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DESCRIPTION

REFRIGERATOR OIL, WORKING FLUID FOR REFRIGERATOR,
- AND METHOD FOR LUBRICATING REFRIGERATION SYSTEM

TECHNICAL FIELD

The preéent invention relates to a refrigerator
oil for use in a refrigerant compressor for a domestic'
refrigerator or the like, and particularly to a
refrigerator oil useful for a refrigerant compressor
using a hydrofluorocarbon refrigerant, a working fluid
for a refrigerator and a lubricating method using the

same.
BACKGROUND ART

Compressors utilizing a refrigerant are used in
refrigeration systems, such as refrigerators, car air
conditioners, industrial refrigerators, and room air
conditioners, and hydrofluorocarbon refrigerants
(nonchlorine compounds, that is, hydrogen- and ' _
fluorine-containing hydrocarbons, free from chlorine,
with at least a part of hydrogen atoms substituted

with fluorine; hereinafter referred to as "HFC

refrigerants') have drawn attention as refrigerants
for these refrigeration systems. R134a, R125, R32;
R143a, and R152a, each consisting of a single
compound, and R407C and R4102A, each consisting of a
mixture of those compounds, have been proposed as the
HFC refrigerant. Regarding a base oil, for a
refrigerator oil, used in combination with the
hydrofluorocarbon refrigerant, a polyhydric alcohol

ester cdmpound is known to have excellent properties.
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A refrigeration system comprises a refrigerating
compressor, a condenser, an expansion mechanism (e.qg.,
expénsion valve, capillary tube and the like),; an '
evaporator, etc., connected to one another in series.
Various metal working oils are used for the production
of components for these equipments and for assembling
the system, and these metal working oils remain in the
assembled refrigeration system. The metal working
oils contain additives, for example, a sulfur extreme
pressure agent, such as disulfide, and a phosphorus
extreme pressure agent, such as a phosphoric ester.

DISCLOSURE OF THE INVENTION

The metal working oil containing a sulfur or _
phosphorus extreme pressure agent is less likely to be
dissolved in a hydrofluorocarbon refrigerant.

Further, this metal working o0il, in some cases,
contaiﬁs a component highly reactive with a polyhydric
élcohol-ester compound or a hydrofluorocarbon
refrigerant. For this reason, a sparingly soluble
additive component(s) in a metal working oil, such as
a sulfur extreme preésure agent or a phosphorus
extreme pressuré agent, and a reaction product(s) with

. a refrigerator oil or the like, in some cases, locally

deposit within the refrigeration system; Operation of
the refrigeration system causes this deposit to
accumulate inside an extremely narrow tube, such as a
capillary tube, in the system, resulting in lowered
flow rate of the refrigerant and increased
differential pressure to deteriorate the efficiency,
which often makes it impossible for the refrlgeratlon
ystem to exhlblt satisfactory performance.
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The present 1nventlon aims to solve the- above
problems, and an object of the present invention is to
prov1de a refrlgerator oil, a working fluid for a
refrlgerator, and a method for lubricating a
refrlgeratlon system, which when a polyhydric alcohol
ester compound is used as a base oil for a
refrigerator oil, can inhibit'the creation of
deposits, attributable to the residual metal working
0il, in the system, particularly in a caplllary
section.

The present inventors have made extensive and
intensive studies with a view to solving the above
problems and, as a result, have found that addition of
a particular polyoxyalkylene;compound into a
polyhydric alcohol ester compound as the base o0il can
prevent the creation of deposits in the system, which.
has led to the completion of the present invention.

Thus, the refrigerator oil according to the
present invention comprises: a polyhydric alcohol
ester compound as a lube base o0il, and 0.5 to 4.5% by
weight of at least one polyoxyalkylene'compound
represented by the following formula (1): |

Rq-0-(Ry-0-),-R3 (1)
wherein Rq represents an alkyl group having 1 to 8
carbon atoms, R, represents an alkylene group having 1
to 4 carbon atoms, R3 represents hydrogen or an alkyl
group having 1 to 8 carbon atoms and n is a number
representing the degree of polymerization.

