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: fluorlng Contalnlng hydrocarbons, free fromchlorine, with at |least a part
of 't he hydrogen atons substituted with fluorine; hereinafter referred to as
" "HFC refrigerants") have drawn attention as refrigerants 20 for these
refrigeration systens. R134a, R125, R32, Rl143a, and Rl152a, each consisting
- of a single conpound, and R407C and R410A, each consisting of a m xture of
t hose conpounds, have been proposed a? the HFC refrigerant. Regarding a
base oil, for a 25 - refrigerator ofl, Used in conbination with the

hydr of | uorocarbon refrigerant; a polyhydric al cohol ester conpound is known
to have excell ent properties. REPLACEMENT SHEET -2- A refrlgeratlon
system conprises a refrigerating DESCRIPTION an

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'
5 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.
10 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

15 (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

20 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

25 refrigerator oil, used in combination with the
hydrofluorocarbon refrigerant, a polyhydric alcohol
ester cdmpound is known to have excellent properties.
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,conpressor ~a condenser, an expansi on nechani sm (e.g., expansion val ve,
caplllary t ube 'and t he Ilke) an -evaporator, etc., connected to one anot her
in series. 5 Various netal working oils are used for. the producti on of
conponents for these equi pnent and for assenbling the system and these
metal working oils remain in the assenbled refrigeration system The netal
working oils contain additives, for exanple, a sulfur extrene 10 pressure
agent, such asAdisul fide, and a phosph@ us extreme pressure agent, such as
a phosphoric ester. DI SCLOSURE OF THE | NVENTI ON The netal working oi
containing a sulfur or phosphorus extrenme pressure agent is less likely to
15 di ssol ve in a hydrofluorocarbon refrigerant. Further, this netal

Dol yhydr < al cohol ReEeR: SRR GYreR ?%%ﬁ%%re?c%?%nff?rﬁag%rn t For
this reason, eompxessyry soladsndenser, an expansion mechanism (e. g.,
' expénsion valve, capillary tube and the like),; an '
evaporator, etc., connected to one another in series.
5 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
10 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
15 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
25 the refrigeration system causes this deposit to

20

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,
30 which often makes it impossible for the refrlgeratlon
ystem to exhlblt satisfactory performance.
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- 20 : add|t|v3 conponent (s) in a nmetal working .oil, such as a sulfur

pressure agent or a phosphorus extrene pressure agent

extrene

and a reaction

product(s) with a refrigerator oil or the like,  in some cases, locally
deposit within the refrigeration system Operation of 25 t he
‘refrigeration systemcauses this deposit to accunulate inside an extrenely

narrow t ube,

such as a capillary tube, in the system resulting in a

| owered flow.rate of the refrigeranr'éhd'incréased differential pressure to
-deteriorate the efficiency, 30 which often nakes it inpossible-for the

refrigeration systemto exhibit satisfactory performnce.

-3- The present |rmhﬁuptﬁsén&nhﬁ¢EﬁxﬁoﬁaaiMSEﬁunsblve the- above

10

15

- 20

25

30

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 polyoxyalkyléne;compound into a
polyhydric alcohol ester compound as the base o0il can
prevent the creation of deposits in the systém, 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

Sheet Has Been R laced

T lII

THIS SHEET HAS BEEN
REPLACED

13 MAY 1999



._problens and an object of the present I nvention is to
ref'ri getator oil, a working fluid for a refrigerator, a
- lubricating a 5 refrigeration system which when a poly
conmpound is used as a base oil for a refrigerator oil,
occurrence of deposits, attributable to the residual ne

provi de a

nd a nethod for _
hydri c al cohol ester
can inhibit the

tal working oil, in

the system particularly in a capillary 10 section. The present inventors.

have made extensive and intensive studies with a viewt
probl ens and, as a result, have found that addition of
polyoxyalkylene conpound into a 15 pol yhydri'c al cohol
the base Ol pb63PhREEYEN 1LY oqcegrt@%neem%uﬁapee thel N

has led to t ion O resent i nvention., Thu
oi | accordi npydsof §°EP§§€thlﬁ ﬁﬂB@ﬁaEanPFS@gtaé HBF

o solving the above
a particular :
ester- conpound as

the system which
the refrigerator

H?HrP&lévcohol

containing a component highly reactive with the

polyhydric alcohol ester compound or the

5 = hydrofluorocarbon refrigerant, remaining therein,
according to the present invention, comprises using

the above working fluid for a refrigerator.

BRIEF DESCRIPTION OF DRAWING

Fig. 1 is a dlagram showing the results of
10 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]

15 Polyhydrlc alcohol ester compounds usable in the
present invention 1nc1ude polyhydric alcohol esters

prepared from polyhydrlc alcohols with the

number of

hydroxyl groups being 2 to 6 and fatty acids.
Comp051tlons having excellent heat stability, and

20 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

25 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.

