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LCATI NG Of L ADDI TI VE, LUBRI CATING O L AND WORKI NG FLUVE %R0 £ 7
S BACKGROUND OF THE I NVENTION 1. Field of the InventidftThe

pTesént invention relates to a lubricating oil inparting excellent wear
resistance, an additive 5 wused for the lubricating oil, and a working
fluid for refrigerators using the lubricating oil. In particular, the

present invention relates to a lubricating oil suitable for refrigerant
conpressors using hydrof| uorocarbon reftyigerants, and a working 10 fluid
for refrigerators which conprises the lubricating oil and a

hydr of | uor ocar bon refrigerant. Ref ri gerant conpressors are used in donestic
refrigerators, autonoLUBRIGATINGMILL i ADDIRIVE,eLUBRICATING OBL i ndustri al

use and roomair 15 ConﬂﬁﬁiﬁﬁﬁifNGw¢E¢fb'ﬁﬁﬂﬂdﬁﬁﬁ%&hﬁA*Bbgh have been used
ude ch orocar

for such refrigerant conpressors I nc oroflu ons (hydrocarbons
wherein all of the hydrogen atons have been replaced by chlorine and

fluorine atons) and hydrochlggéﬁcmmh@9Qﬁbqn§;&@vggggdnocarbons wher ei n
sone of the hydrogen atons have been replace y chlorine and fluorine

atons). Fromthe standpoint of environnental protection, however, it has

been deci ded td.redidled ofhehes@nebnthene refrigerants, and therefore
attention is now paid to 25 hydrofl uorocarbons (hydrocarbons which are

non- chlorinated, i.e., do not contain any chlorine atom
The present invention relates to a lubricating

oil imparting excellent wear resistance, an additive
5 used for the lubricating oil, and a working fluid for
refrigerators using the lubricating oil. 1In
particular, the present invention relates to a
lubricating oil suitable fof refrigerant compressors
using hydrofluorocarbon refrigerants, and a working
10 fluid for refrigerators whiéh comprises the
lubricating 0il and a hydrofluorocarbon refrigerant.
Refrigerant compressors are used in domestic

refrigerators, automotive air conditioners,
refrigerators for industrial use and room air

15 conditioners, while refrigerants which have been used
for such refrigerant compressors include
chlorofluoroccarbons (hydrocarbons wherein all of the
hydrogen atoms have been replaced by chlorine and
fluorine atoms) and hydrochlorofluorocarbons

20 (hydrocarbons wherein ‘some of the hydrogen atoms have
been replaced by chlorine and fluorine atoms). From
the standpoint of environmental protection, however,
it has been decided to restrict the use of these
refrigerants, and therefore attention is now paid to

25 hydrofluorocarbons (hydrocarbons which are non-
chlorinated, i.e., do not contain any chlorine atom,
and in which at least some of the hydrogen atoms are
replaced by fluorine atoms; hereinafter referred to as
"HFC refrigerants") as substitutes for the above



Bb.at | east sone of the hydrogen atons are replaced by fluorine

atons;” hereinafter referred to as "HFC refrigerants") as substitutes for

t he above -2- refrigerants. HFC refrigerators which have al ready been
proposed include R134a, R125, R32, Rl143a and Rl152a (which are each conposed
of a single hydrofluorocarbon) and R407C- R410A and. R410B (a 5 m xture of
hydr of | uor ocarbons). 2. Description of the Prior Art Wien an HFC
refrigerant is used, it is difficult te2dse a conventional mineral |ube
base oil. Therefore, it has been proposed to use a 10 pol yoxyal kyl ene

gl ycol, polyhydric al cohol ester, polyether or polycarbonate as a | ube base
oi . The use ofrefirigecanss:i gHFEnrefrigerators ahighmihave plyeedy

| ubricati on. Flﬂéé?xe%@%@@@r iaas!uaéggi 5440 Rl 29 | HFp AR19Bld a8% 1 ron

materials are us% .as a mater| constituting the frictional surfaces

of a refrigerafl wbdghr argoepnht comeosedh ik & iSiP9d® used in the

conpressor is haduiofdtolrdchiBOAYCahdERAGHE, I'TOSI A AMEE RAf ofsr i(at | onal

surfaces ngde Ex3UCh a fﬁrroug or non-ferrous material satisfactorily.
dith &d e

Known 20 2E€, 984 PYAFOELEPEPCRATRPRT L requi rement i ncl ude

al kanedi ol s having 8 to 14 carbon atons (Japanese Patent Laid-QOpen No.
199296/ 1991), phoSpRELkGpRELA S the Prior Art

When an HFC refrigerant is used, it is difficult
to use a conventional mineral lube base oil.
Therefore, it has been proposed to use a

10 polyoxyalkylene glycol, polyhydfic alcohol ester,
polyether or polycarbonate as a lube base oil.

The use of an HFC refrigerant results in a
relatively poor lubrication. Further, copper and.
aluminum materials as well as iron materials are used

15 as a material constituting the frictional surfaces of
a refrigerant compressor, so that the lubricating oil
used in the compressor is required to improve the wear
resistance of frictional surfaces made of such a
ferrous or non-ferrous material satisfactorily. Known

20 additives used for satisfying such requirement include
alkanediols haviﬁg 8 to 14 carbon atoms (Japanese
Patent Laid-Open No. 199296/1991), phosphoric esters,
phosphorous esters and partial esters of polyhydric
alcohols with fatty acids (WO 91/09097), alcohol

25 derivatives having two hydroxyl groups and having a Cq
to Cq1g alkyl, aryl, alkylaryl or aralkyl group which
has other polar group (Japanese Patent Laid-Open No.
337391/1992) and so forth. These additives have
problems that the wear resistance of frictional

30 surfaces cannot be improved sufficiently, that the
corrosion of metal occurs in the compressor, that they
tend to harden rubbers and resins to cause leaks in



phosphor.gis .esters and partia

esters of polyhydric alcohols with fatty
aci ds* (WD 91/09097), al cohol 25 derivatives having tw hydroxyl groups

and having a CJerr] to (Jerr] alkyl, aryl, alkylaryl or aral kyl group which

has ot her polar group (Japanese Patent Lai d-Open No. 337391/1992) and so
forth. These additives have problens that the wear
30 surfaces cannot be inproved sufficiently,
occurs in the conpressor,
cause |leaks in

exchange effici theyseahowgtiqimndy ofx tihlsi compressprecand THat

resi stance of frictional
that the corrosion of netal
that they temrd-to harden rubbers and resins to

-3- the seal or joint of the conpressor, and that sludge
is formed owing to thermml degradation or oxidation to |ower the heat
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SUMMARY OF THE INVENTION

The present invention aims at solving the above
pfoblems and ‘an object thé:eof is to provide a
lubricating oil which can ihpart excellent wear
resistance, whic@ does not corrode metallic
substances, which does not harden sealants made of,
for example, rubbers or resins, and which little form
sludge due to thermal degradation or oxidation; an
additive used for the lubricating oil; and a working
fluid for refrigerators using the lubricating oil.