The working fluid for a refrigerator according
to the present invention comprises the above
refrigerator oil and a hydrofluorocarbon refrigerant.
Further, the method for lubricating a refrigeration
system contaminated with metal wofking oils,
containing a component sparingly soluble in the
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polyhydric alcohol ester compound or the
hydrofluorocarbon refrigerant, or metal Workiné oils,
containing a component highly reactive with the
polyhydric alcohol ester compound or the
hydrofluorocarbon refrigerant, remaining therein,
according to the present invention, comprises using
the above working fluia for a refrigerator.

BRIEF DESCRIPTION OF DRAWING

Fig. 1 is a dlagram showing the results of
measurement of an electrical 1nsulat1ng property w1th
the amount of PAG (polyoxyalkylene compound) added to
the base o0il belng varied.

BEST MODE_FOR CARRYING OUT THE INVENTION

[Polyhydrlc alcohol ester compound]

Polyhydrlc alcohol ester compounds usable 1n the
present invention 1nc1ude polyhydric alcohol esters
prepared from polyhydrlc alcohols with the number of
hydroxyl groups being 2 to 6 and fatty acids.
Comp051t10ns having excellent heat stability, and
hydrolytlc stability and metal corrosive resistance
can be suitably'selected from these polyhydric alcohol
esters. Among these, a neutral ester prepared by
reacting a polyhydric alcohol, having a neoltype'
skeleton with five carbon atoms, with a monovalent
saturated fatty acid or a mixture of the monovalent
saturated fatty acid and a divalent saturated fatEy
acid is particularly preferred. The acid value of the
ester is preferably not more than 0.1 mg KOH/gq,
partlcularly preferably not more than 0.02 mg KOH/g.

Polyhydric alcohols usable hereln include
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neopentyl glycol,'trimethylolp:opane, pentaerythritol,
and dipentaerythritol with dihydric or tetrahydric
alcohols being preferred. 1In particular, a mixture of
a neopentyl glycol ester with a pentaerythr1tol ester
is preferred because the mlxture has a good solubility
in the HFC refrigerant and the'visCosity'can be
approprlately adjusted.

Monovalent saturated fatty acids usable hereln
include straight-chain monovalent saturated fatty
acids having 5 to 8 carbon atoms and non-neo type
branched-chain monovalent saturated fatty acids having
5 to 9 carbon atoms and a mixture of the non-neo type
branched-chain monovalent saturated fatty acid(s)
having 5 to 9 carbon atoms with the straight-chain
monovalent saturated fatty acid(s) having 5 to 8
carbon atoms. The branched-chain monovalent saturated
fatty acid is preferably a monovalent saturated fatty
acid with a methyl or ethyl group attached as a branch
to the carbon atom at the a- or B-position. 1In this
connection, it should be noted that a polyhydrlc '
alcohol ester prepared from a fatty acid having 1 to 4
carbon atoms has problems of lubricity, hydrolytlc_.'
resistance and metal corrosive resistance. Specific
examples of the branched-chain monovalent saturated
fatty acids usable herein include 2-methylpentanoic
acid, 2-ethylpentanocic acid, 2-methylhexanoic acid,
2-e£hylhexanoic acid, 2-methylheptanoic acid, 2-
ethylheptanoic acid, and 3,5,5-trimethylhexanoic acid,
and examples of the straight-chain monovalent

'saturated'fatty acids usable herein include n-

pentanoic acid, n-hexanoic acid, n-heptanoic acid, and

“n-octanoic acid. Fﬁrther, the monovalent saturated

fatty acid(s) may be also used in combination with a
divalent saturated fatty acid(s), such as succinic
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acid, glutaric acid, adipic acid, pimelic acid, etc.,
to prepare a lube base 0il of a complex ester having
relatively high viscosity.
[Polyoxyalkylene compqund]

The polyoxyalkylene compound used in the present
invention has a structure represented by the formula
(1). .

