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wherein R! is an alkylene group, each of R?, R?, RY, RS,
Rﬁ, R’ and R® which may‘be the same or different is a
hydrogen atom, an alkyl group,lén aralkyl group, &N aryl
group, an aéyl group, a glycidyl group, =SO,R7, —CNHRIO,
| | 0
'~?CR11 or —Y1—+OR1%3—OR12‘wherein.Rl'is‘as défined‘above,
0 | |
each of R, R0, R!! and R!? is an alkyl group, an aralkyl
group or an aryl gfoup, and Y! is a resiaue of a
dicarboxylic compound having at least 3 carbon atoms,
provided that at least one of R? and R3 and at leaét one
of RY and R’ are not hydrogen atoms, and when R? is a
hydfogen atom, an alkyl group for R® has 1 or 2 carbon
atoms, and when R3 is a hydrogen atom, an alkyl group for

B2 has 1 or 2 carbon atoms, ¢, m, n and p which may be
the same! or different are integers which bring the
kinematic viscosity of the compounds of the formulas (1)
to (3) to a level of from 5 to 300 cSt at 4O°C,'Xl is a :
residue obtained by removing hydroxyl groups from a .
dihydroxy compound or a dicarboxylic compound, and X2 is
.a residue obtained by removing hydroxyl groups from a 3
trihydroxy compound or a tricarboxylic compound. ,;( 
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(57) Abstract :
A tetrafluoroethane composition for a refrigerator, which comprises a tetrafluoroethane and at least one polyether selected
from the group consisting of:: (I), (II) and (II1). wherein R! is an alkylene group, each of R2, R3, R4, R5, R6, R7 and R? which
may be the same or different is a hydrogen aton, and alkyl group, an aralkyl group, an aryl group, an acyl group, a glycidyl

group, -SO,RY, «, B or - Y!-(OR!),-OR!2, wherein R! is as defined above, each of R%, RI0 Ril and R!2 is an alkyl group, an
aralkyl group or an aryl, and Y!is a residue of a dicarboxylic compound having at least 3 carbon atoms, provided that at
least one of R2 and R3 and at least one of R4 and R? are not hydrogen atoms, and when R2 is a hydrogen atom, an alkyl
group for R3 has 1 or 2 carbon atoms, and when R3 is a hydrogen atom, an alkyl group for R2 has | or 2 carbon atoms, I, m,
n and p which may be the same or different are integers which bring the kinematic viscosity of the compounds of the formu-
las (I) to (III) to a level of from 5 to 300 cSt at 40°C, X! is a residue obtained by removing hydroxy!l groups from a dihy-
droxy compound or a dicarboxylic compound, and X2 is a residue obtained by removing hydroxyl groups from a trihydroxy i
compound or a tricarboxylic compound.
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DESCRIPTION

TITLE OF THE INVENTION

TETRAFLUOROETHANE COMPOSITION FOR A REFRIGERATOR

TECHNICAL FIELD
The present invention relates to a cbmpbsition for a
refrigerator cqmp:ising a tetrafluoroethane and a
polyether'wﬁich is compatible at ahy optional ratio with

a tetrafluoroethane, preferably l,l,l,2—tetrafluoroethane

.YR~134a)} as a-cooling'medium at a temperatufe of from

-20°C or lower to +40°C or higher and which has a low

“hygroscopic pfoperty.'

R-12 (dichlorodifluoromethane) is used as an

- excellent cooling medium in a refrigerating cycle of e.g

refrigerators or car air conditioners. However, R-12 is
likely to destroy the ozone layer ih the stratosphere and
adversely affect the living bodies. Therefore, a study
for a substitute material is being made. As a substitvte
for R-12, R-134a is considered to be most prospective.
However, a naphthene mineral.oil and a paraffin mineral
0il which are refrigerator oils commonly used for R-12,
are incompatible. with R-134a. Therefore, such a

naphthene mineral oil or paraffin mineral oil can not be

used as a refrigerator oil for R-134a. Polyether oils
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having the structures as identified in Table 1 are known
as substances relatively well compatible with R-134a.

The polyether oil (a) is disclosed, for example, in
Dupont Research Disclosurz (17483, Ort., 1978). The
polyether oil (b) is disclosed, for example, in US Patent
4,755,316.

However, the polyether oils as identit.ed in Table 1
had the following problems.

(1) Compatibility with R-134a is not adeguate. 1In
order to provide a lubricating property as the most
important role of the freezer o0il, it is essential that
the oil is compatible with R-134a and capable of being
circulated in the system together with R-134a.  With
respect to the freezer oils {a) and (b), the upper
critical solution tempergtures (see the footnote of Mable
1) are as shown in Table 1 in the case where the
kinematic viscosity at 40°C is 100 cSt. The
compatibility can hardly be regarded as adequate.

(2) Hygroscopicity is high. The freezer oils (a) and
(b) are highly hygroscopic and apt to absorb moisture.
Inclusion of moisture brings about adverse affects such
as a deterioration of insulation resistance and an

increase of corrosiveness to metal.

~
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Table 1:
Conventional polyether o0ils and their upper critical
solutioi temperatures

-3

PCT/JP89/01150

No.

Structure

Upper
critical
solution
temperature*
of a product
with 100 cSt
at 40°C

(a)

C,Hg—O(C3HO) H

12°C

(b)

C3H6

O—tCyH O H
/

\

O—C4H 09— H

40°C

(*) Upper critical temperature: The oil and R-134a are

mixed in a weight ratio of 15:85 and sealed.

The

temperature is gradually raised, and phe temperature at
which turbidity or phase separation has started, is taken

as the upper critical sclution temperature.

