DESCRI PTI ON A REFRI GERATOR O L AND PROCESS FOR LUBRI CATi ON USI NG THE
REFRI GERATOR O'L TECHNI CAL FI ELD The present invention relates to a

refrigerator oil, particularly a refrigerator oil for use in conbination
wi th a hydrofluorocarbon refrigerant, and a process for lubrication of a
refrigeration systemusing the refrigerator oil. Mre particularly, the

present invention relates to a refrigerator oil which can effectively
‘suppress the foam ng phenonenon duri 3§E§§' l.ing of the refrigerant dissolved
in the refrigerator oil, and a proce RIPIAON at i on of a refrigeration
systemusing the refrigerator oil to maintain the excellent performance of
a conpression-type refrigerati on system BACKGROUND ART Conpressi on-type

expancton var vés REF BICERATOR QL AREY RAOCESS IR FOMc AN ORING "
fluid of a refrigerant and a lu%ﬁE@‘i}l@ﬂ:RAﬁ‘ 'r(ﬁlLIated in the cl osed
system Heretofore, in the conpressi'on-"type réfrigerators,

di chl or of | uor onet hane (R12), chl orodifl uoronethane (R22) or the |like has
mai nly been used as the refrigerant, and various types of mneral oil and

synthetic oil w? the lubricant. However,
chl or of | uorohydrocarbons, such as R12 and R22 descri bed above, are being
more rigorously Thst predent iwvdrtion deldksatea refrigerator oil, particularly a

refrigerator oil for use in combination with a hydrofluorocarbon
refrigerant, and a process for lubrication of a refrigeration system using
the refrigerator oil. More particularly, the present invention relates to a
refrigerator oil which can effectively suppress the foaming phenomenon
during boiling of the refrigerant dissolved in the refrigerator oil, and a
process for lubrication of a fefrigeration system using the refrigerator oil
to maintain the excellent performance of a .compresion-type

refrigeration system.

BACKGROUND ART

Compression-type refrigerators are generally constituted with a
cdmpressor, a condenser, an expansion valve and an evaporator, and
has a structure in which a mixed fluid of a refrigerant and a lubricating
oil is circulated in the closed system. Heretofore, in the compression-
type refrigerators, dichlorofluoromethane (R12), chlorodifluoromethane
(R22) or the like has mainly been used as the refrigerant, and various
types of mineral oil and synthetié oil have been used as the lubricant.

However, chlorofluorohydrocarbons, such as R12 and R22



they bring environnmental pollution such as the ozonosphere destruction. By
- this reason, hydrogen-containing Flon conpounds [a "Fl on conpound"” neans a
chl or of | uorocar bon, a hydrof | uorocarbon, and a hydrochl orof | uorocarbon in
general] such as hydrof | uorocarbons and hydrochl orof | uorocarbons are
attracting attention as the novel types of refrigerant. The

hydr ogen- cont ai ni ng fl uorocarbons, particularly hydrofl uorocarbons, such as
1,1,1,2-tetrafl uorgethane (Flon 134a), are preferred_as the refrjgerant for
conpr essi on- t y@esarihed gbove,are bringuvere rigprously restricted weddrwide heeguse
causi ng the ozgnosphere destruction aﬁd‘canléﬁplace Fl on 1%B¥At little
change in the &heY enyirpamental polutionrsuch as the pzprosphare dastructiony

However, when fhe hydrofl uorocarhon refri gerant cri bed above i s ysed, an
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problens that the refrigerating abi I'S decCrease
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the refrigerator ol at the places requiring lubrication. Particularly when
a refrigerat or hgdraflaefcvarbbii®esash!iazp e, 1a-tet2aflubreithahel Flofict34d ) eare

probl ens are greater because a higher speed of rotation is required at the

start of the opesferred asTtles eéfrigeratit Xor compression-type refrigerators because
they have little possibility of causing the ozonosphere destruction and can
replace Flon 12 with little change in the structure of refrigerators which
have heretofore been used.

However, when the hydrofluorocarbon refrigerant described above
is used, an unfavorable phenomenon thé.t foaming takes place to a great
extent during boiling of the refrigerant dissolved in. the refrigerator oil
occurs. The foaming phenomenon takes place to a greater extent
particularly when a mixed refrigerant containing two or more types of
hydrofluorocarbon is used. When the foaming phenomenon occurs to a
great extent, a large amount of the refrigerator oil flows into the
refrigeration system to cause problems that the refrigerating ability is
decreased and that the sufficient lubrication is not achieved because of
decrease in the amount of the refrigerator oil at the places requiring
lubrication. Particularly when a refrigerator of a recent type equipped

with an inverter is used, the problems are greater because a higher

speed of rotation is required at the start of the operation. Therefore, a



refrigerator oil which can prevent the foam ng phenonenon is required nore
for a refrigerator of this type than for refrigerators of previous types.
The sane phenonmenon has al so been observed with refrigerants of previous
types. It has enpirically been known that the foam ng phenonenon in the
refri'gerants of previous types can be suppressed by adding a conventional
Silicone oil. However, it is the current situation that, when a

hydrofl uor ocar bon refri gerant is used, the addition of a conventional

si |l i cone showsrefirigeraton oﬂdwhidhecanqfresrepbthesfoaqm@qwhmergnphemequmd
that no practical effect can be expected. DI SCLOSURE OF THE | NVENTI ON An
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that, when a hydrofluorocarbon refrigerant is used, the addition of a |

conventional silicone shows such limited effect of suppressing the

foaming phenomenon that no practical effect can be expected.

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide a refrigerator oﬂ,
particularly a refrigerator oil for | use in combination with a
hydroﬂuoi'ocarbon refrigerant, which can effectively suppress the
foaming phenomenon during boiling of the refrigerant dissolved in the
refrigerator oil. |

Another object of the present invention is to prdvide a process for
lubrication of a refrigeration system using the above refrigerator oil to
maintain the excellent performance of a compression-type refrigeration
system.

The present inventors studied extensively to achieve the objects
described above. As the result of such studies, it was discovered that,
when a fluorinated silicone oil is added to a specific refrigerator oil, the

foaming phenomenon during boiling of a refrigerant dissolved in the
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3 refrigerator oil can effectively be suppressed. tt was al so discovered
that, in a conpression-type refrigeration system the excellent performance
of the refrigeration system can be maintained by |ubricating the
refrigeration systemwith the refrigerator oil containing the fluorinated

: silicone oil described above. The present invention has been conpl eted on

i the basis of the discoveries. Accordingly, the present invention provides a

: refrigerator oil conprising a base il conposed of an oxygen- contalnlng
organi ¢ conefrigerator #ik carpeffactivelyha suppressed. Hawasplao disconexdd-that,
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preferably Ugiethe fasis of the discoveries.

Accordingly, the present invention provides a refrigerator oil

comprising a base oil composed of an oxygen-containing organic
compound and a fluorinated silicone oil having a kinematic viscosity of
500 mm?2/sec or more at 25°C. The present invention also provides a
process for lubrication of a refrigeration system comprising lubricating a
compression-type refrigeration system by using the refrigerator oil

described above.

In the present invention, the fluorinated silicone oil contained in

the refrigerator oil has a kinematic viscosity of 500 mm?2/sec or more at
25°C. For example, a fluorinated silicone oil having the structure

represented by the general formula (I):

R [ R 7 g
1 l I l
R _sl,i-o———Si-o-—— Si-R* v (1)
l I
3 8 5
R | R |5 R

is preferably used.



In the general fornmula (1), Rl to R6 represent each hydrogen atom a
hydr ocar bon group, or a fluorinated hydrocarbon group, and may be the sane
w th each other or different fromeach other. ‘R7 and R8 represent each a
hydrocarbon group or a fluorinated hydrocarbon group, and at |east one of
R7 and R8 is a fluorinated hydrocarbon. Exanples of the hydrocarbon group
represented by RlL to R8 include al kyl groups having 1 to 20 carbon atons,
tycl oal kyl groups having 5 to 20 carbon atons, aryl groups having 6 to 20
tarbon atons, and alnlthglgepevakforimlar({), R} to RS représemtzachshydvogepl atonyf
the fluorinated hydrocarbon group include fluorinated alkyl groups having 1
to 20 carbon aadaydracruben igroup, oya Smorinatedohpdrocarben group, and: maxp he
atonms, fluorinated aryl groups  having 6 o 20 carbon atons, and_{f] uor, n@t ed
aral kyl groupsth@wsame 7with gachoether or hifferent dremy gach othery| Rfr gngsR
having 1 to 20 carbon, ato ng fluprinated alk foups haying .1 to 20
carbon atons aFePLseeRteasha Rpdroat 9% EECUP B A éi%%ﬁ%tﬁ@ hydrocithm SxuR
hydr ocar bon group, ,respgcti vel b se the solubi]i in the tefrigerator
o LS oo anu bR ateRRE Bhe TR apd 388 T ey filoriRathd hyihcathim Fxampfie
R7 and R8 in a,pluralit f repeating units t $ Wi ach qt her
or different fFﬁ%Li@éi’r?%fﬁ%?. rﬁ)ulpeﬁ?&'ée@ﬁp‘%e%iﬁyﬁ&%?@vﬁ‘gﬁdﬁsy}ﬁ O3PS;
such a manner ef | | e !:ﬂ']!i!i 4l 10 ki Cy. Vi Cpaﬁrlllu of
500 mierr]/ sekgginérrolr g& eﬁa)éﬂ er r? : hg%ol']o%l{:ylg?@d%shggl n? ? %‘)0290 ca?’ on
atoms descri bedyghgy fiph| iSAngO8 ) 20CH8honSaEsHE] Gndk aFRl e
al kyl group ha\%i ng 1%{2?%9 ps &6 ° ’ 151 goups
: having 7 to 20 carbon atoms. Examples of the fluorinated hydrocarbon
group include fluorinated alkyl groups having 1 to 20 carbon atoms,
fluorinated cycloalkyl groups having 5 to 20 carbon atoms, fluorinated
aryl groups having 6 to 20 carbon atoms, and fluorinated aralkyl groups
having 7 to 20 carbon atoms. Particularly, alkyl groups having 1 to 20
carbon atoms and fluorinated alkyl groups having 1 to 20 carbon atoms
are preferable as the hydrocarbon group and the fluorinated hydrocarbon
group, respectively, because the solubility in the refrigerator oil is low
and the effect of suppressing the foaming phenomenon is great.
R7 and R8 in a plurality of repeating units may be the same with
each other or different from each other. n represents an integer which is
selected in such a manner that the fluorinated silicon oil has a
kinematic viscosity of 500 mm2/sec or more at 25°C.
The alkyl group having 1 to 20 carbon atoms described above may
be linear or branched. Specific examples of the alkyl group having 1 to 20
carbon atoms include methyl group, ethyl group, n-propyl group,

isopropyl group, n-butyl group, isobutyl group, sec-butyl group, t-butyl



carbon atons include nmethyl group, ethyl group, n-propyl- group, isopropyl
group, n-butyl group, isobutyl group, sec-butyl group, t-butyl group,
various types of pentyl group, various types of hexyl group, various types
of octyl group, various types of decyl group, and various types of dodecyl
group. Exanples of the cycloal kyl group having 5 to 20 carbon atons include
cycl opentyl group, cyclohexyl group, and nethyl cycl ohexyl group. Exanpl es
of the aryl group having 6 to 20 carbon_atons include phenyl gro tol yl
group, xylyl ggroup, waviousptypsd ofirpentyl Fgromp, e\sanbushtymsabﬁal xgﬁ)ognpmp.

having 7 to 20 carbon atons_include benzyl group, phenetyl group,, and
napht hyl met hy| vaxigup.typeamfi estybgrowp, vatiensiypes of deayl greup, m waripuso
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Examples of the fluorinated alkyl group having 1 to 20 carbon atoms, the
fluorinated cycloalkyl groups having 5 to 20 carbon atoms, the
fluorinated aryl groups having 6 to 20 carbon atoms, and the fluorinated
aralkyl group having 7 to 20 carbon atoms include groups cbtained by
substituting one or more hydrogen atoms in the alkyl groups, the
cycloalkyl groups, the aryl groups, and .the aralkyl groups, respectively,
described above with fluorine atoms.

When the fluorinated silicone oil represented by the general
formula (I) has a kinematic viscosity of less than 500 mmZ2/sec at 25 °C,
the effect of suppressing the foaming phenomenon is insufficient, and
the fluorinated silicone oil is not preferable. For exhibitihg a sufficient
effect of suppressing the foaming phenomenon, the kinematic viscosity
at 25°C is preferably 1,000 mm2/sec or more, more preferably 9,000
mm?2/dec or more (n is generally more than 100).

The content of the fluorinated silicone oil is not particularly
limited. When a hydrofluorocarbon refrigerant is used as the

refrigerant, the confent is preferably in the range that the compatibility



mierr]/sec or. more (n is generally nore than 100). The content of the
fluorinated silicone oil is not particularly limted. Wen a
hydrof | uorocarbon refrigerant is used as the refrigerant, the content is

.. preferably in the range that the conpatibility 6 ° of the refrigerator oil
. and the refrigerant is not adversely affected. Mre specifically, the

“content is preferably in the range of 1 to 6,000 ppm by wei ght, nore
000 ,ppm by vvel S
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refrigerator oil of the present invention is used in conbination wth

various typedoamingf rplomiamnenocnr ainel abley stabilityyi itatisopreférred that the
fluorinated silicone oil is contained in such an amount that the product
of the kinematic viscosity (mm2/sec) of the fluorinated silicone oil at 25°C
and the content (ppm by wéight) of the fluorinated silicone oil in the
refrigerator oil is in the range of 50,000 to 3,000,000, more preferably in
the range of 100,000 to 2,000,000. When the product is less than 50,000,
the effect of suppressing the foaming phenomenon tends to become
small. When the product is more than 3,000,000, there is the possibility
that the refrigerator oil becomes cloudy.

The refrigerator oil of the present invention is used in combination

with various types of refrigeraht, preferably in combination with a
hydrofluorocarbon refrigerant. When a hydrofluorocarbon refrigerant is
used as the refrigerant, the base oil of the refrigerator oil is not
particularly limited as long as the base oil has a gbod compatibility with
the hydrofluorocarbon refrigerant. Specifically, oxygen-containing
organic compounds are preferable as the base oil because of the good
compatibility with hydroﬂuorocarbon refrigerants.