30 : Polyhydrlc alcohols usable hereln include
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- 20 ester gowpound as a |l ube base oil, and 0.5 to 4.5% by wei ght of at .

1 east one polyoxyalkylene conpound represented by the follow ng formul a
(): Rerr]-O(Rerr]-O)[err]-Rerr]- (1) wherein Rerr] represents an
al kyl group having 1 to 8 25 carbon atons, R err] represents an al kyl ene
" group having 1 to 4.carbon atonms, R[err] represents hydrogen or an alkyl
group having 1 to 8 carbon atons and n is a nunber representing the degree
of polynerization. The working fluid Por. a refrigerator according 30 to
-the present invention conprises the above refrigerator oil and a

hydr of | uorocarbon refrigerant. Further, the nethod for lubricating a

refr'geratlOﬁe&ﬁéheylcgﬂ&%ﬁﬂﬂa&&dmhkhblﬁ&b&bpﬂhékIpgm@deryhhmﬁtmhu ng a.
component sparlng %en%%%@ hrlto w1th dihydric or tetrahydrlc
_alcohols being preferred; In particular, a mixture of
a nedpentyl glycol ester with a-pedtaerythritol ester
5 is preferred because the mixture has a good solubility
in the HFC refrigerant and the'visCosity'can be
approprlately adjusted.
Monovalent saturated fatty acids usable here1n
include straight-chain monovalent saturated fatty
10 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
15 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 Ehe carbon atom at the a- or B-position. In this
20 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, hydrolytic '
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
30  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

25



. REPLACENENT SHEET 13 MAY 1999 -4- pol yhydric al cohol ester conpound or the
hydrofluorocarbon refrigerant, or netal working oils, containing a
-conponent highly reactive with the pol yhydric al cohol ester conmpound or the
5 . hydrofluorocarbon refrigerant, remaining therein, according to the
present invention, conprises using the above working fluid for a S
refrigerator. BRI EF DESCRI PTI ON OF DRAMVNG Fig. 1 is a diagramshow ng the .
results of the 10 nmeasur enent of anfefrectrical i nsul ating property with
t he amount of PAG (pol yoxyal kyl ene conpound) added to the base oil being
vari ed. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON Pol yhydri c al cohol ester
conpound 15 acid, gPatkmbydr aeidl califpiesaeidgoppmebde aedd,eeite.the

to prepare a lube base 0il of a complex ester having
relatively high viscosity.
[Polyoxyalkylene compqund]

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

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

R, represents an alkyl group having 1 to 8

10 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

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

oxymethylene group, oxyethylene group, oxypropylene

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

20 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 -

25 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

30 ©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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present i"'nvention include polyhydric al cohol esters prepared from
pol'yhydri ¢ al cohols with the nunber of hydroxyl groups being 2 to 6 and

. fatty acids. Conpositions having excellent heat stability, and 20

hydrol ytic stability and netal corrosive resistance can be suitably

sel ected fromthese pol yhydric alcohol esters. Anong these, a neutral ester
prepared-by reacting a pol yhydric al cohol, having a neo type skel eton with
five carbon atons, with a nonoval en+ 25~ saturated fatty acid or a mxture
- of the nonoval ent saturated fatty acid and a divalent saturated fatty acid
Is particularly preferred. The acid value of the ester is preferably not

oy than 0.4gng wgr Péb&é ehe&hg ehef eéa%u et p@?ﬁe&‘ﬂéat@oﬁz my

g. 30 dric a coho S usabl e herein Inc

When the fore901ng polyoxyalkylene compound as an

excessively high molecular weight, the solubility is

likely to be lowered, while an exoessively low

'5 molecular weight results in high evaporability. For
this reason, n is preferably 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. _

10 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,

15 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

50 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%

25 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

30 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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. -5- neopentyl glycol, trimethyl ol propane, pentaerythritol, and
drpentaerythrrtol mnth di hydric or tetrahydric al cohols berng preferred
“.In particular, a mxture of a neopentyl glycol ester with a pentaerythritol
ester 5 is preferred because the m xture has a good solubility in the HFC
refrigerant and the viscosity can be appropriately adjusted. Mnoval ent
saturated fatty acids usable herein include straight-chain nonoval ent:
saturated fatty 10 acids having 5 to 8 earbon atons and non-neo type
branched- chai n nonoval ent saturated fatty acids having 5 to 9 carbon atons
and a m xture of the non-neo type branched-chai n nonoval ent saturated fatty

aci d(s) havi ngke1y¥0t8 6@bb9nwitﬁﬁﬁnwhhbrbasesEhatﬂét$98§b&ti5nﬂﬁﬁova|ent
saturated fatty a0|g£ i havi n % car bo E QmE he branched-chai n
monoval ent s3PuPX¥EEhYLEpS grPyPp; dn, QFeP&BP} ¥LABROGEPERE -satitr ated fatty

addition, this tendency is further enhanced with a
decrease in the molecular weight of the
5 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
10 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

