1 "REFRI GERATI NG MACHI NE O L COVPCSI TI ON AND COMPRESSOR USI NG THE SAME FI ELD
.OF THE | NVENTI ON The present invention relates to a refrigerating machine
ol l conposition for a conpressor using hydro- fluorocarbon (HFC) as a
refrigerant, and a conpressor using the refrigerating machi ne oil '
conposition. Mre specifically, it relates to a refrigerating machi ne oi
conposi tion which suppresses the formati on of sludges, which is excellent
in wear resistance, |load carrying capacity, themal stability, chem cal
stability, |ow tenmp&E¥RE NG Mp O3 LOMPOSTHRION ¢ HFC
refrigerant, and which can also be used for a rotary conpressor which is
used under severe conditi onSOUFRESSOR, USING. THE, re and hi gh- pressure

condition. The present invegéiﬁikiiﬁéiéngﬁiégifiﬁ conpressor - having a
sliding portion, particularl ON\\hi ch contains the
refrigerati ng machine..Qi i1 gRglJ  NVE 1.
Requi r ed propertigggopgééFﬁﬁggggkbggB%a?ﬁ?%eeoiQB %55;?53 typglo

CONPr eSSOa bRl nkChiNIBbREBEItI0R 2oroal RoRp2EsRGy! Yx%%ng‘é‘ém?@'x@J type, and a

rotary type. In these types, a rotary- coffpressor Is “under severe
condi ti ongjubirb@azbbnd i aFeIPaEa2RUFR I Getanlt-, PaRASS il @ofpidisisorN usliipr t ant

properties that are generally taken into This is the replacenent sheet

Dat e: 1@héPref®igerating machine oil composition. More
specifically, it relates to a refrigerating machiﬁe oil
composition which suppresses the formation of sludges, which.
is excellent in wear resistahce, load carrying capacity,
themal stability, chemical stability, low-temperature
fluidity, and compatibility with a HFC refrigerant, and which

' can also be used for a rotary'compressor which is used under
severe condi£ions such as a high-temperature and high-
pressure condition. The present invention also relates to a
compressor havihg a sliding portion, particularly a rotary
compressor, which contains the refrigerating machine oil
composition. |
| BACKGROUND OF THE INVENTION

1. Required properties of refrigerating machine oil:

Typical type of compressor for refrigerators are a
reciprocaﬁing type, a scroll type, and a rotary type. In
these types, a rotary compressor is used under severe
conditions, like a high-temperature_and high-pressure
condition. |

Important properties that are generally taken into
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2 account for a refrigerating machine oil used in any types of conpressors
, are wear resistance, load carrying capacity, thermal stability, chemca
stability, lowtenperature fluidity, and conpatibility with a refrigerant.
The refrigerating machine oil is required to have functions of preventing
wear of and cooling a sliding portion of the conpressor, releasing heat
gener at ed upon conpression of the refrigerant, sealing at a

refrigerant-conpr ' t ep, d rf ' ] .prowd .and f
Ttters, cRECORRSS EOmE FEEFIGERALIAG MACHIAE Gfls URE g MY GYEPS Of
excel l ent |ubricatin roperties (such_as I_St J.0ad [
~capacity, SP@gFFsﬁeF%ag§§pWFEﬁ_Fﬁéﬁ%&ﬁnﬁﬁﬂ aéﬁ{%%#%g%%@?ﬁqﬁgégéi?{%;ng
conpressor-_an Lving,nq.adver i.nf.lu h ' . 9.,
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refrigeratkggégggﬁk?%ggiE ' aEaP&?ﬁgyrgﬁﬁb@apQ%EE%E@%QdHﬂ|q ger ant,

circul ates systemo rigerator, "and flows into

| ow-tenperature poiphORerHicRrating Muahine! 01l dapirkbaliyddies hakpansi on
val ves, etc. Thus, for increasing the cooling performance of the

evapor at or fRetieRis0\viN prieventing wWearth®fOand lcovlling la0\eltichipey gorrteion
portions to the conpressor, or for supplying the oil to sliding portions of

t he conpregpForhal conprésisorme reileas inge heats generatied opemtdanpreassicon

| ow-tenperature fluidity and good conpatibility with the refrigerant are

required f of tthe meffriigerantng seadiing adi la rideramic-QOMRLRSSIYE sheet
step, and removing ﬁorn powders and foreign matters, etc.

.Thus, the refrigerating machine oils having not only
excellent lubricating properties (such as wear resistance,
load cairying capacity, etc.,) but also high thermal and
chemical stabilities in the compressor and giving no adverse
influences‘bn the machine parts (e.g., metals, etc.) of the
compressor are desired. '

Also, a part of the refrigerating machine oil is
carried with a compressed refrigerant, circulates through the
system of the refrigerator, and flows into low-temperature
portions such as an evaporator, capillary tubes, expansion
valves, etc. Thus, for increasing the cooling performance of
the evaporator and improving recovery of the oil from the

‘ low—temperéture portions to the compréésor, or for supplying
the oii to sliding portions of the compressor at a low.
temperature when resuming the operation, good low-temperature
fluidity and good compatibility with the refrigerant are
required for the-refrigeratihg machine oil.
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- This Sheet Has B

B -



Dat e: 10 APR 1996 3 2. Relation of refrigerant and refrigerating nmachi ne
,oil: Hitherto, as a refrigerant used in a conpressor for a refrigerator,
Flon series refrigerants such as a chloro- fluorocarbon (CFC) series
refrigerant and a hydrochl oro- fluorocarbon (HCFC) series refrigerant have
been used i ndependently or -as a mxture thereof. - These refrigerants have
good conpatibility with a non-pol ar hydrocarbon oil since they have a | ow

~polarity. Also, the Flon serjes refrigerants each has chlorine atonms in
the nol ecule, Belagien pé cptzigexantaand welrigeratdnammadrHaneg tkdnhg the

sliding surface of _the conpressor tqg forma chlorjde which acts as
| ubri cant. In'addﬁPFgﬁF%S'h?SrBCSP GﬁgﬁFPnﬁagsgdg&Gdal&Hﬂﬂﬁﬁﬁ%ﬂf'ﬁgﬁbéity.
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i nhi bitor, etc., are gererally adt n tHi's connection, a phosphate has a
| ow sol ubi finkpeRdenti§ @eaaBoR fiiktare TheweoF .\eahdsesirdfdigeintact at a

| ow concentration. Therefore, the phosphate is usually added to the base

oi | (hydrohakkeogood rompatibiddtyt withnal nop-pollaan hitrocamtioghtail
since they have a low polérity. Also, the Flon series
refrigerants each has chlorine atoms in the molecule, so that
the chlorine reacts with a material constituting the sliding
surface of the.compreSSor to form a chloride which acts as a
lubricant. In addition, a hydrocarbon oil has a good
lubricating property.

For‘the.reasons, hydrocarbon oils such as properly
refined naphthenic mineral oils, paraffinic mineral oils,
alkyl benzenes, poly-a-olefines, etc., ére used independently
or as a mixture thereof as a base oil of a refrigerating
machine oil for the refrigerator using the Flon series
refrigerant, to which an antioxidant, an anti-wear agent, a
coirosion inhibitor, etc., are generally added. |

In this éonnection, a phosphate has a low solubility
in a hydrocarbon oil and shows a wear resistance effect at a
low concentratiﬁn.' Therefore, the'phosphate is usually added
to the base 0il (hydrocarbon o0il) in an amount of not more
than 1% by weight.

