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EP 0 510 633 A1

Lubricating oil composition and use thereof.

The present invention provides a lubricating oil composition for refrigerating machine capable of
enhancing the anti-wear property of the entire system when used together with 1,1,1,2-tetraf-
luoroethane (HFC-134a) which does not act as an extreme-pressure agent.

This composition exhibits an anti-wear property superior to that of the existing lubricating oil
composition for refrigerating machine using CFC-12.

The ester expressed in any one of Formulae (1), (V), (V) is used as the base oil or as an additive to the
base oil. (The symbols in the formulae are as specified in Specification herein.)
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BACKGROUND OF THE INVENTION

This invention relates to a lubricating oil composition for refrigerating machine using 1,1,1.2-tetrafluoro-
ethane (HFC-134a) as refrigerant.

Hitherto, as the refrigerant for refrigerating machine, chloroflucrocarbons containing fluorine and chlorine
have been used, such.as trichloromonoflucromethane (CFC-11), dichlorodiflucromethane (CFC-12), and
monochlorodifluoromethane (HCFC-22). Of them, CFC-11 and CFC-12 are designated as fully halogenated
fluorocarbons because they destroy the ozone layer in the stratosphere, and their use is being limited at the
present, and it is nearly decided that their use will be completely banned-in the future. Besides, HCFC-22 is
also likely to be designated as the subject of restriction in the future.

Of these chlorofluorocarbons, CFC-12 is widely used in the refrigerating machines such as household re-
frigerators and automotive air-conditioners, and as the substitute after the use is banned, a chlorine-free
1,1,1,2-tetraflucroethane (HFC-134a) is expected to be used.

The HFC-134a, not containing chlorine in its molecule, does not act as extreme-pressure agent, unlike
CFC-12, which poses the problem of wear of metallic parts exposed inside the compressor. The HFC-134a is
also inferior in solubility with existing mineral oils, synthetic oils, and other lubricating oils for refrigerating ma-
chines (base oils), and ordinary additives blended in such lubricating oils.

Of these problems, the solubility may be nearly solved by using, as the substitutes for hitherto used base
oils, for examples, polyalkylene glycol (see Japanese Patent Unexamined Publications No. 102296/1990,
276880/1990), ester base fluid (see Japanese Patent Unexamined Publications No. 24197/1991, 33192/1991,
33193/1991), or fluorinated oil (see Japanese Patent Unexamined Publications No. 93896/1991).

On the other hand, to prevent wear of metallic parts when HFC-134a is used as refrigerant, lubricating oil
compositions blending various additives to the base oil have been proposed, but satisfactory results are not
obtained yet.

It is hence keenly demanded in the lubricating oil composition for refrigerating machine using HFC-134a
that the property of the composition itself to prevent wear of metallic parts (hereinafter called anti-wear property)
should be improved so as to be equivalent or superior to the wear resistance of the conventional lubricating
oil composition using CFC-12.

SUMMARY OF THE INVENTION

It is hence a primary object of the invention to present a lubricating oil compaosition for refrigerating machine
using 1,1,1,2-tetrafluoroethane as refrigerant, being improved in anti-wear property.

To achieve the above object, the invention presents a lubricating oil composition for refrigerating machine
comprising at least one organic phosphorus compound selected from a group comprising organic phosphonate
expressed in Formula (1), organic phosphate expressed in Formula (V), and organic phosphate expressed in
Formula (V1), out of polyalkylene glycol, ester base fluid , fluorinated oil and organic phosphorus compound as
specified above, wherein, if composed of polyalkylene glycol and the organic phosphate expressed in Formula
(V), the content of the organic phosphate in the base oil exceeds 10 wt.%.

R' O
AN
R2 O—-P=0 (1)
RS

where R, R2 are either identical or different, expressing any one of the groups (1) to (4) below.
(1) an alkyl group with 1 to 18 carbon atoms,
(2) an alkenyl group with 3 to 18 carbon atoms,
(3) an aryl group with 6 to 18 carbon atoms (however, an alkyl group with 1 to 12 carbon atoms, or an alkenyl
group with 2 to 12 carbon atoms may be possessed as a substitutent), and
(4) a polyoxyalkylene alkylether group expressed in Formula (ll)
R*0 - (R50), - R5 - (n
(where R4 denotes a hydrogen atom, an alkyl group with 1 to 18 carbon atoms, or an alkenyl group with 3
to 18 carbon atoms, RS represents an alkylene group with 2 to 4 carbon atoms, and a is O or an integer of
1 or more), and
R3 denotes any one of the groups of (5) to (11):
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(5) an alkyl group with 1 to 18 carbon atoms,
(6) an alkenyl group with 2 to 18 carbon atoms,
(7) an aryl group with 6 to 18 carbon atoms (an alkyl group with 1 to 12 carbon atoms or an alkenyl group
with 2 to 12 carbon atoms may be possessed as a substituent),
(8) an polyoxyalkylene alkylether group expressed in Formula (lla)
R40O - (R50), - R21 - (lla)
(where R4, R5 denote the same groups as above, R?! is an alkylene group with 1 to 4 carbon atoms, and
a is the same integer as above),
(9) a group expressed in Formula (l11)

i
R® O—C—(CHz2)s —  (IID

[where Ré denotes any one of an alkyl group with 1 to 18 carbon atoms, an alkenyl group with 3 to 18 carbon
atoms, an aryl group with 6 to 18 carbon atoms (an alkyl group with 1 to 12 carbon atoms or an alkenyl
group with 2 to 12 carbon atoms may be possessed as a substituent), and a polyoxyalkylene alkylether
group expressed in Formula (ll), and b is an integer from 1 to 3],

(10) a group expressed in Formula (IV)

— (CHz2) « —(IZH—COOR7
CH2 —COOR”

[where R7 denotes any one of an alkyl group with 1 to 18 carbon atoms, an alkenyl group with 3 to 18 carbon
atoms, an aryl group with 6 to 18 carbon atoms (an alkyl group with 1 to 12 carbon atoms or an alkenyl
group with 2 to 12 carbon atoms may be possessed as a substituent), and a polyoxyalkylene alkylether
group expressed in Formula (ll), and ¢ is 0 or 1], and

(11) a bezoyl group which may possess an alkyl group with 1 to 12 carbon atoms or an alkenyl group with
2 to 12 carbon atoms as a substituent

R® O\
R® O—=P=0 (V)
RIOO

[where R&, R?, and R1° are either identical or different, expressing an alkyl group with 1 to 18 carbon atoms,
or an alkenyl group with 3 to 18 carbon atoms],

(R"O—= {(PO) 4« — (EOQ) .} ]\
(R20- {(PO) + —(EQ) .} ) —-P=0 (VD
(RP0—- { (PO)» —CEOQ) / } ]

[where R, R'2, and R"3 are either identical or different, expressing any one of the groups (A) to (E) below,
EO denotes an oxyethylene group, and PO represents an oxypropylene group; d to i denote 0 or integers
of 1 or more, but d to i are not 0 at the same time; or when both d and e are integers of 1 or more, or when
both f and g are integers of 1 or more, or when both h and i are integers of 1 or more, the oxyethylene
group and oxypropylene group may be either bonded at random or bonded in block];

(A) an alkyl group with 1 to 18 carbon atoms,

(B) an alkenyl group with 3 to 18 carbon atoms,

(C) an aryl group with 6 to 18 carbon atoms (which may possess, however, either one of the groups,
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that is, an alkyl group with 1 to 12 carbon atoms, an alkenyl group with 2 to 12 carbon atoms, a group
expressed in Formula (VII), or a group expressed in Formula (VIl), as a substituent),

T
R™0~C— (CH2 ) , — (VID)

(where R4 denotes an alkyl group with 1 to 18 carbon atoms, or an alkenyl group with 3 to 18 carbon
atoms, and j is an integer from 2 to 15),

R 150- (Vi
(where R'5 denotes an alkyl group with 1 to 8 carbon atoms, or an alkenyl group with 3 to 8 carbon
atoms),
(D) a group expressed in Formula (IX),

i
R'®—C- (IX)

[where R'¢ is an alkyl group with 1 to 18 carbon atoms, an alkenyl group with 2 to 18 carbon atoms, or
an aryl group with 6 to 18 carbon atoms (which, however, may possess an alkyl group with 1 to 12 carbon
atoms, or an alkenyl group with 2 to 12 carbon atoms as a substituent)], and

(E) a group expressed in Formula (X)

o)

R”O—yl— (CHz2) « — (X)

[where R'7 is an alkyl group with 1 to 18 carbon atoms, an alkenyl group with 2 to 18 carbon atoms, or
an aryl group with 6 to 18 carbon atoms (which, however, may possess either an alkyl group with 1 to
12 carbon atoms or an alkenyl group with 2 to 12 carbon atoms as a substituent), and k is an integer
from 2 to 15.]

