2 9 DEC 2003 - 1 REFRI GERANT COVPRESSOR 1 BACKGROUND OF T E | NVENTI ON
Field of the invention The present invention relates to a .refri 2$§EE)?W3
cycle and refrigerant conpressor, and it 5 relates to, in parti :
refrigeration-cycle constituting material systemconprising a refrigerating
machi ne oil conposition suitable.for a flon type refrigerant containing no
chlorine and having a critical tenperature of 40C or higher, for exanple,
flon 134a, 10 and electrical insulating materials and a drying agent which
are hardly deteriorated by the refrigerating machine oil conposition.

Prior Art In recent years, QRrrRTGERASINICOMEREESdRONS 15 .
(chl orof |l uorocarbons, abbreviated as CFC) have been included in the |ist

of conpounds under regulation in wuse, all over the world because of the
probl enms of environnmental pollution, in particular, the ozone depletion
and the global warm ng. 20 All_ of_ flons included in the list of conpounds
under regul it i BACKERGERDaF df o GHEN Dt ning flons such as flon 11
flon 12, flan 113, flon 114, flon 115, etc. Flon 12 which has been
~exclusively used &$edd ofr itd& dMtVSH TP ri gerating apparatus such as 2 9

DEC 2003 -2- 1 refrigerators, dehumdifiers, etc.. éwg $g§$ been included
inthe list. Therefore, & eSS ST F AT o lon 12 is

dhor t decompBSFFRA T SaRTLE NS RE e ro puio ¢ FsRp iAo ndeege A
S relates to, in particular, a refrigeration—cycle-
‘constituting material system comprising a refrigerating
machine oil composition suitable for a flon type
refrigerant containing no chlorine and having a critical
temperature of 40°C or higher, for example, flon 1l34a,
10 and electrical insulating materials and a drying agent

which are hardly deteriorated by the refrigerating

machine oil composition.

Prior Art
In recent years, chlorine-containing flons

15 (chlorofluorocarbons, abbreviated as CFC) have been
included in the list of compounds under regulation in
use, all over the world because of the problems of
environmental pollution, in particular, the ozone
depletion and the global warming.

20 All oé flons included in the list of compounds
under regulation in.use are chlorine—-containing flons
such as £lon 11, f£lon 12, flon 113, flon 114, flon 115,

etc.;'Flon 12 which has been exclusively used as a

refrigecant in refrigerating apparatus such as



substitute refrigerant. Flon 134a (1,1, 1-tetrafluoro- ethane, CH2FCF3) is a
typi cal exanple of such a refrigerant. In detail, when the ozone depletion
10 potential (ODP) of flon 12 (dichlorodifl uoronethane C012F2)2i93 &Qo?ys
1, that of flon 134a is zero. Wien the global warm ng potential (GAP)

flon 12 is taken as-1, that of flop 134a2is 0.3 or less. Flan 134a is
nonconbustible and simlar to flon 12 in thermal 15 properties such as

t enper at urle- pegsdyer ract@ehsnidsfieTher etore, hasanlsd4derras been said
to be advantageous in that it can be put into practical use wthout
greatly changicigiddie iotrtice utestof refrigerating apparatus such as
refrigerators and dehumdifiers and refrigerant 20 conpressors in which
flon 12 has heretof ore Hemrefsee, aFfefirigazankoweabie haspiags qfe

chemi cal structure and hence very characteristic properties. Therefore,

it has a ver¥lpeorl Tampateduites.w Bndrofluogecarbng (HER)N&a¥UNG fuch as
m neral oils and 25 al kyl benzene oils which have been used in conventional
refrigeratS onosy temutisv ingy f # bbh 10zoaadahénée shorsadasompesadtlion j nt o
practical' use at all. In addition, the suitability including the inproving
effect on thee2i®dEG 2008 air Bas| gbrrobilyoRegrdnekedr @§i 8t ance to
frictional wear of the sliding portions of conpression nechanical parts,
the infl uenceuds tdlturte i vaf r iaeueati ngFARRerB4Rs { 1t he L-EREFAEACOTOT dryi ng
agents, etc-is a problem and there 5 has_been an eager desire for the
devel opment ethanmwTH2ERE®Y il & yEYRMFRbrR¥2TREE R aS¢ehpRessor and a
refrigerating apparatus. Therefore, before referring to hh .problem of the
mscibility effxiagTianfer an¥nmﬂieﬁaalrePPP5eF§Fi Hg"?g Age Fﬁé%’i l .

*Conve”t'QQP'g;?!ﬁé¥§f”?o§§?p3?3§fénafg (dichlorodifluoromethane

CCl,F3) is taken as 1, that of flon 1l34a is zero. When
the global warming potential (GWP) of flon 12 is taken
as 1, that of £lon 134a is 0.3 or less. Flon 1l34a is
noncombustible and similar to fldn 12 in thermal
15 properties such as temperature-pressure characteristics.
Therefore, flon 134a has been said to be advantageous in
that it can be put into practical use without greatly
changing the structures oflfefrigerating apparatus such
~as refrigerators and dehumidifiers and refrigerant
200 compressors in which flon 12 has heretofore been used.
Flon 134a, however, has a unique chemical
structure and hence very characteristic properties.
Therefore, it has a very poor compatibility with
refrigerating machine oils such as mineral oils and
25 alkylbenzene oils which have been used in conventional
refrigeration SYstgm uSing flon 12, and hence it caﬁﬁot
be' put, into practical use at all. In addition, the

suitability including the improving effect on the



refrigeration apparatus which use a flon type, refrigerant are first
explained wwth reference to Fig. 7 to Fig. 9. 15 20 25 Fig. 7

vertical cross-sectional view of the principal part of a converasﬂgnuﬁc 2003
closed rotary conpressor. Fig. 8 is a cross-sectional view for explaining
t he di spl acenent vol ume of the conpressor 3 section of the conpressor. Fig.
9 is a diagramshowing the structure of an ordinary refrigeration cycle.

In Fig. 7, inumgkalcdtshavand Gaee fes8Ghiide ago Arebosefatopbakner &Kk as a
oil pan. In the case 1, an electric notor section 22 and a conpressor

section 23 agpidchgnpedaieds Dfe cinfiidd<idimecRIni6aLopReesy @hea stator
19 and a rotor 20, and,a rotating shaft 4A made of cast iron is fitted in

the rotor 20.idfEuentat bAgellaitir idAl hﬁ&n@f&t@ﬁ@cﬁﬁh&férﬂ@l&loﬁhé and an
shaft hole 17 is 29 DEC 2003 - 4 . 1 fornmed in hollow formon the one side

of the eccentinflu@ncki oA Aryihg eaeaitw f etd. (He oM pebBUem) r engothiee 19a
of the stator 19 is coated wth an ester. imde film and 5 an el ectri cal

“insul ating5fithas obe@npahyeulpiredes itrer et et de b slopaert edf bet weea1lt he
core portion and the winding wire portion of the stator. The rotor 4A . has

~a surface fi mstetidy gysnemngontitd tUWINE S Womdr ddsopsand sachi ef
mechani sm 10 conponents a cylinder 2 made of an Iron-based sintered
product; a rotéfrigenaténgf appatraitugn which is fitted in the eccentric
portion 3 of the rotating shaft 4A and eccentrically rotated al ong the
i nsi de of the cylinder Therefore, before referring to the problem of
the miscibility of a refrigerant with a refrigerating
10 machine oil, conventional refrigerant compressor and
refrigeration apparatus which use a flon type-
refrigerant are first explained with reference to Fig. 7
to Fig. 9.
Fig. 7 is a vertical cross-sectional view of
15 the principal part of a conventional closed rotary
compressor. Fig. 8 is a cross—-sectional view for
explaining the displacement volume of the compressor
section of the compressor. Fié. 9 is a diagram showing
the structure of an ordinary refrigefation cycle.
20 In Fig. 7, numeral l'shows a case used both.as
a closed container and as a oil pan. In the case 1, an
electric motor section 22 and a compressor sectioh-23
are accommodated.
The electric motor 22 is composed of a stator
25 19 and a.rotor 20, and a rotating shaft 4A made of cast
iron is fitted in the rotor 20. The rdtating.shaft'4A

has anﬂecceﬁtric portion 3qénd an shaft hole 17 is



2; a high-speed steel vane which is reciprocated in the 15 groove 8 of the
cylinder 2 while one side of the vane is in contact with the roblirniﬁ)aﬁﬁa
the other side is pushed by a spring 9; and a nain bearing 5 an

bearing 6 which are nade of cast iron or an iron-based sintered product,
are provided on both ends of the 20 cyld mder, and serve both as bearings
for the rotary shaft 4A and as the side wall of the cylinder 2. The

sub-bearing f,hasaa;di sGhardEe Ay o Thhe AWk as (i€ CHAT gee CoveenRbics
attached thereto so as to forma silencer 28. The main bearing 5, the

cylinder 2 25,apd khhg sub-bearing 6 are fastened with a bolt 21. A punp
chanmber 12 i conposed of a space and parts surrounding the space, i.e.,

the back of the vane 219 eDRe0Q3 fe df lthe thiendiwpves Be qbortiheonxyli?ader 2,
the main bearing 5 and the sub-bearing 6. The main bearing 5 has a suction

pi ece 14 whiehgan stude @ AP henetdéd/ peith i kysbenzimide ypelms and
refrigerating machine oil 13A in which a refrigerant flon gas stored in the

bot t om of st hgncaseck fiag beaisu Lt s50d VDL i of ca tpel petipytéaeber 12, The
sub-bearing 6 has a-discharge port 16 which can di scharge the

refrlgeratlnﬁe%&@hkwaradeZE%AiﬁbéﬁtéﬂIbéU@@edStMeonmthepgotpgnpanﬂanber
12. The oil tube 15 is designed to be able to supply the refrigerating
machine oi | &8A warndiemghaite poteid? of the svakerng Thaf FORATamd then to
predeter- mned sliding portions fromthe shaft hole 17 through a branch
openi ng 18. #h&sThe sactfaumre of it bshedthby ygcbmpirgsor thus conposed is
expl ai ned below with reference to Figs. 7 and 8. \When the conpressor is
operated to rotate the Theotenpres$af t23Mamds of teaghief oReCBaRbFPer 7
made of tenpered cast iron is rotated with the rotatjon of
components a cylinder 2 made of an Lron—based sintered
product; a roller 7 made of cast iron which is fitted in
the eccentric portion 3 of the rotating shaft 4A and
eccentrically rotated along the inside of the cylinder
2; a high-speed steel vane which is reciprocated in the
15 groove 8 of the cylinder 2 while one side of the vane is
in contact with the roller 7 and the other side is
pushed by a spring 9; and a main bearlng 5 and a sub-
bearing 6 which are made of cast iron or an lron—based
sintered product, are provided on both ends of the
20 cylinder, and serve both as bearings for the rotary
shaft 4A and as the side wall of the cylinder 2,
The sub-bearing 6 has a discharge valve 27,
and a discharge cover 25 is attached thereto so as to
form a silencer 28. The main bearing 5, the cylinder 2
25 and the sub-bearing 6 are fastened with a bolt 21.

A pump chamber 12 is composed of a space and

parts surrounding the spac;, i.e., the back of the vane



20 rotating shaft 4A, and the high-speed steel vane 10 is reciprocated in
the groove 8 of the cylinder 2 nmade of cast iron or a iron- baseiiiqﬂ?rzﬁﬁa
product while the vane 10 is pushed by the spring 9 and its end

contact with the roller 7. Thus, the vane 10 conpresses 25 a refrigerant
(flon 12) which has flown in through a -ré&f ki gerant suction opening (not
shown), and the refrigerant is discharged outside the conpressor froma

di scharge pi pe 2% hérguebve Bebifi gereanty ldirsisharpe 2 HLRMMBarifAg 5
opening 24. The winding wire portion 19a and the electrical insulating
film(not shaw) ®Hietdebsbakeing care i mersed in the refrigerating machine
oil containing flan dissolved therein, or they are exposed to circum
stances of spraying w thhei ghiaf belae ingf 51 pasant sudtidm gieceaké of a
conmbi nation of a conventional refrigerating machine oil consisting of a

m neral oil afhiadh atdy| beskenenaptithleme EypeFloan allkyilberargiet €yype ni sci bl e
with the refrigerating machine oil in all use IO ranges, so that it has
been not nBcesshrygatatlhgt racaiae alddutl 3Bhe nvarhios grobf einge canter ni ng
the mscibility of floe 134a with a refrigerating nmachine oil which are
her ei naft er ditismi idesl stodetaiih, thambloftomhe e atasm'L has dean | avers
between the refrigerating machine oil and the refrigerant in a conpressor,
and the resi dideeoloédt hentef thgepampnghambieizng 20i | The sutledheaxihanger .
Eowever, in the case of fluarohydrocarbon type refrigerants containing no
chl ori ne whi drasha edimclyaegecharcilér whiticks catodiochanags tHein 134a, the

mscibility. 20 of the refrigerant with a refrigerating nachine ail is the
nost serious yEfohigerahinganarbénge@ddsd 3Bhdoe ans qid Ytz afrom the-
refrigerating machine oil which can easil di ssolve the refrigerant.’ In

general , t%r punp wshambenelper f Bhgaedd tube 15 is designed to be able
to supply the refrigerating machine oil 13A to the shaft

hole 17 of the rotating shaft 4A and then to predeter-
mined sliding portions from the shaft hole 17 through a
branch opening 18.

15 The action of the rotary compressor thus
composed is explained below with reference to Figs. 7
and 8. When the compressor is operated to rotate the
rbtating shaft 4A made of cast.ironf a roller 7 made of
tempered cast iron i1s rotated with the rotation of

20 rotating shaft 4A, and the high-speed steel vane 10 is
reciprocated in the groove 8 of the cylinder 2 made of
cast iron or a iron-based sintered product while the
vane 10 is pushed by the spring 9 and its end is in
contact with the roller 7. Thus, the vane 10 compresses

25 a refrigerant (flon 12) which has flown in through a
refrigerant-éuction'oéening (not showﬁ); and the
refrigerant is discharged outside the compressqrrfrom a

discharge pipe 29 through a refrigerant discharge



25 characteristics of a conpressor, nanely, the coefficient of perfornmance
(COP) which indicates the energy efficiency, it has been necessary_.to
mnimze the 2 9 DEC 2003 1 mechanical |oss of the conpressor adﬁﬂnﬂECnﬂﬂB
its volunetric efficiency. The nechanical |oss of a refrigerant

conpressor mainly includes the friction loss at the 5 journal bearing and
thrust bearing in the nmechanical part and the power for agitating oil.

In" general, it has been said that the best nmeans is. to mnimze the

val ue of the coefficient of friction (U)®de&fined by the follow ng equation
on the basis of- the hydrodynam c_10 | ubrication theary of, a journal
bearing: 1P op2n2fl Q9N FTHE®)w k@i BE nw T RePEIF O 194 &n q#%ssure on
surface, - n viscosity., D : dianmeter_of shaft 15 C di anetral_cl earance.
This fact i rdechtrdsahatnswlatted  fysRahfiote SREHEYs G &S‘ére?t“é‘-or% er

hydr odynam ¢ |ubrication conditions, not only the structural factors
regarding @irgeAsm@rsehdiahapest86FL9RPEBELRT FRATHMS Cddo SV B 490

refrigerating machine oil containing flon disolved_ th %Fn which is a

factor infl ddocedifpdptedt FBAC e+ FeufEt SA8Ys ATRAFETLSA%DSE A1 ¥ Bnship to

the mechanical |oss of the conpressure. On the other. hand,JéN keepi ng the

vol umetric s:BneEls @erRPcayyhesy st MEstnglesbis FEHAISETT Récdhani cal 29

DEC 2003 -8- | chanber_for co ress%ng gprgtri er.ant gasbokggg eak%gg of
eSs

the refrigerant gas frigm&# F3H P @OLnRLk RS OfnE CRRVSFELSIRLE si de

should be p%%%%Tg§¥£?'§§I£ZEQ9ne oil consisting of a mineral oil or

an alkylbenzeﬁe and flon 12, flon 12 is completely
‘miscible with the refrigerating machine oil in all use

10 ranges, so that it has been not necessary at all to care
about the various problems concerning the miscibility of
flon 134a with a refrigerating machine oil which are
hereinafter described in detail, namely, the separation’
into two layers-between the refrigerating machine oil

15 ané the ref?igerant:;n'a compressor, and the rasidence
ef the refrigerating machine oil in a neat exchanger.
Zowever, in the case of fluorohydroca:bon type
refrigerants containing no chlorine which have unique'
characteristics, for example, flon 134a, the miscibility

20 5f the refrigerant with a refrigerating machine oil is
the most serious problem in practice because tnere is no
practical refrigerating machine oil which can easily
dissolve the refrigerant.’

In gengrél, Eé: improving the perfbrﬁance

25 characteristics of a cdmpréésor, namely, thercoefficient

of performance (COP) wﬁich indicates the energy

efficiency, it has been necessary to minimize the



out sealing between parts which works to conpress the 5 refrigerant gas. It
shoul d be noted that also in this case, the actual viscosity

refrigerating machine oil containing the refrigerant dissolve tgﬁglfgl Rnﬂaas
an inportant function. As described above, in a refrigerant 10 conpressor
heretof ore used by the use of flon 12 and d Tefrigerating apparatus using
the refrigerant conpressor, it is inportant for the inprovenment of
per f or mance’ chHB®@RaBirati dossf ofhdhpmanese?sed pl imaxzimibe atsual
viscosity of a refrigerating machine 15 oil containing the refrigerant

di ssol ved ther%?%HmﬁgfaCrQﬁ%dQﬂ&QQKJon poi nt under usual operation
conditions. A refrigerating apparatus such as a refrigerator or a

dehunmi difier is operatedTRenBg§Ra calad@ st 2 inrErigepatenperature
circunstance nuch nore 20 severe than usual operation conditions. In this
case, the | ubf9RREEIROF nTRRBLYppACHIEE ythe | fRICH ab-keE S st Bbendary
Iubricatio% region in which a lubricating oil ,  layer. is thined, so that the
metal surfadces] V%3t dPRYT LpEr BAGNSTSSE Reating @k Yromashamieatont act

~with each 27 other. QEnseguentlé, t he cqefficient, of friction is increased
at once., resd#tin@th hB&t PEYAREr SPFoRIL A Rid - sdgt igrperal, it

sei zi ng- and- adhesi.on. phen 0 curs between the bearing and a rotating
shaft and 2 Qqﬁi% @aéangp‘agtg iembgls‘g:s MRS &S R MARE 2% FREri ger ant
conpressor. Therefore. some consi.deration i.s .needed for eventing a fatal
pr obl em f r om oot g e%ﬁ ﬁﬂag lcﬁ&'&:‘fdé’%y 'i' iO%t i (i NSORY Fhea

ti I f Ll ; : i 1 .. chlori in fl 12
et of fecti vadrigy HE Ay ERTBA RS Higie O, Pin it o diAR A  ar i ng or
sei zi ng- and: adhes) o, PISAOPRESPy b2kaS BLIREIPERYGIRG Pearing and &

rotating shaft, t

W = 2m2(D/C)nN/P | (9)

wherein N : revolution rate,
P : pressure onlsutface,
n : visbosity,
D : diameter of shaft,

15 C : diametral clearance.

This fact indicates that in a refrigerant
compressor operated uhder.hydrodynamic lubrication
conditions, not only the structural factors regarding
dimensions and shapes but also the actual viscosity of a

20 refrigerating machine oil containing flon disolved
therein which is a factor influenced by operation
circumstances, have a close relationship to the .
mechanicél lbss of the compréssure.' |

On the other hand, for keeping the volumetric

25 efficiency highest, it is neceésary that in a mechanical



refrigerant flon 12 dissolved in a refrigerating machine. 10 oil as
bearing-lubricating oil is deconposed by frictional heat generated bé t he

scoring or the phenonenon, and chlorine, i.e., the deconpositi oﬂg 303
reacts with iron on the surface of the beagirg to formiron chloride which
acts as a lubricant. 15 As described above, in the case of a refrigerating
apparat us ugi Ngs fnhb gNERBLESSin® S48ITe a tDdEr IP Ayt Coaps esser Lebbage
exanple, a refrigerator, a réfrigerant conpressor and a refrigerating
apparatus  whi gh @%!éi sh¥ 3@ rQRer ahlsoF AN tiHd arisgiat paes swbe eside0 to

t enper ature of 30 escri béd bel ow are satisfactory in the coefficient of
per f or mance ingﬁgaiﬁgg eRakuUyre &fildiaCistidiil sk tdwevehtadi by ty2a0fyangr oduct ,
and nost products ha 8 been used in such ranges. The di scharge pressure
of the conpresses: sab2ihglBekeeenlaas tsoidhizh trories atareonpbess thec,
refrigerating machine oil: an al kyl benzene oil or a mineral oil having a
viscosity af Adfrigefankbgast. add shauded dss tnoteed 1004k oil$o cSe, thihs
actual viscosity of which becones 1 to 4 ¢St. 2 9 DEC 2003 1 - 10 On the
ot her hand, incidée,cera attaaletiisgesitat iafly appeiaigeratitg Ba¢BhAgressure
vessel type reciprocating conpressor (the explanation of the structure and
operation is ofiltedhtalatingxaie eefxigeraint ghissakved Hehal ¢y eha8eAntused
a refrigerant conpressor and a refrigerating apparatus which satisfy the
fol | owi ng operpipontanadfunetdioat. an anbi ent " tenperature of 30C; the
suction pressure of the conpressor: about 1.6 kg/cnR abs, oil tenperature:
85C, 10 refrigerati ng nmasbi descrfibed abs®eal igi 12 RAGHFESFARS scosity at 40C
of 8 to 15 ¢St and a viscosity at 100C of 1.8 to 4.2 cSt, the_ actual
'viscosity &f wombressor heretofore used by the use of f£flon 12 and a

refrigerating apparatus using the refrigerant
compressor, it is important for the improvement of
performance characteristics of the compressor to

optimize the actual viscosity of a refrigerating machine

=
u

oil containing the refrigerant dissolved therein, at a
rated operation point under usual operation conditioens.
A refrigerating apparatus such as a

refrigerator or a dehumidifier is operated, though in
rare cases, in a high-temperature circumstance mﬁch more
20 severe than usual cpération conditions. In this case,
the lubrication in the apparatus gets into a so-called
boundary lubrication region in which a lubricating oil
layer is thined, so that the metal surfaces of sliding
portions of a beacing.ate brought into contacﬁ with each
25 other. Consequently, the coefficient of friction is
increased at once, resulting in heat gene:atioﬁ.
Thetefbre, scoring of:seigihgfandéddhesion_ghenbmendn

occurs between the bearing and a2 rotating shaft and



becones 2 to 6 cSt. Next, a.fundanmental refrigeration cycle 15 provided
with a refrigerant conpressor which thus sucks, conpresses and tzlgrDEFozmla
di scharge a flon type refrigerant, 1is explained below w th referehce

Fig. 9. As shown in Fig. 9, a conpressor 40 conpresses a |owtenperature,

| ow- pressure refrigerant gas, 20 discharges the resulting high-tenperature,
hi gh-pressure refrigerant gas and.send.the sane t% a condenser 41. The
refrigerant! gatetammioratehetbengehie l&itlé’eé’gn@sr -3 Enper at ur e,

hi gh-pressure refrigerant fluid while releasing jts heat to the . air nd
then it is SerfOMRF &FEP5- ex%‘éﬁg?gﬁrf%cﬁgﬁ‘iesr‘f'\o(‘é:’g“él.erﬁlé:ifbaﬁ?sinoene‘%/%} ero:gr a

i ghe t emper ot MEEVaT GIRGrackaraL PEPPIGS e PGCH ANEIF o e

o br easur o RSV BIPRYSR bLOBgRBAM] CBR cot iy SR e
Cvapor at a0 ShineE HRH B hOCRBREPT B LR Ui Poindiaioe e Rt e 19"
9" Suckea i dd mEvorHEReer v aD! Rortfrts A o BT ARA TP cd
As there frig%#ﬁ%%tﬁflgﬁeézsgg§i?§rSEOE%&%iﬂngﬁﬂﬁé eI endihon

enpl oynent of 2 TS under regul ations, as descri bed above. .The

empl oyment of f1,on, 1348:4No0Lacenoh blaR kg HAMOLY e EBIMIR @I hecause

conventional nmineral” oil type or alkylbenzéne type refrigerating nmachine

oil's for f'an%@{ VELY POGh 1B anksehkied iy W il fdicedeting Thaseinre,
refrigerating 15 machine oils having a good mscibility with flon 134a-

have been v gyously wieyel pgetiuBhicu@ingueinefis geicdinpegedrashi ne oil's have
been proposed. As typical exanples of '
frictional heat generated by the scoring or the
phenomenon, and chlorine, i.e., the decomposition
product, reacts with iron on the surface of the bearing
to form iron chloride which acts as a lubricant.
15 As described above, in the case of a
refrigerating apparatus using a high-pressure vessel
type rotary compressor, for example, a refrigerator, a
refrigerant compreésor and a refrigerating apparatus
which satisfy the operation conditions dt an ambient
20 temperature of 30°C described below are satisfactory in
the coefficient of_performance indicating energy
efficiency and the reliability of a product, and most
products have been used in such ranges. The discharge
pressure of the compressor: about 10 kg/cmZabs, oil
25 temperature: about 100°C, refrigerating machine oil: an
alkylbenzene oil or é mineral oil hafing a viscosity at.
40°C of 56 cSt and a viscbsity at L00°C of 6 cSt, the

actual viscosity of which beccmes 1 to 4 cSt.




such refrigerating machine oils, there are known the conpounds having et her
| i nkages exenplified bel ow 20 For - exanpl e, Japanese Patent Appl |22§ m_‘rc 2003
Kokai No. 1-259093 discloses "a refrigerating machine oil for f
conpressor" which conprises as base 0|I0f1U propylene gl ycol nonoet her

represented by the general fornula: R - 0--l--n HCH3 2 9
DEC 2003 12 1 wherein R js an Ky oup h 1 to car bon, atons, and,
nis an |%teger of 4 t91 heJaﬁgﬁés %@ﬁ%ﬁf‘ﬁﬁﬁb% KK T NS T- 259004

di scl d h d db h f d of
plrggyIOZﬁZ 5 'fﬁt&%% SO Egg?*gs@ﬁ S SR e ea S e R - o -1
CH2 - - of R R2. kyl
havi ng’ 1t()%?C%Eﬁ?ﬁﬁtéP%ngomgﬁgs% eacm?%lﬁﬁﬂﬁgh%Eﬁéf‘gé ﬁ%?gcuﬁgfqp

ht: 300 to 600 d.J Pat.ent | t K 1- 259095
\élvlelsgl oses a %?g%‘bcé‘f%’é? a%?%eagsgggﬁﬁgaf%n e Id(étfjlalﬁgjo’:po ;9%@1%'0 dr opyl ene
3% opF . e Fra fy o8Pl WREHERCHSER WA RRIRIAL O T

havi , h
o berng 6 ETW SS°§ th9cr ar e ipe it iR AR S, B Ge P55k e ™
difference OJhé SE18 |5¥%?Q§lghy<&%|n tfj.ro(?x %n‘é%nté a% gnneral oils
T %gve ﬁyh e

and al kyl benzen een reporte i nt roduction

of ether "aéri%&%ge e $PC3PBEEC RS, sh*&%l%ff'p@e@é oy d‘é G 134ais

enhanced to i e mscibifity with fl
compressor: about 1.6 kg/cm2 abs, oil temperature: 85°C,

10 refrigerating machine oil: a mineral oil having a
viscosity at 40°C of 8 to 15 ¢St and a viscosity at
100°C of 1.8 to 4.2 cSt, the actual viscosity of which
becomes 2 to & cSt.

Next, a fundamental refrigeration cycle

15 provided with a refriéerant compressor which thus sucks,
compresses and then discharge a flon type refrigerant,
is explained below with reference to Fig. 9.

| As shown in Fig..9, a compressor 40 compressés
a low-temperature, low-pressure refrigerant gas, |

20 gischarges the resulting high-temperature, high~pressure
refrigerant gas and sena the same to a condenser 41.