The better

the compatibility, the higher the upper critical solution
temperature.

R
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To solve the above problems, the present inventors
have presumed that the hygroscopicity of the polyether
oils is attributable to the terminal hydroxyl groups.
Therefore, by using polyethers having from 1 to 3
terminal hydroxyl groups, all or a part of the terminal
hydroxyl groups of such polye:hers have been acylated or
alkylated, and evaluation of such acylated or alkylated
compounds for usefulness as freezer oils for R-134a has
been conducted. As a result, it has been found that not

only the hygroscopicity but also the compatibility with

R-134a and the viscosity indexes have been improved. The

present invention has been accomplished on the basis of
this disco;ery.

The present invention prbvidgs a tetrafluorpethane
composition for a refrigerator, which comprises a
tetrafluoroethane and at least dne polyether selected

from the group consisting of:

R2-0—R'0}7R3 (1)
o—trR'0y7R*

x? (2)
\ 1 5
0—{R'03=—R
0—tR'0¥R®
9_/ 1 7

X*-0—RY0F—R (3)
O0—tR'0y;-RS

wherein R is an alkylene group, each of R?, R3, R4, RS,

R6, R’ and R® which may be the same or different is a

PCT/JP89/01150
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hydrogen atom, an alkyl group, an araikyi group, an aryl
group, an acyl group, a glycidyl group, -SO,R?, —%NHRlO,
o
—ICIORll or —Y1—+OR1+E—OR12 wherein R! is as defined above,
: .
each of R?, R0, R and R!? is an alkyl group, an aralkyl
group or an aryl group, and vl is a residue of a
dicarboxylic compound having at least 3 carbon atoms,
provided that at least one of R? and R? and at least one
of R and RS are not hydrogen atoms, and when R? is a
hydrogen atom, an alkyl group for R3 has 1 or 2 carbon
atoms, and when R3 is a hydrogen atom, an alkyl group for
R? has 1 or 2 carbon atoms, ¢, m, n and p which may be
the same or different are integers which bring the
kinemat;c viscosi£y of the compéunds of thelformulas (1)
to (3) to a level of from 5 to 300 cSt at 40°C, x! is a
residue obtained by removing hydroxyl groups from a
dihydroxy compound or a dicarboxylic compound, and X2 is
a residue ok:tained by removing hydroxyl groups from a
trihydroxy compound or a tricarboxylic compound.

Now, the present invention will be described in
detail with reference to the preferred embodiments.

In the above definition;} the alkyl group includes,
for example, a methyl group, an ethyl group, a propyl
group, a butyl group, # 2-ethylhexyl group and a nonyl
group. The aralkyl group includes, for example, a benzyl

group, a phenylethyi group and a methylbenzyl group. The

PCT/JP89/01150

e T

I o
St bl



WO 90/05172

10

15

20

25

Y egewT vt s e e -~ v

aryl group includes, for example, a phenyl group and a
tolyl group. 'All or a part of hydrogen atoms of these
hydrocarbon groups may be substituted by halogen atoms
such as fluorine atoms or chlorine atoms. Further, the
alkyl group may be a hydroxyalkyl group such as a
hydréxymethyl group, a hydroxyethyl group or a
hydrbxybutyl group.

‘The acyl group may be an acyl group of the formula
—C-A, wherein A is the above-mentioned alkyl, aralkyl or
K |
aryl groﬁp.

The above-mentioned alkyl, aralkyl or aryl group may

be employed also for R, R}, R1! and R!Z in the above-

‘mentioned radicals of the formulas -SO,R%, -CNHR!?,

0

—c|:OR11 or -Y!'—tOR'y5-OR'Z.
;

Y* is a residue obtained by removing both hydroxyl
groups from a dicarboxylic compound having at least 3‘
carbon atoms. The dicarboxylic compound includes, for
example, aliphatic dicarboxylic acids such as malonic
acid, succinic acid, glutaric acid, adipic acid,_sepacic
acid, suberic acid, methyl succinic acid, methyl adipic
acid, maleic acid, fumaric acid and itacc 1c acid;
aromatic dicarboxylic acids such as phthalic acid,

diphenyl dicarboxylic acid and diphenyl methane

PCT/JP89/01150
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dicarboxylic acid} hydrogenated products of the above
aromatic dicarboxylic acids, such as alicyclic
dicarboxylic acids;'ana dicarbbxyiié acids prepared by

introducing carboxyl groups to both terminals of

5 .polyalkYIene glycols having a molecular weight'of.from 50
to 1,000.
x! in the formula (2) is preferably a residue
obtained by removing hydroxyl groups from a dihydroxy
compound, such as an ethylene glycol residue or a

propylene glycbl residue, or a residue obtained by

(@A

removing hydroxyl groups from the same dicarboxylic

compound as mentioned above for the definition of Y?i.

X? in the formula (3) is preferably a residue
obtained by removing hydroxyl groups from a tr;hydroxy
15 compduﬁd/ such as a giycerol.residue of a trimethylol
propane residue, or a resi lue obtained by removing
hydroxyl groups from a tricarboxylic compound such as
ﬁriﬁellitic acid or trimesic.acid; . . e
"R in the formulas (1) to (3) and in the radical of
20 the formula —Yl—{ORi}EfORlz is an alkyléne'gréup such as
an ethylene group, a propylene group, a butyiene group or Ei
‘a teﬁrahethylene group. These aikyiene groups may be |
present albne or in combinat{bn in ﬁhe form of a random
or block state. In the case of the combination, the main
25 component is preferably a pr;pylene group. R? ih tﬁe S 7i-:
formulas (2) and (3) may be the same or different. For

the preparation of the compounds of the formulas (L), (2) | Eg_
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and (3), the corresponding initiators are

OH OH
/
R%-0H, x! and X{:OH, respectively, and tle numbers of

OH H

active hyarogen groups thereof are 1, 2 and 3,
respectively. If it is attempted to obtain a compound
having a kinematic viscosity within a range of from 12
cSt (40°C) to 200 cSt (40°C) which is common to freezer
oils for car air conditioners or refrigerators, by using
an initiator having 4 or more active hydrogen groups, the
numbers for ¢, m and n, i.e. the addition molar numbers
of alkylene oxides, tend to be too small, whereby the
lubricating property will be low, such being undesirable.

