tetramethyl-4-piperidyl)oxalate, 1,2,2,6,6-pentamethyl-4-piperidine methyl
methacrylate and bis(1,2,2,6,6-pentamethyl-4-piperidyl)sebacate.
[0108] Of these, 4,4'-bis(α,α-dimethylbenzyl)diphenylamine is particularly preferred.

Phosphorous triester compound (e)

[0109] Concrete examples of the phosphorous triester compounds (e) include triisodecyl phosphite, trioctyl phosphite,
tricresyl phosphite, triphenyl phosphite, diphenyloctyl phosphite, diphenyldecyl phosphite, phenyldidecyl phosphite and
1,1,3-tri(2-methyl-4-ditridecylphosphite-5-t-butylphenyl)butane.
[0110] Of these, phenyldidecyl phosphite and diphenyldecyl phosphite are particularly preferred for the first lubricating
oil composition of the invention.
[0111] On the other hand, tricresyl phosphite and diphenyloctyl phosphite are particularly preferred for the second
and third lubricating oil compositions of the invention.
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Phosphoric triester compound (f)

[0112] Concrete examples of the phosphoric triester compounds (f) include triphenyl phosphate, tricresyl phosphate,
trioctyl phosphate and 1,1,3-tris(2-methyl-4-ditridecylphosphate-5-tert-butylphenyl)butane.
[0113] Of these, triphenyl phosphate and tricresyl phosphate are particularly preferred for the first lubricating oil com-
position of the invention.
[0114] On the other hand, tricresyl phosphate and 1,1,3-tris (2-methyl-4-ditridecylphosphate-5-tert-butylphe-
nyl)butane are particularly preferred for the second and third lubricating oil compositions of the invention.

Amounts of components (a) to (f)

[0115] The amounts of the aforementioned components (a) to (f) used in the first lubricating oil composition of the
present invention are as follows.
[0116] Each of the epoxy compound (a), the phenol compound (b), the sulfur compound (c) and the amine compound
(d) is used in an amount of 0.0001 to 5 parts by weight, preferably 0.01 to 3.0 parts by weight, more preferably 0.02 to
2.0 parts by weight, based on 100 parts by weight of the polycarbonate represented by the aforesaid formula [I].
[0117] These compounds (a) to (d) can be used singly or in combination.
[0118] Each of the phosphorous triester compound (e) and the phosphoric triester compound (f) is used in an amount
of 0 to 5 parts by weight, preferably 0.01 to 3.0 parts by weight, more preferably 0.02 to 2.0 parts by weight, based on
100 parts by weight of the polycarbonate represented by the aforesaid formula [I].
[0119] These compounds (e) and (f) are optional components, and they are used singly or in combination.
[0120] The amounts of the components (e), (f), (a) and (b) used in the second and third lubricating oil compositions
of the present invention are as follows.
[0121] The phosphorous triester compound (e) is used in an amount of 0.0002 to 5 parts by weight, preferably 0.01
to 3.0 parts by weight, more preferably 0.02 to 2.0 parts by weight, based on 100 parts by weight of the polycarbonate
represented by the aforesaid formula [II] or [III].
[0122] Each of the phosphoric triester compound (f), the epoxy compound (a), and the phenol compound (b) is used
respectively in an amount of 0 to 5 parts by weight, preferably 0.01 to 3.0 parts by weight, more preferably 0.02 to 2.0
parts by weight, based on 100 parts by weight of the polycarbonate represented by the aforesaid formula [II] or [III].
[0123] These compounds (f), (a) and (b) are optional components, and they are used singly or in combination.
[0124] The polycarbonate having a carbonate bond, which is used as a lubricating base oil in the invention, generates
carbon dioxide gas in a very small amount under severe use conditions. In general, the carbon dioxide gas is non-con-
densative in the ordinary refrigerator system where fluorocarbon, chlorofluorocarbon or hydrogenation product thereof
is used as a refrigerant, and thereby decrease of refrigeration efficiency and temperature rise in the compression step
are brought about. Therefore, it is said that use of polycarbonates is unfavorable. The present inventors have studied
on a great number of additives capable of preventing generation of the carbon dioxide gas, and found that the above-
mentioned epoxy compound (a), phenol compound (b), sulfur compound (c), amine compound (d), phosphorous tri-
ester compound (e) and phosphoric triester compound (f) are remarkably effective as such additives.
[0125] Further, the present inventors have also found that the epoxy compound (a), the phenol compound (b), the
sulfur compound (c) and the amine compound (d) are preferred in the case of using the polycarbonate represented by
the formula [I] as a lubricating base oil, and the phosphorous triester compound (e) is preferred in the case of using the
polycarbonate represented by the formula [II] or [III] as a lubricating base oil.
[0126] Furthermore, the present inventors have found the above-described compounds (a) to (f) contribute to the
enhancement of the lubricating properties.
[0127] Based on the findings stated above, the present inventors have accomplished the present invention.