15 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_-

20 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
25 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. |
30 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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aC|d ‘W th a methyl or ‘ethyl group attached as a branch to the carbon at om
at *the 'a-~ ot B-position. In this 20 connection, it should be noted that a
pol yhydri c al cohol ester prepared froma fatty acid having 1 to 4 carbon
“atons has problens of lubricity, hydrolytic resistance and metal corrosive
resi stance. Specific exanples of the branched-chain nonoval ent saturated 25
fatty aci ds usabl e herein include 2- net hyl pentanoi ¢ _aci d, - 2- et hyl pent anoi ¢
aci d, 2-nethyl hexanoi ¢ acid, 2-ethyLhgxanoic acid, 2- nethylheptan0|c aci d,
2- ethylheptan0|c acid, and 3,5, 5- trlnethylhexan0|c acid, and exanpl es of
the straight-chain nDnovaIent 30 saturated fatty acids usable her ei n

- oct anol ¢ aLRaB BT EREE-BPREITEB0RReR) CBRLPAPLG fatty aci f(a) My be
al so used |ndtoabymdtphanmﬂahlaedleabamtcgupgnadédaﬁa§$?b$%¥m9§ﬁ such as
succinic for HFC refrigerants, such as 2-ethylhexyl glycidyl
_ ether, sec-butyl phenyl glycidyi ether and
5 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
10 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).
15 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),
"20 - 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 examples only. 1In

25 the following examples and comparative éxamples,
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

30 | 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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 -6-,acid,” glutaric acid, adipic acid, pinelic acid, etc., to prepare a |ube
base oil of a conplex ester having relatlvely hi gh V|sc05|ty

- Pol yoxyal kyl ene conpound 5 The pol yoxyal kyl ene conpound used in the
present invention has a structure represented by the formul a
Rerr]-O(Rerr]-O)[err]-Rerr] (1) Rerr] represents an al kyl group
having 1 to 8 10 carbon atons with nmet hyl, ethyl, or butyl group being
preferred. R err] represents an alkyliﬂe-group having 1 to 4 carbon atons,
and, nore specifically, methylene, ethylene, propylene and butylene groups
may be nmentioned.. Therefore, as the -Rerr]-O in the 15 formula (1),
there are nentlonE&GoinBEyBenogpoupd bavhngsaogyreckyrene group,

oxyethyl ene gLpipseA¥¥A" BRY kRABE formula CH3-0-(PO),(EO), -H wherein
PO represents an oxypropylene'group, EO represents an
oxyethylene group, m and n represent the degree of
5 polymerization withm : n =8 : 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

10 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

15 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

20 represented by the'following formula
CH3-0-(BO), (PO),,-CH; wherein BO represents an
oxybntylene group, PO represents an oxypropylene group
and m and n represent the degree of polymerization
withm : n =5 : 5. This compound had a molecular

25 we1ght 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

30 Wwas 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



group and ‘oxybutyl ene group and the -(Rlerr]-O)[err]- may be a honopol yner
of a S|ngle oxyal kyl ene group sel ected fromthese oxyal kyl en groups or a
copol ymer formed by 20 pol ymeri zation of two or nore of the oxyal kyl ene
When the -(Rlerr]-O)[err]- is a copolyner, it may be .either a

"bl ock copol ymer or a random copol yner. The pol yner part,

gr oups.

-(Rlerr]-

O)[err]-

Is preferably a honnpolyner of an oxypropyl ene group or

a copol yner containlng an 25 oxypropylene group, especially preferably, a
-copol ymer of an oxyet hyl ene group and an oxypropyl ene group. Although this
may be either a bl ock copolymer or a random copol ynmer, the bl ock

copol yner

copol ymer i s ofirOi6ulmar andpaelength. o¥ht prapdrmade of thepd®) - twypr opyl ene

group is prefgra

than 70%

at ons.

It

R[err]

BlYpBahebesinbhan:R0"brOgbbEGULAL! ¥eBUERAT 20V N0 | oo
ApZatof whend the’h ?

resen ran alk roup having 1 to 8 carbon

svpp@renabn9nhy§hg§ehy c¢néuctsngt aatt pechangenghroughy
hydroxyl grOUEhéSe95§595E89 Phe 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 de9051ts 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.