R1-0-(Ry-0-),-R3 (1)

R, represents an alkyl group having 1 to 8
carbon atoms with a methyl, ethyl, or butyl group
being preferred. R, represents an alkylene group
having 1 to 4 carbon-atoms, and, more specifically,
methylene, ethyléne, propylene and butYlené-groups may
be mentioned. | Therefore, as the -Ry;-0O- in the

'formula (1), there are mentioned oxyalkylen groups of

oxymethylene group, oxyethylené group, OxXypropylene
group and oxybutylene group and the -(Ry-0-),— may be
a homopolymer of a 51ngle oxyalkylene group selected
from these oxyalkylen groups or a copolymer formed by
polymerization of two or more of the oxyalkylene
groups. When the -(Ry-0-),- is a copolymer, it may be
either a block copolymer or a random copolymer. The
polymer part, ~(Ry-0-),-, is preferably a homopolymer
of én oxypropylene group or a copolymer containing an -
oxypropylene group, especially preferably, a copolymer
of an oxyethylene group and an oxypropylene group.
Although this copolymer.may be either a_block_
copolymer or a random copolymer, the block copolymer
is particularly preferred.  The proportion of the
oxypropylene group is preferably nbt less than 50%,
particularly preferably not less than 70%. Rz
represents hydrogen or an alkyl group having 1 to 8
carbon atoms. It is preferably hydrogen. That is,
that the terminal is a hydroxyl grbup is preferred. n
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is a number repreSenting the degree of polymerization.
When the foregoing polyoxyalkylene compound has an
excessively high molecular weight, the solubility is
likely to be lowered, while an éxoessively low
molecular weight results in high evaporability. For
this reason, n is p:eferably a number corresponding to
a molecular weight of 300 to 3,000. It is still
preferably 300 to 1,500, still more preferably 300 to .
1,200. '

The polyoxyalkylene compound is added in an
amount of 0.5 to 4.5% by weight based on the weight of
the refrigerator oil. When the addition is '
insufficient, occurrence of deposits attributable to
additives or the like, used in metal working oils,
in the system cannot be satiSfactorily prevented.
Therefore, the polyox&alkylene compound is preferably
added in an amount of at least ﬁ% by weight. On the
other hand, even if this compound is added in an
amount exceeding 4.5% by weight, any further
advantageous effect which reflects such excess
addition will not be obtained in reducing the deposits
and therefore addition exceeding 4.5% by weight is
uneconomical. More preferably, the polyoxyalkylene
compound is added in an amount of not more than 3.5%
by weight. _

Further, since in closed-type refrigerators
(e.g., a domestic refrioerator), a compfessor and a
motor are integrally incorporated therein, it is
desirable that the refrigerator oil have a high
electrical insulating property. 2addition of the
polyoxyalkylene compound lowers the electrical
insulating property. Especially, when the
polyoxyalkylene compound is composed of an copolymer,
lowering in the electrical insulating property is more
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likely to occur with an increase in the proportion of
an oxyethylene group in the oxyalkylene groups. In
addition, this tendency is further enhanced with a
decrease in the molecular weight of the
polyoxyalkylene compound. With taking also into
account this poinE, the addition of the
polyoxyalkylene compound is preferably not more than
4.5% by weight. Still further, it is desirable that
the addition be so adjusted that the refrigerator oil
may have a volume resistivity of at least 1012 Qcm to
1013 Qcm, preferably at least 1013 Qcm.
[Hydrofluorocarbon refrigerant]

Hydrofluorocarbon refrigerants usable in the
present invention include those, wherein one or more
hydrogens in a hydrocarbon having 1 to 2 carbon atoms
has been substituted with fluorine(s), such as
1,1,1,2-tetrafluoroethane (R134a), pentafluoroethane
(R125), difluoromethane (R32), 1,1,1-trifluoroethane
(R143a), and 1,1-difluorocethane (R152a).,'Mixed_-
refrigerants, such as R407C and R410A, may also be
used.