Examples of the oxygen-containing organic compound include (1)



hydr of | uor ocarbon refrigerant. Wen a hydrofl uorocarbon refrigerant is used
as the refrigerant, the base oil of the refrigerator oil is not
particularly linited as long as the base oil has a good conpatibility with
t he hydrofluorocarbon refrigerant. Specifically, oxygen-containing organic
conpounds are preferable as the base oil because of the good conpatibility
- with hydrofluorocarbon refrigerants. Exanples of the oxygen-contai ning

. organi ¢ conmpound i n¢l ude, ( 7 pol yal kyl ene gl ycols,.  (2). pol yesters, (3)
pol yol ester spoqz( yimeyglmas, k%)tmlxgﬁtew)(%ﬁmgb\v? nﬂeré-t@erw,iyq&ﬁer f:eyones,

car bonat e der,i_yatjves. 1) t pol yal kyl ene gl ycol described above, for
exanpl e, a cc‘%BBii’d"?ﬂp‘?A@Se ?rt@lfi]&)qaﬁ oﬁﬂée‘fe&?v%b‘?%l a (11): [err] (wherein
ncyl o1 oup havi ng A9t e moberRaidne FLERT-AosrRE AROvRy dPbBR e Bup
having 1 to 10 carho tons_and,2 Lo par f or, bonrding; RLO represents an
a: Ey: ene grohfﬂr?ﬁq}q‘g: plg’g)?e %%‘EPB'O eaé#ﬁ?i%@}l?pmgents Eydrogeg ?torlno an
al kyl group havi ng 0 alggRELy, Or an agy roup having o]
carbon atons; k represg%ts [g%Rl g’qt“éger of]kl to 6; atnlégm represents a nunber

which is sel [ 9l t Y f b SeriB ol can
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RO and R11 neyarBén!dtoffy, antadyfl Gietp havanag.2 & 10)%arbén athRs) bt ancXEpRARe
hydrocarbon group having 1 to 10 carbon atoms and 2 to 6 parts for

bonding; R10 represents an alkylene group having 2 to 4 carbon atoms;
R11l represents hydrogen atom, an alkyl group having 1 to 10 carbon
atoms, or an acyl group having 2 to 10 carbon atoms; k represents an
integer of 1 to 6; and m represents a number which is selected in such a
manner that the average of mxk is 6 to 80) can be used.

In the above general formula (II), the alkyl group represented by
R9 and R11 may be linear, branched linear, or cyclic. Specific examples
of the alkyl group include methyl group, ethyl group, n-prépyl group,
isopropyl group, various types of butyl group, various types of pentyl
group, various types of hexyl group, various 'types of heptyl group,
various types of octyl group, various types of honyl group, various types of
decyl group, cyclopentyl group, and cyclohexyl group. When the number
of carbon atom in the alkyl group is more than 10, the compatibility with
hydrofluorocarbon refrigerants is decreased, and phase separation
occasionally takes place. The preferable number of carbon atom in the
alkyl group is 1 to 6.

The alkyl group in the acyl group represented by R? and R11 may



of the al kyl group.include nethyl group, ethyl group, n-propyl group,

| sopropyl group, various types of butyl group, various types of pentyl
group, various types of hexyl group, various types of heptyl group, various
.types of octyl group, various types of nonyl group, various types of decyl

- group, cyclopentyl group, and cycl ohexyl group. Wen the nunber of carbon
ratomin the alkyl group is nore than 10, the conpatibility with
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1 to 10 carbon _

When R? and R1! are both alkyl groups or acyl groups, R? and R11
may be the same or different.

When k is 2 or more, the plurality of R11 in one molecule may be
the same with each other or different from each other.

When R? is an aliphatic hydrocarbon group having 1 to 10 carbon
atoms and 2 to 6 parts for bonding, the aliphatic hydrocarbon group may
be an open-chain group or a cyclic grbup. Examples of the aliphatic
hydrocarbon group having 2 parts for bonding include ethylene group,
propylene group, butylene group, pentylene group, hexylene group,
heptylene group, octylene group, nonylene group, decylene group,
cyclopentylene group, and cyclohexylene group. Examples of the
aliphatic hydrocarbon group having 3 to 6 parts for bonding include
residue groups formed by eliminating hydroxyl groups from polyhydric
alcohols, such as trimethylbropane, glycerol, pentaerythritol, sorbitol,
1,2,3-trihydroxycylohexane, and 1,3,5-trihydroxycyclohexane.

When the number of carbon atom in the aliphatic hydrocarbon
group is more than 10, the compatibility with hydrofluorocarbon

refrigerants is decreased, and phase separation occasionally takes place.



atons and 2 to 6 parts for bonding, the aliphatic hydrocarbon group may be
an open-chain group or a cyclic group. Exanples of the aliphatic

hydr ocar bon group ‘having 2 parts for bondi ng include ethyl ene group,

propyl ene group, butylene group, pentylene group, hexylene group, heptylene
group, octylene group, nonyl ene group, decylene group, cyclopentyl ene
group, and cycl ohexyl ene group. Exanples of the aliphatic hydrocarbon group
having 3 to 6 parts for bonding include residue groups formed by

el i m nating hyThepyefedhblensumbeiop eaiiviiatom dh ¢he Ak %;1 Stouip 82 to 6.

tri met hyl propane, glycerol, pentaerythritol, sorbito
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nunber of carbon atomin the al i phati c hydrocarbon group is nore than 10,

t he conpat i bi | haying 2tohd ¢avbomatomar bBrnamyles of thetoxyadkylevegromp, astlie
phase separation occa5|onally takes place. 9 The preferable nunber of
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oxypropylene unit is contained in the oxyalkylene unit.

k in the above general formula (II) represents an integer of 1 to 6
which is determined in accordance with the number of the part for
bondilig in R9. For example, when R9 represents an alkyl group or an
acyl group, k represents 1. When R? represents an aliphatic
hydrocarbon group having 2, 3, 4, 5, or 6 parts for bonding, k represents
2, 3, 4, 5, or 6, respectively. m represents a number which is selected in
such a manner that the average of mxk is 6 to 80, preferably 10 to 70.
When the average of mxk is at the outside of the above range, the objects
of the present invention cannot sufficiently be achieved.

The polyalkylene glycol represented by the general formula (II)
include polyalkylene glycols having hydroxyl groups at the end. When
the content of the hydroxyl group at the end is 50 % by mol or less of the
total end groups, the polyalkylene glycol containing the hydroxyl group at
the end can advantageously be used. However, when the content of the
hydroxyl group at the end is more than 50 % by mol, the polyalkylene

glycol is not preferable because the polyalkylene glycol becomes more



k in the above general formula (11) represents an integer of 1 to 6 which’
I's determ ned in accordance with the nunber of the part for bonding in RO.
For exanple, when RO represents an al kyl group or -an acyl group, k
| represents 1. When R9 represents an aliphatic hydrocarbon group having 2,
-3, 4, 5, or 6 parts for bonding, k represents 2, 3, 4, 5, or 6,
., respectively. mrepresents a nunber which is selected in such a manner that
. the-average of nmxk is 6 to 80, prefer ly,1Q to 70 When the average of nxk
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beconmes nore 10 hygr [ e ylscosity index is decreased. As the
pol yal kyl ene gl ycol desg‘i’f& @ghtd} ypropyl ene glycol dinmethyl

ethers repre ted by the general fornu [err]. (whe repr ts a
nunber of 6 té”nh%empcﬁ yﬁ‘k@’éﬂm g8nd db‘F’PgB@}'p o e é)qe)]chl ti‘)ﬂqeﬁ?hers
represented b]¥ ltyhxez ropylene glycol dimethyl ethers represented by the general

~ formula:

CHg
CH;0—(CHCH;0),~(CH,CH,0),~CH,
(wherein a and b represent each a number of 1 or more, and the sum of a
and b is 6 to 80), polyoxypropylene glycol monobutyl ethers represented by

the general formula:

CHjg
C4H90-((IJHCH20)X-—H
(wherein x represents a number of 6 to 80), and polyoxypropylene glycol
diacetate, are preferable in view of the economy and the effect.

As the polyalkylene glycol represented by the general formula (II),
compounds described in the specification of Japanese Patent Application
Laid-Open No. Heisei 2(1990)-305893 in detail can also be used.
| As (2) the polyester described above, an aliphatic polyester

derivative having a constituting unit represented by the general formula
(I11):
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formula: [err] (wherein a and b represent each a nunber -of 1 or nore, and
the sumof a and b is 6 to 80), pol yoxypropylene glycol nonobutyl ethers
represented by the general fornula: [err] (wherein x represents a nunber of
6 to 80), and pol yoxypropyl ene glycol diacetate, are preferable in view of
the eéconony and the effect. As the pol yal kyl ene glycol represented by the
general formula (I1), conpounds described in the specification of Japanese
Pat ent Application Laid-Open No. Heisei 2(1990)-305893 in detail can al so
be used. As (2) the polyester described above, an aliphatic polyester

derivative having a constifuting upt reprqgeifited by the general formula
(ren): [err] (wherein Q‘égﬂés ak a ene grou dvi ng 1 to 10
an

carbon atons, and R13 reprgsent kyl ene group having 2 to 10 carbon
atons or an oxaal kyl ene grbup havi ng to 20 darbon atons) and a nol ecul ar
wei ght of 300 to 2000 can be used. In the general fornula (l111), R12
represents an @vhereindRYt vepresentsgn alkplene groupohaving t to If-ciarbon atomm| es
of the al kylene gro i ncl ude nethyl ene group, ethylene group, propylene
group, et hyl ne@ng | Ritrepregpntsian alkylenegroupyhavioggd b g0 carbon atoms or an

1, 2-di met hyl et hyl eﬁn‘e . )
oxaalkylene group having 4 to 20 carbon atoms) and a molecular weight

of 300 to 2000 can be used.

In the general formula (III), R12 represents an alkylene group
having 1 to 10 carbon atoms. Specific examples of the alkylene group
include methylene group, ethylene group, propylene group,
ethylmethylene group, 1,1-dimethylethylene group, 1,2-dimethylethylene |
group, n-butylethylene group, isobutylethylene group, 1l-ethyl-2-
methylethylene group, ‘1-ethyl-1-methylethylene group, trimethylene
group, tetramethylene grdup, and pentamethylene group. Alkylene
groups having 6 or less carbon atoms are preferable. R13 represents an
alkylene group having 2 to 10 carbon atoms or an oxaalkylene group
having 4 to 20 carbon atoms. Speciﬁc examples of the alkylene group
include the groups described above as the specific examples of the
alkylene group represented by R12 (except for methylene group).
Alkylene groups having 2 to 6 carbon atoms are preferable. Specific
examples of the oxaalkylene group include 3-oxa-1,5-pentylene group,
3,6-dioxa-1,8-octylene group, 3,6,9-trioxa-1,11-undecylene group, 3-oxa-
1,4-dimethyl-1,5-pentylene group, 3,6-dioxa-1,4,7-trimethyl-1,8-octylene
group, 3,6,9-trioxa-1,4,7,10-tetramethyl-1,11-undecylene group, 3-oxal,4-

diethyl-1,5-pentylene group, 3,6-dioxa-1,4,7-triethyl-1,8-octylene group,



group, n-butylethyl ene group, .i sobutyl ethyl ene group, 1-ethyl-2-

met hyl et hyl ene group, 1-ethyl-1-nethylethylene group, trinethylene group,
tetramet hyl ene group, and pentanet hyl ene group. Al kyl ene groups having 6 or
| ess carbon atons are preferable. R13 represents an al kyl ene group having 2
to 10 carbon atoms or an oxaal kyl ene group having 4 to 20 carbon atons.
Speci fic exanpl es of the al kyl ene group include the groups described above
as the specific exanples of the al kyl ene group represented by R12 ggxce t
for methyl ene §i@OptrioxaidytShtOdetrgethylid, hg-tmdepyéenarmumt Snexardel,4

preferable. SpeC|f| | es of .the oxaal k e group |ncI
3- oxa- 1, 5- pent $¢& n@n@tﬁaﬁp@ Spantylens £rovro §1<£ %examethyl-l 8-

Srgug, t 5' gx‘g}, églyiendegrg nétfgé-ﬁ:nfxg- &aﬁgglgigd]& axnet}lyf lplerftt}/ncf cylene
36 ot ora L LolOu SIS £ b SAUACY e UMD 000! 46 dioa:
Yoxai s aa '1%%%@@-@#8@%&@;{Q}&@ée&%g}gﬂﬁc¥3' 68%:1x392,4,5,7,8,10,11-
500 06 L 1 defgdeBEIIR ok A WEYE 1ML 15 pentylono group,

3-oxa-1, 2, 4, 5-ine - wn%n up - -1.B-
1,2,4,5,7, 8- he?a%ﬁlﬁﬁ%&% 653 gﬁg‘%e ar l}% %(éna?'rllcﬂoggﬁlethyl ’)entXlenel

oct anet hyi - Foupole Byo0aa - iyl - Beth§1-1, Hiditlyl dn&- peoh Ieaebﬁ-mss
3-oxa- 1-et hyI fS ggntyl ene group, 3- oxg 1, gqul nmet hyl - ?5 %entyl ene giroup

3- oxa- 1- met hyl {étrainfethyl-157-beptyleasgroupl And 4,8 doxa-2,%,6(6,10,10-hexamethyl-

1,11-undecylene group. R!2 and R13 in a plurality of constituting units

may be the same with each other or different from each other.

The aliphatic polyester derivative represented by the above general
formula (III) preferably has é. molecular weight (measured by the gel
permeation chromatography (GPC)) of 300 to 2,000. When the molecular
weight is less than 300, the kinematic viscosity is smaller than the
desirable range. When the molecular weight is more than 2,000, the
aliphatic polyester derivative becomes waxy. Thérefore, a molecular
weight at the outside of the specified range is not preferable.

As the aliphatic polyester derivative described above, the
compounds described in the specification of International Patent
Application Laid-Open No. WO 91/07479 in detail can also be used.