Other optional components

[0128] The lubricating oil compositions of the present invention may contain other components in addition to the
above polycarbonate, epoxy compound (a), phenol compound (b), sulfur compound (c), amine compound (d), phospho-
rous triester compound (e) and phosphoric triester compound (f) .
[0129] For example, in the case of using the lubricating oil compositions of the invention as the industrial gear oils,
automobile engine oils or the automobile gear oils, neutral oil or bright stock may be added to the lubricating oil com-
positions. Further, also may be added to the lubricating oil compositions are α-olefin oligomers such as liquid poly-
butene and liquid decene oligomer; esters of carboxylic acid such as diisooctyl adipate, diisooctyl sebacate, dilauryl
sebacate, 2-ethylhexanoic acid tetraesters of pentaerythritol and hexanoic triester of trimethylolpropane; and vegetable
oils. Moreover, conventionally known additives for lubricating oils, for example, those described in Toshio Sakurai "Addi-
tives for Petroleum Products" (published by Saiwai Shobo, 1974), such as detergent-dispersing agents, antioxidants,
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load-resistant additives, oily agents and pour-point decreasing agents may be added to the lubricating oil compositions,
with the proviso that the objects of the invention are not marred.

[0130] In the case of using the lubricating oil compositions of the invention as lubricating oils for refrigerators, espe-
cially in the case of using them for refrigerators where hydrogenated fluorocarbon (HFC) is used as a refrigerant gas,
the components which can be added to the lubricating oil compositions are especially preferred to glycol ethers and
esters of carboxylic acid from the viewpoint of compatibility. The amount of those components is required to be less than
60 % by weight based on 100 % by weight of the total amount of the lubricating oil composition, because an excess
amount thereof deteriorates heat resistance, compatibility with R-134a and hygroscopicity. Also may be added to the
lubricating oil compositions are the above-mentioned conventionally known additive for lubricating oils. Moreover, in the
lubricating oils for refrigerators hydrogenated fluorocarbons (HFC) having ozone layer-nondestructive properties such
as R-134a, hydrogenated chlorofluorocarbons (HCFC) having a small destructive force to ozone such as R-22 and
hydrogenation products thereof may be used.
[0131] In the case of using the lubricating oil compositions of the invention as lubricating oils for rolling mills, metal
processing oils, lubricating oils for textile industry, etc., the aforementioned polycarbonate may be used in the form of
emulsion with water obtained by using an appropriate emulsifying agent, as carried out in the conventional manner.

EFFECT OF THE INVENTION

[0132] The lubricating oil compositions according to the invention have such effects that they are excellent in lubricat-
ing properties, detergency, electrical insulation properties, and that they can be easily decreased in the viscosity at low
temperatures as compared with mineral oils and ester type lubricating oils.
[0133] Further, the lubricating oil compositions according to the invention have such effect that they can prevent gen-
eration of carboxylic acid and carbon dioxide gas caused by polycarbonates.
[0134] Accordingly, the lubricating oil compositions according to the invention can be widely used as industrial gear
oils, automobile engine oils, automobile gear oils, lubricating oils for refrigerators such as an air conditioner and an elec-
tric refrigerator, lubricating oils for textile industry, lubricating oils for rolling mills, etc.
[0135] Since the lubricating oil compositions according to the invention are excellent not only in the above-mentioned
properties but also in the compatibility with hydrogenated fluorocarbons (HFC) which are nondestructive to the ozone
layer and the compatibility with hydrogenated chlorofluorocarbons (HCFC) which have a small destructive force to
ozone, they can be suitably used as lubricating oils for refrigerators (e.g., automobile air conditioner and electric refrig-
erator) where those hydrogenation products are used singly or in combination as refrigerant.
[0136] The present invention is further described below referring to the following examples, but the invention is in no
way limited to those examples.
[0137] Analyses of the polycarbonates and the control materials and performance evaluations of the lubricating oil
compositions in Examples with respect to the first lubricating oil composition of the invention and Comparative Exam-
ples thereof are made in accordance with the following test methods.