[Refrigerator oil]

~ The viscosity-of the refrigeratbr oil according
to the present invention may be suitably modified. It
is generally 5 to 500 cSt at 40°C. In particular, the

- viscosity is 8 to 32 cst at 40°C for refrigerators, 25

to 100 cSt at 40°C for room air conditioners and
industrial applications, and 8 to 30 cSt at 100°C for
car air conditioners. |
Conventional additives, for example, phosphate
compounds as antiabrasion agents, such as triaryl
phosphates and trialkyl phosphates; metal
deactivétors, such as benzotriazole derivatives and
alkenylsuccinic esters; antioxidants, such as DBEC
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(2,6-di-tert-butyl-p-cresol) and p,p'~-

~ dioctyldiphenylamine; epoxy compounds as stébiiizers

for HFC refrigerants, such as 2-ethylhexyl glycidyl
ether, sec-butyl phenyl glycidyi ether and
monoglycidyl ethers-containing'an acyl group having 5
to 10 carbon atoﬁs, may be optionally incorporated as
other additives.

[Working fluid for refrigerator]

The working fluid for a refrigerator according
to the present invention comprises a mixture of the
above :efrigeratbr'oil with a refrigerant. The mixing
weight ratio of the refrigerator oil to the '
refrigerant is generally preferably (10 : 90) to (90
10), particularly preferably (20 : 80) to (80 : 20).

The refrigerant is prefeiably an HFC refrigerant
free from chlorine. However, it is also possible to
use chlorofluorocarbons (chlorine- and fluorine- -
substituted hydrocarbons), hydrochlorofluorocarbons
(chlorine- and fluorine-containing hydrocarbons),
ammonia refrigerant, hydrocarbon refrige:aﬁts and the
like. _

The present invention will be described in more
detail with reference to the following examples,
though it is not limited to these examp;es only. In

‘the following examples and comparative examples,

sample oils are prepared for tests and evaluated.

For these sample'oils, an ester, which had been
prepared by reacting pentaerythritol with a branched-
chain saturated fatty acids having 8 and 9 carbon
atoms and had a viscosity at 40°C of 68 cSt, was used
as a lube base oil. The following PAGs 1 to 4, |
polyoxyalkylene compounds, were added, in respective
proportions specified in Table 1, or not added, to the
base o0il, thereby preparing sample oils 1 to 6.
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?AG 1 was a compound having a structure
represented by the formula CH3—O-(P0)m(EO)n—H wherein
PO represents an oxypropylene'group, EO represents an
oxyethylene group, m and'n represent the degree of
polymerization with m': n=28: 2. This compound had
a molecular weight of about 1,000.

PAG 2 was a compound having a structure
represented by the formula C4H9—0-(P0)m(EO)n—H wherein -
PO represents an oxypropylene group, EO represents an
oxyethylene group and m and n represent the degree of
polymerization w1th m: n=5:5. This compound had
a molecular weight of about 500. :

PAG 3 is a compound having a structure
represented by the formula CH3-O-(P0) (EO),-CH3
wherein PO represents an oxypropylene group, EO
represents an oxyethylene group and m and n represent
the degree of polymerization withm : n = 8 : 2. This
compound had a molecular-weight'of-about 1,000. '

PAG 4 is a compound having a structure
represented by the'following formula
CH3-0-(BO), (PO),,-CH; wherein BO represents an
oxybﬁtylene group, PO represents an oxypropylene group
and m and n represent the degree of polymerization
withm : n =5 : 5. This compound had a molecular
weight of about 1,000.