The compounds of the forﬁulas (1) to (3) are desired
to have a kinematic viscosity of from 5 to 306 cSt
(40°C), preferably from 12 to 200 cSt (40°C), so that
they provide adequate functions as freezer oils such as
the functions for preventing friction, abrasion and
seizing of sliding portions of e.g. compressors.
Accordingly, it is desirable that the molecular weights
of. the compounds of the formulas (l)-to (3) or the values
for ¢, m and n and the value for p in the formula ,
-Yl-{ORI}E—ORlz are selected so as to bring the kinematic
viscosity within the above-mentioned range. The values
for ¢, m, n and p are from about 3 to 60, preferably from
6 to 30, and they may be the same or different.

The weight ratio of the compounds of the formulas (1)
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to (3) to R-134a is usually from 1/99 to 99/1,'préferably_

1,1,2,2~-tetrafluoroethane (R-134). The compounds of the

PCT'JP89/01150

-9 -
from 5/95 to 60/40. R-134a may contain a small amount of

formulas (1) to (3) méy be used alone or'in.combination

- as their mixtures.

The cOmpbsifion of the:presént'inQentidn is
parEicularly effective when applied to a refrigerating
cycle intended for freezing, for refrigerating énd.for
air conditioning. However, it is also useful for other
various heat recovery technologies such as a Rankine
cycle.

The composition of the present invention has
excellent Heat stability and requires no stabilizer under
4 usual application condition. However, if an

\

imprerment of the heat stability for use under a severe

" condition is desired, a small amount of a stabilizer

inclﬁding a phosphite compdund such as dimethyl
phosphite, diisopropyl phosphite or diphenyl phosphite, a
phosphine-sulfide.compound such as'triphenoxy phosphine
sulfide or trimethyl phosphine sulfide, and other

glycidyl'ethers, may be added. 'Further, the-compoundé of

e i _—

the formulas (1) to (3) of the present invention may be -

used in combination with conventional oils such as a

~

naphthene mineral oil, a paraffin mineral oil, an

gt

alkylbenzene synthetic oil, a poly-a-olefin synthetic

0il, a fluorine type lubricating oil such as a
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perfluoropolyether oil or a fluorine-containing silicone
0il, or polyether oils other than the polyether oils of
the present invention.

Fizeher, various additives including a phenol type or
amin: type antioxidant, a sulfur or phosphorus type high
pressure additive, a silicone type anti-foaming agent or
a metal inactivating agent such as benzotriazole, may be
added to the composition of the present invention.

It is believed that in the present invention, the
hydrophilicity is lowered by the modification such as
acylation or zlkylation of the terminal hydroxyl groups
and the hygroscopicity oil is thereby lowered. The
mechanism for the compatibility of the oils of the
present invention with tetrafluoroethane as a_cooling
medium, }s not clearly understood. However, a certain
initeraction between tetrafluoroethane and the carbonyl
group of the ester bond or the like, is related thereto.

Now, the present invention will be described in
further detail with reference to Examples. However, it
should be understood that the present invention is by no
means restricted by such specific Examples.

EXAMPLES 1-1 TO 1-% AND COMPARATIVE EXAMPLES 1-1 TO 1-5

The structures of the oils used in Examples 1-1'to 1-
5 and Comparative Examples 1-1 to 1-5 and the test
results for their compatibility with R-134a,
hygroscopicity and kinematic visvosities at 40°C, are

shown in Table 2.

i

/

~

v

e
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Method for testing hygqroscopicity:
| Into a Petri dish'haviﬁg a diameter of 150 mm, 15 g
_ of an oil having a water cbntént of not higher than:0.0B%
is introduced. .The Petri dish is left open in a constant
5 humidiﬁy and témpérature room at a témpéraﬁure of 20°C
under a humidity of 50%. The weight increase is
calculated by the following éqﬁation in which Y is the

weight (g) of the oil upon expiration of 30 hours.

= Weight increase = x 100 (%)

Qoo LSRR

o g e

s
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Table 2
No. Polyether Up?e? Weight Kinematic
critical . ; .
colution lncrease [viscosity
sy at 40°C
temperature
(°c) {Hygro- (cSt)
. scopi-
(Compati- cit-)
bility with Y
R-134a)
/ ’)"QC;H&O}&. 1COCH3 ‘
Example 1-1 CaHs\ 78 0.7 55.4
04C,He03s. +COCH>
. O{CJHSO-}S.‘IH
Comparative CaH.~ 4 2.8 56. 0
Example 1-1 AN 04CaH0%, o1 7 . :
. 0<C:He03, 4. oCOCH,
Example 1-2 C:Hs\\ 56 0.6 100
) O’:CJHSO}|4 oCOCH:
c rati Y, 04CsHe03 2. aH
cmparative -
CaH 40 1.5 101
Example 1_2 3 6\ O-—(C;‘{SO}lz. ]H
y 04C.He0F6. aCOCH,
Example 1-3 :3H5—\- 04C:He0Fs, s COCH, 67 1.0 101
04C3He03s. s COCHa
’ O{C:Hﬁo-}S-‘zH ‘
c ati \
ARG c,Hs/\: 040, H0%s. 2H 52 3.2 103
) 04C:He0Ys. o
Example 1-4 | ( Ho-04CaHe032..,C0CH; 68 0.4 55.8
Compatative C -04cC 5 _ .
Example 1-4 Ha <CalHe0F 0, H 55 i.3 56.1
‘ ’/ 04C:He0Ya€C2Ha0>¢. sCOCH:
Example 1-5 | Calle{ 51 1.2 102
04C1He03a%C2H.0>5. sCOCHA
, 04 314G 2 H.0
Comparative / C:HsO77‘€C.H 0}5”
CiHs 44 2.9 104
Example 1-5 AN )