The refrigerant gas sent to the condenser 41 becomes a
high-temperature, high-pressure refrigerant fluid while
releasing its heat to the air, and then it is sent to an

25 expansion mechanism (e.g. an expansion valve or a

caplllary tube) 42 while be1ng freed from water by a

dryer 45. The high-temperature, high-pressure

refrigerant fluid which passes the expansion mechanism



20 134a greatly, refrigerant |ubrication due to the phenonenon of
separation into tw | ayers (a phenonenon -2 9 DEC 2003 13 - 1 that hﬂgg
refrigerant and the refrigerating machine oil are insoluble in gbﬁ 203
and separate; hereinafter - referred\tq_gﬁfqu as "two-|ayer separation”) in
- the sliding portions of a conpressor c be prevented, the 5 return of the
oil to thﬁ conpressor which is induce%dﬁL resi dence henonenon.duetto t he
adhesi on of ReROBEF 1@¥ LRBPPRAEN IRl LT PL 978" % NGEHO & HRI o

suppressed, and there n be sqlved th robl ens _concerni ng, t he
reliability %ﬂu%%le%nﬁ%gg%raa di& F&F‘reti 8:& & r?d’aﬂ?‘af'pe"&aﬁa 5, Tof

l e, i zi pg, and ' i.n the. slidi L f ' :

Such corpourkRt T es: €3t aPRPAGCS *Far g i VA B 41 dRages (G a0

h : di sad | 1 ' t
absor pt | on FHESTSCR GHE L RepbPERATS e iRl & Tt R Tow

: I ‘ istivity. {3 I ] ' idH 5t : th
Coral aci vtete hgt-Foie AR R, YRR B I8 S e
been not suitabl e-for %§%559§E89t4%oqgr%ﬁEWéﬂ§¥H%d“¥Hé!Eﬂﬁﬁéﬂ§bﬁpparatus

in which af® H%%ic o IS used as an electric notor. That 1Is,

al Lhough. thg, corpoundsebave ene! ABGOUCLydTieaididdddastd i the refri gerant,

they are dis advant ageou$ in t th attack the insulating naterials

of the motor to deterigrat ewef?!iﬁefrah%e}l £10n"3Y! Maish G GRAUAG AL i stids. In
all of the above conpounds, the end group having an ether linkage is 2 9

DEC 2003 - 14,1 capped MbibeBYJr egen emd@ vifad thysl Gaem fiur tiheryader eases

10 regulations, as described above. The employment of flon
134a in place of flon 12 involves many problems because
conventional mineral oil type or alkylbenzene type
refrigerating machine oils for flon 12 are very poor in
miscibility with flon 134a. Therefore, refrigerating

15 nmachine o0ils having a good miscibility with flon 134a
have been vigorously developed and various refrigerating
machine oils have been proposed. As typical examples of
such refrigerating machine oils, there are known the
compounds having éther linkages exemplified below;

20 For- example, Japanese Patent Application Kokai
No. 1-259093 discloses "a refrigerating machine oil for
a flon compressor" which comprises as base oil a
propylene glycol monoether representéd by the general

formula:

R -0 —CHy -CH - O—r_H

CHy



t he hygroscopicity. Therefore, it has been proposed to replace %Fe
hydrogen by an ester.group to obtain a refrigerating machine oild9 DEC 2003
represented by the following" 5 fornula (see Japanese Patent Application
Kokai No. 2-132178): R- 0 --(-- RL- 0 -~-n CL_ ORR | wherein Ris a
hydrocarbon group, R is an al kylene R2 12s—an al kyl group, and n is an

i nteger which is such that the viscosity of this conpound becones 10 to
300 10 (At “¥ReE:inHBWESermn tElkylmgowe mavingi Li £y Bi €ArPAR akemsirger ant
of this conpound is al so brought about by a |arge nunber of ether |inkages
in the nol ecahé, nl ikeant Hattegfen nf gbove kdnpdapdsesanBahefbe this conmpound
15 invol ves the sane problens as in the case_of the above, conpounds. Thus,
the conpoundappiitagierhdokdinkimesl 127094 03558bPHeha cR1BERGESEYRE t he
above problem (1), and the conpounds thensel ves are _hydrolyzed by the
water to 20 bempoendnsbdidimed iy leharifyine Qneeendr8EzBEOPYLREREs t he
capillary of a refrigeration cycle, and disturbs the ressure balance. The
vol une re8isglycey whitdhe icomeRARFetedWastieseenBEal afOFRELArobl em (2),
so that the electrical insulating properties are 25 deteriorated. \Wen the
total acid value is increased as '2 9 DEC 2003 1 5 10 15 20 15 descri bed

as the problem (3), the co un re dr yze to becone unstabl e.
eR]_ -m:&) %I—?z 2
n

CHj

wherein each of R; an Rz is an alkyl group having 1 to 8
carbon atoms, and n is an integer (average molecular
weight: 300 to 600); and Japanese Patent Application
Kokali No. 1-259095 discloses a moncether type compound
10 which is a copolymer of propylene glycol and ethylene

glycol and is represented by the general formula:

R-0— CHy-CHy -0 CH;-CH-0 4 H

CH3

wherein R is an alkyl group having 1 to 14 carbon atoms,
and m and n are integers, the ratio m: n being 6: 4 to
l : 9 (average molecular weight: 300 to 2,000}).

15 The difference of these polyalkylene glycols
from conventional mineral oils and alkylbenzene oils
have been reported as follows. By the introduction of
ether linkages into the-molecule, the affinity for flon
134a is enhanced to improve the miscibility with flon

20 134a greatly, refrigerant lubrication due to the

phenomenon of separation into two layers (a phenomenon



As described above, flon 134a which is used as a substitute refrigerant
for conventional refrigerant flon 12 involves the follow ng fat.gl %k%ﬁlenl
Because. of its unique nolecular structure, flon 134a has a | owd Sitilni2003
for mneral oil type and al kyl benzene oil type refrigerating machine oils
whi ch have heretofore been used, and hends i-t |lacks mscibility with the
refrigerating machine oils which is essential in a refrigerant conpressor

and a refri ger@{dﬂ%ﬁ@p@éﬁ{-ygeré\hteﬁﬁﬁs thay ¢ elfedyenade ng nagitioe ahk

mscibility, but have been aCconpanied with, for exanple, the
deterioration et{ﬁgg&@ﬁiéiQﬁleh&&ub&hbmgam@waayadang:tHﬁ;&%ﬁQﬁtQ#oblenl
and the unstability problens, such as the hydrolysis and the deconposition
of the compound iy 284 2€bdmeEalh psobitem-ls yeas cepzah t s 'ow ith e e
detail. SUMVARY OF THE INVENTION (1) . A refrigerating machine oil having a
bad ni sci bi | idyi SaRgobobeipE biit @ poapressiorus@n P& PTaeN R anfhe
conpressor and a refrigerating apparatus fromthe viewojnt, of perfornmance

characteri s6i csetanén &£l thbi billy toashde ompres sy Rigs i5 ef P¥ihen
‘the solubility of a refrigerating machine oil in a refrijgerant jf | ow, oil
di schar ged fr ofe$idenpe ephencinensepdus d@ ithen aghasion PeEbHRL 48 1
exchanger and the oil conponent adheres to the wall surface to repain, so

that the anounthefiohérwiadh ofeBuhedt EXHENGSFHIETs e | URRLT3R%Y.
Consequently, the oil surface in the conpressar is |owered and_a so 5

called oi |l dryamy- tpephensmehen sedves S £y §hnCHE TH 1% Sie

reliability of the compressor and a refrigerating

10 apparatus,rfor‘example, seizing and scoring in the
sliding portions of the compressor.

Such compounds thus containing a large number
of ether linkages (C-0-C), however, are disadvantageoué
in that,

15 (1) they have a saturation water absorption
rate is high (they tend to absorb water).

(2) they have a low volume resistivity.

(3) they have a low oxidation stability,.so
that the total acid value-is apt to be increased.

20 fTherefore, the compounds have been not suitable for
refrigerant compressors and refrigerating apparatus in
which a hermetic motor is used as an electric motor.
That is, although the compounds have an improved
miscibility with the refrigerant, they are dis-

25 advantageous in that they attack the insulating
materials of the motqr to deteriorate the electrical
insulating characteristiés. In all of the abo?e-'

compounds, the end group having an ether linkage is-



25 oiling level is |lowered. Wien a conpressor is exposed to a | ow
tenperature circunstance in a refrigerating apparatus encl osi ng'?al@FPe 03
anount of a refrigerant, the following trouble is caused. In a so-ca eZP
lying-idle state in which liquid refrigerant-is present preferentially in
t he bottom of the conpressor, |owviscesi#dy-iquid refrigerant which is
present in the bottomas a result of two-layer separation is supplied to

the sliding sudpaee it Hydfdgery, shed t theohylabgehe fagtheandacfeases
lubricating oil"filmbecones difficult, resulting in damage to the

conpressor. et g gidioditiky As twetfdfotelr igenaki beenaprapaisesl o
refrigerating machi'ne oil" which has separated adheres to the inner wall of
an evapor at O ephaWeNGHe IHMd rfy U@, et 0et ogboapheat obradhaei ng | ayer,
and therefore it inhibits the heat-transfering capability seriously.

Mor eover, whes firhige rafinigeiadting: nachi nepoesentedabyf ahe cbdkes iag
expansi on nechanism (a capillary tube) or a piping, the anmount of the
refrigeragt ebrmullat €dees Jppzatdse ddxteasebippt esakibngKokaiaNbower ed
cooling power. As to the conpressor, the. pressure of sucked gas is | owered
and the pres3udg2af7s) :9 DEC 2003 - 17 1 discharged gas is increased.
Therefore, the heat deterioration of the refrigerating machine oil and
damage to bearings are caused, so that the-long-termreliability of the
refrigerant conpressor and gheg - refdd gps attingrapparatus is greatly
deteriorated. Accordingly, a first object™ofy the present inventionis to
sol ve such conventional problens and provije a refrigerating apparatus and
a refrigerant conpressor which are provide® with a refrigerating

wherein R is a hydrocarbon group, Rl is an alkylene RZ2
is an alkyl group, and n is an integer which is such
that the viscosity cf‘this compound becomes 10 to 300
10 (at 40°C).
However, the improved miscibility with thg
refrigerant of this compound is also brought about by a
large number of ether liﬁkages in the molecule, like
that of the above compounds, and hence this compound
15 Jinvolves the same problems és in the case of the abowve
compounds. |
Thus, the.compounds having ether linkages tend
to'absorb water because of the above problem (1), and
the compounds themselves are hydrolyzed by the water to
20 become unstable. Furthérmore, the water freezes, chokes
the capillary cﬁ_arreﬁrigeration cycle, and disturb;lthe
pressure balaﬁce; The volume resistivity of the
compouﬁHs is low as deécrib;d'as the ?roblem tZ), so
that Ehe electrical insulating properties are

25 deteriorated. When the total acid value is increased as



10 machine oil which is highly mscible with and hence suitable for floe
type refrigerants containing no chlorine a typical exanple of Wm?? DEC 2003
flon 134a. More specifically, the present invention is fundanental
i ntended to nmake inprovenents with requptkﬁch for 15 exanple, (1) water

ty,

absorption properties, (2) volune resisti and (3) oxidative
deterioration, and see for a nov refrigerating machine oil conposition
which is i s&855F ke #?oﬁhﬁsﬁa°§h88r(§ﬂv 53@r§%@99 2% j ons of a

refrigerant CB re sor(gnd a%refrigera%iga 20 apparatus. It is also
i ntended to pPEGtRFYF e TP gRECPIRI BASSPSEEm havi ng excel | ent perfor mance

IR R B S O e e
AR AEULTRERUA T UR R R A S AECT e
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power
used, and hence it lacks miscibility with the

10 refrigeratiﬁg machine oils which is essential in a

refrigerant coﬁpressor and a refrigerating apparatus.
Attempts have been made to improve the

miscibility, but have been accompanied with, for
example, the deterioration of the electrical insulating

15 properties, the water problem, and the unstability
problems, such as the hydrolysis and thé decomposition
of the compound by an acid. Each problem is described

below in more detail.

SUMMARY OF THE INVENTION

20 (1) - A refrigerating machine oil having a bad
miscibility cannot be put into practical use in a
refrigerant compressor and a refrigerating apparatus
from the viewpoint of performance characteristics and
reliability, as described below.

25 . In general, Qhen the.éélubility-of a
refriggrating machine oil in a tefrigerant is loQ, oil

discharged from a compressor is separated in a heat.



of a refrigerant conpressor to an input) under usual use conditions under

which refrigerant conpressors and refrigerating apparatus are usyal
operated. For reducing the input to a conpressor in order to inﬁ!éhb%ﬁhéNﬂS

performance characteristics of the conprgssor, it is necessary to reducve
the coefficient of friction on the basis 0f the hydrodynam c |ubrication

Lhe ol ubi £ BRaTIeh A%0aERh DAY CRBBANSSEATHS SRk e B | Ykbd T 0 the-
' t o ti dth by det ' h ti |, f.th t

Ui scosi ty of SHEATT TReEOPRIEReSRofBPesstl AT fF ok tBH R scosi ty i s
thus optim zed, the coefficient of fricti%p of a ggargﬁﬂlbecones nininpm
and the coeffATidi of PaFt5PHRARESSF e CEGHSASESr SEaYeEtl¥erati ng

appar atus usi,ng the co essor _begcones _maximum. Thereforge, a.second object
oPpt he preserﬁh%l rﬂ/@ntsr‘gxﬁf?get bnaﬂ%Si FORPGITS58F 1 &Pngﬁé’g’-‘aﬁflm ?i¥PTcs J and
a -high rel4abil.ity, by, cifving_ a_viscosity range 29 DEC 2003 .- 19 1 of

t he ?efrié%rﬁﬁ%ﬁ?&nggfﬁ r%ngﬁﬁ?cﬁ FEOHGS sﬁﬁggﬁlg%ﬁ9§*zfQGﬁQ§EeF%?ing
appar at us using .a high-pressure _vessel type rotary conpressor or a .
Igakpressureq& f%@%% +%ci3?85§§?ng cgﬁpressorY'onn?he basi s of the

above 5 bearing theor)hh&(lf)a I—@%ﬁyﬁ{%%gkt QQUQQ 3%%& Lar gl )ioiwrl practice,

there is carried out an extrene Sévere operatron such™ &as operation in a

hi gh-t enper Alug, SIS CHIP L ANELALcaRNET §AAL. PRRLILERD CHRECT IS IR[e sever e

t han expecte y gner. t hi s "caseé, asu Fent

reliability shoyld e asSidefe dfo@nEOBEr 8550 :Qﬁgggnftl,%n%?’%u%?{wg or
seizing of the sliding portion of a bearing of the
10 trouble is caused. In a so-called lying-idle state in
which liquid refrigerant is present preferentially in
the bottom of the compressor, low-viscosity liquid
refrigerant which is present in the bottom as a result
of two-layer separation is supplied to the sliding
15 surface of a rotating shaft, so that the assurance of a
lubricating o0il film becomes difficult, resulting in
damage to the compressor.
On the other haﬁd, as to the refrigerating:
apparatus, a refrigerating machine o0il which has |
20 separated adheres to the inner wall of an evaporator
having a low temperatdre, to form a heat-insulating
layer, and therefore it inhibits the heat-transfering
capability seriously. Moreover, when this refrigerating
machine oil of wax form chokes an expansion mechanism (a
25 capillary tube) or a piping, the amount of the
refrigérént circulated is greatly decreased} resul ting
in a lowered cooling powerf' As to the.compressof, the

pressure of sucked gas is lowered and the pressure of



conpressor tends to take place nore often than in a 15 conpressor using a
conventional refrigerant flop 12, in a so-called boundary | ubri c&ﬂ(ﬂfq[‘. 2003
region (in which contact between netal surfaces occurs) beyond the

hydr odynam c | ubrication region of a coaxial bearing. Wen contact between
metal surfaces takes 20 place in the-sL?ding portion of a bearing, flon 12
di ssolved in an oil is deconposed to forma conversion coating of iron

chl ori de 10n328chae@elReed sid dimgredsédt i onaérafofacethdhheatron chloride
acts as an extrengé pressure agent to suppress the adhesion and 25
sei zi ng. OngbhereblanidmE tHenase fi oged8dang snachienei gétaAndcont ai ni ng no
chlorine, chlorine cannot possibly be supplied to a conpressor using flon
134a.. 2 9 BERade0%o biringthermsd cxaysed)i&e thah tbe 1PBE-ESZR is hardly
expected to have the above action as extrene pressure agent. Accordi ngly,
a third obj et igbiifiepreserte iefeigeoant scomppedsPHeaBdr EPRi gerati ng
apparatus and a. 5 refrigerant conpressor in which by using a flon type
refri ger @nt re@rtigieriatg. mp appardties represeatby dgterdAratséa and a
refrigerating machine oil containing an extrenme pressure agent, the
prevention of scoringAmbrdgidiing dff thet SPhiRel PbrERenRIERR P Ehe
assurance of 10 sufficient reliability can be achieved en when the oi

runs out i ninkenglicdi nigg bearseigvofsupla @@ﬁﬁ?%ﬁé@?aénﬁrosi?Pﬁnﬂp severe
operation is carried out. (4) A fourth object of .the esent invention is
to' provid@r@mﬂﬂaiq&ﬂ%ﬁﬂiqgﬁﬁ#%%%o?PEﬂHaEQFeFP?g@rég%ﬁégfﬁaﬁﬁparatus

whi ch use a conposition conprising a flon type refri eran%.containing no
chl ori ne repﬂmﬂﬂﬁ&ﬁPQnPh4@ﬁlaﬂ%4%?%ﬁﬂd§drgigpg€r5?Fﬁggﬁ§8 thd oil, and

hav n I rical insulatin wh i n, el | [ l.at -
ave a (? %%Lnfﬁl oifnbgqchgigygiggly %Egc1bfeeggEhcghd H@Hc@t

suitable for flon type refrigerants containing no
chlorine a typical example of which is flon 134a. More
épecifically, the present invention is fundamentally
intended to make improvements with respect to, for

15 pxample, (1) water absorption properties, (2) volume
resistivity, and (3) oxidative deterioration, and seek
for a novel refrigerating machine oil composition which
is miscible with flon 134a under all operatién condi-
tions of a refrigerant compressor and a fefrigerating

20 apparatus. It is also intended to provide a refrige-‘
ration system having excellent performance character-
istics, efficiency and reliability in refrigerating
apparatus and refrigerant compressors which are
different in purposes, by developing at least the

25 fpllowing two refrigeration oils: a refrigeration oi;
for moderate—tempérétu#e refrigérating apparatus such as
dehumidifiers which achieves a first aim, i.e.,

attainment of a critical solution temperature of 0°C or



ing materials such as an electrical insulating filmand 20 an

I nsul ation-coated winding wire which constitute an electric notor seﬁkion
have a sufficient long-term reliability. (5) Flon 134a has a hi gl"z C 2003
absorption rate and refrigerating machipe oils miscible with flon 134a are
25 relatively hydrophilic though fairly }ﬁprved. There fore, both of them

tend to. Earig wat er i.nto %gésfrhgfra tion cycle, Water in a refrigerating
appar at us"i stOYFbz efAPPn Aok SRR G YO P hef POt PETPRRBEEREUSRde and 29

DEC 2003 - 21 _.1.chokes a pipe having a snall diapeter, such as a
capillary tuB%ffbgFBQEF“EhéﬂﬂﬂqqRﬁ§1ﬁ49ﬂ]%%p%%#¥+99?atﬁﬁ$tﬁaiﬁﬁre, in the
l ong run, the_refrigeratin chine ., oil, the refrigerant; electribcal
insul ati ng rATRtFAFS, 25SECENd A gd 1Rrdr GGG SRRk b SBLERER LN nus
char act - eristics_aée bro gh% ghout , for exanple, the production of an
aci di ¢ subst BHREERAGUES| Bher Py ot HO%%Fchani cal  strength are induced.

Accordi ngty,. fifth obje of the present . 10 inventiaqn. s to provide a
refrigeratinbfhpparatughiggew%Pgﬁ §uPVoﬁttﬁﬁé|%§%'kﬁﬁéiﬂtQX) €ining no
chlorine r by £ f 4 r j.gerati machi.ne oi

coexi st s, aﬁg{ﬁﬁﬁfﬂgsgg é??gr]ﬁp%&qg%n% t‘?@’d%yoﬁn%ﬂ%arbceentk&é?fect ive in

U oVing thesdehi @BLAL ! EObebBBCARACRS (B3I APRAAUS BY sgpar ating

and adsorbing only water out absorbing 't he refrigera

DESCRI PT! ON dofe cliyr SRAVENGRCF 04 L .1, S the0kaRA o5 vt fcf%ﬁ’féﬁg 1343

separation tenperature which“illustrates the mscib

el ati onshi b - Betwpen P o aor L P ar of Caraa Tl ) i eaen Sl ets
refrigerldl i rgyrichidres chhGeANdhikh YeRFYNBekaskS dotidréssors and
,refrigerating apparatus are usually operated.
For reducing the input to a compressor in
order to improve the performance characteristics of the
compressor, it is necessary to reducve the coefficient
15 of friction on the basis of the hydrodynamic lubrication
theory of coaxial bearing. For the reduction, it is
necessary to measure the solubility of flon 134a in the
fefrigerating machine cil used in the present invention
and thereby determine the optimum value of the actuai
20 viscosity of the oil used in the compressor. When the
actual viscosity is thus optimized, Ehe coefficient of
friction of a bearing becomes minimum and the
coefficient of performance of the compressor and a
refrigerating apparatus using the compressor becomes
25 maximum. -
Therefé;e; & sécond object of the present
invention is to attain high performance characteristics

and a higﬁ reliability by specifying a viscosity range



..Fig. 3 is a graph showing a relationship 25 between the actual viscosity.
of each refrigerating. machine oil and the coefficient of perfor :
during 2 9 DEC 2003 22 1 rated operation of a high-pressure Vessgltyqp%ezgna
rotary conpressor. Fig. 4 is a graph §h92dng a relationship between the

actual viscosity and the coefficient of per f or mance during rated

operationﬂgapggk g;gk ﬁyre %%ﬁggg gﬁfnéifﬁﬁr9ﬁ§&ﬁnﬂscﬂggEe§§QEabEE9' 5is

a graph s WEeen test using an Iron-based
frictional lidin ur.f ace .an L gh- S a e Lk on 10 test
usi ng an oiI%QBnFa%ﬁ%ﬁdQQQﬁFﬁéhgéﬁégg%Pégdﬁgéﬁ%r%Fﬁ?ggig?eéngéa gr aph
showi ng the abration_| oss. _.cause t 2si owEbPesfukd @e¥%8khi Ca
cross- sect i oREFSGiteWEF T %aﬁg %?ﬁ%?%gﬁi‘géftgof °a %I osed rot gry .

conpressor. Fig 8.is a versical sS6FL 1 QRakn¥i BYs0E okhenkr hbohea
part of the Eggﬁréggf %Cﬁégﬁa&?éﬁﬁhg§§? o? a rotary conpressor. Fig. 9is
a di agrameshowi_ng . th t ture of 20 the refrigeration cycle of a

g g ol pldf

refrigerati ng apparatus. PREFERRED EMBODI MENT OF THE | NVENTION 1. The above

first object gf the preseived NENLOIgKaRebp AsheByednbyractetei, gerating
apparatus c rising a refrigeration cycle conprising at |east a 25

conpressor, ¢aRIensqr «4id SXPansi ot ABABAY sevand opeapeianosuca
refrigerant conponsed mainly of a fluorocarbon type refrigerant containing

no chlorine grd 22rAEGAPIn 2hidhheahpgratceret ctatunstpacat ore of 40C or
hi gher, and a ,
overload operation which are more severe than expected
10 by a designef. ‘Also in this case, a sufficient
reliability should be assured.

In a compressor using flon 134a, scoring or
seizing of the sliding portion of a bearing of the
compressor tends to take place more often than in a

15 compressor using a conventional refrigerant flon 12, in
a so-called boundary lubrication region (in which
contact between metal surfaces occurs) beyond the
hydrodynamic lubrication region of a coaxial bearing.

When contact between metal surfaces takes

20 place in the sliding portion of a bearing, flon 12
dissolved in an oil is decomposed to form a conversion

' coating of iron chloride on an iron-based sliding
frictional surface. This iron chloride acts as an
extreme pressure agent to suppress the adhesion and

25 geizing. -

On the other hand, since flon l34a is a
refrigerant containing no chlorine, chlorine cannot

possibly be supplied to a compressor using flon 134a..



refrigerating machine oil conprising as base oil an ester oil of one or
nore fatty acids which contains at |east two ether |inkages (-0-C) .in the
mol ecule and 11 0 5 has a viscosity at 40C of 2 to 70 cSt and a QI&&E& Qﬂﬂa
at 100C of 1 to 9 cSt. As described abovg, it is absolutely necessary for
the ester oil to be an ester of one of'ﬁﬁ}e fatty acids which contains at

a1y aciGs Garhie bt Aed ey e “fﬁ;ﬁjf%ﬁ‘“‘ RIS
preferabl e & e rarks¥aliolEuenos, G S SR S8 e
coter 0112 et PR FRtrdhe SRS AP Bt e 2o
oranched- e ‘é’;??‘éiﬁgff’e“ﬁz;; be gﬁiﬁ“ wder ol Sﬁ"%gngram
Lgt ;?/ gﬂ gsr%‘?%:g‘?jgi Eefe’&?vféy tk‘g lg?eneraﬁac.&%lor‘rr.ué;’;lt ZeSl:P% 1? I?% S The
and the este %al'I%1%99Dgéfgéggr%%g“ﬁ%ﬂ%%lrneicebnl'gléelzjccgr{/‘?atlkt}ieﬂ?t(f;;%l:SE g; glr les’

o P or et ee BF SRR BBErSl IR G SCAE 148 aRaNDI nat T on
. gerating

seizing of the sliding portions and the assurance of

10 gufficient réliability can be achieved even when the oil
runs out in the sliding bearing of the compressor and
extremely severe operation is carried out.
{4) A fourth object of the present invention is to
provide a refrigerant compressor énd a refrigerating

15 apparatus which use a composition comprising a f£lon type
refrigerant containing no chlorine represented by flon
134a and a refrigerating machine oil, and have an
electrical insulating system wherein electrical insulat-
ing materials such as an electrical insulatiﬁg film and

20 an insulation-coated winding wire which constitute an
electric motor section have a sufficient long-term
reliability.
{5) Flon 134a has a high water absorption rate and
refrigerating machine oils miscible with f£lon l§4a are

25 relatively hydrophilic though fairly improved. There-
fore, both of Ehém Eénd to carry water into a refrigéfa—
tion c§cle. Water in a refrigerating apparatus is

frozen in an evaporator on the low-temperature side and



(abbreviated as NPG type al cohols which contain two ester |inkages in

the nol ecul e). RICH2C( CH2OCOR2) 3 10 (exanpl es of esters of '

trimethyl ol al kyl propanes (abbreviated as TMP) which contain threq QSBEE 2[]03
| i nkages in the nolecule). C(CH20COR2) 4 (exanpl es of esters of '
pentaerythritol (abbreviated as PET) whyjgch contain 4 ester linkages in the
nmol ecul.e). (R2COQOCEi 2) 3CCH20OCH2C( CH2OCOR2) 3 15 (exanpl es of esters of

di pentaerythrjtol (abbreviated_as ) i t al ter linkages in
585 2 DRETL Wi EON Alnib £5te g

the nol ecal e5R0ke§ AERIBFo2Y! Sod -
CH2000CH2( CH2) n- CH2- 0. - C .
(CreAB TG PORoHe, v THROTe Fhet iudrdBhd)cad MAIDEPS Of

conpl ex estef nore I nKages 1 n” the nolecule). In the

above genera%g{_gflgglrng%?ﬁépi $id 9ok nﬁ{'kygl.‘eg;%i‘@é@g\giﬂgtrﬁ’aéhi?ﬂébon

atons, R2 is branched-chai'n a oup having 5 to 12
car bon 0il, the refrigerant, electribcal insulating materials,

5 etc. undergo hydrolysis reaction, so -that minus charact-
eristics are brought about, for example, the producéion
of an acidic substance and a lowering of the mechanical
strength are induced. |

Accordingly, a fifth object of the present
10 invention is to provide a refrigerating apparatus in
which a flon typé refrigerant containing no ch;orine
. represented by flon 134a and a refrigerating machine oil
coexists, and which has a dryer packed with a drying
agent effective in improving the reliability of the
15 refrigerating apparatus by separating and adsorbing only

water without absorbing the refrigerant.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing a two-layer

separation temperature which illustrates the miscibility
20 of flon 134a with each refrigerating machine oil.

Fig. 2 is a graph showing a relationship
between the amount of water dissolved in each of various
refrigerating machine oils and its volume resistivity.

~ Fig. 3 is a graph showing a relationship
25 between the atual Viséosity'of‘eéch refrigerating

machine oil and the coeffieient of performance during



atons, R3 is an al kyl group having 1 to 3 carbon atons, R3 is an al kyl
group having 1 to 3 carbon atons, and n is an integer of 0 to 5. The
esters represented, by the above general 10 formulas (1) to (4) Qrg Ba@@ezm
of pol yhydric alcohols and nnnocarboxxli%bagids. As such esters sters
having a desired viscosity grade can be obtained by optionally choosing a
conbi nati on of the al coho] and.one_or r I| f ot xylic
aci ds and]pr6§§ﬁﬁ<9R$QﬁtﬁﬁpZﬂftﬁegéggoﬁﬁgﬁgn?é-%%f%%HhQ%gﬁﬁgﬁgx eSters
“represented by the general fornmula (5), esters having a high viscosity and
a wide criti 6@PPFASHION tenperature range can be obtained by sel ecting
the chem cal structure of th central SI ¢ acid g.(i:"iol?t %c aci d)
conponent from vari ous Bteni a+ss?r%5?8 e§ 8@?P@é& fEof sdcci nie acid (n =

2 lutaric acid (abbreviated_,as,.d ut adi aci d r d as AZP
pl) rre?| c acidp 3§l&’(§¥9§ﬂ Ehriactyad ]'.’)EECQE&Y a’?@ Cl:f‘eazc@ ae(tg%g'ceﬁ'ld% a%%d sebaci 2:
acid (n = selecting t drlc al_ cohol 0 term na
nnhocgrbo ?P?QQQRF ; d&%ﬁfﬁ 98r983§ gﬁﬁﬁb&ﬁggl¥gu(§\mu%$ﬁg t he

bl endi ng proportions (nolar fracti The carboxyllc aci ds
represent ed B3Rt % %u?%gﬁﬁfﬁﬁﬁﬁﬁé§ Eg SO

tra| t- or branched-chain ones.

(e, 5.5 5ot mot hyl Hikandi b5 acfgach, 5E ?Wéhy{%tel'%ano.c G (o,
T 10 I g 0 PRI e ol o
machine of| slxé?é%”ESPEQXethHSEiH@ghh%£@§§H¥Ets&ﬂﬁéﬁﬁaﬂﬁlE%@Etlon
t- 10 test using an oil containing f£lon 134a dissolved
therein.
Fig. 6 is a graph showing the abration loss
caused by a FALEX test.
Fig. 7 is a vertical cross-sectional view of
15 the principal part of a closed rotary compressor.
Fig. 8 is a vertical cross-sectional view of
the principal part of the compression mechanical part of
a rotary Compressor.
Fig. 9 is a diagram showing the structure of

20 the refrigeration cycle of a refrigerating apparatus.