[Test method]

[0138]

a. Kinematic viscosity JIS K-2283
b. Viscosity index JIS K-2283
c. Load bearing capacity

After a 5-minute warming-up operation under a load of 250 lbf using a Falex tester, the load is increased con-
tinuously, and a value of the increased load obtained, at which burn markings have appeared, is taken as a value
of load bearing capacity.
d. Concentration of carbon dioxide gas

For gas sampling, an autoclave of 50 cc in capacity, the upper part of which has been provided by welding a
sample pouring-spout of a gas chromatography, is charged with 25 g of a sample oil, and the autoclave is sealed
in a nitrogen atmosphere. Subsequently, the autoclave is heated by means of a thermostatic oil bath controlled at
175°C, and after 7 hours heating, 1 cc of a gas phase present in the autoclave is collected through the gas sampling
sprout provided on the upper part of the autoclave by means of a gas syringe, and a concentration of CO2 gener-
ated from the sample oil is measured by gas chromatography under the following conditions.

Column : Activated carbon column 6 m
Column temperature : 165°C
Carrier gas : He
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Rate of of carrier gas feeding: 40 ml/min

Detector : TCD

e. Compatibility with Freon R-134a

(1) A test tube of 10 mm in inside diameter and 20 cm in depth is charged with 1 ml of the specimen and, while
cooling the test tube on a dry ice/acetone bath, Freon R-134a is introduced gradually into the test tube from a
bomb and stored so as to reach a volume slightly larger than that of the specimen. The mixture in the test tube
is then stirred by means of a spatula, and the test tube is transferred onto a cooling bath kept at -20°C to inves-
tigate a solubility of the specimen in Freon R-134a at the time when the volume ratio of the specimen/Freon
134a has become 1/1. At the time of the investigation, when the resulting mixture is a perfectly homogeneous
solution, the rating is taken as o, and when the specimen does not dissolve in Freon 134a, the rating is taken
as x.
(2) In order to investigate the solubility of the carbonate product in Freon 134a more in detail, the lubricating
and Freon 134a are encapsulated in various proportions into a glass tube to obtain a critical temperature at
which the two compounds become compatible with each other.
(3) In a 200 ml pressure glass cylinder is taken 5 g of the sample oil, followed by vacuumizing. To the cylinder
is added 95 g of Freon R-134a, and is thoroughly mixed with the sample oil to evaluate the compatibility of the
two compounds. When this thorough mixture is transparent at a temperature in the range of 15° to -30°C, the
compatibility is judged to be acceptable.

[0139] In the following examples and comparative examples regarding the second and third lubricating oil composi-
tions of the present invention, the results of analysis and evaluation of performance of the polycarbonates were
obtained by the test methods mentioned below.

(1) Analytical method

a. Average molecular weight

[0140] Using a GPC system of Shimadzu Seisakusho Ltd., the average molecular weight of the polycarbonate
obtained was determined on the basis of polystyrene. The conditions under which the average molecular weight is
determined are as follows:

Column : Four (4) pieces of polystyrene gel (G-2000HXL + G-2000HXL + G-3000HXL + G-4000HXL)
Sensor : Differential refractometer
Temperature : 40°C
Solvent : Tetrahydrofuran
Rate of elution : 0.7 ml/min

b. Infrared absorption spectrum

[0141] The determination is conducted using the specimen spread between KBr plates by means of an infrared spec-
trometer A-302 manufactured and sold by Nippon Bunkoh K.K.

c. NMR analysis

[0142] The n value in the formula [E] representing R4 in the general formulae [II] and [III] is obtained by the proton
NMR method [JNM-GX270 manufactured and sold by Nippon Densi K.K.].

(2) Evaluation method

a. Kinematic viscosity

[0143] Same as the above-mentioned method

b. Load bearing capacity

[0144] Same as the above-mentioned method
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c. Frictional characteristics

[0145] The measurement of the friction coefficient was carried out using a SRV friction tester of Optimol under the
following conditions.