e

N
s
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EXAMPLES 2-1 TO 2-7 AND COMPARATIVE EXAMPLE 2-1

Compounds (1) as identif‘ed in Tables 3 and 4 were
tested for the solubility in R-134a and the stability.

A compound (1) and R-134a were sealed in a glass
ampoule at a weight ratio of 30/70, and the solubility of
the compound (1) in R-134a was determined by a visual
observation of whether or not phase separation was
observed. The results are shown in Table 1 together with

the results of the Comparative Example.




"able 3
Compound (1): RZ—O—(RIO)e—lCIZ—ORn
(0]
Compound (1) K £
%nema.lc.* Solubility
R2 Rl Rll viscosity
Example 2-1 Butyl Propylene C,Hg 32 Dissolved
Example 2-2 Butyl Propylene C3H, 35 Dissolved
Example 2-3 Butyl Propylene C3H, 62 Dissolved
Example 2-4 Butyl Propylene C3H, 102 Dissolved
Example 2-5 Butyl Propylene C,Hg 35 Dissolved
Example 2-6 Butyl Propylene C4Hq 56 Dissolved
Example 2-7 Butyl Propylene CgHyy 55 Dissolved
Comparative
. * 56 Insoluble
Example 2-1 Suniso 4GS

*  Naphthene 0il, manufactured by Nippon Sin Petroleum Corporation.

** (cSt, at 40°C)

N S s . -

-b'[-

CLIS0/06 OM

0S110/68dr/1d
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A compound (1) and R-134a were sealed in a SUS316
pressure container in a weight ratio of 50/50 together
with SS41 and Cu as representative metals and left to
stand for 14 days at a high temperature of 175°C in a

5 constant temperature tank. After the test, deterioration
of the compound (1), R-134a and the metals was determined
in comparison with the deterioration of the conventional
combination of R-12 and Sniso 4GS. The results are shown

in Table a.

PCT/JP89/01150




Table 4
Compounrd (i) Kinematic
i Cptt Stability
R2 ol Rll viscosity
Example 2-1 Butyl Propylene C,Hg 32 Good
Example 2-2 Butyl Propylene C3H, 35 Good
Example 2-3 Butyl Propylene C3F, 62 Good
Example 2-4 Butyl Propylene T3, 102 Good
Example 2-5 Butyl Propylene C4Hg 35 Good
Example 2-6 Butyl Propylene C4Hg 56 Good
Example 2-7 Butyl Propylene CsHyy 55 Good
'
Reference
Suniso 4GS* 56 Good
Example

* Naphthene o0il, manufactured by Nippon Sun Petroleum Corporation.
% (cSt, at 40°C)

-9"[-

TL1S0/06 OAA

0S110/68d1/1Dd

G
N e

4 —
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EXAMPLES 3-1 TO 3-9 AND COMPARATIVE EXAMPLE 3-1
Compounds (2) as identified in Tables 5 and 6 were
tested for the solubility in R-134a and the stability.
A compound (2) and R-134a were sealed in a glass
5 ampoule in a weight ratio of 30/70, and the solubility of
the compound {2) in R-134a was determined by a visual
observation of whether or not phase separation was
observed. The results are shown in Table 5 together with

the Comparative Example.

- o ittty e

. e .




Table 5

Compound (2): RQ—O—(Rlo)?—ﬁ—NHRlO

0

Compound (2) Kinematic
. . % Solubility

R2 gl R10 v1iscoslity
Example 3-1 Butyl Propylene 'CH3 32 Dissolved
Example 3-2 Butyl Propylene CH,4 55 Dissolved
Example 3-3 Butyl Propylene CH, 102 Dissolved
Example 3+4 Butyl Propylene |C,Hg 56 - Dissolved
Example 3-5 Butyl Propylene CgH5CH, 55 Dissolved
Example 3-6° Butyl Propylene CgHsCH,CH, 53 Dissolved
|Example 3-7 Butyl Propylene CeHs 55 ‘Dissolved
Example 3-8 Butyl Propylene CH5CgH, 60 Dissolved
E.‘xam_ple 3-9 Butyl Propylene (CH3)2C5H3' 62 Dissolved
'gzjigizt;ii Suniso 4GS* 56 Insoluble

* Naphkthene o0il, manufactured by Nippon Sun Petroleum Corporation.
x* (cSt, at 40°C) '

-8'[_

>

L150/06 OM

0€110/68df/10d
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- A compound (2) and R-134a were sealed in a SUS316
pressure‘container in a weight ratio of 50/50 together
with S541 and Cu as‘répresentative metals and left to

stand for 14 days at a high temperature of 175°C in a

5 constant temperature tank. After the test, deteriofation
of the compoﬁnd‘(Z), R-134a and the metals was
ascertained in comparison with the‘deterioration of a
conventional combination of R-12 and Sniso 4GS. The

results are shown in Table 6. ‘ ;




Table 6

Compound (2)