The inventors of the present invention have
intensively studied for the purpose of solving the
above problems to find that the lubricating properties
(such as antiwearing effect) of a lubricating oil can
be remarkably improved by adding a specific partially
etherified polyhydric alcohol thereto. The present
invention has been accomplished on the basis of this
finding. _

Namely, the present invention relates to (1) a
lubricating o0il additive comprising a partially
etherified polyhydric alcohol which has at least two
hydroxyl groups and bears at least one aliphatic
hydrocarbon group having at least one double bond in a
state bonded through an ether linkage, as an active
component; (2) a lubricating oil comprising an
effective amount of a partially etherified polyhydric

and



fluid for refrigerators using the lubricating oil. The inventors of the
present invention have intensively studied for the purpose of solving the
above problens to find that "the lubricating properties 20 (such as
antiwearing effect) of a lubricating oil can be renmarkably inproved by
adding a specific partially etherified polyhydric alcohol thereto. The
present invention has been acconplished on the basis of this finding. 25
Nanmely, the present invention relates t4{1) a lubricating oil additive
conprising a partially etherified pol yhydric al cohol which has at |east two
hydr oxyl groups and bears at |east one aliphatic hydrocarbon group having
at |east one doallkcehbdnehichahgs aksteas e hydroxydh 9xeueshend| | nkage, as
an .active conpo g ) b ' i 4 qﬁﬂyg' irpanaarelibesh¥ganount
of a partially g%%gfi%?eéé%% yﬁﬁ%?%%;ghégﬁf- alcgﬁ%fﬁggiah Bgs aﬁ Igast t wo
hydr oxyl groupsaénéebéﬁrgnatd¢%%%? Rend dn ghataten e Eérﬁ heY88up®havi ng
at | east one dogkherbeifkhge 2asd 24 el b dnikd viayglandn (8)her workkage and a

| ube base oil; d.(3). a working 5 fluid.far refri.gerato '

conpri ses a.Sef%ﬁ&é&a%?raﬁﬁkﬁ?ggﬁﬁ¥?ﬁﬁﬁrﬁ}%ﬁh qg§g§§§afo%t%afﬁ%ghggPFen1(2).
DETAI LED DESCRI BREOE DEbiHEa PREG ERRECRENMBADI AvENYhS ithdheubtemal 2 hg oi |
additive of the present

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The lubricating oil additive of the present
invention is composed of a partially etherified

10 polyhydric alcohol which has at least two hydroxyl

| groups and bears at least one aliphatic hydrocarbon
group having at least one double bond in a state
bonded through an ether linkage. The additive
according to the present inveﬁtion must satisfy the

15 requifements that it should have at least two hydroxyl
groups and that the hydrocarbon group forming the
ether linkage should have at least one double bond.
In such a case, the additive is excellent in the
solubility in a lube base 0il and can impart such

20 excellent lubricating properties as to improve the
wear resistance of ffictional surfaces remarkably.
Further, such an additive has the characteristic of
little swelling the rubber or resin constituting the
seal in contact with.a lubricating oil.

25 These characteristics of the partially
etherified polyhydfic alcohol bearing an aliphatic
hydrocarbon group having at least one double bond
are surprising ones beyond expectation, in other
words, peculiar ones. .

30 This is because a.parpially etherified
polyhydric alcohol bearing not an aliphatic
hydrocarbon group having at least one double bond



invention is conposed of a partially etherified 10 polyhydric al cohol

whi ch*has at |east two hydroxyl groups and bears at |east one aliphatic
hydr ocar bon group having at | east one double bond in a state bonded through
an ether linkage. The additive according to the present invention nust
satisfy the 15 requirements that it should have at |east two hydroxyl
groups and that the hydrocarbon group formng the ether |inkage shoul d have
at | east one double bond, In such a casg- the-additive is excellent in the
solubility in a |ube base oil and can inpart such 20 excellent |ubricating
properties as to inprove the wear resistance of frictional surfaces

remar kabl y. Furbhkran gy thavdngas cherehpending i munkenfofjtt| e

swel I'ing the FUQQ%o{?raE&% fh]zc%t 'ré}i“ uPhSoﬁﬁéh tRr&ogh a6l déRdr @
| ubricating oil. ese characteristics, of theoﬁartlally
etherified pol yhiakage ol 2 diipaszadimhen selpphsity 9 d? ot @ RAIF oup havi ng
at | east one dogpiea®ors FH#l SH Bhipairtdngnescbeyent uperéatimyp, in ot her
wor ds, peculiar ones. i's |

ol yhydr i o. @ cOREPPBELFTy T eIt PpREEE gl SEBPBORLEH oup. havi ng. at
| east one doubl pobgkgdric -&cohdl deaxlinyg agrelptheelngskoxbraldgpondi ng
nu?ber of group cannot also impart excellent.lubricating
properties, though it is excellent in the solubility
in a lube base oil.

10 It is preferable from the standpoints of the
solubility in a lube base o0il and the prevention of
rubbers or resins from swelling that the aliphatic
hydrocarbon group having at least one double bond
which constitutes the lubricating oil additive

15 according to the present invention is one having 12 to
24 carbon atoms, still preferably 16 to 20 carbon
atoms. Further; it is preferable in chemical
stability that the aliphatic hydrocarbon group have
one carbon-carbon double bond, though it may have two

20 ©Or more double bonds. Furthermore, a partial ether as
described above wherein the double bond is present in
the inside of the hydrocarbon chain is easily
available favorably. Additionally, the aliphatic
hydrocarbon group having at least one doubie-bond is

25 preferably linear because the'lubricating properties
are more excellent than those of one wherein the group
is branched. The partially etherified polyhydric
alcohol according to the present invention may bear
two or more aliphatic hydrocarbon groups having at

30 least one double bond in a state bonded through ether
linkages respectively. The aliphatic hydrocarbon
group having at least one double bond may contain
oxygen atom(s) or hydroxyl group {s). Examples of the
aliphatic hydrocarbon group having at least one double



carbon atons or an aryl group bonded through an ether linkage is so poor in
the solubility in a |ube base oil as to fail in inparting excellent

| ubricating 5 properties. Further, a partially etherified polyhydric

al cohol bearing a relatively short al kyl group cannot al so inpart excellent
| ubricating properties, though it is excellent in the solubility in a |ube
base oil. 10 It is preferable fromthe standpoints of the solubility
in a |ube base oil and the prevention ofgsubbers or resins fromswelling
that the aliphatic hydrocarbon group having at | east one doubl e bond which
constitutes the lubri.cating oil additive 15 according to the present

