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REFRIGERANT COMPRISING TETRAFLUOROETHANE

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a lubricant fOb

- refrigerating machines employing a refrigerant comprising

tetraflhoréethane. More particularly, it relates to a
lubricant for refrigerating machines which is used along with a

refrigerant comprising a substitute fluorohydrocarbon

- (hereinafter sometimes referred to as "flon compound") such as

1,1,1,2-tetrafluoroethane (R-13l4a). As such, the lubricant is
excellent in.the perfdrmance such as wear resistance, electrical
insulating properties, hydrolytic stability, nonhygroscopicity
and the like and further has excellent returnability of the
lubricant in a compression-type refrigerating cycle (the
characteristics that the lubricant is inclined to return to a
compressor after it is circulated in the refrigerating cycle).
2. Description of the Related Arts

Conventionally, in a compression-type refrigerating cycle
comprising a compressor, a condenser, an expansion valve and an
evaporator, a flon compound including a fluorinated hydrocarbon
such as dichlorodifluoromethane.(R—12) and chlorodifluoromethane
(R-22) has been used as the refrigerant. Many kinds of
lubricants compatible with them have also been produced
industrially -available for use. |

However, there have been misgivings that these flon
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EFigerant conprising a substitutef{hﬂoro@ydrgcarbpn‘(herejnafter I;
metinmes referred to as "flon conpound"”) such:as 1;1,1,2-tetrafl uoroethane ::
R-134a). As such, the lubricant iS excel'remt in-the-perfeormance such as "
ar resistance, electrical insulating properties, hydrolytic stability, i
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| so been produced industrially available for use. However, there have
een nipsqikkadoand e thidee Hdvenbeen developed as a possible

replacement in recent years. Until now there have been

* introduced into market many so-called substitute flon compounds
with minimized danger of environmental pollution and capable of
satiSfying said required properties, for example 1,1,2,2-
tetrafluoroethane (R-134) and the like, as well as R-13la.

These new substitute flon refrigerants are different from
conventional flon refrigerants in characteristics. Thus, glycol
compounds, ester compounds and the like have been proposéd as
the lubricant for use in combination with them (U.S. Patent No.
4,755,316 and Japanese Patent Application Laid Open
No.33193/1991), and these patents are intended to dissolve
substitute flon refrigerants and lubricants completely so as to
provide good returnability of the lubricants.

In an attempt to circulate all over a refrigerating cycle a
refrigerant and a lubricant in their completely dissolved state

! as envisaged by these patents, however, said lubricant must be

selected from only a very limited number of compounds

acceptable to the chemical properties of substitute flon
refrigerants such as R-134a. Accordingly, the selected
lubricant is forced to sacrifice certain/aspects of the

important performance required as the lubricant.
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conmpounds widely used as the refrigerant :ar€ "{iabl-e to cause depletion
he ozone | ayer and environnent al poIIutlon after they arereleased into
open air. In an effort to prevent environifental polTutior, -

br ohydr ocar bons (or chl orof | uorohydrocarbons), for exanple
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thereof, both known as compatible with R-13Yd, have been found

to have insufficient wear resistance, along with faulty |
electrical insulating properties. It has also been found that
the polyalkylene glycol compounds are highly hygroscopic and
the ester compounds thereof are hydrolytically unstable. Thus
the demand for a solution in these problems has beén raised in
relevant industrial segments.

The present invention has been completed on the basis of a
éoncépt quite contrary to ordinary common knowledge as set
forth above, in an effort to find a solution in the problems.
As the result, it has been found that all these aspects of the
performance can be unified by using a substance excellent in
wear resistance, insulation resiétance and the like as the
lubricant, compounding therewith a fluidity improver to improve
the fluidity of the lubricant in the presence of a refrigerant
(R-134a and the like) and thus providing good returnability of
the lubricant in a compression-type refrigerating cycle. It has
thus been made possible that a lubricant combined even with a
new refrigerant has all the required performance including
excellent wear resistance, electrical insulating properties,
hydrolytic stability and the like and further ensuring
excellent returnability of the lubricant. The present invention
has been accomplished based on this finding.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is.to provide

a lubricant for refrigerating machines employing a refrigerant
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Another object of the present invention is to provide a

lubricant for refrigerating machines employing a refrigerant
comprising tetrafluoroethane, which is especially effective
when used in automobile or household air conditioners and
refrigerators and the like, having high industrial usefulness.
The present invention provides a lubricant for refrigerating
machines employing a refrigerant comprising 1,1,1,2-
tetrafluorcethane or 1,1,2,2-tetrafluoroethane which comprises
as an essential component a base oil comprising (A) 40 to 95% by
weight of a synthetic oil formed of a poly-a -olefin or a
mixture of a poly-a -olefin and an alkylbenzene and (B) 5 to
60% by weight of a fluidity improver comprising at least one
compound selected from the group consisting of a polyoxyalkylene
glycol compound, a polysiloxane compound and a fluoride of
polysiloxane compound. |
The lubricant of ﬁhe present invention can be suitably used
in various refrigerating machines and ordinarily in a
compression-type refrigerating cycle comprising a compressor, a °
condenser, an expansion valve and an evaporator.
DESCRIPTION OF PREFERRED EMBODIMENTS

i As set forth above, the lubricant of the present invention
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H¥cant is forced to sacrifice certaln.aspects of the 1npor{ant

per f@rmance required as the lubricant. -~

In fact, polyal kyl ene gl ycol cOnpounds and estef eonpeunds t her eof ,
bot hg known as conpatlble with R-134a, have been found to have insufficient

wear resb@h@pggesat@@ ééﬁ qgéLgpgeéﬁBt(B)*ﬁs'ﬁ%ﬁ#bébéﬁﬂlQRODEVt'es It has

al sofbeen found that t ne gl ycol conpounds are highly

%8; SCOROMpaNEntS$ %&%hé?%%aﬁict Bel egbnstitutigpokliei eahpanetiist abl e.
(A) is a poly-a -olefin or a mixture of a poly-a -olefin and an
alkylbenzene. '

Various poly-a -olefins can be used and ordinarily are each
a polymer of a -olefin having 8 to 14 carbon atoms and a
kinematic viscosity of 10 to 350cSt at HO'C. Preferred among
them is a polymer of 1-dodecene, a polymer of 1-decene or a
polymer of 1-octene, each having a kinematic viscosity of 10 to
350cSt at 40°C. A lubricant containing a synthetic oil
comprising such a poly-a -olefin has a lower viscosity at low
temperatures in the presence of a tetrafluoroethane
refrigerant, and thus returnability of the lubricant is all the
more improved. '

Various alkylbenzenes can be used as well and ordinarily are
each an alkylbenzene having a kinematic viscosity of 5 to
500cSt, preferably 10 to 350cSt at 4Y0°C. Meanwhile, either
soft or hard alkylbenzene can be used provided that it meets
this condition.

The'alkylbenzené is not used singly but in the form of a
mixture thereof with said poly-a -olefin as the syntheticioil
as the component (A) in the present invention. The mixing

ratio of the ﬁoly-cr-olefin.to the alkylbenzene may be

appropriately selected according to circumstances and is not
particularly limited. Preferably the mixture has a poly-a -
olefin content of 5% or more by weight, more preferably 5 to
90% by wel%ht,, most preferably, when using high viscosity

Doly -olefin having a kinematic viscosity of about 50cSt or more at

40°C, 5 to 50 % by weight of the mixture. When such a mixture of the
poly-

This Sheet Has Been Rep

Iwh !ll!
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een aCC@ﬁﬂﬁﬂéﬂbﬁﬁé%aﬁ%ﬁdontﬁé'Plﬁid%ﬁyﬂimprover acts to improve the
fluidity of a hydrécarbonio compound at low temperatures (those
of the evaporator) in the presence of a small amount of
substitute flon refrigerant such as R-13l4a, so as to provide
good returnability of the lubricant in the refrigerating cycle..
The kinematic viscosity of the fluidity improver is not
particularly limited but is ordinarily 2 to 100eSt, preferably 3
to 50cSt at 40°C.

A typical example thereof is a polyoxyalkylene glycol
compound. Various polyoxyalkylene glycol compounds can be used
and an appropriate one may be selected from them according to
the intended use. Preferred among them is a polyoxyalkylene

glycol compound represented by the general formula (I):
RI{OR2)}»-0R3], » 0+ - (1)

wherein R!' is a hydrogen atom, an alkyl group having 1 to 10

carbon atoms, an alkenyl group having 2 to 10 carbon atoms, an .

alkynyl group having 2 to 10 carbon atoms, an aryl group having
6 to 10 carbon atoms, an aralkyl group having 7 to 10 carbon
atoms, an acyl group having 2 to 10 carbon atoms or an

aliphatic hydrocarbon group having 2 to 6 bonding links; R? is

_—
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Y OF THE | NVENTI ON Ther ef ore:- 2 object-, of.tha present I nvention
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bri ¢8R - ad M1kyl group having 1 to 10 carbon atoms, an alkenyl
group having 2 to 10 carbon atoms, an alkynyl group having 2 to
10 carbon atoms, an aryl group having & to 10 carbon atoms, an
aralkyl group having 7 to 10 carbon atoms or an acyl group
having 2 to 10 carbon atoms; n is an integer of 1 tb 6; and m
is a figure satisfying that the average value of mxn is 2 to
u0.