Kinematic

) . A Stability

o2 gl . R10 viscoslity
Example 3-1 Butyl Propylene CH4 32 Good
Example 3-2 Butyl Propylene  |CH, 55 Good
Example 3-3 Butyl Propylene CH, 102 Good
Example 3-4 Butyl Propylene C,Hg 56 Good
Example 3-5 Butyl Propylene CgH5CH, 55 Good
Example 3-6 Butyl Propylene CgH5CH,CH, 53 Good
Example 3-7 Butyl Propylene CeHs 55 Good
Example 3-8 Butyl Propylene CH53CgH, 60 Good
Example 3-9 Butyl Propylene (CH4) ,CgH4 62 Good
Reference Suniso 4GS* 56 Good
Example

* Naphthene o0il, manufactured by Nippon Sun Petroleum Corporation.
** (cSt, at 40°C)

-Oz_

CLIS0/06 OAN

0S110/68dr/1Dd

o a .

PUCIIE PN SN

P S SO
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EXAMPLES 4-1 TO 4-7 AND COMPARATIVE EXAMPLE 4-1

Compounds (3) as identified in Tables 7 and 8 were
tested for the solubility in R-134a and the stability.

A compound (3) and R-134a were sealed in a glass

5 ampoule in a weight ratio of 30/70, and the solubility of

the compound (3) in R-134a was determined by a visual
observation of whether or not phase separation was
observed. The results are shown in Table 7 together with

the Comparative Example. &




Table 7 .
Compound (3): R%-0-(R0),-R3
Compound (3) . . _
Kinematic S s
. Y Solubility
2 al B3 viscosity : _
|Example 4-1 Butyl Propylene 'CH,CF, 32 Cissolved
Example 4-2 Butyl Propylene CH,CF4 55 Dissolved
Example 4-3 - Butyl Prepylene CH,CF(CFj3), 35 Dissolved
Example 4-4 - Butyl Propylene CH,CF(CF3), 62 Dissolved
Example 4-5 _Butyl. Propylene CH, (CF, ) ¢CFy 56 .Dissolved ;
Example 4-6 Butyl Propylene CH, (CF,) ¢CF4 102 Dissolved o
Example 4-7 Butyl Propylehe CH,CH(CH4)CHC1 62 ‘Dissolved '
Comparat;ve Suniso 4GS* 56 Insoluble
Example 4-1 - . -

°LiS0/06 OM

* Naphthene o0il, manufactured by Nippon Sun Petroleum Corporation. : o f
** (cSt, at 40°C) ' | - . f

0S110/68dr/13d

R Ty -
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A compound (3) and R-134a were sealed in a SUS31l6
pressure container in a weight ratio of 50/50 together
with S5341 and Cu as representative metals and left to
stand for 14 days at a high temperature of 175°C in a

5 constant temperature tank. After the test, deterioration
of the compound (3), R-134a and the metals was
ascertained in comparison with the deterioration of a
conventional combination of R-12 and Sniso 4GS. The

results are shown in Table 8. '

T




Table 8
Ccmpound (3) . .
Kinematic g s
. . * % Stablllty
2 1 3 viscosity
R R R
Example 4-1 Butyl Propylene CH,CF4 32 Good
Example 4-2 Butyl Propylene - CH,CF4 55 Good
Example 4-3 Butyl Propylene CH,CF(CF3), 35 Good
Example 4-4 Butyl Propylene CH,CF(CF3), 62 Good
Example 4-5 Butyl Propylene CH,(CF,) ¢CF4 56 Good
Examplez 4-6 Butyl Propylene CH, (CF,) ¢CF5 102 Good
Example 4-7 Butyl Propylene CH,CH(CH4)CHC1 62 Good
Reference !
Suniso 4GS* 56 Good
Example

* . Naphthene o0il, manufactured by Nippon Sun” Petroleum Corporation.

** (cSt,

at 40°C)

r

_bz_

L1S0/06 OM

0S1'10/68dr/1Dd
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EXAMPLES 5-1 TO 5-6 AND COMPARATIVE EXAMPLES 5-1 TO 5-2
The structures of the oils used in Examples 5-1 to 5-
6 and Comparative Examples 5-1 to 5-2 and the test
results for their éompatibility with R-134a,
5 hygroscopicity and kinematic viscosities at 40°C, are

shown in Table 9.
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Table 9
No. Polyether UPQEF Kinematic
critical . -
. viscosity
solution
) at 40°cC
temperatcure (cSt)
(°c)
(Compati-
bility with
R-134a)
4 CaHe0) nCH2 CH-  CH
Example 5-1 CattsD (C<He0) iz CHC  CH: 57 56
( 2H40) «Ct2-CH- CH
Example 5-2 C<Hs0 (CaHs0) m (C2Ha0) oCH \0/ : 58 54
/O (C:HsO?nﬁCHz CH\“ /CH:
CaH 0
afls
Example 5-3 \\ 60 52
0" ZHEO}nCHz CH\" /C!Iz
0
Comparative C.H O(C H 0) H 53 s
Example §-1 | “*eviv3iier/n
C«HgO(CaHsO)nCHz CH‘ CH?.
Example 5-4 N/ 80 32
Cs . .
Example 5-5 Ha0 (CaHs0) (CZH*O)“OCHZCH\C/H2 85 32
0 (CaHs0FmCH2 CH\- /CHz
o/ 0
CaHe
Example 5-6 \ >100 2
0(C3Hs02aCH2 CH\- /CHz
Comparative C.H O(C HoO}H 24 33
Example 5-2 MelAballet/ny

o
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EXAMPLES 6-1 TO 6—-5 AND COMPARALIIVE EVXAMPLES 6—-1 TO 6-5

The structures of the oils used in Examples 6-1 tb 6—
5 and Comparative Examples 6-1 to 6-5 and the test |
results for their compatibility with R-134a,

hygroscopicity and kinematic viscosities at 40°C, are

w

shown in Table 10.