After being reported that the ozone layer in the
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After being reported that the ozone layer in the This is the replacenent

- sheet Date:10 APR 1996 4 stratosphere is destroyed by Fl on contai ning
¢hlorine atonms, the regul ation on use of the CFC series refrigerant and the

HCFC series refrigerant beconmes strict worldw de. Under the circunstance,

I ntensi ve studies for the substitution thereof has been nade, and vari ous

substitutes have been reported for the Flon series refrigerants (e.g., for

HCFC- 22 (R- h
bo hrC pAtoRuiang i (g S teaped Ry Jollod ESAe SRR BIGiH8 LGRS
series ref rtdﬁeerantlﬁggj\_/ namb 9%1 pgf ailééycFé hg%r{@gerﬁg gggp@té}qal th¥ wth

a hydrocarb rigerating nmachi ne ol table for the HFC
series ref o %ffig§¥§ﬁfeﬂecéhesC@Qﬂfﬁ%'ﬁﬁ&dd&ﬁ&énlQUﬁéeﬂnthe
refrrgeratrng nac |ne ol HFC series refrigerants: As a lubricating

oi | for a refsigriedmte USiNCendbrdite@iéostoL thgcsubstityubibnt thereof
oxygen- contarnrng hydrocarbon oi Il s having good conpatibility with the HFC

seri es ref TiHerseds n&d6)) &id eddriossrsuss sjthbtes i kave | beepotgpohtedstores
~synthetic oils, etc., have been known. Anong these synthetic oils, the

ester seri eméymdstetserbes sréfwigaramte| (aetgu: fcnsuH@I'GﬂQZp(B'p@?H'; gueh
conpatibility at a high- tenperature and | ow hygroscopi c property, as
conpared\M&é]hYﬁxqﬁﬂq@I¢m#thmléﬁF%)Tﬁ¢m4$% @l ed refrigerants, e.g.,

- HFC-134a, HFC-143a, HFC-125, HFC-32, etc.
However, since the HFC series refrigerants have a
high polarity, they have poor compatibility with a
hydrocarbon oil. Thus, a refrigerating machine oil suitable
. for the HFC series refrigerants has been desired.
3. Conventional'techniques'on refrigerating machine oils for
HFC series—refrigerants: |
As a lubricating oil for a refrigerator using the HFC
series refrigerant, synthetic oxygen-containing hydrocarbon |
oils having good compatibility with the HFC series
refrigeranﬁs,-such'as ester series synthetic oils, polyether
series synthetic oils, eﬁc., have been known. Among these |
synthetic oils, the ester series synthetic oils have high
electric insulating property, good compatibility at a high-
temperature and low hygroscopic property, as compared with
the polyether series synthetic oils. |
There have been known refrigerating machine oils
composed of a ééter series synthetic oil, as disclosed in,

for example, JP-A-56-133241 and JP-A-59-164393 (the term "JP-
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There have been known refrigerating machine oils conposed of a ester series
synthetic oil, as disclosed in, for exanple, JP-A-56-133241 and

"JP- A-59-164393 (the term"JP- This is the replacenent sheet Date: 10
APR 1996 4 5 A" as used herein neans an "unexam ned published Japanese
patent- application"); refrigerating machine oils to be used with a
.chlorinated fluorinated hydrocarbon or a fluorinated hydrocarbon for the
refrigerant, as disclosed in JP-A-2: 276894, and refrigerating machine

oils to beAls&f waad &%ﬁbg@%ﬁ%."mwmmﬁ Rublished olppanese

JP- A-3-88892, JP-A- 3-.1 and J -A—3 128992. Also er.at
machi ne oi IR& psﬂi?‘é: °é’s"t)er ”rﬂat“fac,"’}b‘ﬂ a‘?ﬁ% "?10%?)' %J%dor

h h di | d
L ol s i it {0 ohdet
di scl 4 3 JR;
a(ra)eam! zgdo}?aanese 6’2‘( eEf%’t }pp Icatl (#?%énﬁ n pg:r | cu pﬁ{eqo_r e-go-lnagan
refrigerat 'mmch'a?ﬁ YUdf g?ﬁ.ia%'i% infa s B8R wuféba BB

applicated in U S. and i ssu as U'S. Patent No. 5,342,533, is for a
refriger at Giydidgeth JdbntdinisRy iFaon,elds @alstlostrt 1&9@453-%@12} arpyaof

100 parts by weight of a dibasic aci d di ester or a carboxyl ate of a
pol yhydri c 3a41czﬂa§1,asarm [Fs-a-3-4128992 .

Also, refrlgeratlng machlne oxls comprising an ester
series synthetic oil and a phosphate or a phosphite are
disclosed in JP-A-55-92799, JP-A-56-36570, JP-A-56-125494,
JP-A-62-156198, JP-A-3-24197, and JP-A-5-59388, and oile for‘
a heat pump are disclosed in JP-B-57—43593 (the term "JP-B"
as used herein means an "examined Japanese patent
applicatioﬂh).

In particular, the foregoing refrigerating machine
oil disclosed in JP-A-5-59388, which is also applicated in
U.S. and issued as U.S. Patent No. 5,342,533, is for a
refrigerator using the HFC series refrigerant and consists
essentially of 100 parts by weight of a dibasic acid diester
or a carboxylate of a polyhydric alcohol as a base oil, and
from 5.0 to 90.0 parts bj weight of a phosphate or a
phosphite. '

Furthexrmore, refrigerating machine oils containing a
thiophosphite, an epoxy compound and a methanesulfonate are
disclosed in JP-A-56-36569, JP-A-58-15592, and JP-A-62-
292895. Also, refrigerating machine oils comprising an ester
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from5.0 to 90.0 parts by weight of a phosphate or a phosphite.
Furthernore, refrigerating machine oils containing a thiophosphite, an
“epoxy conpound and a net hanesul fonate are disclosed in JP-A-56-36569,

JP- A-58- 15592, and JP-A-62- 292895. Also, refrigerating nachine oils
conprising an ester This is the replacenent sheet Date: 10 APR 1996 6
oil, an al kyl benzene, or a mneral oil as a base oil and an al kyl ene gl ycol
glycidyl ether or an aliphatic cycli'c epoxy conpound having a specific
structure #id diaft|adatlbenzame, r FminerabPiblaesd dpaganotliardsan| es
synthetic oil) exhibits excellent electric insulating propert

conpati bi | iatl;lsmqn? e GIPC TFGidy (ﬁ?h%’ér%ta%talaimﬁ LC }Gt BPRXYand a
o oo BN o L SIEAS F L LS LT R Sl Rt

ester is cﬁﬁi?i?ﬂly active as conpared with a hydrocarbon oil, the polyo
ester is lidbl"™®to forma sludge in a conpressor at a high tenperature.

e e 2 R SO o0 doy e R g1 o (e

oSt o BB MRS oG L propby . eTfor(S have
compatibility with the HFC series refrigerant at a high-
temperature, and a low hygroscopic property, and hence the
-polyol ester is preferable for the refrigerator using the HFC
.series refrigerant.

However, since the'pquol ester is chemically active
as compared with a hydrocarbon 611, the polyol ester is
liabie to form a siudge in a compressor at a high
temperaturél Also, since ﬁhe HFC series refrigerant does not
have a chlorine atom in the molecule, the lubricating
property becomes insufficient sbmetimes in the case of using
a COmpreséor.undep severe conditions. Hitherto, efforts have
been made to improve a wear resistance and a thermal
stability by way of additives, but satisfactory additives
enabling suppression of a sludgé formation and a prevention
of wear each being the problems encountered in use of the
ester series'synthetic oils, has not yet been developed.

| In particular, a rotary compressor is used under
severe conditions as compared with the case where a

reciprocating compressor or a scroll compressor is used, and

hence the refrigerating machine oil used in the rotary
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stability by way of additives, but satisfactory additives enabling
~suppression of a sludge formation-and a prevention of wear each being the
“pfobl ens encountered in use of the ester series synthetic oils, has not yet
been devel oped. In particular; a rotary conpressor is used under severe
conditions as conpared with the case where a reciprocating conpressor or a
scrol|l conpressor 'is used, and hence the refrigerating machine oil used in
the rotary This is the replacenent sheet Dat e;: 10 APR 1996 7
conpressor FAPRRAFPR S remikred HigRavecarhighesuere ﬁﬂﬁlﬁtﬂFEﬁand a

thermal stabjl.i mul t aneous) Thus,_ for the refrigerat equi pped With
arotary cM"&%’gosheWaJr ss@)‘hlsil’o'@fe%’-‘[“bl%“%‘?‘llﬂ%ul t TS ¢ °‘<§ BReyol

ester, and hence the inprovenent of the inside parts of the,coppressor has
TR LISTARGH R e & £iR:

been at t enplt r«ﬁﬁhw%mf?&?%%; PPPEPSIRE pf i nventi on
respect Lf’ %"9%%%@ 4G i, : 8 " AR %‘%r‘% 3 Xé,”é%%éﬁf t ée&g’%&*ﬁ Hohde
Cof Prger at oed r%’%&é‘?iﬁc*s%ﬁ‘ﬁégtir‘{% B o PR CefbrObedr has .

for a | ong Readd ke tdmptde®, While suppre55|ng t he fornatlon of sl udges.
Anot her object of the present invention is to provide a rotary conpressor

having a sliding portion, parsusMARY PFamrHE INVENTION

An object of the present invention is to provide a
refrlgeratlng machine oil having good properties with respect
to wear res;stance, anti load carrying capacity, good
compatibility, etc., as a lubricating oil for a compressor of
a refrigerator using the HFC series refrigérant and being
capable of using for a long period of time while suppressing
the formati;n of sludges.