: -7 i.s’ arnunber representing the degree of polynerization. Wen the
fore90|ng polyoxyalkylene conpound has an excessively high nol ecul ar
~weight, the solubility is likely to be | owered, while an excessively low 5
nol ecul ar wei ght results in high evaporability. For this. reason, nis
preferably a nunmber corresponding to a nolecular weight of 300 to 3, 000. | t
Is still preferably 300 to 1, 500, st|II nore preferably 300 to 1,200. 10 :
The pol yoxyal kyl ene conpound i s add&d 12n=an anount of 0.5 to 4.5% by wei ght

based on the weight of the refrigerator oil. Wen the addition is
insufficient, occurrence of deposits’ attributable to addltlves or the Ilike,
used in netal working oils, Table 1

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

_———_———-—————-—-——

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

5 Added _
Amount 4 2 2 4 4 None
(wt.%)
- Grade on
Deposition 0 0 0 1 1 5
10 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

15 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

20 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

25 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
30 compound ‘is incorporated thereinto. This can inhibit



15 ~ih the system cannot be satisfactorily prevented. Therefore, the
polyoxyalky]ene conpound is preferably added in an anount of at |east 1% by
-.weight. On the other hand, even if this conpound is added in an anount
exceeding 4.5% by wei ght, any further 20 advant ageous ef fect which

- reflects such excess addition wil|l not be obtained in reducing the deposits
and, therefore an addition exceeding 4.5% by weight is uneconomical. Mre
preferably, the pol yoxyal kyl ene conﬁobhd-ls added in an anmount of not nore
than 3.5% 25 by weight. Further, since in closed-type refrigerators
(e.g., a donestic refrigerator), a conpressor and a notor are integrally

| noor por at edehleeebltibh b eaepalle ybehinns cefrigarateonoll have a fhign

30 el ectric |nsu at property. Addition f é alhéhene
conpound IomEY§tFﬁea§F§éPPFéHﬂelﬁ?uPaVPﬁblﬁgoﬁb t§emE%8é8 %y en the

system, eliminating a problem of a deterioration in
efficiency of the refrlgeratlon system ‘The present

5 invention is particularly suitable for use in a
compressor utilizing a refrigerant such as a
hydrofluorocarbon.

This SheetHasBeenRe[ilaced : THIS SHEET HAS BEEN
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polyoxyalkylene conmpound is conposed of an copol yner, |oweri
el ectri tal- i'nsul ating property is nore REPLACENMENT SHEET”ﬁlm ml im "II'" IIII
..occur with an increase in the proportion ‘of an .oxyet hyl ene group *
oxyal kyl ene groups. In addition, this tendency is further enhanced with a
decrease in the nolecul ar weigh of the 5 polyoxyal kyl ene conpound. Wth

t he taklng also into account this point, the addition of the .

pol yoxyal kyl ene conpound is preferahl yghat nore than 4.5% by weight. Stil
further, it is desirable that the addition be so adjusted that the
refrigerator oil 10 nmay have a volune resistivity of at l|east 10[err]
[errJcmto 10[err] [err]cm preferab@idynéexwt 10[err] [err]lcm

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):
5 R1 -0 (RZ—O- ) n—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
10 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

5 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

10 to claim 2 is used.



.kydfoflgpﬁocgnbon refrigerant Hydrofl uorocarbon refrigerants usable in the
preSent invention include those, wherein one or nore 15 hydrogens in a
“hydrocarbon having 1 to 2 carbon atons has been substituted with
fluorine(s), such as 1,1,1,2-tetrafl uoroethane (Rl34a), pentafl uoroethane
"(R125), difluoronethane (R32), 1,1,1-trifluoroethane (R143a), and

1, 1-di fl uoroet hane (R152a). M xed 20 refrigerants, such as R407C and R410A,
may al so be used. Refrigerator oil ThéstScosity of the refrigerator oi
-according to the present invention may be suitably nodified. It 25 is
generally 5 to 500 cSt at 40[err]C. In particular, the viscosity is 8 to
32 cSt at 40[err]C for refrigerator ABIERAG 100 cSt at 40[err]C for room
air conditioners and industrial applications, and 8 to 30 ¢St at 100[err]C

for car air conditioners. . . - ) - .
This invention provides a refrigerator oil, a

working fluid for a refrigerator, ‘and a method for

- _ lubricating a refrigeration system, which can inhibit

. . 5 the creation of deposits attributable to metal working
oils remaining within a refrigeration system. A
refrigerator 0il 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. A

10 working fluid for a refrigerator, comprising: the
above refrigerator oil, and a hydrofluorocarbon
refrigerant. A method for lubricating a refrigeration
system contaminated with metal working oils,
containing a component sparingly soluble in the