I nvention i s onbondvinglideto 24 carbon atons, still -preferably 16 to 20

carbon atons. F%htq%ﬁh)iEHLéﬂgéﬁégﬁé?Lgr{ELégaaééﬁ§h’§tabi'ity that the

al i phatic hydrocarbon2gPsup £arbon-car bon doyhl e bond, though it
may have two 20CH3 (FHpédg@BuBHECBphpHaFUrdHHatFRdeceRYbdrtial et her as

descri bed abovecwggeg5m§¢hgcgpg@;g§m@§d iphydeteeyll (8-t he inside of the
a
3

A i phat1 o hyair oBATSBASGEBEY) Reveta iz | SUtiCH S adatbies. DERA Eober2

preferably |ined@-hegadecenpd) ] bCH$ETH iy, GH=-EBICHd 9Clpe koleydx (8t ent
than those of o ] e 0 i : . -p ' etherified
pol yhydri c alcoﬁgFgggégbg%zg'to 3‘%?%&$§%ﬁ?ﬁFﬁggﬁ??en 2g§b%%g¥ltmo or nore

al i phati ¢ hydr oddibertadeaeryhhli igHa(CHlY @il (64 ) g6Hpe [gBABLPHLA state
bonded through gb0¢kosenyl)], CH3(CH,),CH=CH(CH;)gCHp~ (11-~icosenyl),
10 CH3(CHy)gCH=CH(CH,)gCHy- (11-docosenyl),
CH3(CH2)7CH=CH(CH251TCHZ- (13-docosenyl),
CH3(CH2)7CH=CH(CH2)13CH2-.(15-tetracoseny1),
CH3 (CH,)3(CH,CH=CH) 5 (CH, ) 7CHp~ [linoleyl (9,12-
octadecadienyl)], CH3(CH2CH=CH)3(CH2)7CH2— [linolenyl
15 (9,12,15-octadecatrienyl}l,
CH3(CH2)3(CHZCH=CH)3(CH2)4CH2— [6,9,12-1inolenyl
(6,9,12-octadecatrienyl)], CH3(CH2)3(CH=CH)3(CH2)7CH2—
[eleostearyl (9,11,j3—octadecatrienyl)],
CH3(CH;) g (CH,CH=CH) 5 (CH;) gCH,~ (8,11-icosadienyl) and
20 CH3(CH3)g(CH,CH=CH)3(CH,)3CHy~ (5,8,11-icosatrienyl).
The polyhydric alcohol constituting the
partially etherified polyhydric alcohol according to
the present invention is one having 3 to 10 carbon

atoms, preferably 3 to 6 carbon.atoms, and preferable
25 examples thereof include glycerol, pentaerythritol,
dipentaerythritol, 1,4-sorbitan and 1,5-sorbitan.

The lubricating oil additive according to the
present invention is composed of a partially
etherified polyhydric alcohol yherein an aliphatic

30 hydrocarbon group having at least one double bond is
bonded to a hydroxyl group through an ether linkage,
and preferable example of such an additive will now be
described.

Such examples include glycerol derivatives



| inkages respectively. The aliphatic hydrocarbon group having at |east one
doubl e bond may contai n-oxygen aton(s) or hydroxyl group (s). Exanples of
the aliphatic hydrocarbon group having at |east one double -6- bond
include CH err] (CH err])6CH=CH( CH2) 2CH2- (4-dodecenyl),
CHerr](CHerr])[err]CH=CH(CH err])[err]CH err]- (4-tetradecenyl),
CHerr](CHerr])[err]H=ECH(CH) [err]CH err] [physeteryl (5- 5

pent adecenyl )], CHerr](CHerr])[err]H=GL{CH2)[err]CH err]- [pal mtol eyl
(9-hexadeceny|)] CH err](CH err])[err]CH=CH(CH err])[err]CH err]- [ol eyl
(9- octadecenyl)] CHerr](CHerr] )lerr]CH=CH CH err])[err] CHerr]-

[ vaccenyl (11- 0¢B@desenybﬁ]by the formula (1), trimethylolpropane

CH err](CH err] g&gt%ﬂz%ﬁ(%f%ggg%%%g&r r 6r 4¥Fﬂvzgyl‘g% |cogenyl)]

CHerr](CHerr])[err err err e |cosen 1
CH[ err] (CH] er r] PPEPiter=GerErpbives [ eopTesq ﬁyre)m
CH{err}Egﬂ{err}hbarﬂggH=§HﬁCH sfééi?fiéﬂ<a£fﬂv§ﬁ§v$ésr@@&@%eﬁxbh by
err err err er err et.raco

CH[err](CH[éir]}:Srfff&ﬁ%% é%i &FT§T¥£H1 ?§F¥f%iﬁﬁ|noleyl
(9,12- octadecaﬁnéyy&ﬂtlchleoh¢l(&&ﬁa&dﬂﬁ@*ﬁﬂﬂﬂha’mk@@Hb&rihpentiﬁh{err]

| nol | 15 1 I 2 4CH2-
679, 1211 nol et Bag8: SEEEETEE ot ity srdabdl 3 FepbEldhted)
CH[err](CH[err];pethP(CPrﬂkﬂéef3](CH[err])[err]CH[err]- [ el eost earyl
(9,11, 13-oct adecatrienyl)], CH3(CH2)6(CH2CH=CH) 2( CH2) 6CH2-

(8, 11-icosadienyl) and 20 CH3(CH2)6( CH2CH=CH) 3( CH2) 3CH2-
(5,8,11-icosatrienyl). The pefgt8Hric al cohol constituting the

10 CH-OH (1)

CH,-0-R

CHy-OH.