PREFERRED EMBODIMENT OF THE INVENTION

1. The above first object of the present

invention can be achieved by a refrigerating apparatus

comprising a refrigeration cycle comprising at least a
25 com?réssor, condensor, dryer, expansion mechanism ang

eﬁaponator, a refrigerént‘tompoméed mainly of a

fluorocarbon type refrigerant containing no chlorine and



hi ndered ester oils and conplex ester is singly or in 15 conbination of
two or nore thereof. The refrigerant conposed nmainly of a fluoro- carbon
type refrigerant containing no chlorine and having a critical Lzrg)gget 20%
of 40C or higher which is. used in the present invention includ

hydrofl uoro 20 carbons and fl uorocarbonrs.23Bpecific exanples of the

hydr of | uor ocarbons are difl uoronethane (R32), penta- fl uoroethane (R125),
1,1, 2, 2-t at r afdwiatPed hante { Bd B4 emperatiira- ot 14U ermetigmer ( RUgdag ,

1,1, 2-trifluoroethane (R143), 1,1,1-trifluoroethane (R143a)-, 1,1-difluoro

25 et hane (Rian)igaehthingfhaonoeehand CRIGL)Sifgeas itasexanipl esn of t he

fl uorocarbons are hexafl uoropropane (C216)':and octafl uorocycl obut ane
(C318). O thesmr dill,@f 2ohet oaf hooeoéali&ye acR34 Whikhl crt i 95 REC 2003
-27- tetrafluoroethane (R134a), 1,1,2-trifluoroethane (R143{,

1,1, 1-trifl udke=s bateo (REthBa) lankalgesafl K od? o opankn {2 1wy leavdeaandi|ing
point close to that of a conventional refrigérant, dichlorodifluoronethane
(R12), 5 and are preferable as substitute ref@igerants. The . =~

above- exenplified hydrofluorocarbon or fluorocarbon type refrigerants can
be used sisnglps Ora asi sedd xEYr get pereobs Theo gasesd and ke widjdsdingnt of
critical tenperature of the refrigerant to 40C or higher is that. 10
there was re@H naghec ref ri gesadi sgcapparatus i n which the condensati on
tenperature in a condenser was 40C. - 1) The above second object of the
present invention is, fordederithedgabachi evediby abshilgltelyesauwessamssel
type refrigerant conpressor used i.n a 15 refrigeration cycle that conprises
a closed vesselr toreskaw thih tefbegenaestgrmachiome oirl mgriecfatty
accommobdat es a notor conposed of a rotor and a stator, a rotating shaft
fitted in thaqﬁﬁanhkghigp@bmpmesgbrleast two ester linkages in the

10 molecule. Ester oils of one or more fatty acids which
have one ester linkage have a bad miscibility with the
‘refrigerant and hence cannot be used. The usable ester
0il of one or more fatty acids can be obtained by the
esterification reaction of an alcohol with one or more

15 fatty acids. As the alcohol, a polyhydric alcohol is
preferable. As the fatty acids, those having 1 to 6
carbon atoms are preferable. The fatty acids may be
either monobasic or polybasic. The ester oils include
hindered ester oils and complex ester oils. From thé

20 viewpoint of the miscibility with the refrigerant, ester
0ils having a branched-chain structure tend to be
preferable to ester oils having a straight-chain
structure. Examples of practical ester oils of one or
more fatty acids are given bélgw by the general formulas

25 (1) to (5). | | |

The ester oils represented by the formﬁlas (1)

Yo (4) are hindered ester'oils, and the ester oils



section connected to the notor through the rotating 20 shaft, and in which
a high-pressure refrigerant gas discharged fromthe conpressor section
resides, said refrigerant being conposed nainly of a fluorocar bﬁtm 2003

refrigerant containing no chlorine and having a critical tenper e of
40C or higher, and said refrigerating-224machi ne oil conprising as base oi
an ester oil of one or nore fatty acids which contains at |east two ester.
| i nkages1- Oy@predentdi® vl geell Boamdlhag5a erscosmpleX lesker PIGEG 2003 -
28 1 at 40C of 2 to 70 cSt and a viscosity at 100C of 1 to 9 cSt. The
constitution of the esftes®idsiodr onklsrmappbe frgedy sididdy W ¢ contai ns at
| east two ester 5 |linkages in the nolecule is as described above in
detail. In adiicdhayesswe messet mype kbeaepf.comeesaditigaoratetidpl e, is
previously enclosed the aforesaid refrigerating nmachine oil having a

Vi scosity 1@aahid4QC ol 2edmprDseSat peabér 40l ywtB. Oft @B Sstaso okkhait the
actual viscosity (at a gas pressure of 9 to 11 kg/cnR abs and an oi

t enper at 8r e 3@f HRIEWItoIDPQndfthaebabahcehinell benmaides un &Y Fhedi ssol ved
therein may be 1.0 to 4.0 cSt. 15 2) In addition, the above second object
of the presel-iktuem i pef i sgecatéredmpghaneoRipsSessure vessel type
refrigerant conpressor that conprises a closed vessel stored with a
refrigerating machine oil which accommopdates a notor conposed of a rotor

and a stator, a 20 rotahifg, phefeefaddesyi n the rotor, and a conpreksor
section connected to the motor t hrough the rotating shaft, and from which

a high-pressure refrigerant gas

(examples of esters of neopentyl glycol (abbreviated as

NPG) type alcohols which contain two ester linkages in

" the molecule).

R1CH2C(CH20COR2) 3 ... (2)

10 (examples of esters of trimethyleolalkylpropanes

(abbreviated as TMP) which contain three ester linkages

in the molecule).

C{CH,0COR32)4 | ee. (3)

(examples of esters of pentaerythritol (abbreviated as

PET) which contain 4 ester linkages in the molecule).

(R,COOCH ,} 3CCH,0CH,C (CH20C0R? ) 3 e (8

15 (examples of esters of dipentaerythritol (abbreviated as

' DPET) which contain 6 ester linkages in the molecule).



di scharged fromthe conpressor section is directly exhausted, said
refrigerant being conposed mainly of a 25 fluorocarbon type refrlgerant
contai ning no chlorine and having a crltlcal t enperature of 40C qghDEBeR[H]S
and said refrigerating machine-oil sing as base oil an ester of one
or nore fatty acids which contains at st 2 9 DEC 2003 - -- 291 two
ester linkages ( - 0 -- C- ) itt the nDIecuIe and has 5 10 1520 0 a
viscosity at 40C of 2 to 70 cSt and a viscosity at 100C of 1 to 9 cSt. The
constitution of the. ester,oils of one or nore fatty & ds which contains
at |least two ester Iinkaéﬁ% in the nolecule is as descyibed above In a

rec

| ow pressure vessel 0 es
previ ousl y enclBs@@oﬁée'{éfSpggﬁggﬁkggpagérgg?H%a%ac%Qfe o | haV|n a
viscosity at 40C of 5.0 ko 15 ¢St and a viscosity at ggoc of 2.0 to 4.0
cSt, so that the actual BXcosity (at a sucked gas pressure of 1.0 to 2.0
kg/cm abs and an oil tenpera- ture of 85C) of the oi.l which contaigs)flon
134a dissolved therein nay be 2.0 to 4.5 cSt. 3) The above third object
- can be achieved by adding an extrene pressure agent to the aforesaid
refrigerating. pRaPLEE OF cofpd eax terssrer rassHa i b @ rMREE o35 BRT
abration-preventing agent in sliding portions and includes, for exanple,
aIkyIponoxypiKyggag Rhospleamelesstle)s. represented by the general fornulas
(7)

(6) and
In the above general formulas, Ry is H or an
alkyl group having 1 to 3 carbon atoms, Rz is a straight
S or‘branched-chain alkyl group having 5 to 12 carbon
atoms, R3 is an alkyl group having 1 to 3 carbon atoms,
Ry is an alkyl group having 1 to 3 carbon atoms, and n
is an integer of 0 to 5.
The esters represented by the above general
10 formulas (1) to {(4) are esters of polyhydric alcohols
and monocarboxylic acids. As such esters, esters having
a desired viscosity grade can be obtained by optionally
choosing a combination of the alcohol and cre or a

plurality of the monocafbo#ylic acids and proportiohsrof
15 these components.
As the complex esters represented by the
general formulaA(S), esters having a high viscosity and
a wide critical solution temperature range can be
obtained by selecting the chemical structure of the
20 central dibasic acid (dicarboxylic acid) component £rom
.various Chémical st?ﬁgtu;es derived from succinic acid
(n =.?), glutaric acid (abbreviated as Glut), adipic

acid (abbreviated as AZP), pimelic acid, suberic acid,



and di al kyl phosphate esters represented by the general formula (8): 2 3
DEC 2003 - 30 R40(CH2CHO N P(OH)2 ... (6) ~ 1l R5 0 R40(CH2 IHO)ngCh-EC%ﬂa
\' PRAO(CH2 CHO n H | R5 1 wherein R4 is an al kyl group having 0

carbon atonms, and R5 i's H or an al kyl _grpaup. having 1 to 3 carbon

(ol ecul ar weight: 400 to 700). 0O 11 ( 2 POH wherein R6 is an al kyl

group having g 1o, 16 £a/RON, 3k OMENatl TaRIR RSP G AN de added
F Two - or he "pract

singly or iﬁﬁﬁ%ﬁﬁ?ﬁﬁlon 0 hor e "t hereof . ctical anount of
10 wrvs o1 EoRayrdf b ey EpbBReETate tng MeRIBIE Ot oxi dant
abr asi on- pr eRmRS PoRRRe) TE b FORR RSP T RS C A he 15
refrigerating mpching olle,Lng) €568hgCbkob® r{GeUPeRA 40 fEC203) L 5
5 The monocarboxylic acids represented by the

formula R,COOH may be straight- or branched-chain ones.

The latter includes 2-ethylhexanoic acid (2EH), 2-

methylhexanoic acid (i-Cy), 3,5,5-trimethylhexanocic

acid, 3,5-dimethylhexancic acid (i-Cg), 2-methyl-

10 heptanaic acid. The monocarboxylic acids may be used
singly or in combination of two or more thereof.

The base 0il of the refrigerating machine oil
is prepared by adjusting the viscosity by using such
hindered ester oils and complex ester is singly or in

15 combination of two or more thereof.

The refrigerant composed mainly of a flubro—
carbon type refrigerant containing no chlorine and
having a critical temperature of 40°C or higher which is
used in the present invention includes hydrdfluoro-

20 carbons and fluorocarbons. Specific examples of the
hydrofluorocarbons are difluoromethane (R32), penta-
flﬁoroethane {rR125), 1,1,2,2-tetrafluoroethane (R134),
1,1,1,2-tetrafluorcethane (R134a), 1l,1,2-trifluoroethane
(R143), 1,1,l-trifluocroethane (R143a), 1l,l-difluoro-

25 ethane (R152a) and monofluoroethane (R161). Specific
examples of thé-flgotoéarons,ére hexafluoropropanél.
(C216).and octafluorocyclobutane (C3lB)f Of these,

1,1,2,2-tetrafluoroethane (R134), 1,1,1,2-



10 15 20 25 31 by the acid conponent to beconme unstable. Therefore, the
aci d-capturing agent is added for renoving the acid conponent. Fg 2003
For - exanpl e, conpounds such as epoxy conpounds reactive with aci%gg
preferable as the acids-capturing agen;.TﬁaIticularly pref erabl e exanpl es
of the. acid-capturing agent are conpounds having an epoxy group and an

ther |ink , f I di i.dyl et _care

Pol yal kyl ene G yEef CUarBPEERRSI TBLAGAS:" odat vl TPy e taa2 duch
h | glycjdyl et , Li Lo ' ]ﬁggﬁ% Egégaﬁ Th

?Zasgnepg t%égfig%‘%gbggﬁaF%gghgpégggﬁuéaﬁzgﬁggun caﬁfﬁre a Qi%id Snd

that the eth j i he.i t iscibilit

of the rof i BoAHE1 nORHECR Re PSP TG o { orant” for o certai n_ext ent.

The ot her additivegﬁggﬁ%%ipggfﬁgg¥gn%reﬂﬂgyi gagggﬂ&brémggﬁgmg-pﬁpgyging

agents for pr%ﬁ&ﬁﬁl n ence df residues for instance, a

.chlorine- gontainjng gggggggp?euggd Lg&ﬂggﬂ@gﬁﬂgfﬁf&éggﬁgggssgﬁe or the

refrigeratind“épparat rves for preventing oxidative deterioration

(during the cifell alkopngide 1 8HOngaeobludid Mot aididesrbon type

preventing foam ng a ves may be selected fromthose wused in

t he conventiOH%%FQQEﬁgﬁEStggﬁnbgug@egn@i%@qyugr & id igpttutd ther@pesent

i nvention. 4) leving the fourth objec¢t, the insulating film
constituting an el ectrigngtahssRCELN cranddfidrasid ¥ afrponter! winding
wire which are 2 9 DEC 20 32 ' .
temperature of the refrigerant to 40°C or higher is that
10 there was reﬁuired a refrigerating apparatus in which
the condensatioh temperature in a condenser was 40°C.
1) The above second object of the present
invention is, for ome thing, achieved by a high-pressure
vessel type refrigerant compressor used in a
15 refrigeration cycle that comprises a closed vessel
stored with a refrigerating machine oil which
accommodates a motor composed of a rotor andla stator, a
rotating shaft fitted in the rotor, and a compressor
section connected to the motor through the rotatihg |
20 shaft, and in which a high-pressure refrigerant gés
discharged from the compressor section resides, said
refrigerant being composed mainly of a fluérocarbon type
refrigerant containing no chlorine and having a critical
temperature of 40°C or higher, and said refrigerating
25

machine oil comprising as base oil an ester oil of one

or more fatty acids which contains at least two ester:

linkaées. (=0-C-) in the molecule and has a viscosity
- N '
0



1 described below are used in a refrigerating apparatus and a refrigerant
conpressor which sinultaneously use a flon type refrigerant cont aprg ﬂ@[:ngm
chlorine represented by flon 134a and a refrigerating machine oil.
conprising 5 as base oil ‘the above-exenpljsfied ester oil of one or nore
fatty acids. As the insulating film thefre is used a crystalline plastics

film havi I i .of 50 hi ,
comost {11 i DREadod oy co%t FRD. GhRi Fd AAUPR 8 Pow GRas O Andid i on.

10 tenperature with a resin layer having a high glass transition
tenperature.9A§the I nsul ati on-coated w nding wire, there is used an

| ed wi havi | . ' f | LG
of 120 or i gher | or 0F Haer La ot 3 nay PR s SEBApBET: B, BRe 8 ny ™
I sti f I I havi I L t d
o Upper | ayoPoREPRE S MaARe aken rafe Ehdair HEARE, fhe eERE LT O
I nsul at i fil f t.i cal 2Lt 3] : t t" | t
one kind o 130%ARER A1 g Tor SEnREER ph oAb PRBRBRE 008 2 T Ty 1O

films of polﬁekhg&ene t erepht hal ates, pol ybutyl ene terephthal at es, _
pol ypenyl ene uffides, pol yet her ether ketones, polyethylene naphthal ates,

pol yam de-i m des and pdl iéﬁ#ﬁﬁﬁﬁéﬁ?%%bFgagggngggggg,rbgak?hpreferable to

25 use at | east one kin ayer se d fromihe group

consi sting of, . l.aty ng ol ygs s hiTkgles Lel@s and
pol yam de-i mgaglg%léf%'?%Egc%o éér?é]ép' 1y§)ﬁ%‘rflgglﬁ?gv?ﬂgmtgﬁgaﬁg?h obj ect, a

synthetic  zeqiibeaqomased fl: f cAyPRSLAEnEabL1 CRBIIAYI BOvObcoaliyl | metal

silicates an um nates which has a poré dianmeter of 3.3
angstromior Lesgpeand,a Lardhory g OxphHergasnapsgl pt tanzeapgei,t ¥o(at 25C

and at a partial pressure of carbon dioxide gas of 250 mmHg) of
that the actual viscosity (at a gas pressure of 9 to 11l
kg/cm2 abs and an oil temperature of about 100°C) of the
0il which contains f£lon 134a dissolved therein may be
1.0 to 4.0 cs¢t.

15 2) in additioh, the above second object of the
present invention is achieved by a low-pressure vessel
type refrigerant compressor that comprises a closed
vessel stored with a refrigerating machine oil which"
accommodates a motor composed of a rotor and a stator, a

20 rotating shaft fitted in the rotor, and a compressor
section connected to the motor through the rotating
shaft, and from which a high—pressure refrigerant gas
discharged from the compressor section is directly I
exhausted, said refrigerant being composed mainly of a

25 fluorocarbon type refrigerant containing no chlorine and
having'arcritibal temperature of 40°C or higher, and

- sald refrigerating macﬁine;bil éomprising as base oil an

ester of one or more fatty acids which contains at least



1.0% or less, is used as a drying agent to be packed into the dryer,_jin_ .
the aforesaid refrigerating apparatus which sinultaneously uses 2§Iﬂﬂd 2003
type refrigerant 10 contai ning no chlorine represented by flon 134a and a
refrigerating machine oil conprising as fpse oil the above-exenpl.ified
ester oil of one or nore fatty acids. in a refrigerating apparatus

conprising at |least a corrpressor( r_gz?gge_n er,; £ %&%é@f@gﬂxén&%d 15

evapor at or, tHe 85FR§ &M*FBIIpe rijger ant” contai ning no orine .
represented by flon 134a, the refri ger%i ng mnmachine oil according to the
present invention which conprises at |east one ester selected fromthe

group consisting of hindered or c | ex ters containi 20, 0r nore

ester |inkagesvisacehaatiordcdlC é?ﬁcj)r?atso aﬁﬁ%tco‘%ri"?ya a‘flg‘g{é%\?YZQFO 70 cSt,
preferably 5 to 32 c¢St, and a viscosity at 100C of . 1 to 9 cSt, preferably
2 to 6 cSt, heB°G gbod %S K95ty with the refrigerant in the whole

" tenperature ranges of the parts .ysed in t 25 [ i all atus.
Therefore, there is noTP\%o-cqr’ij:éTLL"’s Sat aqglgtnhebeefs\?\geéellngc?%e r%?r‘?rggfgﬁt. and
the refrigerating machine oil . .Agcordi 5 gparation is
present in tBersi Fastyr iar‘Fg‘GgspaVckbmlchn %‘g%{%i%stﬂgé%%%éaygﬁ é1 CONnpressor, so
that the sup%FEof t he oi lhet qn(%]%ecﬂédiggas R ddPNSe@f abgREL Ngs s assured,

and flan gas BASPged Ttomthe conpressor is in a liquefied state by the
condenser, nanely, -in %nStaatlt%ijb Sl d hfeDidy i Bype Bysigrobasohyed in
i |

flon 134a with a | ow viscosity i'n a | ow tenperature circunstance of -30C

or lower in Egﬁ{arg\é@@}rﬁt r eddfp1eN i@?ﬂ@@i@uslﬁeeﬁdzpﬁsgdstha in a
0

| ow vi scosity state, so that the return the oil to the conpressor is
i mproved. 108}'E§E§59_rdemém%@y@&iﬁ% Wbciwihe soif akevingt Aevisoophiéysor is
y of t

prevented an ence the supp e oil ,

10 at 40°C of 5.0 to 15 cSt and a viscosity at 100°C of 2.0
to 4.0 cSt, so that the actual viscosity (at a sucked
gas pressure of 1.0 to 2.0 kg/cm abs and an oil tempera;
ture of 85°C) of the oil which contains flon l34a
dissolved therein may be 2.0 to 4.5 cSt.

15 3) The above third object can be achieved by
adding an extreme pressure agent to the aforesaid
réﬁrigerating machine oil.

The extreme pressure agent serves as an
abration-preventing agent in sliding portions and

20 includes, for example, alkylpolyoxyalkylene phosphate
esters represented by the general formulas (6) and (7)

and dialkyl phosphate esters represented by the general

formula (8):



to the sliding portions of hearings can be assured. Thus, the prob
causi ng scoring and seizing can be solved. 15 Furthernore, unli I%Jg ﬁgﬁ 2[]03
conventi onal pol yoxyal kyl ene glycol oils, the aforesaid refrigerating
machi ne oil has a | ow saturated wat.er - copt ent of one- tenth or less as

| arge as that of the conventional oils, “a large inproving .effect on the
stability to oxidative 20 deterioration, and a volune resistivity of 1013
cmwhich is as high as that of an electrical insulating oil. Therefore, in
a refrigerant conpressor conprising a pressure vessel accomopdating a
motor section and a refrigerati appay.at ing the refrigerant res
25 sor, the-refrigerating nacﬁf%@g%?ﬁﬂggéoﬁg?%gzto t he presgnt in&ggpPon
do not separate fromflon 134a and has extellent characteristics with
respect to both the performance chaR&cterPstics and reliability of the 2 9
DEC 2003 35 conpressor. Since the refrigerating machine oil has an

excellent mscibility also w v%ﬂ%jonal clygorine- containing flop
refrigerants such as flon 12 %H%PQ#% )

32, sugh conventi onal ,

chl orine-containing refrigerants can, ifzh@cpgsary, be used in.pl 3gg of a
portion of floe 134a in adm xture wi 1% flon g34a. Wen the refrigerating
machi ne oil according to the present inVﬁ?li n which had an oil viscosity
at 40C of 5 to 32 cSt was en§#@§@g2t@@qn gh- pggessure 10 vessel type
rotary conpressor and the coefticient] of performance of the conpressor was
measured, the co- efficient of perfo&g&nce reached a peak in the case of
using the oil which had a viscosity of 15 c¢cSt. Wien the oil which had a
viscosity of 5 to 32 ¢St was used, the

1 wherein R4 is an alkyl group having 1 to 8 carbon atoms,

and Rs is H or an alkyl group having 1 to 3 carbon

(molecular weight: 400 to 700).
0]
|

wherein Rg is an alkyl group having 8 to 16 carbon
5 atoms. | |
These phosphoric esters may be added singly or
in combination of two or more thereof. The practical
amount of the phosphoric esters added to the refrigerat-
ing machine oil is 0.05 to 10 wts.

10 It is also effective to add an acid-capturing
agent, antioxidant, defoaming agent, etc. together with
the extreme pressure agent (the abrasion-preventing
agent}. | | |

When an acid component is present in the

15 refrigerating machine o0il, the ester o0il is decomposed



15 coefficient of performance was about 1.4 or nore which correz@@gc tw
val ue of 0.95 to 0.93 when the co- efficient of performance in t case
using a conventional conbination of a flon 12 and an al kyl - benzene oil is
taken as 1. Such a value indicates that 23 the oil involves no practical
problem The refrigerat- ing nmachine oil according to the present invention

which had a vi Stg'fSi t ‘%E%é%ﬁoﬁ%nétstﬁsﬁbe%ﬁlef QHRed abhg ke THeErIfiaxwe) n the

coefficient & p g & e conpressor to pol yoxypropyl ene glycol

oils. The regson 25.{0 | S; SUPELERL Y h¥ded Fold awmovie aedteradidkages
contained in SrHEe aocluréi‘%%ﬁeﬁﬁﬁﬁgergoes nol ecul ar orienta- tion mainly on the

sur faces of iéOﬁ*’%@ﬁ%@ slggj_: ngxaﬂ%ﬁbi,or&@n@fou&x}d@ shaft aancegweay i ngs of the

conpressor to 244 6 i nprove the lubrication. Mreover, the

oil is decr eag&g? ﬁgdgcﬁggétybécaiithya@dﬁd&gm ipre flergblanlambithey in flon
134a, to reduce %e mechani cal | oss. These effects are synergistically

brought abput_tp én@ggy@rihg.agggttic@a&&ﬂiuﬂhqﬂyﬂpnaﬁﬂﬂﬁbkﬁ expuples
conpressor. & t%e other hand, in the case of a | ow pressure vessel type
reci procati ng,£0pRE €889 -chpeuramurigesft faren chdfwulicsdlardr At he act ual
viscosity vary only in narrow ranges because the conpressor is 10 operated
at a | ow pressgéRyi §rblip ¥adseh ethert dinkadey/ dax fRTPHRr ef or e,

" characteristics of a refrigerant and a refrigerating nmachine oil.aie
hardly dependepglepidyhekthkirndompondds sweh fasumP iRk ¥ Hen®i 1 ¥APLh had a
viscosity at 40C of 5 to 15 ¢St and a viscosity of 15 100C of 2 to 4 cSt
was good in reélgaptiidyy enberper oM@ Gy £HNGT FFTROUD %%‘ﬁcﬁhés
refrigerating machine oil-according to theEPresent i nvention_is blended
with an aH®quabenyanoldnei@glostherio aRdy2 ofPnaF Bt me preR¥if e agent

compounds. The reason is that the epoxy group of such a
compound captures an acid and that the ether linkage
contributes to the improvement of the miscibility of the
refrigerating machine oil with ;he refrigerant to a

15 (ertain extent.

The other additives described above are, for
example, chlorine—capturing agents for preventing the
influence of residues of, for instance, a chlorine-
‘containing detergent used for producing the compressor

20 or the refrigerating apparatus, additives for preventing
oxidative deterioration during the circulation and
storage of the oil, and additives for preventing
foaming. These additives may be selected f£rom those
used in the conventional general techniques and are not

25 critical in the present invention.

4) * - For achieving the fourth object, the
insulating f£ilm consﬁituting an electric motor sectioq

and the insulation-coated winding wire which are



20 such as a strong primary or secondary phosphoric ester retaining OH
groups in the nolecule, for exanple, an al kyl pol yoxyal kyl ene phosphat e
ester or a dial kyl phosphate ester, the resulting blend can pus gm&ggaﬂ“@
| ubricating oil film having ester'linkqggf under goi ng 25 nol ecu

orientation on the surfaces of iron-base sliding portions constituting

adsorpt i ort 1995 b1 DERCOBRGLORGA CBE o IR S TS oTHF A2 o DEC
;Zag?f’u éng lgol%i%ﬁgeg%ﬁ;lﬁg“gﬁ% i rﬂ[%‘%ort 3\%&? b%c %%n%(_g uﬁ(}epr o%grtnlges
cont ai ni ng { HE. @At {;ggg”g;g'gggpg'%:ﬁ%g%w 5 LS eflhe STERThEda, | ng
bn the ofl) Thrf1en Saf2nPPRod o HGGY RO 5 AgeeL g0
In additi when there(]:wgg1 e sure_dexter;ntraﬁlla%ﬁl o&%psosl‘pf ANy h & 0z based

sli di ng mehbedsiPaFReCt &7 81T gerati ng fachi ne oi

containing the eXthEEYpégi%%re %&?@hé”& t{#g%ﬂg fﬁﬁﬂ@“%ﬁ@ §%@gggdflon

134a di ssol vétPthe Siorful &~ tion o TUtT on

concentration, of fL921 lﬁ%aplgggh@@%¥yfﬁlAé&g&#?&ﬂéhgggrgggﬁgﬁk

one-fifth or 21€%%%a arge as that caused in the case of the oil which

di d not cont aﬁ@m}%é?a@&:EeE‘f BI0®TS Wie G, die a Stbkpdd £cd angemof the
anount of the extrenme pressure
obtained by coating a film having a low glass tranSLtlon
10 temperature with a resin layer having a high glass
transition temperature. As the insulation-coated
winding wire, there is used an enameled wire having the
enamel coating of a Qlass transition temperature of
120°C or higher, or an enameled Qire having a composite
15 coating consisting of a lower layer having a low glass
transition temperature and a upper layer having a high
glass transition temperature.
As the insulating film, for practical
purposes, it is preferable to use at least 6ne kind of
20 insulating film selected from the group consisting of
£ilms of polyethylene terephthalates, polybutylene
terephthalates, polypenylene sulfides, polyether ether
ketones, polyethylene naphthalates, polyamide-imides and
polyimides. As an enamel coating, it is prefefable to
25 yse at least one kind of insulating léyer selected from
the group consiétiné of insulating layers-of.polyéStér

imideﬁr polyamides and ponamide—imides.



agent added is 0.05 to 10 wt % as descri bed above. The results of the
abrasion loss test are as shown in Fig. 6 though specifically described in
the exanpl es herein- after given. As shown in Fig. 6, the reduci @8 d8&2003
of the addition of the extreme pressure sgent on the abrasion loss is
remar kabl e. Conventional additives such as an acid capturing agent,

anti oxi dang , defgami ng Nt ~h8keiaaN the FHigndeddpaaet hed sydthdthiecextrene
pressure ggent. §?9 DEC?%SOSCS8 ﬁe%t, there are expl ai ned bel ow el ectrica

insulating magti gl s EQhpbBedr &ff iad@icaio AU ILEIOrconsi sigi d4 onf 134a
together with e refriggrating machine oil according to the present

i nvention. As;An, i PShkeh15sind chite® use Akl eci¢tahl alusinatesigvivachr i al
for the notor section, a crystalline plastics filmhaving a gl ass

transition teuperatyse.of;aREtRr HEOEr3 isngisetbn dheléssdmd i agcatbon
I ncludes filns of polyethylene terephthal ates, polybutylene

terepht hal sit e,i?'o,F%X 49sphsRy ovulddpias, t ol et I®TC edidrakea ones, pol y-
et hyl ene naph ha at es; pol yam de-i m des and ol yim des; and conposite filns

~ obtai ned by cgating) aptekBukayidfy carHaw dilmeisid rgmsiof o250 enpg htafe with
a resin layer- having a high glass transition tenperature. These filnms 15
are hardly def efiopat edskn tiensised sig engidyichpragemt -té she cpacied
electrical insulating characteristics and involve no practical problem
This is becaupgtéhenéi Begercarmy tihe afnndsasithl tefr GOUAting JRPRF2HAE
produce a nuch smaller anpbunt of an acid than do conventional 20
pol yoxyal kyl esiei ghysbhudithaecarsd tharses & £ Inn diype der eF 1 9P Ed 28 by
hydrolysis of the films themselves. An enanel coatiqg haviqg a gl ass
transiti ohdt eopetainiagohol 260G sing FRaresently bn Blomghit mﬁ?& fused in

the notor section. The enanel coating Jincludes,. .
refrigerating machine oll comprising as base oil the

above—exemplified ester oil of one or more fatty acids.
In a refrigerating'apparatus comprising at
least a compressor, condenser, expansion mechanism and
15 evaporator, and using a flon type refrigerant containing
no chlorine represented by flon 134a, the refrigerating
machine oil according to the present invention which
comprises at least.one ester selected from the group
consisting of hindered or complex esters-containihg Ewo
20 or more ester linkages in the molecule, and has a
viscosity at 40°C of 2 to 70 cSt, preferably 5 to 32
cSt, and a viscosity at 100°C of 1 to 9 cSt, preferably
2 to 6 cSt, has a good miscibility with the refrigerant
in the whole temperature ranges of the parts used in the
25 refrigerating apparatus. Therefore, there is no two-
layer separation betﬁeen-the refrigeréntland the
refrigerating machine oilT':Ac¢o£dingly, no two-layer

separation is present in the oil-storing space in the




25 for exanple, nonol ayers of polyester imdes, polyam des,

pol yam de-imdes and the |ike, and conposite enanel coating-filns ﬁgg@c&mﬁ
by form ng an upper |ayer having 2 9 DEC 2003 39 1 a high glass t n
tenperature on a | ower l-ayer having a-|l®g glass transition tenperature.
Li ke the above-nentioned filns, these enanel coatings hardly show

deterioragio Rérg¥g69|y§bstthaQHénbu§§ﬁ§(ﬁﬁr@he5osmekblﬂ@e albidwag ng of
br eakdown vol ¢ hence are useful for inproving the reliability

in Prac.t'Ca%orwoﬁeﬁsfcﬁiﬁ%m%ssqlsf A4t ed] | vgd afboh gis dbsekaeged
| ubricating agent 1s included i'n the enanel coating on the nmagnet wre,

for inparting.sgl Enéocbﬁp&b%@drnggorﬁpq tl pudPiédpsoaeetby thectrical
wor kabi lity. Eundanent t he above characteristics .of the enanel

coating ItseJ:é,nBEBSEE t RemieGl USinOn tatd ef i wietkch 160200 25 Lasalyays
dryi ng agent “packed ihto the dryer of the refrigerating apparatus in which

flop 134a5anglsgggvggor%sgq@nrqhwdywﬁﬁnru)ImwhwﬁecositpccmrdthWto t he
present invention coexist is explained below. In this invention, it is

preferable t eH§$:§t§¥@tEﬁkbﬁﬁﬁﬁﬂddééo&OHnmqu:ﬂflawennpmsthe sal t ,
consisting o kali metal silicates and alkali netal alum nates which has

a pore dia”gb%éoQBt%r3 aRGsis’,0Mror-Hesshobe catent booxgae iabsor ption

capaC|ty at and at a carbon dioxide partial pressure of 250 nmHg of
1.0%or | eSSloéivigﬁ:BsatyS)érttdt@.t | Gzafdt echXHeOtano &E- 60 ¢ikatle nanes,

nfd by UNION SHOM K K') can be exenplified. Both of them have a swaH

fluorine |ontggsgbﬁbk@@505Tm&5§M§rdnadhet|c zeolite:. as above except for
having a - carbon di oxi de gas
10 Therefore, the lowering of oil surface in the

{
compressor is prevented and hence the supply of the oil
to the sliding portions of hearings can be assured.
Thus, the problems causing scoring and seizing can be
solved.