15 polyhydric alcohol ester Compound or the
hydrofludrocarbon refrigérant, or metal working oils,
containing a component highly reactive with the
polyhydric alcohol ester compound or the
hydrofluorocarbon refrigerant, remaining therein;

20 wherein the above working fluid for a refrigefator is
used as a working fluid. According to the ptéseht_
invention, occurrence of deposits in the system,
especially in a capillary in the system, can be
prevented

This Sheet Has Been Replace REPLACED

LT

) lrms- SHEET HAS BEEN
d



30 * _“Conventional additives, for exanple, phosphate conpound as

anti abrasi on agents, such as triaryl phosphates and trial kyl phosphates;
met al deactivators, such as benzotriazole derivatives and al kenyl succinic
esters; antioxidants, such as DBPC -9- (2,6-di-tert-butyl-p-cresol) and
p, p' - dioctyldi phenyl am ne; epoxy conpounds as stabilizers for HFC '
refrigerants, such as 2-ethyl hexyl glycidyl ether, sec-butyl phenyl

27010 carbon atoms, my b SrMEASSIRTIEL AT, JuaiTives.

Working fluid for refrigerator The working fluid for a refrigerator

accordi ng OO— n o bd 0 N @ W O
>
S Nr
O
C
Z
_.l
O Wr
™
=
S) L
3 ® —
<
m ~ )]
g; cmw*ﬁf e
e o -
=)
o
3
> 9F
_1
m
o .
o
w
[
" . . ..
[ | Y 0
® > » B
(2% ® . ©
W [}V S
o
x-
- @
X

Ol



_10 t'o the present invention conprlses a nlxture of the above refrlgerator
S oil*with a refrigerant. The m xing weight ratio of t he TR
-.the refrigerant is generally preferably (10 : 90) to (QHEPLﬁﬁ
particularly preferably (20 : 80) to (80 : 20). 15
is preferably an HFC refrigerant free from chlorine.
possi bl e to use chl orofl uorocarbons (chlorine- and fl
hydr ocar-bons):, hydrochl or of | uor ocar bems3-(<hl ori ne- anf .
hydr ocar bons), 20 ammoni a refrigerant, hydrocarbon efrigerants and tjhe
| i ke. The present_invention will be described in nore detal i edence

to the foll 0\@ % #es%glﬁ sw.r%n{ iéﬁé@fﬂr#%e;:g@fgnexarrpl es only.

In 25 the fO I've exanp le oils are

prepar ed for syshem mmwm texa V!CPFés@Q;a?ﬁi aenatning mtthe which

had been system, eliminating a problem of a deterioration in

efficiehcy of the refrigeration system. The present

5 invention is particularly suitable for use in a
compressor utilizing a refrigerant such as a
hydrofluorocarbon.



prepared by reactlng pent aerythritol Mﬁfﬂgﬁfénched chain saturated fatty
aci ds hdvi ng 8 and 9 carbon 30 atons and had a viscosity at 40[err]C of

68 cSt, was used as a |ube base oil. The fol|low ng PA p

polyoxyalkylene conpounds, were added, the respective pﬁ%p&@ﬁ%gﬁg.%$%377|ed
or not added, to the base oil, thereby prépdring sanple ojl$ 1

10 - PAG 1 was a conpound haV|ng a structute|repBdmnygg by |he

formula CHerr]-O (PO [err] (EOQ[err]=R5umrerein PO repfegsents an -

oxypropyl ene group, EO represents an oxyethylene group, mandm lcpr“.ent
the degree of 5 polynerization wwth m: n =8 : 2. Ls_conpound had ja

in Table 1,

to 6. -

nol ecul ar wei ght of about 1, 000. PAGEsYRscn conpound having a structure

10

15

- 20

This invention provides a refrigerator oil, a
working fluid for a refrigerator, and a method for
lubricating a refrigeration system, which can inhibit
the creation of deposits attributable to metal working
oils remaining wiﬁg% !2érefrlgerat10n system. AThe
refrigerator oil eempxrising: a polyhydric alcohol
ester compound as a lube base o0il, and 0.5 to 4.5% by

weight of at least one polyoxyalkylene compound. A The
(o \h\

working fluid for a refrigerator, : the

above refrigerator oil, and a hydrofluorocarbdn
refrigerant. A method for lubricating a refrigeration
system contaminated with metal working oils,
containing a component sparingly 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 above working fluid for a refrigerator 1s
used as a working fluid. According to the present
invention, occurrence of deposits in the systenm,
especially in a capillary in the system, can be
prevented .