H3C-CH,-C-CH,-OH (2)

CH,-0-R

15 1,4-sorbitan derivative (a)
O
Hz‘%\ // H-CIh~0=R
ic

HC-CH

/ \OH OII . (3)

20 1,4~sorbitan derivative (b)

0o

H, C cn—Tn—cnz—o—R
Hnc~-cH  g_.p (4)

HO - OH



partially etherified polyhydric al cohol according to the present +invention
is one having 3 to 10 carbon atonms, preferably 3 to 6 carbon atons, and
preferable 25 exanples thereof include glycerol, pentaerythritol,
di pentaerythritol, 1,4-sorbitan and 1,5-sorbitan. The |ubricating oi
additive according to the present invention is conposed of a partially
et herified pol yhydric al cohol wherein an aliphatic 30 hydrocarbon group
havi ng at | east one doubl e bond is bondeg-to a hydroxyl group through an
et her |inkage, and preferabl e exanple of such an additive will now be
descri bed. Such exanpl es;include glycerol derivatives -7- represented by
the formula (1), trimetSndodbhintamiderdeatiati Yay represented by the fornmul a
(2), 1,4- sorbitan derivativeg represented by the forrmulae (3) and (4), and
1,5-sorbitan derivativesyr ese, % q% ¥ & formulae (5) and (6). The
partlally etherified polyﬂ dric E coho accordlng to the present invention
may have three or nore hydioxyl ggoups as represented by the fornula (3).
CH err]-OH 10 / e O ' (1) CHerr]-OR
CHerr]-OH 5 . HO I OH '

) (5)

OH
1,5-sorbitan derivative (b)

TII—-C}IZ ~0-R’

10 /p\\ CH
HO Tl OH (6)
O—-R
[in the formulae (1) to (6), R represents an alkenyl
15 group having 12 to 24 carbon atoms]

Among these compounds, glycerocl derivatives and
1,4—sorbitén derivatives are preferable, the glycerol
‘derivatives being still greferable. It is preferable
for the polyhydric alcohol derivative of the present

20 1invention to satisfy one or both of the requirements
that the ether linkage be bonded to the carbon atom
adjacent to the carbon atom to which a hydroxyl group
is bonded and that at least two hydroxyl groups be
bonded to two of thrée successive carbon atoms

25 respectively. |

Specific examples of such a partially etherified
polyhydric alcohol include glycerol monooleyl ether,
1,4-sorbitan monooleyl ether, 1,4-sorbitan
monolinolenyl ether and f,s-sorbitan monooleyl ether.

30 These ethers may have other functional group.

The above partially etherified polyhydric
alcohol can be prepared by (i) a process of reacting a
corresponding partial chloride of a polyhydric alcohol



Hierr] CH err]-C CH - OH ‘ (2) CHerr]-OR 15

1,4-sorbitan derivative (a) [err] [err] 20 1,4-sorbitan derivative
(b) [err] -8- 1,5-sorbitan derivative (a) [err] 1,5-sorbitan derivative
(b) [err] [in the formulae (1) to (6), R represents an al kenyl 15 group

having 12 to 24 carbon atons] Anobng these cohpounds, glycerol derivatives
and 1,4-sorbitan derivatives are preferable, the glycerol derivatives being
still preferable. It is preferable for 4%he pol yhydric al cohol derivative of
the present 20 invention to satisfy one or both of the requirenents that
the ether |inkage be bonged to the. carbon atom adjacent to the carbon atom
to which a hydr dspchgprsuglyserehdedrennrhlinnohndrisaor ehgcrYaLox§t gr oups

be bonded to tWwacRbchhb@EhPaELEP Shien GRIGIP HrARAONASS (12IPECHEY¥ELYs Specific
oS o e B3bt A ¥ LA S TP AT hGcahse Gk eh"gLAES ol veerol
(iii) a process of reacting epichlorohydrin with R-OH
5 to form a glycerol monoether or the like.

The partially etherified polyhydric alcohol must
be used in an amount enough to prevent the wear of the
surfaces to be lubricated. Specifically, the amount
is 0.01 to 10% by weight, preferably 0.1 to 5% by

10 Wweight, still preferably 0.2 to 2% by weight based on
the lubricating oil. Generally, the partially
etherified polyhydric alcoﬁol is used in an amount
soluble in a lube base oil and one which is easily
soluble in a lube base o0il is selected.

15 The lube base o0il used in the present invention
includes mineral oils prepared in petroleum refining,
alkylbenzenes, carbonate esters and so forth. When
the lube base 0il is used for a refrigeraht
compressor, however, it is preferable from the.

290 standpoint of solubility in HFC that the lube base oil
be mainly composed of a polyether or a polyhydric
alcohol ester. Polyethers are éompounds having plural
ether linkages in one molecule and include compounds
(e.g., polyoxyalkylene glycols) having plural ether

25 linkages in their principal chains, compounds (e.q.,
polyvinyl ethers) having plural ether
linkages in their side-chains, cyclic ethers (e.q.,
crown ethers) having ether linkages for ring
formation. ' The ratio of carbon atoms/oxygen étoms in

30 the polyethers used in the present invention are
preferably in the range of 2 to 8 and more preferably
in the range of 2 to 4.

In order to improve the wear resistance of
frictional surfaces effectively, it is pteferable that



1, 4-sor bi tan nonool eyl ether, 1,4-sorbitan nonolinolenyl ether and

1, 5-sorbitan nonool eyl ether. 30 These ethers may have ot her functional
group. The above partially etherified polyhydric al cohol can be prepared by
(i) a process of reacting a corresponding partial chloride of a polyhydric
al cohol -9- (such as glycerol [err]-nmonochlorohydrin or glycerol [err]-
nonochl orohydrin) with RROH or R-ONa, (ii) a process of reacting a
trihydric or higher alcohol with RO, {104) a process of reacting

epi chl orohydrin with RROH 5 to forma glycerol nonoether or the |ike. The
partially etherified pol yhydric al cohol nust be used in_an anount enough to
prevent the weaithef pPRzosyplkrbene oglrcolmdmpauad bepseilectsa| frobhe anount

is 0.01 to 10% byowsl ABho-PARECERDA Yk letiHeratdEy pblyo¥ebebbylehk! |
preferably 0.2 tQ .2% by wei ght based on the | rlqatlgg 0|h. gﬁsera ly, the
partially et her BR¥ER1pBRyRGAFESeREIRY the oW NG LRABUN R upP® in a

| ube base oi |l amdnéreanlii @D-atkgRsethersldpoliydxyprobgleage oil is
hel udes m fer aPXEEERYEPRETLIEST, FhrenRtal RensTeaPRaRBkER O]
carbonat e est er foamdlao(8pr {whidlheare hrernaticaldye caillleds "886d for a
refrigerant conagg§§geivggmeyg§eiﬁéfgéEfgeferable fromthe
R'-0-(P0)-R? e (1 -
R1-0-(PO),(EO) -R? (8)
10 wherein R] represents an alkyl group having 1 to 4
carbon atoms; RZ represents an alkyl group having 1 to
4 carbon atoms or a hydrogen atom, with rR' and R2
being the same as or different from each other; m and
n each represent an average'degree of polymerization;
15 and (Po)m(EO)n represents a random or plock copolymer
group. When a PAG derivative is used in a state mixed
with an HFC refrigerant, the derivative is preferably
one having such an average degree of polymerization as
to exhibit a viscosity of 5 to 20 cSt at 100°C and the
20 m/n ratio preferably ranges from 9 : 1 to 7 : 3. The
terminal hydroxyl group of the PAG derivative may be
- esterified. A mixture of two or more of the above PAG
derivatives may be used.
On the other hand, a polyhydric alcohol ester
25 prepared from a polyhydric alcohol having 2 to 6
hydroxyl groups and a fatty écid can be also favorably
used as the lube base 0il according to the present
invention. 1In particular, it is preferable that the
polyhydric alcohol ester be a neutral one prepared by
30 reacting a polyhydric alcohol of a neo-type skeleton
having five carbon atoms with a monobasic saturated
fatty acid and/or a dibasic saturated fatty acid. The
polyhydric alcohol includes neopentyl glycol,
trimethylol propane, pentaerythritol and