According to the investigations by the present inventors, the organic phosphonate expressed in Formula
(1), the organic phosphate expressed in Formula (V), and the organic phosphate expressed in Formula (VI) may
be all used as the base oil for the lubricating oil composition for refrigerating machine, and are all stable and
compounds with excellent anti-wear property, and the lubricating oil composition for refrigerating machine using
such compounds as the base oil is superior in antiwear property to the existing materials. In addition, these
compounds are excellent in solubility with existing known base oils such as polyalkylene glycol, ester base fluid
and fluorinated oil, and may be also used as antiwear agents for enhancing the anti-wear property of the base
oils without adversely affecting the stability.

Therefore, the lubricating oil composition for refrigerating machine of the invention containing any one of
the above compounds as the base oil or the additive (antiwear agent) for the known base oil exhibits, by itself,
an excellent anti-wear property superior to that of the existing lubricating oil composition using CFC-12, and
therefore it improves the anti-wear property of the system using HFC-134a not acting as extreme-pressure
agent as refrigerant, and hence extremely reduces the wear of metallic parts exposed inside the compressor.
Moreover, its anti-wear property is extremely excellent as compared with the anti-wear property of the lubri-
cating oil compaosition for refrigerating machine using CFC-12 as refrigerant.

DETAILED DESCRIPTION OF THE INVENTION

Practical examples of the organic phosphonate expressed in Formula (1) include the following compounds.
0,0-dimethyl oleylphosphonate, O,0-dimethyl stearylphosphonate, O,0-dimethyl n-octylphosphonate,
0,0-dimethyl 2-ethylhexylphosphonate, O,O-diethyl oleylphosphonate, O,0-diethyl laurylphosphonate, O,0-
diethyl n-octylphosphonate, O,0-diethyl 2-ethylhexylphosphonate, O,O-diisopropyl oleylphosphonate, O,0-
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diisopropyl stearylphosphonate, O,0O-diisopropyl n-octylphosphonate, O,0-diisopropyl 2-ethylhexylphosphon-
ate, O,0-di-n-butyl oleylphosphonate, O,0-di-n-butyl laurylphosphonate, O,0-di-n-butyl n-octylphosphonate,
0,0-di-n-butyl 2-ethylhexylphosphonate, O,0-di-n-butyl hexylphosphonate, O,0-di-n-butyl decylphosphon-
ate, 0,0-di-2-ethylhexyl oleylphosphonate, 0,0-di-2-ethylhexyl stearylphosphonate, 0,0-di-2-ethylhexyl lauryl-
phosphonate, 0,0-di-2-ethylhexyl n-octylphosphonate, 0,0-di-2-ethylhexyl hexylphosphonate, 0,0-di-2-ethyl-
hexyl n-butylphosphonate, 0,0-di-2-ethylhexyl tris(ethyleneglycol)methylenephosphonate, 0,0-di-2-ethylhexyl
isooctylphosphonate, O,0-diisocotyl oleylphosphonate, O,0-diisooctyl laurylphosphonate, O,0-diisooctyl n-
octylphosphonate, O,0-diisooctyl 2-ethylhexylphosphonate, O,0-diisooctyl hexylphosphonate, O,0-diisooctyl
n-butylphosphonate, O,0-diisooctyl decylphosphonate, O,0-di-n-octyl isooctylphosphonate, O,0-di-n-octyl 2-
ethylexylphosphonate, O,0-di-n-octyl oleylphosphonate, O,0-di-n-octyl hexylphosphonate, O,0-diisodecyl
stearylphosphonate, O,O-diisodecyl laurylphosphonate, O,0-diisodecyl isodecylphosphonate, O,0O-diisode-
cyln-octylphosphonate, O,0-diisodecyl 2-ethylhexylphosphonate, O,0-diisodecyl hexylphosphonate, O,0-dii-
sodecyln-butylphosphonate, O,0-diisodecyl methylphosphonate, O,0-dilauryl decylphosphonate, O,0-dilaur-
yl 2-ethylhexylphosphonate, O,O-dilauryl n-octylphosphonate, O,0-dilauryl hexylphosphonate, O,O-dilauryl n-
butylphosphonate, O,0O-dilauryl methylphosphonate, O,0O-dioleyl decylphosphonate, O,0-dioleyl 2-ethylhexyl-
phosphonate, O,0-dioleyl n-octylphosphonate, O,0-dioleyl hexylphosphonate, O,0-dioleyl n-butylphosphon-
ate, O,0-dioleyl isobutylphosphonate, O,0-dioleyl methylphosphonate, O,0-di-2-ethylhexyl phenylphosphon-
ate, O,0-diisooctyl phenylphosphonate, O,0-di-2-ethylheyl 3,5-di-t-butyl-4-hydroxybenzylphosphonate, O,0-
didecyl 3,5-di-t-butyl-4-hydroxybenzylphosphonate, O,0-diethyl benzylphosphonate, O,O-diethyl 4-methyl-
benzylphosphonate, O,0-diethyl p-hydroxybenzylphosphonate, O,O-diethyl 3,5-dimethylbenzylphosphonate,
0,0-diethyl p-methoxybenzylphosphonate, 0,0,0,0-tetraethyl[1,4-phenylenebis(methylene)]phosphonate,
0,0-di-s-butyl 3,5-di-t-butyl-4-hydorxyphenylphosphonate, O,0-dimethylphosphonomethylene(dimethyl)suc-
cinate, O,0-dimethylphosphonomethylene(di-2-ethylhexyl)succinate, O,0O-di-2-ethylhexylphosphonomethy-
lene(dimethyl)succinate, O,0-di-2-ethylhexylphosphonomethylene(dibutyl)succinate, O,0-didecylphosphono-
methylene(dimethyl) succinate, O,0-di-2-ethylhexyl-3-phosphonomethyl propionate, O,0-diischexyl-3-phos-
phonobutyl propionate, O,0-di-2-ethylhexyl-3-phosphono-2-ethylhexyl propionate, O,0-diphenyl 2-ethylhex-
ylphosphonate, O,0-diphenyl phenylhexylphosphonate, O,0-dihexyl hexylphosphonate, O,0-di-2-ethylhexyl
2-ethylhexylphosphonate, O,0-diisooctyl isooctylphosphonate, O,0-di-n-octyl n-octylphosphonate, O,0-dide-
cyl decylphosphonate, O,O-dilauryl laurylphosphonate, O,0-di(decylpolyoxyethylene) (decylpolyoxyethy-
lene)phosphonate, O,0-di(butyloxyethylene) (butyloxyethylene)phosphonate, O-butyl-O-2-ethylhexyl 2-ethy-
lyhexylphosphonate, O-decyl-O-2-ethylhexyl 2-ethylhexylphosphonate, O,0-di-2-ethylhexyl phosphono-
methylene polyethylene glycol, O,0-di-2-ethylhexyl phosphonodimethyl succinate, O,0-di-2-ethylhexyl phe-
nylcarbonylphosphonate, and O,0-dibutyl p-methylphenylcarbonylphosphonate.

The organic phosphonates presented above may be prepared by known methods. For example, O,0-dii-
sooctyl isooctylphosphonate may be prepared by reaction of triisooctyl phosphite and isooctyl bromide.

The content of the organic phosphonate in the base oil is not particularly defined in the invention. As stated
above, since the organic phosphonate can be used not only as the base oil but also as the additive (anti-wear
agent) for other base oil, and its content may be arbitrary including 100 wt.% (that is, the whole base oil may
be an organic phosphonate). Preferably, the content should be 0.01 wt.% or more. If the content of the organic
phosphonate is less than 0.01 wt.%, its additive effect is insufficient, and sufficient anti-wear property may not
be achieved. As other base oil to be used together with the organic phosphonate, known base oils such as
polyalkylene glycol, ester base fluid and fluorinated oil, and organic phosphate expressed in Formula (V) or
(VI) may be used.

Practical examples of the organic phosphate expressed in Formula (V) include the following compounds.