1P05% o
_reprﬁsented by the formla Cerr]Herr]- C>(PC»[err](EC»[err] H wher ei gp
represents an oxypropyl ene group, EO represents an 10 oxyethyl ene gr&ﬁ? T -3
and mand n represent the degree of polynerization w th—f-~—fr—=—5——5—hi s
conpound had a nol ecul ar wei ght of about 500. PAG 3 iq RERIAGEMENG Stthkiing a
structure represented by the fornmula CHerr]-0O (PO enr] L»[errj CH érg]
15 wherein PO represents an oxypropyl ene group, EO regr ﬁé
oxyethylene group and mand n represent the degree of {pdly rlzatlon M th m
: n =8 : 2. This conpound had a nol ecul ar wei ght .of gb - : S 410 s
a conpound having a structure 20 represented by the|follow ng formula
CHerr]-O(BO[err] (POI[err]-CH er peseraipgiroNnBO repr esents an oxybut yl ene
group, PO represents an oxypropyl ene group and mand n represent the degree
of polymerization with m: n =5 : 5. This conpound had a nol ecul ar 25
‘wei ght of abouREFRECERATOR OIL, WORKING FLUID FOR REFRIGERATOR,

AND METHOD FOR LUBRICATING REFRIGERATION SYSTEM

- TECHNICAL FIELD

The present invention relates to a refrigerator
oil for use in a refrigerant compressor for a domestic
5 refrigerator or the like, and particularly to a _
refrigerator o0il useful for a refrigerant compressor
using a hydrofluorocarbon refrigerant, a working fluid
for a refrigerator and a lubricating method using the
same.

10 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

15 (nonchlorine compounds, that is, hydrogen- and
fluorine-containing hydrocarbons, free from chlorine,
with at least a part ofA ydrogen atoms substituted
with fluorine; hereinafter referred to as "HFC
refrigerants') have drawn attention as refrigerants

20 for these refrigeration systems. R134a, R125, R32,
R143a, and R152a, each consisting of a single
compound, and R407C-and-R410A, each consisting of a
mixture of those compounds, have been proposed as the
HFC refrigerant. Regarding a base oil, for a

25 refrigerator o0il, used in combination with the
hydrofluorocarbon refrigerant, a polyhydric_alcohoi
ester compound is known to have excellent properties.



_The, coptam nation in the interior of the refrlgeratlon system attri butabl e
to the dépositi'on of the working.oil was eval uated act-tuat—Aachi ne.
I

.The following refrigeration systemfor a refrigerat
‘eval uati on.
conpressed by neans of a conpressor, cooled in a c
| i quefied m xture. Thereafter, the liquid was | ead
(having an inner dianeter of 0.6 mm2ard a | engt

GME SHEET For the

A mxture of the refrigerant with thejr frlgerator 0| S

copper) to an evaporator where the pressure was reguced for vaporizgtion,

t her eby conducting heat exchange through the evaporator. The vaportzZed
refrigerant and the refrigerator oil were returned to the conpressor. 65 g
of a refrigerant (R407C that i,s, a m xture

10

15

20

25

30

A refrigeration system comprises a refrigerating
compressor, a condenser, an expansion mechanism (e.g.,
expansion 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 equipment)X and for assembling
the system, and these metal working oils remain in the
assembled refrigeration system. The metal working

‘0ils contain additives, for example, a sulfur extreme
. pressure agent, such asAgisulfide, and a phosphorus

extreme pressure agent, such as a phosphoric ester.
DISCLOSURE OF THE INVEyTION

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

Further, this metal working oil, in some cases,
contains a component highly reactive with a polyhydric
alcohol 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 pressure agent or a phosphorus
extreme pressure 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 inA;owered
flow rate of the refrigerant and increased
differential pressure to deteriorate the efficiency,
which often makes it impossible for the refrigeration
system to exhibit satisfactory performance.



.of" R32,, R125, and R134a in a weight ratio of 23 :pRb~52)}—250.0i of the
sanple di'l*(a refrigerator oil), and 2% by wei ght{, REH#KHNWNTtmﬂ£$anIe oi |
of a mxture of a plurality of working oils for Yys¢ tmprodoctt D f
refrigerators were filled into a 200-Wrefrigerant f@ﬁﬁﬁfgé apdjt he
conpressor was operated at a vaporization tenperatire q? 2b[err]C
for 200 hr. Thereafter, the anobunt of the deposiffs tproduced withjn{the

capillary was eval uated. The sanple i 8 was grad?d as 5 when a thigk
deposit was created on the whol e surface. The grddE“mas~+owered~w#th a
reduction in the amobunt of the deposits, and the sanple oil was graded as

zero (0, uhen no_dpReshied8a CaGENElon RARESLS LO1deEReRAPEOR] OVS: O ade

1: Dot-like deposits scattered he capi é . Sone .of the
dot -1 ke dep@roklems; tand ngnvpbheattaf ‘éh@wasﬁﬁn d#é?%ti-ene&éhtﬁt her .