20,  standpoint of solubility in HFC that the l-ube base oil be mainly
conposed of a polyether or a polyhydric al cohol ester. Polyethers are
conpounds having plural ether |inkages in one nol ecul e and include
conpounds (e.g., polyoxyal kyl ene glycols) having plural ether 25 | i nkages
in their principal chains, conpounds (e.g.,-polyvinyl ethers) having plural
ether linkages in their side-chains, cyclic ethers (e.g., crown ethers)
havi ng ether |inkages for ring fornat|0n11Jhe ratio of carbon at ons/ oxygen
atons in 30 t he pol yethers used in the present invention are preferably
in the range of 2 to 8 and nore preferably in the range of 2 to 4. In order
to inmprove the WH@@nmasrytanﬁeon fThetmﬁmﬁhasmnﬂsnhnra&bﬂefattel9c1dt i's

pr ef erabl e t hat 5) Pgnﬁﬂggo&@l g}f(lr%}Fyo cyq__SJg%ngp,qH sbg sgl ected

from among nmono-"2an hérs o &ne gl yeof as
represented by Kﬁ@hhalB&wmﬁgoroﬂnui&t%ﬂQ @ dingpKky| ethers of

pol yoxypr opy| en@fron%bagwesathaeeal 50ty afc @ MAAMY 8 tby 8t Barbeh! owi ng
formula (8) (which are generically call’ed "PAG derivatives" hgrelnafter)
R err]-0- (PG [ ertp mR[erg is preferable that thae above branch

Rierr]-0 (PO [ eﬁrrohblﬁ@)sﬁer shtir8téd fatty acid havedl hethylhereethiierr]
represents an aB@%’ %ughgagln o Blpoéat1on carbon atom. It is to

be noted that a polyhydric alcohol .ester prepared with

a fatty acid having 1 to 4 carbon atoms is problematic

10 in lubricating properties, resistance to hydrolysis
and anticorrosiveness for -metals.

Specific examples of the branched monobasic
saturated fatty acid include 2-methylpentanocic acid,
2-ethylpentanoic acid, Z—methylhéxanoic acid, 2-

15. ethylhexanoic acid, 2-methylheptanoic acid, 2-
ethylheptanocic acid and 3,5,5~-trimethylhexanoic acid,
while those of the linear monobasic saturated fatty
acids include n-pentanoic acid, n-hexanoic acid, n-
heptanoic acid and n-octanoic acid. A dibasic fatty

20 acid, such as succinic acid, glutaric acid, adipic
acid, pimelic acid or the like,” may be used together
with the above monobasic saturated fatty acid to
prepare a lube base 0il made of a complex ester having
a relatively high viscosity. Among the polyhydric

25 alcohol esters described above, a mixture comprising a
neopentyl glycol ester and a pentaerythritol ester is
particularly preferable in virtue of its high
solubility in an HFC refrigerant, though a composition
excellent in heat stability, resistance to hydrolysis

30 and anticorrosiveness for metals may be suitably
selected from among the above polyhydric alcohol
esters. It is preferable that the acid value of the
ester be 0.1 mgKOH/g or below, still preferably 0.02
mgKOH/g or below.



carbon atons; R err] represents an al kyl group having 1 to 4 carbon atons
or a hydrogen atom with R err] and R err] being the sane as or different
fromeach other; mand n each represent an average degree of

pol ymeri zation; 15 and (PO [err](EOQ[err] represents a random or bl ock
copol ynmer group. When a PAG derivative is used in a state m xed with an HFC
refrigerant, the derivative is preferably one having such an average degree
of polynerization as to exhibit a visedi-ty of 5 to 20 cSt at 100[err]C and
t he 20 mn ratio preferably ranges from9 : 1 to 7 : 3. The term nal
hydroxyl group of the PAG derivative may be esterified.. A mxture of two
or nore of the abovEh@aAibkk¢ating el ln@Fosadigadtochhe nereteRt hand, a

pol yhydric al cohobn€sb®imap fusitiaiRfhthiamyarpehyhydaitivesahed having 2
to 6 hydroxyl grougﬁ?ang a fafty acid c%§$be Slsgifavorabl% used as the
| ube base oi |l SEeWPHPHgtRere GEAPENRPEASIPR BESYSRWR, it is
preferabl e thaagéhe, payiysidantsl aiadlildzeer, betafoauninglagewt parepared by
carbon at oms ek RREHEE i enr (oeat ettt b e cedp PSR pE e Ve
satur at ed fatt yeast dongrghqrphahalrisc palefereblenchededsacbpe®dyl gl ycol ,
trinethyl ol pregabfer PAANY Hd WlardMsistahle GEPRREACIYGATILOl. The
nonobasi ¢ saturate ?atty acl .
materials.  As such phosphates, there may be mentioned
aryl phosphates and alkyl phosphates, including
10 preferably phosphates having 18 to 70 carbon atoms,
more preferably phosphates having 18 to 50 carbon
atoms. Among them, aryl phosphates, especially
triaryl phosphates may be preferably added. It is still
preferable to add, as the triaryl phosphate, both
15 triphenyl phosphate and tri{alkylphenyl) phosphate.
These/triaryl phosphates are added in a total amount
of 0.1 to 5.0% by weight, preferably 0.3 to 4.0% by
weight. Wwhen the total amount is less than 0.1% by
weight, the anti-wear effect of oil on frictional
20 surfaces will not be improved satisfactorily, while
when it exceeds 5.0% by weight, not only the wear
resistance will not be additionally improved but also
sludge will be formed in an increased amount
unfavorably by the degradation of phosphate.
25 Specific examples of the tri(alkylphenyl)
phosphate include tricresyl phosphate, tris(3,5-
dimethylphenyl) phosphate, tris{2,4-dimethylphenyl)
phosphate, tris(mono-n-butylphenyl) phosphate,
tris(mono-t-butylphenyl) phosphate and
30 tris(isopropylphenyl) phosphate. Among these
phosphates, tricresyl phosphate is fitted for
practical use and tris(p-t-butylphenyl) phosphate is
most excellent in resistance to hydrolysis. The above
phosphates may be used each alone or as a mixture of



nmay be a branched one of non-neo type having 5 to 9 carbon atons or a

m xtufe thereof with a linear nonobasic saturated fatty acid having 5 to 8
carbon 5 atonms. It is.preferable that the above branched nonobasic
saturated fatty acid have a nmethyl or ethyl group at the a- or
[err]-position carbon atom It is to be noted that a pol yhydric al cohol
ester prepared with a fatty acid having 1 to 4 carbon atons is problematic
10 in lubricating properties, resistant®to hydrolysis and
anticorrosiveness for netals. Specific exanples of the branched nonobasic
saturated fatty acid inckude 2-nethyl pentanoic acid, 2-ethylpentanoic acid,
2- et hyl hexanoi &weciod, m@rel18f thégl hexanoi ¢ aci d, - 2- et hyl hept anoi ¢ aci d,