As (3) the polyol ester described- above, a carboxylic acid ester of a
polyhydric hydroxy compoimd containing at least 2 hydroxyl groups can
be used. For example, a compound represented by the general formula
avy:



tetramet hyl -1, 7- heptyl ene group, and 4, 8-di oxa-2, 2, 6, 6, 10, 10- hexanet hyl -

-1, 11-undecyl ene group. R12 and R13 in a plurality of constituting units my
be the sane with each other or different fromeach other. The aliphatic

pol yester derivative represented by the above general formula (IIl)
preferably has a nol ecul ar wei ght (nmeasured by the gel perneation

chromat ography (GPC)) of 300 to 2,000. When the nol ecul ar weight is |ess

t han 300, the kinematic Vlschh y is smaller than the desirable range. \Wen
t he nol ecul ar wei ght | 2,000, the alrpﬂaﬂlc pol yester derivative
beconmes waxy. Ther ef a nDIecuIar wei ght at the outside of the specified
range is no@ﬁ&h#é$§ 4e As the aliphatic polyester derivative described

Appl | cat o La d-1EpEre RBoveEeseray fomnils DDA 4 irpresenti s Bed %Qiéoxi’ S
hydr oy comBuiR WEIHTSPHHoR b6 JReas 48 BBRRr g %Slp%a%irtaﬁ AR gNe, ©
Do Y e%ggtaczr?aﬁ%p@:ﬁu SEiqb S ol dm o
I ocar b RN A, Hahig 2t &?z?ﬁ%gﬁﬂszﬂﬁfsﬂmf%g% oo
a group having 2 to 16 carbon atoms. e represents an integer of 2t0 6. A
plurality of -OCOR15 may be the same with each other or different from
each other. |

The polyol ester represented by the general formula (IV) can Be
obtained by bringing a polyhydric alcohol represented by the general
formula (V): _

R14 (OH). - (V)
(wherein R14 and e are the same as thdse described above) into reaction
with a carboxylic acid répresented by the general formula (VI):

R15 COOH - (VD)
(wherein R15 is the same as that described above) or a reactive derivative,
such as an ester or a halide, of the éarboxylic acid.

Examples of the polyhydric alcohol represented by the above
general formula (V) include ethylene glycol, propylene glycol, butylene
glycol, neopentyl glycol, trimethylolethane, trimethylolpropane, glycerol,
pentaerythritol, dipentaerythritol, and sorbitol. Examples of the
carboxylic acid represented by the above general formula (VI) include
propionic acid, butyric acid; pivalic acid, valeric acid, caproic acid,

heptanoic acid, 3-methylhexanoic acid, 2-ethylhexanoic acid, capric acid,

1



hydrocarbon group having 1 to 22 carbon atons, preferably an al kyl group
having 2 to 16 carbon atons. e represents an integer of 2 to 6. A plurality
of -OCOR[err] nmay be the sanme with each other or different from each other.
The pol yol ester represented by the general formula (1V) can be obtained by
bringing a pol yhydric al cohol represented by the general fornmula (V): [err]
(wherein R14 and e are the sane as those described above) into reaction

w th_a carboxylic acid represented by the general formula (VI): [err]

(wher ei n R] er r Hepaneigeacidiauric agid, mw@ncbw dapadapalmitic a@dctuve

derivative, such as ,an he lic acid. nples
of the pol yhydric aﬁﬁ)ﬁgi tﬁ@p X?thked' gyﬁe M%ﬁ%ﬁ RV

i ncl ude et hyl ene ro col neopent yl
glycol, trimet ﬁﬁ%ﬂ%ﬁﬁrﬁs%@ﬁﬁﬁ ﬂgrf n@e% pent aerythritol,

di pentaerythritol, and sorbitol. Exanples of the car boxyl ilc acid

represent ed by the above general fornula Q/I m&l ude propionic acid,
butyri-c acid, pivalic acid, valeric aci & caprd& a d hept anoi ¢ aC|d

by “YLE???”SL?daChS BRI Ct CB S SO mRIE I,
ket one descri bed ab(Q for exanple, a
\ [0r%),
- (VII)
(wherein Q represents a residue group of an alcohol having a
functionality of 1 to 8; R16 represents an alkylene group having 2 to 4
carbon atoms; R17 represents methyl group or ethyl group; R18 and R20
represent each hydrogen atom, an aliphatic, aromatic, or aromatic-
aliphatic hydrocarbon group having 20 or less carbon atoms, and may be
the same or different; R19 represents an aliphatic, aromatic, or
aromatic-aliphatic hydrocarbon group having 20 or less carbon atoms; s
and t represent each a number of 0 to 30; v represents a number of 1 to 8,
w represents a number of 0 to 7, and v + w is in the range of 1 to 8; and u
represents 0 or 1) can be used.

In the above general formula (VII), Q represents a residue group
of an alcohol having a functionality of 1 to 8. Examples of the alcohol
having Q as the residue group include monohydric alcohols, such as
aliphatic monohydﬁc alcohols such as methyl alcohol, ethyl alcohol,
linear and branched propyl alcohols, linear and bt'anched butyl alcohols,
linear and branched pentyl alcohols, linear and branched hexyl alcohols,

linear and branched heptyl alcohols, linear and branched octyl alcohols,



compound represented by the general formula (VIl1): [err] (wherein Q
represents a residue group of an alcohol having a functionality of 1 to 8;
Rlerr] represents. an al kyl ene group having 2 to 4 .carbon atons; R err]
~represents nethyl group or ethyl group; R18 and R20 represent each hydrogen
; atom an aliphatic, aromatic, or aromatic- aliphatic hydrocarbon group

! having 20 or |ess carbon atonms, and may be the same or different; Rerr]

e v 20"t i B o ool e s, ool 35
nb f 1 8, ) 0 , +
iVE R the Zﬁi‘:feé‘%q l_M Dranched underyitaltahelsy Jinasr and ga?tgﬁa«i T?A‘wﬁ "
VI | '
%8;“5992“? uncleahels; Priatgﬁb%%%;éﬁéﬁ%i@é“ca? DrehedofiPar it 1008 1
[ conol s suc eliidedyP ofEsRRIN (fihkag s Gtahohl Berftaddeyilabh e MM IS
al cohol's, |inganchid REARTRGTH aldindls,2fed! §ndlﬁﬁ%hea%ﬁaagg§ggloggg¥s¥y:

al cohol's, linear and branched hexyl "al cohols, |inear and’bra

al cohol s, |i rgréaratdbrmched ethdbcyd! £106K018, linear aad’ beuiithedanehadecy®ny!
al cohol s, linear and branched decyl al cohols, linear and branched undecyl
al cohol s, |i ndeschelsg andnlinteas sheddmanchledogicbsyl hlcohols,artohistie€ deohols
tridecyl alcohols, |inear and branched tetradecyl alcohols, linear and

branched pentsathcus phermipnsethylpleariolamdnylphenol, octylphenol, and naphthol,
aromatic-aliphatic alcohols such as benzyl alcohol and phenylethyl
alcohol, and compounds obtained by partial etherification of these
alcohols; dihydric alcohols, such as linear and branched aliphatic
alcohols such as ethylene glycol, propylene glycol, butylene glycol,
neopentyl glycol, and tetramethylene glycol, aromatic alcohols such as
catechol, resorcinol, bisphenol A, and bisphenyldiol, and compounds
obtained by partial etherification of these compounds; trihydric alcohols,
such as linear and branched aliphatic alcohols such as glycerol,
trimethylolpropane, trimethylolethane, trimethylolbutane, and 1,3,5-
pentanetriol, aromatic alcohols such as pyrogallol, methylpyrogallol,
and 5-sec-butylpyrogallol, and compound obtained by partial
etherification of these alcohols; and alcohols having a functionaiity of 4 to
8, such as pentaerythritol, diglycerol, sorbitane, triglycerol, sorbitol,
dipentaerythritol, tetraglycerol, pentaglycerol, hexaglycerol,
tripentaerythritol, and compounds obtained by partial etherification of
these alcohols.

In the above géneral' formula (VII), the alkylene group having 2 to
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branched hexadecyl al cohols, l|inear and branched heptadecyl al cohols,

| i near and branched octadecyl al cohols, |inear and branched nonadecyl

‘al cohol's, and linear and branched eicosyl al cohols, aromatic al cohols such
:as phenol, nethyl phenol, nonyl phenol, octyl phenol, and naphthol,
‘aromat i c-al i phatic al cohols such as benzyl al cohol and phenyl et hyl al cohol,
tand conpounds obtai ned by partial etherification of these al cohols;

'di hydri c al cohpl s,, such as |jnear and branc Eggggiphat c.al cohol s such as

ethyl ene gl ycdt Cahpateme yhichols represen maycbedinear on branchedaqg

a

bi sphenol A SIREUE,REAPINCH! Of aHib CEIIAEAA R, MAUdy skhviene Eroup

i sphenol A, ;- ati cotpott . '
br anched al  pEACPYISARE BriRE" SHiYIety 5na aiop, 3, FrimietbrintBrlsingrous, atd
trimet hyl ol et : [ - tanetriol, aromatic
dcorort Such MRS :fg%éug?essgag%gﬁ@ehgvz el
Zlncoﬁglngoﬁgvi %i?%ﬁ'g?i“onal‘%whgﬁé4 to(&)1 g?ﬁ$2%§sgpen?2er§§hrl tgfl, 8
di gl ycerol, savhichaf¥represehisd by R18 66 H200Inclwdd Binlea s a1kl FE?&ps, such as
tetraglycerol, pentaglycerol, hexaglycerol, tripentaerythfitol,”an
conpounds obt anethylbgreap; ethykigreupf prapyDErotp] Mgl Proapo |ffent|yl‘ gﬂ%ﬁpb
above general formula (VI1), the alkylene group having 2 to 16 car bon
atons whi ch i shepdpl egrompedodiyl Rreuppyndreyll grewp, decyd gretipd undecyl group,

lauryl group, myristyl group, palmityl group, and stearyl group;

branched alkyl groups, such as isopropyl group, isobutyl group, isoamyl
group, 2-ethylhexyl group, isostearyl group, and 2-heptylundecyl group;
aryl groups, such as phenyl group and methylphenyl group; and
arylalkyl groups, such as benzyl group.

In the general formula (VII), s a_n'd t represent each a number of 0
to 30. When s or t is more than 30, the contribution of the ether group in
the molecule increases, and the polyether ketone is not preferable with
respect to the compatibility with hydrofluorocarbon refrigerants, the
electric insulating propérty, and the hygroscopic property. v represents
a number of 1 to 8, and w represents a number of 0 to 7. v and w satisfy
the relation that v + w is in the range of 1 to 8. These numbers are
average numbers and not lilﬁited to integers. u represents 0 or 1. A
plurality of R16 in the number represented by s x v may be the same with
each other or different from each other. A plurality of R17 in the number
represented by t x v may be the same with each other or different from

each other. When v represents 2 or more, pluralities of s, t;, u, R18, and
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Specific exanpl es of the al kylene group include ethyl ene group, propylene
group, ethylethylene group, 1,1-dinethylethylene group, and

1, 2-di et hyl et hyl ene group. Exanples of the aliphatic, aromatic, or

al i phatic-aromatic hydrocarbon group having 20 or |ess carbon atons which
S represented by R18 to R20 include |inear alkyl groups, such as nethyl
group, ethyl group, propyl group, butyl group, pentyl group, heptyl group,

ﬁﬁ?i!tﬂf’éfa?g, papgélﬁiiﬁ’efeﬁﬁﬁmﬂ%ﬁf eappied, o ya}'?r‘é‘ﬁéé'tsﬁa%é;?%floe@
sosteary or obbbeRR SRy tin. By hehen” Wt of opeseSiue2 & Yoo, 1
Pnthe gener al PHRATIL PGt 86 pftalbdh, Horelh R by S HaPbe B ¥yuid Sl

Wien s or t iSe%ﬁ%m%{%ﬁe{”%eﬁﬁﬁ{r%ﬁ}f&mﬁ the ether group in the

nol ecul e i ncreases, and the po one’is not preferable with respect

to the conpatibilitygwhé ﬂ}kié’ff]é&f Fo Op R th@‘;ﬂdlﬁ&lﬁ?tl%etohb%e?k@é&{dﬁgel?y of

i nsul ating property, and tthe hygroscopic property. v representS a nu

1to 8, and w gRBr hP fermuled ¢VID! aogréﬁbrﬁlly\/kﬁﬂﬁn%ﬁﬂ:bw fcdnt be usedat Fep
that v + wis in the range of 1 to B. These nunbers are aver age nunbers and
not |imted toexahgsle| & procespireshiith dDsedontarp dlkyloxlyaleohel iségidized by a
nunber represented by s x v may be the same with each other or different -
from each ot hethypbchloritel and acétiR®héid (Jdpanese BPetent AppiaationdLajd-OpenvNioay
be the sane with each other or different fromeach other. Wien v represents
2 or nore, plulleisei 461992)<126716) or @ pracess imavhizh a secondary alkyloxyalcohol

is oxidized by zirconium hydroxide and a ketone (Japanese Patent
Application Laid-Open No. Heisei 3(1991)-167149) can be used.

As (5) the polyvinyl ether described above, for example, a polyvinyl
ether compound having the constituting unit represented by the general
formula (VIII):

[ [
R22 0 (R240)c R25

(('1 - ('3)— v (VIII)
(wherein R21, R22, and R23 represent each hydrogen atom or
hydrocarbon group.having 1 to 8 carbon atoms and maj be the same with
each other or different from each other; R24 represents a divalent
hydrocarbon group having 1 to 10 carbon atoms or a divalent
hydrocarbon group having 2 to 20 carbon atoms and an oxygen atom of
the ether linkage; R25 represents a hydrocarbon group having 1 to 20

carbon atoms; ¢ represents a number for each repeating unit, the

average of which in the group is 0 to 10; R21 to R26 in a plurality of
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Rlerr] each in the nunber represented by v may be the same with each other
or different fromeach other. When w represents 2 or nore, a plurality of
R20 in the nunber represented by w nay be the sane with each other or
.different fromeach other. As the process for producing the polyether
- ketone represented by the general formula (VI1), a generally known process
ican be used. For exanple, a process in which a secondary al kyl oxyal cohol is

Lai 0. Open No. cPBPRRRtifE el Haf 3k el yigh WRRIGHE: F AferdBEog ogth
| kyl | coh ' i dihzed i ; i
Pt et aopl | QENe Atk WHEECR BpFIGPG RUAOTH ARLARAT, B0 iy Bs tleRAIRT

t he pol yvi nyl ofle m"ﬂﬁe%?hq%jugémve, for exanple, a polyvinyl ether
conmpound having the constirtuting unit represented by the general formula
(M11): [err] (V\'her&'ﬁbl%ﬁﬁl] etﬁéﬁrd&n%@ﬁ'ﬁ'dP{:&hbbsé&péieﬁeblo@ﬂfﬁi' afidegen
at om or hydrocarbon grolp having 1 to carbon atons and may be the sane
with each ot heppelymef fcontainihpothe @ohstittiting Bt reprexeated by dheahbove
hydr ocar bon group having 1 to 10 carbon atonms or a dival ent hydrocarbon
group havi ng ZeneraD foanhrda (VIS amd ancanstifarting cunitf represemted bynthge;
R25 represents a hydrocarbon .?roup having 1 to 20 carbon atons; c
represents a gemeeal farmulackIXkpeating unit, the average of which in the
group is O to 10; RR1 to R25 in a plurality of 18

joud

R26 R27
| |

— ( C C ) e (IX)
1;28 1|%29 '

(wherein R26 to R29 represent each hydrogen atom or a hydrocarbon
group having 1 to 20 carbon atoms and may be the same with each other
or different from each other, and R26 to R29 in a plurality of constituting
units may be the same with each other or different from each other) can
also be used.