provide a refrigerator oil, a working fluid for a
refrigerator, and a method for lubricating a
5 'refrigeration system, which when a polyhydric alcohol
ester compound is used as a base oil for a
bccurrence.

refrigerator oil, can inhibit the exeatien of
deposits, attributable to the residual metal working
oil, in the system, particularly in a capillary

10 section. _

The present inventors have made extensive and
intensive studies with a view to solving the above
problems and, as a resu;t; have found that addition of
a particular polyoxyalkylene compound into a

15 polyhydric aICﬁ&ﬂﬁagster compound as the base o0il can
prevent the ereatier of deposits in the system, which
has led to the completion of the present invention.

Thus, the refrigerator oil accordlng to the
present invention comprises: a polyhydric alcohol

20 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-(R3-0-),-R3 (1)
wherein R represents an alkyl group having 1 to 8-

25 carbon atoms, R, represents an alkylene group having 1
to 4 carbon atoms, Rj 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
30 to the present invention comprises the above
refrigerator oil and a hYdrofluorocarbon refrigerant.
Further, the method for lubricating a refrigeration
system contaminated with metal working oils,
containing a component sparingly soluble in the



..Grade é:'AInDst all the dot-like deposits scattering within the capillary

adhéred 't o each other. Grade 4: The deposits thinly co
.surface. The results are summuari zed in Table 1. - 12_—REP&6$%“5_NTS§ e

4 2

Sampl e -Sanple Sanple Sanmple Sanple GI 1 QI 2 O[3 al 4 O
Ol 6 Additive PAG 1 PAG 1 PAG 2 PAG 3 PAG 4] 5] A nt

2 4 4 None (wt.% G afle oﬁd%g%ggq??on .

(|

0 0

properties with the anount

10
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ng

polyhydric alcohol ester compound or the
hydrofluorocarbon refrigerant, or metal working 6ils;
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 fluid for a refrigerator.

BRIEF DESCRIPTION OF DRAWING

Fig. 1 is a diagram showing the results of ﬂﬁ.
measurement of an electrical insulating property with
the amount of PAG (polyoxyalkylene compound) added to
the base o0il being varied.

BEST MODE FOR CARRYING OUT THE INVENTION

XPolyhydric alcohol ester compoundX

Polyhydric alcohol ester compounds usable in the
present invention include polyhydric alcohol esters
prepared from polyhydric alcohols with the number of
hydroxyl groups being 2 to 6 and fatty acids.
Compositions having excellent heat stability, and
hydrolytic 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 neo type
skeleton with five carbon atoms, with a monovalent
saturatéd fatty acid or a mixture of the monovalent
saturated fatty acid and a divalent saturated fatty
acid is particularly preferred. The acid value of the
ester is preferably not more than 0.1 mg KOH/g,
particularly preferably not more than 0.02 mg KOH/g.

Polyhydric alcohols usable herein include '



.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 firom Fig—ad—t-he el ectrj cal

insulating properties are lowered with an increase |nREMACEMBNTISHEET pf
added PAGs. It will be noted that electrical insulatjng plupcltyi

satisfactory for practical use (volune resistivity pf}ngt hajn
10[err] [err]Jcm can be provided by addition of PAG 1(;34&@&§h$h- n
not exceeding 4.5% by weight. In case ®f-PAG 1 havihgk20 a_high

proportion (m: n = 50 : 50) of oxyethylene groups pnd a snmall nol ecyl ar
wei ght (about 500), addition not exceedi ng about 19wby~me+gh%—ﬁﬁevkdjs an
electrical i d@ti & rdyigatdsi did OTpiH &CaLigsSeetyol une
resistivity o¥ not é!glwer tﬁan J?‘E' 10€ erqai 1 rﬁcn‘é;. I I\ﬁJ:SqI'RI %\E "
APPLI CABI L1 TEQARXARATR 3 ol¢hR Prse pil ok chiGUtplex 25 ey dha¥ingcohol -
ester conpourkel#tivelly avigh | wbschebeyoil, and

XPolyoxyalkylene compound¥

5 The polyoxyalkylene compound used in the present
invention has a structure represented by the formula

(1).