‘Another object of the present invention is to provide
a rotary compressdr having a sliding portion, particulérly an
improved vane portion, wherein the above-mentioned
refrigerating machine oil is used.

As the result of various studies for.achieving the
foregoing objects; the present inventors have searched for
additives suitable for polyol ester from various kinds of
additives and discovered suitable combination with the polyoi
ester and the optimum composition ratio of the polyol ester-
based refrigerating machine oil, whereby the inventors have

succeeded in developing a refrigerating machine oil suitable

for a rotary compressor, to which applicétion of the polyol

This Sheet Has Been R
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I mproved vane portion, wherein the above-nentioned refrigerating machi ne

- oil is used. As the result of various studies for achieving the foregoing

‘dbj ects, the present inventors have searched for additives suitable for

pol yol ester fromvarious kinds of additives and di scovered suitable
conbination with the polyol ester and the optimum conposition ratio of the

- pol yol ester- based refrigerating machine oil, whereby the inventors have

succeeded in developing a refrigerdting nmachine oil suitable for a rotary

conpr essorester vis cthapgpise @ibrhas hihbhevtgobeqni gonsidaredegiféimuat -shot

Dat e: 1 0 APR 1996 8 ester as the base oil has hitherto bee

~ consi der eFufthiery|an mpxorement Qﬁpﬁoﬁ%%@ﬁ?s%ﬁrah%%n??@%sBFtﬂégeaeEﬂ
- attained to enhance the effect_of the refrigeratin chine. oil o% t he
' present i rRnhanem the gifect REthe KetrigscabiRgMRc h@%n??gn?ft BPe i s
provided a refrigerating, machine oil conposition for a conpressor using a
hydr of | uorRcET YN VL TEIR 1 gerant, which conprises (i) 100 parts by wei ght

Chomehot ! 5T e A B relig) o OB fRednd e dn PIphEEg e
SIS AN ¢ M ae et oy 00 Shtpsaltion s T e

-~ CONpr essor Ay &¥kedr Sk hd %a PNRFdEOf @OEo&EPEN da B YA BéEHogecanbonwhsch
| comprises (i) 100 parts by weight of a polyol.ester as a base
.oil, (ii) from 7.0 to 15.0 parts by weight of a phosphate,
and (iii) from 0.2 to 3.0 parts by weight in total of a 1,2-
epoxyalkane and/or a vinylcyclohexene dioxide.

The refrigerating machine oil composition of the |
present inventioh can be used in any typeé of compressor
having a sliding portion and using a hfdrofluorocarbon as a
refrigerant. In the case of a rotary compressor using the
refrigerant, vane portions 6f which is preferably subjected
to a nitriding treatment, whereby the effect of the

réffigerating machine oil composition can be enhanced.

BRIEF. DESCRIPTION OF THE DRAWINGS

Fig. 1 is a vertical section of a rotary compressor
used in the Examples.
Fig. 2 is a cross section of the rotary compressor

used in the Examplés.

- DETAILED DESCRIPTION OF THE _INVENTION
In the present invention, a polyol ester is used as a

base oil of the refrigerating machine oil composition.
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refrigerant. |In the case of a rotary conpressor using the refrigerant,

vane portions of which is preferably subjected to-a nitriding treatnment,
mhereby the effect of the refrigerating nachine oil conposition can be
enhanced. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a vertical section of
a rotary conpressor used in the Exanples. Fig. 2 is a cross section of the
rotary conpressor used in the Exanples. DETAILED DESCRI PTI ON OF THE
INVENTION In the p ' ester is_use s _a,base il of

the refrigerating #@ie E@inv q%%#%k%lYﬁgl %%?sb?su?ﬂ% +%pF€&§néﬂYe§ﬁéBP
Cmvent i on 4FE° HSES GRL AR oY EaRe RS o) EdfonRS BT RYBIFELI conol
i pont acr yeerrene S {ETh: o AeEBRIVYE SLPPALE, cRERLERVLbIPLLBRRER S, o, oy
e eig?,o?*é‘gg%f%eﬁﬁ%*i%@ﬁg%% (REEHPAE Fengy, BHeae ©

nonanoi ¢ ackshrbSRERIC1 fcdh d( e UGIECELA EqRE| Eha IRUSEBRLAEcACESL L Scids
nonoal kyl branched fatty acids such as |sobutan0|c acid, 2- methyl butanoic

acid, isopeficcas &€ethictaci®@) hyrep @@@ﬂ@l&cﬂ&;dbueaﬁ@ibyééﬂﬂtapénﬁaﬁﬁlld
3- nethylpentan0|c acid, 4- |socapr0|c aci d, 8-ethyl hexanoic acid,
4- propylpen&ah@;dhexanOLC acid, heptanoic acid, octanoic acid, nonanoic
| acid, decanoic acid, undecanoic acid, dodécanoic acid, etc.;
monoalkyl branched fatty acids such as isobutanoic acid, 2-
methylbutanoic acid, isopentanoic acid, trimethylpropanoic
acid, 2-methylpentanoic acid, 3-methylpentanoic acid, 4-
isocaproic acid, 8-ethylhexanoic acid, 4-propylpentanoic
acid, 4-ethylpentanoic acid, 2-methyldecanoic acid, 3-methyl—
decanoic aéid, 4-méthyldecanoic acid, 5-methyldecanoic acid,
6-methyldecanoic acid, 6-ethylnonanoic acid, 5-propyloctanoic
- aeid, 3-methylundecanoic acid, 6-pfopylnonanoic écid, eﬁc.;
and polyalkyl branched fatty acids such as 2,2-dimethyl-
butanoic acid, 2,2-dimethylpentanocic acid, 2,2,3-trimethyl-
butanoic acid, 2,2-dimethylhexanoic acid, 2-methyl-3-ethyl-
pentanoic acid, 2,2,3-trimethylpentanoic acid, 2,2-dimethyl-
heptanoic acid, 2-methyl-3-ethylhexanoic acid, 2,2,4-
trimethylhexanoic acid, 2,2-dimethyl-3-ethylpentanoic acid,
2,2,3-trimethylpentanoic acid, 2,2-dimethyléctanoic acid, 2-
butyl-5-methylpentanoic acid, 2-isobutyl-5-methylpentanoic
acid, 2,3-dimethylnonanoic acid, 4,8-dimethylnonanoic acid,
2-butyl-~-5-methylhexanoic acid, etc.). The polyol ésters may

________________________
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acid, 4-ethyl pentanoic acid,.2-nmethyl decanoic acid, 3-nethyl- decanoic
aci d, 4-nethyldecanoic acid, 5-nethyldecanoic acid, 6-nethyldecanoic. acid,
6- et hyl nonanoi ¢ acid, 5-propyl octanoic acid, 3-nethylundecanoic acid,

6- propyl nonanoi ¢ acid, etc.; and polyal kyl branched fatty acids such as

2, 2-di net hyl - butanoic acid, 2,2-dinethylpentanoic acid, 2,2,3-trinethyl-
but anoi ¢ acid, 2,2-dinethyl hexanoic acid, 2-nethyl-3-ethyl- pentanoic acid,
2,2,3-trinethyl pentanoic acid, 2,2-dinmethyl- heptanoic acid,

2- met hyl - 3-lm hyddbxindependenic 1Y, O 4as ta imixtytré ckheveef aci d,

2, 2-di net hyl - 3- et hyl pentanoi ¢ acid, 2,2,3-trinethyl pentanoic acid

2, 2-di net hyl oct anoiThea@@elydd eshkex -userbtiny|thuis awe)\r%nww,generaily has
2-i sobutyl - 5- net hyl pentanoic acid, 2 3-diqfthylngnanoic aci d

4, 8- di met hyd MEFEGRF L% Qf, £2om 3 O sl M1/ e {40010 ra@Pd acdd: valuerinf

pol yol esters may This is thecgﬁglacenent sheet te: ';9 @PR 1996 .10
be used i nddh&RichtY KRH/G andyig (Watex Rentant R R 20U BPM s o fit 48

S YT GEET At B LAY BB P Sk b, g2 ¢
sor bent PR URtAPEY Hp FASE o' Saret i Hodit hempg el" 1
foreign subiyie it gz il 01 #6r ANPT SELA LHALEH G200 Mt e LREE o
stability of the refrigerating machine oiT. The polyol ester preferably
has an aci ¢imal Urivdrs@tidt Bidicddash il theitdl s BitRtSf the
| refrigerating machine.oil.' The polyol ester preferably has
an acid value of not higher than 0.01 mg KOH/g and a water
content of not more than 100 ppm.