In the above general formula (VIII), R21, R22, and R23 represent
each hydrogen atom or a hydrocarbon group having 1 to 8 carbon atoms,
preferably 1 to 4 carbon atoms, and may be the same with each other or
different from each other. Specific examples of the hydrocarbon group
include alkyl groups, such as methyl group, ethyl group, n-propyl group,
isopropyl group, n-butyl group, isobutyl group, sec-butyl group, tert-butyl
group, various types of pentyl group, various types of hexyl group,
various types of heptyl group, and various types of octyl group; cycloalkyl
groups, such as cyclopentyl group, cyclohexyl group, various types of

methylcyclohexyl group, various types of ethylcycohexyl group, and
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constituting units may the same with each other or different from each

ot her; and when a plurality of Rlerr]Ois contained, R err]O nmay be the
sanme or different) can be used. A polyvinyl ether conpound conposed of a

bl ock or random copol yner containing the constituting unit represented by

t he above general fornula (VI11) and a constituting unit represented by the
general fornmula (I X): [err] (wherein R err] to R err] repr.esent each
hydrogen atom or a hydrocar bon group having 1 to 20 ¢arbon ato dbe y. be
the sane with varieusitymesnf dimeihivdexclohewylognonnsaryl graupsreuch asrphenyl o

Gi 11 orent {1 onfouuh ViR tross of TbtRuloheal EFpubnearis e of aibslohemyly
o oup’ havi ng 18F0RE Sa ARG Epor oL ety e Bedes e ar¥iRkot HrdSha,
of the hydr ol“aéﬁsfaa?"%’ﬁ%Qﬁ 5?5%@ SrilofiR up?feéﬁgﬂﬂggﬁ#eﬁﬁgﬁﬁ o YRR,
group, n-propy yﬁ’é@%?xgbﬂ’;}ﬁb@ 5{96 \P: A8~ YR2W$H@R25°H&'8 e%r 8téim is

sec-butyl group,” tert ri‘ous types ‘of pentyl gro vari ous

types of hexyl paifieglartyprefsrabldies of heptyl group, and vari ous types of
octyl group; cycloalkyl groups, such as cycl opentyl group, cycl ohexyl

g{ ﬁ;lpcy\c/gL Ie g;ls ; ?’gﬁgflozﬁgetgbhe@aﬂﬁimﬂa oVAIE), W24 okprieseats Ok divalent
hydrocarbon group having 1 to 10 carbon atoms, preferably 2 to 10 carbon
atoms, or a divalent hydrocarbon group having 2 to 20 carbon atoms and
an oxygen atom of the ether linkage. Specific examples of the divalent
hydrocarbon group having 1 to 10 carbon atoms include divalent
aliphatic groups, such as methylene group, ethylene group,
phenylethylene group, 1,2-propylene group, 2-phenyl-1,2-propylene
group, 1,3-propylene group, various tjrpes of butylene group, various
types of pentylene group, various types of hexylene group, various types
of heptylene group, various types of octylene group, various types of
nonylene group, and various types of decylene group; alicyclic groups
obtained by forming 2 parts for bonding in alicyclic hydrocarbons, such
as cyclohexane, methylcyclohexane, ethylcyclohexane, dimethyl-
cyclohexane, and propylcyclohexane; divalent aromatic hydrocarbon
groups, such as various types of phenylene group, various types
methylphenylene group, various types of ethylphenylene group, various
types of dimethylphenylene group, and various types of naphthylene
group; alkylaromatic groups having one monovalent part for bonding on

each of the alkyl group and the aromatic group in alkylaromatic



19 various types of dinethylcycl ohexyl group; aryl groups, such as
phenyl group, various types of nethyl phenyl group, various types of

et hyl phenyl group, and various types of dinethyl phenyl group; ad aryl akyl
groups, such as benzyl group, various types of phenylethyl group and
‘various types of methyl bezyl group. As Rlerr], Rerr], and R err], hydrogen
;atomis particularly preferable. In the general fornmula (MI1), R4

represents a gyml e HiNdr OGaERO RS0 BiRefaY t0ahQ RHBed)

preferably 2 t rbon’ a Sr Rarval et e fdrocar bon “gr oup a;(/ianrédZ

to 20 carbon %lkglfaﬁ?ﬂaﬁe rg@;‘lriﬁgﬂé‘ Pgrﬁhﬁ)ﬁbbﬁﬂid%' phogife a@ﬁcg{éém in

exanpl es of the val ent h n-group having 1 to 10 carbon

i ncl ude di val ggdlyalkylasbinatis Midrocsittiohs? Ssuth Ayl n@' and. dedthylbaezeeQup.
phenyl et hyl ene group, 1, 2-propylene group, 2-phenyl-1, 2-propyl ene group,

1, 3-propyl ene Ahiony thiédd eompounds, aliphatid groumy haping @ te®4s cankioes atdms
pentyl ene group, various types of hexylene group, various types of

hept yl ene gr ouare particularlyy peefesdblect yl ene group, various types of nonyl ene
group, and various types of decylene group; alicyclic groups obtained b
formng 2 parts forSpegificregamples of ghe idivalent dwdrmrbpnsmnpelm\dyglznthéne,
met hyl cycl ohexane, ethyl cycl ohexane, dinethyl- cycl ghexane, and ]

propyl cycl ohexearbonatomeand amexygen atam of thesthgr linkage preferably includs

types of phenyle gr oup ari ous types t hy].phenyl ene group,, vari o
types of et hwlﬁﬁgﬁ%mtbyﬁmﬁ g;&Mpougletg%xyetlEy ene gr_oug, methoxymet]ﬁyl-

ethylene group, 1,1-bismethoxymethylethylene group, 1,2-bismethoxy-

methylethylene.group, ethoxymethylethylene group, (2-methoxyethoxy)-
methylethylene group, and (1-methyl-2-methoxy)methylethylene group.
In the general formula (VIII), ¢ represents the number of repeating of
R250, the average of which is a number in the range of 0 to 10, preferably
0 to 5. When a plurality of R240 is contained, R240 méy be the same with
each other or different from each other.

In the general formula (VIII), R26 represents a .hydrocarbon
group having 1 to 20 carbon atoms, preferably 1 to 10 carbon atom.
Specific examples of the hydrocarbon group include alkyl groups, such
as methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl
group, isobutyl group, sec-butyl group, tert-butyl group, various types of
pentyl group, various types of hexyl group, various types of heptyl group,
various types of octyl group, various types of nonyl group, and various
types of decyl group; cycloalkyl groups, such as cyclopentyl group,
cylohexyl group, various types of methylcyclohexyl group, various types
of ethylcyclohexyl group, various types of propylcyclohexyl group, and
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types of di net hyl phenyl ene group, and various types of ' napht hyl ene group;

al kyl aromati ¢ groups havi ng one nonoval ent part for bonding on each of the

al kyl group and the aronmatic group in alkylaromatic 20 hydr ocar bons,

such as tol uene, xylene, and ethyl benzene; and al Kyl aromati c groups havi ng

~ parts for bonding on the al kyl groups in polyal kyl aromati c hydrocar bons,

. such as xyl ene and di et hyl benzene. Anpbng these conpounds, aliphatic groups

- having 2 to 4 carbon atonB are artlcularly preferable. Specific exanples
of the di val srarionsitypes o6 ﬁ y b grouppary geonns, Gvshang phenyky gen

atom of the ether |inkage pref any |£ de nethoxynethylen% %L ql

met hoxyet hy| &FoUgs SGEIOUﬁét}’IPG phemyl gnoupy varipus types of e enyl

B s
:}3%?%;3'[ L%"‘W §1 F@ﬁ@ét iaﬁ{f“%f gé% o qﬁm&gﬁ}'ﬂﬁ’d’é’n@% %ngug
Rerr]o sotcitx@.gﬁifdﬁﬁﬁﬁgh?ré? #59{1§£E@ *('éeﬁg%’&y?’ﬁ s SicHeBpRut %Fé‘%ﬁ 0 -
hydr ocar bon grgupkﬁ' ?Fmﬁ%nesr@ g H%Ill%'l %Q'ngx)\éé% g??}&fé’é 3”‘%6‘ }:%Fr l
atom SpeC'“g?roQiﬁmWaQﬁoﬁé 11:9§e§'yaf0ﬁ?éd@@*lbﬁhﬁy'p gmﬁpl,demhbuh g éﬁsofSUCh

as net hyl group, ethy group, n- propy group, 1sopropyl group, n-butyl
phenylpropyl group, and various types of phenylbutyl group.

"Rt R ina plurality of constituting units may be the same with

each other or different from each other. |

The polyvinyl ether compound (1) having the- constituting unit
represented by the general formula (VIII) described above preferably has
a carbon/oxygen ratio by mol in the range of 4.2 to 7.0 When. the
carbon/oxygen ratio by mol is less thé.n 4.2, the polyvinyl ether compound
is excessively hygroscopic. When the carbon/oxygen ratio by mol is more
than 7.0, the compatibility with hydrofluorocarbon refrigerants is
sometimes decreased. |

In the general formula (IX) described abové, R26 to R29 represent
each hydrogen atom or a hydrocarbon group having 1 to 20 carbon atoms
and may be the same with each other or different from each other.
Examples of the hydrocarbon group having 1 to 20 carbon atoms include
the same groups as those described in the examples of R25 in the general
formula (VIII) described above. R26 to R29 in a plurality of constituting
units may be the same with each other or different from each other.

The polyvinyl ether compound (2) composed of a block or random



group, isobutyl group, sec-butyl group, tert-butyl group, various types of
pentyl group, various types of hexyl group, various types of heptyl group,
“various types of octyl group, various types of nonyl group, and various

- types of decyl group; cycloal kyl groups, such -as cyclopentyl group,

. cyl ohexyl group, various types of nethylcycl ohexyl group, various types .of

- ethyl cycl ohexyl group, various types of propylcycl ohexyl group, and 21

: i t i t | | "y .
oroup. var | oM ST (UGBS coHENRind MieHAHRentul By Shel Betttel
group, varl Ouﬁ)rhi‘lﬂﬁsmf[lﬂﬂﬁfr%ﬂéﬁ)EEWé aSdotb cnfStifiting REE reprasented ByenY!

group, various types of tri enyl group, various types of butyl phenyl

group, and vaghepenéddlForiulAqPK) Qescribéd Abodd PreferhBlyclihs & €iibon/dciigenas
benzyl group, various types of phenyl ethyl group, various types of

met hyl benzyl ghtie by mal ialthet of 42 & 7100 rWhich €heocaxbodriskypi fatio bypes
of phenyl butyl group. R21 to R25 in a plurality of constituting units may
be the sane wol Bndbs®ttham ot.2dithiec pobyviiyd netdsah cotdpounditis préessivelly

et her conpound (1) having the constituting unit represented by the general
formul a (VI 1| hygesscopize d(Waizay the cafleondbxygdmsatio dyr inob is nyorenthant 70, bhenol
in the range of 4.2 to 7.0 Wien the carbon/oxygen ratio by nol is less than
4.2, the pol ycompatihility cwitivuhpdreflugrecarbon yrefyigerasdsi ds wometimes
carbon/ oxygen _ratio Ry nol is nore than 7.0, the conpatibility with

hydr of | uor ocaf®eneaseds i gerants is

In the present invention, a mixture of the polyvinyl ether

compound (1) described above and the polyvinyl ether compound (2) also
described above may also be used.

The polyvinyl ether compound (1) and the polyvinyl ether
compound (2) used in the present invention can be prepared by
polymerization of the corresponding vinyl ether monomer and
copolymerization of the corresponding hydrocarbon monomer having an
olefinic double bond and the corresponding vinyl ether monomer,
respectively.

As the polyvinyl ether compound used in the present invention, the

~following compounds ﬁre preferable. One of the preferable compounds

has one end group represented by the general formula (X) or (XI): .