15 Furthermore, unlike conventional
| polyoxyalkylene glycol oils, the aforesaid refrigerating
machine oil has a low saturated water-content of cne-
'tehth or less as large as that of the conventional oils,
a large improving effect on the stability to oxidatiﬁe
20 deterioration, and a volume resistivity of 103 Qcm
which is as high as that of an electrical insulating
oil. Therefore, in a refrigerant compressor comprising
a pressure vessel accommodating a motor section and a
refrigerating apparatus using the refrigerant compres-
25 gor, the refrigerating machine oil according to the
preéeﬁt'invention do not separate from flon 134a and has

excellent characteristics with respect to both the

performance characteristics and reliability of the



adsorption capacity of 1.5%or nore has a fluorine 29 DEC 2003 1 5 10 15 20
25 - 40 adsorption of as large of 0.24% or nore and hence possesges
deteriorated adsorption characteristics and breaking strength as gg-l[;l 2“03
si eves. Mreover, corroded crystal disiEgegration product of such a
synthetic zeolite chokes the piping of the refrigeration cycle or injures

th i di ti f b ' f the_. g A ' t

i the pr boeRBMBRARSMAR on S EReTt | RAEF ASPERLERG PRgtERE BiY Bt 4l Aret et
di oxi de ‘adsor pt i capaci ty. ., n consi ' : Aty , e
tLoﬁLles dZsEgFégggﬁﬁiﬁgﬁg%é#&ﬁQ%Z%ggéaaggg ?%n%gggﬁggggoggP%ﬁzw%?conpose

a highly reliabg%ﬁiggég eraéﬁggfgﬁgggsEgssugﬁagglEgogfibhgngrg@yg

i nventi on ar @R eférencé to Fi gs. to 6 and Tables 1

to 4. Exanples 1 to 17 Th | R and Tabl e
b anp géj,e(’s[uoc& ci%vee;r}etle SEISPQWEEEPﬁgg%gFlg FQIE ragaic AW H e

above first esent invention. sed rotary conpressor

concerned-wth a'ﬁf:&§€g%§§§£t,9%ﬁ ge&ngnagggégig@rgnonquheggoglgdoe

134a was Eseﬁanas as a refrigerating machine oil, there

was used each.gster qil J] LPedaBignli¥ehch contained two or nore
ester groupsgﬁﬁatﬁélﬁ%#%%ﬂﬁ%ﬁgﬁa %ad a viscosity at 40c of 2 to 70 ¢St and

a viscosity at 100C ofygld Q1 Cféfrﬁ%ér&@ﬂﬁ&rhéeﬂineabaloaceaw&m@ onal
refrigerating machine oil's are al so shown

to the present invention which had an oil viscosity at
40°C of 5 to 32 cSt was encldsed in a high-pressure
10 vessel type rotary compressor and the coefficient of
performance of the compressor was measured, the co-
efficient of perfdrmance reached a peak in the case of
using the oil which had a viscosity of 15 cSt. When the
oil which had a viscosity of 5 to 32 cSt was used, the
15 coefficient of performance was about 1.4 or more which
corresponds to a value of 0.95 to 0.33 when the co-
efficient of performance in the case of using a
conventional combination of a flon 12 and an alkyl-
benzene oil is taken as 1. Such a valﬁe indicates that
20 the oil involves no practical problem. The refrigerat-
ing machine oil according to the present invention which
had a viscosity at 40°C of 56 cSt was found to be
superior in the coefficient of performance of the
conpressor to polyoxypropylene glycol oills. The reason
25 for this superiority ;s as follows. Thg ester l;nkages
contained iﬁ the oil itself undergoeé molecular orienta-
tion ﬁainly on the surfaces of iron-based slidiné

portions of the shaft and bearings of the compressor to



in Table 1. 29 DEC 2003 - 41 1 Fig. 1 is.a graph show ng two-I|ayer

separation tenperature which illustrates the mscibility of flon 1§§ih B
wi th each refrigerating nachine oil. The graph was obtai ned by eﬁ& | 3“
flon 134a and the refrigerating 5 nachipe oil in a high-pressure gl ass

vessel ,

observing visually the two-laye? separation state at each tenpera-

ture and at each concentration of the refrigerating mmching oil, and
NIRIT sk%: FRFEFASER ( he

summari z} ngingeovdsthealkbn icasdis, MaFreoPey df
concentration of the 10 oil /in flop 134a,, and the aﬁaﬁ?o{.grdina%f to
tenpera- tuie.adheali viscogiget rENe Khdid i F FOHRE S P

RFEFas
Y obRr

itical

solution tenperature necessary for a refrige- rati app tus_ such as a
st et TS

dehuni di fi ek34ahi bt Faduge W& MADFVLRy dBiSte

o?r?omer).

The 15 second target value is a |lower_ critical solutian teﬁgn geégé#r:e
necessary feynargeskigardti bgouah ARRUS ke HPTIVS 18 (278t ot ST Wk ch has
a | ow evaporator tenperature -30C or_lower). Both of the evaporator

t enper at 2r eaf aper §PERANCE] Afal COPHRHRTable 1, it can be seen that
SUNI SO 4GSD (a trade _nane, naphthene {ype nd Z300 t e nane,

al kyl benzene type) boPR g&ﬁuf’%@’ﬁﬁ gba’béy' JLA?D esﬁé% é’éai&ftd were not
di ssolved. A

ol yal kyl ene gl ycal , ; d y JAPAN SUN
QL Co., LtHngﬁ TRad®55A 5 it5% (¥§ké%h#{w1§é§%€§%?ﬂ?et?§homm by t,1)

of

- 60 d It Ut | ; f 35C
e oot 2" SaRBupBPBE: Bck! G3e A IO LSRR A CacdebPifs Dol by

nore ester groups 1 n the nolecule

according to_ the

;
\

2.9 DEC 4 ' i Il ent i
critical soYﬁFVoﬂnlge%eréétQQ%w zﬁ%rgﬁé)% ﬁgﬁg%é@\/&% Pt s S S o temer.

ures ower critical solution tenpera-
10 operated at a low pressure in the vessel of 1 to 2

_kg/cm? abs. Therefore, characteristics of a refrigerant
and a refrigerating machine oil are hardly dependent on
their kinds, and it was found that the oil which had a
viscosity at 40°C of 5 to 15 cSt and a viscosity of

15 100°C of 2 to 4 cSt was good in reliability and
performance characteristics.
' When the refrigerating machine oil according

:to the present invention is blended with an adequate
amount (0.05 to 10 wts) of an éxtreme pressure agenE

20 gsuch as a strong primary or secondary phosphoric ester
retaining OH groups in the molecule; for example, an
alkylpolyoxyalkylene phosphate ester or a dialkyl
phosphate ester, the resulting blend can push away a
lubricating oil f£ilm having ester liﬁkages undergoing

25 npolecular orientation on the surfaces of iron-based
sliding poftion§ c6nstituting the shaft and'beérings of
the compressor, and fdrm a stronger chemical adsotption

£film of the phosphoric ester. Therefore, the blend can



ture (shown by L2) is --70C and their upper critical solution tenperature
(shown by U2) 70C or higher. The S lower critical solution tenperatures is
an inportant factor for practical purposes in the heat exchanger M BEC 2(][]3
refrigerating apparatus, and the upper critical solution tenperature is an
I nportant factor for practical purposes Pl a refrigerant conpressor. 10

Fig. 9 is a diagramshow ng the structure of he refrigerati 2y, of a
refrigerati nquar&w;;atmroabetmefW‘gé*‘a@FhS“aB%aEHFu?légrjfégi ??’r%gtcla&{§

refrigerant conpressor 40, a condenser 41, a dryer 45, an expansion,
mechani sm 42 vane rasvenmapscat brg 48304e3espeNdred by using 15 each of the

above-nentii oned refrigerating machi ne oils_ together w fthan 134a.
Consequently, in the caﬁeem)fth%W@UQ@EW?apﬁgBﬁ?(ﬁéﬁchﬁi neral oil) and

Z300A (an al kyl benzene oil) (trade panes, nfd. by JAR WWNdd Co.,
Ltd.), when tdufrisferaeiagt magBipee9s taFﬁoédllé‘lggéozéﬁg:gSnt and lay idle

in the conpressor, a refrigerant |ayer having a_hi Il Ak @
refrigerats noidweabticen ophtprapeRInsIPNG*E EOR (§’err'1gts}'|stq{}-F"\c/j\g‘?“e%l present nerely

as a |lower layer and an upper | ayer, r.espect irﬁ%léﬁreogdﬂ%&qaég\uﬂégyer
AC)

separation. Thamined, SbeshswiiFRLFPGLZFIDE . the vertical

cross-sectional view showi ng the rincipal t, of F8{d aaf@nén the
conpressor ( ayprexahpl gncspagpgsed- gotfq cotrfe%ﬁ:res(s‘-:!or%ﬁ"91 oli Idsuppl y to a shaft

4A, a main bearing 5 and a sub-bearin i e WE BLoh 9L DESC 2003 43
1 suction of @hk)reefrgeRaRLE gﬁgﬁoﬂrteget%t d':‘jr'\erely"1 as the 1ower |ayer

t hrough the suction_openin 4 of a e fld igeiaided ayteeé has a '
| ower vi scosiEfyetPah-dods & EA O 8’3‘% itng machine oil. Therefore, when

the 5 refrigerant layet i's suppli QN deariditsg rétber esul thag
oil-filmig tﬁ?ﬁ?séﬁ}/‘t ﬁl& Sc #tgélt q(1131"(53:{“\/\/een metal surfaces tends to occur.

'n addipion, géggeo%h%mployment of the refrigerating machine oil
containing the extreme pressure agent which further
contained 50% of flon 134a dissolved therein, gs simula-
tion of the dissolution of a high concentration of flon

15 134a, the abrasion loss could be reduced to one-fifth or
less as large as that caused in the case of the oil
which did not contain the extreme pressure ajent. The
suitable range of the amount of the extreme pressufe
agent added is 0.05 to 10 wts as described above. " The

20 results of the abrasion loss test are as shown in Fig. 6
though specifically described in the examples‘herein—
after given. As shown in Fig. 6, the reducing effect of
the addition of the extreme pressure agent on the
abrasion loss is remarkable.

25 . Conventional additives such as an acid-
capturihg agent, éﬁtioxidant,‘defqaming agent, etc. can

be blénded together with the extreme pressure agent.



tenperature of sliding frictional surfaces rises at once, the refrigerant
was gasified, resulting in nore 10 severe conditions. Wen this phenonenon
is repeated, damages due to scoring and seizing are caused in the gsbéﬂtzﬂﬂa
and the bearings, so that the performance characteristics of the
refrigerant conpressor are |ost. Wien théBconventional refrigerating

machine 15 oil is used in the heat exchanger of the refrigerating
appar at uslshown i n Fi gNeXt f dthepeamre, exmbabygpobaley elgchsegadt 01 to
-60C, the refrigerating machine oil which has_been discharged together

with gas of thsulstiingemmtteriadls tfrr corpresEpiI2620RIEPPBESSERS- | ayer 20
separation in the evaporator 43 and adheres to the inner wall of .the

pi pi ng of thesheat fdpchdifs tegrther eltl thegusITLABTRELNGeRRENIMS he
refrigerating machine oil or the heat insulation of the heat ex;h%nger.
Therefore, ¢ht acreediinghdio rdie iR g REBRFAEN0; | 85gRBatRyY2R T
deteriorate the cooling capability of the refrigeratin apparatus.and are
of no praftitag G3am mFachias pHeRtIigHk b%$9£P89P8n838F§é8? EP&t Ef€as
Conventional Exanple 3 in Table 1 is advantﬁgeous bgcguzﬁ it _has a | ower 2S
DEC 2003 1 5motan sectiiadkd a&dtifs it} EMpePatarecsr F26Bc 34 Refice does

not undergo two-|ayer separation in the evaporatqr 43, . But,.owng.toits
upper critic@tags Fﬁ&?%?ﬁﬂﬁn%ﬁ%ﬁ%f%ﬁur%S%? %ﬁ goﬁﬁlgfgﬁ T uAger558s

et SRRt MG S AR KL p01 o B IRESTRE {0, Sur 09,
and 2, when Q?aBRE%%&E@é%FEﬁé&f&hé?iene terephthalates, poly- :
10 phenylene sulfides, polyether ether ketones, poly-
ethylene naphthalates, polyamide-imides and olyimides;
and composite films obtained by coating a film having a
low glass transition.temperature with a resin layer
having a high glass transition temperature. These films
15 are hardly deteriorated in tensile strength character-
istics and electrical insulating characteristics and
involve no practical problem. This is because the films
carry in a much smaller amount of water and produce a
much smaller amount of an acid than do conventionél
20 polyoxyalkylene glycol.oils, and hence are hardly
deteriorated by hydrolysis of the films themselves.

An enamel coating having a glass transition
temperature of 120°C or higher is used on a magnet wire
used in the motor section. The enamel éoating-includes,

25 for example, monolayers of polyester imides, polyamides,
polyamide—imidés‘éndrthe like, and composite enamel |

coating films obtained by forming an upper layer having



25 glycol is supplied to the bearings, damages due to scoring and seizing
are caused in the shaft and the bearing, so that the refrigerant

conpressor | oses its performance characteristics. In a refrigerap§ DEC 2003
conpressor having a hernetic notor, for3exanple, the rotary conpressor
shown in Fig. 7, arefrigerating machine oil is, of course, required to

have char@cteri st c$188s20r8hes kot empifatiirad o la duer 2AH@0ms the
rel ati onshi p between the water absorption and the volune resistivity of

each of = the, s Qiiévlaagezaédi RE aln@ ifth@rP sy dtiMen!t | Ui ledtthe

conventional mneral oil and pol yal kyl ene glycol. Even in a condition in

whi ch the Waét?cfv@%éﬁ@iohédcmurn@.hl @thesle0 ch@mzA0 deRIBidigd enscdifeshow
pol yal kyl ene gl ycol as conventional exanple has a | ow volune resistivity

of 1012 xragyet £58a OVbAULYORYAR cakdrs | ioteagdng N ddfcemimecul e and hence
Is not preferable. On the other hand, the refrigerating machine oil having

cester |inkagaselnifn@pugelloiaeiagnod aceakdiowy viod taye, .giresertdinvention
has a high volune resistivity (a high insulating capability) of 1013 SZcm
or nore whi lede® HEE 2908ul £b6r Lmps civii nge ttued aedd akiitlhi tsheirst andar d val ue
of electrical . insulating oil prescribed in JIS C2320. Therefore, it can
be sufficienptacpikalo pfacsbmel cases Aat lseddir v ioatiaiqalagsnt g
conventional exanple has a high insulat 5 ing capability, it has a bad

m sci bility amtéxtéopal3labragdtéagnegend got inclydes ildulthesenarsd , the
rel ati onship anmong the kind, chem.cal structure and |ower_ critical

sol ution tenperting upe theemagnes Wi reui £Q5 dmpar Hingh SE345 i s expl ai ned

10 below in detail with reference to Table 1. The ester qil containing two
or nore k%tegubrlcatlng properties to improve the electrical

workability. Fuhdamentally, the above characteristics
. of the enamel coating itself before the inclusion are
retained.
Lastly, a drying agent packed into the dryer
15 of the refrigerating apparatus in which flon 134a and
the aforesaid refrigera;ing machine oil accord;ng to the
present invention coexist is explained below. In this
invention, it is préferable to use a synthetic zeolite
composed of a composite salt consisting of alkali metal
20 silicates and alkali metal aluminates which has a pore’
diameter of 3.3 angstrom or less, a carbon dioxide
absorption capacity at 25°C and at a carbon dioxide-
partial pressure of 250 mmHg of 1.0% or less. As such a
synthetic zeolite, XH-9 and XH-600 (trade names, mfd. by
25 {NION SHOWA K.K.) can be exemplified. Both of them have
a small fluorine ion aasorption,‘ The'éame,synthetic
zeolite. as above except for having a.carbon dioxide gas

adsorption capacity of 1.5% or more has a fluorine



groups in the nolecule which is used in the present invention includes
esters of nonobasic or polybasic organic acids and pol yhydric al cohol s.

Typi cal exanples 15 of the ester oil are hindered ester oils and c IEEC ?ﬂ
ester oils which are represented by esterggof- neophentyl glycol, esters
trimethyl ol propane or trinethyl- olethane, and esters of pentaerythritol.

Table 1 shews %@%égyiﬁ ysgép PﬁHantBeZQ%”%r'Woﬁ%p Ity nddecritical 20

sol ution tenperatu pI ca em cal I'y synthesize pro ucts 29 DEC
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corroded crystal disintegration product of such a

5> synthetic zeolite chokes the piping of the refrigeration
cycle or injures the sliding portions of bearings of the
compressor. When the pore diameter in the present
invention is specified in relation to the above carbon
dioxide adscrption-capacity in consideration of such

10 conditions,.theltroubles described above are not caused
and it becomes possible to compose a highly reliable
refrigerating apparatus.

Examples of the present invention are

explained below with reference to Figs. 1 to 6 and

15 Tables 1 to 4.

Examples 1 to 17
These examples.show embodiments for achieving
the above first object of the present invention. .In a
closed rotary compressor concerned with a refrigeration
20 cycle and a refrigerant compressor, flon l34a was used
as a refrigerant, and as a refrigerating machine o0il,
there was used each ester oil listed in Table 1 which
contained two or more ester groups in the molecule and
had a viscosity at 40°c of 2 to 70 cSt and a viscosity
25 at 100°C of 1 to § cSt. For comparison, data on
cdnventional refrigeraﬁinéﬁmacﬁine oiis are also shown

in Table 1.
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Fig. 1 is a graph showing two-layer separation

10

15

20

25

teﬁperature which 1llustrates the misciﬁility of flon
134a with each refrigerating machine oil. The graph.was
obtained by enclosing flon 134a and the refrigerating
machine oil in a high-pressure glass vessel, observing
visually the two-layer separation state at each tempera-
ture and at each concentration of the refrigerating
machine oil, and summarizing the observation resqlts.
The axis of abscissa fefers té the concéntfation of the
o0il in flon 134a, and the axis of ordinate to tempera-
ture. The first target value shown 1in Fig. 1l is a lower
critical solution temperature necessary for a refrige-
rating apparatus such as a dehumidifier, which has a
moderate evaporator temperature (0°C or lower). The
second target value is a lower critical solution tem-
perature necessary for a refrigerating apparatus such as
a refrigerator, which has a low evaporator temperature
(430°C or lower). Both of the évaporato; temperatures
are specified wvalues. |

From Table 1, it can be seen that SUNISO 4GSD
(a trade name, naphthene type) and Z300A (a trade name,
alkylbenzene type) both manufactured by JAPAN SUN OIL
Co., Ltd. were not dissolved. A polyalkylene glycol,
PAG56 (a trade name, mfd. by JAPAN SUN OIL Co., Ltd.)
had a lower criti;al solution temperatu:e {shown by L1l)
of -60°c and an upper ériﬁical solution ﬁemperature
(shown by Ul) of 35°C. The ester oils containiné two or

more ester groups in the molecule according to the
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1 present invention are so excellent in critical solution

temperatures that their lower critical solution tempera-
ture’(shown by L2) is -70°C and their upper critical
'solution temperature (shown by U2) 70°C or higher. The

S lower critical solution temperatﬁres is an important
factor'for practical purposes in the heat exchanger of a
refrigerating apparatus, and the upper critical solution
temperature is an important factor for practicai
purposes in a refrigerant compressor.

10 Fig. 9 is a diagram showing the structure of
the refrigeration cycle of a refrigerating apparatus.
The refrigerating apparatus comprising a refrigerant
compressor 40, a condenser 41, a dryer 45, an expansion’
mechanism 42 and an evaporator 43 was operated by using

15 each of the above—mentioned'refrigeratinq machine oils
together with flén l34a? Consegquently, in the case of
SUNISO 4GSD (a naphthenic mineral oil) and Z300A {(an
aikylbenzene 0il) (trade names, mfd. by JAPAN SUN OQIL
Co., Ltd.), when the‘refrigerant'was présent in a large

20 amount and lay idle in the compressor, a refrigerant
layer having a high density and a refrigerating machine
oil layer having a low density were present merely as a
lower layer and an upper layer, respectively, owing to
two~-layer separation. Therefore, as shown in Fig. 7,

25 ji.e., the vertical cross-sectional view showing the
principal paft of a fefrigerant compressor (an example
of closed rotary coméreésor):'oil supply to a shaft 4a,

a main bearing 5 and a sﬁb—bearing 6 is carried out by
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suction of the refrigerant layer present merely as the

lower layer through the suction opening 14 of a pump.

The refrigerant layer has a lower viscosity than does

the refrigerating machine oil. Therefore, when the

refrigerant layer is supplied to the bearings; the

resulting oil film is thin, so that contact between

metal surfaces tends to occur. In addition, since the

temperature of sliding frictional surfaces rises at

once, the refrigerant was gasified, resulting in more

severe conditions. When this phenomenon is repeated,

damages due to scoring and seizing are caused in the
shaft and the bearings, so that the performance
characteristics of the refrigerant compressor are lost.
When the conventional refrigerating mathine
0il is used in the hegt exchanger of fhe refrigerating
apparatus shown in Fig. 9, for example, the evaporator
43 uysed at 0° to ~60°C, the refrigerating machine oil
which has been discharged together with gas of the
refrigerant from the compressor 40 undergoes two-layer
separation in the evaporator 43 and adheres to the innér
wall of the piping of the heat exchanger, and there is
caused the residence of the refrigerating machine oil or
the heat insulatioq of the heat exchanger. Therefore,
the conventional refrigerating machine cils greatly
deteriorate the cooling capability of the refrigerating
apparatus and are of'né practical use. In this point,
the polyalkylene glycol iisted as Conventional Example 3

in Table 1 is advantageous because it has a lower
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critical solution temperature of -60°C and hence does
not undergo two-layer separation in the evaporator 43,
But, owing to its upper critical solution temperature of
35°C, it completely undergoes two-layer separation
because the temperature of the compressor 40 during
operation becomes at least 80°C. As in the case of
Conventional Examplgs 1 and 2, when the polyalkylene
glycol is supplied to the bearings, damages due to
scoring and seizing are caused in the shaft and the
bearing, so that the refrigerant compressor loses its
performance characteristics.

In a refrigerant compressor having a hermetic
motor, for example, the rotary compressor shown in Fig.
7, a refrigerating machine oil is; of course, required
to have characteristics as an electrical insulating oil.

Fig. 2 shows the relationship between the
water absorption and the volume resistivity of each of
the ester oils according to the present invention and
conventional mineral oil and polyalkylene gl?col. Even
in a condition in which the water content is controlled
to be 500 ppm or less, the polyalkylene glycol as
conventional example has a low volume resistivity of
102 gem or less owing to the ether linkages in the
molecule and hence is not preferable. -

On the other hand, the refrigerating machine
oil having estér‘linkages introduced thereinto accbrding
to'theﬁpresent invention has a high volume resisﬁivity |

(2 high insulating capability) of 1013 Qem or more‘which



mhﬁHUIO“-Mmrmmmiruai_u 144xwuwL 0UOOx Ul ViU a a.taa)04 U-W-)E
vi1ULU O arlaat~ wC 0O4H zE+wa a a 1f LL O O 00 z z z 2 9 DEC 2003 48

| O the sanple nanmes in Table 1, the names of chemcally synthe
ester oils are abbreviated. For exarrpl_eu in the case of NPG n- Cgazﬁlgﬁzsm113
an. abbreviation of neopentyl glycol, n-EB I s an abbreviation of a nornmal

5. organi¢ acid, traight-chajn fatt ' i 8 .QN8, d
(NPE/ n- Cg aeﬂéﬁeﬁ-(r‘gﬁséé%%al a‘?ﬁecn‘gljo nt ‘Fysggbgéf Z\P?B?‘gﬁeo g%ﬁ%ﬁ%&% cagci d
the straight-chain, fatty acid) having.$8 b I f

SlPG' 2EH, 2EH1P§u&ﬁf"—dﬁtﬂ R bR TP OF L 5e Rt hi}lﬁgéaﬂg?gbg? Ehfgetgggeﬁgsée‘z&
enotes an ester of neppentyl gl d_2- ethylh ' o B h

in Exanpl es £afobf ¥ igh%h§9g¥58%e geﬂfﬁFgéF éoﬁég&gb lgﬁgq S §F§§o? o

neopentyl 9'%%%29%, 0il as conventional example has a high insulat-

| 5 ing capability, it has a bad miscibility with flon 134a
and cannot be put to practical use.

Next, the relationship among the kind,
chemical structure and lower critical sclution temperé—
ture of ester oils suitable for flon l34a is explained

i 10 below in detail with reference to Table 1.