The alkyl group having 1 to 10 carbon atoms may be straight
chain, branched chain or cyclic. Specific examples of the alkyl
group include a methyl group, an ethyl group, a n-propyl group,
an isopropyl group, various butyl groups, various pentyl
groups, various hexyl groups, various heptyl groups, various
octyl groups, various nonyl groups, various decyl groups, a
cyclopentyl group, a cyclohexyl group, a phenyl group, a tolyl
group, a xylyl group, a benzyl group, a phenethyl group and the
like.

 An alkyl group having more than 10 carbon atoms leads to the
degradation of the effect on improving the fluidity of the
lubricant. The alkyl group has preferably 1 to 6 carbon atoms.

An alkyl moiety of said acyl group may be straight chain,
branched chain or cyclic. Specific examples of the alkyl moiety
of the acyl group include a methyl group, an ethyl group, a n-
propyl group, an isopropyl group, various butyl groups, various °
pentyl groups, various hexyl groups, various heptyl groups,
various octyl groups, various nonyl groups, a cyclopentyl

group, a cyclohexyl group and the like. An acyl group having
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When R' is an aliphatic hydrocarbon group having 1 to 10
carbon atoms and 2 to 6 bonding links, the aliphatic
hydrocarbon group may be either chain or cyclic. 'Examples of
the aliphatic hydrocarbon group having 2 bonding links include
an ethylene group, a propylene group, a butylene group, a
pentylene group, a hexylene group, a heptylene group, an
octylene group, a nonyléne group, a decylene group, a
cyclopentylene group, a cyclohexylene group, a-vinyl group, an

~ allyl group, a butenyl group, ah ethynyl group, a propynyl
group, and the like. Examples of the aliphatic hydrocarbon
group having 3 to 6 bonding links include a residue after a
hydroxyl group is removed from a polyhydric alcohol.such as
trimethylolpropane, glycerin, pentaerythritol, d

ipentaerythritol, sorbitol, 1,2,3-trihydroxycyclohexane and

1,3,5-trihydroxycyclohexane.

An aliphatic hydrocarbon group having more than 10 carbon
atoms leads to the degradation of the effect on impfoving the
fluidity of the lubricant. The aliphatic hydrocarbon has
preferably 2 to 6 carbon atoms.

R? of said general formula (I) is an alkylene group having 2

to 6 carbon atoms and examples of the oxyalkylene group as a
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,ﬁ refrigerating machines and-os°di nari-r'y. i n=a .conpresston- type
et ating cycle conprising a conpressor,: a condenser, - an expan5| on
E=and an evaporator. DESCRI PTI ON "OF "PREFERRED EVBGDI'MNENFS -- As set
g above, the lubricant of the present invention

ot repBaLies et ”‘Ea?r?cﬁgxf%%ﬁé e%&%héﬁier?%ér“oﬁxpﬁ"%Ef?»ﬁ?rtpésnp?few ef inor a

uregggug,pan oxfbutylené'éﬁ%up, an oxypentylene group and an
oxyhexylene group. A molecule thereof may comprise either same
oxyalkylene groups or two or more differeht kinds of
oxyalkylene groups. Preferably a molecule thereof comprises the
alkylene groups each having at least 3 carbon atoms, more
preferably 50% or more by mole of the alkylene groups each
having at least U carbon atoms per oxyalkylene unit.

n of said general formula (I) is an integer of 1 to 6 and

- depends on the number of bonding links of R'. For example, when
R' is a hydrogen atom, an alkyl group, an alkenyl group, an
alkynyl group, an aryl group or an acyl group, n is 1. When R!
is an aliphatic hydrocarbon group having 2, 3, 4, S or 6
bonding links, n is 2, 3, U4, 5 or 6, respectively. Further, m
is a figure satisfying that the average value of mxn is 2 to
40, and when the average value of mxn is out of said range, the
object of the present invention is not achieved to a full
extent. .

Other than set forth above, examples of the polyoxyalkylene

glycol compound for use in the present invention include a
polyoxyalkylene glycol compound containing at least one

cbnstitutional unit represented by the general formula (II):

R'l
a
R -+ (II)
O P
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E-benzene. Vari ous pol y-a -ol & i-hs can.be used.-and ordi-narily are
¥ a polynmer of a -olef in having 8 to 14: -car bon at ons -and: a "ki nematic
3 osity of 10 to 350cSt at 40C. Pi ef err ecr anong -them i s -a” pel yner of

3l odecene, a polyner of 1-decene or a polyner of 1 octene, each having a
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including those having a glycidyl group, those having a

m

carbonyl bond in the molecule, those resulting from the
substitution by a fluorine atom and the like.

Of above-mentioned polyoxyalkylene glycol compounds, a
polyoxypropylene glycol compound, a polyoxybutylene glycoi_
oompound, a polyoxypentylene glycol compound and a
polyoxyhexylene glycol compound are preferably used in the
present invention because of their improvement in the mixing
stability. Most suitable is a fluidity improver containing 50%
or more of at least one compound selected from the group |
consisting of the polyoxybutylene glycol compound, the
polyoxypéntylene glycol compound and the polyoxyhexylene glycol
compound. It is also preferable that a polyoxyalkylene glycol

compound should contain the oxybutylene, oxypentylene and

oxyhexylene units to foot up to 50 or more among oxyalkylene |
units forming the compound.

Furthermore, a polysiloxane compound such as
dimethylpolysiloxane and a fluoride thereof can be used as the

fluidity improver in the present invention as well. It is also °

e b L mu pwass ae tertrt eemes e

effective to use a mixture of 2 or more different fluidity |
improvers. |

The synthetic oil (A) and the fluidity improver (B) are
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grponent (A) in the present inyention; The mi“xiIg.rario-of the

‘ol efin to the al kyl benzene may be approprl ately seleet ed- according
Eunst ances and is not particularly Timted:’ Pref erably- the<ni xture
,on a - olefin content of 5% or nore by WEI ght nore preferably 10
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10 to 50%, particularly desirably 10 to 40%, respectively of

(B).

When less than 5% by weight of the fluidity improver is
used, the fluidity of the lubricant is undesirably not improved
and therefore the sufficient returnability of the lubricant is
not achieved as well. On the other hand, when more than 60% by
weight of the fluidity improver is used, wear resistance and
the like are undesirably degraded. This is accompanied by the
degradation of the fundamental performance required for
refrigerating machine lﬁbricaht, including the reduction of
insulation resistance, worsening of hydrolytic stability, the
increase in hygroscopicity and the like.

The lubricant of the present invention comprises as the
essential component the base oil comprising the synthetic oil
(A) and the fluidity improver (B) as set forth above and as the
heed arises various additives can be incorporated therein.
Examples of the additive include an anti-wear additive such as
phosphoric éeid ester and phosphorous acid ester, an
antioxidant, a chlorine scavenger, a metal deactivator, a
defoaming agent, a detergent-dispersant, a viscosity index
improver, a rust preventive, a corrosion inhibitor and the
like.

As set forth above, the luﬁrioant for refrigerating machines
employing the refrigerant comprising tetrafluoroethane as

claimed herein is excellent in the performance such as wear
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;$|d|ty i nprover as the conponeft_-fB) -fs.i"aproved.-.This. --effect is

Prally remarkable with the use of a. pokyoxyal kyl ene -gl- ycol'- compound as
Pl ui dity inprover. On the ot her “hand; the f‘I'urdrty -t prover acts to
ove t he fIU|d|ty of a hydrocarbonic conpound at | ow tenperatures (those
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repfesentof; by-die 4PN Rnph85S¥bA-£YPe refrigerating cycle without a
hitch.

The lubricant of the present invention is éspecially
effective when used in automobile or household air
conditioners, refrigerators and the like, having high industrial
usefulness.

Next, the present invention will be described in greater
detail below, with reference to non-limitative examples and

comparative examples.

Examples 1 to 6 and Comparative Examples 1 to 3
The synthetic oils and the fluidity improvers were each
mixed as shown in Table 1 to prepare the lubricants for use in

following tests. The results thereof are given in Table 2.
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(1)

g1 at ons,

kng | i nks;

car bon at ons,
¥1 group having 2 to 10 carbon atons,
- group having 7 to 10 carbon atons,
g 2 to 10 carbon atons or an aliphatic hydrocarbon group having 2 to 6
R2 is 7

an ar al kyl

wherein R err]
an al kenyl

amr aryl

Table 1

i s azhydrogen,-af om-- an-al kyl .group having
group having 2 to 10 car bon_ at ons,
ymmrmwngﬁtolo
an acyl

UGN \II\

Mixing Composition
Synthetic 0il Fluidity Improver
Compound Wt Compound Wtg
Example 1 Poly- a -olefin*' | 30 | Poly glycol compound A*" | 20
Alkylbenzene*? 50
Example 2 Poly- a -olefin*!| 10 |-Poly glycol compound A** | 20
Alkylbenzene*? 70
Example 3 Poly- a -olefin*'| 80 | Poly glycol compound B*5 | 10
Ester A 1 10
Example L Poly- a -olefin*!' | 50 | Poly glycol compound B*3 | 10
Alkylbenzene*3 30 | Ester A®® 10
Example 5 Poly- a -olefin''| 20 | Poly glycol compound A*" | 30
Alkylbenzene*? 50 '
Example 6 Poly- a -olefin*'| 20 | Poly glycol compound A*" | 16
Alkylbenzene*? 60 Poly glycol compound B*® I
Comparative | Alkylbenzene*? 80 | Ester B*? 20
Example 1
Comparative | Poly- a -olefin*'| 30 [ Ester A*® 70
Example 2
Comparative | Poly- a -olefin*!| 10 | Ester B*? - 80
Example 3 Alkylbenzene*3 10
-
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#ne group having 2 to 6 carbon.afons;.: RFerr]l-is-a hydregen atom an
foup having 1 to 10 carbon atons, Jan al kenyl :group haviing.2 to 10
oms, an al kynyl group having 2 to 1€-cafbon--at-&s, ai a’yl group
6 to 10 carbon atons, an aral kyl .group having 7 to 10 carbon atons
acyl group having 2 to 10 carbon_atons; n is an integer of 1 to 6;

Is a figure satisfying that tﬁ@bé.ﬁeZage value of nmxn is 2 to 40.

kyl group having 1 to 10 carbon atons may be straight chain, branched

CITC. [SpeciTic exanples of the al Kyl group i nclude met hyl

’an ethyl group, a n-propyl grRenfor@anessopropyl group, varf ous butyl

, various p né‘}lluj'%lfoupi various nexyt groups, various nepgyl groups,

s octyl groypFluigityat deny pures/af i Hear awsistaneaips| " a
Fentyl group,| a cycl brelaiivgreakiie)a pheny| group, a tolyl gfoup, a

xyl y@tgroup, a benzyr _group, a phenetnyl—group|and the T 1Ke.