Naphthenic mineral oils, paraffinic mineral oils,
alkylbenzqus, aha poly-a-olefines, which has been used for
the Flon series refrigerant, cannot be used as the base oil
of the refrigeratihg machine oil composition of the present
invention because they have poor compatibility with the HFC
series réffigerant.

In the present invention, a phosphate is used as an
essentional component. Examples of the phosphate, include
trimethyl phosphate;'triethyl phosphate, tributyl phosphate,
trioctyl phosphate, tributoxyethyl phosphate, triphenyl
phosphate, tricresyl phosphate, trixyienyl phosphate, cresyl-
diphenyl phosphate, diphenylorthoxenyl phosphate, octyldi-
phenyl phosphate, phenylisopropylphenyl phosphate, diphenyl-
isopropylphenyl phosphate, tris(isopropylphenyl) phosphate,

tris(chloroethyl) phosphate, and trisdichloropropyl

This Sheet Has Been Re;ililced. - 10 -




content of not nore than 100 ppm Naphthenic mneral oils, paraffinic

m neral oils, alkyl benzenes, and poly-[err]-ol efines, which has been used
Yo6r the Flon series refrigerant, cannot be used as the base oil of the
refrigerating machine oil conpositi-on of the present invention because they
have poor conpatibility with the HFC series refrigerant. In the present
i.nvention, a phosphate is used as an essentional conponent. Exanples of .

t he phosphate, include trinethyl phosphate, triethyl phosphate, tributyl
phosphat e, phasphatie ph&hithese thrinnesyie tphosphakphphenylisvpropyl-
phosphate, tricresyl phosphate, trixylenyl phosphate, cresyl- diphenyl
phosphat e, Rl W8 Idjmhﬁmf\]é PrRpyArhenyh PROSPhRESh AR
phenyl i sopropyl phenyl phosphate, di phenyl- isopr hen phos hat e
trrs(rsopr&ﬁWﬁﬂﬁﬁﬂHB HEhenl HWQ%ﬂnﬁﬁ?HQﬁﬁr8ﬁ§)féhﬁﬁ%iﬁ red.

trisdichlor This is the replacenent sheet 1 PR .1996
phosphat e. }P%e‘%%e's r;’t i PSS ﬁ‘b’r %‘8 é\ F%h‘b

phosphat e, ﬁd%# ééxunopylphenyl phosphate and trls(lsopropylphenyl)
phosphat e & icularly preferred Fbmever the present invention is not
limted to these p ;RN QML q.pr{.t g i dbridts it { i
conposition in an anouft o fromJ'7 Oto 0% y V\%% bas oln lt°h% J'anrrt)unt
of the bas@riamdunte of F¥aP!7. 85Uy )15. oTtho PRSI God S8 Qﬁesméteamt
resistance. |If the amount of the phosphate is l'ess

of the base oil (i.e., polyol ester). The phosphate improves

the wear resistance. If the amount of the phosphate is less
than 7.0% by weight or over 15.0% by weight, the wear
resistance is lowered.

In the case of the combination of the conventionally
used HCFC series refrigerant and an.alkylbenzene series
refrigeratipg machihe oil, it has been confirmed that the
addition of a phosphate as an extreme pressure agent in the
refrigerating machine o0il results in the formation of iron
phosphate by adsorbing on and reacting with a material (Fe)
of the sliding surface of a compressof and also the formation

- of chlorides by reacting chlorine atoms contained in the HCFC
series refrigerant on the sliding surface, whereby the wear
resistance is enhanced. On the other hand, the HFC series
refrigerant as used in the present invention does not contain
chlorine atoms, and the wear resistance is low. As a result
of intensive studies made by the inventors, it has been found

that there is an optimum amount of the phosphate with respect

to the polyol ester for attaining an enhanced wear
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than 7.0% by wei ght or over 15.0% by wei ght, the wear resistance is
lowered. In the case of the conbination of the conventionally used HCFC
series refrigerant and an al kyl benzene series refrigerating machine oil, it
has been confirmed that the addition of a phosphate as an extrenme pressure
agent in the refrigerating machine oil results in the formation of iron
phosphat e by adsorbing on and reacting with a material (Fe) of the sliding

surface of a congﬁ;ssor and al so the formation of chlorides bg reactln
chl ori ne at¥RBiSeARER ncthah 1fe 2loputs2riimesctri Yer himesnofn h§|aapﬁg

surface, whereby the wear resjistance is en On the ot her hand, the
HFC series @ f?l@ﬂﬁ%ﬁﬂagg wikthy ?ﬁs?ﬁ%th%sgh? ?ﬂ%@ﬁ??ﬁﬁe88e§eﬁb?scontaln

chlorine ato and the wear, resi st nce QW, result of intensive
st udi es nad%q%§1Q?ﬁ9F+ﬁwa%ﬁgln?t° g f?Buﬁﬁefﬁgfctﬁgfée§s an opti nmum
anount of t;g%ﬁiﬁ) e wi th respect to the polyol ester for attaining an
enhanced wear S 1S "replacenent sheet 1 0 APR 1996 Dat e: 12

resistance, that is; latté?%"bpgeééﬂ@slﬁ&ﬂéié U=y pfz_t%%m?ggﬁg ana phpsghat e

with respect to the a enzene series re rlgeratl ne ol used for
‘the HCFC sefiffld Iélﬂ@:ﬁéﬁé-diékid@ DEESENSo | ANGEA | 8, cémporeRPEOXYE! kRBE

and/ or a vinylcycl ohexene di oxi de are al so added as conponents of the
refrigerating machine oil composition. These may be used
independently or as a mixture thereof. Exaﬁples of the 1,2-
epoxyalkane include 1,2-epoxyhexane, 1,2-epoxyheptane, 1,2-
epoxyoctane, 1,2-epoxydecane, 1,2-epoxyundecane, 1,2-
epoxydodecane, 1,2-epoxytridecane, 1,2-epoxytetradecahe, 1,2-

. époxyhexadecane, 1, 2-epoxyheptadecane, and 1,2-

epoxyoctadecane. However, the present invneiton is not
limited_thé&eto. The vinylcyclohexene dioxide includes
various isomers, and a typical example thereof haé the

following structural formula:

O

/\

<(j»cr&—cm
o

The total amount of the 1,2-epoxyalkane and/or the
vinylcyclohexene dioxide is from 0.2 to.3.0% by weight based
on the amount of the base oil (i.e., polyol ester). If it is
less than 0.2% by weight or over 3.0% by weight, sludges may '
be formed depending upon éhe type of compressor used and the

operation condition.

-12 - This Sheet Has Been R ﬂ
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refrigerating machine oil conmposition. These nmay be used independently or
as a mxture thereof. Exanples of the 1,2- epoxyal kane incl ude

"1, 2- epoxyhexane, 1, 2-epoxyheptane, 1,2- epoxyoctane, 1,2-epoxydecane,

1, 2- epoxyundecane, 1,2- epoxydodecane, 1, 2-epoxytridecane, 1,

2- epoxyt etradecane, 1,2- epoxyhexadecane, 1, 2-epoxyheptadecane, and 1, 2-
epoxyoct adecane. However, the present invneiton is not Ignited Fhe{eto.
The vi nyl cycl ohexe dioxi de includes various isoners, and a typjcal_
exanpleythereof hagthé'é6FP8%Vﬁéﬂ§PPuéPGr§PefUFHMLEYQ%ShﬂKeH%aqﬂQ%ﬁde

€ . : Coxide is f
o 5 oi;?%laéféﬁ%ﬁ%‘gxéﬁ%ﬁﬁ%%%%%%ﬁﬁaﬁth the' {fﬁé“lﬁ%l@g’c}qs %1."_*,95%;:%0{ o
. I . 29 or _over . 3. 0% wei udges
mmy be. f or PRTCHEEEHTTR, bEB0o%: AbBYHT Bersf b & phse ot g AR o
Condition-F%hhét'38E?§eﬁeﬂbapgnspgﬁabOEhgahgbhégiﬁﬁﬁo%g%ﬁe fobmabi®n of