Dimethyloleyl phosphate, dimethyltridecyl phosphate, dimethyllauryl phosphate, di-n-butyltridecyl phos-
phate, di-n-butyldodecyl phosphate, di-n-butyl-2-ethylhexyl phosphate, di-2-ethylhexyltridecyl phosphate, di-
2-ethylhexyldodecyl phosphate, di-2-ethylhexyl-n-octyl phosphate, di-2-ethylhexyldecyl phosphate, di-2-ethyl-
hexylisooctyl phosphate, diisooctyl-2-ethylhexyl phosphate, diisooctyl-n-octyl phosphate, di-n-octyl-2-ethyl-
hexyl phosphate, di-n-octyliscoctyl phosphate, di-2-ethylhexylhexyl phosphate, di-2-ethylhexyl-n-butyl phos-
phate, di-2-ethylhexylallyl phosphate, diisooctyldodecyl phosphate, diisooctyldecyl phosphate, diisooctylhexyl
phosphate, diisooctyl-n-butyl phosphate, di-n-octyldodecyl phosphate, di-n-octyldecyl phosphate, di-n-octyl-
hexyl phosphate, didecyldodecyl phosphate, didecyl-2-ethylhexyl phosphate, didecylisooctyl phosphate, dide-
cyl-n-octyl phosphate, didecyl-n-butyl phosphate, didodecyl-2-ethylhexyl phosphate, didodecylhexyl phos-
phate, didodecyl-n-butyl phosphate, didodecylmethyl phosphate, tris(2-ethylhexyl) phosphate,
tris(isooctyl)phosphate,  tris(n-octyl)phosphate,  tris(decyl)phosphate, tris(dodecyl)phosphate, and
tris(hexyl)phosphate.

The examples of organic phosphate may be prepared by known methods. For example tris(2-
ethylhexyl)phosphate may be prepared by the reaction of 2-ethylhexanol and phosphorus oxychloride in the
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presence of dehydrohalogenating agent.

Other base oils to be used together with the organic phosphate include known base oils such as polyalk-
ylene glycol, ester base fluid and fluorinated oil, organic phosphonate expressed in Formula (1), and organic
phosphate expressed in Formula (VI).

When the lubricating oil composition for refrigerating machine of the invention is substantially composed
of the organic phosphate expressed in Formula (V) and polyalkylene glycol, the rate of the organic phosphate
in the base oil must exceed 10 wt.%. The polyalkylene glycol is high in moisture absorption rate, and it may
absorb more than 1.0% of moisture, which may adversely affect the stability of the lubricating oil composition
for refrigerating machine. It is accordingly necessary to increase the content of the organic phosphate which
does not absorb moisture so as to lower the moisture content of the entire composition, and hence the content
of the organic phosphate is limited in a range exceeding 10 wt.%. Moreover, when the organic phosphate ex-
pressed in Formula (V) is blended by more than 10 wt.%, it is also effective to suppress the temperature of the
sliding surface, which further contributes to decrease of decompasition of refrigerant (enhancement of stability).

Otherwise, the content of the organic phosphate expressed in Formula (V) in the base oil is desired to be
0.01 wt.% or more, owing to the same reason as in the case of organic phosphonate.

The upper limit of content of the organic phosphate is, in any case above, is 100 wt.% same as in the case
of organic phosphonate mentioned above.

Practical examples of organic phosphate expressed in Formula (V1) include the following compounds.

Tris(tridecyloxyethylene)phosphate, tris[poly(oxyethylene)tridecyllphosphate, tris(decyloxyethylene)phos-
phate, tris[poly(oxyethylene)decyl]lphosphate, tris(2-ethylhexyloxyethylene)phosphate, tris[poly(oxyethylene)-
2-ethylhexyllphosphate, tris(isooctyloxyethylene)phosphate, tris[poly(oxyethylene)isooctyllphosphate, tris(n-
octyloxyethylene)phosphate, tris[poly(oxyethylene)-n-octyl]phosphate, tris(n-butyloxyethylene)phosphate, tris
[poly(oxyethylene)-n-butyl]phosphate, bis[poly(oxyethylene)-2-ethylhexyl][poly(oxyethylene)-iso-octyl]phosphate,
di[poly(oxyethylene)-n-octyl][poly(oxyethylene)-2-ethylhexyllphosphate, bis[poly(oxyethylene)-2-ethylhexyl-
IIpoly(oxyethylene)decyllphosphate, tris[poly(oxyethylene)-poly(oxypropylene)-2-ethylhexyllphosphate, tris[poly
(oxyethylene)propyleneoxy-2-ethylhexyllphosphate, tris[ethyleneoxy-poly(oxypropylene)-isooctyllphosphate,
tris[ethyleneoxy-poly(oxypropylene)-n-octyl]phosphate, tris[poly(oxyethylene)-poly(oxypropylene)-n-octyl]phos-
phate, di[poly(oxyethylene)-n-butyl][poly(oxyethylene)oleyllphosphate, tris[poly(oxyethylene)carbonylpropyl]
phosphate, tris(ethylenebutylate)phosphate, tris(ethylene-2-etylhexanoate)phosphate, tris[poly(oxyethylene)
carbonyl-1-ethyl-pentyl]phosphate, tris[poly(oxyethylene)carbonylundecyl]lphosphate, tris[poly(oxyethylene)
propyleneoxycarbonyl-1-ethylpentyllphosphate, tris[poly(oxyethylene)poly(oxypropylene)carbonyl-1-ethylpen-
tyllphosphate, tris[poly(oxyethylene)propyleneoxycarbonyl-1-methylvinyl]phosphate, tris[3-poly(oxyethylene)-
methyl-2-methylpropionate]phosphate, tris[poly(oxyethylene)-2-hydroxyoctyl]phosphate, tris(p-octylphenoxy-
ethylene)phosphate, tris[poly(oxyethylene)-p-octylphenyl]phosphate, tris[poly(oxyethylene)-poly(oxypropylene)-
p-methylphenoxylphosphate, tris[4-poly(oxyethylene)ethylphenylacetate]phosphate, ftris[poly(oxyethylene)
poly(oxypropylene)-p-butoxyphenyl]phosphate, bis[poly(oxyethylene)-2-ethylhexyl](2-ethylenehexyl)phosphate, bis
(2-ethylhexyl)[poly(oxyethylene)-2-ethylhexyl]phosphate, bis(2-ethylhexyl)[poly(oxyethylene)tridecyllphosphate,
bis(2-ethylhexyl)[poly(oxyethylene)alkyl]phosphate [of which alkyl group is a secondary alkyl group with 11 to
15 carbon atoms], and bis(2-ethylhexyl)[poly(oxyethylene)poly(oxypropylene)alkyllphosphate [of which alkyl
group is an alkyl group with 6 to 10 carbon atoms].

These examples of organic phosphate may be prepared by known methods. For examples, tris[di(oxy-
ethylene)-2-ethylhexyl]phosphate is prepared by the reaction of phosphorus oxychloride and dioxyethylene-2-
ethylhexylether in the presence of dehydrohalogenating agent.

The content of the organic phosphate in the base oil is, same as specified above, desired to be in a range
of 0.01 to 100 wt.%. Other base oils to be used together with the organic phosphate may include known base
oils such as polyalkylene glycol, ester base fluid and fluorinated oil, organic phosphonate expressed in Formula
(), and organic phosphate expressed in Formula (V).

As the polyalkylene glycol to be used together with any one of the organic phosphonate expressed in For-
mula (l), the organic phosphate expressed in Formula (V), and the organic phosphate expressed in Formula
(VI), various known polyalkylene glycols may be used, and in particular, the compound expressed in Formula
(X1) is desired.

A'-[O - (EO)m - (PO), - A%, (X1)
where EO denotes an oxyethylene group, and PO is an oxypropylene group; m and n are 0 or integers of 1 or
more, but m and n are not 0 at the same time; if m and n are both integers of 1 or more, the oxyethylene group
and oxypropylene group may be bonded either at random or in block; the ratio of m and m, m/n, is desired to
be 1 or less; and p is an integer of 1 to 4.
If pis 1, Al is any one of the following:
(a) a hydrogen,
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(b) an alkyl group with 1 to 18 carbon atoms,

(c) an alkenyl group with 3 to 18 carbon atoms, or

(d) an aryl group with 6 to 18 carbon atoms (which may possess either an alkyl group with 1 to 12 carbon

atoms or an alkenyl group with 2 to 12 carbon atoms as a substituent).