Example 1 20 O

Example 2 5 @)

Example 3 16 O

Example L 30 @)

Example. 5 .18 O

Example 6 20 O

Comparative 100 O

Example 1

Comparative 20 X

Example 2

Comparative 20 X

Example 3

- This Sheet Has Been Replaced

Ml



Sl gr oup, an i sopropyl o Various butyl groups, various |
vari ous hexyl groupgfagggr%o@hﬂ%q% groups, various octyhigrpups
0 (ﬂgﬂylgwnupcl a cyclopentyl group, a cyclohexyl group and

- gr oup having nore than 10 carbon atons | eads

Pct on i ﬂﬁh@bﬁeﬁﬁmmlﬂleﬂi ty of fthe | ubritant, -Ths
ai,
i

bly 1 to 6 . 3 Y
n or cyclic. Specific-exampl.e:

An al kyl mpiety-of s
i ght chain
of the acyl group iInclude a nethyl group, an ethyl

the 1ike.

group having Performance 8 o e
Insulatzigl .rai?t;vity Hydrolysis | Hygroscopicity

Example 1 4.8 X 10‘“ O O
Eb(ample‘Z 4.5 X 10" O O
Example 3 2.2 X 10"t O O
Example Y4 3.5 X 10'¥ O @)
Example 5 1.5 X 104 O O
Example 6 4.7 x 10'* O O
Comparative 3.0 X 10'* O O
Example 1

gggﬁgigt%ve 1.5 X 10'3 X A
Comparative 1.2 X 10'3 X A
Example 3

A1l the lubricants used were mixed with 0.5% by weight of an anti-

wear additive (phosphoric acid ester). The notes in the tables will be
supplemented below:

¥1: A polymer of 1-decene (a kinematic viscosity of 32cSt at 40°C).

¥2: Soft alkylbenzene (a kinematic viscosity of 38cSt at UOC).
¥3: Hard alkylbenzene (a kinematic viscosity of 32c¢St at UQ°C).

*)): Polyoxybutylene glycol dimethylether (a kinematic viscosity of
32cSt at 40°C).

¥5: Polyoxypropylene glycol dimethylether (a kinematic viscosity of
2Bt b, 1OC) . '

¥6: An ester of C; fatty acid and pentaerythritol (a kinematic
viscosity of 30c¢St at MO’C_) .

¥7: An ester of C; fatty acid and trimethylolpropane (a kinematic
viscosity of 14cSt at UO'C). -



than 10 carbon atons |eads to the degradatton.of. the effeet- on
pving the fluidity of the | ubricant. The: acyl-grdup has.preferably 2 to
‘bon at ons. Said Rerr] and R err] may-be sane-or diffesent one

er. Furthernore, a plurality of Rlerr]s in a nolecule may be sane
jifferent when nis 2 or nore. When R err] is an aliphatic

f%ocarbonTonmpbhhaaszimeha evatuabed by ddstemtiringoeachoagpael I9hks, the

al i @hatic hydrocarbon group may be either chajin or cyclic. Exanples of the
al i g§hat ithehperfonnance gtslmneqfa\mngcgondammgutm%&a ﬁ@hh@@lﬁ& Bl ene

gp, a propylene group, a butylene group, a pentyl ene group, a hexyl ene
p, &etdedyl ene group, an octyl ene group, a nonyl ene group, a decyl ene

grogp, a cyclopentyl epe group,, a cycl ohexyl ene group, a vinyl group, an
| gro ?lﬁaE&QEH9F EFQNHﬁerFmééﬁﬁnyl group, a propynyl group, and the

kg Exanpkﬁi ﬁiuigfffuéfﬂkig Tub¥e63585 80 10w temperatures

A lubricant mixed with 10% of R-13la was collected into
a pressure giass tube having a diameter of 8mm, then a
steel ball of 3/16in. in diameter was introduced therein
and the pressure glass tube was sealed.

After the pressure glass tube was retained at -45°C,
the steel ball was caused to fall to'determine-the time
(second) required until the steel ball reached a point
10cm to Scm above the bottom of the tube. The result
thereof is given in terms of relative value.

(2) Wear resistance | | |

The wear test was conducted under the following
conditions by using a Falex friction testing machine.

R-13Ua was blown at a rate of 5 liter/hour, and a test
piece was subjected to wear for 60 minutes under a load of
3001bs and at 1,000rpm. Meanwhile, the test pieces such
as block and pin were made of a standard material in
accordance with ASTM D-3233.

Standard of evaluation (wear amount)
QO: 1less than 6.0mg
A: 6.0mg or more to 15mg or less
X : more than 15mg
(3) Electrical insulating properties

- This Sheet Has Been Replaced
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‘having 3 to 6 bonding |inks include a_-resi due-- after a.hydroxyl group
moved from a pol yhydri c al cohol _such as tri:net hyl ol pr &pane,. gl ycerin,
erythritol, d ipentaerythritol, “sorbitdk, I, 2;3tidhydrn ox.y.cycl ohexane
, 3, 5-tri hydroxycycl ohexane. An ali phat iC hydrocar bon group havi ng
than 10 carbon atons | eads to the degradation of the effect on

ving the flThdidlectiichd insulabing pHopertipbatas évaluatedon has
f®rably 2 to 6 carbon atons. R2 of said general formula (1) is an
¥ ene gr ouputabiismguitandis aactding dies Hivd CeRA0p| be determinethekyl ene

volume resistivity (room temperature).
(4) Hydrolytic stability

100g of a lubricant, 10g of R-13Y4a, 5ml of water and

copper and iron catalysts were placed in a pressure

container having a capacity of 300cc. Then, the pressure

container was sealed and retained at 100°C for 5 days and
‘ thereafter the rate of a rise in the total acid number was

determined.

Standard of evaluation
O: 1less than 0.01mgKOH/g
A: 0.01mgKOH/g or more to 0.1mgKOH/g or less
- X: more than 0.1mgKOH/g
(5) Hygroscopicity
10g of a test sampie was placed in a 50cc glass

container having a diameter of 30mm¢ . The glass

container was introduced into a thermostat-humidistat and

allowed to stand for 5 days at a temperature of 2513.énd

under a humidity of 85% and thereafter the water content

of the test sample was determined.

Standard of evaluation
'O: 1less than 0.03%
A: 0.03% or more to 0.1% or less

X : more than 0.1%

\\
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ar: |

peating unit include an oxyethyl ene group, an oxypropyl ene group, an

yl ene group, an oxypenLylﬁﬁm#{H4%ﬁ+iﬂﬁ%ﬁM%-oxyhexylene~group A
bl y a“hol*étul "t Kér eof

| e thereof nmay conprise either sane iﬁﬁﬂ Kyl-ene: groups-or two or nore

ent kinds of oxyal kyl en lnll ﬂ“ “l !!
ses the alkylene groups

; ﬁh 50@60i by nole “of "t he al kyl ene groups each having at |east
4 cayb ofs fBedl eﬂ%ylene unit. n of said general formula (1) is
an iPteger of 1 t and ends _.on the, npunber .of bon of Rlerr].
For_“xanple? mhén %ﬁ?ﬁntéﬁﬁ"ﬁ?ﬁ?@&@ﬁaﬁ%Bﬁ]m%ﬁh¥ﬂ %ﬁﬁggahgan al kenyl
gr oup,

PR B B A o B Eﬁﬁrﬁﬁi}ﬂ%ﬁé}%@%‘% 3852625 ondi ng

sati.fy ng

val ue

———

ObaBkMoi® SYhprisiifY (A)2R8%to 854 by weight of a synthetic oil
formed of a poly-a -olefin or a mixture of a poly-a -olefin
and an alkylbenzene and (B) 5 to 60% by weight of a fluidity
improver formed of at least one compound selected from the
group consisting of a polyoxyalkylene glycol compound, &

polysiloxane compound and a fluoride of polysiloxane'compound°

2. The lubricant according to Claim 1, wherein said poly-a
-olefin is a polymer of an a -olefin having 8 to 1L carbon

atoms and a kinematic viscosity of 10 to 350cSt at 4OC.

3. The lubricant according to Claim 2, wherein said polymer
of an a-olefin is a polymer of 1-dodecene, 1-decene or 1-
octene, each having a kinematic viscosity of 10 to 350cSt at Lo
C.