Load : 100N
Temperature : 100°C
Time : 10 minutes
Vibrational amplitude : 1 mm
Number of vibration : 50 Hz
Specimen : Combination of a circular plate and a sphere, both being made of SUJ-2

[0146] The abrasion trace is determined by measuring the depth of abrasion traces on the circular plate after the test
by means of a surface roughness meter (SURFCOM 2000 of Tokyo Seimitsu K.K.).

d. Heat stability

[0147] A 100 cc beaker charged with 20 g of the specimen is heated at 170°C for 6.5 hours in an oven to evaluate the
heat stability by measuring the rate of change in weight before and after the heating and rate of change in kinematic
viscosity at 100°C and of the total acid value. The smaller are the rate of change and total acid, the more excellent is
the heat stability.

e. Compatibility with Freon R-134a

[0148] Same as the above-mentioned method.

f. Concentration of carbon dioxide gas

[0149] To the opening of a test tube (inside diameter 22 mm, depth 20 cm) charged with 10 g of the sample oil is fitted
a rubber stopper into which a T-type glass tube has been inserted, said glass tube having a gas introducing tube at its
center portion in the lengthwise direction and a gas collecting bag fitted to one end while the other end being open,
thereby sealing the test tube. Subsequently, after deaerating the air in the test tube and glass tube through the gas intro-
ducing tube, 500 ml of nitrogen gas of ordinary pressure is injected into this test tube. The test tube is heated at 175°C
for 24 hours by means of a thermostatic oil bath, and the gas present in the test tube is collected to measure the con-
centration in the collected gas of CO2 gas generated by decomposition of the sample oil by means of a gas chromatog-
raphy under the following conditions.

Column: Parapak-Q, 3 m
Column temperature: 50°C
Carrier gas: He
Feed rate of carrier gas: 40 ml/min
Detector: TCD

g. Volume resistivity

[0150] The volume resistivity is obtained in accordance with ASTM D 257.

[Referential example, examples and comparative example of the first lubricating oil composition of the present inven-
tion]

Referential Example 1

[0151] A 5-liter flask equipped with a distillation column of a 10-sieve tray was charged with 588 g (4.98 mol) of 3-
methyl-1,5-pentadiol, 2,500 g (21.42 mol) of methylhexanol (a mixture consisting of 87% of 3-methyl body and 13% of
5-methyl body), 1932 g (21.45 mol) of dimethyl carbonate and 3.8 g (0.020 mol) of a methanol solution of 28% by weight
of NaOCH3.
[0152] This mixture was heated at 110-160°C for 8 hours at atmospheric pressure to distill off the resulting methanol.
The yield of the methanol was 98%.
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[0153] Subsequently, this mixture was allowed to undergo reaction for 8 hours by heating at 130-170°C under reduced
pressure (130-10 mmHg) to distill off methanol, dimethyl carbonate, methylhexanol and methyl-methylhexyl carbonate.

[0154] After washing the thus obtained mixture with an aqueous solution containing ammonium carbonate in an
amount of five times the molar quantity of the NaOCH3 used and then with water, an excess dimethylhexyl carbonate
was removed by distillation to obtain 1,480 g of a polycarbonate.
[0155] As a result of analysis, it was found that the polycarbonate thus obtained is a mixture of a polycarbonate having
the following structure and its condensate.

C7H15OCOOCH2CH2CH(CH3)CH2CH2OCOOC7H15
[0156] Table 1 shows fundamental performance as lubricating oil of the polycarbonate thus obtained.

Example 1

[0157] There was prepared a mixture of 100 parts by weight of the polycarbonate of Referential Example 1 as a base
lubricating oil and 1.0 part by weight of 2,6-di-t-butyl-4-hydroxytoluene. The mixture thus obtained was tested for carbon
dioxide concentration and compatibility with Freon R-134a in accordance with the aforementioned test method.
[0158] Results obtained are shown in Table 2.

Example 2

[0159] There was obtained a mixture by repeating the same procedure as in Example 1 except that dilauryl thiodipro-
pionate was used in place of the 2,6-di-t-butyl-4-hydroxytoluene.
[0160] The mixture thus obtained was tested for carbon dioxide gas concentration and compatibility with Freon R-
134a in accordance with the aforementioned test method.
[0161] Results obtained are shown in Table 2.