.-, B v

ry pUETTS . N




WO 90/05172 PCT/JP89/01150
- 928 -
Table 10
No. Polvether Up??f- 1 Kinematic
e sl
temperature at 40°C
(°c) (cSt)
(Compati- ’
bility with
R-134a)
04CaHe 03 mCH20H
fl
£ -1 | CsHe 0
Example 6-1 3EN, 4CsHs 0> mCH=0H 77 57
il
0
Comparative / 0£C3He0F ¢ H T4 56
Example 6-1 CIHG\\. 0£CsHe0> ¢ H
04CaHs0) m"C'(i;P.OH
Il
C.H 0 CHa
Example 6-2 SN 04CH<0) "‘-ﬁ‘-(i"HOH 53 102
. |
0 CHa |
Comparative CSHG/ MC:HSO}Q H 40 101 ¢
Example 6-2 AN 04CaHeOY ¢ H
04CaHe0) m~C-CH-0H
|
/ 0
Cals— 0€Cals0) m~C-CH20H
Example 6-3 AN I 69 100
0‘€C:|H50) m'C"CHzOH
I
. 0
_ 7 0Calls 0% ¢ N
comparative o i 0{C4He0}¢ H 52 103
Example. 6-3 \ {0 H O}Q H .
316 { ‘

Cim N - emr e
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Table 10 (continued)
No- Polyether Opper Kinematic
critical . L
lution viscosity
50 at 40°C
temperature (cst)
(°c)
(Compati-
bility with
R-134a)
C<Hs-04C3Hs0) n-C-CHOH
Example 6-4 | 71 54
0 CHs
Comparative U o )
Example 6-4 C<Hs=0€CaHe0> ¢ H 55 56
O{C:H 50) n (CZHAO) m"C'CHzOH
I
Example 6-5 C3Hﬁ\\ 0 \ 50 101
B 04C3Hs0) o (C2H40) m~C-CH=0l
1
0
Comparative CaHs<: D<C3Hsp)q(CzH4O)m'H y i
Example 673 04C3He0) «(CaH.0) m-H
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EXAMPLES 7-1 TO 7-5 AND COMPARATIVE EXAMPLES 7-1 TO 7-3

The structures of the oils used in Examples 7-1 to 7-
5 and Comparative Examples 7-1 to 7-3 and the test
results for their compatibility with R-134a,

5 hygroscopicity and kinematic viscosities at 40°C, are

shown in Table 11.

R —

A
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Table 11
No. Polyether Up?ef Kinematic
critical . .
solution viscosity
i at 40°C
temperature (cst)
(°c)
(Compati-
bility with
R-134a)
HaC-04CsHe0>  C-C4He-CHOCaHeF 0-CHa
Example 7-1 2 l 82 55
0 0
.-04C3Hs03  C-C2H.-C€0CsHe> 0-CuHs
Example 7-2 HsC.-04C é 21 : i ¢ 79 56
0 0
H3C-04C:Hs0> C C<€0CaHe> 0-CHa
Example 7-3 2 \[éij/ fl 2 80 57
0
0€C2Hs0> H
Comparative CaHs<: 2 24 56
Example 7-1 O{CGHGO}QH
HaC"O‘(CzH-&O}a {CsHsO} I(I:‘C-(Hs’ﬁ‘
Example 7-4 | ’ 0 0 93 33
‘{OC:HE} {OCzH-c}z O‘CHa
Comparative’ C.H , 74 12
Example 7-2 4 9'0'(C3H50}2H
HsC‘O{CaHsO} C"C-{HB—C'{OCJHS} " Of‘CHa
Example 7-5 2 I = 55 101
0 0
/ 0{C3H60}2 H
Comparative CaHe 40 101
Example 7-3
0'€CaHsO-}2 H

Lt e ity N,

- ,,_\_Ff g

sy n

e
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EXAMPLES.B—i TO 8-5 AND COMPARATIVE EXAMPLES 8-1 TO 8-4
The structures of the oils used in Examples 8-1 to 8-
5 and Comparative Examples 8-1 to 8-5 and the test
'reéulfs for their compatibiiity with R-134a,
5 hygroscopicity and kinematic viscosities at 40°C, are

shown in Table 12.
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Table 12
No. Polyether Kinematic Up?iF , Weight
viscosity cri t?a‘ increase
at 40°C io aEron (s
(cst) (fmpera;uge (8ygro-
c) , scopi-
(Compati- city)
bility with
R-134a)
04€C3sHe07a S02CHa
Example 8-1 |(C3Hs 56.0 80 0.7
TP\ 04CsHe03 . SO2CHs
/
Comparative CLH <:OTCJ}{60}"‘ H 6.0 - 2.8
N . . .
Example 8-1 3 O{CaHsO}m H
04C3He03n SO02C2Hs
Example 8-2 (C3 s< 100 58 0.6
04C:He0Fn S02C2Hs
' A
Comparative 0€CsHe03m H )
Example g2 | U3 101 40 1.5
xample 04C:sHe03m H
/0403H60}n S02CeHs
Example 8-3 C:Hs(O{C:HsO}n S02CeHs 100 63 0.8
. 04C3:He0>n S02CeHs
/O‘CC'stO}m H
§°‘“Pa;atg"§ C;Hs;\-O{CaHBO}m H 103 52 3.2
xample 8-
0-€CSHGO}"\ H
Example 8-4 |C,Hg=0—{CyH,O¥, SO, @-CH3 56 63 0.4
0—tC4HgO¥,—+C,H,0%, SO,C;H,
Example 8-5 C3Hé< 100 53 1.0
' 0—C4H 0 r,—+C,H, 0%, SO,C4H,
Comparative O_*C3HGO+P_{CZH4O}§ H
C4H, 104 44 2.9
Example 8-4
0—4C,H0%,—C,H,07, H
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EXAMPLES 9-1 TO 9-6 AND COMPARATIVE EXAMPLES 9-1 TO S9-6
The structures of the oils used in Examples 9-1 to S-
6 and Comparative Examples 9-1 to 9-6 and the test
results for their compatibility with R-134a,
"5 hygrbséopicity, viscosity indices and kinematic

yiscosities at 40°C, are shown in Table 13.