The contamination in the interior of the
refrigeration system attrlbutable to the deposition of
the working oil was evaluated using an actual machine.
The following refrigeration system for a refrigerator
was used for the evaluation. A mixture of the
refrigerant with the refrigerator oil was compressed
by means of a compressor, cooled in a condenser to
prepare a liquefied mixture. Thereafter, the liquid
was lead through a capillary (having an inner diameter
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of 0.6 mm and a length of 1 m and made of copper) .to
an evaporator where the pressufé was reduced for
vaporization, thereby conducting heat exchange thrbugh
‘the. evaporator. The vaporized refrigerant and the
refrigerator oil were returned to the compressor.
65 g of a refrigerant (R407C, that is, a mixture
of R32, R125, and R134a in a weight ratio of 23 : 25
52), 250 ml of the sample 0il (a refrigerator oil),
and 2% by weight, based on the sample oil, of a
mixture of a plurality of working oils for use in
production of refrigerators were filled into a 200-W -
refrigerant compressor, and the compressor was
operated at a vaporization temperature of -20 to -25°C
for 200 hr. Thereafter, the amount of the deposits
produced within the capillary was evaluated. The
sample o0il was graded as 5 when a thick deposit was
created on the whole surface. The grade was lowered
with a reduction in the amount of the deposits, and
the sample oil was graded as zero (0) when no deposit
was observed. Grades 1 to 4 are as follows: '
Grade 1: Dot-like deposits scattered within the
_ capillary. | _

Grade 2: Some of the dot-like deposits scattering

within the capillary adhered to each other.
Grade 3: Almost all the dot-like deposits scattering

within the capillary adhered to each other.
Grade 4: The deposits thinly covered the whole surface.

The results are summarized in Table 1.
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Table 1

.Sample Sample Sample Sample Sample Sampie'
0il 1 0il 2 0il 3 0il 4 0il 5 0il 6

_———_———-—————-—-——

Additive PAG 1 PAG 1 PAG 2 PAG 3 ~ PAG 4
Added

Amount 4 2 2 4 4 None
(wt.%)

- Grade on
Deposition 0 0 0 1 1

Electrical insulating propettiesIWith the amount
of PAGs 1 to 3 added to the base oil being'varied were
evaluated, and the results are shown in Fig. 1. As
can be seen from Fig. 1, the electrical insulating
properties are lowered with an increase in the amount
of added PAGs. It will be noted that electrical
insulating property satlsfactory for practical use
(volume re51st1v1ty of not lower than 1013 Qcm) can be
provided by addition of PAG 1 or PAG 3 in an amount
not exceeding 4.5% by weight. In case of PAG 1_having
a high proportion (m : n = 50 : 50) of oxyethjlene
groups and a small molecular weight (about 500),
addition not exceeding about 1% by weight provides an
electrical insulating property satisfadtory for
practical use (volume resistivity of not lower than
1013 Qcm) .

INDUSTRIAL APPLICABILITY

According to the present invention, a polyhydric
alcohol ester compound is used as a lube base-oii, and
a predetermined amount of a particular polyoxyalkylene
compound ‘is incorporated thereinto. This can inhibit
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the creation of a deposit within a refrigeration
system attributable to a working oil remaining in the
system, eliminating a problem of a deterioration in
efficiency of. the refrigeration'SYStem. ‘The present
invention is particularly suitable for use in a
compressor utilizing a refrigerant such as a
hydrofluorocarbon.
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CLAIMS

1. A refrigerator oil comprising: a polyhydric
alcohol ester compound as-a lube base oil, and 0.5 to
4.5% by weight of at least one polyoxyalkylene
compound represented by the following formula (1):

Rq-0-(Ry-0-),-R3 (1)
wherein R; represents an alkyl group having 1 to 8
carbon atoms, R, represents an alkylene group having 1
to 4 ¢arbon atoms, R3 represents hydrogen or an alkyl
group having 1 to 8 cafbon atoms and n is a number
representing the degree of pdlymerization. |

2. A working fluid for a refrigerator,
comprising: the refrigerator oil according to claim 1,
and a hydrofluorocarbon refrigerant.

3. A method for lubricating a refrigeration
system'contaminated with metal working oils,
containing a component spéringly soluble in the
polyhydric alcohol ester compound or the
hydrofluorocarbon refrigerant, or metal working oils,
containing a component highly reactive with the
polyhydric alcohol ester compound or the
hydrofluorocarbon refrigerant, remaining therein,
wherein the working fluid for a refrigerator according

to claim 2 is used.