Example 3

[0162] There was obtained a mixture by repeating the same procedure as in Example 1 except that the amount of the
2,6-di-t-butyl-4-hydroxytoluene used was changed to 0.05 part by weight, and there was further used 1.0 part by weight
of phenyldidecyl phosphite.
[0163] The mixture thus obtained was tested for carbon dioxide gas concentration and compatibility with Freon R-
134a in accordance with the aforementioned test method.
[0164] Results obtained are shown in Table 2.

Example 4

[0165] There was obtained a mixture by repeating the same procedure as in Example 3 except that 1.0 part by weight

(Note 1) o : Compatible x : Incompatible
(Note 2) Lubricating oil : 15 wt% R-134a : 85 wt%

Table 1

Referential Example 1

Viscosity characteristics

100°C Kinematic viscosity [cSt] 5.5

Viscosity index 133

Load bearing value [lbf] 860

Compatibility with R-134a

(1) (Note 1) o

(2) Critical temperature [°C] (Note
2)

High temperature side 94

Low temperature side 59
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of dilauryl thiodipropionate was used in place of the phenyldidecyl phosphite.

[0166] The mixture thus obtained was tested for carbon dioxide concentration and compatibility with Freon R-134a in
accordance with the aforementioned test method.
[0167] Results obtained are shown in Table 2.

Example 5

[0168] There was obtained a mixture by repeating the same procedure as in Example 1 except that epoxidized octyl
stearate was used in place of the 2,6-di-t-butyl-4-hydroxytoluene.
[0169] The mixture thus obtained was tested for carbon dioxide concentration and compatibility with Freon R-134a in
accordance with the aforementioned test method.
[0170] Results obtained are shown in Table 2.

Example 6

[0171] There was obtained a mixture by repeating the same procedure as in Example 1 except that 4,4'-bis(α,α-
dimethylbenzyl)diphenylamine was used in place of the 2,6-di-t-butyl-4-hydroxytoluene.
[0172] The mixture thus obtained was tested for carbon dioxide concentration and compatibility with Freon R-134a in
accordance with the aforementioned test method.
[0173] Results obtained are shown in Table 2.

Comparative Example 1

[0174] The polycarbonate (base oil) of Referential Example 1 was tested for carbon dioxide gas concentration and
compatibility with Freon R-134a in accordance with the aforementioned test method.
[0175] Results obtained are shown in Table 2.

Note 1: In accordance with the test/method (3) of compatibility with R-134a

Table 2

Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Comp. Ex.1

Base oil
[polycar-
bonate) (part
by wt)

Ref.Ex.1
100

Ref.Ex.1
100

Ref.Ex.1
100

Ref.Ex.1
100

Ref.Ex.1 100 Ref.Ex.1
100

Ref.Ex.1 100

Additive

1) Kind (part
by wt)

2,6-di-t-
Butyl-4-

hydroxytolu-
ene 1.0

Dilaurylthi-
odipropion-

ate 1.0

Phenyl-di-
decyl phos-

phite 1.0

Dilauryl thi-
odipropion-

ate 1.0

Epoxidized
octylstear-

ate 1.0

4.4'-bis (α,α-
dimethyl-

benzyl
diphe-

nylamine 1.0

None

2) Kind (part
by wt)

2,6-di-t-
Butyl-4-

hydroxytol-
uene 0.05

2,6-di-t-
Butyl-4-

hydroxytol-
uene 0.05

Compatibil-
ity with R-
134a [note 1]

w w w w w w w

Carbon diox-
ide gas con-
centration
[vol %]

0.65 1.86 0.85 0.78 1.48 0.94 2.0
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[Referential example, examples and comparative example of the second lubricating oil composition]

Referential Example 2

[0176] A 5-liter reactor equipped with a distillation column of a 10-sieve tray was charged with 271 g of a propylene
oxide adduct of succrose having an average molecular weight (Mn) of 740 (SU-460 of PPG-polyfunctional Series, a
product of Mitsui Toatsu Chem. Inc.), 1492 g of methyl isobutylcarbinol, 1320 g of dimethyl carbonate and 0.7 g of a
methanol solution of 28% by weight of NaOCH3 (catalyst).
[0177] This mixture was allowed to undergo reaction at ordinary pressure and 120-180°C for 13 hours.
[0178] After removal of the catalyst by adding water to the reaction mixture thus obtained, dimethylisobutyl carbonate
formed is distilled off to obtain 460 g of a polycarbonate.
[0179] The polycarbonate obtained is a viscous liquid, and from the results of 1H-NMR, 13C-NMR, IR and GCP anal-
ysis, it was found that the polycarbonate has a structure represented by the following formula.