1, 2- epoxyal kane an e vinyl'cycl ohexene "di'oXi de have a TunctTon o
suppr essi ng1488eb058bikpRa®hedl H40€818B%aUNt ed in use of a polyol ester as
a base oil. Though it I's not desired to be bound, the mechani sm of the-

formation of sludgeratsigxpaapotfiodsekfelons. 11hBlel o @algkyal ester is

| iable to cause a hydrol ysis when water is contained thereto in a high-
hydrolysis when water is contained thereto in a high-
temperature and high-pressure state. By the hydrolysis, the
polyol ester is decomposed into an alcohol and an acid which
reacts with a matérial'of'parts (such as the sliding part) of
a compressor to corrode the parts, in turn, forming sludges.
Also, since a polyol ester is chemically active as compared
to a hydrocarbon oil, the polyol ester tends to be modified
at a high éemperature, forming sludges. The 1,2-epoxyalkane
and the vinylcyclohexene dioxide prevent the hydrolysis and
the modification of the polyol ester.
| Incidentally, phenyl glycidyl ether is classified
into an epoxy compound as well as the 1,2-epoxyalkane and the
vinylcyclohexene dioxide,-but does not have the function of
suppressing the formation of sludges.

In the case of a compressor which can be used without

strict control of the formation of sludges, however, the 1,2-
epoxyalkane and thé vinylcyclohexene dioxide need not be
added as long as the foregoing phosphate is added in an
amount of 7.0 to 15.0% by weight based on the amount of base

oil (i.e., polyol ester).

. This Sheet Has Been Rerlaced :
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tenperature and hi gh-pressure state. By the hydrolysis, the polyol ester
i's deconposed into an al cohol and an acid which reacts with a material of
‘parts (such as the sliding part) of a conpressor to corrode the parts, in
turn, form ng sludges. Also, since a polyol ester is chemcally active as
conpared to a hydrocarbon oil, the polyol ester tends to be nodified at a
hi gh tenperature, formng sludges. The 1, 2-epoxyal kane and the

vi nyl cycl ohexene di oxi de prevent the hydrolysis and the nodification of the
pol yol ester. |nci dBhearefrigacayingl pachinecpidr compositdon of itheo an
epoxy conpound as well as the 1, 2-epoxyal kane and the vinyl cycl ohexene

di oxi de, buPrEEQQtnéFVﬁEVéOPhéaﬂuﬁ@ﬂﬁéﬁnoﬁns9B§#Q§éﬂﬁgtbhé met@dt i on of

sl udges. In _the case of a conpressor which can be used_w thout strict
control of 9ﬁé°F6VﬁﬁPFOnaoﬂe§PGH¢§9 agsREvePLCrpe uEURLlY B8RS REne and t he

v Y eyel ohgigg, Shgrhds aoedehtongidstandant.ag WBRLCANY |
f b I h Da
SIOUT, 9o00°¢ 91 4k S, BRLIGKUSSAE Tl Bahsh ﬁgéﬁfkgﬁ%o "hriEhT

1 Sy SEL O, S0 58, e Pttt cseplohiss 10

machi ne oi | amfiet B8r28Li axtdsnidufits) sanrhe uéedehnahmo&riaaa% etc.,
such as, for example, 2,6-di-t-butyl-4-methylphenol, 4,4'-
methylenebis(2,6-di-t~-butylphenol), 2,2’-thiobis(4-methyl-6-
t-butylphenol), trimethyldihydroquinone, p,p’-dioctyl-
diphenylamine, 3,7-dioctylphenothiazine, an alkyl-
phenothiazine-~l-carboxylate, phenyi-2-haphthylamine, 2,6-di-
t-butyl-2-dimethyl-p-cresol, 5-ethyl-10,10‘-diphenyl-
phenazariné, and an a1ky1 disulfide. Examples of the metal
deactivator include alizanin, quilizanin,'benzotriazole, and
mercaptobenzotriazole. Examples of the defoaming agent,
include dimethylpolysiloxane and metal carboxylates.

The refrigerating machine oil composition of the
present invention can be used in any types of compressors
having a sliding portion (such as a rotary compressor,-a
reciprocating compressor, and a scroll compressor) and using.
a hydrofluorocarbon as a refrigerant. According to a
preferred embodiment of the present inventibn, the o0il
composition is used in a rotary compréssor as conventionally
used in a refrigerator. A typical rotary compressor is

illustrated in Figs.l and 2 which are vertical section and a

- 14 - . ' This Sheet Has Been Replac
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invention, there are hindered phenol series antioxidants, amne series
antioxidants, sulfur series antioxidants, etc., such as, for exanple,

2; 6-di -t-butyl -4-met hyl phenol, 4,4'- nethyl enebis(2,6-di-t-butyl phenol),
2,2' -thiobis(4-nethyl-6- t-butylphenol), trimethyldihydroquinone,

p, p' -dioctyl - diphenylam ne, 3,7-dioctyl phenothiazine, an alkyl -
phenot hi azi ne- 1- car boxyl ate, phenyl - 2- napht hyl ani ne, 2, 6-di -

t - butyl - 2-di net hyl - p-cresol, 5-ethyl-10, 10" -di phenyl - phenazar|ne and an
al kyl  di sul ¢rdss séhtﬂghesre$pehelwelﬂb @5aEhEV§9§arYnGPEB€e§§P§an|n

qui lizanin, benzotriazole, and nercaptobenzotriazole. npl es of the
def oam ng agent, |rﬁh@d@otﬂnmt¢9m2ﬁ#§%¢¥ok%n%xﬁ%ﬂl%@@alWéﬁhbﬁﬁ rLeBse ?ﬁe

refrigerating machine oil_ .conposition Of&éh resent inyenti n can be use
79 §

Lgﬂgpgsggfegl@$ cbn@ﬂ@s%ob%lﬁEV|n§“as§+? B?F?bﬂefs chm8 °% PSE

a_ reci I

a hydrofluo?ob%rBB h e 'rg?$ gg gﬁfoﬁéﬁgcg €?§8£80e8c§P g?f§gk %@gdﬁiéﬂg
corpr esor GELERRY ”H@ﬂaﬁgﬁﬁté A E8 EpppOctaa BF P bk ALRRY 5 and
gg[fgrlegsg[]e'g%p#%%g%{é h'ee},fﬁgaric&ﬂd k%%h?ggi‘é’éoﬂeﬁtwﬁibhsgﬁt ht_%'&n%@ﬁ a

15 cross secti on,
respectivel ye QEcéﬂﬁriet€6¥t§8ﬁpﬂeéﬁoélaﬁheshafﬁr! ganpeesedr is expl ai ned

with reference to Figs below. In shielded container 1, notor

portion eccentrically in cylinder 8 in which vane 9 is kept in
contact with rolling piston 7 to provide compression chamber
10. By the eccentric movemenﬁ of rolling piston 7 due to
rotation of motor portion 2, the thus coqetructed rotary
compressor sucks a refrigerant from intake hole 11,
compresses and discharges in shielded container 1, and the
compressed‘refrigerént is discharged fhrough discharge tube
12 into a cooling pass.