The ester oil containing two or more ester

. groups in the molecule which is used in the present

invention includes esters of monobasic or polybasic
organic acids and polyhydric alcochols. Typical examples

15 of the ester oil are hindered ester oils and complex
ester oils which are represented by esters of neophentyl

glycol, esters of trimethylolpropgne or trimethyl-

olethane, and esters of pentaerythritol. Tasle 1 shows
the relationship amount the name, viscosity and critical
20 solution temperatures of typical chemically synthesized

products.



di hydric al cohol and a nonocarboxylic acid as nonobasic 15 organic acid,
and are characterized by containing two ester groups in the nol wﬁﬁcs?m
a chem cal structure has an inportant bearing on the m sci bi Iit? i f
134a and the viscosity characteristics of the oils. That is, ester oils of
a nonocarboxylic acid 20 having 7 to 8 <aygon atons were sati sfactory and
had a |lower critical solution tenperature of --29C to -70C and a

Vi SCOSity at 40C of 2. 8 to . 7 0 ¢St The.-stralle h ALHYb-er-—af—c-at-ban aton"B
of the nonocgrboxylic pcidi(thejfatty fcijd)|, [he llo e (2 DWW T
critical scl uti_@mten‘@;efatgre.oli yasi found, that, | Stihe [ &dl !
sol ution terrpergt‘iure:o:‘ t he es;t:eq of Vyﬁga/ljﬁe*;mrtvci'?: q Exanpl e
3 and the esteraqf | i Soheptanotciatid (1-¢7)| of Exdnp Wi haye @ 29
DEC 20a 4 9 --| 8nafched| chailn in|the jno|eg¢ulle | s|adv oyers than
that of the esterd nptes—t anarJé, respect Vel ot~ O
i ncreasi ng theg aufber —of carlbon jatong pf [the Lafbgxy, 11 for
increasing the 8 wilscas{ty i{s Exanple 5 'I'ge P er of hag found
to have a visdogigy @ poC df 14]9cSt and A | Bper ¢ itifon
tenperature off =40C atZ fhe |lowest. 2) Next,] thefegte
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critical solution tenperature of -20C to -60C. O these ester oils

oils having a lower critical 20 solution tenperature of -20C or cﬂv&f
the ester oil of heptanoic acid (n-C7) of Exanple 6, the ester oil of
octanoic acid (n-C8) of Exanple 8 and the ester oil of 2-ethyl hexanoic
acid (2EH) of Exanple 9. Ester oils having a |lower critical solution
tenperature of -60C or 25 |ower are the 4ster oil of hexanoic acid (n-Co)
of .Exanple 7, and the ester oil of isoheptanoic acid (i-C7) of Exanple
10. The .ester oils of Exanples 6 to 10 are also characterized in that

t he-smal | er the nunbef of {2.9 DEC 2043 - 5 0 - 1 carbon atons, the | ower
the lower critiggal sQlufign tenperature, and that the lower critical
sol ution tenpefgture @ful:the ester oils gontaining a branched chain is
| ower than thatvdf the'dstler oil s_cont ai% ng no 5 branched chai n even when
the former ester loils|and the | atter est®r oils have the sane nunber of
. cabon atons. 3j-tAs—stowWnm § n Exargpl es 11,920 13, the ester oils obtained by
‘t he-condensati on jof pgntlaey yt hri t%l (PET% as tetrahydric al cohol and a
nonocar boxylic ad d o¢mtig@n 4 103ester oups in the nolecule, and the
monocar boxyl i ¢ & d Ra& &fo 8 cagbon atg*rs Ehe ester oil's have a high
viscosity at 40C|of 1.9 tp 52.0 &St and a | oer critical solution
tenperature of -8C tol|-44d Thus, the | omer & itical solution tenperature
is shifted to 15 hi gf{e_;j tnrrperat%lres a¥ corrp-ared wi th the above nentioned
ester oils of diehydr®q“al'tphol s and trlhfdrlcmal cohols. O the ester oils
of Exanples 11 to| 13y |esie oi | suhavi ng. A | oldr critical solution
temperature of -40C or|f |pwer are fhe est oi IS of hexanoic acid (n-C6) 20
of Exanple 11 anei-thetestet oil of, |sohegan0|—e acid (i- C7) of Exanple 13.
The ester oils of | Exgymphps| 11 to %3 are;,il so:characterlzed in that the
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carbon atons, the lower the lower critical solution tenperature, and that
the lower critical solution 25 tenperature of the ester oils conte@igi
branched chain is |ower than that of the ester oil containing no %gnfﬂ:egﬂ%
chain. 2 9 DEC 2003 51 4) As a nethod A orgintroducing 4 ester groups -into
the nolecule, there is a nmethod in which esterification is carried out by

condensi ng a pol yhydri cofalcﬁghggmgmg AafeROGa hMpd A aditk widndes of
di carboxylic 5 acid (i.e. a typical dibasic organic. acid) as the central

constituent. @[e&lb&§lﬂ?t Bodnllae Ze@wess tiri 10iqal arsolalibmew tavedr atBoe can
easily be lowered and tThe” viscosity can easily be increased. Esters

obtai ned by sughpfellacCkhar cdes @T NPE/oMH, eXNPSstiey SArambhrey gk ion
explained with Exanples 14 to 17 of the present invention. 15 20 25

Exanpl e 14 shemsna@opefplex gayicel ,oh-gutiar an abbire Widthiaayich & nermrbt) as
di carboxylic acid, neopentyl glycol (NPG as dihydric_ al cohol, and
hexanoi ¢ ®ci gr §&h) caacidnqeastmayight -axtiad.n Hetstw apldek kaierd had a
viscosity at 40C of 32.6 cSt, a viscosity at 100C of 5.9 cSt, and a ] ower
critical sol uthpBont eapasat and OFPG/PSCaodenowes. amxadfles P Jifarettel case
where an ester having noderate viscosity grade was prepared by mxing the
esters of Exagpyesl4aaddtbe. nbrimalestrganias agdish ( ¥Rk T PYRIERIA | over
critical solution tenperature not nuch changed. Exanple 16 shows a conpl ex
ester of adi pattacadi@abhesingt éd casbarP)a tensti caibdhA i @i AL

NPG/2EH, 2EH is an abbreviation of 2-ethylhexanoic acid
10 and NPG/2ER denotes an ester of neopentyl glycol and 2-
-ethylhexanoic acid.

1) As shown in Examples 1 to 4, the esters of
neopentyl glycol (NPG) are esters of neopentyl glycol as
dihydric alcohol and a monocarboxylic acid as monobasic

15 organic acid, and are characterized by containing two
ester groups in the molecule. Such a chemical structure
has an important bearing on the miscibility with flon
134a and the viscosity characteristics of the oils.

That is, ester oils of a mdnoéarboxylic aéid

20 having 7 to B carbon atoms were satisfactory and had a
lower critical solution temperature of -29°C to -70°C
and a viscosity at 40°C of 2.8 to 7.0 cSt.

The smaller the number of carbon atoms of the
monocarboxylic acid (the fatfy acid), the lower the

25 lower critical solution. temperature. It was found that
the lower critical solution temperaturé of the ester of
2—ethy1hexanoi¢ acid (2EH} of Example 3 and the ester of

isoheptanoic acid (i-C7) of Example 4 which have a



neopentyl glycol (NPG as dihydric alcohol., and decanoic . acid (n-Cia)

as nonocar boxylic acid.. Exanple 17 shows a conplex ester of glut ai tcéﬂm
(dut) as dicarboxylic 29 DEC 2003 - 52 1 acid, neopentyl glycol 2 P@; a

di hydric al cohol, and isohexanoic acid (4jg @) as nonocarboxylic acid.
These conplex esters were found to be so’excellent that they had a

tst. and 4| a‘;‘s%%c&q 5 ‘%i&?hcs& éﬁﬁg?%f‘é%'e%fv%n%%e’e%%%lﬁé Yot 055
!sgglt ﬁgtsiezeélha ,%}"% ﬁﬁ?’(%gékbgoﬁgg g %&%‘?ilegf \il:a Qﬁlnzt ya&%:bsélfcz to C1O
of a dlcarbo ade1 %ggsgoxyﬁcgégg @ﬁe o Qh%f1 of carbon

atons (C5 to I'C aCi d”as nonobasi c aci and
condensing th dlcar [ e o] XYl C 5 G
pol yhydric alg gxgg%ré%gg le%%sg%QB SPe ?grgffol %%lﬁﬂfhese

Exanpl es are arr e can sgit g 1fe0ld Quss by genera
formul as: 3 Estef%’ %g%é%%e%%§+ﬁi?ygol TP@ E%EE;)%@C_ f%ibggORQ)Z Esters of

- trinmethyl ol al h ep0RB2) 13. 2)adestLers of
pentaerythrlggﬁﬂﬁa éé‘(é?e aCt@scosg%Y a&gﬁgx@egge}s gzcgk aC 2003 - 53 R3

R3  R2000CH2f; wé?{érfgxzkﬁ(§$@ﬁEﬁ@HztgﬁﬁgﬁatgrgH%@CCB%°EBaR3the

lowest.
2) Next, the esters of trimethylolpropanol (TMP)
! 10  containing three ester linkages in the molecule are
explained below with reference to Examples 6 to 10.
The éster oils obtained by the condensation of
trimethylolpropane (TMP) as trihydric alcohol and a
monocarboxylic acid as monobasic organic acid contain
15 three ester groups in the molecule, and the mono-
carboxylic acid has 6 to 8 carbon atoms. The ester oils
have a viscosity at 40°C of 10.8 to 32.2 cSt and a lower
critical solution temperature of -20°C to -60°C. Of
these ester pils, ester oils having a lower critical
20 gplution temperature of —-20°C or lower are the ester oil
of heptanoic acid (n-C7) of Example 6, the ester oil of
octanoic acid (n-Cg) of Example 8 and the ester oil of
2-ethylhexanoilc acid (2EH) of Example 9. Ester oils
having a lower critical solution temperature of -60°C or
25  lower are the ester '0il of hexanoic acid (n-Cg) of
Example 7 and the eéfér 0il of ‘isoheptanocic acid (i-C7)
of Eiample 10. The ester oils of Examples 6 to l0-are.

alsolcharacterized in that the smaller the number of -



1 In addition, exanples of easily obtainable esters are esters of

di pentaerythritol: (R2000CH2) 3C-CH2-0-CH2 -C(CH2-0OCOR2) 3 In the awm 2]
formulas (1) to (5), R is Hor an alkyl group having 1 to 3 car & (5$&
R2 is a 5 straight-or branched-chain alLkglg group having 5 to 12 carbon
atons, R3 is an alkyl group having 1 to 3 carbon atonms, and n is an

i nteger of, 0 to,5. | SCOSLtYoGoH! gnbe) gRbkonaliky cdat @oTiutedn by
choosi ng 3hecﬁfﬁgglgﬂﬁF#% po yhf%r?c al cohol. and the 10 carboxylic

acid(s). A %ﬁ“&é&@ﬁfﬁ%ﬁ%ég R4t degasibyebecati taicaed sdtdloandi ng a
| ow vi scosi t y 0B~ ‘and a high-viscosity oil. In the case of a refrigerating

apparat us USi%%? 128, /d P tyle ést sl 08528t c6ABARNANGY anG r@naiiddie, for
exanpl e, floﬁ a, a refrigerating machine oil capable of inparting

fundanent al | ysat] A Qe PR Rr ERAE ot ChReageSbilS auhtadinly ady to
a conpressor a he Trefrigerating apparatus can be obtained by selecting

an 20 oil shay Chid46Rl wSehULheNEbemBer akitee @fil®Camd Hromer (the
first target\é\%q‘ﬁ:g}é%\rl@gan oi% hav‘rng a2 9 DEC2113 - 54 1 lower critical

sol ution tenperatdy & fer 390G O'nh G¥LEhe (shReSAQABE rt @Ifgeiabeal wontmt h of
whi ch have a viscosity at 40C of 2 to 70 cSt, preferably 5 to 32 ¢St and a

vi scosity at 1OQQ of 149 $h&dl,ipretenpbey 21t 0o613%t the fesdmrt led Its nder ed
esters and the conplex esters which contain two or nore ester |inkages in
the nol ecul e.obtldi ieas Wpnitid nesndeasat heseoéspentappe thafitigder@ETy amchi ne
oils have a good mscibility not only with flon 134a but also with all
flon type 10 geafrdtgaimid absesotoabdi ai ngnacachpayilis, aicdd SRR 411 on
152a (difl uoroet hane CH3CHF2). The refrigeratin% )

T 10 ester groups in the molecule, and the monocarboxylic

acid has 6 to 8 carbon atoms. The ester oils have a
high viscosity at 40°C of 17.5 to 52.0 cSt and a lower
critical solution temperature of -8°C to -44°C. Thus,
the lower critical soclution température is shifted to

1S higher temperatures, as compared with the above-
mentioned ester oils of dihydric aléohols and trih?dric
alcohols. Of the ester oils of Examples 1l to 13, ester
oils having a lower critical solution temperature of
-40°C or lower are the ester oil of hexanoic acid (n-Cs)

20 of Example 11 and the ester oil of isoheptanoic acid (i-
Cy7) of Example 13. The ester oils of Examples 1l to 13
aré also characterized in that the smaller the number of_
carbon atoms, the lower the lower critical solution
temperature, and that the lower critical solution

25 ctemperature of the ester oils containing a branched
chain is lower thgﬁ'that of the ester oil containing no

branched chain. ' -



machine oils were effective in inparting high performance characteristics
and a high reliability to a refrigerating apparatus. 15 In.additigr ﬁEC ﬂma
was confirmed that since these ester oils according to the presen 9
invention are highly soluble also in comyentional chlorine-containing flon
20 25 type refrigerants (chl orofl uorohydrocarbon type refrigerants) such

flon'1 d fl 22, .th ' I ' '
admi xturetw th fese P A JEARA FeBubbEfolifRad FIesREE LERRE 1"

adm xture™with t

chlorine- cont in%% 1Hé¥éédﬂ§ r@ﬁéigeigngs?ggﬁ%hn%bggﬁgchn the list of

conpounds undé 0regu at1on 1n usé because o em of environnenta

di sruption, ééthz%gﬁt%ﬁgﬁﬂe%%fhaggigét?%geb rggﬂaéhggn fgtg§éggﬁagg%rants

to 50%or le e ester o actording to th t

i nvention t0,30%,Qf IHL- %n&a%%ﬁglgﬁ abBYtwigh gxarehepgkylic

refrigerating apparatus or evi e second object of the present

inventions ig.9ihveq hel %W-t@?éﬂ’i e318a9i dhSr § 2k BEYa£0APT §8SBReshOWN in Fig.
7 which was a refrigerant “conpressor was inCorporated into a refrigerating

. apparat us ha}é}eﬂ%rfa*iec%%%ﬂédad@n SBPWEhLS fk6hod, fhedl6QBPre8$€ical
tenperature o 00C and a discharged gas pressure of 9.5 to 10 kgf/cnG

whi ch were 1Q.60Rdioh Masofr £X8rd ea9 686119l babibiéveaf andr ehei ge- rator,
a relationship between the viscosity of a Trefrigerating oil stored.in the

conpressor apdskhae i egofdr Cé:ﬁEl;ﬁ%@ﬂﬁ@f@@@&@. (CEPhers . 8btalhedrayi o of
the refrigerating capacity of the conpressor to an input, .
such a molecular design are complex esters and are
( 10 explained with Examples 14 to 17 of the present
‘ invention. |
Example 14 shows a complex ester of glutaric
acid (abbreviated as Glut) as dicarboxylic acid,
neopentyl glycol (NPG) as dihydric alcohol, and hexanoic
15 acid (Cg) as monocarboxylic acid. This complex ester
had a viscosity at 40°C of 32.6 cSt, a viscosity at
100°C of 5.9 cSt, and a lower crigical solution
temperature of -75°C or lower.
Example 15 shows the caselwhere-an ester
20 having moderate viscosity grade was prepared by mixing
the esters of Examp;es 4 and 16. This ester was-also
found to possess a lower critical solution temperature
not much changed.
Example 16 shows a complex ester of adipic
25 acid (abbreviated as AZP) as dicarboxylic acid,
necopentyl glycol (NPGj.as_dihydric alcéhol,_and decanoic .
acid (n=Clg) as monocarboxylic acid. . Example 17 shows a

comﬁlex ester of glutaric acid (Gldt) as dicarboxylic



15 was neasured by using sone of the ester oils with a typical viscosity’
grade exenplified in Table 1. The results obtained are shown in Fagg ﬂfe/ 2[]03
Fig. 3 shows a relationship between the actual viscosity of each
refrigerating machine oil and the 20 ceefRi ei ent of perfornmance (COP) which
was determined for the ester oils according to the present invention
having a visgesit,y mopteaf PLicoD6(wst)and derpaenti anabhexamhes, i.e., .
a pol yal kyl ene glycol "and”™ an al kyl benzene oil (SII N SO Z-300A) used in
conbi nati on 25oWebdandien akdd |Mi-Rtg) 25 hbodxtSoRfl BbSstE8a rehess to the
actual viscosity of each refrigerating machine oil™ stored in the rotary
Conpressor .., capgllehe edtes sOfverd fFEn@088 beSsé exdebldhBatRatothle
coefficient of performance (expressed in terns of a relative value), of
the conpressghd AceqQis@dord tyo at R0SC abendl ef tbgeeabi 8gt , nachiseosiilksy are
conpared in the coefficient of 5 performance by taking the coefficient of
- performanée aat tL@iored olfy 7t.1%e twort/ehtecdnal asdndi haveoncoititah 12 and
“Z- 300A (an al kyl benzene oil) having a viscosity at 40C of 56 cSt, as 1.0,
t he coeffi ci enflutfiometfempemade:r taf me@l0?0r tTkesenbeésaltonindichee
pol yal kyl ene glycol 10 (PAGS6) of Conventional Exanple 3 and flon 134a is
as small as @h859a icodipdatx reg tdmthathengnersyiedllei ehegossty| oanr beé by
about 14% On the other hand, the conplex ester according- to the present
i nvention w sign&heisicesti by siet4oToiing poopecly bite Exambee af gavboa
satisfactory coefficient of performance of 0.906. It can be specul ated
that this resams i(€zater Chal apfeat digardberrilig ecidc@sodibasdid on | oss
~ caused ogothe basi s of the journal bearing theory represented by the
theory of°t hergarhs acdd) and RAHPDD of feREPRH FPRagl tatFALHoer, a

heat-dissipag%ng monocarboxylic acid as monobasic acid, and
condensing the dicarboxylic acid, the monocarboxylic
acid, and a polyhydric alcohol in'a properly chosen
molar ratio.
15 When these Examples are arranged, the esters
can be represented as fpllows by general formulas:

Esters of neopentyl glycol:

(Ry —CHjz)2 - C- (CH0COR3) 2 (1)

Esters of trimethylolalkane:

R; - CH3 - C - (CH30COR2)3 cee (2)

Esters of pentaerythritol:

C - (CH2 - OCOR2) 4 cee (3)

Complex esters:



effect, etc. which are brought about because the viscosity of the
refrigerating machine oil which contains flan 134a dissol ved th%@b@@ qga
. beconmes as | ow as 4.35 ¢St under the same operation conditions. g 2 e
ester oils according to the present inv ion which had a still | ower
“viscosity of 5-to 32 ¢St (at-40"C) were Cconpared in the coefficient of 5
10 15 - 57 2 9 DEC 2003 performance under the sane conditions, the ester
oil wth a viscosity of ;32.6 cSt (at 40C) of Example 14p, the ester oi

with a viscosity of 14.9,c¢St (at 40C) of Exanple 5 and %e ester oil with

: : : | g

a viscosity of t _~(a}..,40 e Qﬁéil al ues of
0.926, 0.966 ar%z%(ﬁ%%z, ((a_s%gét %%‘?‘?,H‘F%in t#%%sfczi C| en@ﬁ‘&op%?for mance
was i ncreased in that orégr. On the other hand, in the gase of the ester
oil with a viscosity of ™9.5 cSt (at 40C) of Exanple 4, he coefficient of
performance was 0.953, nanely, it showed a tendency to be decrease@4y

“little. - Fromthese results, it can be seen that an ideal ester oil
suitable for the rotary conpressor is an ester oil which has a viscosity

at 40C injthe range of 15 18a32i68, CR4aphlel oF 2451132 dbtaSnabie &, A
~range around the nost suitable value of "14.9 cSt, and contains two or

-more ester | dfetberppkesyl aipanhtd@s§iiiadoiabove. Exanple 19 20 25
.Flon 134a and each of the refrigeraFing machi ne oils according to the

present invention
(R2CO0OCH2)3C-CH2 -0 -CH; —C(CH2 ~0OCOR32) 3 ces (5)

In the above formulas (1) to (5), Ry is H or

an alkyl group having 1 to 3 carbon atoms, Rz is a

5 'straight-or branched-chain alkyl group having 5 to 12
carbon atoms, R3 is an alkyl group having 1 to 3 carbon
atoms, and n is an integer of 0 to 5.

The viscosity could be optionally determined
by choosing the kinds of the polyhydric alcohol and the

100 carboxylic acid(s).

A moderate viscosity could easily be attained
by blending a low—-viscosity oil and a high-viscosity
oil.

In the case of a refrigerating apparatﬁs using

15 a flon type refrigerant containing no chlorine, for
example, flon 134a, a refrigerating machine oil capable
of imparting fundamentally satisfactory performance
characteristics aﬁd';eliability.to a compressor and the
fefrigg;ating apparatus can be obtained by selecting én

20 oil having a lower critical solution temperature of 0°C

or lower (the first target value) or an oil having a



exenplified in Table 1 were used in-a | owpressure vessel type.

reci procating conpressor, and the conpressor was incorporated into
refrigerator, i.e., a refrigerating apparatus. The refrigerator %ﬁﬁfeﬂmﬁ
subjected to a hlgh tenperature reliabilggy_test 2 9 DEC 2003 - 5 8 - 1
(pressure in case 1.6 kg/cnR abs, case tenperature 85C, 100 V, 50 Hz).

rg. 4 sheus;bhe:! eshi digad! ts%ldé‘ic&&"é?ﬂ;%%g curd N8 aX350 L o2DEGL 802 refer s

to the neasure va ue o Vi scosity o re rlgeratlng machiné oil, and

the axis (gy @E%nhoq%§§égnﬁgldéf”goﬁﬁ @§r$HEERnE§véC§P}lsEBFﬁ &aph

was obt ai ned otting coefficient of perfornmance agai nst act ual

viscosity In ect:uab o@PYr ald oMy @cs@a?’té’feEMIfaﬁmE@ §£f£kgeagli g9 machine
10. oils mntﬁ a viscosity at 40C 14.9,7 22.0, 32.6 .and 56.6 cSt,

- respectivel yv1§99‘§’@.t'ynal§xqml°%‘5 Jfh Takd & dse The r@@@ééw*]e@ttefspesw mance
is in linear relation wth the actual V|5005|ty From the results shown in

Fig. 4, 1% CEPoHethE5hi%%@ﬂé@ﬂe§€3%§(Q%H the YOS PSk lysOéré Ngnich :
refrigerating mnmachine oil, the larger the coefficient of perfornmance .of

the | ow presgyhea¥asEab b¥PadRCIdNQAGAt] Nk £QEPT BSSOHe rdLesefsi gerating
machi ne oils having an actual viscosity of. 2 to 4.2 ¢St and a viscosity

at 40C 20 of 5.5 to 14:9waSt coaF ikamesRitthd® diaxcaddentt ﬁ&en t he actua
viscosity is less than 2 cSt, a decrease of the coeff|C|ent of performance

and a | oweri pgroigkbatinel mala:lhlllntey cfl hamrdangs daddl ks db CRUSEdndecause in
the case of using a conventional material such as cast iron 25 or an

i ron-based sonigredthatépnall 3ter bprtoducangeittte alsl ifiliory pgwe s of t he
conpressor, the precision of finishing the surfaces of the sliding parts
is linmtél, rafdigheratogesss contadwing an wilodsmsifor edmuple,

flon 152a (difluoroethane CH3CHFz). The refrigerating
machine oils were effective in imparting high
performance characteristics and a high reliability to a
Arefrigerating apparatus. |
15 In addition, it was confirmed that since these
ester oils according to the present invention are highly
soluble also in conventional chlorine-containing flon
Eype refrigerants (chlorofluorohydrocarbon type
refrigerants) such as flon 12 and fion 22, they are
20 effective also when used in part in admixture with theée
refrigerants. |
However, since the conventional chlorine-
containing flon type refrigerants are included in the
list of compounds under regulation in use because of the
25 problem of environmental disruption, it is preferable to
adjust the ﬁropdfticn of the refrigerants.toVSG% or less
and thakt of the eétér oil according to the present

invention to 50% or more.



2 9 DEC 2003 1 - 59 lubrication on the surfaces gets into the so-called
boundary | ubrication region in which the contact between netal surfaces
occurs. Exanple 20 5 The lubrication in a refrigerating machine andg(ﬂ% 2003
20 a refrigerant conpressor for achieving-.the third object of the present

i nvention is explained belowwith referente to the follow ng exanple. For
evaluatinq the | ubri cat

[,OF h ' out FALEX test, in which
sei zing | oad was neasubggti'ha?nagx%:pﬁea%? ;ﬂﬁrﬁeprrag‘sjsrtﬁ ea%R%s)%'ﬂ;ﬁgre en e

mmchi ne of | coh 2 ARG 500, 1 P ot th i B fEhH A L8

gr aph shom[ngighiévgnggth[on between the results of the two tests. The
seizing load 1Ts as | Tows. An increasing |load was applied to a rotating
sanple pin fromboth sides and a |oad at which seizing was caused was

. expressed in pound In the present exanple, the ester oil of

) trinethylolprgggﬂg &TMp) and isoheptanoic acid (i-C7) of Exanple 10
~exenplified in Table 1 was enployed as a typical exanple of a

-refrigeratgj ng machi ne %ha“?SQaES} cb r@%fserggm%unn%na@ag{aw% feif he

present invention,. 25 and there"was determned a relationship between the

Tubri ati ng cher ace o o1 PEE I B S R P e e T B for st
pi eces used fQfrtheeeyaliHat BBRa®htlB®having the constitution shown in
Fig. 9. At a compressor temperature of 100°C and a
discharged gés pressure of 5.5 to 10 kgf/cm2G which were

10 conditions of examining the reliability of a refrige-
rator, a relationship between the viscosity of a
refrigerating oil stored in the compressor and the
coefficient of performance (COP), i.e., the ratio of the
refrigerating capacity of the compressor to an input,

15 was measured by using some of the ester oils with a
typical viscosity grade exemplified in Table 1. The
results obtained are shown in Fig. 3.

Fig. 3 shows a relationship between the actual
viscosity of each refrigerating machine oil and the

20 coefficient of performance (COP) which was determined
for the ester oils according to the present invention
having a viscosity_at 40°C of 5 to 56 ¢St and
conventional examples, i.e., a polyalkylene glycol and
an alkylbenzene oil (SUNISO Z-300A) used in combination

25 with flon 12. 1In Figﬁ:B, the axis of abscissa refers to
the actual viscosity of ea&h refrigerating machiﬁe'dil

stored in the rotary compressor, and the axis of



| ubrication, the materials for the pin and a bl ock were standard

materials, i.e., SNC-21 (nickel chrome steel). according to the stgq?ﬁ{ﬁ mﬂﬁ
JIS and SUM 41 . (resul- 5 furized free-cutting steel) according t

standard of 'JIS, respectively. On the_oiher hand, in the high- pressure

at nosphere friction test there was neasured a Ioad at whi ch sei zi ng was

caused by, frj ggggg. ROV RR e QUM P Ol fr SBREHLE (LRprabkl in

(eutectlc 10 |ron a mate | er (eutectic

Oraphi te cast ifan empeled Jleryale) rc?ép&?é'e’&wres%tm had_gi ven

satisfactory n ro ary conpressors As shown in the case of sanple

No. 1 in Fig. 15 5, tﬁ%c%?:tdq_ é@(@%em A ‘ﬁ{erﬁx@gp} dPat ergt ai ning no

extrene pressure agent gave 2P ad of 70 eb and a sei zing

| oad of as | 0 %aéé@gpb@j;@ @£t he ot her hand,
In the case g%’cﬁing oli%os/%?e %@a#p%f i t he FALEanel zing | oad 20 was
furt her '@Crﬁg% rp.)én‘é%ob%béa%l Oégxeljé&@@l@f&téh@f SerEbPgahead in a

flon 134a at osphere was I'ncreased 90 kg/cn2 to reach 180 kg/cn2, ow ng

to addition cht%%@d oy e fdﬂﬂﬁmmﬁt I @bFib D £6 50 €0 AgEDLA. 1Rnankde case
of sanple No. 2, CHELE%I+10 (a trade name, nfd. by 25 SAKAI CHEM CAL

| NDUSTRY Co. z-bbda) (Wi GhAD et eafd B L1 ) HDSPiWra cv bscdstopt akni4lgCan
active OH group in the nolecule, was added in an anmount of It. In the case

of sanple Ngf 8¢ aBteStaey ICAMPaHE e fhi ol dyt eme péyfotm@n@eDEC 2003 61
1 and phosphoric acid (butyl pol yoxypropyl ene phosphate ester) was added in

an -anount of at¥%aifledt fics, tHe WRStHaNidteidy ff osteel pdhyalkplene glycol
phosphor us- cont ai ni ng conpounds such as the acidic 5 phosphoric ester and
t.he al kyLéne (ghgcal) pfosuiatemesimyl Exmmled andefient Lydhyigsasxtrene
pressure agents for
small as 0.859, indicating that the energy efficiency is
lowered by about 1l4%.
On the other hand, the complex ester according
to the present invention with a viscosity at 40°C of
15 56.6 cSt of Example 17 gave a satisfactory coefficiént
of performance of 0.906. It can be speculated that this
result is attributable to a reducing effect on friction
loss caused on the basis of the journal bearing theory
represented by the theoéy of the formula (9}} a reducing
20 effect on oil-agitating power, a heat-dissipating
effect, etc. which are brought about because the
visabsity of the refrigerating machine oil which
contains f£lon 134a dissolved therein becomes as low as
4.35 cSt under the same operation conditions.
25 - When the ester oils according to the present
invention which had a still lower viscosity of 5 .to 32

cSt (at. 40°C) were compared in the coefficient of



preventing seizing, regardless of the presence of flon 134a. Next, a FALEX
test was carried out 10 continuously for a maximumtine of 120 m nutes

whil e Kkeeping an applied |oad constant at 100 eb, and the abraisnntes?ﬂm
of a pin, i.e., an iron-based test piece 7 vas nmeasured. The res S
obt ai ned are shown in Fig. 6. to the case of the oil of sanple No. 4 which

GO A1 12 B EhARER U R £l AU PLIGHES LB R AT O

25 ny er nthe ctase of s containing each

s a5 omel 19560 6 A TRePAR NG g P B LR PRI A eI R TR 700 °°°
narel v, the eRLagkocl 03 SNl P redcet, toeong §1LED (ot Ages, Jae

anount of th s-coﬁtalnlng conp added s effective from about

0-05 wt % as SDof: of OF SR Nk ret o NG, B Oty PLoLDP: §OgPOYRG! So¢

i ncreased w an- IrnCrease o anoun ut when 5 anmbunf éXceeds

10 wtoe the \gprayhg i eaand o Al calipn ke sheucelbEng, So that

‘the addition hé ‘conpdoun econes’ econonl ca I sadvant ageous and

hence becomeg ypr agt bRal ar b B3 2Ukde2ivdhip. ADEL oNehoSS coul d be
. . . o= [ ] -4 r

reduced by increasing the viscosity of oil from™14.9 cSt (at 40C) of

sanpl e No. 4cé§f§§c§ea§t oA Yelr A &AW i fereddOd fhechact Scdescri bed

i
above, it was found. 5 that "the seizing | oad, abrasion resistance and

lubrica- tiofnofnkhgthe@Nhagged ifl itHe Gy ScxOW sk de @ipakiyn 4nproved
by addi ng a phosphorus-contai ni ng conpound such as an acidi c phosphoric

ester, phosphpstésesiebs 3l.lylomte (@tyome mhaspimismesd e, ofhd he |ike as an
10 extreme pressure agent to the refrigerati ng machi ne oi
i 10 coefficient of performance was 0.953, namely, it showed
a tendency to be decreased a little.
From these results, it can be seen that an
ideal ester oil suitable for the rotary compressor is an
ester oil which has a viscosity at 40°C in the range of
15 5 to 32 cSt (exactly, 5.5 to 32.6 cSt), i.e., a range
around the most suitable value of 14.9 cSt, and contains

two or more ester linkages in the molecule, as described

above.