I I '
HC——C — - (X)



sonetinmes decreased. In the general forrmula (IX) described above, R26 to
R29 represent each hydrogen atom or a hydrocarbon group having 1 to 20
carbon atonms and may be the sane with each other or different from each
~other. Exanples of the hydrocarbon group having 1 to 20 carbon atons
i nclude the sanme groups as those described in the exanples of Rerr] in the
- general formula (VII1) described above. R26 to R29 in a plurality of
~constituting units may be the SgTe wi th each other or different from each
ot her. The pol yvinyl et har® cod&ound (2) conposed of a block or random
copol ymer containing the bonst\tutlng unit represented EX t he general
formula (VIII) descri beHGbov€ and t he constituting uhl De presented by the
general formula (IX) desdr7be¥fmbove preferably has a carbon/oxygen ratio
by mol in the range of 4 0 Wen the carbonl oxygen ratio by nmol is

| ess than 4.2, the pol et her ¢ ound is excessively hygroscopic.
When t he cartfam nﬁ?sgt{ﬁnbyaﬂﬂl ?gpmmqen&neacb hydsogempatomi prt ¢
W th hydrofl car&)n refri ranti i s. sonetines decreaseg@S n the pre ent
i nvention, n-3tA5a8 Pr&d(@?y e

The EQ%S’."LW'% fﬁ*e@ﬁérp | we?%én) ahZ e, Py R RE | ',%Bf%e Sed
0 the breseriedDkGALLAN SAMn4E PHEARLGHLEN S TEiAE" 6528 cabBin atoms

correspondlng
and may be the same with each other or different from each other; R33

represents é divalent hydrocarbon group having 1 to 10 carbon atoms or a
divalent hydrocarbon group having 2 to 20 carbon atoms and an oxygen
atom of the ether linkage; R34 represents a hydrocarbon group having 1
to 20 carbon atoms; p represents a number for each repeating unit, the
average of which in the group is 0 to 10; and when a plurality of R330 is
contained, R330 may be the same with each other or different from each
other)'.a-nd _the other end group represented by the general formula (XII)
or (XIII):

R39 R41

CH v (XI)

R4 R45
I [

—C CH -+ (XIII)
I|{46 1|%47

(wherein R39, R40, and R4! represent each hydrogen atom or a

h&drocarbo'n group having 1 to 8 carbon atoms and may be the same with

24



copol yneri zati on of the correspondi ng hydrocarbon nononer having an

ol efinic double bond and the correspondi ng vi nyl ether nononer,
respectively. As the polyvinyl ether compound used in the present
invention, the follow ng conpounds are preferable. One of the preferable
conpounds has one end group represented by the general formula (X) or (X):
ferr] 23 [err] (wherein R err], Rerr], and R err] represent each
hydrogen atom or a hydrocarbon group having 1 to 8 carbon atons _and nay be
the sanme with each otheror diffdrdrftefromt edcloother; RY; R4P; R cand R4¥ reprisent
Rlerr], and R err] represent each hydrogen atomor_ a hydrocarbon _group
having 1 to 20e8 tknndg'ggmtmmmﬁeroca@mm havingch tot20c¢arbon atoms

having 1 to 10994 BT B6 dhe Sma WHp:aasiy oMaT: o dHRneny o0 PRRN Abher %0
b d fyth th | i.nk ; t
Pyt ocar bon. or SERREDHAY AIvelsRagIIPERTHOR TP HAVIDE L Gb A0 SaEbeR abns o5t
h ti it h f ichigth is Ot 0;
a'plurality of 4548 hhﬁiy?g%%"" e;gg%gz:,;wf  Bba ﬁ%%ﬁﬁ@ﬁh%wse&%aatﬁ&me”
[
e et T o PP LA B ORBS o FRLCAS Wby BRICKHESH Fob) ilVing 1

to 20 carbon atoms; q represents a number for each repeating unit, the

average of which is in the range of 0 to 10; and when a plurality of R420 is
contained, R420 may be the same with each other or different from each
| other).
Another of the preferable compounds has one end group
répresented by the general formula (XII) or (XIII) described abqve and
the other end group represented by the general formula (XIV):

R48 R50
| L

—C C-OH e (XIV)
R H

(wherein R43, R49, and R50 represent each hydrogen atom or a
hydrocarbon group having 1 to 8 carbon atoms and may be the same with
each other or different from each othef).

Among the polyvinyl ether compounds described above, the
following compounds are particularly preferable as the base oil of the
refrigerator oil of the present invention,

(1) Compounds in which one end group has the structure
represented by the general formula (X) or (XI), the other end group has -
the structure represented by the general formula (XII) or (XIII), and in

2



(wherein Rlerr], Rerr], and R err] represent each hydrogen atomor a

hydr ocarbon group having 1 to 8 carbon atons and may be the sanme with

each other or different fromeach other; Rerr], Rerr], Rerr], and R err]
represent each hydrogen atom or a hydrocarbon group -having 1 to 20 carbon
atons and may be the sane with each other or different fromeach other; R42
represents a dival ent hydrocarbon group having 1 to 10 carbon atons or a

di val.ent hydrocarbon group having 2 to 20 carbon atons and an oxygen atom
of the ether | thagpmeral formmla AATE), R, R, aaimd R4} veprésenitnall 1hydrdgen
carbon atons; g represents a nunber for each repeating unit, the average of
which is in thetomsge véepresentss rumibencf @ t9 ¥ RP4 yregirempnts (20 divalent
contai ned, R420 may be the sane with each other or different, from each

ot her). Anot hehydrocarbop, graumbiaying i bortisanben aitems; ang representa &d
by the general

group repr esenb&g;rmlrsﬁé)%’!el)%%ﬁ"(iélglr% gg%%wfgf‘ggg-}/e(smngr Eaihﬁ ORE Qﬂ] ?nd

naving 1 to 8 car boldht CRBTNRpALEE 136 AnaRHRTRE-IT CRTERoBIot Py Bt

Fol 1ow ng compBEnaEiaRgmlle, RATHY bibhe, Th Ehidy BRE S48 FGRE b the BiRffyrc™®

ref i 9erator Obbpflechbd i 168! gl toRhlh RCURCGEIL: bR Pt Bas A
structure represented by the general formula (XII), and in the general
formula (VIII), R21, R22, and R23 represent all hydrogen atoms, c
represents a number of 0 to 4, R24 represents a divalent hydroéarb(m
group having 2 to 4 carbon atoms, and R25 represents a hydrocarbon
group having 1 to 20 carbon atoms.

(8) Compounds in which one end group has the structure
represented by the general formula (X) -or (XI), the other end group has
the structure represented by the general formula (XIV), and in the
general formula (VIII), R21, R22, and R23 represent all hydrogen atoms,

c represents a number of 0 to 4, R24 represents a divalent hydrocarbon
group having 2 to 4 carbon atoms, and R25 represents a hydrocarbon
group having 1 to 20 carbon atoms. |

(4) Compounds having the constituting unit represented by the
general forrﬁula (VIII) alone, in which one end group has the structure
represented by the general formula (X), the other end group has the:
structure represented by the general formula (XIII), and in the general
formula (VIII), R21, R22, and R23 represent all hydrogen atoms, c

represents a number of 0 to 4, R24 represents a divalent hydrocarbon



represented by the general formula (X) or (Xl), the other end group has the
structure represented by the general formula (XIl) or (XIIl), and in 25
the general formula (MII11), Rerr], Rerr], and R err] represent all
hydrogen atoms, c represents a nunber of O to 4, R24 represents a dival ent
: hydrocarbon group having 2 to 4 carbon atons, and R25 represents a

: hydrocarbon group having 1 to 20 carbon atons. (2) Conpounds having the

.constituting unit represented by the eneralnéi/ la (VI1]) alone, in which
one end gr oupBFAP Bgqé0 # égﬂé‘m @g%’csed‘ %?Elejr%&?’é‘?g \aoLBFHF‘Ac Rt he
ot her end groggqhalgl t he itr%}ur represented by the general forrmula (Xl1),
and in the gefEIUR DA @Qroongigms,  Rrerr], and R23 represent all

o von'group FEIHRPRPoE siEBkn s el i’ ElhpRGHh Bty che”
e%drg(r:glrjpoﬂagéﬁﬁéﬁgﬁ‘!ﬂﬁ%%&gt%é%gggzgemgyg@%négﬁeraI Or@g}%ﬂ(%ﬂcgi}e n?),

t he other end P fsrA
(X V), and | neepesione erid Brous {Ebihrtoa TR0 ¢ht Horetal HSBAne LR), SRAHHS,

hydrogen at other ERPERGRP 'rEpedist bythelgdrterd] fiRAuIEERENtS 2 di val ent
I'ng

hydr ocar bon group hav to 4 carbon atoms, and R25 represents a
hydr ocar bon group having 1 to 20 carbon atons. (4) Conpounds having the
constituting unit repr esentlfai by Rt;;ge

I |
e (I; - (I; -0 (R560)y R57 e (XV)

R2  O®™0); R®

(wherein R51, R52, and R53 represent each hydrogen atom or a
hydrocarbon group having 1 to 8 carbon atoms and may be the same with
each other or different from each other; R54 and R56 represent each a
divalent hydrocarbon group having 2 to 10 carbon atoms and may be the
same or different; R55 and R57 represent each a hydrocarbon group
having 1 to 10 carbon atoms; d and y represent each a number for each
repeating unit, the average of which in the group is 0 to 10, and may be
the same or different; R540 may be the same or different when a plurality
of R540 are contained; and R560 may be the same or different when a
plurality of R560 are contained) can also be used. Furthermore, in the
present invention, a polyvinyl ether compound composed of a
homopolymer or a copolymer of an alkyl vinyl ether having the

constituting unit represented by the general formula (XVI) or (XVII):

0R58
|
—{ CH; CH}- e (XVI)



general formula (VI1I1) alone, in which one end group has the structure
represented by the general fornmula (X), the other end group has the
structure represented by the general formula (XIlI1), and in the general
formula (M11), Rerr], Rerr], and Rerr] represent all hydrogen atons, c
represents a nunber of 0 to 4, R24 represents a dival ent hydrocarbon 26
group having 2 to 4 carbon atons, and R25 represents a hydrocarbon group
having 1 to 20 carbon atoms. In the present invention, a polyvinyl ether
conmpound having the constituting unit represented by the general formula
(MI'11) described above, one end go@®® represented by the general fornula
(X), and the other end group repr?sented by the general formula (XV): [err]
(wherein Rerr], Rerr], and ﬁck_%ge_p_r_gsent each hydro&s‘&ﬂéom or a

hydr ocarbon group having 1 to carbon atons and may bé™ me with each
other or different fromeach ofpgr; R54 and R56 represent each a dival ent
hydr ocarbon group having 2 to 10 carbon atons and nmay be the sane or

car bon a1 éngig’&%ﬁ%a@ﬁf REY oRRRpbaE Ay ERh Bl E#Evaﬁétvi ¥ &f%?he
. v PEna X ! |

R er 10 may neotpebl i SoRES, Hellhp or 300 1) 100, Bif e (ord £

860 are. cont af TReate Y 8% FSRoRl Bplbaf CRArR b o, Pl vrel Y

R59
CH, CHOR®™ |
- CH, e (XVIID
— CH = CHORS0 ' w (XIX)

(wherein R59 represents an alkyl group having 1 to 3 carbon atoms, and
R60 represents a hydrocarbon group having 1 to 8 carbon atoms) can also
be used.

As the polyvinyl ether compound, compounds described in the
specifications of Japanese Patent Application Laid-Open No. Heisei
6(1994)-128578, Japanese Patent Application No. Heisei 5(1993)-125649
(Laid-Open No. Heisei 6(1994)-234814), Japanese Patent Application No.
Heisei 5(1993)-125650 (Laid-Open No. Heisei 6(1994)-234815), Japanese
Patent Application No. Heisei 5(1993)-303736, Japanese Patent
Application No. Heisei 6(1994)-280371, and Japanese Patent Application
No. Heisei 6(1994)-283349, in detail can also be used.

As (6) the carbonate derivative described above, for example, a

polycarbonate represented by the general formula XX):



present invention, a polyvinyl ether conpound conposed of a honopol ynmer or
a copol yner of an al kyl" vinyl ether having the constituting unit
represented by the general formula (XVI) or (XIl): [err] 27 [err]
(wherein R err] represents a hydrocarbon group having 1 to 8 carbon atons),
a nolecul ar weight of 300 to 1,200, and one end group represented by the
general forrmula (XVII1) or (XIX): R59 [err] (wherein Rlerr] represents an
al kyl. group having 1 to 3 carbon atons, and R60 represents a hydrocarbon -
group having 1 to 8 car boR*hOQG I(R®20)2CO, BE used. As Lhegegy! yvinyl et her
conpound, conpounds describedlin the sp&ci%ications of Japanese Pat ent
Application Laid-Open No. Hei i 6(1994Q-128578, Japanese Patent
Application No. Heisgié§§}993)-125649 (Lai d- Open No. Hei sei .

6( 1994) - 234814)(whiexeim and B3 renresent each mohydrocazbon @roup)haviggs30 or
(Lai d- Open No. Heisei,k 6(1994)-234815), Japanese Patent plicatiqn No,

Hei sei 5(1993) -less rarbon Atanissar pahx&moca%n &xpuphayng i te 30 carbon atoms

h dothi | can A0 BEBEERbREy By P ba the #ER B TRIERboR S SeTesEnts an
above, for exa%%lerﬁa group having 2 to 24 carbon atoms, f represents an integer of 1 to
100, and g represents an integer of 1 to 10) can be used.

In the above general formula (XX), R61 and R63 represent each a
hydrocarbdn group having 30 or less carbon atoms or a hydrocarbon
group having 2 to 30 car_bon atoms and an ether linkage. Specific
examples of the hydrocarbox_l group having 30 or less carbon atoms
include aliphatic hydrocarbon groups, such as methyl group, ethyl .
group, n-propyl group, isopropyl group, n-butyl group, isobutyl group, s-
butyl group, t-butyl group, pentyl group, isopentyl group, neopentyl
group, n-hexyl group, 1,3-dimethylbutyl group, 2,3-dimethylbutyl group,
isohexyl group, n-heptyl group, isoheptyl group, 3-methylhexyl group, n-
octyl group, 2-ethylhexyl group, isooctyl group, ﬁ-nonyl group, isononyl
group, n-decyl group, isodecyl group, n-undecyl group, isoundecyl
group, n-dodecyl group, isododecyl group, n-tridecyl group, isotridecyl
group, n-tetradecyl group, isotetradecyl group, n-pentadecyl group,
isopentadecyl group, n-hexadecyl group, isohexadecyl group, n-
heptadecyl group, isoheptadecyl group, n-oétadecyl group, isooctadecyl
group, n-nonadecyl group, isononadecyl group, n-eicosyl group,
isoeicosyl group, and 2-(4-methylpentyl) group; alicyclic hydrocarbon

groups, such as cyclohexyl group, 1-cyclohexenyl group,



pol ycarbonate represented by the general formula (XX): * [err] (wherein
Rlerr] and R err] represent each a hydrocarbon group having 30 or |ess
carbon atons or a hydrocarbon group having 2 to 30 carbon atons and an .
ether linkage and may be the sane or different, R62 represents an al kyl ene
.group having 2 to 24 carbon atons, f represents an integer of 1 to 100, and
‘g represents an integer of 1 to 10) can be used. In the above general

30 o ess tarBeEhBesADhERYL ErpuPo CumEAY TIPSR ETaR, (deanYBirplithod s
or | e9s- car borE R BhEnd, BguoGe I e uR; arbRani A Garite HbiPe S s
Psobbtyt o oufbBeiy o oLl Bitup, o5 RAP Bous LRI pidinl'2 L exqun,
0S5 ot by borePelo ter e iand DHBpRtRIT GIBLD! WA albBific liphatic
3-met hyl hexyl Kydraearbons)Euch 8§ BéRzyP gPédyy, meshylbena grdtﬂﬁoﬁipﬂergﬂ@myl

n- nonyl group, 1sononyl group, n-decyl group, isodecyl group, n-undecyl
group, i soundegsdurd (Phenethylogsip)), d-phenylethgbgesyp, 3rmethylriiphieindythyl
group, isotridecyl group, n-tetradecyl group, isotetrgdecyl group,

n-pent adecyl ggroup, p-amgthylledey) igroupystyryl geoupleand cinwamyl igrotipxadecy|
group, n- heptadecyl group, isoheptadecyl group, n-octadecyl group, :
| sooct adecyl group, As- gddc%atﬂpouugroumdmmgeﬂ:;tb 3f) capbom-atiooss pndganup,

ether linkage, for example, a glycol ether group represented by the

general formula (XXI): _
— (R64-Q);, — R65 | v (XXI)