If p is 2, A' represents a residue by removing hydroxy group from dihydroxy compound. In particular, a
residue by removing hydroxy group from saturated aliphatic dihydroxy compound, unsaturated aliphatic dihy-
droxy compound, or aromatic dihydroxy compound is preferably used, such as ethylene glycol and propylene
glycol.

If p is 3, Al represents a residue by removing hydroxy group from trihydroxy compound. In particular, a
residue by removing hydroxy group from saturated aliphatic trihydroxy compound, unsaturated aliphatic trihy-
droxy compound, or aromatic trihydroxy compound is preferably used, such as gylcerin and trimethylolpropane.

If pis 4, A' represents a residue by removing hydroxy group from tetrahydroxy compound. In particular, a
residue by removing hydroxy group from saturated aliphatic tetrahydroxy compound, or unsaturated aliphatic
tetrahydroxy compound is preferably used, such as pentaerythritol.

In Formula (XI), A2 represents one of the following:

(e) a hydrogen,

(f) an alkyl group with 1 to 20 carbon atoms,

(g) an alkenyl group with 3 to 20 carbon atoms,

(h) an aryl group with 6 to 18 carbon atoms (which may possess either alkyl group with 1 to 12 carbon atoms

or alkenyl group with 2 to 12 carbon atoms as a substituent), or

(i) an acyl group expressed in Formula (XII)

-CO- A3 i

where A3 represents any one of alkyl group with 1 to 17 carbon atoms, alkenyl group with 3 to 17 carbon

atoms, and aryl group with 6 to 18 carbon atoms (which may possess either alkyl group with 1 to 12 carbon

atoms or alkenyl group with 2 to 12 carbon atoms as a substituent).

Meanwhile, in the combined system with the organic phosphonate expressed in Formula (1), if p is 1, A?
and A2 in Formula (XI) are not hydrogen at the same time, and if p is 2 to 4, two or more of A2 are not hydrogen
at the same time.

The kinematic viscosity at 40 deg. C of polyalkylene glycol expressed in Formula (XI) is desired to be in a
range of 5 to 300 cSt. If the kinematic viscosity is less than 5 ¢St, the lubricating performance as the base oil
including anti-wear property is not sufficient, and if exceeding 300 ¢St, the solubility may be inferior. More pre-
ferably, the kinematic viscosity of polyalkylene glycol at 40 deg. C should be in a range of 15 to 150 ¢cSt.

Practical examples of polyalkylene glycol expressed in Formula (XI) may include compounds expressed
in Formula (XIII), of which kinematic viscosity at 40 deg. C is 32 cSt.

C4 Hg O_ (CHz CHz O) m (CHz CI:HO) n —(”:—CHa
CHs
(XIII)

where m and n are integers of which ratio m/n is 0.6

As the ester base fluid used together with the base oil, various hitherto known ester base fluids may be

used, and in particular the oils expressed in Formula (XIV) are used preferably.
A* - (OCOAS3), (XIv)
where q denotes an integer of 1 to 4.

If q is 1, A* represents any one of the following:

(j) an alkyl group with 1 to 18 carbon atoms,

(k) an alkenyl group with 3 to 18 carbon atoms, or

() an aryl group with 6 to 18 carbon atoms (which may possess either alkyl group with 1 to 12 carbon atoms

or alkenyl group with 2 to 12 carbon atoms as a substituent).

If g is 2, A% represents a residue by removing hydroxy group from dihydroxy compound. In particular, a
residue by removing hydroxy group from saturated aliphatic dihydroxy compound, unsaturated aliphatic dihy-
droxy compound, or aromatic dihydroxy compound is preferably used, such as ethylene glycol and propylene
glycol.
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If g is 3, A% represents a residue by removing hydroxy group from trihydroxy compound. In particular, a
residue by removing hydroxy group from saturated aliphatic trihydroxy compound, unsaturated aliphatic trihy-
droxy compound, or aromatic trihydroxy compound is preferably used, such as gylcerin and trimethylolpropane.

If q is 4, A% represents a residue by removing hydroxy group from tetrahydroxy compound. In particular, a
residue by removing hydroxy group from saturated aliphatic tetrahydroxy compound, or unsaturated aliphatic
tetrahydroxy compound is preferably used, such as pentaerythritol.

In particular, alkyl group or alkenyl group not possessing hydrogen in B -carbon is desired.

In Formula (XIV), AS represents one of the following:

(m) an alkyl group with 1 to 17 carbon atoms,

(n) an alkenyl group with 3 to 17 carbon atoms, or

(o) an aryl group with 6 to 18 carbon atoms (which may possess either alkyl group with 1 to 12 carbon atoms

or alkenyl group with 2 to 12 carbon atoms as a substituent).

Practical examples of ester base fluid expressed in Formula (XIV) include, among others, octyl oleate, tri-
methylol propane triheptanoate, and pentaerythritol tetraoctanoate.

As other ester base fluids than mentioned above, for example, diester dicorboxylate expressed in Formula
(XV) may be used.

A8 - (COOAY), Xv)
where A® represents one of the following:

(p) an alkyl group with 1 to 18 carbon atoms,

(q) an alkenyl group with 3 to 18 carbon atoms, or

(r) an aryl group with 6 to 18 carbon atoms (which may possess either alkyl group with 1 to 12 carbon atoms

or alkenyl group with 2 to 12 carbon atoms as a substituent), and A7 represents one of the following:

(s) an alkyl group with 3 to 18 carbon atoms,

(t) an alkenyl group with 3 to 18 carbon atoms, or

(u) an aryl group with 6 to 18 carbon atoms (which may possess either alkyl group with 1 to 12 carbon atoms

or alkenyl group with 2 to 12 carbon atoms as a substituent), or

(v) a polyoxyalkylene alkylether group expressed in Formula (ll).

The dicarboxylic acid as the material for the diester dicarboxylate may include, for example, succinic acid,
adipic acid, azelaic acid, sebacic acid, phthalic acid, isophthalic acid, terephthalic acid, tetradecanoic diacid,
and hexadecanoic diacid, and practical examples of ester base fluid expressed in Formula (XV) include, among
others, 1,9-azelaic dioctyl ester, 1,14-tetradecanoic dioctyl ester, and 1,16-hexadecanoic dioctyl ester.

As other ester base fluid, the carbonate ester expressed in Formula (XVI) may be known, for example.

O

|
R'®0— (R'°0) - —R'90O—-C—-0R?° (XVID)

where R'8, R2 are identical or different, representing alkyl group with 1 to 18 carbon atoms, alkenyl group with
3 to 18 carbon atoms, or aryl group with 6 to 18 carbon atoms (which may possess either alkyl group with 1 to
12 carbon atoms or alkenyl group with 2 to 12 carbon atoms as a substituent), R'® represents an alkylene group
with 2 to 4 carbon atoms, and r is 0 or an integer of 1 or more.

A practical example of carbonate ester includes a compound of which kinematic viscosity at 40 deg. C is
32 ¢St as expressed-in Formula (XVla):

0O
Ca He —O— (CH> ,CH—O) r —CHs CH*O—g—OCHs
CHsj CIZHa
(XVIa)

where C4Hg is an n-buty group.
The ester base fluid explained herein is desired to have the kinematic viscosity at 40 deg. C in a range of

9
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5 to 300 cSt, especially in a range of 15 to 60 cSt, considering its use in refrigerating machine.
The fluorinated oil used together with the base oil includes various known fluorinated oils, and in particular
the compound in Formula (XVII) is desired.
A8 - [0 - (CSFZS)t - CuF2u'0A9]v (XV")
where A8 denotes a perfluoroalkyl group with 1 to 12 carbon atoms, A? represents a perfluoroalkyl group with
1 to 4 carbon atoms or an acyl group expressed in Formula (XVIIl), s is an integer of 1 to 4, t is an integer of
1 or more, and u and v are either identical or different, representing integers of 1 to 3.
-CO-A10 (XVIII)
where A% denotes a perfluoroalkyl group with 1 to 4 carbon atoms.
A practical example of such fluorinated oil includes a compound expressed in Formula (XIX).
C4F40 - (C,F40), - CoF40 - CF; (XIX)
Besides, the fluorinated oil consisting of a constituent unit expressed in Formula (XX).