4. The lubricant adcording to Claim 1, wherein said
alkylbenzene is selected from a soft alkylbenzene and a hard
alkylbenzene, each having a kinematic viscosity of 10 to 350cSt
at 40°C. '

5. The lubricant according to Claim 1, wherein said mixture

of the poly-a -olefin and the alkylbenzene has a poly-a -

- 'This Sheet Has Been Replac
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ct of the present I's not achieved to a full extent. O her
set forth above, exanples of thez.pol yoxyal-kyl ere glycol. compound for
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Ul a . err

olefin content of 5 to 90% by weight of the mixture.

6. The lubricant according to Claim 1, wherein said
fluidity improver as the component (B) has a kinematic
viscosity of 3 to 50cSt at UO°C.

7. The lubricant according to Clainm 1, wherein said
polyoxyalkylene glycol compound is represented by the general
formula (I): |
. R' [(OR?)a OR®] . (D

wherein R! is a hydrogen atom, an alkyl group having 1 to 10
carbon atoms,an alkenyl group having 2 to 10 carbon atoms, an
alkynyl group having 2 to 10 carbon atoms, an aryl group having
6 to 10 carbon atoms, an aralkyl group having 7 to 10 carbon
atoms, an acyl group having 2 to 10 carbon atoms or an aliphatic
hydrocarbon group having 2 to 6 bonding links; R? is an

alkylene group having 2 to 6 carbon atoms; R?® is a hydrogen
atom, an alkyl group having 1 to 10 carbon atoms, an alkenyl
group having 2 to 10 carbon atoms, an alkynyl group having 2 to
10 carbon atoms, an aryl group having 6 to 10 carbon atoms, an
aralkyl group having 7 to 10 carbon atoms or an acyl group
having 2 to 10 carbon atoms; n is an integer of 1 to 6; and m is

a figure satisfying that the average value of m x n is 2 to 40. -

8. The lubricant according to Claim 7, wherein said

polyoxyalkylene glycol cbmpound contains 50% or more by mole of
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2 ' ydrocar bon group havi ng to 10
carfti it ons and Rlerr] to Rlerr] are each a hydrogen atQm or__a nonoval ent

hy diZ23Sar bon u 10 car bon at ons'- - Various pDIyoxyaIkerne
gly corrpoﬂl“ﬂu mm ﬂlmmnnumar at ed :abeve can,.be used._in t e piesent

I nv on as Wel f, ¥ncdluding those having a glycidyl group, t hose havi ng a
car | bond in the nolecule, those resulting fromthe substitution by a

tlle lkylend pheups kéach havdhgahbvieasinti eaebopohbomy ahéry! ene gl ycol
ds, a pol yoxXypropyl ene egcoI conpound, a pol yoxybutyl ene gl ycol

igNL oxyedkydepeennit efor glachomoteopbend and a pol yoxyhexyl ene gl ycol
conpoighd are preferably used in the present invention because of their
| nprovgnent in the nixing
; 9. The lubricant according to Claim 1, wherein said
polyoxyalkylene glycol compound contains at least one

constitutional unit represented by the general formula (II):

(I1)
._(l:_._...
R

wherein R' is a monovalent hydrocarbon group having 1 to 10
carbon atoms; and R® to R’ are each a hydrogen atom or a

monovalent hydrocarbon group having 1 to 10 carbon atoms.

10. The lubricant according to Claim 7, wherein said
polyoxyalkylene glycol compound is a polyoxypropylene glycol
compound, a polyoxybutylene glycol compound, a polyoxypentylene
glycol compound or a polyoxyhexylene glycol compound.

11. The lubricant according to Claim 1, wherein said
fluidity improver of component (B) comprises 50% or more of at
least one compound selected from the group consisting of a
polyoxybutylene glycol compound, a polyoxypentylene glycol
compound and a polyoxyhexylene glycol compound.

—_—
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lity. Most—suitabte-is—a—f|uidity i-nprover- contai ning 50%ar nore of

Ml’sel ected fromthe group cgnsisting of_ the-

Uu nd, the polyoxypeniylene ¢l.ycol.-compound and _
npound It is also preferable that a

“gxyalkylene gl ycol conpound shoul d contain the oxybutyl ene,
oxypentyl ene and oxyhexyl ene units to foot up to 50 or nore anong
oxy } kyl ene units form ng the conpound Furt hernore, a polysil oxane

und sudi- asTbenieuml%@’Wsa@&?ﬁ]ﬂBgah@ Glaincki aberednesaidan be used as

luidity i over in the present .inveptjon as | t
u@lry@xugikx langtghyc cpnmouﬁér eocgraiies &ﬁy%il&n@yun%s@ver s.

ef f
Theez ynto@eytﬁe%t%enép‘&nf g etirp oxy 'e?('y%nenﬁrr]ft\:/se "t Poct § up to 50 or

more among oxyalkylene units forming the compound.

the is, al so

13. The lubricant according to Claim 1, which comprises 60
to 90% by weight of the synthetic oil as the component (A) and
10 to U40% by weight of the fluidity improver as the component

(B).

4. A method for effecting lubrication in refrigerating
machines employing a refrigerant comprising 1,1,1,2-
tetrafluoroethane or 1,1,2,2-tetrafluoroethane which comprises
as an essential component a base oil comprising (A) 40 to 95% by
weight of a synthetic oil formed of a poly- a-olefin or a
mixture of a poly-a -olefin and an alkylbehzene and (B) 5 to
60% by weight of a fluidity improver formed of at least one
compound selected from the group consiéting of a
polyoxyalkylene glycol compound, a polysiloxane compound and a

fluoride of polysiloxane compound.

15. A refrigerating system which comprises a compressor, a
refrigerant comprising 1;1,1,2-tetrafluoroethane or 1,1,2,2-
tetrafluoroethane, and a lubricant, said lubricant comprising a

base 0il according to any one of Claims 1 to 13.
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»mxed at a ratio by weight of 40 to 95% de5|rably 50 to 90%;
cularly desirably 60 to 90% of: 1A) to~5 t.0: 60%- désirably 10 to 50
cularly desirably 10 to 40% respectlvbly of - (B). - --:\hen |l ess than
wei ght of the fluidity inprover i's uséd, the TIuidity of"the
cant is undesirably not inproved and therefore the sufficient

rggdrnability of the |ubricant |SAB$TR&GWneved as well. On the other hand,
wkedd nore than 60% by wei ght of the fluidity inmprover is used, wear

r el st anceThedet s Ibden aisclodedi hetéin dednbtdeanthieri s acconpanled by

Pes

t hgjdegradation of the fundanmental performance reqU|red for refrigerating
nmachi neeftbgerabing imaghidiesg empdoy bog as an mefrigerant 1,1,1,2-

1 tetrafluoroethane or 1,1,2,2-tetrafluoroethane, which comprises
as an essential component a base oil odmprising (A) U0 to 95% by
weight of a synthetic oil formed of a poly-a -olefin or a
mixture of a poly-a -olefin and an alkylbenzene and (B) 5 to
60% by weight of a fluidity improver formed of a

polyoxyalkylene glycol compound, etc. The lubricant is used

along with a refrigerant comprising a substitute flon compound
such as 1,1,1,2-tetrafluoroethane (R-13la), and is excellent in
the performance such as wear resistance, electrical insulating
properties, hydrolytic stability, nonhygroscopioity, ete. and
also in returnability of the lubricant. Thus, the lubricant is
especially effective when used in automobile or household air
conditioners, refrigerators, etc. having high industrial

usefulness.
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BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a lubricant for
refrigerating machines employing a refrigerant'comprising
tetrafluoroethane. More particularly, it relates to a

. lubricant for refrigerating machines which is used along with a

refrigeranﬁ comprising a substitute fluorohydrocarbon
(hereinafter sometimes referred to as "flon compound") such as
1,1,1,2-tetrafluoroethane (R-134a). As such, the lubricant is
excellent in the performance such as wear resistance, electrical
insulating properties, hydrolytic stability, nonhygroscopicity
and the like and further has excellent returnability of the
lubricant in a compression-type refrigerating cycle (the
characteristics that the lubricant is inclined to return to a

compressor after it is circulated in the refrigerating cycle).

‘2. Description of the Related Arts

Conventionally, in a compression-type refrigerating cycle
comprising a compressor, a condenser, an expansion valve and an
evaporator, a flon compound including a fluorinated hydrocarbon
such as dichlorodifluoromethane (R-12) and chlorodifluoromethane
(R-22) has been used as the refrigerant. Many kinds of
lubricants compatible with them have also been produced
industrially available for use.

However, there have been misgivings that these flon



the lubricant. The lubricant of the present invertijon
with a substitute flon refrigerant in a conpressijog-t
cycle without a hitch. The | ubricang of the
especially effective when used in autonobile or
refrigerators and the |ike, having high industri
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compounds widely used as the refrigerant are liable to cause
depletion of the ozone layer and environmental pollution after
they are released into the open air. In an effort to prevent
environmental pollution, fluorohydrocarbons (or
chlorofluorohydrocarbons), for example 1,1,1,2-tetrafluoroethane
(R-134a) and the like have been developed as a possible
replacement in recent years. Until now there have been
introduced into market many so-called substitute flon compounds
with minimized danger of environmental pollution and capable of
satisfying said reduired properties, for example 1,1,2,2-
tetrafluoroethane (R-134) and the like, as well as R-134a.

These new subsﬁitute floﬁ refrigerants are different from
conventional flon refrigerants in characteristies. Thus,'glycol
compounds, ester compounds and the like have been proposed as .
the lubricant for use in combination with them (U.S. Patent No.
14,755,316 and Japanese Patent Application Laid Open
No.33193/1991), and these patents are intended to dissolve
substitute flon'refrigerants and lubricants completely so as to
provide good returﬁability of the lubricants.