(wherein R64 represents an alkylene group having 2 or 3 carbon atoms,
such as ethylene group, propylene group, and trimethylene group, R65
represents an aliphatic, alicyblic, or ardmatic hydrocarbon group having
28 or less carbon atoms, such as the groups described as examples of the
group represented by R61 and R63, and h represents an integer of 1 to 20)
can be used. Specific examples of the glycol ether group represented by
the general formula (XXI) include ethylene glycol monomethyl ether
group, ethylene glycol monobutyl ether group, diethylene glycol mono-n-
butyl ether group, triethylene glycol monoethyl ether group, propylene
glycol monomethyl ether group, propylene glycol monobutyl efher group,
dipropylene glycol monoethyl ether group, and tripropylene glycol mono-
n-butyl ether group. Among the groups described above, alkyl groups,
such as n-butyl group, isobutyl group, isoamyl group, cyclohexyl group,
isoheptyl group, 3-methylhexyl group, 1,3-dimethylbutyl group, hexyl



| soei cosyl group, and 2-(4-nethyl pentyl) group; alicyclic hydrocarbon
groups, such as cycl ohexyl group, 1-cyclohexenyl group, met hyl cycl ohexyl
group, dinethyl cycl ohexyl group, decahydronaphthyl group, and

tricycl odecanyl group; aromatic hydrocarbon groups, such as phenyl group,
o-tolyl group, p-tolyl group, mtolyl group, 2,4-xylyl group, nesityl
group, and 1-naphthyl group; and aromatic-aliphatic hydrocarbons, such as

beneyt stoup, e bSar LSNP oLl o ESRSodtoud PR, i
R T R T T e e
B eSC 20 B LR el ehd” B RS heAa S R Bl
0 DY 1 1 U MG B T4 ST BB e
such 25 e 5r YRRIEATAVEN MrrEKAI s 0 HORERILE A o
exanpl es of t hegiarc@oud), '&Riﬁrtﬁfﬂé‘ﬂe rg‘l{ﬁéo?%ﬁ&ﬁ@éth?lf cthér geae,2%and Qﬁﬂt‘bgyl(ei%' )

I ncl ude et hyl ene gl ycol "nononet’hyl et’her group, "ethylene glycol nbnobutyl
et her group, di bea] fivhodhdaly] 6t~ group;lark pefdrabls.oup, triethyl ene

gl ycol nonoet hyl et her group, propylene glycol nononethyl ether group,
propyl ene gl ycol nmonRE8tand Réhdescyibedpabove may be the same or different.

In the above general formula (XX), R62 represents an alkylene
group having 2 to 24 carbon atoms. Specific examples of the .alkylene
group include ethylene group, propylene group, butylene group, amylene
group, methylamylene group, ethylamylene group, hexylene group,
methylhexylene group, ethylhexylene group, octamethyléne group,
nonamethylene group, decamethylene group, dodecamethylene group,
and tetradecamethylene group. f represents an integer of 1 to 100, and g
represents an integer of 1 to 10. When a plurality of R620 are contained,
R620 may be the same with each other or different from each other.

The polycarbonate represented by the gemeral formula (XX)
preferably has a molecular weight (a weight-average molecular weight)
of 300 to 3,000, more preferably 400 to 1,500. When the molecular weight
is less than 300, the polycarbonate has a kinematic viscosity smaller than
the desirable range and is not preferable as lubricant. When the
molecular weight is more than 3,000, the polycarbonate becomes waxy,
and the application as lubricant is difficult. '

The polycarbonate can be produced in accordance with various
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di propyl ene gl ycol nonoethyl ether group, and tripropyl ene glycol nono-
n-butyl ether group. Anong the groups described above, al kyl groups, such
as n-butyl group, isobutyl group, isoanyl group, cyclohexyl group,

i soheptyl group, 3-nethylhexyl group, 1,3-dinethylbutyl group, hexyl 30
group, octyl group, and 2-ethyl hexyl group; and al kyl ene gl ycol nonoal kyl
et her groups, such as ethylene egcoI nononet hyl et her group, ethylene

gl ycal monobutyl ether group, her nmononet hyl, eth r oup,
triethyl ene ?wwesmanéﬂmg;nt@re xtp;saas#&@gng&pa%mwg lqgs& th |
group, propy ea g obu et her .grQup Ero%w g col non e y
et her group, af@™ Pﬁﬁﬁdﬁﬁf 9@3@ ¢ 1861d, ester ?’(ﬂ% 5881 and

pr ef er abl e. 8;.apnd,. SCribe na bealthe sanme or different. In

t he above gene ﬂ? n‘ﬁiﬁﬁ%& éﬁ &%Fﬁfé &n al kyl ene group having 2
Lo, 21 carbon atoms. paRepldd fiBkaphb SSuiSkatlin ek Hohoult Wibyen Sailfials, a

et hyl ene group, prop e grou group, “anyl ene “group,

met hyl anyl ene 96 tiGhaY fwéé’éﬁfmg R’QPH'M &' gaﬁca B&E’af@&ﬁ%@%@d‘? Nq9n

group, ethyl hexy e grou oct anet ene nonanet hyl ene group,

decamet hyl ene géﬁéfhl qﬁ@%mbgwmmﬂ%c&pof%@a Ré rb&sld edwbe f
represents an |nteger of 1 to 100, and g 'represents an in eger of 1 to 10.

When a pluralifjygedf R err]O are contained, R err]O may be the sanme with
each other or different fromeach other. The pol ycar bonat e represented by
the general formul aAgdke polycarbonate, the compounds described in the specification

of Japanese Patent Application Laid-Open No. Heisei 3(1991)-217495 in
detail can also be used.

As the carbonate derivative, a glycol ether carbonate represented
by the general formula (XXII):

R66-0—(R%80);~CO-(OR%9);,~0~R67 - (XXII)
(wherein R66 and R67 represent each an aliphatie, alicyclic, aromatic, or
aromatic-aliphatic hydrocarbon group having 1 to 20 carbon atoms and
may be the same with each other or different from each other, R68 and
R69 represent each ethylene group or isopropylene group and may be the
same or different, and i and j represent each a number of 1 to 100) can
also be used.

In the above general formula (XXII), specific examples _6f the
aliphatic hydrocarbon group represented by R66 and R67 include methyl
group, ethyl group, propyl group; isopropyl group, isobutyl group, s-butyl
group, t-butyl group, pentyl group, isopentyl group, neopentyl group, n-
hexyl group, ischexyl group, n-heptyl group, isoheptyl group, n-octyl
group, isooctyl group, n-nonyl group, isononyl group, n-decyl group,



preferably has a nol ecul ar wei ght (a wei ght-average nol ecul ar wei ght) of
300 to 3,000, nore preferably 400 to 1,500. Wen the nol ecul ar weight is

|l ess than 300, the polycarbonate has a kinematic viscosity smaller than the
‘desirable range and is not preferable as |ubricant.” Wien the nol ecul ar

wei ght is nore than 3,000, the polycarbonate becones waxy, and the
application as lubricant is difficult. The pol ycarbonate can be produced in

accordance with various 31 processes and is generally produgced, by using
a carboni ¢ aciigode®d: growp, a-vadecy: gmmmwm&vﬁomwcar%cal g’i%ﬂ”

For _pr oduci ng 160G} EAPBBNEr E144a e AP RAPERET L BTONE: T ieBARER: FOl
[ ansest er 1 11 CAPIEHARRGHECEIEHP- REDBRISARWI,EHouPs HhPORIANERH] BB, c1-
Pt et Aopl | CRPEACER] BRepen sapexpa: Eory S PEB AT bl ot eBEREEHL
e 1ot eney aIEnoft BRSLBAEN VBdS, 1dodtedaBEyI® ghBhpS *hORIEYIRCEFP" SR, °
O s AT B gk PR, apd gt ) Sy
aromat i c-al i phaédhiplusdsoans ARy &iChpdPsedrBen grogpachidd eyclahefyl @fvp, 1-
cyclohexenyl group, methylcyclohexyl group, dimethylcyclohexyl group,
decahydronaphthyl group, and tricyclodecanyl group. Specific examples
of the aromatic hydrocarbon gfoup include phenyl group, o-tolyl group,
p-tolyl group, m-tolyl group, 2,4-xylyl group, mesityl group, and 1-
naphthyl group. Specifi_c examples of the aromatic-aliphatic
hydrocarbon group include benzyl group, methylbenzyl group,
phenylethyl group, styryl group, and ciimamyl group. |
The glycol ether carbonate represented by the above general
formula (XXII) can be produced, for example, by transesterification of a
polyalkylene glycol monoalkyl ether in the presence of an excess amount
of a carbonic acid ester of an alcohol having a relatively low boiling point.
As the glycol ether carbonate described above, compounds
described in the specification of Japanese Patent Application Laid-Open
No. Heisei 3(1991)-149295 in detail can also be used.

As the carbonate derivative, a carbonic acid ester represented by

the general formula (XXIII):



may be the sane with each other or different fromeach other, R68 and R69
represent each ethyl ene group or isopropylene group and may be the sane or
different, and i and j represent each a nunber of 1 to 100) can al so be
used. In the above general forrmula (XXI1), specific exanples of the
‘al i phatic hydrocarbon group represented by Rlerr] and R err] include nethyl
group, ethyl group, propyl group, isopropyl group, isobutyl group, s-butyl
%rouF, t-butyl gLoupi pent yl oup, isopentyl group, neopentyl group, n-

exyl group, isohexyl gr - teyl g¥ou i Sphe 1 group I
group, isooctyl group, n- :llg%yl gra]?%u%, lﬂ'song)n I g}r]o?pf,ﬂ n- dec‘SJI (jg’r(glfﬂ 32

| sodecyl group, n-undecyl groupQisoundecyl dgo@, n-dodecyl group,
Isododecgl g{oup, n-tridecyl group, isotridecyl group, n-tetradecyl group,
| sot etradecy : peRiFRer ' I
group, i sohexa(g}e}%#?ubrkgup, n- he?)(%%lg%gi} eg?%&%?ﬂ?(ggggdé{pagégﬁﬁj lg‘r’olg?,ﬁ%ﬁy
n-octadecyl 9rgQigbng io?0R FeBHRFY lerdap Wt a "dihgdyicdaleohol Hiingi 2 @601 | caebyh
group, n-eicosyl group, and isoeicosyl group. Specific exanples of the
al-i cyclic hydrgmpmd @hd heasp benthe dante orodifferentr RGB, represymtsoanxaliyylene
group, methyl cycl ohexyl group, dinethylcycl ohexyl group, decahydronaphthyl
group, and trigwuiphisving2 to12uwarbspatomss andanyepresaritstareintegenof 6 to 30)
hydr ocar bon group include phenyl group, o-tolyl group, p-tolyl group,
mtolyl group,cdh dlsoybe/usgdoup, nesityl group, and 1- naphthyl group.
Specific exanples of the aromatic-aliphatic

In the above general formula (XXIII), R70 and R71 represent each

an alkyl group having 1 to 15 carbon atoms, preferably 2 to 9 carbon
atoms, or a residue group of a dihydric alcohol having 2 to 12 carbon
atoms, preferably 2 to 9 carbon atoms, R72 represents an alkylene group
having 2 to 12 carbon atoms, preferably 2 to 9 carbon atoms, and r
represents an integer of 0 to 30, preferably 1 to 30. A carbonic acid ester
which does not satisfy the above condition is not preferable because the
product obtained by using it is inferior in various properties, such as the
compatibility with hydrofluorocarbon refrigerants. Specific examples of
the alkyl group having 1 to 15 carbon atoms which is represented by R70
and R71 include methyl group, ethyl group, n-propyl group, n-butyl
group, n-pentyl group, n-hexyl group, n-heptyl group, n-octyl group, n-
nonyl group, n-decyl group, n-undecyl group, n-dodecyl group, n-tridecyl
group, n-tetradecyl group, n-pentadecyl group, isopropyl group, isobutyl
group, tert-butyl group, isopentyl grouﬁ, isohexyl group, isoheptyl group,
isooctyl group, isonohyl group, isodecyl group, isoundecyl group,
isododecyl group, isotridenyl group, isotetradecyl group, and

isopentadecyl group.



hydr ocar bon group include benzyl group, nethyl benzyl group, phenyl et hyl
group, styryl group, and cinnanyl group. The glycol ether carbonate
represented by the above general forrmula (XXIl1) can be produced, for
exanpl e, by transesterification of a polyal kyl ene glycol nonoal kyl ether in
the presence of an excess ampunt of a carbonic acid ester of an al cohol
having a relatively low boiling point. As the glycol ether carbonate
descri bed above, conpounds described in the specification of Japanese

Pat ent Application Specifichenrhplestsf! thei re3iddd group! 6f adihydeiet slicbhelohavingo
be used. As the carbonate derivative, a carbonic acid ester represented by

t he general foR2riol 2 ¢adbon atords includerrepiduchgrozips formed] frandettiydend glycol,
represent each an al kyl group having 1 to 15 carbon atoms or a residue

group of a di hiB-propavedisl, prepylemre tglyeol, chidsbutanediol ads2hutapedidle Zane
or different, R72 represents an al kyl ene group having 2 to 12 cgcg)gn at ons,
and r represenmethylr hid-pseranediely Jo6-pemtanediole neapentyl ¢ g ovd,6-

Yo 15 car bon aPekancdiol rekinl dameti- Crbwasedinl; 1of baptanediob Hrmsly 5
2 e e R PR TR L
preferably 2 tﬁoﬂaﬁ@&ﬂ?,nlﬁbgﬁcan%ﬁgoﬂ 1,11-undecanediol, and 1,12-dodecanediol.
Specific examples of alkylene group having 2 to 12 carbon atoms
which is represented by R72 include alkylene groups having linear
structures and branched structures, such as ethylene group,
trimethylene group, propylene group, tetramethylene group, butylene
group, 2-methyltrimethylene group, pentamethylene group, 2,2-
dimethyltrimethylene group, hexamethylene group, 2-ethyl-2-
methyltrimethylene group, heptamethylene group, 2-methyl-2-
propyltrimethylene group, 2,2-diethyltrimethylene group, octamethylene
group, nonamethylene group, decamethylene group, undecamethylene
group, and dodecamethylene group. | |
The molecular weight of the carbonic acid ester described above is
not particularly limited. Carbonic acid esters having a number-average
molecular weight of 200 to 3,000 is preferably used because of the superior
property of sealing the compressor. Carbonic acid esters having the
number-average molecular weight of 300 to 2,000 is more preferably
used.