wherein R is -[CH2CH(CH3)O]nCOOC6H13, in which an average value of n is about 1.1.
[0180] The polycarbonate was analyzed by means of 13C-NMR, whereby such peaks as mentioned below appeared
in the chart. In this measurement, CDCl3 was used as the solvent therefor.
[0181] 16-19 ppm, 20.4 ppm, 22.3 ppm, 22.6 ppm, 24.6 ppm, 45.1 ppm, 55.4 ppm, 65-67 ppm, 69.5-73 ppm, 73.5
ppm, 73-77 ppm, 77-80 ppm, 80-81 ppm, 81-82 ppm, 82-83.5 ppm, 89-91 ppm, 103-105 ppm, 154-155.5 ppm
[0182] The infrared absorption spectrum of the polycarbonate obtained are shown below, wherein the main peaks
observed are as in the following.

υ C-H 2800-3000 cm-1

δ C-H 1450 cm-1

υ C=O 1740 cm-1

υ C-O 1250-1290 cm-1

υ C-O-C 1100 cm-1

[0183] Further, the results of GPC analysis of the polycarbonate obtained are shown below.

Weight average molecular weight (Mw)/number average molecular weight (Mn) GPC : 1.232
Weight average molecular weight (Mw) as measured by the polystyrene conversion method : 1630
Amount of sodium remaining in the product : Not more than 0.01 ppm
Total acid value in the product : Not more than 0.01

[0184] Results of evaluation of fundamental performance as a lubricating oil of the polycarbonate obtained are shown
in Table 3.
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Example 7

[0185] A mixture was prepared by mixing together 100 parts by weight of the polycarbonate of Referential Example
2 as a lubricating base oil, 1.0 part by weight of diphenyloctyl phosphite, 0.5 part by weight of tricresyl phosphate and
0.5 part by weight of phenylglycidyl ether. The mixture obtained was tested for heat stability, frictional characteristics,
compatibility with Freon R-134a and carbon dioxide concentration in accordance with the aforementioned test method.
[0186] Results obtained are shown in Table 4.

Example 8

[0187] Example 7 was repeated except that the amount of the diphenyloctyl phosphite used was changed to 3.0 parts
by weight, and the tricresyl phosphate and phenylglycidyl ether were not used.
[0188] Results obtained are shown in Table 4.

Comparative Example 2

[0189] The polycarbonate obtained in Referential Example 2 was tested for in the same manner as in Example 7.
[0190] Results obtained are shown in Table 4.

(Note 1) w : Compatible x : Incompatible
(Note 2) Lubricating oil : 15 wt% R-134a : 85 wt%

Table 3

Referential Example 2

Viscosity characteristics

100°C Kinematic viscosity [cSt] 27

Value of load bearing capacity [lbf] 910

Compatibility with R-134a

(1) (Note 1) w

(2) Critical temperature [°C] (Note 2)

High temperature side +88

Low temperature side <-65
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[Referential example, examples and comparative examples of the third lubricating oil composition of the present inven-
tion]

Referential Example 3

[0191] A 5-liter reactor equipped with a distillation column of a 10-sieve tray was charged with 705 g of a propylene
oxide adduct of sorbitol having an average molecular weight (Mn) of 740 (a product under a trade name of HS-700A of
Mitsui Toatsu Chem. Inc.), 2560 g of diisobutyl carbonate and 3 g of a methanol solution of 28% by weight of NaOCH3
(catalyst).
[0192] This mixture was allowed to undergo reaction under reduced pressure (about 100 mmHg) at 135°C for 14
hours.
[0193] After removal of the catalyst by adding water to the reaction mixture thus obtained, diisobutyl carbonate formed
was distilled off to obtain 940 g of a polycarbonate.
[0194] The polycarbonate obtained was a viscous liquid and, from the results of 1H-NMR, 13C-NMR, IR and GPC
analysis, it was found that the polycarbonate has a structure represented by the following formula.