2- ethyl heptanoi ¢ acifledflbRicabihg! 8B1 NYEESXANY TAGHS piisentt hose of the
| i near nonobasic saturated fatty acids inc]ude n-pentanoig a%éd, n- hexanoi ¢
0

acid, n- hept andf¥eRtigramaynfuetheniconkatn othen,conventiop aci d,
such as succini addditdved! Htahkedpcand &chmples@fl sushreldddtdeed or the

l'i ke, may be used.t ethEr m%th %he gbove nqgoba i C s%t %a%?d fatty acid
to prepare & | uBRHREE BEFalpdeagkivators e A% PNEPEI 24978 ati vel y hi gh
vi scosity. Anondetriieapdvghydndcalkenyhl sudminads erstedsscrnbddxiBents a

m xture conpri si a_ne t Lycol _al n rythnitol ester is
particularly prgggPa Pe8?§8v¥?fgeagf£i$§£ﬁ#dﬁqggﬁﬁgﬁh%?s ﬁBan HFC
refrigerant, thédgetaldénhenylaminexcand gnoyn stadildezems foy, HFEsi st ance

to hydrolysis 3QefrragdraRtsCouERSAY CRESERY Mek(Al J1ycTAYy 10 LR, abl y
10 Sec-butyl phenyl glycidyl ether and monoglycidyl
ethers having an acyl group having 5 to 10 carbon
atoms. '
The lubricating oil according to the present
invention is mixed with a refrigerant to give a
15 working fluid suitably usable for refrigerant
compressors of domestic refrigerators, automotive air
conditioners, refrigerators for industrial use and
room air conditioners. The weight ratio of the
lubricating oil to the refrigerant may generally range
20 from 10 : 90 to 90 : 10, part;cularly preferably from
20 : 80 to 80 : 20. It is preferable that the
refrigerant to be used be a hydréfluorocarbon one
prepared by replacing some of the hydrogen atoms of a
hydrocarbon having 1 or 2 carbon atoms by fluorine
25 atoms, for example, 1,1,1,2-tetrafluoroethane (R134a),
pentafluoroethane (R125), difluoromethane {R32),
1,1,1-trifluoroethane (R143a) or 1,1-difluoroethane
(R152a). Alternatively, a mixture (e.g., R407C,
R410A, R410B, etc.) of two or more of these
30 hydrofluorocarbon refrigerants can be used. The
viscosity of the lubricating oil may be suitably
controlled and is generally 5 to 500 cSt as determined
at 40°C. Specifically, a lubricating oil exhibiting a
viscosity of 8 to 32 ¢St at 46°C is suitable for



sel ected from anong the above pol yhydric al cohol esters. It is preferable
that the acid value of the ester be 0.1 ngKOH g or below, still preferably
0.02 ngKOH/ g or below. . -12- The lubricating oil according to the present
i nvention may further contai.n various additives and exanpl es thereof

I ncl ude ot her abrasion prevention agent, antioxidant, stabilizer,
antifoam ng agent and 5 netal- deactivator. In particular, the addition of
at | east one phosphate is preferable, beppuse it can further inprove the
wear resistance of iron-iron materials. As such phosphates, there may be
mentioned aryl phosphates and al kyl phosphates, including 10 preferably
phosphat es havi dgmg8tioc fefcagenmtaxsnﬂqnenﬁﬂhqhm§ﬂ@SaBIY1§ﬁ§§bﬁ&t@§ havi ng

18 1o SO carbon,gt ggs,ofThag dbempocryd AMASHIY Eor eRCRAL! Y Lriaryl
phosphat es may e pre era y added. is stil prefe%?ble to add, gs t he

triaryl phospha?@ndbbﬁ-ﬁﬂi!istM‘éhﬁ%@/ﬂ-‘lﬁm’iﬂﬁ %n&nép ZAR} PREAYRD

phosphate. Thesgnkr bﬁﬁYblEbﬁépQ%:Eé?c@éﬁt}adfb(B ite 30t es&l agmp00Pcofs0.1 to
5.0% by wei ght, prefera

) 0% b \When the total amount is
less than 0.°1% B Ylﬁépbﬁtfgfh%“% ?t¥%ﬁn ﬁ%fqgﬁ%P%F°8FF Son frictional 20
surfaces will not beTh&pppeeentaineémicion iwill wow bewldesciribedceeds 5. 0% by
“e'ght’ not Onl%p%@%f%@%ily by referring to the following Examples,

though the present invention is not limited to them.

Examples

10 For the Examples and Comparative Examples, test
oils were prepared and evaluated.

Base oil 1 is a mixed fatty acid ester of
polyhydric alcohol, specifically, a neutral ester
prepared by the reaction of a branched saturated fatty

15 acid mixture comprising 2-ethylhexanoic acid and
3,5,5-trimethylhexanoic acid with pentaerythritol and
exhibiting a viscosity of 64 cSt at 40°C.

Base o0il 2 is a mixturg of two polyhydric
alcohol esters, specifically, a mixture comprising 80%

20 by weight of a neutral ester prepared by the reaction
of neopentyl glycol with 2-ethylhexanoic acid and 20%
by weight of a neutral ester prepared by the reaction
of pentaerythritol with 2-ethylhexanoic acid and
exhibiting a viscosity of 10 ¢St at 40°C.

25 Base 0il 3 is a polyoxyalkylene glycol dimethyl
ether having a structure represented by the following
formula (9) and exhibiting a viscosity of 19 cSt at
100°C: .

CH3-0-[(PO),(EO),1-(EO),~CH3 (9)

30 wherein [(Po)m(EO)n] represents a random copolymer
group; (n + o)/m is 0.2; and n/m is 0.1.