The vane portion of the compressor which is driven
under extremely severe conditions is preferably made of an
iron-based material containing Cr and subjected to a
nitriding treatment,'whereby wear resistance and load
carrying capacity are further enhanced. The nitriding
treatment can be conducted by placing the vane material in a
vacuum chamber, to which a nitriding accelerator gas mainly
composed of NH; gas is introduced to treat the vane material,
whereby a diffusion layer of high wear resistance is formed

on the surface of the vane, instead of a brittle white layer

(epsilon layer).

is Sheet Has Been RTlaced
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2 is provided, and clank shaft 4 having eccentric portion 3 driven by notor
portion 2 is supported by main bearing 5 and sub bearing 6. Cylindrical
rolling piston 7 which is nounted at eccentric portion 3 of clank shaft 4
is rolled eccentrically in cylinder 8 in which vane 9 is kept in contact
with rolling piston 7 to provide conpression chanber 10. By the eccentric
novenent of rolling piston 7 due to rotation of notor portion 2, the thus
constructed rotary conpressor sucks-a gyl ges ant fromintake hole 11,
conpresses and di scharges. in shielded<Tontarner 1, and the conpressed

refrigerant is di schgs98fesbhPUdRvehEER WE11UBE éfplAifAed §AOHERAINASS.
The vane portion of the conpressor which is driven under extrenely severe

condi tions pe16wefwiek! ¥Yer8geneé €88 thenfbazewifgt examplesnaadni ng O and
. subjected to a nitriding treatnent, whereby wear resistance and | oad

carrying capefpayaeieel Brékiplestharhiedbaséhoilil, r tHengdiieieent andn the
conducted by placing the vane material in a vacuum chanber,to which a
nitridi ng atestemethodgaseduinl theoBrampillesf ahiii3thesComparativec Exampdes
treat the vane material, whereby a diffusion |ayer of high wear resistance
is formed oandhtheutéateresulhe axmecasi fioldawsef a brittle white | ayer
(epsilon layer). THis is the replacenent sheet Date: - 10 APR 1996 16
EXAMPLES 1. Base oil: _

(1) Examples-and Comparative Examples 1 to 9, 11, and
12

Polyol esters each having an acid value of not higher
than 0.01 mg KOH/g and a water content of not more than 100
ppm, synthesized by reacting pentaerythritol and a mixture of
branched fatty acids having 7, 8, and 9 carbon atoms (2-
methylhexanoic acid and 2-ethylpentanoic acid for the C;-
fatty acids; 2-ethylhexanoic acid for the Cg-fatty acid; and
3,5,5-trimethylhexanoic acid for the Cy~fatty acid) were
used.

(2) Comparative Example 10

An alkylbenzene ("ABA-H", trade name of hard—type
alkylbenzene, manufactured by Mitsubishi Chemical
Corporation) was used.

The alkylbenzene is usually used as a base oil of a
refrigerating machine oil for a refrigerator using HCFC-22
refrigerant.

2. Additive:

As a phosphate, tricresyl phosphate was used.

- 16 - .
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The present invention will be explained in detail below, with reference to
the follow ng Exanpl es and Conparative Exanples. The base oils, the
additives, and the test method used in the Exanples and the Conparative
Exanpl es and the test results are as follows. 1. Base oil: (1) Exanples
and Conparative Examples 1 to 9, 11, and 12 Pol yol esters each having an
acid value of not higher than 0.01 ng KOH g and a water content of not nore

than 100 ppm synthesized b reacti ng pentae tol .and.a m xture of
branched Farty aci 85 AByFROXY SERbads RiPRekvIPhREeps. di enmnoi c

2014 a0 2uelpeRiangn el b 8, blpRlasiot bass s» éd.e K5 Tondd
SN LR e 2 pol b SAICIAL RS 110 e%Vé*éJc%Q{m&?sm
Chent cal " BOCRLIGRL (HeBaHiBodnd T 72l a&p%gmaeeangsuwalsy 4430 ;39 2 base

oil of a refri ating machi ne oi ri gerator ‘using

refrlgerangxa&_1eA@d|t|ve As a phosphate, tricresyl phosphate was used .
This is the replacenent sheet Dat e: 10 APR 1996

In Comparative Examples 8 and 9, phenyl glycidyl

ether was used as an epoxy compound.

The composition ratios thereof based on the amount of
the base oil are shown in Table 1 and 2 below.
3. Test method:

(1) Falex test (wear ﬁest):

In the atmosphére of HFC-134a or HCFC-22 refrigerant,
an wear test was carried out at a temperature of 100°C and an
atmosPherié gas pressure of 600 kPa for one hour using a |
steel ring and a steel block as test materials bé the Falex
test (ASTM D2714), and an wear volume of the surface of the
steel block afﬁer'testing was measured.

(2) sShield tube test method (thermal and chemical
stability test):

-In the atmosphere of HFC-134a or.HCFC-22 refrigerant,
a thermai and chemical sﬁability tests were carried out by a
shield tube test method, wherein the refrigerant, a test oil,
Fe, Cu, and Al wires were placed in a glass vessel of about 1
c.c., followed by heating at 175°C for 14 days and examining
whether or not changing of the color of the test oil and

formation of slidges occur.

This Sheet Has Been Replaced
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17 As an epoxy conpound, vinylcyl ohexene di oxi de was used in Exanples 1 to
5, Conparative Exanples 2, 4 to 7, 11, and 12, and 1, 2-epoxyal kane (a

m xture of 1, 2-epoxydodecane, 1,2-epoxytridecane and 1, 2- epoxytetradecane)
was used in Exanple 6. In Conparative Exanples 8 and 9, phenyl gl ycidyl

et her was used as an epoxy conpound. The conposition ratios thereof based
on.the anmount of the base oil are shomn in Table 1 and 2 below. 3. Test
met hod: (1) Falex test (wear test): “In the atnobsphere of HFC- 134a or
WTOZZreﬁ1mW§ﬁr%WMHHteM was carried out at a tenperature of [err]

and an at nospheric ressure of 600 kPa for one hour using a steel ring
and a steel block étg‘ é'qu “ﬁeﬁ%ﬂ%l@%ﬁ%lﬁ’é‘ Iﬂ'aﬁfse'& and ithe\ahiebd 1iybe angd an

(5 s T, R S B, A L BT
s eir e Vgl i »aeea;fdv%aé?:@g WG o

stability tests were carri’e

E)fef ;1335{ aTEé{agnﬁ]@t <’\""%hf:lge)/xﬁ%t' ng at %’g ﬁftforsef%%glys an exaé?nsgn?%gssel

whet her or giqt vﬁgammna‘ngé}@ (ag)l’bé]fn%h@ gest oil and formation of
slidges occur. This i$S the replacenent eet Date: 10 APR 1996
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18 4. Test result: The results of the Falex test and the shield tube test
are shown Table 1 below. The Falex test results are relative val ues,

t aki ng the wear volune in Conparative Exanple 10 (wherein the refrigerant
was HCFC-22 and the base oil was al kyl benzene) as being 1.0. This is the

repl acenent sheet Date: 10 APR 1996 19 Table 1 (1) Conposition
Exanpl e and 1 2 3 4 5 6 Test Result Refrigerant
HFC- 134a Base Q| | Pol yol Ester Additives (w.%*
Phosphat e 7.0 10.0 -&-B—E——ZéX-T 1g 1 ¢4)0 10.0 10.0 Epoxy
conpound Vi nyl cycl ohexene 1.0 1.0 1.0 0.2 3.0 dioxide
1, 2- Epoxyal kane - _ _ _ 1.0 Fal ex Test
0.9 0.5 : RT=AE
Composition Example
and
1 2 3 4 5 6
Test Result
Refrigerant HFC-134a
Base Oil | -~ Polyol Ester
Additives (wt.%)*
Phosphate 1 7.0 10.0 15.0 10.0 10.0 } 10.0
Epoxy compound
Vinylcyclohexene 1.0 1.0 1.0 0.2 3.0 -
dioxide
1,2-Epoxyalkane - - - - - 1.0
Falex Test 0.9 0.5 0.8 0.5 0.5 0.5
(wear volume ratio) :
Shield Tube Test none | none| none | none | none | none
(sludge formation)

Note: * based on the amount of the base oil (hereafter the
same) '

.- This Sheet Has Been Reilaced
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Shi el d Tube Test none none none none none none (sludge
formation) Note: * based on the anmpbunt of the base oil (hereafter the sane)

THis is the replacenent shot Date: 10 APR 1996 20 Table 1 (2)
“Conposi tion Conparative Exanple a n d Test Result
1 2 3 4 5 6 Refrigerant
HFC- 134a Base QO | Pol yol Ester Additives (w % Phosphate
_ _ 10.0 6.0 16.0 10.0 Epoxy Conmpound V|nylcyclohexene .
1.0 1.0 1.0 0.1 dioxidEabdleed Tt 4.0 4.0
0.5 1.6 _L. el m%@%‘
none obser vgd nope  none .observed (¢$ludge formation) Lhis is_ t
r epl acenent sheetoﬂﬁﬂg %10 10 DR 1006 @%mpagatlve éxamﬁfé
Test Result 1 2 3 4 5 - 6
Refrigerant : HFC-134a
Base 0il 150131 Ester

Additives (wt %)

Phosphate - - 10.0 6.0 116.0 | 10.0

Epoxy Compound

Vinylcyclohexene - 1.0 - 1.0 1.0 0.1

dioxide

Falex Test 4.0 4.0 0.5 1.6 1.3 0.5

(wear volume ratio)