C,3F3,

may be also preferably used in the invention

Generally, if the acid value of the lubricating oil composition for refrigerating machine is too high, the stability
is lowered, which may induce corrosion of metal and adverse effects on anti-wear property Therefore, the acid
value should be as low as possible, and in particular it is desired to be 0.01 [mg KOH/g] or less.

In the lubricating oil composition for refrigerating machine, usually, aromatic phosphate or the like is used
as extreme-pressure agent, but when its content increases, it may adversely affect the stability. However, in
the lubricating oil composition for refrigerating machine of the invention, if the content of the organic phosphorus
compound expressed in Formula (1), (V) or (V) is increased, the anti-wear property is enhanced without im-
pairing the stability.

Accordingly, in the lubricating oil composition for refrigerating machine of the invention, the ordinary addi-
tive added conventionally to the lubricating oil composition may be added by the conventional blending rate.

Such additives may include, for example, an epoxy compounds for stabilizing the lubricating oil composi-
tion. Practical examples of epoxy compounds are, among others, condensate of polyalkylene glycol and epi-
chlorohydrine, condensate of phenol and glycidyl alcohol, and epoxy fatty ester.

The epoxy compounds are usually blended to the base oil in a range of 0.1 to 10 wt.%. If the content of
the epoxy compounds are less than the specified range, the effect of adding the epoxy compounds are insuf-
ficient, or, to the contrary, if the blending of the epoxy compounds are more than the range, it may be harmful
for the antiwear property of the lubricating oil composition.

Other additives than the stabilizer may include antioxidant of phenol and amine compounds, ocilness of sul-
fur compounds, metal deactivator of benzotriazole compounds.

The lubricating oil composition for refrigerating machine of the invention is prepared by adding, as required,
polyalkylene glycol, ester base fluid, fluorinated oil, or other base oils, and various additives to the organic phos-
phonate expressed in Formula (I), organic phosphate expressed in Formula (V), or organic phosphate ex-
pressed in Formula (VI), and agitating and dissolving at room temperature to 80 deg. C, or preferably, room
temperature to 40 deg. C.

The lubricating oil composition for refrigerating machine of the invention is preferably used in the refriger-
ating machine such as refrigerator, car cooler, freezer, and refrigerated display case incorporating a compres-
sor of rotary type, reciprocating type, centrifugal type or the like.

EXAMPLES

The invention is specifically described below while referring to some of the preferred examples thereof,
but it must be noted that the invention is not limited to these examples alone.

Examples 1 to 40

An organic phosphonate of which R' to R® expressed in Formula (1) are substituents shown in Tables 1 to
4 below was blended with a base oil shown in the same tables, dissolved uniformly, and lubricating oil compo-
sitions for refrigerating machine of Examples 1 to 40 were prepared. The blending rate of organic phosphonate

10
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in the base oil was 1.0 wt.%

In the base oil columns of Tables 1 to 4, the symbols P, E, F, V represent the following compounds, re-

spectively.

I
He O— (CH2 CHz2 O) » — (CHa2 (|3HO) n —C—CHaj

P: Polyalkylene glycol expressed in Formula (XIII), of which kinematic viscosity at 40 deg. C is 32 cSt.

XILD
CHa

where m and n are integers of which ratio m/n is 0.6.

DD
Et

nB
EH

nO
oD

nH

E: Pentaerythritol tetraoctanoate as ester base fluid.
F: Fluorinated oil expressed in Formula (XIX).
C4F40O - (C,F,0), - C,F40 - CF, (XIX)
V: Organic phosphate of which R8, R?, R1% are commonly 2-ethylhexyl groups.
In the column of organic phosphonate, the symbols represent the following substituents, respectively.
methyl group
dodecyl group
ethyl group
n-butyl group
decyl group
2-ethylhexyl group
isooctyl group
n-octyl group
octadecyl group
phenyl group
n-hexyl group

Q)

—CHZ—?HCOOCH3

CHy-COOCHg

(2) -CH,-CH,-COOCH;
(3) -CH,-(OC,H,)5-OH
(4) C10H210-C,H,0-CyHy-
(5) -CH,-OH

Comparative Example 1

Only the polyalkylene glycol expressed in Formula (Xll1) as the base oil was used as the lubricating oil com-

position for refrigerating machine of Comparative Example 1.

Comparative Example 2

Only the pentaerythritol tetraoctanoate as the base oil was used as the lubricating oil composition for re-

frigerating machine of Comparative Example 2.

Comparative Example 3

Only the fluorinated oil expressed in Formula (XIX) as the base oil was used as the lubricating oil compo-

sition for refrigerating machine of Comparative Example 3.

11
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Comparative Example 4

The aromatic phosphate expressed below was blended with polyalkylene glycol as base oil expressed in
Formula (XIll), and dissolved uniformly to prepare the lubricating oil composition for refrigerating machine of
Comparative Example 4. The blending rate of aromatic phosphate in the base oil was 1.0 wt.%.

(CHs @O) s P=0

The same aromatic phosphate as in Comparative Example 4 was blended with pentaerythritol tetraocta-
noate as base oil, and dissolved uniformly to prepare the lubricating oil composition for refrigerating machine
of Comparative Example 5. The blending rate of aromatic phosphate in the base oil was 1.0 wt.%.

Comparative Example 5

Comparative Example 6

The compound expressed below was blended with pentaerythritol tetraoctanoate as base oil, and dissolved
uniformly to prepare the lubricating oil composition for refrigerating machine of Comparative Example 6. The
blending rate of the compound in the base oil was 1.0 wt.%.

(C1gH350).P(O)H

Comparative Example 7

The phosphate expressed below was blended with pentaerythritol tetraoctanoate as base oil, and dissolved
uniformly to prepare the lubricating oil composition for refrigerating machine of Comparative Example 7. The
blending rate of phosphate in the base oil was 1.0 wt.%.

(C1gH350)5-P = O

Comparative Example 8

The compound expressed below was blended with pentaerythritol tetraoctanoate as base oil, and dissolved
uniformly to prepare the lubricating oil composition for refrigerating machine of Comparative Example 8. The
blending rate of-the compound in the base oil was 1.0 wt.%.

(C1gH350)5-P

Comparative Example 9

The compound expressed below was blended with pentaerythritol tetraoctanoate as base oil, and dissolved
uniformly to prepare the lubricating oil composition for refrigerating machine of Comparative Example 9. The
blending rate of the compound in the base oil was 1.0 wt.%.

(C4H90)3-P =0

On the lubricating oil compositions for refrigerating machine of these Examples and Comparative Exam-

ples, the following tests were conducted.

Wear test

Evaluated by using Falex testing machine. At the rotating speed of 290 rpm, while blowing in HFC-134a
at a flow rate of 5 liters/hour, the test was conducted for 1 hour at a load of 300 Ibs, and the total wear of pins
and V-blocks was measured. The result was expressed as relative value (wear ratio), regarding the amount of
wear by using CFC-12 as refrigerant and mineral oil as base oil to be 1.

Mutual solubility test

The lubricating oil compositions for refrigerating machines of the Examples and Comparative Examples
were dissolved in HFC-134a as refrigerant at the blending rates of 3 wt.%, 10 wt.%, 50 wt.% as calculated in

12
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the formula below. The solution was poured in a glass tube which was sealed tightly, and cooled to -50 deg.
C, and presence or absence of separation of solution was observed. It was evaluated as O if not separated at
-50 deg. C, and X if separated before reaching -50 deg. C.

Blend (wt.%) = ﬁxwo

where
X: weight of lubricating oil compaosition
Y: weight of HFC-134a

Stability test

Evaluated by sealed tube test. Sampling 1 g each from the lubricating oil compositions for refrigerating ma-
chine in the Examples and Comparative Examples and from HFC-134a, three pieces of metal catalysts, that
is, iron, copper and aluminum, were sealed in and enclosed. After heating at 175 deg. C for 14 days, the ap-
pearance of metal catalysts was observed. It was evaluated as © when no abnormality was detected, A if slightly
discolored, and x if extremely discolored.

The results of measurement of the Examples are shown in Tables 1 to 4, and those of the Comparative
Examples in Table 5.

13
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It is known from these tables that the lubricating oil compositions for refrigerating machine in Comparative
Examples 1 to 3 not containing organic phosphonate were all inferior in anti-wear property. The lubricating oil
compositions for refrigerating machine of Comparative Examples 4, 5, 9 were also found to be inferior in anti-
wear property. The lubricating oil composition for refrigerating machine of the Comparative Example 6 was dis-
covered to be inferior in both anti-wear property and stability. Furthermore, the lubricating oil composition for
refrigerating machine of Comparative Example 7 was known to be inferior in solubility, and the lubricating oil
composition for refrigerating machine of Comparative Example 8 was found to be inferior in both solubility and
stability.