In an attempt to circulate all over a refrigerating cycle a
refrigerant and a lubricant in their completely dissolved state
as envisagea-by thése patents, however, said lubricant must be
selected from only ? very limited number of compounds
acceptable to the chemical properties of substitute flon
refrigerants such as R-134a. Accordingly, the selected
lubricant is forced to sacrifice certain aspects of the

important performance required as the lubricant.



Next, the .present invention will be described in yreater detail below, with

reference to non-limtative exanpl es and conpar at{iRyy. AG® 7y mples 1 .
to 6 and Conparative Exanples 1 to 3 The synt]hgeEesst W VR !
fluidity inprovers were each m xed as shown in Table%gto reparg fhe

| ubricants for use in followng tests. 3he resul §sfth MMQvnin
Tabl e 2. L 13

l
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In fact, polyalkylene glycol compounds and ester compounds
thereof, both known as compatible with R-13la, have been found

}

to have insufficient wear resistance, along with faulty
electrical insulating propefties. It has also been found that
the polyalkylene glycol compounds are highly hygroscopic and
the ester compounds thereof are hydrolytically unstable. Thus
the demand for a solution in these problems has been raised in
relevant industrial segments. .

The present invention has been completed on the basis of a
concept quite contrary to ordinary common knowledge as set
forth above, in an effort to find a solution in the problems.
As the result, it has been found that all these aspects of the
performance can be unified by using a substance excellent in
wear resistance, insulation resistance and the like as the
lubricant, éompounding therewith a fluidity improver to improve
the fluidity of theelubricant in the presence of a refrigerant
(R-134a and the like) and thus providing good returnability of
the Iubricant in a compression-type refrigerating cycle. It has
thus been made possible that a lubricant combined even with a
new refrigerant has.all the required performance including
excellent wear resistance, electrical insulating properties,
hydrolytic éfability and the like and further ensuring
excellent returnability of the lubricant. The present invention
has been accomplished based on this finding.

SUMMARY OF THE INVENTION
Therefore, an iject of the present invention is to .provide

a lubricant for refrigerating machines employing a refrigerant



Tabél el

Synthetic G - FI uidity I nprover

W % Conmpound W% Exanple 1
-olefin*[err] 30 Poly glycol conmpound A'[err]
Al kyl benzene*[ err] 50 Exanpl e42 Pol
Poly glycol conmpound A*[err] 20

70 Exanple 3 Poly- [err] -olefin*[err] 80
B*[err] 10
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compound BLar plirther Khs excellent returnability of the lubricant. The
lubricant can be used along with a substitute flon refrigerant
in a compression-type refrigerating cycle without a hitch.
Another object :iof the present invention is to provide a

lubricant for refrigerating machines emplbying a refrigerant
comprising tetrafluoroethane, which is especially effective
when used in automobile or household.air conditioners and
refrigerators and the like, having high industrial usefulness.

| The present invention provides a lubricant for refrigerating
machines employing a refrigerant comprising 1,1,1,2-
tetrafluoroethane or 1,1,2,2-tetrafluoroethane which comprises
as an essential component a base oil comprising (A) 40 to 95% by
weight of a synthetic oil formed of a poly-a -olefin or a
mixture of a poly-a -olefin and an alkylbenzene and (B) 5 to
60% by weight of a fluidity improver comprising at least one
compound selected from the group consisting of a polyoxyalkylene
glycol compound, a polysiloxane compound and a fluoride of
polysiloxane compound.

The lubricant of the present invention can be suitably used

in various refrigerating machines and ordinarily in a
compression-type refrigerating cycle comprising a compressor, a
condenser, an expansion valve and an evaporator.
DESCRIPTION OF PREFERRED EMBODIMENTS

As set forth above, the lubricant of the present invention




Conparative Al kyl benzene*[err] 80  EsterR:ler
20 EXanple 1 Conparative Poly- [err] -olefin*[errjREGO
70 Exanple 2 Conparative Poly- [err] -olefin*[err]
80 Exanple 3 Al kyl benzene*[ err] 10
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comprises the components (A) and (B) as the essential ——
components, and the synthetic oil constituting the component
(A) is a poly-a -olefin or a mixture of a poly-a -olefin and an
alkylbenzene. |

Various poly-a -olefins can be used and ordinarily are each
a polymer of « -olefin having 8 to 14 carbon atoms and a
kinematic viscosity of 10 to 350cSt at 40°C. Preferred among
them is a polymer of 1-dodecene, a polymer of 1-decene or a
polymer of 1-octene, each having a'kiﬁematic viscosity of 10 to
350cSt at 4O0°C. A lubricant containing a synthetic oil
comprising such a poly-a -olefin has a lower viscosity at low
temperatures in the presence of a tetrafluoroethane
refrigerant, and thus returnability of the lubricant is all the
more improved. |

Various alkylbenzenes can be used as well and ordinarily are
each an alkylbenzene having a kinematic viscosity of 5 to
500cSt, preferably 10 to 350ecSt at UOC. Méanwhile,'either
soft or hard alkylbenzene can be used provided that it meets
this condition.

The alkylbehzene is not used singly but in the form of a

mixture thereof with said poly-a -olefin as the synthetic oil

as the component (A), in the present invention. The mixing
ratio.of the poly—cz?olefin to the alkylbenzene may be
appropriately selected according to circumstances and is not
particularly limited. Preferably the mixture has a poly-a -
olefin content of 5% or more by weight, more preferably 10 to

90% by weight of the mixture. When such a mixture of the poly-



Table 2

Fluidity at | ow tenperatures
(relative value) Exanple 1
Exanpl e 2

16

O Exanple. 5

20

O Exanpl e 1 Conparative

25
O Exanpl e 46

O Conparative

Per f orlmMCEM ENT Sﬁﬁﬁ’wﬁ
Wear resistance = 1
Cowm|

20
O Exanpl 6* 6
106

20 X
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Exanpl e 2 gorgdafdh wad alkylbenzene is @8ed as the synthetic oil as>the
component (A), the mixing stability of the poly-a -olefin and

the fluidity improver as the component (B) is imprdved. This

effect is especially remarkable with the use of a
polyoxyalkylene glycol compound as the fluidity improver.
On the other hand, the fluidity improver acts to improve the

fluidity of a hydrocarbonic compound at low temperatures (those

of the evaporator) in the presence of a small amount of

substitute f£lon refrigerant such as R-13Ua, so as to provide

good returnability of the lubricant in the refrigerating cycle.

The kinematic viscosity of the fluidity improver is not

particularly limited but is ordinarily'Z to 100cSt, preferably 3

£o 50cSt at 40°C.

A typical example thereof is a polyoxyalkylene glycol |

compound.

Various polyoxyalkylene glycol compounds can be used

and an appropriate one may be selected from them according to

the intended use. Preferred among them is a polyéxyalkylene

glycol compound represented by the general formula (I):

Rfﬁ%OthrOR3L

(1)

wherein R' is a hydrogen atom, an alkyl group having 1 to 10

carbon atoms, an alkenyl group having 2 to 10 carbon atoms, an

alkynyl group having 2 to 10 carbon atoms, an aryl group having

6 to 10 carbon atoms, an aralkyl group having 7 to 10 carbon

atoms, an acyl grouﬁ having 2 to 10 carbon atoms or an

aliphatic hydrocarbon group having 2 to 6 bonding links; R? is



Exanpl e 3 | Tl A

Per f or mance . | nsul ati on resi st
Hygroscopicity ([err]
4.8 X 10[err] O

7

an alkylene group having 2 to 6 carbon atoms; R® is a hydrogen
atom, an alkyl group having 1 to 10 carbon atoms, an alkenyl
group having 2 to 10 carbon atoms, an alkynyl group having 2 to
10 carbon atoms, an aryl group having 6lto 10 carbon atoms, an
aralkyl group having 7 to 10 carbon atoms or an acyl group
having 2 to 10 carbon atoms; n is an integer of 1 to 6; and m
is a figure satisfying that the average value of mxn is 2 to
40.

The alkyl group having 1 to 10 carbon atoms may be straight
chain, branched chain or cyclic. Specific examples of the alkyl
group include a methyl group, an ethyl group, a n-propyl group,
an isopropyl group;, various butyl groups, various pentyl

'groups, various hexyl groups, various heptyl groups, various
octyl groups, various nonyl groups, various decyl groups, a
cyclopentyl group, a cyclohexyl group, a phenyl group, a tolyl
group, a xylyl group, a benzyl group, a phenethyl group and the
like. : |

An alkyl group,having more than 10 carbon atoms leads to the
degradation of the effect on improving the fluidity of the
lubricant. The alkyl group has preferably 1 to 6 carbon atoms.

An alkyl moiety of said acyl group may be straight chain,
branched chain or cyclic. Specific examples of the alkyl moiety
of the acyl group include a methyl group, an ethyl group, a n-
propyl group, an isopropyl group, various butyl groups, various
pentyl grouﬁs, various hexyl groups, various heptyl groups,
various octyl groups, various nonyl groups, a.cyclopentyl

group, a cyclohexyl group and the like. An acyl group having



Exanpl e 2 4.5 x 10[err] g Exanpl e
3 w 2.2 X 10[err] : _ RE)PL Hotie 4 c

3.5 X 10[ err] O a| jExanp 1.5 X
10[ err] o) O Exanp ez[es 13 SEP 1 10[ err]

O O Conmparative 3g0 X 10fefir] _

O Exanple 1 Conparative 1.5 X 10[err X

[err] Exampl e 2 Conparative 1.2 X 10jlerr]

[err] Exanpl e 3 Al'l the lubricants used were m xed with 0.5% by

IELP5L S T Nasanad e oo st ool e |1 (h
effect on improving the fluidity of the lubricant. The acyl
group has preferably 2 to 6 carbon atoms.