Shield Tube Test observed| none |observed| none | none |observed

(sludge formation)

. This Sheet Has Bee

a0 - HllIlIHlllIIIlllllHill



21 Table 1 (3) Cbnp05|t|on Conpar ati ve Exanpl e and Test

Resul t 7 8 9 10

Ref ri ger ant HFC- 134a : HCFC- 22 Base Q|

Pol yol Ester Al kyl benzene Additives (w % Phosphate

10. 0 10.0 - 10.0 | 0.5 Epoxy Conpound Vi nyl cycl ohexene

3.1 _ __di oxi de Phenyl glycidyl ether _ 0.5 1.0
Fal ex Test 0.5 0.5 0.5 1.0 (wear volune ratio)
Shi el d- Tube Test Shield Tube Test - observed observed observed none

(sludge formation) (1) Exanples 1 tdaRkthd dobbarative Exanple 10: In al
- the sanples_in -of this invention the wear rogigtanca was

~better thalf the e nparativ Exanple GRIBASA of a
~conventiondl tecﬁ‘g‘? oji uls?%r)lg HCFC- 2 64 %ﬁ% wc..w%%HF&]ﬁﬁa—

refrigeran{ was o |
9 as ‘Resipes (resul J§ bwthe useg of |a bl yol[ ester3Owere

not f or nmed|—2r—Corparattve—txamptesTi—to S8 —amdt— 91T t1e & o1
Cﬁnpar atlv“ ExanRefdigedant was not |conpourdi®-3d4ah t he epody c‘%np%n% of
t he presenfl 1nventyon a phosphat ¢, the |

P £y & phosp ERJo1 SRledANce arldiiip bdiesard

and This i sheet

TTTO T

Additives (wt %)

Phosphate . 10.0 10.0 10.0 0.5 “

Epoxy Compound

Vinylcyclohexene 3.1 - - ' -
dioxide
Phenyl glycidyl ether - 0.5 1.0 -
Falex Test | o.5 0.5 0.5 1.0
(wear volume ratio) : :

Shield Tube Test

" observed | observed | observed
. (sludge formation)

none ||

(1) Examples 1 to 6 and Comparative Example 103

In all the samples in the examples of this invention,
the wear resistance was better than the sample in Comparative
Example 10 (the composifion of a conventional technique)
using HCFC-22 refrigerant, and even when HFC-134a refrigerant
was used, sludges (results by the use of a polfol ester) were
not formed.

(2) Comparative Examples 1l to 3, 8, and 9:

In the sample-bf Comparative Example 1, which was not
compounded with the epoxy compound of the present invention

and a phosphate, the wear resistande and the thermal and

- 21 - " This Sheet Has Been Relp
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Dat e: 10 APR 1996 22 chem cal stability were poor, and sludges were
formed. In the sanple of Conparative Exanple 2, which was not conpounded

w th a phosphate, the wear resistance was poor. In the sanple of
Conpar ati ve Exanple 3, which was not conpounded with the epoxy conpound of
the present invention, sludges were fornmed. In the sanples of Conparative
Exanpl es 8 and 9, which were conpounded with phenyl glycidyl ether in place
of the epoxy conpound of the present invention, the surface of the Fe wire
was bl ackemhemicalhstahidiity were moramélslhgtsem%rerafmq formed. It
can be seen fron1the above results that for achieving the object of the
present invention, SRR U PR Ra el ¥R Exanplenentwitkch ives heot

phosphat e are i ndi ensa ctors. (3) .Conparative, Exanples 4 and 5: In
t he sanpl ef %P%}% t\t}baE&ﬂﬂ 'arﬂ‘%rw%r’ér@?iﬁw RBP°F he
phosphate i s outsi he ra n17 0.t 0% hy [ ef i ned |n

t he present mvent%g‘n ehga\ﬂ@;r eff sﬁ’%ﬂfeaﬁlsv? Mpglr V? ot cce{‘o‘Y 2% 1Y
sanpl es of , 54?5 e 10.
Fromthe resu ts |t cl%}get}%e]er&’ﬂg e op |wngano%)"[%?é'?etlhe phosphat e

is from7. gﬂuaggg Qédey peiided, for achieving the object of the present

i nventi on. _
In the samples of Comparative Examples 8 and 9, which

were compounded with phenyl glycidyl ether in place of the

epoxy'compound of the preéent invention, the surface of the
Fe wire was blackened in the shield tube test, and sludges

were markedly formed. _

It can be seen from the above results that for
achieving the object of the'present invention, the epoxy
compound of the present invention and the phosphate are’
indispensable factors. | ‘

(3) Comparative,Examp;es 4 and 5:

In the samples of Comparative Examples 4 and 5,
wherein the amount of the phosphate is outside the range of
from 7.0 to 15.0% by weight defined in the present invention,
the wear resistance is inferior to those of the samples of
Examples 1 to 3, and 6 and the sample of Comparative Example
10. |

From the results, it can be seen that the optimum
amount of the phosphate is from 7.0 to 15.0% by weight for
achieving the object qf the present invention.

(4) Comparative Examples 6 and 7:
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(4) Conparative Exanples 6 and 7: This I's the replacenent sheet Date :
10 APR 1996 23 In the sanples of Conparative Exanples 6 and 7, wherein
the anmount of the epoxy. conpound of the present invention is outside the
range of fromO0.2 to 3.0% by weight defined in the present invention,

sl udges were forned. Thus, it can be seen that the optimum anount of the
epoxy conpound of the present invention for achieving the object of the

present invention is fromO0.2 to 3.0% by weight. 5. Actu Test_ and Test
Result: (1) Accel eXat &hedspmples: P&t maﬁa%&qu%gs&néﬂd rotary

conpressor: B sing HFC-134a refrigerant in Exa e nd C ti
Exgﬁples 1Yh&%3%§£ ageuns; of ﬁ@k%ﬁ??ﬁXJQQQ? qéﬁﬁ%ﬁné%%ﬁ?%g'éxgnple
10, an accel erated duyrability. test of I '
conpr essor %?“%H‘or’ﬁe&“ftgf‘%?, 8%’(? %&ﬂque.s%rﬁt#éﬁogrg@ rez?,%f#’e'od(rz%% gg%%t\:/vas

di si nt egr at,ed .and t.he r : .Sl.J di [ é/vaﬁ,lq};&{e d. In -
tlheI tes'? u&e%dnte%e llligott\zg{[r&yrbc%tr?%ﬁlg:sg‘%‘r‘%en‘t%ﬁ?dc'olrr%?lg?g)ér Iv%%/l ng the g\lj(raf ace 01[]

vane portion subjeghed tq¢2cant belislen telid " He mitnhﬂl GAMBURS F dhyi ng
the vane portion withodt the nitriding treatment were used. The test
resul ts ar @pafigWadmpolitldl ®£2 thd Preskrits iinvdrialdre Mo eehiewimpithe
object of the present inventibh is from 0.2 to 3.0% by
weight.
5. Actual Test and Test Result:
(1) Accelerated durability tests of scroll compressor .
and rotary compressor:
By using HFC-134a refrigerant in Example 2 and
Comparative Examples 11 and 12 and_by using HCFC-22
refrigerant-in Cbmparative Example 10, an accelerated
durability test of a scroll compressor or a rotary compressor
was performed for 2,000 hours. Thereafter, the compressor
was disintegrated and the worn state of the sliding pdrtion
was observed. In the test using the rotary compressor, the
compreéSor having the surface of vane portion subjected to a
nitriding treatment and the compressor having the vane
poftion without the nitriding treatment were used.