By contrast, the lubricating oil compositions for refrigerating machine of Examples 1 to 40 were all found
to be excellent in anti-wear property, solubility, and stability.

Examples 41 to 49

The organic phosphonate of which R to R2 in Formula (I) are commonly 2-ethylhexyl groups, and polyalk-
ylene glycol expressed in Formula (XIIl) as base oil were blended so that the blending rate of the organic phos-
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phonate in the base oil might be as shown in Table 6, and dissolved uniformly to prepare lubricating oil com-

positions for refrigerating machine of Examples 41 to 49.
The same tests were conducted on the lubricating oil compositions for refrigerating machine of these Ex-

amples. The results are shown in Table 6 together with the result of Comparative Example 1.
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55 It is known from Table 6 that the lubricating oil compositions for refrigerating machine of Examples 41 to

49 were excellent in solubility and stability, and was superior in anti-wear property to Comparative Example 1
which did not contain organic phosphonate.
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Examples 50 to 57

In the same manner as in Examples 41 to 49 except that pentaerythritol tetraoctanoate was used as the
base oil, the lubricating oil compositions for refrigerating machine of Examples 50 to 57 were prepared.

The same tests were conducted on these lubricating oil compositions for refrigerating machine of the Ex-
amples. The results are shown in Table 7 together with the results of Example 49 and Comparative Example
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It is known from Table 7 that the lubricating oil compositions for refrigerating machine of Examples 50 to
57 were excellent in solubility, and were superior in anti-wear property and stability to Comparative Example
2 which did not contain organic phosphonate.

Examples 58 to 65

In the same manner as in Examples 41 to 49 except that the fluorinated oil expressed in Formula (XIX)
was used as the base oil, the lubricating oil compositions for refrigerating machine of Examples 58 to 65 were
obtained.

The same tests were conducted on these compositions The results are shown in Table 8, together with
the results of Example 49 and Comparative Example 3.
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It is known from Table 8 that the compositions of Examples 58 to 65 were excellent in solubility and stability,
and were superior in anti-wear property to Comparative Example 3 which did not contain organic phosphonate.

Examples 66 to 76

The organic phosphonate of which R' to R2 in Formula (I) are commonly 2-ethylhexyl groups, was blended
with the base oil shown in Table 9, and dissolved uniformly to prepare lubricating oil compositions for refriger-
ating machine of Examples 66 to 76. The blending rate of organic phosphonate in the base oil was 1.0 wt.%.
In the base oil column of the table, the symbols represent the following compounds respectively.
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P Polyalkylene glycol expressed in Formula (XIII)
Pz Polyalkylene glycol expressed in Formula (XXI), of which kinematic viscosity at 40 deg. C is 32 cSt.

CHg

(XXI)

where w and x are integers of which ratio w/x is 0.6.
P3; Polyalkylene glycol expressed in Formula (XXII), of which kinematic viscosity at 40 deg. C is 56 cSt.

Ca He O (CH, ?HOM—(’%—CHQ (XXI1)
CHa

E": Pentaerythritol tetraoctanoate
E2: Trimethylolpropane triheptanoate
E3: 1,14-Tetradecanoic acid dioctyl ester
E4: 1,16-Hexadecanoic acid dioctyl ester
ES: 1,9-Azelaic acid dioctyl ester
ES: Carbonate expressed in Formula (XVla), of which kinematic viscosity at 40 deg. C is 32 cSt.

P1/E" (99/1): Mixed base oil of 99 parts by weight of polyalkylene glycol of P* and 1 part by weight of pen-
taerythritol tetraoctanoate of E?

P1/E" (1/99): Mixed base oil of 1 part by weight of polyalkylene glycol of P' and 99 parts by weight of pen-
taerythritol tetraoctanoate of E?

The same test were conducted on the lubricating oil compositions for refrigerating machine of these Ex-
amples The results are shown in Table 9.

23



10

18

20

25

30

35

40

45

50

55

EP 0 510 633 A1

=|0|O|O|O|0O|0|O|0]|O|0O|0
= |&|0|o|o|o|ojololo|ololo
£lO0|0|O|O|0|O|Oo|0|0|0]|0
X
=|0|O|0|O|0|0|O|0|0|O|O
Zo(x
z=|=|0|0|O0|O|0]|O|O|0O|0|0O]|O
=r) S
© ~ X
= *|0l0O|0|0|0|O|0O|0]|0O|0]|0
E—
gghgooooooooooo
=28
g5
» ol |miwlmalnglalS|S
= NS
gg |8|s|8|8|e|=|a|e|z|e|e

Itis known-from Table 9 that the compositions of Examples 66 to 76 were all excellent in anti-wear property,
solubility and stability.

Examples 77 to 99

The organic phosphate of which R to R3 in Formula (V) are substitutes shown in Tables 10, 11, and the
base oil shown in the same tables were blended so that the blending rate of the organic phosphate in the base
oil might be as shown in the tables, and dissolved uniformly to prepare lubricating oil compositions for refrig-
erating machine of Examples 77 to 99.

In the base oil column in Tables 10, 11, the symbols E and F represent the same compounds as mentioned
above, and | denotes an organic phosphonate of which R1, R2, R3 in Formula (I) are commonly 2-ethylhexyl

24
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groups, and of the organic phosphate column, the symbol TD denotes a tridecyl group and A is an allyl group.

The other symbols represent the same substituents as specified above.
The compositions were similarly tested, of which results are shown in Tables 10, 11.
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It is known from these tables that the compositions of Examples 77 to 99 were excellent in all of anti-wear
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property, solubility, and stability.
Examples 100 to 102, Comparative Examples 10, 11

Same as used in the foregoing Examples and Comparative Examples, the polyalkylene glycol expressed
in Formula (XIII) was used as the base oil at the moisture content of 1.0% without dehumidifying to 0.3% of
moisture content as used in the foregoing Examples and Comparative Examples, and this base oil was blended
with the organic phosphate of which R to R3 in Formula (V) are commonly 2-ethylhexyl groups at the blending
rate of the organic phosphate in the base oil as shown in Table 12, and dissolved uniformly to prepare the lu-
bricating oil compositions for refrigerating machine of Examples 100 to 102, and Comparative Example 11.
Without adding organic phosphate, Comparative Example 10 was prepared.

The lubricating oil compositions for refrigerating machine of the Examples and Comparative Examples were
tested, of which results are shown in Table 12, together with the results of Comparative Example 1.
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It is known from Table 12 that, even in the same polyalkylene glycol, if the moisture content was high, the
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stability and anti-wear property were inferior when the organic phosphate was not added (Comparative Example
10) or the blending rate of organic phosphate was 10 wt.% or less (Comparative Example 11), but that when
the organic phosphate was blended by more than 10.0 wt.% in Examples 100, 101, the stability and anti-wear
property were excellent, even if the moisture content of polyalkylene glycol was high, same as in Example 102

fully composed of organic phosphate.

Examples 103 to 111

In the same manner as in Examples 100 to 102 except that pentaerythritol tetraoctanoate was used as the
base oil, lubricating oil compositions for refrigerating machine of Examples 103 to 111 were prepared.
The compaositions were tested, of which results are shown in Table 13 together with the results of Example

102 and Comparative Example 2.
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It is known from Table 13 that the compositions of Examples 103 to 111 were all excellent in solubility, and
superior to anti-wear property and stability to Comparative Example 2 which did not contain organic phosphate.

Examples 112 to 120
In the same manner as in Examples 100 to 102, except that the fluorinated oil expressed in Formula (XIX)
was used as the base oil, the lubricating oil compositions for refrigerating machine of Examples 112 to 120

were prepared.
The compaositions were tested, of which results are shown in Table 14 together with the results of Example

102 and Comparative Example 3.
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Itis known-from Table 14, the compositions of Examples 112 to 120 were excellent in solubility and stability,
and superior in anti-wear property to Comparative Example 3 which did not contain organic phosphate.

Examples 121 to 128

The organic phosphate of which R! to R? in Formula (V) are commonly 2-ethylhexyl groups was blended
with the base oil shown in Table 15, and dissolved uniformly to prepare the lubricating oil compositions for re-
frigerating machine of Examples 121 to 128. The blending rate of the organic phosphate in the base oil was
1.0 wt.%. The symbols in the base oil column in the table represent the same compounds as specified above.