Note 1: According to the aforementioned test/method (3) of the compatibility with R-134a

Table 4

Example 7 Example 8 Comparative Example 2

Base oil (polycarbonate) (wt
part)

Ref. Ex. 2 100 Ref. Ex. 2 100 Ref. Ex. 2 100

Triester phosphite com-
pound (wt part)

Diphenyloctyl phosphite 1.0 Diphenyloctyl phosphite 1.0 None

Other additives (wt part) Tricresyl phosphate 0.5 None None

Phenylglicidyl ether 0.5

Heat stability

Change in weight (%) - 0.8 - 0.3 - 4.1

Total acid value (mg-
KOH/g)

+ 0.04 + 0.01 1.15

Change in kinematic viscos-
ity (%)

+ 0.8 + 0.3 + 11.2

Frictional characteristics

Frictional index 0.08 0.07 0.08

Depth of frictional trace 0.04 0.04 0.04

Compatibility with R-134a
(Note 1)

w w w

Carbon dioxide gas concen-
tration (ppm)

150 120 1,800

Volume resisitivity (Ωgcm) 2.0 x 1011 3.3 x 1011 4.5 x 1011
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wherein -[CH2CH(CH3)O]nCOOC4H9 in which an average value of n is about 1.5.

[0195] The polycarbonate obtained was analyzed by means of 13C-NMR, whereby such peaks as mentioned below
appeared in the chart. In this measurement, CDCl3 was used as the solvent therefor.

16.5-17.5 ppm, 18.8 ppm, 27.7 ppm, 70.5-72 ppm, 72.5-74 ppm, 74.5-76 ppm, 77-81 ppm, 154-155 ppm

[0196] Further, data of the infrared absorption spectrum of the polycarbonate obtained are shown below, wherein the
main peaks observed are as in the following.

υ C-H 2800-3000 cm-1

δ C-H 1460 cm-1

υ C=O 1740 cm-1

υ C-O 1240-1290 cm-1

υ C-O-C 1100 cm-1

[0197] The results of GPC analysis of the polycarbonate obtained are shown below.

Weight average molecular weight (Mw)/number average molecular weight (Mn) GPC : 1.544
Weight average molecular weight (Mw) as measured by the polystyrene base method : 2682
Amount of sodium remaining in the product : Not more than 0.01 ppm
Total acid value in the product : Not more than 0.01

[0198] The results of evaluation of fundamental performance as a lubricating oil of the polycarbonate obtained are
shown in Table 5.

(Note 1) w : Compatible x : Incompatible
(Note 2) Lubricating oil : 15 wt% R-134a : 85 wt%

Table 5

Referential Example 3

Viscosity characteristics

100°C Kinematic viscosity [cSt] 69

Load bearing value [lbf] 940

Compatibility with R-134a

(1) (Note 1) w

(2) Critical temperature [°C] (Note 2)

High temperature side +68

Low temperature side <-65
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Example 9

[0199] A mixture was prepared by mixing 100 parts by weight of the polycarbonate of Referential Example 3 as a lubri-
cating base oil with 1.0 part by weight of diphenyldecyl phosphite. The mixture thus obtained was tested for heat stabil-
ity, frictional characteristics, compatibility with Freon R-134a and carbon dioxide gas concentration in accordance with
the aforementioned test method.

Example 10

[0200] The same procedure as described in Example 9 was carried out except that phenyldidecyl phosphite was used
in place of the diphenyldecyl phosphite.
[0201] Results obtained are shown in Table 6.

Example 11

[0202] The same procedure as described in Example 9 was carried out except that diphenyloctyl phosphite was used
in place of the diphenyldecyl phosphite, and there was further used 0.5 part by weight of t-butylated hydroxytoluene.
[0203] Results obtained are shown in Table 6.

Example 12

[0204] The same procedure as described in Example 9 was carried out except that diphenyloctyl phosphite was used
in place of the diphenyldecyl phosphite, and there was further used 0.5 part of tricresyl phosphate.
[0205] Results obtained are shown in Table 6.

Comparative Example 3

[0206] The polycarbonate obtained in Referential Example 3 was tested for in the same manner as in Example 9.
[0207] Results obtained are shown in Table 6.