anpunt

R1-0-(Ry-0-),-R3 (1)
Rq represents an alkyl group having 1 to 8
10 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, ethylene, propylene and butylene groups may
. be mentioned. ‘Therefore, as the -R,-0O- in the such a3
15 formula (1), there are mentioned oxyalkylen groups ef
oxymethylene group, oxyethylene group, oxypropylene
group and oxybutylene group and the -(R;-0-),- may be
a homopolymer of a single oxyalkylene group selected
from these oxyalkylen groups or a copolymer formed by
20 pblymerization 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, -(Rz-o— n-r is preferably a homopolymer
of an oxypropylene group or a copolymer containing an
oxypropylene group, especially preferably, a éopolymer
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
30 oxypropylene group is preferably not less than 50%,
particularly preferably not less than 70%. Rj
represents hydrogen or an alkyl group having 1 to 8
carbon atoms. It is preferably hydrogen. That is,
that the terminal_igEL hydrqul group is preferred. n

25



a ‘predet ernmi ned anount of a particul ar pol yoxyal kyl ene 30

conmpound is

i ncor potated thereinto. This can inhibit - 13 EICE
deposit within a refrigeration systemattri butable tgggl—%g%wkgé%ﬁ

remaining in the system elinminating a problemof 4 deterioration {n
efficiency of the refrigeration system The present iinvegtMan 109

particularly suitable for use in a conpressor utililziing a refrigergan
as a hydrof | uorocarbon. -14- CLAMY -
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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 excessively'low
molecular weight results in high evaporability. For
this reason, n is preferably 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 polyoxfalkylene compound is preferably
added in an amount of at least 1% 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,thereforgﬁgddition 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 domestié refrigerator), a compressor and a
motor are integrally incqrporated therein, it is
desirable that the refrigerator oil have a high
electrical insulating property. Addition of the
polyoxyalkylene compound lowers the electrical
insulating property. Especially, when the
polyoxyalkylene compound is composed of an copolymer,
lowering im the electrical insulating property is more

a

such



] asS a
ene

1A refrlgerator 0i | conprising: a polyhydric al coh
| ube basé oil, *and 0.5 to 4.5% by wei ght of at |easit RFEPEACFMBNIXSREEY |
- conpound represented by the . following fornmula (1):

Rlerr]-O(Rerr]-O)[err]-Rerr] (1) wherein Rerj] ri r Sin an al kyl
group having 1 to 8 carbon atons, R err] represent n BH@ ﬂ@ibr
having 1 to 4 carbon-atons, Rl err] represents hydr
having 1 to 8 carbon atons and n is a guaber 10 rlepresenting the d~gree
of polymerization. 2. Aworking fluid for arefrig t he
refrigerator oil according to claim1, and a hydrofluorocarbon refrlgerant.

3 A method o DT LEabEage AL eh h0CTALLOReSY A PREORLAILORLEY Wl 1 et

wor ki ng oi |l s,”C¢on |n|ng a conponent sparring i € pol'yhydric
al cohol esteranompnehby enehgraup imdtbhe| oxyatkybenergroupgsr anfn or net al

working oils,agdjtion, this tendency is further enhanced with a
decrease in the molecular weight of the
5 'polydxyalkylene compound. With,taking also into
- account this point, 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 reffigerator oil
10 may have a volume resistivity of at least 1012 Qcm to
1013 Qcm, preferably at least 1013 gcm.
)SHydrofluorocarb_on refrigerant*
Hydrofluorocarbon refrigerants usable in the

Q

gan_or _an_al kvl _jgroup

present invention include those, wherein one or more

15 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-difluoroethane (R152a). . Mixed

20 refrigerants, such as R407C and R410A, may also be
used.
¥Refrigerator oilX .

The viscosity-of the refrigerator oil according
to the present invention may be suitably modified. It

25 is generally 5 to 500 cSt at 40°C. 1In particular, the

" - viscosity is 8 to 32 ¢St 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.

30 - Conventional additives, for example, phosphate
compoundX as antiabrasion agents, such as triaryl
phosphates and trialkyl phosphates; metal
deaétivétors, such as benzotriazole derivatives and
alkenylsuccinic esters; antioxidants, such as DBPC



_contalnlng a conponent highly reactive with the polyhydrlc al cohol ester
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(2,6-di-tert-butyl-p-cresol) and p,p'-
dioctyldiphenylamine; epoxy compoﬁnds as stabilizers
for HFC refrigerants, such as 2-ethylhexyl glycidyl
ether, sec-butyl phenyl glycidyl ether and

5 monoglycidyl ethers containing an acyl group having 5
to 10 carbon atoﬁs, may be optionally incorporated as
other additives. . '
fWorking fluid for refrigeratorX

The working fluid for a refrigerator according

10 to the present invention comprises a mixture of the
above refrigerator 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).
15 The refrigerant is preferably 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), '
20 . ammonia refrigerant, hydrocarbon refrigeraﬂts 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 examples only. 1In

25 the following examples and comparative éxamples,

sample oils are prepared for tests and evaluated.

For these sémple oils, an ester, which had been
prepared by reacting pentaerythritol with ¥ 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'PAGsﬂ&’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.

30