These compositions of the Examples were tested, of which results are shown in Table 15.
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It is known from Table 15 that the compositions of Examples 121 to 128 were excellent in the anti-wear
property, solubility, and stability.
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Examples 129 to 137

In the same manner as in Examples 121 to 128, except that the blending rate of the organic phosphate in
the base oil was 10 wt.%, the lubricating oil compositions for refrigerating machine of Examples 129 to 137

were prepared.
The compositions of these Examples were tested, of which results are shown in Table 16.
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It is known-from Table 16 that the compositions of Examples 129 to 137 were excellent in anti-wear prop-

erty, solubility and stability.
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Examples 138 to 140

In the same manner as in Examples 121 to 128 except that the blending rate of organic phosphate in the
base oil was 15 wt.% and that polyalkylene glycol expressed by symbols P, P2, P3 was used as the base oil,
the lubricating oil compositions for refrigerating machine of Examples 138 to 140 were prepared.

The compositions of these Examples were tested, of which results are shown in Table 17.
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Itis known from Table 17 that the compositions of Examples 138 to 140 were excellent in anti-wear property,

solubility, and stability.
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Examples 141 to 183

The organic phosphate of which groups in Formula (VI)

[RTO-{(PO)q - (EO).}I-(hereinafter called the first substituent)

[R120-{(PO); - (EO)g}H-(hereinafter called the second substituent)

[R30-{(PO)» - (EO)}I-
(hereinafter called the third substituent)
are substituents shown in Tables 18 to 21 was blended with the base oil shown in the same tables, and dissolved
uniformly to prepare the lubricating oil compositions for refrigerating machine of Examples 141 to 183. The
blending rate of the organic phosphate in the base oil was 1.0 wt.%.

In the base oil column of Tables 18 to 21, the symbols P, E, F, V, | represent the same compounds as
specified above, respectively, and the symbols in the organic phosphate column represent the following sub-
stituents, respectively.

(6) C43H270 - (C2H,0), -

(7) C4gH210 - (C2H40), -

(8) CgH470 - (C,H40), - [where CgHy7-is 2-ethylhexyl group]

(9) CgH470 - (C,H40)5 - [where CgHy7-is 2-ethylhexyl group]

(10) CgH470 - (CzH4o)1o- [where CgHq-is 2-ethy|hexy| group]

(1 1) CgH470 - (CzH40)30 - [where CgH,+-is 2-ethy|hexy| group]

(12) iso - CgH470 - (CzH4o)2 -

(13) iso - CgH470 - (CzH4o)5 -

(14) iso - CgH170 - (C2H40)10 -

(15) n - CgH470 - (C,H40), -

(16) n - C4Hy0 - (C;H,40); -

(17) n - C4Hy0 - (C;H40)s -

(18)

CHg
[where CgH,7-is 2-ethylhexyl group]
(19)

CHg

(20)

CHg

(21) C1oH210 - (C2H,0)s -
(22) C1oH210 - (C2H40)1s -
(23)

i
Cr His—=C—0— (Cz Hse O) 2 —

(24)
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i
I
C7H15 - C - 0o - (CHZ—?HO)S - (C2H4O)2 -

CHg

I
CHz =(|:—C—O_CH2 C|:H—O_ (Cz H4 0)2_
CHs CHs

O
|

CHs O—C—(IZH—CHz —0—=(C2 H4a O) 5, —

CHs

(27) polyoxyethylene of lanolin alcohol

(28)

(29)

(30)

3N

C6H13 - CH - CH2 - O - (C2H40)5 -

OH

Ce Hn*@*@“ (Ca He O) 2 —
CHa @O— (CH> (I:HO) 3 — (Cz2 Hs O) » —

CHs
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O
I
Cz Hs O—C—CHa» @O— (Ca Hs O) 2 —
(32)
Ca Hg O‘@'O— (CHz (‘:HO) 3 = (Cz H4 O) 2 =

CHs

(33) CgHy7 - O - [where CgH4-is 2-ethylhexyl group]

(34) C43H270 - (C,H4O)s -

(35) sec - Cyy_15 - O - (C,H40)5 - [where sec-Cq4_q5- is a mixture of secondary alkyl group with 11 to 15
carbon atoms]

(36) Cg_19 - O - (CH,-CHO); - (C,H,0), - CH3 [where Cg_4¢- is a mixture of alkyl group with 6 to 10 carbon
atoms]

(37)

CHq

[where CgH,7-is 2-ethylhexyl group]
(38)

CHg

[where CgH,7-is 2-ethylhexyl group]
The compounds were tested, of which results are shown in Tables 18 to 21.
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It is known from these tables that the compositions of Examples 141 to 183 were excellent in anti-wear
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property, solubility and stability.

Examples 184 to 193

The organic phosphate of which the first to the third substituents in Formula (VI) are commonly the group
of symbol (8) above, and the polyalkylene glycol expressed in Formula (XIIl) as base oil were blended so that
the blending rate of the organic phosphate in the base oil might be as shown in Table 22, and dissolved uni-
formly, and the lubricating oil compositions for refrigerating machine of Examples 184 to 193 were prepared.

The compositions of these Examples were tested, of which results are shown in Table 22, together with

the result of Comparative Example 1.

=| O|O|O{0|0|0|O|0O|0lO|0O
=
o
-
=|8| O|O|O|Oo|Oo|o|o|olo|0o|O
=
(7]
2| O[O|O|O|0|O|O|0|0]|0O|0
X
= OO |Ol0]O0|0|0|0|0|0
Lo
-2
2~
=90 X
5o | o HO|O|O|O0|O|0|0|0|0|0
SO | -
™ a
N ~ R
° | 110l0]O|O|O|lO|0|O|0O|0
o
S
N\
> O
St S o | ™
Fo,. = . clo|lololo|lo|lo|ol o
Pl ™o
o
S
et —
‘2.33 ol Iwwlolo|lolo ol o
=]
8o SN . .
Ef_"%&e C|lojloolol~INjlOoO|]lololo]o
egeey — |l ]|lw|o|o
QD4 QN
-_— 0 —
o=
o | |R LS ||| =88
.z =t ) et | et | et | et ] et | ot | et | o—t | —
wojloolov|jlo]lo|lo|lo|lo)o] o ©
Salsl=zlalalalalalslalza
1=
Smmmmmmmmmmé

40



10

18

20

25

30

35

40

45

50

55

EP 0 510 633 A1

It is known from Table 22 that the compositions of Examples 184 to 193 were excellent in solubility and
stability, and superior in anti-wear property to Comparative Example 1 which did not contain organic phosphate.

Examples 194 to 202

In the same manner as in Examples 184 to 193 except that pentaerythritol tetraoctanoate was used as the
base oil, the lubricating oil compositions for refrigerating machine of Examples 194 to 202 were prepared.

The compaositions of these Examples were tested, of which results are shown in Table 23 together with the
results of Example 193 and Comparative Example 2.

= O(0|0|0|0|0|0|0|0|0]|0
>
_—
- gy
|3 OO0 10|0|0|010|0|0]0
s
o
= <{O[O[O0|O0|O0]0|0|0|0]|0
X
= 1'1OJ10O]|0|0|O0|O0|0|0|0]|0O
o)
>
o~
ZO IR
Bo|e OO0 |101010|01010]|0
2w |~
e 21
o ~ X
© @ 110101000 |0|0|0|0]|0O
<2
<
—
N\
e O
St o To
=g, | o|lo|lo|loco|loc|lo|loje]e
—_—o o —_ | =
PR
oo =
< =
L —
P o|l—~|lwlojlo|lclo|lcjo|o
00 & .S . o
sPaee olojlo|lol~|lN|lololo|o|o
2°e2e —~|lN|ow]eo]|o
QO 44— QN
_—O —
L2
|| o|l~|o|laolo|l—=|c|om
Py || D ||l S Slo|oS|
'2 —t | et | et | et | et | ot | O] | N | O | e
—wolo|lo|lo|lo|lovo|lo|lo|lo|l ol o
| et ] | et | et | et ] et | ot | ot | et | s
selalalalalalalalal al a
IE| E| E| E|l E|lE]| E|lE]jE]| E] E
ad | O | S| 0| | S| S| | S| S| <
S | o >2 | S| | S| = o= | 2| 5% | s | >
S®|&|@|d|d|m|d|olod|d|d

It is known from Table 23 that the compositions of Examples 194 to 202 were excellent in solubility, and
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superior in anti-wear property and stability to Comparative Example 2 which did not contain organic phosphate.
Examples 203 to 211

In the same manner as in Examples 184 to 193 except that the fluorinated oil expressed in Formula (XIX)
was used as the base oil, the lubricating oil compositions for refrigerating machine of Examples 203 to 211
were prepared.