S e e

S
ones
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Table 13
~ No. Polyether Weight Viscosity [Compati- |Kinematic
‘ ‘increase |index bility viscosity
(%) (V1) witn (cst/
(Eygro- R-134a 40°C)
scopi- ‘
city)
/O{C:HSO} Q 'C4H9
sximPle C:Hs\ o 0.9 162  [Dissolved| 59
0'€C1Hso} 2 'C4H‘9 | |
Compara- .//O{CnHEO}m—H
tive CaHe ‘ 2.8 135 Dissolved 56
Example \\O{C3Hso} -H | |
9-1 "
04C3Hs0% ¢ ~CuHs
Example CLH 0.7 196 Dissolved 101
9-2 3 5\ "GC H O} C H
O 3 6 2 - 4 9
Compara- //O{C;HsO}m'H
;1-": L CJHS\ 1.5 170 Dissolved 101
Xa X
9-2 pLe 0'€C3H50}m"H
/O{C:‘Hso} Q "Csz
;:f‘:m_ple CgHsi'O{CaHSO} e ~Cz2Hs 1.4 138 Dissolved 100
O{CaHeO} Q 'CzHS
Compara- ' Y 04C3He0¥m-H
tive CaHsS 04CaHe0>m-H 3.2 118 |Dissolved 103
Example AN
9-3 O{CGHGO}M—H
|5xamele | CLHa-0 £Cale03 ¢ -CHa 0.5 211 |pissolved 57
Compara= ‘ | ‘ : ‘
tive C4Hs=04CaHe0}n-H 1.3 187 |Dissolved 56
Example ‘ ‘
9-4 ‘ ‘
/O{C:HGO}Q '{_CZ‘H-(O}m"CHJ )
gfimple C:He\ | - - 0.9 245  |Dissolved 101
' O{CJHSO} [4 T,:CzH-(O}m‘CHd
Compara //O{C:HGO}n{CzH40}pH
;:::ple G:Hs\ o 2.9 228 |Dissolved 104
gos 04C3He03n4C2H 4035 H | -
Compara
;:::ple |Suniso 4SG - - Insoluble 56
9-6
’9:’_‘:‘“?19 CiH,-0- (C3Hg0 4y CHy 0.7 21¢  |Dpissolved 53

s e e

g
ST
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Viscosity index:

The viscosity index is a value representing the
temperature dependency of the viscosity of a lubricating
oil. The larger_the calue, ‘the smaller the change of the
viscosity.due to the temperature, and accordingly the
beﬁter the lubricating properties.

Compativility with R—-134a:

An oil and R-134a are mixed in a weight ratio of
15:85 and sealed. The temperature is maintained at 25°C,
and the solubility is visually observed.

EXAMPLES 10-1 TO 10-5 AND COMPARATIVE EXAMPLES 10-1 TO
10-6 | |

The structures of the.oils used in Examples.lo-l to
lO 5 and Comoaratlve Examples 10-1 to 10- 6 and the tes:
results for thelr compatlblllty w1th R- 134a,

hygroscoplclty and kinematic v1scos;t1es-at'40§C, are

'shown in Table 14.
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Table 14
No. Polyether Upge? Kinematic
critical . .
K viscosity
solution
at 40°C
temperature (cst)
(°c)
(Compati-
bility with
R-134a)
/ O{CSHGOYM-C_CF?
Example 10-1 CBHG\\ 04C1He0) n-C-CF3 78 >3
Comparative / 0CsHe0d e H 4 56
Example 10-1 CBHG\\ O4CaHe0F ¢ ’
/ O{CJHSO)H\—C—C@:
_o | CaHs 58 101
Example 10-2 N McaHso)m—i-CCQa
Comparative C:Hs< 0<CaHa0 ¢ H 40 101
Example 10-2 0HC3Hs03 ¢ H
O{C:ﬂso) m-C-CFJ
/
— 0£Cs n=G-CF
cxample 10-3 | e 04C3Hs0) 3 - Lns
0’€C3H50) m"C—CF:x
) / O‘{CJHSD}Q H
Comparative | G Hs— (4C3Hs0}¢ N 52 103
Example 10-3 AN 0€C He 0 ¢ I
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Table 14 (continued)
No. Polyether Upge? Kinematic
criticel . Co
lution viscosity
Sotut at 40°C
temperature
& (cSt)
(°c)
(Compati-
bility with
R=134a)
- :"‘U 0 | —C-CF
Example 10-4 CHia=04CsHa0) m ? 61 57
(%
Comparative _
Example 10-4 C.Hs O{CSHGO}Q H 53 36
04C3He0) m (C2H40) n-C-CF34
E le 10-5 3H5< 8 52 100
xamp-e ' 04C3H60) m (C2H40) ﬁ Clts “
Comparative | (,H <i 04€CaHe0) ¢(C2H40) m-Hl " Log
Example 10-5 04CaHs0) ¢(C2H.0) n-H
C4Ha~04CaHs0) m-C-CHaCO
Example 10-6 8 41 100
Comparative . ; ) s
Example 10+6 ‘CtHG”QquHsO)Q-? 12 et
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EXR;MPLES 11-1 TO 11-5 AND COMPARATIVE EXAMPLES 11-1 TO
11-2