Said R' and R? may be same or different one another.

Furthermore, a plurality of R¥s in a molecule may be same or
different when n is 2 or more. '

When R"is an aliphatic hydrocarbon group having 1 to 10
carbon atoms and 2 to 6 bonding links, the aliphatic
hydrocarbon group may be either chain or cyclic. Examples of
the aliphatic hydroéarbon group having 2 bonding links include
an ethylene group, a propylene group, a butylene gfoup, a
pentylene group, a hexylene group, a heptylene group, an
octylene group, a nonylene group, a decylene grbup, a
cyclopentylene group, a cyclohexylene group, a vinyl group, an
allyl group, a butenyl group, an ethYnyl group, a propynyl
group, and the like. Examples of the aliphatic hydrocarbon
group having 3 to 6_bondihg links include a residue after a
hydroxyl group is removed from a polyhydric alcohol such as
trimethylolpropane, glycerin, pentaerythritol, d
ipentaerythritol, sorbitol, 1,2,3-£rihydroxycyclohexane and
1,3,5-trihydroxycyclohexane.

An aliphétic hydrocarbon group having more than 10 carbon
atoms leads to the degradation of the effect on improving the
fluidity of the lubricant. The aliphatic hydrocarbon has
préferably 2 to 6 carbon atoms.

R? of said general formula (I) is an alkylene group having 2

to 6 carbon atoms and ekamples of the oxyalkylene group as a



ierr] C).

*1: A polymer of 1 -decene (a kinematicC Vi SCOSHEN oLy ot by ot .

#2: Soft al kyl benzene (a kinenstic viscosity ’f}E ESIAE ALY | *3:
Hard al kyl benzene (a kinematic viscosity of 32¢

Pol yoxybut yl ene gl ycol dinethylether (a kinenmat L 32cSt
at 40[err] Q). *5: Pol yoxypropyl ene glgcol dit ingmat i ¢

vi scosity of 28cSt at 40[err]C). *6: A]t ; acid and
pentaerythritol (a kinematic Vi SCOSity Of] errlE. *7:
An ester JfeRgaSANE HAd ylaﬁl@ﬂ%uﬂﬁtQNM§@BH;ﬁBﬁp:53;. ERRY Lene

viscosity oloipioah Bkybutyléde group, an oxypentylene group and an

oxyhexylene group. A molecule thereof may comprise either same

_ oxyalkylene groups or two or more different kinds of _
oxyalkylene groups. Preferably a molecule thereof comprises the
alkylene groups each having at least 3 carbon atoms, more
preferably 50% or more by mole of the alkylene groups each
having at least U carbon atoms per oxyalkylene unit.

n of said general formula (I) is an integer of 1 to 6 and
depends on the number of bonding links 6f R'. For example, when
R! is a hydrogen atom, an alkyl group, an alkenyl group, an
alkynyl group, an aryl group or an acyl group, n is 1. When R!
is an aliphatic hydrocarbon group having 2, 3, 4, 5 or 6
bonding links, n ié 2, 3, 4, 5 or 6, respectively. Further, m
is a figure satisfying that the average value of mxn is 2 to
ﬁO, and when the average value of mxn is out of said range, the
object of the present invention is not achieved to a full
extent. |

Other thah set forth above, examples of the polyoxyalkylene
glycol compound for use in the present invention include a
polyoxyalkylene glycol compound containing at least one .

constitutional unit representéd by the general formula (II):

- -« (ID



16 The | ubricants were eval uated by deternig" EE[)f t he
performance thereof in accordance wth the follow -

Eval uati on of the perfornmance (1) Fluidity of §thhe |l ubricants at}l ow

t enper at ur es A lubricant mixed with 10% off k- 13396RI9%% fe 'ted
into a pressure gl ass tube having Bodi aneter joff 8nm then a st eel
ball of 3/16in. in dianeter was introduced thereing and the pregsure

gl ass tube was seal ed. After the pressurelglass.iube was refai ned
at -45[err]C, the steel ball was caused to fall to determne the:tine
(second) required until the steel ball reached a point 10cmto 5cm

?gfgfi Lgevgﬂ{uée@fnowt 18 4UidhovHlRntefiytiFocarborl R havifkVente mderns of
carbon atoms and R® to R® are each a hydrogen atom or a
monovalent hydrocarbon group having 1 to 10 carbon atoms.

Various polyoxyalkylene glycol compounds other than
enumerated above can be used in the present invention as well,
including those having a glycidyl group, those haviﬁg a
carbonyl bond in the molecule, those resulting from the
substitution by a fluorine atom and the like. |

Of above-mentioned polyoxyalkylene glycol compounds, a
polyoxypropylene glycol compound, a polyoxybutylene glycol
compound, a polyoxypentylene glycol compound and a _
polyoxyhexylene glycol compound are preferably used in the
present invention because of their improvement in the mixing
stability. Most suitable is a fluidity improver containing 50%
or more of at ieast one compound selected from the group
consisting of the ﬁolyoxybutylene glycol compound, the
polyoxypéntylene glycol compound and the polyoxyhexylene glycol
compound. It is also preferable that a polyoxyalkylene glycol
_compound should contain the oxybutylene, oxypentylene and '
oxyhexylene units to foot up to 50 or more among oxyalkylene
units forming the compound.

Furthermore, a polysiloxane compound such as .
dimethylpolysiloxane and a fluoride thereof can be used as the
fluidity improver in the présent invention as well. It is also
effective to use a mixture of 2 or more different fluidity
improvers. | |

The synthetic oil (A) and the fluidity improver (B) are



(2) Wear resistance The wear test was conggttet tntetth,
conditions by using a Falex friction testing machiji V1EIN ;
blowmn at a rate of 5 liter/hour, and a test '

wear for 60 m nutes under a | oad of 300l bs a

the test pieces such as bl ock and pin were *

I n accordance wth ASTM D 3233.

anount) O: less than 6.0ngy i
nore to 15ng or Iess X : nore than IS

i nsul ati ngmpkeRedt £ atio by weight of U0 to 95%, desirably 50 to 90%,
particularly desirably 60 to 90% of (A) to 5 to 60%, desirably
10 to 50%, particularly desirably 10 to 40%, respectively of |
(B).
When less than 5% by weight of the fluidity improver is
used, the fluidity of the lubricant is undesirably not improved
and therefore the.sufficient returnability of the lubricant is

not achieved as well. On the other hand, when more than 60% by.

weight of the fluidity improver is used, wear resistance and
the like are undesirably degraded. This is accompanied by the
degradation of the fundamental performance required for
refrigerating machine lubricant, including the reduction of
insulation resistance, worsening of hydrolytic stability, the
increase in hygroscopicity and the like.

The lubricant of the present invention comprises as the |
essential component the base oil comprising the synthetic oil
(A) and the fluidity improver (B) as set forth above and as the
need arises various additives can be incorporated therein.
Examples of the additive include an anﬁi—wear additive such as
phosphoric acid estér and phosphorous acid ester, an
antioxidant, a chlorine scavenger, a metal deactivator, a
defoaming agént, a detergent-dispersant, a viscosity index
improver, a rust preventive, a corrosion inhibitor and the
like: _

. As set forth above, the lubricant for refrigerating machines
employing the refrigerant comprising tetrafluoroethane as

claimed herein is excellent in the performance such as wear



17 The el ectrical insulating properties was eval uated mutatis
smmutandi s according to JIS C 2101 to determ ne the vol unme resistivity
(roomtenperature). (4) Hydrolytic -stability | 00g of a lubricant, 10g
of R-134a, 5nm of water and copper and iron catalysts were placed in a
pressure container having a capacity of2300cc. Then, the pressure

contai ner was sealed and retained at 100[err]C for 5 days and thereafter
the rate of a rise in the total acid nunber was determ ned. St andard
of eval uation

resistance, electrical insulating properties, hydrolytic
stability, nonhygroscopicity and the like and further has
excellent returnability of the lubricant. The lubricant of the
present invention can be used along with a substitute flon |
refrigerant in a compression-type refrigerating cycle without a
hitch.

The lubricant of the present invention is especially
effective when used in automobile or household air
conditioners, refrigerators and the like, having high industrial
usefulness. '

Next, the present invention will be described in greater
detail below, with reference to non-limitative examples and
comparative examples.

Examples 1 to 6 and Comparative Examples 1 to 3

The synthetic oils and the fluidity improvers were each
mixed as shown in Table 1 to prepare the lubricants for use in

following tests. The results thereof are given in Table 2.