Comparative Example 4

[0208] The same procedure as described in Example 9 was carried out except that 0.0001 part by weight of diphe-
nyloctyl phosphite was used in place of 1.0 part by weight of the diphenyldecyl phosphite.
[0209] Results obtained are shown in Table 6.
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Claims

1. A lubricating oil composition comprising

(1) 100 parts by weight of a polycarbonate of the general formula [I],

R1OCOO[(R2O)pCOO]nR3 [I]

wherein R1 and R2 each are independently a hydrocarbon group having not more than 30 carbon atoms or a
hydrocarbon group containing an ether bond and having 2 to 30 carbon atoms, R2 is an alkylene group having
2 to 24 carbon atoms, p is an integer of 1 to 100, and n is an integer of 1 to 10,
(2) 0.0001-5 parts by weight of at least one compound selected from an epoxy compound (a), a phenol com-

Note 1: According to the aforementioned test/method (3) of the compatibility with R-134a

Table 6

Ex. 9 Ex. 10 Ex. 11 Ex. 12 Comp.Ex. 3 Comp.Ex. 4

Base oil (poly-
carbonate) (wt
part)

Ref. Ex.3 100 Ref. Ex.3 100 Ref. Ex.3 100 Ref. Ex.3 100 Ref. Ex.3 100 Ref. Ex.3 100

Triester phos-
phite com-
pound (wt
part)

Diphenylde-
cyl phosphite

1.0

Phenyldide-
cyl phosphite

1.0

Diphenyloctyl
phosphite 1.0

Diphenyloctyl
phosphite 1.0

None Diphenyloctyl
phosphite

0.0001

Other addi-
tives (wt part)

None None t-buthylated
hydroxytolu-

ene 0.5

Tricresyl phos-
phate 0.5

None None

Heat stability

Change in
weight (%)

- 0.7 - 0.7 - 0.7 - 0.7 - 3.7 - 2.9

Total acid
value (mg-
KOH/g)

+ 0.03 + 0.04 + 0.03 + 0.02 0.72 0.08

Change in kin-
ematic viscos-
ity (%)

+ 0.5 + 0.5 + 0.3 + 0.5 +5.2 + 1.5

Frictional char-
acteristics

0.08 0.08 0.08 0.08 0.09 0.08

Frictional index 0.4 0.4 0.4 0.04 0.07 0.04

Depth of fric-
tional trace

Compatibility
with R-134a
(Note 1)

w w w w w w

Carbon diox-
ide gas con-
centration
(ppm)

150 200 100 <100 1,200 500

Volume resisi-
tivity (Ωgcm)

1.1 x 1012 1.2 x 1012 0.9 x 1012 1.0 x 1012 1.2 x 1012 1.0 x 1012
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pound (b), a sulfur compound (c) and an amine compound (d), and

(3) 0-5 parts by weight of a triester phosphite compound (e) and/or a triester phosphate compound (f).

2. A composition according to claim 1 which also contains a hydrogenated fluorocarbon (HFC).

3. A lubricating oil composition comprising

(1) 100 parts by weight of a polycarbonate of the general formula [II],

Su - O - R [II]

wherein Su is a group of the formula (A),

and R is a group of the formula (B), (C), (D), (E) or (F),

-(C3H6O)nCOOR5 (E)

-(C3H6O)n(C2H4O)pCOOR5 (F)

(in which R4 is a group of formula (E) or (F), wherein R5 each is independently a hydrocarbon group having not
more than 30 carbon atoms or a hydrocarbon group containing an ether bond and having 2 to 30 carbon atoms,
and n and p are each an integer of 1 to 12,
(2) 0.0002-5 parts by weight of a triester phosphite compound (e), and
(3) 0-5 parts by weight of at least one compound selected from a triester phosphite compound (f), an epoxy
compound (a) and a phenol compound (b).

4. A composition according to claim 3 which also contains a hydrogenated fluorocarbon (HFC).

5. A lubricating oil composition comprising

(1) 100 part by weight of a polycarbonate of the general formula [III],

(R4O)CH2[CH(OR4)]mCH2(OR4) [III]

wherein R4 is a group of formula (E) or (F) as defined in claim 3 and m is an integer of 1 to 6,
(2) 0.0002-5 parts by weight of a triester phosphite compound (e), and
(3) 0-5 parts by weight of at least one compound selected from a triester phosphate compound (f), an epoxy
compound (a) and a phenol compound (b).
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6. A composition according to claim 5 which also contains a hydrogenated fluorocarbon (HFC).
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