The test results_are shown in Table 2 below.
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Dat e: " 10 APR 1996 24 Table 2 Conposition Exampl e

Conpar ative Exanpl e and Test Result 2

10 Refri gerant 'HFC- 134a HCFC- 22 Base Q|

Pol yol Est er Al kyl benzene Additives (wt.% 10.0 5.0 20.0
0.5 Phosphat e Epoxy Conpound Vi nyl cycl ohexene : 1.0 1.0
1.0 dioxide Scroll type conpre- ssor acceleration duarability test

.smal | medi um medi um smal |l (worn state of the sliding portion)

Rotary type conpre- ssor acceleration Z&Rd@iity test (worn state of vane

portion) Vi I scuff- __scuff- nitrided
' ng 'n Comﬁggikigﬁne port'(”h£§mple eggbgﬂétive Example
and
Test Result 2 11 12 10
Refrigerant ' HFC-134a HCFC-22
Base 0il Polyol Ester Alkylbenzene
T _
- Additives (wt.$%)
10.0 5.0 20.0 0.5
Phosphate _ :
Epoxy Compound |
Vinylcyclohexene 1.0 1.0 1.0 -

dioxide

Scroll type compre-

ssor acceleration

duarability test small medium | medium small
(worn state of the
sliding portion)

" Rotary type compre-

durability test

ssor acceleration _
(worn state of vane “

portion)

Vane portion small | scuff- | scuff~

nitrided | ing ing small
Vane portion not medium

nitrided S _ small
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e



nitrided small This is the
repl acenent shot Date: 1 0 APR 1996 2-5 In Conparative Exanple 11 (the
anount of the phosphate was 5.0% by wei ght) and Conparative Exanple 12 (the
anount of the phosphate was 20.0% by weight), the wear anmount of the
sliding portion of the scroll type conpressor was |arger than those in
an?ple 2|?nd Cbnﬁarative Eﬁﬁnple 10. The results coincides with the Fal ex
est results as shown in Table 1. In arative Exanples 11 and 12,
scuffing occurred am Fﬁ@P@ﬁﬁélHGrFFGHPéggﬁlwﬁéﬁesGEngﬁe&ft5h§ nitriding

treatment, and the wear re5|s ance On th th I
2, the weaPhpgphatgnwes,ds OfeP¥eweig pggé%gqua§%ﬁﬁéﬁfﬁﬁﬁ'ﬁ1 Jgkﬁﬂﬁﬁp ©

por 1 on Eﬁaﬁoﬁﬁi pfi Rl PEREREALS TR0 2070 1Y BesdBe)f Ui iR
r ot
Sent 7 nBEnERa, sdRRIRy" Bt EiBh, o) TR, SEEEIL, Hpe, FOREREER, Yad “e

present anced e nitri e vane

portion thﬁ%%@% éﬁaﬂ?%ﬁP%Q?Qna@§ﬁﬁglEh9 Bh%ﬁ@%h@a@é%ﬁhbp@ﬁ e 10.

refrigerating~m chlne ol I conposition for conpreSsor using HFC 134a

refriger amrh@“@:e%h'i% doEnee deds with' ither Fllexvtest ivsnlmreaspshmacdms
the substitute of the HCFC series

Table 1.

In Comparative Examples 11 and 12, scuffing occurred
at the vane portion even when subjected to a nitriding
treatment, and the wear resistance was poor.

On the other hand, in Example 2, the wear resistance
was better in the case of subjecting the vane portion to a
nitriding treatment than the case of not subjecting the vane
portion to a nitriding treatment.

Thus, it has been confirmed that in the rotary
compressor operated under severe conditions, the effect of
the present invention can be enhanced by the nitriding
treatment of the vane portion thereof.

As described above, the present invention is a
refrigerating machine oil composition for compressor using
HFC-134a refrigerant and other HFC series refrigerants which
have been proposed as the substitute of the HCFC series
refrigerants. .

The present invention of the refrigerating machine
oil composition consists essentiélly of a polyol ester as a

base oil and phosphate and specific epoxy compound (i.e.,

- 25 -
Sheet Has Been R laced

AN




refrigerants. The present invention of the refrigerating machine oi
conposi tion consists essentially of a polyol ester as a base oil and
phosphate and specific epoxy conpound (i.e., This is the replacenent shot
Dat e: 10 APR 1996 26 1, 2- epoxyal kane and/ or vinyl cycl ohexene

di oxi de) as additives. Further, this invention is characterized each of
above nentioned additives to be contained in the base oil with a specific
range of ampunt. According to the present invention?.th? probl ems of .

i nsuf fi ci enoy2 PR MEARe rand Mncinyleyclehéxenat dboxbde§| adges, which
are the prg@ien& encountered in the case of using a polyol ester, are

sol ved whi | q%ﬁ%ﬂﬁ%@ advant ageous properties of the polyol ester (ester

[ synt hetic oi uch as the electric jnsulating property, the
ig;rlpgf i biyl ity Wit hfjt“?’l’&?!% rté’f"ﬁ Javantiamdg sharafireird eacherfy, by t
[ | en
o ot - weabeig. Aenthonel Aqdie dhes £0 B Rt inAd i b bdss 1
vinyl cycl ohgxeng (y'[!%;egi ASah q;f)la}ﬁ%‘ﬁmoreventi ng agent in optinmm

anounts. By uslng refrigerating nmachine oil conposition of the present

| nvention, -vear at Ackerélindl e Rbe ipbeb et vt dif RS S Sh Rl

m nimzed, so that reliabillity of the conpressors ca e 1 ricrease

Further,_iﬂn@wﬁ@ﬂaﬂénwy of the wear resistance and the formation of
sludges, which are the problems encountered in the case of
using a polyol ester, are solved while enjoying advantageous
properties of the.polyol ester (ester series synthetic oil)
such as the electric insulating property, the compatibility
with the HFC refrigerant, the low hygroscopic property, by
compounding the polyol ester with a phosphate as an extreme
pressure agent or anti-wear agent, and further a 1,2-
epoxyalkane and/or a vinylcyclohexene dioxide as a hydrolysis
preventing agent in optimum amounts.

By using the refrigerating machine oil composition of
the present invention, wear at the siiding portions of
various compressors can be minimized, so that reliability of
the compressors can be increased. Further, in combination
with the nitriding treatment of vane portion which is a
sliding portion of rotary compressor driven under extremely
severe conditions, wear of the vane portion can be further
minimized, and in turn enhancing the reliability of rotary

compressor.

While the invention has been described in detail and
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with the nitriding treatnent of vane portion which is. a sliding portion of
rotary conpressor driven under extrenely severe conditions, wear of the
vane portion can be further mnimzed, and in turn enhancing the
reliability of rotary conpressor. Wiile the invention has been described in
detail and This is the replacenent sheet 10 APR 1996 27 with reference
to specific enbodi nents thereof, it will be apparent to one skilled in the
art that various changes and nodification can be nade therein w thout
departing fwbbthtnefepence tadspeopfichembodimgnts therrofnepitasdddnbesheet
Dat e: 10 APR 1996 CLAIMS: 1. éAnendedL A refrigerating machi ne
oi | conposi 8PBATERE BoceRpr 8kidledsingthengatothas: ¥azipys shangesi gadant ,

whi ch conprises_(i). 100 parts by weight of a c¢arboxyl.ate of pentaerythritol
ondlor o PARSOLEISAEIoR BacReotngenFhessingvs thast gpartink) HpB iR (o
15.0 parts by, wejght .of a ph hate, and (iii) fromO0.2 to 3.0 parts by

wei ght in t%ghfltfa%dv?ﬁ??%y%ﬁ%ﬁﬁ?ﬁne di oxi de. 2. A conpressor having a
sliding portion and havi ng

1]




intrdduced therein a hydrofluorocarbon as a refrigerant and a refrigerating
ngchlne oil conposition conprising (i) 100 parts by wei ght of a polyol
ester as a base oil, (ii) from7.0 to 15.0 par ‘by-ﬂe+ghL_QL_a phosphat e,

and (iii) fromO0.2 to 3.0 parts by wei ght | 2- epoxyal kane
and/ or a vinyl cycl ohexene dioxide. 3. The c m’ yllU | aim 2, which
sur

is a rotary conpressor having a vane portlon t he mhlch S
subjected to a nitriding treatnent.

WHAT IS CLAIMED IS:

1. A refrigerating machine oil composition for a
compressor using a hydrofluorocarbon as a refrigerant, which
comprises (i) 100 parts by weight of a polyol ester as a base
0il, (ii) from 7.0 to 15.0 parts by weight of a phosphate,
and (iii) from 0.2 to 3.0 parts by weight in total of a 1,2-
epoxyalkane and/or a vinylcyclohexene dioxide.

2. A compressor having a sliding portion and having
introduced therein a hydrofluorocarbon as a refrigerant and a
refrigerating machine oil composition comprising (i) 100
parts by weight of a polyol ester as a base oil, (ii) from
7.0 to.15.0 parts by weight éf a phosphate, and (iii) from
0.2 to 3.0 parts by weight in total of a 1,2-epoxyalkane
and/or a vinylcyclohexene dioxide.

3. The compressor as in claim 2, which is a rotary
compressor having a vane portion the surface of which is

subjected to a nitriding treatment.
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