Example 19

20 _Flon 134a and each of the refrigerating
machine oils according to the present invention
exemplified in Table 1 were used in a low-pressure
vessel type reciprocating compressor, and the compressor
was incorporated into a refrigerator, i.e., a

25 refrigerating’apparatué. The refrigerater was then

subjected to a high-temperature reliability test



used in the present invention, in an anount of 0.05 to 10 W% or by
adjusting the viscosity of the oil to a high value instead of add?ggnﬁug
extreme pressure agent; The refrigerating machine oil which conta 2003
extrene 15 pressure agent exhi bits excel Isent- performance character- istics
particularly in the presence of a flon type refrigerant containing no
chlorine, 1sughrasdimn IBdgasEXRIP! Rg2EmANaByanpheel eempeltiaduireg gve: fourth

object of 20 the present invention Is described bel ow. The behaviors of
electrical ingal at, rgp mtderials used in the hernetic notor of a
conpressor, in the presence of both flon 134a and the refrigerating
machi ne oil accordi ng tRid het pslesent thaveastonesailesevalnatéds Hrapiesul ts
obtai ned 25 are expl ained below with reference to Table 2 and Table 3. 29
DEC 2W -- 6 8hEl axik34sf atnsceésa geebéragtoathenaeasusedeva luevaifuat ed by
observing the degree of deterioration of characteristics of a magnet wire
(an enanebedwissce)s idnd cfantheste fit iggr&tingmabehiiak by la sed ddhet @oe g est
~for 5 preventing external. influence.' (1) Insulating characteristics of a
magnet wire fpénordiamiedoited dsepbigneenti o€ pesfopmecee, (OAP ki nds. of
test 10 15 20 25 pieces, i.e., 5%elongated products and tw sted-pair test
pi eces were Shej gotagdh WA Sl oted ube pbettang tBeCcbeffdeieayrs ofAn
explanation is given belowwith reference to the results shown in Table 2.
performance against the actual viscosity in actual
operation of each of the sample refrigerating machine
10 oils with a viscosity at 40°C of 5.5, 14.9, 22.0, 32.6
and 56.6 cSt, respectively, shown in Examples in Table
1. The coefficient of performance is in linear relation
with the actual viscosity.
From the results shown in Fig. 4, it can be
15 seen that the lower the viscosity of the ref:igerating
machine o0il, the larger the coefficient of performance
of the low-pressure vessel typé reciprocating
compressor. The refrigerating machine oils having an
actual viscosity of 2 to 4.2 cSt and a viscosity at 40°C
20 of 5.5 to 14.9 cSt can be said to be excellent. When
the actual viscosity is less than 2 ¢St, a decrease of
the coefficient of performance and a lowering of the
reliability of bearings tend to be caused because in the
case of using a conventional material such as cast iron
25 or an iron-based sintered material for producing the
sliding parts of the compressor, the precision of

“finishing the surfaces of the sliding ?arts is limited,

and therefore at too low an actual viscosity, the



As a result of the sealed tube test carried out for a conbination of flon

134a and the pol yal kyl ene glycol listed as Conventional Exanple ;
1 which is a refrigerating machine oil said to be suitable for %gmqg?am

5% el ongat ed products of both the pol yest.gr _ wire (PEW of sanple No. 9 and
“the ester imde wire (EIWR) of sanple . 10 in Table 2 were crazed, and

the retentiqgn,of. the dielectric_breakdown voltage tw sted-pair test

bi 6ces of 1t QP TRR R T (S8 BASE SoPRbE | § AP BuEREd Soh o6 1A 3096 ~on

t he ot her hagl%,i tdhe sgﬂ&) eval éjati on_as__above was gﬁrri ed . ou o, &

combi nati on SPYIRRF Y1 IAP LRI H: to#b38i th Bt P E8MGE5E1 PG SR ari ¢
acid (Aut), neagpentyl.alycol (NPG and isohexanoic acid . (i-C6) which is
a refrigeratpﬁgaﬁaéﬂx%ﬁéﬁﬁ% ?Eée Th the present invention and is
exenplified in Table 1. - 6 4 - 1 Consequently, the sanme polyester wire
(whose glass transition tenperature is shown in Table 2) and 2 9 DEC 2003

pol yester imgge wre a5 the wires which were described ~above and
deteriorated asn¥%ﬁbentional exanpl es sanple 5 No. 9 and sanple No 10,

showed nosabnormality iphARRRA BN 0 @51 S NOWe £ Of o 8280 g NRacindndpganpl e
No. 12. The retention of the dielectric breakdown voltage of these

sanpl es was gs rRirgh @S RN Um0t NEbEaitMbevi gt thBetAegae8b9kct
deterioration of the nagnet wires was 10 every |low. The reason i$§ as

follows. Thegkekhied@ralddit IREHIKOWRIis acePIdingdtveibe piegent invention
has a low water content in the early stages and a high thermal stability,

and hardly predegendz a@ dife SHISIRNGEy Sopable, of accel erating hydrol ysis,
and these 15 characteristics bring about the inproving effects. Sanple No.

13 was obt ai ned by coatFiorg evad uagsitrey g dieitw s tofosanpherdowe i@ W th a
pol yi m de | ayer _
- 10 carried out a FALEX test in which a seizing load was
measured in the air, and a high-pressure atmosphere

friction test in which a seizing lcad was measured in a
refrigerating machine oil containing 50% of flon l34a
dissolved therein. Fig. 5 is a graph showing the

15 correlation between the results of the two tests. The
seizing load is as follows. An increasing load was
applied to a rotating sample piﬁ from both sides and a
load at which seizing was caused was expfessed in pound
{€b). |

20 In the present example, the ester oil of
trimethylolpropane {TMP) and isoheptanoic acid (i-C7) of
Example 10 exemplified in Table 1 was employed as a
typical example of a refrigerating machine oil used in
the refrigerating apparatus of thg present invention,

25 and there was“determined é relaﬁionship bétween thé kind

and amount of an extreme pressure agent added to the

ester oil and the lubricating characteristics. As to



to forma conposite. Sanple No. 14 was a wire coated wth a

pol yam de-i m de alone (AIW. Both sanples had 20 satisfactory 2(% DEC 2003
characteristics. It was found that such a nagnet w re obtained by™

coating a layer with a high glass‘transi(jqn tenperature on a layer with a
low glass transition tenperature contributes to the inprovement of the

reliability of 3 C@Qregsgjgteseag%sc&g JHRRCE GO0 PRING I BYEI 4 the

effectlve yer arns attack and t
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{Arhoefrebya?hlenf%ﬂlklar%hdﬂé:} 3“%9%?{'1%%%88\% ?h' rggsepé—zg’[ {%qctqﬁéei appear ance anho'tjh
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Lanrl ar narme oray
| ndustri es, h t
conpr essor wagﬁhﬂa ég%he g%%% n ?%%él Sg éélg'ggﬁgpéﬁgigkéﬁqég omm for
sanpl e No. 15 HOUBYe £PTPOBENnWASLRESCHAIA! 6h Khd T ildie- of | and
t he retentlon of tensE5 treggth was 83% On tﬁé ot her hamfdgﬁla

combi nation af %@%r&?@ﬁ%pﬁé%@@?hbt@&nﬂ@%' € thé RC i i ddren

present inv ntlon an no ol igomer was precipitated 15 and the

retention of jtgRside ﬁf&ﬁlgﬁ@lwﬁgaﬁfagl ghuded88% roficih ibedwaecase of
all of Lumlar X10 of sanple No. 16, PA-61M (a trade nane, nfd. by Hi tachi

Kasei Co., Iddinddrs maddeopohynstdeiali dercanbdd gelutesitdc of sanple
No. 17, the polyphenyl ene sulfide (PPS) filmof 20 sanple No. 18, and the

pol yet herl Oet hgtaptaitanecd SEEKYonf | Andoé magpkeallo £0l9 rollles, (ieutmst found
that the graphite cast iron tempered material), respectively,
which had given satisfactory results in rotary
COmMPressors.
As shown in the case of sample No. 1 in Fig.
15 5, the ester oil (the oil of Example 10) containing no
extreme pressufe agent gave a FALEX seizing load of 700
¢b and a seizing load of as low as 90 kgf/em? in a flon
134a atmosphere. On the other hand, in the case of
sample No. 2 and sample No. 3, therFAﬁEx seizing load
20 was further increased by 400 ¢b to reach 1100 ¢b and the
seizing load in a flon 134a atmosphere was increased by
90 kg/cm? to reach 180 kg/cm2, owing to addition of each
of the following extreme pressure agents. In the case
of sample No. 2, CHELEX H-10 (a trade name, mfd. by
25 SAKAI CHEMICAL INDUSTRY Co., Ltd.) which was an acidic
phosphoric'acid cohtéining an active OH group in the
molecule, was added in an amount of 1%. 1In ﬁhe case of

sample No. 3, an ester'compound of an alkylene glycol



el ectrical insulating system of a conpressor using flon 134a can be
mar kedly inproved in reliability. That is, it was found that the insulation
25 system of a hernetic notor can be conpleted by properly sel ect2 ﬂgDEC 2003
filmfromthe group consisting of polyester filnms, polyam de-im de-coated
pol yester filns, PPS filnms and PEEK fitn®lwhich have a glass transition
tenperature 2 9 DEC 2003 - 66 of 65C or higher, and using the sane in the
presence of aodhphbepht3da awid HOUt ¥PYrBtTPPPRESIHePBPFPBBRLE t ai ni ng
two or nore ester groups in the nolecule accord- ing to the present
i nvention. |teskerjownd eddediieh B tarcymsrfhtidn systemis thus
conpl eted, there can be solved the problem of precipitation of an oligoner
conponent (the probl em Bbatr illsed idbaias fasrtuald binrofed dgmentRf®nal Exanpl e
3 'shown for sanple No. 15), the problens in the perfornmance
char act eri st i psospharti6-compedssiorg AAMREYRSS | Fethtangtppaf &84S which are
caused by the lowering of the filmstrength, and the practical problens in
the | ong-t&rnphekphbilict pst2d BECG 2008 allyleneygiycol (phesprkg 8Ftes) raw
co UJO0.0 z ¢ Lo-i S/I™ Nto' +IWco ‘ :
compound act effectively as extreme pressure agents for
preventing seizing, regardless of the presence of flon
134a.
Next, a FALEX test was carried out
10 continuouslf for a maximum time of 120 minutes while
keeping ‘an applied load constant at 100 ¢b, and the
abrasion loss of a pin, i.e., an iron-based test piece,
was measured. The results obtained are shown in Fig. 6.
In the case of the oil of sample No. 4 which contained
15 no extreme pressure agent, the pin was worn in an amount
of 25 mg. On the other hand, in the case of both of the
oils containing each of the above-mentioned phosphorus-
containing compounds, the abrasion loss was' as small as
0.4 mg as shown for sample-No. 7 and sample No. 8,.
20 pamely, the abrasion loss could be reduced to one-fifth
cr less. The amount of the phosphorus-containing
compound added is effective from about 0.05 wts as shown
for sample No. 5. The effect of the compound is
increased with an increase of the amount. But when the.
25 amount exceeds 10 wty, the improving effect on the
‘lubrication hits the ceiling, so that the addition of

the compound becomes econcomically disadvantageous and

hence becomes unpractical.
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1 The abrasion loss could be reduced by
increasing the viscosity of oil from 14.9 cSt (at 40°C)
of sample No. 4 to 56.6 cSt (40°C) of sample No. 6.
FProm the facts described above, it was found -
5 -that the seizing load, abrasion resistance and lubrica-
tion of the iron-based sliding members could be greatly
improved by adding a phosphorus-containing compound such
as an‘acidic phosphoric ester, phosphoric ester,
alkylene glycol phosphate ester or the like as an
10 extreme preséure agent to the refrigerating machine oil
used in the present invention, in an amount of 0.05 to
10 wts, or by adjusting the viscosity of the oil to a
high value instead of adding the extreme pressure agent.
The refrigerating machine oil which contains the extreme
15 opressure agent exhibits excellent performance character-
istics particularly in the presence of a flon type

refrigerant containing no chlorine, such as flon 134a.

Example 21
An example for achieving the fourth object of

20 the present invention is described below. The behaviors

of electrical insulating materials used in the hermetic

motor of a compressor, in the presence of both flon 134a

and the refrigerating ﬁachine oil according to ﬁhe

present ‘invention were evaluated. The results obtained
25 are explained Eeloﬁ #iﬁh reference to Table 2 and

Table 3.
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Flon 134a and réfrige:ating machine oils were
evaluated by observing the degree of deterioration of
characteristics of a magnet wire (an enameled wire) and
an insulating £ilm material by a sealed tube test, for
preventing external influence.- |
(1) Insulating characteristics of a magnet wire (aﬁ

enameled wire)

As magnet wire test pieces, two kinds of test
pieces, i.e., 5% elongated products and twisted—pai:
test pieces were subjected to a sealed tube test at

150°C for 40 dayé. An explanation is given below with

_reference to the results shown in Table 2.

As a result of the sealed tube test carried
out for a combination of flon 134a and the polyalkylene
glycol listed as Conventional Example 3 in Table 1 which
is a refrigerating machine oil said to be suitable for
flon l34a, 5% elongated products of both the polyester
wire (PEW) of sample No. 9 and the ester imidé wire
(EIW-R) of sample No. 10 in Table 2 were crazed, and the
retention of the dielectric breakdown voltage of
twisted-palilr test pieces of these two kinds of wires was
greatly lowered to 30 to 32%.

On the other hand, the same evaluation as
above was carried out for a combination of flon 134a and
the composite ester oil composed of glutaric acid
(Glut), neopentyl gly&ol (NPG) and isohexanoic acid
(1-Cg)-which is a refrigerating machine oil used in the

present invention and is exemplified in Table 1.
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1 Conseguently, the same polyester wire (whose glass
transition temperature is shown in Table 2) and
polyester imide wire as the wires which were described
above and deteriorated as conventional examples sample‘

5 No. 9 '‘and sample No 10, shéwed no abnormality in
appearance, as shown for sample No. 1l and sample No.
12. The retention of the dielectric breakdown voltage
of these samples was as high as 95% or more, indicating
that the degree of déteriaration of the magnet wires was

10 . very low. The reéson is as follows. " The refrigerating
machine o0il according to the present invention has a low
water content in the early stages and a high thermal
stability, and hardly produce an acidic substance
capable of accelerating hydrolysis, and these

15 characteristics bring about the improving effects.

Sample No. 13 was obtained by coating the
ester imide wire of sample No. 12 with a polyimide layer
to form a composite. Sample No. 14 was a wire coated:'
with a polyamide-imide alone (AIW). Both samples héd

20 satisfactory characteristics. It was found that such a
magnet wire obtained bj thus coating a layer with a high
glass transition temperature on a layer with a low glass
transition temperature contributes to the improvement of
the reliability of a compressor because the upper coat-

25  ing layer is effective as protective layer against an
attack of flon 134a and the refrigerating machine oil.
{2y Inédlating characteriséics of insuiating films

- As a sealed tube test on insulating films for
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motor, an insulating strength test at 130°C for 40 days
was carried out, whereby the films were evaluated with |
respect to the appearance and the retention of tensile
strength. -The results obtained are shown in Table 3.

When a polyester film (Lumilar X;g, 2 trade
name, mfd. by Toray Industries, Inc.) conventionally
used in the hermetic motor of a compressor was used in
the conventional polyaikylene glycol oil shown for
sample No. 15, its oligomer cbmponent was precipitated
in the o0il and the retention of tensile strength was
83%.

On the other hand, in a combination of the
complex ester oil of Example 17 according to the present
invention and flon 134a, no oligomer was precipitated
and the retention of tensile strength was as high as B89%
or more in the case of all of Lumilar Xj;p of sample No.
16, PA-61M (a trade name, mfd. by Hitachi Kasel Co.,
Ltd.), i.e., the polyamide-imide-coated polyester of
sample No. 17, the polyphenylene sulfide (PPS) film of
sample No. 18, and the polyether ether ketone (PEEK)
£ilm of sample No. 19. Thus, it was found that the
electrical insulating system of a compressor using flon
134a can be markedly improved in reliability.

That is, it was found that the insulation
system of a hermetic motor can be completed by properly
selecting a film frcm the group conSLStlng of pol yester
films, .polyamide-imide-coated polyester films, PPS films

and PEEK films which have a glass transition temperature



-4a) r{ti4 0ordb C O .-.r1..' C ag C Oen 1IDC a CO0 z

rn C Cl al

10

CO zt!") co ma- a) CO0 z a) ZQDECZﬂﬂa
- 66 - ‘

of 65°C or higher, and using the same in the presence of

both flon 134a and the refrigerating machine 0il con-

taining two or mofe ester groups in the molecule accord-

ing to the present invention. It was found that when

"the insulation system is thus completed, there can be

solved the problem of precipitation of an oligomer
component (the problem‘described above for the oil of
Conventional Example 3 shown for sample No. 15), the
problems in the performance characteristics of a
compressor aﬁd a refrigerating apparatus which are
caused by the lowering of the f£ilm strength, and the

practical problems in the long-term reliability.
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the assurance of the quality of an electrical insulating material.
Therefore, the establishnment of a technique 10 for renobving water is

i ndi spensabl e for the systemof the refrigerating apparatus. In 2 9 DEC 3303
refrigeration cycle conposed as showmn4drgg Rig. 9, floe 134a gas discharg
froma.conpressor 40 is condensed into a liquid refrigerant by heat

di spersign %&Aékgécgﬂdenser 41. Thi s high-tenperature, high-pressure
liquid refrigerant is transformed into | owtenperature, | ow pressure wet
vapor by an expansion grchBaRkpWedZozndchtel ing ahee\fdfwhatojedd dh this
series of steps, the water in the refrigerating apparatus is adsorbed and

20 renoved q%ug ¥& 88 agakenteéphedenided cry beyintdedidwe. zeolite in a dryer
45 provi ded be en the condenser 41 and the expansion nmechanism42. It is
i mportant to choose thetkigdkabwhhehdtypagtdgenarily donsiedferigeimat icig a use
environment in which the refrigerating machine oil 25 according to the
_present isweggsg;@f\a@@@l fikoRglathecaeexixhanfee @i AT |dx YLosfert,hethir yi ng
agent is explained belowwth reference to Exanples shown in Table 4. 29
DEC 2003 - 7-8htrd1Deyi 0gtageriontieedt doh ahe serfirtiafdma Zoy iappa rdkws ng -
trade nanes of Mol ecular Sieves all manufactured by UNI ON SHOM K. K. These
synthetic zepddtes fwporehassiihifddenceood nipet cadid rsmpabidd taprdty (%9
at 5 25C and at a carbon di oxide gas partial pressure of 250 nmHg which is
used as an itk cassonantet bé dihet guadiiiton ofofart led efitarieady ig¥sYlgrtesng or
adsorption. As to the suitability of the synthetic zeolites for flon 134a
and the ref raeeatahg nBbkredosie. the & ibsdhment RE @ S&SRN I RNt on,

t he resu{és of a seal ed tube test shown in Tahle 4 are expl ai ned PelomL

for removing water is indispensable for the system o
the refrigerating apparatus.
In a refrigeration cycle composed as shown in
Fig. 9, flon 1l34a gas discharged from a compressor 40 is
condensed into a liquid refrigerant by heat dispersion
15 in a condenser 41. This high-temperature, high-pressure
liguid refrigerant is transformed into low-temperature,
low-pressure wet vapor by an expansion mechaniém 42 and
sent to an evaporatdr 43. In this series of étepsr the
water in the refrigerating apparatus -is adsorbed and
20 removed by a drying agent represented by sYnthetic '
zeolite in a dryer 45 provided between the condenser 41
and the expansion mechanism 42. It is important to:
choose the kind of the drying agent in consideration of
a use environment in which the refrigerating machine oil
25 according to the present invention and flon 134a
coexist. The suitability of the-drying.agent is
explained below with reference to Examples shown in

Tabie 4.




It was found that the synthetic zeollite conposed mainly of sodium

al um nate and sodiumsilicate shown as sanple No. 20 (a conventi onal

exanpl e; trade 15 nane 4ANRG has a fluorine ion adsorption of as Izaﬂgﬂ’EelsZ{]ﬂQ
1.05% so that problens due to the Iomgrzﬁg of the strength or formation

I nto powder are caused by the reaction the synthetic zeolite. Sanple
No. 21 (a, conparative_exanple.; trade na 4AXH- 6). and, sanpl .gb. 20 22 (a
conparati ve exanpl e; tPi¥eNFafdoRES )t 8FHiTh &t $ %%ﬂcng$ﬂ$§ 6f sodi um’
- al I nat e, t [ I i nat e, sqdi i1icat d t ' I i cat
have A car BORVAPEX a8 GaE LD/ (M THOLRT (5 9ren 8L foranub bRy ©

d d f ' ' ti f Q.24% But,. 25 th t int
bract i cal useYcEINESERER K vorTHES Y AR TR et SCEF P8t oo 1 ar ge.
Sanpl e No. 23 5 lLe; trad XH 600 d - No. ‘
oxanpl e i r Ok RAVE R sFSan DR d Dece e ae o cibaf b 88 Rfferi o

it A ¢ t :  nat : : ,

ot assi . SPT) CaPBIafd SodrhRal 11N A st boh B SrFEEECRE 250
oo T nooRBag| iRk LK & UPHAd LAEE Lo LhdoRL o6, AHARERR, 0N O]

0.04% Since™a Pl UdF"He i adsor ption permts practrcal usé is 0.1%

or less, the.v e o IJHI At t nﬁﬁﬁ 4 les are sufficiently

usabl e. The gt g#llgogg%fn%r{f%o{?‘ ({:}:ﬂ race[eSZr%s iacés 0 alsqrgpsynt hetic zeolite

itself by the adsor ptigg eh 'E‘Px'ee%lﬂ'et%bﬂfi HF 1342 gfnm\gent on the
tﬁ1 etic zeolite.

di stribution of pore aneter o e synt It has been

Che. erpl oymoRt bt S osontnerce 2ea Lo AT o b b aehLag eral ess
adsor pti b0 capagiiynhasobes #esent invention, the results of a
sealed tube test shown in Table 4 are explained below.
It was found that the'synthetic zeollite
composed mainly of sodium aluminate and sodium silicate
shown as sample No. 20 (a conventional example; trade
15 name 4ANRG) has a fluorine ion adsorption of as large as
1.05%, so that problems due to the lowering of the
strength or formation into powder are caused by the
reéCtidn of the synthetic zeolite. Sample No. 21 (a
comparative example; trade name 4AXH-6) and sample No;
20 22 (a comparative example; trade name XH-7) which are
composed mainiy of sodium aluminate, potassium
aluminate, sodium silicate and potassium silicate have a
carbon dioxide gas adsorption capacity of 4.5 to 1.5%
and a reduced fuorine ion adsorption of 0.24%. But,
25 they cannot put into practical use because their
fluorine ion adsorption is still too large.
Sample No. 23 (an example; trade name XH-600)

and sample No. 24 (an example; trade name XH-9) which



25 adjusted to 1.0%or less is sufficient. That is, the follow ng was

found. When a synthetic zeolite conposed of alkali netal silicate aﬁg
~alkali metal alunminates whose carbon dioxide gas adsorption at 252951 (2003
a carbon dioxide gas partial pressure of.250 nmHg has been adjusted to
~1.0%or less, for exanple, Mdlecular Sieves XH 600 or XH9 (trade nanes,

appar at us. L usFRRCE PinCEaR ST IRG & areq ter TR REeh: heiBLY “SEonta ni ng
vent i on, - whbe e ap Uy ERa het, R o BEEE R o ek Pl T
2003 | - 72 SETTEPRE FOR SR Bodar B AR ngr broenEteRRaRgBRs s
beacs, 2" DEEELIE BN AT g Y e SR Syl PO
-1 010710 aG¢y 4908 adsorption of 0.04%. Since a fluorine ion
| adsorption which permits practical use is 0.1l% or less,
the value of 0.2% indicates that these samples are
sufficiently usable.
The deterioration of characteristics of a
! 10 synthetic zeolite itself by the adsorption of molecules
. of flon 134a is dependent on the distribution of pore
diameter of the synthetic zeolite. It has been
confirmed that for adjusting the fluorine ion adseorption
to 0.1% or less, the employment of a synthetic zeolite
15 whose carbon dioxide gas adsorption capacity has been
adjusted to 1.0% or less is sufficient. That is, the
following was found. When a synthetic zeolite composed
of alkali metal silicates and alkali metal aluminates
whose carbon dioxide gas adsorption at 25°C and ét a
20 carbon dioxide gas partial pressure of 250 mmHg has Been
adjusted to 1.0% or less, for example, Molecular Sieves
XE-600 or XE~-9 (trade names, mfd. by UNION SHOWA K.K.),
is used as a drying agent in a refrigerating apparatus
using flon 134a and the refrigerating machine oil
25 containing two or more ester linkages in the molecule
| according to the preseﬁt invention, which are plaéed
together, only water can be effectively removed_énd

fluorine ion adsorption hardly produce influences such
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1 as formation into powder or a lowering of the strength
of beads, and therefore such a drying agent is very

excellent for practical purposes.




=2
[ —]

T o

NS

s o

S ™~

L

5

N

©

4

B | | sKkep { ‘D.05T :3593 aqn) payeas

X ! .

N “ : .

7 ~ b0°0 ‘ v0'0 z'0 6-HX e

|

- b0’ 0 Zvo- 0 A : 009-HX £z

O bz 0 SE0° 0 61 L-HX ze

O«

= e o ZED' D Sy , 9-HXVY -T2

5% . S0 T 820 0 0°2Z1 i OUNYY 0z
pd

<

I (%)

— (%) - jueiabrijaa (D06Z) bijunw ggg .

- uorydiospe jo aje1x aanssaid terjaed 210) atdwes jo awen *ON
c ' : atdues
- uoT aution uoi13t1soduoos
- i i td A d (t) A3toedeo Juabe butdig

am _ : ¥159] aqny payTeas votrydiospe g

+

© < ‘ oatqey,

o (&)

c O

W

o=z
L

co

© © h




a Cl17 29 DEC 2003 74 1 The carbon di oxi de gas adsorption capacity at 25C
and at a carbon di oxide gas partial pressure of 250 nmmHg should be 1. 0% or
less, and it is preferably as small as possible. Wien it is zerQ %DE&QUM
drying agent. 5 absorbs water al one selegyively but not fluorine ions, so

that the drying agent becones ideal nolecular sieves. The present

inventionéls constitut as eﬁﬁ%@ﬂ? é&fﬁ%’ ?Faggsgfggg ﬂaéabggeé L qw ng -

effects. (1) By using t & rce%‘rrlgera I'Ng” hacthi ne O escri

a refrigerati, ﬁgcag%adr%tus COPLL 51 il fa&ogpgegégpaiog%egﬁf“ %rfy%o

expan5| on nechiani sm an evapora or and us on type re ger ant

t hi t 0 hi gh
cont ai ni ng 9@?@ %rl - ?¥ ggé | gnpgrggg@grggl &sOor i gher

which is rep nted e per orn1 5 ance characteristics and

rellablllty ghagg a%ognﬁggﬁghe rrﬁhé@e ge{glggfatgngtﬁgpa&9gug aJeme

mar kedl y i nprov I gerating nmachine oil and therefrige-

rant are B 9Q'b¥.o@‘b§c'“@teeﬂméltbr?@c§bpé@@Ivé“i§h@l’:t'E hbei E1usepacations i nto two

layers in the whole tenperature 20 range where the conpressor and the

refrigeratingo PRI’ AHES BFL P Uhe ) bbehres aideBLI Raleagler! sfieh@msan the
shaft and bearings of the conpressor and the refrigerant-heat-transferring

capability ofrha Bealken@XGRANGRIid eiassetisei cdbedr 8kr bgplatihag avekiene oi |
25 conprises as base oil an ester oil according to the present invention

whi ch contai aadt Wenee MY 2 folldwiegest fectde nol ecul e and has a
refrigerating machine oil viscosity at 40C of 2 to 70 cSt, preferably 5 to
32 29 DEC 2003)75 1 c8ty asdny refe i el mitdewp tiodi mecloihevostosity at 100C
10 described below, in a refrigerating apparatus comprising
a compressor, condenser, dryer, expansion mechanism and
evaporator and using a flon type refrigerant containing
no chlorine and having a critical temperature of 40°C or
higher which is represented by flen 134a, the perform-
15 ance characteristics and reliability of the compressor
and the refrigerating apparatus can be markedly improved
because the refrigerating machine oil and the refrige-
rant are highly miscible with each other without their
separetion into two layers in the whole temperature
20 range where the compreesor and the refrigerating
apparatus are used, and hence a lubricating oil film on
the shaft and bearings of the compressor and the
refrigerant-heat—transferring capability of a heat
exchanger are assured. The refrigeratiné machihe oil
25 comprises as base oil an ester oil according to the
present 1nventlon whlch contains two or more ester

linkages in the molecule and has a refrigerating machine

oil viscosity at 40°C of 2 to 70 cSt, prefefably 5 to 32



of | to 9 cSt, preferably 2 to 6 ¢cSt. The refrigerating nmachine oil has a
| ower critical solution tenperature of OC or |lower or -30C or |owe and
is used inthe first 5 target, i.e., a noderate-tenperature refziggbﬂ;t?ﬂ@
apparatus such as a dehum difier, or theysecond targer, i.e., a
| ow-tenperature refrigerating apparatus such as a refrigerator
respectivel Vsl 20 HbLEOUR, e 1] HIEGR Cal AptfbosLLgsaandootl the
reliabilifty ¢an be |nproveé by an 1hproving effect on the lubrication in
the sliding geriipgsgofshearinge 1y e vefg iger antrkonpeessgeruhiial is
obt ai ned by adding a phosphoric ester type extrene pressure agent having
OH groups 'nmggﬁiﬂglS@Elﬁa%n%(mduﬁrfﬁgﬂiﬂdé¥5séﬁh@ﬁ@ﬁ @smpérature of
abr asi on- preventing agent, acid-capturing agent, antioxidant, defoan ng
agent, etc. pocthe apoue- Jrentygered s efddde Addid smededeini the(8)irBy
si mul t aneous "use of the refrigerating machine oil containing two or nore
.ester |inBagF§§thEh$.eZQ D rRfeld 1 rac Cinth R i d e PF E§ENAtingent i on
descri bed below and flan 134a, the so-called perfornmance characte- ristics
.can be inpr OXEQMQ%[IEJ ¥uchhe sceefddmireidi fifer pesdf otmmncecondi tatgag.t he
performance characteristics of the conpressor can be increased, the power
consunp 25 tioa, of at hew-elemparaadd iy mpfeirce et irsg ngppéea cospsesbors can be
reduced, and the refrigerating capacity can. be increased. In a :
hi gh- pressurg vessehetuperr,otrarspecingelgssor, the refrigerating machine oil
is one which 2 9 DEC 200 - 76 1 has a viscosity at 400C of 2 to 70 _cSt,
preferably 5(2p 32. |nMarkowenresshe panamangpehaniprechsthgs and
conpressor, the refrigerating machine oil is one which has a viscosity at
400C of 20t otH8 c8fiapidficivalan e onmraeddy Fu)impeceiedt eFEgFt

i nsul ati ng performance and ) C a- i .
on the lubrication in the sliding portions of bearings

. of the refrigerant compressor which is obtained by
adding a phosphoric ester type extreme pressure agent
having OH groups in the molecule and other additives

15 suych as an abrasion-preventing agent, acid-capturing
agent, antioxidant, defqaminq agent, etc. to ghe above-
mentioned refrigerating machine oil.