The compositions of the Examples were tested, of which results are shown in Table 24 together with the
results of Example 193 and Comparative Example 3.
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It is known from Table 24 that the compositions of Examples 203 to 211 were excellent in solubility and
stability, and superior in anti-wear property to Comparative Example 3 which did not contain organic phosphate.

Examples 212 to 222

The organic phosphate of which the first to the third substituents in Formula (VI) are commonly the group
of symbol (8) above was blended with the base oil in Table 25, and dissolved uniformly to prepare the lubricating
oil compositions for refrigerating machine of Examples 212 to 222. The blending rate of organic phosphate in
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the base oil was 1.0 wt.%. The symbols in the base oil column in the table denote the same compounds as

specified above.
The compositions of these Examples were tested, of which results are shown in Table 25.
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Itis known from Table 25 that the compositions in Examples 212 to 222 were excellent in anti-wear property,
solubility, and stability.

Examples 223 to 230, Comparative Examples 12 to 14

The organic phosphorus compounds and base oil shown in Table 26 were blended so that the blending
rate of the organic phosphorus compound in the base oil might be 10 wt.%, and dissolved uniformly, and the

sample compositions of which total acid value is 0.00[mg KOH/g] were prepared.
When the sample composition comprised ester base fluid as base oil, the fatty acid which is material of
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the ester base fluid was added to the sample composition, and when the sample composition comprised poly-
alkylene glycol as base oil, the decomposition product of the polyalkylene glycol was added to the sample com-
position. Therefore the lubricating oil compositions for refrigerating machine of Examples 223 to 230 and Com-
parative Examples 12 to 14 adjusted the total acid value as shown in the table were prepared.

The symbaols in the organic phosphorus compound column and base oil column in the table represent the
same compounds as defined above.

The compositions of these Examples and Comparative Examples were tested, of which results are shown
in Table 26
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It is known from Table 26 that the lubricating oil compositions for refrigerating machine of Examples 223
to 230 of which acid value is 0.01 or less were similar in the solubility, but superior in anti-wear property and

55
stability to the Comparative Examples of which acid values were all over 0.01.
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Claims

1.

A lubricating oil composition

comprising at least one organic phosphorus compound selected from a group comprising organic
phosphonate expressed in Formula (1), organic phosphate expressed in Formula (V), and organic phos-
phate expressed in Formula (VI), out of polyalkylene glycol, ester base fluid, fluorinated oil and organic
phosphorus compound as specified above, wherein, if composed of polyalkylene glycol and the organic
phosphate expressed in Formula (V), the content of the organic phosphate in the base oil exceeds 10 wt.%.

R O
R2 0—P=0 (1
/
R3

where R1, R? are either identical or different, expressing any one of the groups (1) to (4) below.
(1) an alkyl group with 1 to 18 carbon atoms,
(2) an alkenyl group with 3 to 18 carbon atoms,
(3) an aryl group with 6 to 18 carbon atoms (however, an alkyl group with 1 to 12 carbon atoms, or an
alkenyl group with 2 to 12 carbon atoms may be possessed as a substitutent), and
(4) a polyoxyalkylene alkylether group expressed in Formula (Il)
R40O - (R50), - R5 - )]
(where R* denotes a hydrogen atom, an alkyl group with 1 to 18 carbon atoms, or an alkenyl group with
3 to 18 carbon atoms, R represents an alkylene group with 2 to 4 carbon atoms, and a is 0 or an integer
of 1 or more), and
R3 denotes any one of the groups of (5) to (11):
(5) an alkyl group with 1 to 18 carbon atoms,
(6) an alkenyl group with 2 to 18 carbon atoms,
(7) an aryl group with 6 to 18 carbon atoms (an alkyl group with 1 to 12 carbon atoms or an alkenyl
group with 2 to 12 carbon atoms may be possessed as a substituent),
(8) an polyoxyalkylene alkylether group expressed in Formula (lla)
R40O - (R50), - R21 - (lla)
(where R%, R5 denote the same groups as above, R?! is an alkylene group with 1 to 4 carbon atoms,
and a is the same integer as above),
(9) a group expressed in Formula (l1I)
(Ill) [where R® denotes any one of an alkyl group with 1 to 18 carbon atoms, an alkenyl group with 3 to
18 carbon atoms, an aryl group with 6 to 18 carbon atoms (an alkyl group with 1 to 12 carbon atoms or
an alkenyl group with 2 to 12 carbon atoms may be possessed as a substituent), and a polyoxyalkylene
alkylether group expressed in Formula (Il), and b is an integer from 1 to 3],
(10) a group expressed in Formula (IV)

_(CH2)C—?H_COOR7

CHz2 —COOR?” ()

[where R7 denotes any one of an alkyl group with 1 to 18 carbon atoms, an alkenyl group with 3 to 18
carbon atoms, an aryl group with 6 to 18 carbon atoms (an alkyl group with 1 to 12 carbon atoms or an
alkenyl group with 2 to 12 carbon atoms may be possessed as a substituent), and a polyoxyalkylene
alkylether group expressed in Formula (ll), and ¢ is 0 or 1], and

(11) a bezoyl group which may possess an alkyl group with 1 to 12 carbon atoms or an alkenyl group
with 2 to 12 carbon atoms as a substituent
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R® O\
R® O—-P=0 (V)
R°0

[where R8, R?, and R0 are either identical or different, expressing an alkyl group with 1 to 18 carbon
atoms, or an alkenyl group with 3 to 18 carbon atoms],

(R"O—-{(PO) s — (EO) . }] N
(R'20—- { (PO) r — (EO)  }]) =P=0 (VD)
(R"PO0— { (PO)» — (EO) i}

[where R", R'2, and R"3 are either identical or different, expressing any one of the groups (A) to (E)
below, EO denotes an oxyethylene group, and PO represents an oxypropylene group; d to i denote 0
or integers of 1 or more, but d to i are not 0 at the same time; or when both d and e are integers of 1
or more, or when both f and g are integers of 1 or more, or when both h and i are integers of 1 or more,
the oxyethylene group and oxypropylene group may be either bonded at random or bonded in block];
(A) an alkyl group with 1 to 18 carbon atoms,
(B) an alkenyl group with 3 to 18 carbon atoms,
(C) an aryl group with 6 to 18 carbon atoms (which may possess, however, either one of the groups,
that is, an alkyl group with 1 to 12 carbon atoms, an alkenyl group with 2 to 12 carbon atoms, a group
expressed in Formula (VII), or a group expressed in Formula (VIIl), as a substituent),

i
RMO=C— (CHa) s - (vin)

(where R4 denotes an alkyl group with 1 to 18 carbon atoms, or an alkenyl group with 3 to 18 carbon
atoms, and j is an integer from 2 to 15),

R 180- (Vi
(where R'5 denotes an alkyl group with 1 to 8 carbon atoms, or an alkenyl group with 3 to 8 carbon
atoms),
(D) a group expressed in Formula (IX),

R'IG_C__ ([X)

[where R'¢ is an alkyl group with 1 to 18 carbon atoms, an alkenyl group with 2 to 18 carbon atoms,
or an aryl group with 6 to 18 carbon atoms (which, however, may possess an alkyl group with 1 to
12 carbon atoms, or an alkenyl group with 2 to 12 carbon atoms as a substituent)], and

(E) a group expressed in Formula (X)

I
R'O-C~ (CHz2) .« — (X)

[where R'7 is an alkyl group with 1 to 18 carbon atoms, an alkenyl group with 2 to 18 carbon atoms,
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or an aryl group with 6 to 18 carbon atoms (which, however, may possess either an alkyl group with
1 to 12 carbon atoms or an alkenyl group with 2 to 12 carbon atoms as a substituent), and k is an
integer from 2 to 15].

A lubricating oil compasition of claim 1, wherein the acid value is 0.01 or less.

Use of a lubricating oil composition according to claim 1 or 2, for a refrigerating machine.
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