REPLACEMENT SHEET
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O: less than 0. 0lmgKOH g | [err] : 0.0lngKOH g or nore to

0.1l mgKOH g or | ess X : nore than 0.1 ngKOH g (5) Hygroscopicity
10g of a test sanple was placed in a 50cc glass container having a
di ameter of 30mmferr] . The glass container was introduced into a

t hernostat-hum di stat and allowed to aBand for 5 days at a tenperature of
25C and wunder a humdity of 85%and thereafter the water content of the

test sanple was detern ned. - Standard of eval uation O :
| ess than 0.03% A: 0.03%or nore to 0.1% or |ess X
nore than 0.1% '
Table 1
Mixing Composition
Synthetic Oil - Fluidity Improver
Compound Wt Compound Wesb
Example 1 Poly- a -olefin*!'| 30 | Poly glycol compound A*% | 20
Alkylbenzene*? 50
Example 2 Poly- a -olefin*'| 10 | Poly glycol compound A**| 20
Alkylbenzene*? 70 el
Example 3 Poly- a -olefin*'| 80 | Poly glycol compound B*S | 10
. Ester A¥‘ 10
Example 4 Poly- a -olefin*!' | 50 | Poly glycol compound B*3 | 10
Alkylbenzene*? 30 | Ester A¥6 10
Example 5 | Poly- a -olefin*! | 20 | Poly glycol compound A** | 30
Alkylbenzene*? 50
Example 6 Poly- a -olefin*! | - 20 | Poly glycol compound A** 1 16
Alkylbenzene*? 60 | Poly glycol compound B*> | L
Comparative | Alkylbenzene*? 80 | Ester B*7 20
Example 1 :
| Comparative | Poly- @ -olefin*!| 30 | Ester A*¢ : 70
Example 2
Comparative | Poly- a -olefin®'| 10 Ester B*” : 80
Example 3 Alkylbenzene*? 10 '
1’" ;
REPLACEMENT SHEET]
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What is clainmed is:

1.- Alubricant for refrigerating nmachines

enploying a refrigerant conprising 1, 1, 1,2-tetrafluoroethane or
1,1,2,2-tetrafl uoroet hane, which conprises as an essential conmponent a base
oil conprising (A) 60 to 90% by wei ght of a synthetic oil conposed of a
poly- [err] -olefin or a mxture of a pdy- a -olefin and an al kyl benzene
and (B) 10 to 40% by weight of a fluidity inprover conposed of

pol yoxyal kyl ene gl ycol

conpound. 2. The lubricant according to

Caim1l, wherein said poly-[err] -olefinis a polyner of an [err] -olefin

having 8 to 14 carbon

‘Table 2
Performance
Fluidity at low temperatures | Wear resistance
(relative value) -
Example 1 20 NO)
Example 2 > O
Example 3 16 O
Example 4 30 O
Example. 5 18 O
Example 6 20 O
Comparative 100
Example 1 ©
Comparative 20 X
Example 2
Comparative 20 ' X
Example 3 '
REPLACEMENT SHEET
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atoms and a kinematic viscosity of 10 to 350cSt at;EEE@&.E;;;{;TET~i 3. The

{4 ubricant according to Caim2, wherein said polyngry afrpefafiuaar (ff €f i N

is a polyner of 1-dodecene, 1- decene or 1- oct enej] e Ki [

viscosity of 10 to 35CcSt at 40 [err]C 4.

to Caim1, wherein said alkylbenzene 1§ sel ected fituam.a.sQff al Kyllbenzene
Iscosity of 10 tqg 35CcSt

and a hard al kyl benzene, each
at 40[err]C. 5. The |uE$$ka2?(8@53F®gﬁz t o-Crat-m-i—whlewaindsai d

m xture of the poly- [err] -olefin and the al kyl benzene has a poly- [err]

i Performance
Insulatigl .rg;i?tivit;y Hydrolysis | Hygroscopicity

Example 1 4.8 X 10* O O
Example 2 4.5 X 101 O e
Example 3 2.2 X 1014 O O
Example 4 3.5 X 10'% . O o
Example 5 1.5 x 10" o) O
Example 6 4.7 X 10% O O
Comparative 3.0 X 10 O O
Example 1 -

CEgammpariﬂgtéve | 1.5 X 103 .>< A
Comparative 1.2 X 1013 X A
Example 3 -

A1l the lubricants used were mixed with 0.5% by weight of an anti-
wear additive (phosphoric acid ester). The notes in the tables will be
supplemented below:

*1: A polymer of 1-decene (a kinematic viscosity of 32cSt at 40°C).

¥2: Soft alkylbenzene (a kinematic viscosity of 38cSt at 40°C).

#3: Hard alkylbenzene (a kinematic viscosity of 32cSt at 40°C).

*Y. Polyoxybutylene ycol dimethylether (a kinematic v1s0031t of
32cSt at u40°C). el Y y

*5: Polyoxypropylene ycol dlmethylether' (a kinematic viscosity of
28cSt at llOyC) el Y

¥6: An ester of C; fatty acid and pentaerythritol (a kinematic
viscosity of 30cSt at 40°C).

*¥7: An ester of C; fatty acid and trimethylolpropane (a kinematic
viscosity of 1l4eSt at UOC).



4 ubricant according to Caiml, wherein said fluid
conponent (.B) has a kinematic viscosity of 3 to 50

olefin content of 5 to 90% by wei ght of the m'xture.%;__.. 2 o
S

| at 40[ 3
13 SEP %996
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The lubricants were evaluated by determining each aspect of
'the-performance thereof in accordance with the following test
method:

Evaluation of the performance

(1) Fluidity of the lubricants at low temperétures

A lubricant mixed with 10% of R-13la was collected into
a pressure glass tube having a diameter of 8mm, then a -
steel ball of 3/16in. in diameter was introduced therein
and the pressure'glass tube was sealed.

After the pressure glass tube was retained at -U45°C,
the steel ball was caused to fall to determine the time
(second) required until the steel ball reached a point
10em to Sem above the bottom of the tube. The result
thereof is given in terms of relative value.

(2) Wear resistance _

The wear test was conducted under the following
conditions by using a Faiex friction testing machine.

R-13La was blown at a rate of 5 liter/hour, and a test
piecé was subjected to wear for 60 minutes under a load of
3001bs and at 1,000rpm. Meanwhile, the test pieces such
as block and pin were made of a standard material in
accordance with ASTM D-3233.

Standard of evaluation (wear amount)
O: less than 6.0mg
A: 6.0mg or more to 15mg or less
X : more than 15mg

(3) Electrical insulating properties



7. The lubricant according to Claim1l, wherein sald polyoxyalkylene gl ycol
conpound is represented by the general formula (|9
Rlerr] [(ORerr])[err]OR err]] REP!MEMEWM err] is
a hydrogen atom an al kyl group having 1 to 10 ch gt omns, an knyl
group having 2 to 10 carbon atonms, an alkynyl gr )u rﬁﬁ 0 car bon
atons, an aryl group having 6 to 10 carbon atons yl”gr oup} having 7
to 10 carbon atonms, an acyl group having 2 to 10§c a

érlinks; R2 is an gl kyl ene

ogerTat onl dil dl Ky| group

al i phati c hydrocarbon group having 2 to 6 bondin
group having 2 to 6 carbon atons; Rerr] is a hy
having 1 to 10 carbon atons, an al kenyl group having 2 to 10 carbon atons,
an al kynyl group having 2 to 10 carbon atons, an aryl group having 6 to 10
carbon atons, an &t le%]eog.mcalhmsubabimg) Ar®perties wasnsvatuatedcyl group
having 2 to 10 carbon atons; n is an_integer_of 1 to 6; and mis

mutatis mutandis according to JIS C- 2101 to determine the

volume resistivity (room temperature).
(4) Hydrolytic stability
100g of a lubricant, 10g of R-134a, 5ml of water and
copper and iron catalysts were placed in a pressure
container having a capacity of 300cc. Then, the pressure
contalner was sealed and retained at 100°C for 5 days and
thereafter the rate of a rise in the total acid number was
determined. ’
Standard of evaluation

O: less than 0.01mgKOH/g

A: 0.01mgKOH/g or more to O.1mgKOH/g or less

X : more than 0.1mgKOH/g |

(5) Hygroscopicity _
10g of a test sample was placed in a 50cc glass
container having a diameter of 30mm¢é . The glass
container was introduced into a thermostat-humidistat and
allowed to stand for 5 days at a temperature of 25°C and
under a humidity of 85% and thereafter the water content
of the test sample was determlned
Standard of evaluation
 O: less than 0.03%
A: 0.03% or more to 0.1%4 or less
X : more than 0.1%



a flgure satisfying that the average value of mx nis 2 to 40. 8.
The Iubrrtaﬂt’ﬁEEBFHTﬁﬁ—fo Claim?7, wherein said pov;!-;; y+ene. gl yco

conpoun r nore by mol e of 20 p™a
having\ mﬁah “m“ atons per oxyal kyl ene unit
18

What is claimed is:,

1. A lubricant for refrigerating machines employing a
refrigerant comprising 1,1,1,2-tetrafluorocethane or 1,1,2,2-
tetrafluoroethane which comprises as an essential component a
base oil comprising (A) 40 to 95% by weight of a synthetic oil
formed of a poly-a -olefin or a mixture of a poly-a -olefin
énd an alkylbenzene and (B) 5 to 60% by weight of a fluidity
improver formed of at least one compound selected from the
group consisting of a polyoxyalkylene glycol compound, a
polysiloxane compound and a fluoride of polysiloxane compound.

2. The lubricant according to Claim 1, wherein said poly-«
-olefin is a polymer of an @ -olefin having 8 to 14.carbon
atoms and a kinematic viscosity of 10 to 350e¢St at. U40°C.

3. The lubricant according to Claim 2, wherein said polymer
of an @ -olefin is a polymer of 1-dodecene, 1-decene or 1-
octene, each having a kinematic viscosity of 10 to 350cSt at U0
OC. .

4. The lubricant according to Claim 1, whefein said
alkylbenzene is selected from a soft alkylbenzene and a hard
alkylbenzene, each having a kinematic viscosity of 10 to 350eSt
at L10C.