{(3) By simultaneous use of the refrigerating
machine oil containing two or more ester iinkages in the

20 molecule according to the present invention described
below and flon l34a, the so-called performance characte-
ristics can be improved, namely, the coefficient of
performance indicating the performance characteristics
of the compressor can be increased, the power consump-

25 tion of the refrigerating apparatus using the compressor
can be reduced, and thé refriqeréting éapacity can be .
increased. 'In a high-pressure vessel type rotary

compressor, the refrigerating machine oil i1s one which




long-termreliability of the refrigerating apparatus can be markedly

I mproved by using an insulation-coated winding wwre with a gl ass

transition tenperature of 10 120-C or higher and an insul ating fidd uﬂ:hm
glass transition tenperature of 700C orshigher as insulating materials

for a notor, and a refrigerating machine oil conprising as base oil the

ester oilyaccording;ta, @gge%rtesﬁfhtc idwentd omg i fg@ refLEGRE|NL, §ogpressor

using a 15 flon type refrigerant contalning no chlorine represente by

flon 134a. (§) BYTHShNgoR -SYditlre vandil & masetbicadlsgl i metal

silicates and al ka nmetal "al um nates having a carbon dioxi de gas

adsorption C&P@ﬁk&hé&,%’h@ 2@ Fand a8 ks DO e DaSopar fhakhpr essure
of 250 mmHg of 1.0% or less, in the dryer constituting the refrigerating

appar at us, g%gral fikReshelr agermid Ot Cyde rRede, aifdfbeably separated
and adsorbed, and there can be prevented troubles caused by formati on of
25 the dryingsaggpt into, powder by deterioration of the drying agent
itself, nanmely, the problens caused by clogging- of a piping for

refrigerant g&;h t he dipbnglagerticald iayraminlyatidynghiee tand nt rusi on of
the - 77 2 OEC 2003 1 drying agent into the sliding portions of the

conpres- soriodfetetar eellibdiaipyoyrerdihofrdie qamdthielg apeotates das a
mar ked i nmproving effect on the performance characteristics and the

| ong-termretbéabatkeylySififrovied mef nigeratamd reppartaitas-dwatied t he
constitution explained above can reduce the ozone depletion potenti al
(ODP) and t heigdbbal wihvarniwagh potgdmtsisalt (aBAA)t Mt demperdunpiesfi on in the
terrestrial environment to zero and 0.3 or |ess, respectively, 10 relative
t'o val uek? at120 Hedonhbhghecorndniirordisuleing e loomtidimiang¥asn type
refrigerant gas (e.g. flop ) ) )
transition temperature of 70°C or higher as insulating
materials for a motor, and a refrigerating machine oil
comprising as base o0il the ester o0il according to the
present invention, in a refrigerant compressor using a
15 flon type refrigerant containing no chlorine represented
by flon 1l34a.
(5) By using a synthetic zeolite composed of
alkali metal silicates and alkali metal aluminates
having a carbon dioxide gas adsorption capacity at 25°C
20 and at a carbon dioxide gas partial pressure of 250 mmHg
of 1.0% or less, in the dryer constituting the
réﬁrigerating apparatus, water in the refrigeration
cycle can be efficiently separated and adsorbed, and
there can be prevented troubles caused by formation of
23  the drying agent into powder by deterioration of the
drying.agent itself, namely, the problems caused by

- clogging of a piping for refrigerant with the drying

agent and abnormal abrasion due to intrusion of the



12) is used. 29 DEC 2003 _78- CLAIMS 1. refrigerant conpressor used in a
refrigeration cycle wherein the refrigerant conpressor conprises a high-
pressure closed vessel stored with a refrigerating nachine oil ZﬂLDE# 2003
accommbdat es a notor conposed of a ro[pr.ﬁng a stator having a i 0
wire and an insulating film a rotatinJ shaft fitted in the rotor, and a

conpressor section connected to the.notor thraugh t rotating shaft, and
in mhicH'aQﬁ%ﬂﬂin%%%%?elFE?rF58r529g3§§ &%&ﬁﬁﬁﬁk Q?ﬁﬁﬁt %gﬁ%%%pressor

andl or hydr ror A TOEPERA. RAVERG LBYER 68 Fengarii e e SOt or
cster " of T dH At TF o SURFRYL BOarCoRST S5 Y Sera it Sonprising
coter of | hadiar A5 ATy oh A0 e 3P s E) s oty et 100
C of 1 tfrg(neﬁSt’ merdﬁljbé] rSALY 8?5@5.{1@ hgﬁ%%rtiuge?ﬁa?iﬁ a3fe One nmenber

‘sel ected the gro consisting of °t ester o presented by the
foll owi ng general. for a - 184( %‘ R g;%%é%%ég{gﬂgNggé%e
RLCH, C( CH, o&cﬂ%%akt‘f%’)ny‘]d%ié%%:b gz)g 2y (|5|% D) 3CCH, OCH, O CH, OCCR, ) 3( 5)
RS R 000G, 1o e GHAOHRAERL" (onplY R R g1d8aRarmidg - CHI000R RS
2 9 DEC 200 ‘
potential (GWP) which are in question in the terrestrial
environment to zero and 0.3 or less, reSpeCtively,
! 10 relative to values attained when a conventional

‘chlorine-containing flon type refrigerant gas (e.g. flon

12) is used.



-79 wherein R

provi ded t hat

is an al kyl group having 1 to 3 carbon atons, R is a
straight or branched chain alkyl group having 5 to 11) carbon atons,

inthe formula (5 R is a straight or branched chain al kyl

group having 9 to 12 carbon atoms, R3 is an alkyl group having 12t9DEC 2[]@

carbon atons,

and n is an integer of 0 to 5 and said winding wire of sal

stator conprises a core wre havi ng an enanmel coating having a glass
transition tenperature of 120 C. or gher ?. Arefrigerant conpressor

according to claimi1, wherein said e

coating conprises at |east one

insulating layer selected fromthe group consisting of |ayers of polyester
i m des, polyam cles and pol vam dc-i@LadesiS 3. A refrigerant conpressor

accor di ng to cl ai

the Tnsurating filmconprises a crystalline

erein
plastics film hdv ’ir‘Lu gnﬂg‘i"%]é qqlaﬁﬁqstspédlsteélnﬁbﬁaftﬁﬁﬂgeéﬁllﬁlm agcler hi gher. 4.

A refrigerant

ﬁé@s b aptdorgtiragt t eomipaasdr, adtapeisas aalrﬂchnsul ating

film conpri sespatsdugastlobet vamde sgjr»@i Wi ar pat-; @%ﬁﬁge the group
t

consi sting of
pol yphenyl ene
napht hal at es,

conpressor acc

Beil ‘xﬁq&yla@ag [h%a @‘t‘ﬁm@ﬁég erfe %ﬁe t hal at es,

E‘E#&a%ﬁ@—ﬁ %73 de“ﬁéq yARR g, sl iﬂllﬁ%f Igerant
5&&1% ﬁbﬂtil Hed 10 vierelar, el d esmpressdr satisd ses at | east

one menber sel eonpectecony thberrgnouphmtsm ahbngﬂgfmtjhghﬂqt% o

repr esent ed byutkh@h Q%ehaﬂ)r\fs@ufmlr QEan cg% ‘ﬁg}é' gg?ant

Conpr essor Eif}g&qﬁﬁs 95{% ok %ﬁﬁ ot GeshetioWE 1
re'c5°1| Wc@arb@@ohﬁddm ¢y cirofloboo oo satt of a rotor

refrigerating
and a stator

ant

havioyg aacniiiodl temperAued @ fap0t SUbatigge{ 141 tsﬁlcf_l { gt ?L:an?mt or

haft f d
tsh(rfiofjghI H}g r:){b%%é%ghgr a%ﬂ%fp‘ﬂéq@'ﬁ&%?%i ﬁ%‘@o égfggggﬁsﬁ%lf“ gerant gas

di scharged f ro?ﬁ t%

refrigerant

Fedsarsigg |aéﬁ\0til%1 andean |asthé>dmnp03dm sai d
comprising one or more fatty acids having six to thirteen

carbon atoms, wherein said ester oil has a viscosity at 40° C.
of 210 70 cSt and a viscosity at 100° C. of 1 to 9 ¢St, wherein
said ester oil comprises at least one member selected from
the group consisting of the ester oils represented by the
tollowing general formulae (1) to (3):

(RICHg)g(:(CHgOCORg):

R, CH,C(CH.OCOR),

(3)
C(CH,OCORs),

(4)
{(R-COOCH-) 3CCH30CH3C(CH30COR3)3
(5)

Rj
I
R.COOCH; — C— CH1OCOCH(CH,), —
Ra
Rs

C— CH,0COR,

- CH:

COOCH,

R;



conprising a chlorine-free fluorocarbon and/or hydrofluo- rocarbon and
having a critical tenperature of 40 C. or higher, and said refrigerating
machi ne oil consisting essen- tially of an ester oil obtained fr eUEC 33
al cohol and an acid conponent conprising one or nore fatty acids havin
six to thirteen carbon atons, wherein said ester oil has a 2 9 0 E C 2003
-80- viscosity at 40 C. of 2 to 70 cSt and a viscosity at 100 C  of | to 9
cSt, wherein said ester oil conprises at | east one nenber selected from
the group consisting of the ester oil7s 9F'epresent ed by the follow ng
general fornmulae (1) to. (5 (1) (R L CH=):!C(CH 000R2)2(-)
R1CH_C( CH_OCOR ) W1sye iy S, 19e0R 18] gayup RaonrH, tpadekrimmracds, RCOR, ) 3(5) R3
R2000CH, - C- CH-R09GGHIGRHRY rhrankBe Bchaln Gikel &ORBHhayinCs o 3 000R |
R3 wherein R1 'Sc#bgrn %@Oﬁ]lqky rcnlg/i U %xlng ct 3 cgr?og‘ atons, R is a
strai ght or branched,chain ai’ky g{r@u a¥hi A RIS (2 rBontSafons,
provi ded that inS{¥HEMH @Jrﬁfﬁﬂc &y cRain alkyl gropgi fyingr9 ko d3ateeboohai n al kyl
group having 9 tatonzs, Raiven akehgrodp hiasi l&b%'caﬂ‘ﬁ%h‘ﬁl@ﬁl\éi, Agql to 3f
carbon atoms, angsBpiieEderidt 5 JoleT ( I, wi_ngi ng wire o
said stator conprises.a core \_M@?g' gbfi%ﬁﬁgr\i '@r%@ﬁ‘e{éﬁéo%tt?ﬂ “rﬁ \ﬂrng a gl ass
transition tenperdHf 8312 £9§° ¢Virgrnaving an enamel coaling having a
vlass transition temperature of 120° C. or higher.

2. A refrigerant compressor according 1o claim 1, wherein
said enamel coaling compriscs at least one insulating laver
§c19c1::d from the group consisting of layers of polvester
imides, polyamides and polyamide-imides.

3. A refrigerant compressar according 1o claim 1, wherein
the msulating film comprises a crystalline plastics film
having a glass transition temperature of 50° C. or higher.

‘4. A retrigerant compressor according to claim 1, wherein
said insulating film comprises at least film made of a
matenal selected from the group consisting of polyethylene
lerephthalates, polybutylene terephthalates, polyphenylene
s,ulﬁdes3 pol.ye_thcr ether Ketones, polyethylene naphthalates,
polyamide-imides, and polyimides.

S. Arefngerant compressor according 10 claim 1, wherein
said ester o1l comprises at least one member selected from
the group consisting of the ester oils represenied by the
general formulae (1) to (4).

6. A refngcrant.compressor used 1n a refrigeration cycle
wherein the refrigerant compressor comprises a low-
pressure closed vessel stored with a refrigerating machine
o1l which accommodates a motor composed of a rotor and a
stator having a winding wire and an insulating film, a
rotating shaft fitted in the rotor, and a compressor section
connected 1o the motor through the rotating shaft, and from
which a hlgh-prgssure refrigerant gas discharged from the
compressor section 1s directly exhausted, said refrigerant
comprising 2 chlorine-free fluorocarbon and/or hydrofiuo-
rocarbon and having a critical temperature of 40° C. or
h.lgher, and said refrigerating machine oil consisting essen-
na‘lly of an ester oil obtained from a single alcohol and an
acid cormponent compnsing one or more fatty acids having
SIX to thirteen carbon atorns, wherein said ester oil has a




higher. 7. A refrigerant conpressor according to claiml or 6, wherein
sai d chlorine-free hydrocarbon and/ or hydrofluoro- carbon is (ion 134a. 8.
A refrigerant conpressor according to claiml or 6, wherein said
refrigerant further conprises an extrene pres- sure agent. 29 ?gg@ -zgga
9. Arefrigerant conpressor according to claimsS, wherein the extrene
pressure agent is at [cast one nenber selected fromthe group consisting
of al kvl pol voxyal kyl ene phos- phate gﬁters represented by the foll ow ng
formulas (6) and (7): R4AQ(i H CHOa®----- - (OH), 11 B OR QU CHCHOa
OH R / \ RAQSd$i1CHONOM CRof(B)o (7D cBhandi o videdsstyeat 40091Cgr oup havi ng

1to 8 b t e ] -0, hav 3 b
stoms. oo ndRP B, bty Sait el o iR e lom bk 3 coion
and is cont ai rm@mbﬁl'sﬁfil%pﬁegf?mgéﬁﬁﬁtgfpﬂpaﬁomllﬁg the e‘egslewl 510 wt %. 10.

A refrigerant repraveessodmaclorfdilogving geatmlgformilace{ln théSkxt reme
pressure agent 1s a dialkyl phosphate ester represented byE he fornmula: O

11 (R60)2-P--OH (8) wherein R6 is an al kyl group having 8 16 carbon
at ons, (RyCH2)-C(CH.OCOR2): .
()
R, CHAC(CHAOCOR ),
(3)

C(CH.OCOR ),

{4)
(R2COOCH1);CCHAOCHC(CHA0COR);

(3)

R;

|

R.COOCH,~— cI:—- CH,OCOCH(CHa)y —

R
R;

|

—— CH;— COOCH>,—— C—— CH2OCOR

Rj

wherein R, 1s H or an alkyl group having 1 to 3 carbon
atoms, R. is a straight or branched chain alkyl group having
5 to 12 carbon atoms, provided that in the formula (3) R, 1s
a straight or branched chain alkyl group having 9 to 12
carbon atoms, R, is an alkyl group having 1 to 3 carbon
atoms, and n is an integer of O to 3, and said winding wire
of said stator comprises a core wire having an enamel
coating having a glass transition temperature of 120° C. or
higher.

7. A refrigerant compressor according to claim 1 or 6,
wherein said chlorine-free hydrocarbon and/or hvdrotluoro-
carbon is flon 134a.

8. A relrigerant compressor according to claim 1 or 6,
wherein said refrigerant further compriscs an extreme pres-
surc agent.



and is contained in said refrigerant in an anount of 0.05 to 10 wt % 11.
A refrigerant conpressor according to claim8, wherein said refrigerant
further conprises at |east one nmenber selected fromthe group Cg@gg) 2003
of acid- capturing agents, antioxidents and defoam ng agents. 29 3
-82- 12. A refrigerant conpressor according to claim®6, wherein said ester
oil conprises at |east one nenber selected fromthe group consisting of
the ester oils repre- sented by the neral fornulae (1) to (4). 13. A

refrigerant conpressor used in a refPigeration cycle wherein the
refrigerant conplessarrawmni eam dtsgPacBERIRY & SLOSEY 8RSE|, Stored with
arefrigeratin U%C\hh‘gﬁ‘ IﬁJJ @P‘I cpﬂagcormacjat e§ a mgtcl; ’C(_)r"pose of a rotor
‘and a stator ﬂ% ir‘nﬁn Wi HEPRY Wh FETAAY Hnc i HsaPatTRYY slegled rot at i ng
shaft fitted i ArQMelhbtyoUpasanaidonpralsabkyivedvoanallodanecphdsto the not or
through the ropattagsaisfiepréschitd bwhiheh(dA W o Tbesama§ (L§fdd.per ant gas
di scharged fromthe conpressor section resides,said refri gerant
conprising a ch¥brine-free fluorocarbon and/ or hydrofl uorocarbon and
having a critical tenperature of 40 C. of higher, and said refrigerating
‘machine oil consisting essentially of an ester oil obtained froma single
al cohol and single acid, the single acid being a fatty acid(daving six to
el even carbon at ons RiOEE L H®E r-i~gerat(Ory. machi ne oi |l having a viscosity at
40 C. of 2 to 70 ¢St ahd a viscdpity at 100 C. of |I. to 9 cSt, and said
wi nding wire of said stRtor conprdses a core wire having an enanel coating
having a glass transition tenperature of 120 C. or higher. 14. A
refrigerant conpressor according to claim13, wherein said giyngle acid is
a nonobasic acid. 18.0&H.eHO)ger apsr conpressor used in a refrigeration
cycle wherein the refrf gerant\cHnpressor conprises a 10%/-

P

Rs
/\
RyO(CH-CHQ), H

Rs

wherein R, is an alkyl group having 1 to 8 carbon atoms, and
R;-: 1s H or an alkyl group having 1 to 3 carbon atoms, and
n is a value so as to make the molecular weight 400 to 700,
and 1s contained in said refrigerant in an amount of 0.05 to
10 wt %.

10. A refrigerant compressor according to claim 8,

wherein the extreme pressure agent is a dialkyl phosphate
ester represented by the formula:

. (®)
I

(Rs0);— P — OH

wher-cin R¢ is an alkyl group having 8 to 16 carbon atoms,
and 1s contained in said refrigerant in an amount of 0.05 to
10 wt %.

11. A refrigerant compressor according to claim 8,
wherein said refrigerant further comprises at least one
member selected from the group consisting of acid-
capturing agents, antioxidents and defoaming agents.



pressure closed vessel stored with a refrigerating nachine oil which
accommodates a notor conposed of a rotor and a stator having a w ndi ng
wire and-an insulating film a rotating shaft fitted in the rotor and a
conpressor section connected to the notor through the rotating é@@%
from which a high-pressure refrigerant gas di scharged fron1the onpr
section is directly exhausted, said refrigerant conprising a chlorine-free
fl uorocarbon and/ or hydrofluo- rocarbon and having a critical tenperature
of 40 C. or higher, and said refrigeBéring machi ne oil consisting essen-

tially of an est Q I\ fem@%“@q ﬁi@&ﬁbf‘g&f‘c@r’dﬁiﬁbm[oa[%ﬁal?n gi ngl e acid,

the single acid elng a car bon

atons, the ref WhideHl i sajdn&eiin 91 qorﬁg\r,qSﬁ@ al \}Fésgc%%?t?]e(ﬁlbgg C. of 2 to
70 ¢S[ and a viskeesid frem R0 p@oupfcomsision® afSthe &stersaild wipigi ng wire of

sal d stator Co%ﬁfeiﬁsy%e Co¥ i) TridNad 910t FagMel coating having a gl ass

transition tefipetat refri ger conpr essor
according to cl aﬁﬁﬁ fsre r1geer i ﬁoglcgra%qrgw H}:Pd-efgbﬁ Ehtb Sgﬁe& acid. 17. A
refrigerant conqdncasslmrIhzseutfmgcaanbfcrargpmssqm coyppasenhar filght he

ref ri gerant cogv prClogspVeRsE] idedity asefrigeehdsgdnuehiet stored wi th

and o Stator RAVWRCA eeRmmEd aquea‘farﬁ@@%%%ﬁﬁ%%%.gﬁ qtﬁéﬁasf?o?&?nrg"“”

and a stator
shaft fitted i stathe hwmg, aavdingliBgnifes stird sftfl:thﬂéhﬂé@ﬁm eddto the notor

g hr Oﬁgh tgef rotr@tamg_z, shafit fitteddin the whlcqh mmag&bmWSWrFssafmm ger gnt gas

i scharged from C i nt bei ng
conposed nai nlc?nggcglecfg [f% g-{aot E Egﬁgﬁﬁﬁauﬁ@ gh{lﬁ rllllgegz |l orine and
having a criti ¢ahiche rPFESSBIC 10 rgger@ g|sc éﬁ%e pa 1R\ i gerating
machi ne oi | corgmp lresgoﬁ$ebaaa otdides, eas!derre rogéraot composingre fatty

aci ds, wherei n(ﬁgp@—l fistite ORloPSSarBon" aBEiRSt thy oo rbcafor? 4d 70 cSt and a
viscosity at 1 o

aving a critical temperature of 40° C. of higher, and said
refricerating machine oil consisting esscntially of an ester
oil obtained from a single alcohol and single acid, the single
acid being a fatty acid having six o cleven carbon atoms,
said refrigerating machine oil having a viscosity at 40° C. of
2 10 70 ¢St and a viscosity at 100° C. of 1 to 9 ¢St, and said
winding wire of said stator comprises a core wire having an
enamel coating having a glass transition temperature of 120°
C. or higher.

14. A refrigerant compressor according to claim 13,
wherein said single acid is a monobasic acid.

15. A refrigerant compressor used in a refrigeration cyele
wherein the refrigerant compressor comprises a low-
pressure closed vessel stored with a refrigerating machine
oil which accommodaltes a motor composed of a rotor and a
stator having a winding wire and an insulating film,
rotating, shaft fitted in the rotor, and a compressor section
connected 1o the motor through the rotating shatlt, and from
which a high-pressure refrigerant gas discharged from the
Compressor section 1S d1rectlv cxhausted saxd refngerant
comprising a chlorine-free fluorocarbon and/or hydroﬂuo-
rocarbon and having a critical temperature of 40° C. or
higher, and said refnceratmo machine o1l consisung essen-
nallv of an ester oll obtained from a single alcohol and a
smole acid, the single acid being a acid having six 10 eleven



of 1 to 9 cSt,

selected fromthe group consisting of the ester oils

R1CH, - C(CH, OCOR, )3 C( CH, OCOR, ) 4

R, 000CH3 - C -

wherein said ester oil conprises at |east one
whi ch are represented

by the follow ng general forrmulae (1) to (5): (1) (RtCH), C(CHOOOR)

CE OCOCH, (CH, - | . R3 R (2) (3) (4) (5) CH

- CH OCOR~ R3 29DEC 2003 -84 wherein R is |-l or an aIIcyI
to 3 carbon atoms, R is a straight or branched chain alkyl

12 carbon atons rovided that +®3the fornmula (5) R_
gr;gchedcghal n aFkr@pngaEE@mp Wainrﬁglg@rztimglmacumd)on Bdvans 2 Ris- is an all:vl |
t cogtycal #ONC. af e, 70868t dhd & vaRokitd %9@00@?: Gfto 5, and sai
of 1t6® Siakad sSAPINATES w’%r&@%& g's'i ﬁé{ﬁnﬁ iR A

group having |
wi nding wire

havi ng a gl ass té@f@&bﬁréﬁﬁvfh@ AR
refrigerant corrp{cﬁge%m;lgg?i ﬂ%tr%,

conprises at | east on
| av ]r

consi sting of

pol vam cl e-i m de

S

t EYIPHASERS  aCpeldyBgi Weslamd 13,
\éf erem saxd smgggac%d 1S a monobaﬁsu.q;cxd

17. Arefnoeram compressor used in a refrigeration cycle
wherein the refrigerant compressor comprises a hwh-
pressure closed vessel stored with a refrigerating machme
oil which accommodates a motor composed of a rotor and a
stator having a winding wire and an insulating film, a
rotating shaft fitted in the rotor, and a compressor section
connected o the motor through the rotating shaft, and in
which a high-pressure rcfnveram gas discharged from the
compressor section resides, said refmoekam bemo composed
mainly of a flucrocarbon refrigerant containing no chlorine
and hawno a crtical temperature of 40° C. or higher, and
said rcfnccratmo machine oil comprising as base oil an ester
oil of one or more fatly acids, wherein the ester oil has a
viscosity at 40° C. of 2 to 70 ¢St and a viscosity at 100° C.
of 1 to 9 ¢St, wherein said ester oil comprlses at least one
member selected from the group conssiing of the ester oils
which are represented by the following general formulae (1)
to (3): )
(R1CH)+C(CH,OCORA)~

(2)
RjCH-C(CHAOCOR);

C(CH,OCOR3),

(R2COOCH.);CCHA0CHAC(CHAOCOR);

Rj

|

R2COOCH; — C — CH>OCOCH(CHa), —

|

"Ry
R,

COOCH ,— C—— CH.0COR.A

"""_CH:

Rj

( R_COOCH, ) 3CCH. OCH, C( CH_OCOR, ) ﬁ&cmac

group having 1
group havi ng
a straight or

coating

mgv@rmlf‘féﬁﬁ %Séﬁ @ enamel coating

sel ected fromthe group



19. A refrigerant conpressor according to claim17, wherein said ester oil
conprises at |east one nenber selected fromthe group consisting of the
ester oils repre- sented by the general fornulae (1) to (4). 20. AQQDEC 2003
refrigerant conpressor used in a refrigeration cycle wherein the

refrigerant conpressor conprises a |ow pressure closed vessel stored with
a refrigerating machine oil which accombdates a notor conposed of a rotor
and a stator having a winding wire and an insulating film a rotating
shaft fitted in the rotor, and a compBdssor section connected to the notor
through the rotating shaft, and from which a high-pressure refrigerant gas
di scharged fromthe conpressor section is directly exhausted, said

refrihlgerant bgtmﬁgr@@m@seemmmlah atky ll u%@ﬁatﬁmrmdqf td saerc%rﬂbﬁﬁont ai 3 'ng
et gerat ng RO ool SHTERL FPHERL haih oty Caco b MRS oneor
nore fatty aci d® et 6RDAMEIO@SY ero'esldednkatmlalnvﬁm:b:srmy af>KB-ds of 2 to 70
cSt and a ;/l SCOSIEM ol d{O(BrEnc.l@éd lchzgn9a¢1$1‘el n\ﬁb@ ehiivial @ gst en Ol:c .
corer ofl's whi R0 rg‘”?'ﬁfﬁgbik 354 fhy ; l?ﬁ}iboﬁﬁi %10;5 b ﬁ"ﬂﬂiﬁhﬁ?ag (1) to
(5): 2 9 0 E C 20005.-3% RIsCrR, e ot QomrS, yand seidmiadarg vorer- | ) 3
C(CH, OCOR, j 4 (Rtkﬁiﬁﬁﬁbd@@ﬂﬁndc@@i—bo@( Ghire h@CORy :lh)&zﬁﬁul&oﬁlm 5-~ 1
- - CH, COOCH:, (C"mvmﬂ 53'13%9 ttadshion temperature ol 120° C. or higher.
18. A refrigerant compressor according 1o claim 17,
wherein said cnamel coating comprises at least one insulat-
ing laver sclected from the group consisting of lavers of
polvester imides, polvamides and polyamide-imides.
19. A refrigerant compressor according to claim 17,
wherein said ester otl comprises at least one member
selected from the group coasisting of the ester oils repre-
sented by the general formulae (1) to (4).
20. A refrigerant compressor used in a refrigeration cycle
wherein the refrigerant compressor comprises a low-
pressure closed vessel stored with a refrigerating machine
o1l which accommodales a motor composed of a rotor and a
stator having a winding wire and an insulating film, a
rotating shaft fitted in the rotor, and a compressor section
conpected to the motor through the rotating shaft, and from
which a high-pressure refnigerant gas discharged from the
compressor section is directly exhausted, said refrigerant
being composed mainly of fluorocarbon refrigerant contain-
ing no chlorine and having a critical temperature of 40° C.
or higher, and said refrigerating machine o1l comprising as
base o1l an ester oil of one or more fatty acids wherein the
ester oil has a viscosity at 40° C. of 2 to 70 ¢St and a
viscosity at 100° C. of 1 1o 9 ¢St, wherein said ester oil
comprises at least one member selected from the group
consisting of the ester oils which are represented by the
following general formulae (1) to (3):



(3) (4) (5 CH) - COOCH,- C- (-:H,0COR, | K3 wherein R is Hor an

al kyl .group having 1 to 3 carbon atonms, R is a straight or branched chain
al kyl group havinc, ided that inthe formula (5 R~-i 5 to 12 carb

atons, prov is a straicrht or branched chain alkyl group havi ng?aﬂ ﬁgCﬁﬂ[ﬂ
carbon atons, R 1is an alk-yl group having 1 to 3 carbon atons, and n is
an integer of 0 to 5 and said wwindincy wire Cp =1 of the stator conprises
a core wire having an enanel coatinc, havinc, a criass transition
tenperature of 120' C. or hlaher. "+83krefrigerant conpressor according
toclaim20, -7 1 _-:1 wherein said enanmel coating conpriscgiat | east one

insulat- incy laver (aptegicgautooartpe group consisting of |ayers of
pol yester i m des, polvam des and pdl'yam de-imdes. 12 A refrigerant

conpressor according to claim20, | 'd ester o'l conprises &) |east one
ncrm ) cr where' n salr,CHsejaoeadH-0m t he joup consistint, of Lhc ester oils
rej)re- sented by the .;,encral formulac (1) to (4). 23. A reffioerant

conpressor u.sed in a refrit;eration CVCIC wherein the rcfr{3dcrant

conpr essor conpri seS(@HEPEORYs pre. &urc closed ve--,sel stored %With 3
refriocratino' mchinc oil xhlch 3ccornnodates a MOLOr corrpo&;d of a rotor
and a 29DEC 2003 _85 stator_having a winding vvire and an sul ati ng
film a rotating slﬁ%ﬁc’@(i:@ﬂéacﬁ{?p@fgé:(ﬁﬁt%ﬁ:@‘%md a conpressor section

connected to the notor through the rotating shaft, and in )

R;

C— CH>OCOCH(CH),—

R+COOCH,

Rj
Ry

I

C— CH-OCOR>

R;

—— CH,~— COOCH,

wherein R, is H or an alkyl group having 1 to 3 carbon
atoms, R. is a straight or branched chain alkyl group having
5 1o 12 carbon atoms, provided that in the formula (3) Ra. 1s
a straight or branched chain alkyl group having 9 1o 12
carbon atoms, R, is an alkyl group having 1 to 3 carbon
atoms, and n is an integer of 0 to 3, and said winding wire
of the stator comprises a core wire having an enamel coating
having a glass transition temperature of 120° C. or higher.