Glycerol monooleyl ether (hereinaftér



resistance will not be additionally inproved but also sludge will be forned
in an’i ncreased anount unfavorably by the degradation of phosphate. 25
Speci fic exanples of the tri(al kyl phenyl) phosphate include tricresyl
phosphate, tris(3,5- dinethylphenyl) phosphate, tris(2,4-dinethyl phenyl)
phosphate, tris(nono-n-butyl phenyl) phosphate, tris(nono-t-butyl phenyl)
phosphate and 30 tris(isopropylphenyl) phosphate. Anpbng these phosphates,
tricresyl phosphate is fitted for practiqal use and tris(p-t-butylphenyl)
phosphate is nost excellent in resistance to hydrolysis. The above
phosphates nmay be used each alone or as a mxture of -1 3- two or nore
of them The |uabbﬁ'ef/llgeﬁltoa'(ﬁ@tmmrhgaﬁd)ﬁhespmbﬁd{an moneoleph may further

contain other cagyent|gnaL A0ALLL VR Alv 1iieth (810SHERM! 8re! ustaNas

additives 5 enzotrlazole derlvatlves
and al kenyl suctheaperbtiably; ethﬁ#kﬁ@&ﬁnﬂQiﬁhﬁﬂxlﬁsaéBPGP additives.

(2,6-di-t-butyl Tnecgﬁf»?é}oﬁ%&e&leyﬁ'émiéﬂ Qisréaewbamaﬁtmméaeaﬁxy

stabilizers for HFC erants such as eth %heXﬁ g ﬁCIdy %Qgé
sec- but yl phbny?1§W9EFE§la%ﬁ*%ﬁi%uﬂﬁ eef §P PRigRngt yl
group having 5 ta~10 gepbosmal pmpaes cm~ and 1124 cm™1 as found in

the infrared spectroscopic analysis. The 1,4-sorbitan
monooleyl ether used was also identified in a similar
manner to that described above.

10 Further, tricresyl phosphate {hereinafter
abbreviated to "pcP'") and triphenyl phosphate
(hereinafter abbreviated at "TPP") were used as
rhosphate additives,'while glycefol monooleate
(hereinafter abbreviated to '""GMO") and sorbitan

15 monooleate (hereinafter abbreviated to_"SMO") were
used as comparative additives.

The compositions of test o0ils prepared by the
use of the base oils 1, 2 and 3 are given in Tables 1
to 3 as Examples 1 to 12 and Comparative Examples 1 to

20 9. Each test oil contains 0.1% by weight of DBPC as
an antioxidant.

The test oils were each mixed with an HFC
refrigerant to form working fluids. These working
fluids were subjected to (1) wear test, (2) stability

25 test and (3) actual-machine wear test. The wear test
(1) was conducted by.the use of a Falex friction
machine under the following conditions and the
wear thus determined are given in Tables 1 to 3.

block material: AISI-1137

30 pin material: SAE-3135

leocad: 300 1b

number of revolutions: 290 rpm

oil temp.: 60°C

refrigerant: injection of R134a (70 ml/min)



The lubricating oil according to the present invention is mxed with a
refrigerant to give a 15 working fluid suitably usable for refrigerant
conpressors of donmestic refrigerators, autonotive air conditioners,
refrigerators for industrial use and roomair conditioners. The wei ght
ratio of the lubricating oil to the refrigerant may generally range 20
from10 : 90 to 90 : 10, particularly preferably from20 : 80 to 80 : 20.
It is preferable that the refrigerant t-aé@e used be a hydrofl uorocarbon one
prepared by replacing sonme of the hydrogen atonms of a hydrocarbon having 1
or 2 carbon atons by fluerine 25 atons, for exanple,
1,1,1,2-tetrafl uoroet hane (R134a), pentafl uoroethane (R125),

di fl uoronet hane (R32), 1,1, 1-trifluorogghageq(RL43a) or 1, 1-difluoroethane
(R152a). Alternatively, a mxture (e.g., R407C, R410A, R410B, etc.) of two
or nore of these 30 hydr of | uorocarbon refrigerants can be used. The
viscosity of the |ubbasatoiy vt padyeINid tadldoholoeistelr]! ef mbdeds
generally 5 to 500 cSt as deternigegﬁat 4%%err]c. Specifically, a
lubricating oil exhibiting a viscodrty BB to 32 cSt at 40[err]Cis
sui-tabl e for - 14-vilsaesity: r ef 64 gedtat (A0’ Clone exhi biting.a viscosity of
25 to 100 cSt at 40[err]Cis suitable for roomair conditioners and

refrigerators for _tndostriar use, and ; ]
Additive Example Conparative Example

{wt &) 12 3 _ _ 4 i 2 _3

GMOE 0.2 2.0 - - - - -~
SMOE - - 0.2 2.0 - - -
GMO - - - - - 2.0 -
SMO - - - - - - 2.0
wear [mgl 2.9 1.2 3.9 1.4 8.3 5.6 6.1

Table 2

base oil.Z: mixture of polyhydric alcohol esters
viscosity: 10 cSt (40°C) '

Additive __ Example - Comparative Example
(wt %) 5 6 7 8 4 5 6
GMOE 0.2 2.0 ' 0.5 0.5 ~ - -
TCP - - . 1.0 1.0 ~ 1.0 1.0
TPP - - - 0.2 - - 0.2
GMO - - - - - 0.5 -

SMO - - - - - ' - 0.5
wear {mg] 3.0 1.8 1.2 0.8 14.6 4.5 5.2




one exhibiting a viscosity of 8[err]Jto 30 cSt at 100[err]Cis 5 suitable
for autonotive air conditioners. The present invention wtll now be

descri bed specifically by referring to the foll owi ng Exanpl es, though the
present invention is not limted to them Exanples 10 ' For the

Exanpl es and Conparative Exanples, test oils were prepared and eval uat ed.
Base oil 1 is a mxed fatty acid ester of polyhydric al cohol, specifically,
a neutral ester prepared by the reactionypf a branched saturated fatty 15
acid m xture conprising 2-ethyl hexanoic acid and 3,5, 5-trinet hyl hexanoi c
acid wth pentaerythritol and exhibiting a viscosity of 64 cSt at 40[err]C.
Base oil 2 is a mixture of two pol yhydriablal Gohol esters, specifically, a
m xture conprising 80% 20 by weight of a neutral ester prepared by the
reacti on of neopentyl glycol with 2-ethyl hexanoic acid and 20% by wei ght of
a neutral estebamecpdiled:bypbhporpatkybenofglranladipetbydol with