As the carbonic acid ester described above, compounds described

in the specification of Japanese Patent Application Laid-Open No. Heisei



represents an integer of O to 30, preferably 1 to 30. A-carbonic acid ester
whi ch does not satisfy the above condition is not preferable because the
product obtained by using it is inferior in various properties, such as the
conpatibility with hydrofluorocarbon refrigerants. Specific exanples of the
al kyl group having 1 to 15 carbon atons which is represented by R70 and R71
I ncl ude nethyl group, ethyl, group n- propyl group, n-butyl group, n-pentyl
group, n-hexyl roup, n- hept roup, n-octyl -group, n- nonyl group,

n-decyl group, 4 E3893dn ?nad@ﬂ%t be ugedbup, n-tridecyl group,
n-tetradecyl group, n-pentadecyl group, isopropyl group, isobut gr oup,

Itg(r) E) ;:Pu][yl rgL oup, iégpelngylthgr mxp'gensml mlggogpmposmiqo described above,

, i ec ro ! rou < cul
ifSSOdggZP grgvﬁ sﬁi?quﬁed&\rwzl:sgo t§e¢%2§| due gr,a iy o] G ’el?ﬁ%’:rggﬁil c h]g,lCyI
%fiw IrC]’|g 2 to 12% dﬁl? i%%‘ﬁsﬁcP (?élpieg’sﬂrdﬁgmé)@glmgg Wl‘r@ﬂq} é'r?ldé’t

1, 3-
g-yﬁ& i1 p“ﬁ?@!ﬁ%ﬁ'@%{l&?i%ﬁ SReEiat bttett ool cnbpEtsbing %93“%3%‘?
2%?2%1 C)1 3- p opangééﬂqﬁ %E&aﬁgg?gﬂ'wf" lh?ilngp&ﬂ%ﬁ%p&ﬁ?ﬁghggt%% L'hl?@e , 9-
nonanedi ol , %ﬂgjg h%mb}n;ﬂmﬂqﬁg\ﬁgldwo ig c'l 12- dodecanedl ol .

Speci fic exanple yl ene group ( carbon atoms which is
represented by R72 "I'Ké yderigbkatlo?nBilgoPUhe Pavdcit ihvéion can be used for

refrigerators using various types of refrigerant, and preferably for
refrigerators using a. hydrofluorocarbon refrigerant. 'Examples of the
hydrofluorocarbon refrigerant include 1,1,1,2-tetrafluorcethane (R134a),
1,1,2,2-tetrafluoroethane (R134), 1,1,1-trifluoroethane (R143a), 1,1-
difluoroethane (R152a), pentaﬂuoroethane (R125), difluoromethane
(R32), trifluoromethane (R23), and mixtures of these compounds. When
the refrigerator oil of the present invention is applied to a refrigeration
system ﬁsing a refrigerant containing 1,1,1,2-tetrafluoroethane alone, a
mixed refrigerant containing difluoromethane, or a mixed refrigerant
containing 2-tetrafluoroethane, particularly superior effect of
suppressing the foaming phenomenon can be exhibited. Specific
examples of the mixed refrigerants include R407¢ (a mixture of R134a,
R125, and R32), R404a (a mixture of R134a, R125, and R143a), R410a (a
mixture of R32 and R125), and a mixture of R32 and R134a.

The refrigerator oil of the present invention can also be used for
refrigerators using a refrigerant other than the hydrofluorocarbon

refrigerants described above. Examples of the refrigerant other than the



structures and branched structures, such as ethylene group, trinethylene

group, propylene group, tetranethyl ene group, butylene group,

2-met hyl tri met hyl ene group, pentanethyl ene group, 2,2- dinethyltrinethylene

group, hexanet hyl ene group, 2-ethyl-2- nethyltrinethylene group,

hept anet hyl ene group, 2-nethyl-2- propyltrimethyl ene group, :

2,2-diethyltrinmethyl ene group, octanethylene group, nonanethylene group,

decanethylene oup, undecanethylene group, .and dodeca t hy e group., The
thy %S&Ewo

nol ecul ar wei g Qi’loﬂvf%"’é&?hﬁihlr@ rgpraRts anc carbon
ol coul ar vl gifBS (rstarably, chgrathyEe ersé&%ﬁéﬁe ?ﬂbvls%}bsr)por
Punber - aver age H1BP ngfaw%ﬁfogﬁée BB Bw@f v fgg@ SR et
Speci 11 oat1 on- dChS B ANRE en?dﬂ‘%?%? .‘ﬁﬁ%’éﬂ%@‘ﬁﬁe?‘?ﬁg? or 4
ﬁéﬁggﬁ%dgsgggc?&@ﬁﬁ%o‘v‘ﬁ@& 38 iopaRg e yco%@{}ﬁfﬂ e aanh Ykl P used

pol yvi nyl et hergy af GnidtlrbCot %wov oPrﬁf&baP}ﬁeéJGCFuﬁeeﬁmﬁweé' Riixture of a
conpatibility wth hydrofluorocarbon refrigerants and superior effect of

fr; Sp lr3 283 IS 23 t hehy Tl ver A HONE F@frigéhen O X HAAN o€ ofifdigeiratit Olothet CtliknPehed
hydrofluorocarbon refrigerants can be used. Two or more types of
refrigerant other than the hydrofluorocarbon refrigerants can also be
selected suitably and used in combination.

To the refrigerator oil of the present invention, various
conventional additives, such as extreme pressure agents such as
phosphoric acid esters and phosphorous acid esters, phenol
antioxidants, amine antioxidants, stabilizers such.as phenyl glycidyl
ether, cyclohexene oxide, epoxidized soy bean oil, and other epoxy
compounds, and inactivating agents for copper such as benzotriazole
and deriv_atives of benzotriazole, can suitably be added if necessary.

The present invention also prbvides a process for lubrication of a
refrigeration system in which the lubrication is achieved by using the
refrigerator oil containing the fluorinated silicone oil described above in
a compression-type refrigeration system, particularly in a compression
type refrigeration system using a hydrofluorocarbon refrigerant. In
accordance with the above process, the foaming phenomenon occurring
during boiling of the refrigerant dissolved in the refrigerator oil can be

suppressed to prevent flowing out of a large amount of the refrigerator oil



singly or as a conbination of two or nore types. The refrigerator oil of
the present invention can be used for refrigerators using various types of
refrigerant, and preferably for refrigerators using a hydrofluorocarbon
refrigerant. Exanples of the hydrofluorocarbon refrigerant include
1,1,1,2-tetrafl uoroet hane (Rl34a), 1,1,2,2-tetrafluoroethane (R134),

3, 1,1-trifluoroethane (R143a), 1,1- difluoroethane (R152a), :
pent af | uor oet hane (R125), difl uoronethane (R32), trifluoronethane (R23),
and m xtures ofintoetie eystamndmd \thenekéellerst pegforatamceiof tHe trefrigerstion
invention is applied to a refrigeration systemusing a refrigerant

cont ai ni ng 1, 1,sysfemetarmnbeunaidinimed: al one, a mixed refrigerant containing
di fl uoronet hane, or a mxed refrigerant containing 2-tetrafl uoroethane,
particul arly superi dFhefpiresentainvenpioncissdesgribed inomore gepaid voith meference the
exhi bited. Specific exanples of the mxed refrigerants_ include R407¢c (a

m xture of Rl13eKamples. aFtpwewer, thepresenti invention i awt limited hyqthe
R143a), R410a (a m'xiure of R32 and R125), and a m xture of R32 and Rl34a.
The refrigerat ®X&PP®F- t he present invention can also be used for

ot 11 gerants oduErmple 1 IpocnEonpaigte lrmplet fofint ot her than the 36

Py o1 ot 0o bon 1 ok aF ARG kB Hhyfod B By

ammoni a, - car borsgligy glfq LREMBOST RO rbfitgdidtdr bt dhd 8" RPAgBIHPshown
in Table 1 in an amounts of 75 ml each were placed. While the mixture
was stirred well (1380 rpm) with a propeller at a room temperature
under an equilibrium pressure of the refrigerant, the pressure inside of
the vessel was rapidly reduced to an atmospheric pressure. The height
of the foam formed by the reduction in the pressure was measured. The
result was evaluated in accordance with the following criterion.
Criterion for evaluation of the result

©: The height of foam was 5 cm or less.
The height of foam was more than 5 cm and 10 cm or less.

The height of foam was more than 10 cm and 20 cm or less.

X B O

The height of foam was more than 20 cm.

As the base oil, the defoaming agent, and the refrigerant, the following
materials were used. |

(1) Base oil

ester oil: a carboxylic acid ester of pentaerythritol (VG32 and VG68)
PVE oil:  polyvinyl ether oil (VG68)

PAG oil:  a modified polyalkylene glycol oil containing oxypropylene



such as al kanes and al kenes (preferably hydrocarbons having 3 or 4 carbon
atons such as propane and butane). The refrigerant can be used as a m xture
of two or nore types. For exanple, a mxture of a hydrofl uorocarbon
refrigerant and a refrigerant other than the hydrofl uorocarbon refrigerants
can be used. Two or nore types of refrigerant other than the

hydr of | uor ocarbon refrigerants can al so be sel ected suitably and used in
conbi.nation. To the refrigerator  oil of_ the present |nvent|on vari Qus
conventional additives, guetpandesxyethrlenecgroupeim e nainehaindVilitphori c
acid esters and hos horous aC|d esters, phenol antioxidants, an1ne

anti oxi dants, rbonate %%henyl gl yci dyl ether, cycl ohexene oxi de
epoxi di zed soy ﬁg@g oil, qd epoxy conpounds, and inactivating agents
for copper such grzeRn Pila, d derivatives of benzotriazole, can

suitably be ad .ne ent invention also provides a
process for S%‘CQ }o g’ﬁ’&%@?ﬁﬂm on systemin which the |ubrication
i s achi eved byggﬁ]epgleglﬂe refr kﬂ@ﬁ(?or oi | containing the fluorinated

silicone oil above i onpression-type refrigeration system

particularly in ac ﬁﬁ%k% m*gﬁafeﬁfth s&ﬁtthafﬁ]mtwﬁbtms%ﬁvs the grade

hydr of | uor ocarbon re |gerant accor nce W th the above process,

foam ng phenongpgfee Pi:dc‘ég;gé RSt Uhp e Thdastrid]l Stsda4dr i ger ant di ssol ved in

the refrigerator ol be suppressed to prevent flow ng out of a |arge
amount of the ygf MHéeRaAliAL dPent37

A:  R1!toR": methyl group, R8: fluorinated propyl group
kinematic viscosity: 500 mm?2/sec (25°C)
B: Rl to R7: methyl group, R8: fluorinated propyl group
kinematic viscosity: 1,000 mm2/sec (25°C) |
C: R to R7: methyl group, R8: fluorinated propyl group
kinematic viscosity: 10,000 mm2/sec (25°C)
D: R1 to R6: methyl group, R7 and R8: fluorinated propyl group
kinematic viscosity: 1,000 mm2/sec (25°C)
E:  R! toR5: methyl group, R6 to R8: fluorinated propyl group
kinematic viscosity: 1,000 mm2/sec (25°C)
F:  R!toR3and RS to R: methyl group, R4: fluorinated hexyl group,
| R8: fluorinated propyl group,
kinematic viscosity: 1,000 mm?/sec (25°C)
G: Rl to R7: methyl group, R8: fluorinated propyl group
kinematic viscosity: 170 mm2/sec (25°C)
The above oils are the fluorinated silicone oils represented by the

general formula (I).



into the system and the excellent perfornance of the refrigeration system
can be maintained.. The present invention is described in nore detail with
reference to exanples. However, the present invention is not limted by the
exanples. Exanple 1 to.30 and Conparative Exanples.1l to 18 Into a pressure
resi stant glass vessel having an inner dianeter of 55 nmand a height of 30
cm a refrigerator oil and a refrigerant shown in Table 1 in an anounts of
75 m. each werge placed. Wiile the mxture was stirred well (1380 rpm) with
a propel l er atHg ro&hqoﬂﬁrfél &@Hﬂ@th)ﬂﬁ!@xadw)equi l'i bri um pressure of the
refrigerant, the pressure,inside, of vessel pidly reduced to an

at nospheric pr essurg.‘nem@tlﬁé’ilwﬂéﬁ 1@2@%@@?%%&& the reduction in the
pressure was neasured. The .F(gault Wis. eval Ljat ed in accordance with the

fol l owing criterionSiisonegil (Aimethylsloxane)on of the result. [err]: The

hei ght of foam was §. . | il € ; | @RbOf foam was nore than
5 cmand 10 cm or Iggg&h%élfrv?fi‘%sm&’hgbh’eqoghlg;ﬂgp{&eéo@% gﬂ/gs nore than 10 cm and
20 cmor | ess. (s : i ght of foamwas nore than 20 cm As the base
oil, the defoa@ngegégﬁ%‘ﬁand the refrigerant, the following materials were

used. (1) Basegrgigygester 10f lj:o. fAabRiidhhe acid ester of pentaerythritol
(VG32 and VGB8) BVE oil: "pol W‘?%yﬁbet he!ri gil (VG68) PAG oi | : a nodified

pol yal kyl ene giR4eqe: oi | @omiRiure ¥ D1YR2ABafhRdrééthane, pentafluoroethane,
and difluoromethane

R22: " chlorodifluoromethane



group and oxyet hyl ene group in the main chain (V&46) pol ycarbonate oil:
(V&6) al kyl benzene oil: (VG&6) PAOoil: poly-a-olefin (VG8) mneral oil:
(V&2) The mark in the parenthesis in the above base oils shows the grade
in accordance with Japanese Industrial Standard. (2) Defoam ng agent A:
‘Rlerr] to Rlerr]: nmethyl group, Rerr]: fluorinated propyl group kinematic
viscosity: 500 mjerr]/sec (25[err]C) B: Rlerr] to Rlerr]: methyl group,
Rlerr]: fluorinated propyl group kinematic viscosity: 1,000 mierr]/sec
(25[err]C) C Rlerr] to R7: nethyl gr@aPelrflerr]: fluorinated propyl
group kinematic viscosity: 10,000 nmm2/sec (25[err]C) D Rlerr] to R6:

met hyl group, Rlerr] and Rerr]: quorlnated propyl group ki nematic
viscosity: 1, 080—wtsee—{256—FE RFet+—to—R5—mrethyt up,Rferrti—to
Rlerr]: fluorinated propyl group kirefeigerator ol scosity: O&em*r[ er Ppsud éc
(25[err] Q) F: Rlerr] taRerr] and Rlerr] to Rlerr]: rrethyl group, R4:
fluorinated hegpgmgléoup, R8:tyi,éw)ri nat ed defdamihg gpaitp, kinefratic viefosity:
1,000 nm®/sec (25[err]C) G Rerr] to R7: nethyl group, Rerr]:

fluorinated propyl group ki Rgupiyc Vi SGOSI T Ypprk Y wiEhf)' Feffig&ant 2elditdtidn