21. A refricerant compressor according to claim 20,
wherein said enamel coating comprises al least one insulat-
ing layer selected from the group consisting of layers of
polyester imides, polyamides and polvamide-imides.

22. A refricerant compressor according to claim 20,
wherein said ester oil comprises at least one member
selected from the group consisting of the ester otls repre-
sented by the general formulae (1) w0 (4).

23. Arefrigerant compressor used 1n a refrigeration cycle
wherein the refrigerant compressor comprises a high-
pressure closed vessel stored with a refrigerating machine
oil which accommodates 1 motor composed of a rotor and a



whi ch a hi gh-pressure refrigerant gas discharged fromthe conpressor
section resides. said refrigerant being conposed mainly of a fluo 2%@%&%
reiriterant containing no chlorite and having a critical tenperat

C. or higher, and said refrigerating nachine oil conprising as base oil an
ester oil of one or nore fatty acids wherein the ester oil has a

viscosity at 40 C. of") to 70 cSt and a viscosity at 100 C. of 1 to 9 cSt,
wherein said ester oil conprises at t one nenber selected fromthe
group consisting of the ester oils are represented by the follow ng
general for mul ada(ck) hmm@; uqaolur_.Rlxm)m(lcmzocxmwwme?)lllm, a

LCH, C(CH 000R )&g?fom %E{L@thl)rdﬁzowzs@ﬁw&% SGERHACOR,) 3(5)

R3 R, 000CH2 - CH2000R,
R3 wherel n Rl i PG @FHU Riv Q(ﬁ,lrpbngn é’ngﬁ ié(t‘ lr%s R is a

strai ght or brawhied achagnpatssdre grougehevi 9gs Eselorgedebiasent bat ons,
r ﬁvi degob haL ai/clfbﬁ-lhy?c.{@rmékﬂo('ﬁlsrl?lus shil r@rﬁwr@hgmllmrL@ﬂqwenasrﬁl "
syl 9 oup Dol P o R o f?m@gy@es SRl At
i nsul ating fil mndcbepinsescativay deaparatusl afdQ’s Giomrghenand gl ass
transition said refrigerating machine oil comprising as base oil an ester

oil of one or more fatty acids wherein the ester oil has a

viscosity at 40° C. of 2 to 70 ¢St and a viscosity at 100° C.

of 1 1o 9 cSt, wherein said ester oil comprises at least one

member selected from the group consisting of the ester oils

which are represented by the following general formulae (1)

to (5):

(1
(R;CH2-C(CH5OCOR),

(2)
R CH-C(CH,OCOR-),

C(CH,OCORA),

(R;COOCH)3CCHAOCHLC(CH,0COR )5

R;

T - CH:OCOCH:(CHg)n -

R-COOCH-

R,
R;

|

C— CH-OCOR:

——- CH>— COOCH-

R,

wherein R, is H or an alkyl group having 1 to 3 carbon
atoms, R, 15 a straight or branched chain alkyl group having
5 to 12 carbon atoms, provided that in the formula (3) R, is
a straight or branched chain alkyl group having 9 to 12
carbon atoms, Ry is an alkyl group having 1 to 3 carbon



tenperature of 50 C. or higher, and said winding wire of said stator
conprises a core wire having an enanel coating having a glass transition
tenperature of 120 C. or higher. 24. A refrigerant conpressor accirgjﬂ ¢ 2003

claim 23, wherein said insulating filmconprises at

material selected fromthe group consisting of polyethyl- ene

t er epht hal at es, pol ybutyl ene terephthal ates, pol yphe- nyl ene sul fides,
pol yet her ether ketones, polyethyl ene ~ napht hal ates, pol yam de-i ni des,
wherein

pol yi m des. 25. A refrigerant conpressor according to claim 23,

said ester oil
consi sti ng .of

exhaust ed, sai

wherein sai d eBYkmneigu

conprises at |east one nenber selected fromthe group
the ester oils repre- sented by the general fornulae (1) to

e ot e aritodit ] SO EIAREI T 1§ 7 ] S RPIRI Sin AR
TR T A [ A b i A R S
rotor and a s&ERErHuE of Whiladongighes zmdjsam
rotating shaf tsdidtstetbr ID

group consi sthaghibfalites, y:amdéamidleshaad obnnddest ed by the

general formnul
1CH, C( CH, 000R

ae2§ DAL efirderafit %ebipreddt Reotdd do-sdh 09872

gv%ercm said ester oil comprises at least one member
selected from the group consisting of the ester oils repre-
senled by the general formulae (1) to (4).

26. A refrigerant compressor used in a refrigeration cycle
wherein the refrigerant compressor comprises a low-
pressure closed vessel stored with a refrigerating machine
oil which accommodates a motor composed of a rotor and a
stator having a winding wire and an iosulating film, a
rotating shalt fitted in the rotor, and a compressor section
connecled to the motor through the rotating shaft, and {rom
which a high-pressure refrigerant gas discharged from the
compressor section 1s directly exhausted, said refrigerant
betng composed mainly of lluorocarbon retrigerant contain-
ing no chlorine and having a critical temperature ol 40° C
or higher, and said refrigerating machine o1l comprising as
base o1l an ester oil of one or more fatty acids wherein the
cster o1l has a viscosity at 40° C. of 2 to 70 ¢St and 1
viscosity at 100° C. of 1 to 9 ¢St, wherein said ester oil
comprises at least one member sclected from the group
consisting of the ester oils which are represented by the
following seneral formulac (1) to (3):

| east fil m nmade of

Rl ls Wherein

mglsllaglwgrer Plm a
mtmcorandxra tenin emenaszwitcr@almgonnect ed to
the mot or throh'thmtOhE S1AsaGALiARA fem :ﬁfeo'a?f WO Bih ﬂ%hé}r essure

refrigerant gas 4 rom essor ,section,is diLectly
d 7 fr‘?ge‘?@lﬁ eragl; CRTRSRRoNeARAFNIE JO MLEERocH:
refrigerant cowhgirein sag weutling im spdprasenat h:acst iflmcmadeoper at ure of
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viscosity at 4 %0165%9% l}%ga% %{)% ngé %g%@@%sid}ﬁ% PO§F 1 to 9 cSt,
rpob¥eiher| eber dirlomssbepokyatbydedet rom t he

fol |l owi ng



O(CH2000R ) 4 (R OOOCHI) 300H, OCH, C(CHROOCR ) 3 R3 | R 000CH -~ C

CH, 000CH2(CH2),- | R3 (1) (2) (3) (4) (5 R3 I CFlI2-- COOC H, ---
HOCOR | R3 vvherel n R is Hor an alkyl group having | to 3 C%BO@EC
atons, R is a straight or branched chain al kyl group having 5 t 2003

carbon atons, provided that in the fornula (5 R 1is a straight or
branched chain al kyl group having 9 to 12 <carbon atons, R is an al kyl
group having 1 to 3 carbon atonms, and n is an integer of 0 to 5, and said
insulating film conprises a crystaltBRe plastics filmhaving a gl ass
transition tenperature of 50 C. or higher, and said wnding wire of said
stator conprises a core wire having an enanel coating having a glass
transition tenperature of 120 C or higher. 27. A refrigerantllonpressor
according to C|alﬁ1%§CH wheneoeoreld insulating filmconprises at |east
filmmade of a naterlaH selected fron1the group consi sting of polyethyl-
ene terephthal ates, polyethyl ene terephthal ates, polyphe- n}+bne sul fi des,
pol yet her et her ketmnﬂﬁﬁlmakyabhﬂgene napht hal at es, pol yam de-i m des, and
pol yi m des. 2 9 BEC 2003 _89_ 3)

C{CH2OCOR3)4

(R-COOCH 5);CCHAOCHC(CH,OCOR)3

Ry

C— CH»O0COCH{CHa),—

R,

R-COOCH-

R;3

C— CH1OCORa

— CH>— COOCH-

Ry

wherein R, is H or an alkyl group having 1 to 3 carbon
atoms, R, is a straight or branched chain alkyl group having
5 to 12 carbon atoms, provided that in the formula (5) R, is
a straight or branched chain alkyl group having 9 1o 12
carbon atoms, R; is an alkyl group having 1 to 3 carbon
atoms, and n is an integer of 0 to 5, and said insulating film
comprises a crystalline plastics film having a glass transition
temperature of 50° C. or higher, and said winding wire of
said stator comprises a core wire having an enamel coating
having a glass transition temperature of 120° C or higher.
27. A refrigerant compressor according to claim 26,
wherein said insulating film comprises at least film made of
a material selected from the group consisting of polyethyl-
ene terephthalates, polvethylene terephthalates, polyphe-
nylene sulfides, polyether ether ketones, polyethylene
naphthalates, polyamide-imides, and polyimides.



28. A refrigerant conpressor used in a refrigeration cycle wherein the
refrigerant conpressor conprises a high- pressure closed vessel stored with
a refrigerating nmachine oil which accombdates a notor conposed of a_rotor
and a stator, a rotating shaft fitted in the rotor, and a conpreg C 2003
section connected to the notor. through the rotating shaft, and in which a
hi gh- pressure refrigerant gas discharged from the conpressor section
resides, said refrigerant being co -aﬁ;?l%sed mai nly of a fluorocarbon

refrigerant containing no chlorine having a critical tenperature of 40
C. or higher, aﬁdpsmfﬁoreeimnmﬁemr@éé@ i1a Qkf i SOMMR Ednﬁb@? |@&s base oil
an ester oil thé}gﬁj O{herrqreg g{.g h %g)ggﬁ h%gl ng SI x een carbon

at oms whi ch ester ~of | ContalRs r QPEF“W%k%lg k:l@ OC) 0in
the mol ecul e BFfPSHES CAOSH (‘!§§$ftly5[@tf5d0mh dfrefrigerattng $hachimt a vi sc03| ty
at 100 C. of oil Whlcmaafﬁmnmides|aqsﬁﬂoweéﬁ$ose@ic§95"f8‘f’@%hﬂ £ notor

Comesed o BN ol 48 ke i ehgld 5 Bl R CCubressor

section connect
wi ndi ng \ vi r SHHIOT (OOIEGE %dhﬁr@@é@fé gh \Ah?d’ohannggsmft,enamsl coati ng

having a _-,|aBd in Menshta hightprassuat mfei gérad 0@8s Gisctarbedlitgm 29 A

refrigerant cRPESETRE t LN the
refrigerant c igﬂ Séb?%d[fbrﬁrés? %gﬂ;a ij:(E’lr{‘ﬁr(ré}e{"ﬁJ%:[I el\@& §g§el stored with
a refriger at| PE(PI Yo a0k GRIIGINIBETPSsed of a rotor
and a statorC TSt &0dn asfmagtafqmm@d ilemphea tuoe oof fé(m‘bl @. canpr essor

ﬁeCLI on connetucéﬁrtzmd t@d@‘fﬁbetdlﬁﬁﬂﬁ{hcfjﬂmeb‘{’lt@é %ﬂ fts asgnd 1n which a
i gh- pressur [ S c ressor section

resi des, sai Il 4, &'%fga ? orﬁjel, %fwﬁ{‘g% é%f )ﬁaqcﬁ?i? VIR Sort@car bon
refrigerant Ql‘ﬁ S?Fn‘ﬁ’ﬁ 213 at@mSow eharsdehavi eontins iatileasl twoperature of 40
C. or hi ghereslanhnﬂmgdsrefrl gerating machine oil conprising as base 2 9
DEC 2093

(—0—C—)

I
ol

in the molecule and has a viscosity at 40° C. of 2 10 70 ¢St
and a viscosity at 100° C. of | to 9 ¢cSt, said closed-vessel
accommodating 2 motor composed of a rotor an a stator, a
rotating shaft, and a compressor section conneeted 1o the
motor through the rotating shaft, wherein a winding wire of
the stator comprises a core wire having an enamel coaling
having a glass transition temperature of 120° C. or hwhz.r

29, A relrigerant compressor used in a refrigeration cvele
wherein the refrigerant compressor LOH];)I‘!QLH a high-

pressure closed-vessel stored with a refrigerating machine
oil which accommodates a motor composed of a rotor and a
stator, a rotating shaft fitted in the rotor, and a compressor
section connected to the motor through the rotating shaft,
and 1n which a high-pressure refrigerant gas discharged from
the compressor section resides, said refrigerant being com-
posed mainly of a fluorocarbon refrigerant coataining no
chlorine and having a critical temperature of 40° C. or
higher, and said refrigerating machine oil comprising as base



_90- oil an ester oil of one or nore fatty acids having six to thirteen
carbon atons which ester oil contains at |east two ester IinkagesngDOE_‘g)

11 0 in the nolecule and has a viscosity at 400 C. of 2 to 70 cSt n 2003
viscosity at 100 C. of 1 to 9 cSt, wherein an insulating filmof the notor
conprises a crystalline plastics filmhaving a glass transition
tenperature of 50 C.- or higher, and said w nding wire of said stator
conprises a core wire having an enanel coating having a glass transition
temperature of 120 C. or higher. 30:30refrigerant conpressor used in a
refrigeratioityarl estevheikiof ohe oefmogerabty eory deyong co#pid ses a | ow
pressure clo = I (o) L R; fi geradd | y | which
accomodat es%Q%%ggﬁég%oés@gn%\?&@@o%g?rac%g ég;dtgg]ﬁfgdgj@rlgfbati ng shaft
fitted i n thestot binkagss a conpressor section connected to the notor
through the rotating shaft, and fromwhich a high-pressure refrigerant gas
di scharged from Ehe conpressor, section is directly exhausted, said
refrigerant being cor‘rﬂ)seac e nl y of a fluorocarbon refrig- erant

contai ning no chlorine an lhavi ng a critical tenpera- ture of 40 C. or

hi gher, and said refrigerding machine oil conprising as base oil an ester
oil of one or nore fatty acids having six to thirteen carbon atons which
ester oil contains at |east tw ester linkages (-O-C) 1l 0 in the

T(;l)e‘é“' ef agd f’ﬂlaﬁlealsfn’d}l%%ﬁ?‘%hhdaﬁaﬁQ V(ffsc@él‘,ilj? £ A00CHf 2 a0d7GcBiscosity a}j f
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to the film of the motor comprises a crystalline plastics flm having
' a glass transition temperature of 50° C. or higher, and said

winding wire of said stator comprises a core wire having an

enamel coating having a glass transition temperature of 120°

C. or higher.

30. A refrigerant compressor used in a refrigeration cycle
wherein the refrigerant compressor comprises a low-
pressure closed-vessel stored with a refrigerating machine
oil which accommodates a motor composed of a rotor and a
stator, a rotating shaft fitted in the rotor, and a compressor
section connected to the motor through the rotating shalft,
and from which a high-pressure refrigerant gas discharged
from the compressor section is directly exhausted, said
refrigerant being composed mainly of a fluorocarbon refrig-
erant containing no chlorine and having a critical tempera-
ture of 40° C. or higher, and said refrigerating machine oil
comprising as base oil an ester oil of one or more fatty acids
having six to thirteen carbon atoms which ester oil contains
at least two ester linkages

(——0—C—)

o
in the molecule and has a viscosity at 40° C. of 2 to 70 cSt
and a viscosity at 100° C. of 1 to 9 ¢S, said closed-vessel
accommodating a motor composed of a rotor an a stator, a
rotating shaft, and a compressor section connected tg the
motor through the rotating shaft, wherein a winding wire of



notor- through the rotating shaft, wherein a winding wire of 2 9 DEC 2003
91 -~the stator conprises a core wire having an enanel coating havin

glass transition tenperature of 1200 C. or higher. 31. A refrigeradt§ DEC 2003
conpressor used in a refrigeration cycle wherein the refrigerant

conpressor conprises a |l ow pressure closed-vessel stored with a
refrigerating machine oil which accombdates a notor conposed of a rotor
and a stator, a rotating shaft fitte%m the rotor, and a conpressor
section connected to the mot or t hroug l[he rotating shaft, and from which

a hi gh- pr essuthe skiftor gemaptisgas: dost Rairgda viigonn tdmm@hp@é&lsgr section is

direct!y exhaysifh aglads (EALHIGR AthobRIG, KTPOSCL DL Mikhel 2

fl uorocarbon riy- |rant contai ning*no chlorine and having a critical
tenpera- ture oBlad ﬁ:frrgerhnghempra,ﬁslosasddnefzr refergarangnnetlcne oi |

compr i sing asiaseif InenrEtigcadh! BN ERRADIiSEL Yaddods having six

to thirteen carbon atci FS er Oi conta% east,_two ester
| i nkages { 0- PECSSUrE{ClOfeq h"’ g pbprsdumatlfd i b:,%{a\%r@cﬂéqqty“&t 400 C. of 2
to 70 cSt andilavhisttastoynmodi®s Cmoforlcompdsedtol aercei anda i nsul ati ng

filmof the ”g%ﬁ’@r Cf?@[dlfr%&ﬂ&?lr ﬁﬁtcﬁl irLﬂ‘?c % a?ﬁl hid Ldﬁl?%ﬁé@ﬂ a Mass

transition te datu wre of said
stator conpri 8RN csrGLHLEd u%w%gnawr gﬁ% éib%tfph%}l%\ﬁ 'kj a gl ass
transition tegndrfibht avBichld0high-peesshirghetrigéréhDESs 09hag2d32. A

et rigorant coRpotiordBErkd *égﬁ?'aﬂ‘?‘f i §§ﬂf R
a refrigerati @zrhnhbenrag,lcamp@mhmmimdﬂt:e UQFWF@OHC oHpesed of a rotor
and a erant containing no chlorine and having a critical tempera-

ture of 40° C. or higher, and said relrigerating machine oil

comprising as basc oil an ester oil of one or more fatty acids

having six to thirteen carbon atoms which ester oil contains

at least two ester hinkages

(=—0—C—)

l
0

in the molecule and has a viscosity at 40° C. of 2 to 70 ¢St
and a viscosity at 100° C. of 1 to 9 ¢St, wherein an insulating
film of the motor comprises a crystalline plastics film having
a glass transition temperature of 50° C. or higher, and said
winding wire of said stator comprises a core wire having an
enamel coating having a glass transition temperature of 120°
C. or higher.



stator having a wwnding wire and an insulating film a rotating shaft
fitted in the rotor, and a conpressor section connected to the notor
through the rotating shaft, and in which a high-pressure refri gerﬂaatnbasﬂ]ﬂa
di scharged fromthe conpressor section resides, said refrigerant being
conposed mainly of a fluorocarbon refrigerant containing no chlorine and
having a critical tenperature of 40C or higher, and said refrigerating
machi ne oil conprising as base oil a.bpndered ester oil of one or nore
fatty acids which contains at |least tw ester linkages (-O-C) in the

nol ecule and has a f1 0 viscosity at 40C of 2 to 70 ¢St and a viscosity

at 100C of32.1 to 9 cSA refdigenhnti wmpyesscr wsedhdnsparefrigapatibPng a

core W re%&g{g?}.?é%%}?r@{e COg¢L f'@f({:nrgotg%:géééért éﬁkiséésoﬁﬁﬁggerature

of 120C or A refrigerant conpressor usec a refrigefation
cycl e whersiessure refosedreatsebnpresedrvithp? i sefrigevatipgesaghine| osed
vessel st yiidh % dEdinéiel 84 N0 FBCHE CompPbledibfha aE6RTELARCE @ DL Of
conposed of a rotor and a stator having a ring wre and_an insulating
film a r@hamdiashing @ ivinding whee rardrangirsalatipgessiBn 3ection
connect ed f Jeig JadHe BQUAY LRe thet dlitee S Qﬁﬁt a 8Bfipkbedbr\8bekian

hi gh-pressure refrigerant gas discharged fromthe  conpressor section is

directly Sanpattas tQithe aoteRrEiroudhi By Bttt manaf§ o€ 4Br ocar bon
ref ri ger aRfn iGNt AN gHo-p s Sk ST i Er Dl day | Gigs adLEchatgedt £pRr ghar e of
40C or higher, and said refrleqercilti ng_nachi ne oi | cogp%i sing_as bgsg oi |
a hindere TSR BCHHRP oFHY sfa?ﬂfga’é‘? 1HRT 2N CBRT RIS BP*PEast
two ester ndinkagesf (a2 EFNigrocatiien noéfrigerant! dastaifing 26 CRlo2008 - 93
viscosity aezl;[d f'x%c\:ri?;g % E91Z9c8§t téﬂSe?;a\éh%&Oéf t&’o‘aé oj::o Qlc.i‘:g%fer, and said

refrigerating machine oil comprising as base oil a hindered

ester oil of one or more fatty acids which contains at least

two ester linkages (-O—%—) in the molecule and has a

Q

viscosity at 40°C of 2 to 70 ¢St and a viscosity at 100°C of

1 to 9 cSt, and said winding wire of the stator comprising

a core wire having an enamel coating having a glass transi-

tion temperature of 120°C or higher.

33. A refrigerant compressor used in a refrigeration
cycle wherein the refrigerant compressor comprises a low-
pressure closed vessel stored with a refrigerating machine
0il which accommodates a motor composed of a rotor and a
stator having a wiring wire and an insulating film, a
rotating shaft fitted in the rotor, and a compression section
connected to the motor through the rotating shaft, and from
which a high-pressure refrigerant gas discharged from the
compressor section is directly exhausted, said refrigerant
being composed mainly of fluorocarbon refrigerant containing
no chlorine and having a critical temperature of 40°C or
higher, and said refrigerating machine oil comprising as base
oil ahindered ester oil of one or more fatty acids which contains

at least two ester linkages (-0-C-) in the molecule and has a

0



1to 9 cSt, and said wwnding wire of the stator conprising a core wre

havi ng an enanel coating having a glass transi- tion tenperature @f r
hi gher. 34. A refrigerant conpressor used in a refrigeration cyc?eg\iﬁgf:@%m

the refrigerant conpressor conprises hi gh- pressure cl osed vessel stored
with a refrigerating machine oil whi'ch accommopdates a notor conposed of a
rotor and a stator having a wwnding wire and an insulating film a

rﬁt ating %E!ﬁf:bsfiiﬁ&t ﬁﬂ: 4o°thefr ot o, Tandsg mmas:ssfoss:ﬁ:qp Lam lLowithext ed to
the notor _through the rotati, shaj.t, and In I ch,a high-pressure
refrigeraht t§ad ﬁ%hé‘?’@’e&aﬁ:}gr‘ﬁ ngcmreeg&\lﬁmh?ecgttia&?’?ézgpnﬁ)e?jmﬁq d
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no chlorine and having a crj icoa,l terrgler ture of 40C or higher, and said
refri ger aftRy FEORETRETR &hpd%sihHe% ‘0i| a hindered ester oil of

one or nore fatty acids which contains at | east two ester |inkages
(-O-C-) Ln the nol ecyl e and has 0 viscosity at A0C of to C, and a
Vi scosi ty3gt’ 100C of Alr?gr§g8§?f’%aﬁ8m§§?ﬁs?ﬁS%T%%iJh’b 3 iﬁentfr(?(ﬂ%rzalq:sﬁo% a
crystal |l i ggclpl ahidrednf itha heifrigreaagita sontprassicrd aonperiEeE=atauteiglf- 50C  or
hi gher, and said w nding wre qf the i oNpId, Si I 142 havi ng
an enanel PEEECHG ﬁg\ﬂsﬁ é’egﬁsz?gs sttr%é:ﬁag i%”‘todlrho%l {Pe%r?prglgraétq: l?r%'ngf d'rger

hi gher. 3bBilAwhdich gercammocimbese ss e tggedamposadefafi germticoh and/@ e wherein

the refrigeLant, GOPIESSOL GOMRNY SAke divarPisasiit lpadaessel stor ed

wWth a refrigeratin n _ I ch accommbdat es a ‘not or conposed of a
rotor andratasimgoshadti fdtied inng§hei retand 204 HIABRTIREIY 1SRCHLOD

rotating ghabledtdd &% ithe MU Uhroiiph AP BYRISINY sHRE Oand qinect ed to
the notor through the rotating shaft, "and from which a h - pressure
r ef ri ger aMbighs adibd@hapFes TG afF1esH e S5 dééc’t%a(ﬁgef%%%c%ﬁ
exhaust ed cofpiré sefy isgRtERIn 2<bildds 23 d Hefrigerant being composed
mainly of a fluorocarbon refrigerant containing no chlorine
and having a critical temperature of 40°C or higher, and said
refrigerating machine o0il comprising as base o0il a hindered
ester oil of one or more fatty acids which contains at least
two ester linkages (-0—$F) in the molecule and has a
_ o’
viscosity at 40°C of 2 to 70 cSt and a viscesity at 100°C of
1 to 9 cSt, and said insulating film comprising a crystalline
plastics film having a glass transition temperature of 50°C
or higher, and said winding wire of the stator comprising
a core wire having an enamel coating having a glass transi-

tion temperature of 120°C or higher.

35. A refrigerant compressor used in a refrigeration
cycle wherein the refrigerant compressor comprises a low-
pressure closed vessel stored with a refrigerating machine
0il which accommodates a motor cdmposed of a rotor and a
stator having a wiring wire and an insulating film, a
rotating shaft fitted in the rotor, and a compression section
connected to the motor through the rotating shaft, and from
which a high-pressure refrigerant gas discharged from the

compressor section is directly exhausted, said refrigerant



bei ng conposed nmai nly of fluorocarbon refrigerant containing no chlorine
and having a critical tenperature of 40C or higher, and said refrigerating
machi ne oil conprising as base oil a hindered ester oil of one orz gt[l@c 2003
fatty acids which contains at least two ester linkages (-O-C) in the

nol ecul e and has a O viscosity at 4 of 2 to 70 ¢St and a viscosity at
100C of 1 to 9 cSt, and said insulating filmconprising a crystalline

plasticsfllmhawn r LRSS 2C it
said w ndP‘ﬁ ' F’%mggsgﬁ%&? % éfc]zfrr%%%él a cg‘iéeﬁﬁgﬁger avFrﬁﬁlrtaatr'li eggjmsl
coati ng haul ohlarghesandr hasiingt ﬁowrtﬂ-é:lm@r%atttﬂ"@%ﬁtl@mo@r 4 shax

higher, and said refrigerating machine oil comprising as base
oil ahindered ester oil of one or more fatty acids which contains
at least two ester linkages (—O—ﬁ~) in the molecule and has a
o

viscosity at 40°C of 2 to 70 cSt and a viscosity at 100°C of
1 to 9 cSt, and said insulating f£film comprising a crystalline
plastics film having a glass transition temparatura of 50°C
or higher, and said winding wire of the stator comprising

a core wire having an enamel coating having a glass transi-

tion temperature of 120°C or higher.