The structures of the oils used in Examples 11l-1 to
11-5 and Comparative Examples 11-1 to 11-2 and the test

5 results for their compatibility with R-134a,

hygroscopicity and kinematic viscosities at 40°C, are

shown in Table 15,
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Table 15
No. Tolyether Up?e? Kinematic
critical . .
1uts viscosity
SO uLlo? at 40°C
temperature (cst)
(°c)
(Compati-
bility with
R-134a)
Example 11-1 | CF3CH:04CaHs0F o 120 32
Example .0-2 | CF,CH20€C3Hs0F o H 88 56
Example 11-3 | C4F,oCH2CH20 €CsHo0> e H 36 102
Comparative , ' i3 100
Example 11-1 C‘°CH2‘OTC3H60}mH *
Example 11-4 | CaF,CH20 4CaHs03 2 {C2H{OFml 84 54
FiC
N I
Example 11-5 CHCH204CsHs0%  (C2H«O 89 55
/
FaC
HsC N
Comparative CHCH204CaHs 03 {F2H403oH 61 56
Example 11-2
HaC
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The compositions of the present invention provide
good compatibility of tetraflucroethane and polyether
o.1s, and they are capable of adequately providing

functions such as the prevention of the friction,

‘abrasion and seizing of sliding portions of e.g.

compressors. Further, their hygroscopicity is low, and

inclusion of moisture can be minimized, whereby a

-decrease o¢ insulation resistance can be prevented, and

. the progreés of corrosion of a metal such as a.copper

pipe by the moisture can be prevented.
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CLAIMS
1. A Eetrafluoroethane cdmposition for a refrigerator,
which éomprises a tetrafluoroethane and at least one
polyether selected from the group consisting of:

5 CRE-0~RMOFRY (1)

0—R'034R?
' o C(2)

\ l‘ 5
0~RYO¥z-R®

10 | 0—tR'037RE
X&{O—-(-RlO*)—IE—R7 | ‘(3)
\O—leO}rRs |
wherein RY is an alkylene group, each of R?, R3, R4, R?,
R, R7 and R® which may be the same or different is a
15 hydrogen atom, an alkyl group, an aralky:x grdup, an aryl
group, an acyl group, a glycidyl group, -SOZRQ, -CNHR!?,
¥
*ﬁORll or -Yl—fORlﬁs-ORlz wherein R! is as defined above,
0 .
20 each of R?, R0, Rril and‘R12 is an alkyl group, an aralkyl
| group or an aryl gfoup, and ¥! is a residue of a
dicarboxylic compound having at least 3 carbon atoms,
provided that at least one of R? and R? and at least one
of R and R® are not hydrogen atoms, and when R? is a
25 hydrogen atom, an alkyl gfoup for R3‘has 1 or 2 carbon
atoms; and when R3 is a hYdrbgen atom, an alkjl‘grbup for

R? has 1 or 2 carbon atoms, ¢, m, n and p which may be
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the same or different are integers which bring-the
kinematic viscosity of the compounds of the formulas (1)
to (3) to.a level_of from 5 to 300 cSt at 40°C, xl is a
residue obtained by removing hydroxyl:groups from a.
dihydroxy compound or a:dicarboxylic compound,'ahd X2 is
a residue obtained by removing hydroxyl groups from a '

trihydroxy compound or a tricarboxylic compound.

2. The composition according to claim 1, wherein the

tetrafluoroethane is 1,1,1,2-tetrafluoroethane.

3. The composition according to claim 1 or 2, wherein
the weight ratio of the polyether to the tetrafluoro-
ethane is from 1/99 to 99/1.

4. The composition according to claim 1, 2 or 3 which
further contains at least one member selected £rom the
group consisting of a naphthene mineral oil, a paraffin
mineral oil, an alkylbenzene synthetic oil, a poly-a-

olefin synthetic 0il and a fluorine-containing silicone

oil.

5.. The composition accofding te any preceding Claim,

which further contains at least one stabilizer selected

“from the group consisting'of'a phosphite compound,_a

phosphine sulfide compound and a glycidyl ether compound.

6. The com9081tlon accordlng to any precedlng clalm

wherein Rl in the formulas (1) to (3) is an ethylene
group, a propylene group or a mixture of an ethylene

group and a propylene group.

7.  The composition according to any preceding claim,

wherein R? in the formula (1) is an alkyl group.
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8. The composition according to any preceding claim,
wherein X! in the formula (2) is a propylene glycol

residue.

9. The composition according to any preceding claim,
wherein X2 in the formula (3) is a trimethylol propane

residue.

10. The_composition according to any one of claims 1 to
6, 8 and 9, wherein Rz, R3,'R4, RO, R6, R7 and R® in the
formulas (1) to (3) are the same or different acyl

. groups.

| 11. A COmposition'aCCOrding to claim 1 and substantially

as hereinbefore described with reference to the Examples.

‘2: 12. A method of lubricéting refrigération apparatus, the
. method comprising the addition of a polyether as defined
7 in any one of claims 1 and 4 to 10 to a tetrafluoroethane '

refrigerant of said apparatus.

oo DATED this 1lst day of August, 1991.

ASAHI GLASS COMPANY LTD.
By Its Patent Attorneys
DAVIES & COLLISON
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