5. The lubricant according to Claim 1, wherein said mixture

of the poly-a -olefin and the alkylbenzene has a poly-a -

Sheet Has Been Replaced
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9. .‘The | ubricant according to Caiml, wherein said FREPPKY -
corrpound contains at [#@ast one constltutlonal uni t rgpk = ] adaiack HE
err Pl
r uﬂf%m@% o |10

!

I

?leln)eral ﬂlﬂ“m“““n I|I "I“I a nonoval ent hydrocar bon .
riJa_nonoval ent

carbon atonms; cand Rb tso RO are each a hyslrogen at omj
hydrocar bon group having 1 to 10 carbon atons.

olefin content of 5 to 90% by weight of the mixture.

6. The lubricant according to Claim 1, wherein said
fluidity improver as the component (B) has a kinematic
viscosity of 3 to 50cSt at u40°C.

7. The lubricant according to Claim 1, wherein said -
polyoxyalkylene glycol compound is represented by the general
formula (I): .

R' [(OR?). OR3] . . . . (D)

wherein R! is a hydrogen atom, an alkyl group having 1 to 10
carbon atoms,an alkenyl group having 2 to 10 carbon atoms, an
alkynyl group having 2 to 10 carbon atoms, an aryl group having'
6 to 10 carbon atoms, an.aralkyl group havihg T to 10 carbon
atoms; an acyl group having 2 to 10 carbon atoms or an aliphatic
hydrocarbon group having 2 to 6 bonding links; R? is an
alkylene group having 2 to 6 carbon atoms; R® is a hydrogen
"atom, an alkyl group having 1 to 10 carbon atoms, an alkenyl
group having'2 to 10 carbon atoms, an alkynyl group having 2 to
10 carbon atoms, an aryl group having 6 to 10 carbon atoms, an
aralkyl group having 7 to 10 carbon atoms or an acyl group
having 2 to 10 carbon atoms; n is an integer of 1 to 6; and m is

a figure satisfying that the average value of m x n is 2 to 40.

8. The lubricant according to Claim 7, whérein said

polyoxyalkylene glycol compound contains 50% or more by mole of



COWOWW ene gl ycol compound, a poREBkKOENERINSEEER!
conpo a polyoxypent | ene gl ycol conpound or a pé Rt A

corrpoUn mmmm | ubri cant according to O aith !
fluidit ‘ \‘“{ onent (B) con@g ses 50% or
conpound*serected‘fron1the group consisting of a po y

conmpound, a polyoxypentylene gl ycol compound and a
conpound.

alkylene groups each having at least U carbon atoms per

oxyalkylene unit for each molecule.

9. The lubricant according to Claim 1, wherein said -
polyoxyalkylene glycol compound contains at least one

constitutional unit represented by the general formula (II):

- (II)

wherein R* is a monovalent hydrocarbon group having 1 to 10
carbon atoms; and R to R? are each a hydrogen atom or a

monovalent hydrocarbon group having 1 to 10 carbon atoms.

10. The lubricant aécording to Claim 7, wherein said
polyoxyalkylene glycol compound is a polyoxypropylene glycol
compound, a polyoxybutylene glycol compound; a poiyoxypentyléne
glycol compqund or a polyoxyhexylene glycol compound.

11. The lubricant according to Claim 1, wherein said
fluidity improver of component (B) comprises 50% or more of at
least one compound selected from the group consisting of a
polyoxybutylene glycol compound, a polyoxypentylene glycol
compound and a polyoxyhexylene lecol compound.



12." The | ubricant accor di ng to Claim1, wherein sai d poI yoxyal kyl ene
gl ycol conpound contai ns oxybutyl ene units, OXYPE CEhe-unt-i-8—-an
oxyhexyl ene units to foot up to 50 or nmor e anongfOkivialLByiEerieyH
forning tthe conpound.—————  13. The | ubricant #c{
whi ch corrp % by wei ght 2af the synthefi APBERR
corrponent muﬁ”ﬂ 'm“m”ﬁi 0% by wei ght of the flli

|

'12. The lubricant according to Claim 1, wherein said
polyoxyalkylene glycol compound contains oxybutylene units,
oxypentylene units and oxyhexylene units to foot up to 50 or

more among oxyalkylene units forming the compound;

13. The lubricant according to Claim 1, which comprises 60
to 90% by weight of the synthetic oil as the component (A) and
10 to 40% by weight of the fluidity improver as the component

(B).

4. A method for effecting lubrication in refrigerating
machines employing a refrigerant comprising 1,1,1,2-
tetrafluoroethane or 1,1,2,2-tetrafluoroethane which comprises
as an essential component a base 611 comprising (A) 40 to 95% by
weight of a synthetic oil formed of a poly- a -olefin or a
mixture of a poly-a -olefin and an alkylbenzene and (B) 5 to
60% by weight of a fluidity improver formed of at least one
compound selected from the group consiéting of a

polyoxyalkylene glycol compound, a pélysiloxane compound and a
fluoride of polysiloxane compound. '

15. A refrigerating system which comprises a compressor, a
refrigerant comprising 1,1,1,2-tetrafluorocethane or 1,1,2,2-
tetrafluoroethane, and a lubricant, said lubricant comprising a

base o0il according to any one of Claims 1 to 13.

’ This Sheet Has Been Replaced
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(B) 14. Anet hod for effectlng lubricantion in refrlgeratlng

srachi nes enpl oying a refrigerant eOnpr|S|ng 1.:1, 1, 2-tetrafl uoroethane or
1, 1,2,2-tetrafluoroethane, which conprises as an essential conponent a
base oiI conprising (A) 60 to 90% by wei ght of a synthetic oil conposed of
a poly- [err] -olefin or a mxture of a2poly - [err] - olefin and an

al kyl benze éﬂﬁﬁ ' Nk feMbb¥ dng nprover conposed of
ponoxyaIk?@E%Q%A&§ S%&i?%qgiuj M ach efTigerating system which
RECERAN; -

conpri ses aRER T GQMER ' L
1,1, 1, 2- tetraf | uor oet hane or 1 1,2, 2- tetrafl uoroet hane, and a
| ubricant, said |ubricant conprisingABSTRAEBse oil according to any one of

d alns 1 to 13.
There has been disclosed herein a lubricant for

refrigerating machines employing as a refrigerant 1,1,1,2-
tetrafluoroethane or 1,1,2,2-tetrafluoroethane, which comprises
as an essential component a base oil comprising (A) 40 to 95% by
weight of a synthetic oil formed of a poly-a -olefin or a
mixture of a'poly-cx-olefin and an alkylbenzene and (B) 5 to
60% by weight of a fluidity improver formed of a
polyéxyalkylene glycol compound, ete. The iubricant is used
along with a refrigerant comprising a substitute flon compound
such as 1,1,1,2-tetrafluoroethane (R-13la), and is excellent in
the performance such as wear resistance, électrical insulating
properties, hydrolytic stability, nonhygroscopicity, etc. and
also in returnability of the lubficant. Thus, the lubricant is
especially effective when used in automobile or household air

conditioners, refrigerators, ete. having high industrial

usefulness.
RERLACRENT SHAFT
13 SEP 1996
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What is claimed is:

1. Alubricant for refngeratmg machines employing a refngerant comprising
1,1,1,2-tetrafluoroethane or 1,1,2,2-tetrafluoroethane, which comprises as an
essential component a base oil comprising (A) 60 to 90% by weight of a synthetxc
oil compased of a poly- « -olefin or a mixture of a poly- « -olefin and an .
alkylbenzene and (B) 10-to 40% by weight of a fluidity improver composed of
polvoxyalkylene glycol compound.

2. The lubricant according to Claim 1, wherein said poly-a«
-olefin is a polymer of an @ -olefin having 8 to 14 carbon
atoms and a ld.qemtic viscosity of 10 to 350cSt at u40°C.

3. The lubricant accordlng to Clainm 2, whereln sald polymer '
of' an a-olefin is a polymer of 1-dodecene, 1 -decene or 1-
_octene, each having a kinematic viscosity of 10 to 350cSt at 40
.C . ’

. 4. The lubricant according to Claim 1, wherein said
alkylbenzene is selected from a soft alkylbenzene and a hard
alkylbenzene, each having a kinematic viscosity of 10 to 350cSt
at u0cC. | |

5. The lubricant according to Claim 1, wherein said mixture
of the poly-a -olefin and the alkylbenzene has a poly-a - |
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| 12. The lubricant according to Claim 1, wherein said
polyoxyalkylene glycol compound contains oxybutylene units,
oxypentylene units and oxyhexylene units to foot up to 30 or

more among oxyalkylene units forming the compound.

13. The lubricant according to Claim 1, which comprises 60
to 90% by weight of the synthetic oil as the component (A4) and
10 to Q% by weight of the fluidity improver as the component
(B).

14. Amethod for effecting lubricantion in refrigerating machines employing
a refrigerant comprising 1,1,1,2-tetrafluoroethane or 1,1,2,2-tetrafluorcethane,
which comprises as an essential component a base oil comprising (A) ﬁ_O;tg_S_D_%by
weight of a synthetic oil composed of a poly- « -olefin or a mixture of a poly- ¢ -
olefin and an alkylbenzene and (B) 10 to 40% by weight of a fluidity improver

15.: A refrigerating system which comprises a compressor, _ a
refrigerant comprising 1,1,1,2-tetraflucrcethane or 1,1,2,2-
tetrafluoroethane, and a lubricant, said lubricant comprising a

base oil according to any one of Claims 1 to 13.
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