1 ester oil (VG32) B 100 R134a ©
2 ester oil (VG32) D 100 R134a ©
3 " -ester oil (VG32) E 100 R134a ©
4 ester oil (VG32) F 100 R134a ©
5 ester oil (VG68) A 100 R407c ©
6 ester oil (VG68) B 100 R407¢ ©
7 ester oil (VG68) C 100 R407¢ ©
8 ester oil (VG68) D 100 R407c )
9 ester oil (VG68) E 100 R407c ©
10 ester oil (VG68) F 100 R407c ©
1 PVE oil (VG68) B 100 R134a ©
12 PVE oil (VG68) D 100 R134a ©
13 PVE oil (VG68) E 100 R134a ©
14 PVE oil (VG68) F 100 R134a ©
15 PVE oil (VG68) c 100 R32 ©
16 PVE oil (VG68) C 100 m%%m ©

41



The above oils are the fluorinated silicone oils represented by the general

formula (1). 39 H: silicone oil (dinethylsiloxane) kinematic
viscosity: 10,000 mmierr]/sec (25[err]CQ I: silicone oi
(di net hyl sil oxane) kinematic viscosity: 100,000 mmierr]/sec (25[err](3 (3)
Refri'gerant Rl134a: 1,1, 1,2-tetrafl uoroethane R407c: a mxture of
1,1;1,2-tetraf|uoroethane pentafluoroethane and di fl uoronet hane R22:
chl or.odi f | uor onet hane 40 Table 1- 1 refrigerator oi
type result Exanple t Tahle bf2 def oanmi ng agent
of of base oil type (ppn1by wei ght) refrigerant :
~evaluation 1 ester oil (VGBZ) 100 R134a
[err] 2 bste%ge‘¥ VS32Y +60— Rit34a
[err] 3 ester oil ( VGB2) refng_‘grator oil 100 type  R131esult
[err]
Example type of defoaming agent of of
base oil type (ppm by weight) refrigerant evaluation
17 PVE oil (VG68) A 1000 R407c ©
18 PVE oil (VG68) B 100 RAOTc ©
19 PVE oil (VG68) C 10 R407¢ ©
20 PVE oil (VG68) D 100 R407¢ ©
21 PVE oil (VG68) E 100 RAOTc @
2 PVE oil (VG68)  F 100 RA407c ©
2 PAG oil (VG46) B 100 R134a ©
24 PAG oil (VG46) D 100 R134a ©
25 PAG oil (VG46) E 100 R134a ©
26 PAG oil (VG46) F 100 R134a ©
2 polycarbonate B 100 R134a ©
oil (VG46)
28 polycarbonate D 100 R134a ©
oil (VG486)
29 polycarbonate E 100 R134a ©
oil (VG46)
30 polycarbonate F 100 R134a ©
oil (VG46)




4 ester oil (VG32) F 100 "« R134a
[err] 5 ester -oil (V&8) A 100 R407c
[err] 6 ester oil (VG68) B 100 R407c
[err] 7 ester oil (VG68) C 100 R407c
[err] 8 ester oil (VG68) D 100 R407c
09 ester oil (V&8) E 100 R407c
10 . ester oil (VG68) F 100 R407c
[err] 11 PVE oil (VG68) Brable 1 -3 100 R134a
[err] 12 PVE oil (VG68) D 100 R134a
0 13 PVE oi |l (VG68) E 100 R134a
0 14 PVE—-oiH—WEE8) = 1006 Ri34a—
[err] 15 Compé#dEivei | (VG68) refrige@tor oil 100 type Reédult
[err] 16 PVE oi | _(VG&68) C : 100 R32/ R134a
[err] (3/7) 41 Exand@®! € 1 - Zygef ri ger at OfefShthing agent of LYPE of
result Exanple _ type of def oam ng agent of
of base oil type (ppm.b i ght),refr) gerant . | uation 17 .
PVE ol (Ves) A baspog  wes gty weightf reffigsrait pyalustion
PVE oi |l (VG68) B 166 R4G7€ Fer++—3+9-
PVE oi |l (VG68) C PVE oil R407c r] 20
PVE oi | (VG68) D . (Vf;?g) R407¢ err] ©
2 ester oil (VG68) H 10 R22 O
3 PVE oil (VG68) - - R407c X
4 PVE oil (VG68) 1 100 R407c X
5 ester oil (VG68) - - R407c X
6 ester oil (VG68) I 100 R407c X
7 PAG oil (VG46) 1 100 RA07c X
8 polycarbonate I 100 RA407¢ X
oil (VG56)
9 PVE oil (VG68) " H 10 Ri34a X
10 ester oil (VG32) H 10 R134a pd
11 PVE oil (VG68) G 100 R407¢ X
12 PVE oil (VG68) G 10,000 R407c X
13 alkylbenzene B 100 RA07c - X
oil (VG56)
73 PAO oil (VG68) B 100 R407¢ X
15 PVE oil (VG68) A 100 R22 A
16 PVE oil (VG68) B 100 R22 A
17 PVE oil (VG68)  C 100 R22 A
18 mineral oil I 100 R22 O




21 PVE oil (V&58) E 100 ~© R407c [err]

22 PVE oi |l (VG68) - F 100 R407c
[err] 23 PAG oi | (V&46) B 100 R134a
[err] 24 PAG oi | (V&46) D 100 R134a
[err] 25 PAG oi |- (V(46) E 100 R134a
lerr] 26 PAG oi | (V&46) F 100 Rl34a -
Terr} 27 pol ycar bonat e’ B 100 R134a
[err] oil (V46) 28 pol ycar bonat e D 100
R134a LRl 4 VGAG) f - pol ycar bonat e E
100 R1: OTRIAL AF] g4 f'-—:'f*‘a 30 pol ycar bonat e
; q ' V&E6) 42 Tab] :
Eorrpar ative 100 The .reﬁlr:;’égr@ftpr gglaptftrl{% |p%|e|se1(nt 1nv)ent10n {GATE ef?ecjtlve%y

It EX | ) f ' t . . .
of “base oy " -euppreps she RREE' chemomonon 1AL Hefag 4P reyjgerant Yhich
EIVF (()I\/|G6(8;/668)i|§| dissolVed in tlieorefriglagator %&Zand R&#d in cbonébir&t?on witlb\vgriggﬁ?t er

E x%gg I types of refﬁﬁ%l(')ant, particu%g;geﬁ'igerants %(Srﬁposed of a sifigfe pe of
hydrofluorocarbon or mixed refrigerants composed of two or more types
of hydroﬂuorocarbon. By using the refrigerator oil of the present
invention as the lubricant in a compression-type refrigeration system,

the excellent performance of the refrigeration system can be maintained.



"R407cC X 6

5 ester oil (VG68) o -
ester oil (VG68) | 100 R407c X7 PAG
oi | (V&6) - I 100 R407c
pol year bonat e I 100 R407c Hlmlﬁ"lﬂ l!u' “I“‘“(#“{S) 9
PVE 6i | (VG58) H 10 " Rl134a RS s el
ester oil (VG32) H 10 - R134a x 11 PVE
oi | (VG68) G 100 R407¢ x 12 PVE oi |
( VG58) G 10, 000 R407CLAIMS  x 13
al kyl benzene B 100 R407c x oil (VGs6) 14
PAO oi | (VG68) B 100 R407c x 15 PVE
il (V&8 A 100, .. R22 . A 16 PVE oi |
?I\/G6§3) ) B 1. A refrigepafor oil comprising a base oil gomposed of am, pxyg -
gi\/|668) | c containing f%'ggnic compouﬁg and a ﬂuo&r@%ﬁ sﬂlm‘ gT?éI] &E&@ﬁlrgala
APPLI CABI LI TY {he g ael r eQd 4 [ ntion can effectively
suppress the foarﬁ'{‘gﬁéhenggn{gﬁgg%ggr% /g%’] ﬁrﬁgﬁg%tgsr‘gfri gerant which is
dissolved in the refrigerator oil, and used in conbination with various

types of refrigerant, particularly refrigerants conposed of a single type
of hydrof | uor ogar b@nrefrigéreddr r 61l hecsrdihg CONORHRY Df whdreih bhé coxydas

containing organic compound is a polyalkylene glycol, a polyester, a
polyol ester, a polyether ketone, a polyvinyl ether, or a carbonate

derivative.

8. A refrigerator oil according to Claim 1, wherein the fluorinated
silicone oil is a compound having the structure represented by the

general formula (I):

R2 [~ R:7 ] RG

] | L,

R -8i-0+4+—8Si-0—+4+—Si-R s (D)
|3 ls |5
R R n B

(wherein Rl to R6 represent each hydrogen atom, a hydrocarbon group,
or a fluorinated hydrocarbon group, and may be the same with each
other or different from each other; R7 and R8 represent each a
hydrocarbon group or a fluorinated hydrocarbon group, at least one of R7
and R8 is a fluorinated hydrocarbon, and R7 and R8 in a plurality of
repeating units may be the same with each other or different from each

other; and n represents an integer which is selected in such a manner



of hydrofluorocarbon. By using the refrigerator oil of the present
I nvention as the lubricant in a conpression-type refrigeration system the

excel l ent performance of the refrigeration syﬂﬂlﬁlﬂﬂmsumumru ned. 44
CLAIM5S 1. A refrigerator oil conprising a baselld el liall an oxygen-
contdi ni ng organi c conpound and a fluorinated silicone 0i 1° hdvi ng a

ki nematic viscosity of 500 nmjerr]/sec or nore at 25[err]C. 2. A

refrigerator oi| according to Caim1, wherein the oxygen- containin
organi ¢ conpoutbat $he fhasynated silisoy! it hias mkmmwew,sc@mbpﬁépoe@n@ﬁeta
pol yether ketone, a polyvinyl ether, or a carbonate derivative. 3. A
refrigerator oiof %@Wﬁéﬁdgi[o Claim 1, wherein the fluorinated silicone oil
is a conpound having the structure represented by the general forrmula (I):
[err] (wherein Rerr] to Rlerr] represent each hydrogen atom a hydrocarbon

other o?rd?;féﬁé’;i&‘%%gtﬁg“ AF G arcoringrt Glmt o ceBeteld A BoRARictar
1 tori nat ed hy s agd MORGREER i e Ffradlast Bl e 15 Eha befl by Feight'
units may be the sanme with each other or different fromeach other; and n
represents an integer which is selected in such a manner

5. A refrigerator oil according to Claim 1, wherein the product of the
kinemﬁtic viscosity (mm2/secj at 25 °C of the fluorinated silicone oil and
the content (ppm by weight) of the fluorinated silicone oil in the
refrigerator oil is 50,000 to 3,000,000.

6. A refrigerator oil according to Claim 1, wherein the refrigerator oil is
used in a refrigerator which uses at least one refrigerant selected froﬁ:
the group consisting of hydroﬂudrocarbon refrigerants, ether
refrigerants having 2 to 8 carbon atoms, ammonia refrigerants;
hydrocarbon refrigerants having 1 to 8 carbon atoms, and carbon dioxide

refrigerants.

7. A refrigerator oil according to Claim 1, wherein the refrigerator oil is
used in a refrigerator which uses a hydrofluorocarbon refrigerant as the

refrigerant.

8. A refrigerator oil according to Claim 7, wherein the
hydrofluorocarbon refrigerant is at least one compound selected from

1,1,1,2-tetrafluoroethane, 1,1,2,2-tetrafluoroethane, 1,1,1-trifluoroethane,



45 that the fluorinated silicon oil has a kinematic viscosity of 500
mmerr]/sec or nore at 25[err]C). 4. Arefrigerator oifaccording to Claim
1, wherein the content of the fluorinated silji iwkal refrigerator
oil is 1to 6,000 ppmby weight. 5. A refri gelrmﬂm“mmﬂluemﬁlm' ng to Caim
1, wherein the product of the kinematic viscosdty err c) at 25
[err].C of the fluorinated silicone oil and the content (ppm by weight) of
the fduorinated silicone oil in the refrigerator oil is 50,000 to

3,000, 000. 6. Al-diflupreathans, peobdabiuaroesth@ns,m diflubvomethane, and
refrigerator oil is used in a refrigerator which uses at |east one
refrigerant setdflusgomethanke group consi sting of hydrofl uorocarbon
refrigerants, ether refrigerants having 2 to 8 carbon atons, anmonia
refrigerants, hydrocarbon refrigerants having 1 to 8 carbon atons, and
carbon dioxide _refrigerants, 7. ﬁ,refrigerator' i! acgcording to ClaimJa,
wherein the refri gér regess; for dubrication of 3 relfigerationysyskems somprising
hydr of | uorocar ban .ref.ri gerant _as the refrigerant. .8. A, refrigerator.,oil
necording o NEPEIPRHDE yBapressinn thpa: SEIIEPREIBATHERT | BE GRS SHR

| east one conp f ak, -t etrafl uoroet hane, :
1,1,2,2-tetraf ?%yg.?gb%?kgﬁéﬁ%s&ﬁ%ér@f Il?‘(%)lrnog’t hane, 46
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1, 1-di fl uor oet hane, pentafl uoroet hane, difl uoronet hane, -and
trifluoronethane. 9. A process for lubrication of a refrigeration system

conprising |ubricating a conpression-type refrlgeratlon system by using the
refrigerator oil described in daim1l. 47

ABSTRACT

A refrigerator oil, particularly a refrigerator oil for a
hydrofluorocarbon refrigerant, comprising a base oil composed of an
oxygen-containing organic compound, such as a polyalkylene glycol and
a polyester, and a fluorinated silicone oil having a kinematic viscosity of
500 mm2/sec or more at 25°C is disclosed. A process for lubrication of a
refrigeration system comprising lubricating a compression-type

refrigeration system by using the refrigerator oil is also disclosed.
By using the refrigerator oil, the foaming phenomenon during
- boiling of the refrigerant dissolved in the refrigerator oil can effectively be
suppressed. In the refrigeration system using the refrigerator oil,

effective lubrication can be achieved.