2- et hyl hexanoi ¢ acid and ethRELing a viscosity of 10 cSt at 40[err]C 25
Base oil 3 is a pol yoxyal kyl'ene gl ycol dinmethyl ether having a structure
represented by vilseosdtiyow ndOf 6$gu¥b°?§§) and exhibiting a viscosity of 19
cSt at 100[err]C CHerr]-O[(POJerr](EQJerr]-(EQOOCHerr] (9) 30

wherein [(PO [erT]TEQTerr]] represents a randQom copal yierm. qr . (n + 0)/m
is.0.2; and R/ ml}#’(ﬁlﬂe G—TGMSI—W"—” t fé?—%—em—mﬁ—e-m Pacgwie "%r—%—mgli%
9 10 11 12 7

(wt %)

GMOE 0.2 2.0 0.5 0.5
TCP - - 1.0 1.0 - 1.0 1.0
TPP T - - 0.2

10 GMO - o= - - - 0.5 -
SMO - - - - - -
wear {mg] 2.8 1.5 1.1 0.6 13.5 4.4

The stability test (2) was conducted by the
sealed tube method. A mixture comprising each test
15 "oil and an HFC refrigerant (R134a) at a volume ratio
of 7 : 3 was put in a glass tube together with &n °
inxroqu&wahmﬁnﬁn . catalyst based upon JIS K2211. The
resulting glass tube was sealed and kept at 175°C for
336 hours to determine whether the appearance changed
20 or not. In all of the Examples and Comparative
Examples, there was found neither change in the
appearance nor formation of sludge.
.The actual-machine wear test (3) was conducted
by charging a working f£luid comprising 400 ml of each
25 test o0il and 590 g of an HFC refrigefant (R407C)into a
.compressor (rotary type refrigerant compressor) of a
domestic refrigerator. The compressor was run for
endurance test under the following conditions and
thereafter disassembled to determine the wears of the
roller and the vane. Further, the resulting



-15- abbreviated to "GMOE") and 1, 4-sorbitan nonool eyl ether (hereinafter

abbreviated to "SMOE") were used as the partially etherified polyhydric

al cohol additives. The glycerol nonool eyl ether used was identified by 5

el enental anal ysis and based on the absorption at 3425 cnferr], 2926

cmerr], 1465 cnferr] and 1124 cnierr] as found in the |nfrared

spectroscopi ¢ analysis. The 1, 4-sorbitan monool eyl ether used was al so

identified in a simlar manner to that _dgscribed above. 10 Further,

tricresyl phosphate (hereinafter abbreviated to "TCP") and tri phenyl

phosphate (hereinafter abbreviated at "TPP") were used as phosphate

addlbtl ves, whi | bulgt et irg m@w;maabggel Iﬁai-tﬂéta.bbd:mt@med tThe Gl\/(fj)') and

sorbitan 15 eate arel na t rev {e " re used as

conparative adglp?goié rﬁ5‘o§'|n[ SH gF{:s pffcl%/lfoj%e y the use of

the base oils 1R4Q7<arm!s:«hame&hynﬁer¢qnm>r’tabhgsR321oRBZQSa!&aRr‘p?% atta 12 and

Conpar at i ve Exapd] sst ]rég_c?%f %3 .Eggh.tggt oil contains 0.1% by wei ght of

DBPC as an antioxidant. .1he test oils were each ni edawi th an HFC '

refrigerant %o for m$biHakgs |SHides Pressssedor R7 3/ P ®s were subjected to

(1)- wear test, (2) sﬂﬁﬂuuétgﬁdESpre@g%&eands(QQ/aﬁ?@al machi ne wear test.

The wear test
i discharged gas temp: 110°C

running time: 600 hours (continuous running)

frequency: 60 Hz

10 : Table 4

Wear (um) . Metal content in
lubricating oil

roller vane (iron ppm)

Ex. 1 1.33 1.56 <1
15 Ex. 2 0.31 0.25 - <1
Ex. 3 1.35 1.58 <1
Ex. 4 0.38 0.28 A
Comp. Ex. 1 4.77 4,29 5
Comp. Ex. 2 2.74 2.71 3
20 Comp. Ex. 3 3,05 3.00 4
Ex. 9 1.55 1.65 <1
Ex. 10 0.40 0.31 <1
Ex. 11 0.59 ' 0.53 <1
Ex. 12 0.48 0.29 3
25 Comp. Ex. 7 6.89 5.80 7
Comp. Ex. 8 2.70 2.65 3
Comp. Ex. 9  2.90 2.88 3

As described above, the partially etherified
polyhydric alcohol of the lubricating oil additive
30 according to the present invention bears an aliphatic
hydrocarbon group in a state bonded through an ethex



(1) was conducted by the use of a Falex friction machine under the
foll oW ng conditions and the wear thus deternined are given in Tables 1 to

3. block material: AlISI-1137 30 pin material: SAE-3135 load: 300 I b
nunber of revolutions: 290 rpmoil tenp.: 60[err]C refrigerant: injection
of R134a (70 m/mn) -16- Table 1 base oil 1: polyhydric al cohol ester
of mxed fatty acid viscosity: 64 cSt (40[err]C) Additive

Exanpl e Conpar ative Exanpl e (w299- 1 2 3 4

1 2 3 GMCE 0.2 2.0 - SMOE - - 0.2
2.0 - - - GVD - - - - - 2.0 -
SMO -linkage and it is essential that the aldphakic[ ny] 2.9

1.2 3.9 1 4y.48, 6 el £ 3:uate oflel ddublBi KbHAE Ofih
pol yhydric al copyaFodarbdn Sradp t%:?é) a, e (‘i’gogser?’%%eédd'tive en

Exanpl e thenphirkhatic hydrpeankon group atu + the g 4

3 6 solubility in a lube base o0il will be poor; In order
5 to demonstrate this, the following test was conducted.
0.2 or 0.4% by weight of each of the following
glycerol ethers was added to the ébove base 0il 1 to
prepare a lubricating oil.. Each lubricating oil was
mixed with a refrigerant (R134a) at a volume ratio of
10 1 : 9. The floc points of the working fluids thus
prepared were determined according to JIS K2211. The
results are as follows (unit: °C):

Additive ~ 0.2 wts 0.4 wt$
glycerol monooleyl ether (c18 alkenyl) -15 -10
15 9lycercl monostearyl ether (018 alkyl) 23 31
glycerol monocetyl ether (C16 alkyl) 18 25

Floc point refers to a temperature at which an
additive is precipitated. It can be understood from
the above results that the addition of a glycerol

20 alkyl ether in such an amount as to lower the wear
sufficiently is difficult owing to the poor solubility
thereof.

The lubricating 6il and working fluid for
refrigerators according to the present invention

25 contain a partially etherified polyhydrié alcohol
which has at leaét two hydroxyl groups and bears at
least one hydrocarbon group having at least one double
bond in a state bonded through an ether linkage, so
that they can impart excellent wear resistance and

30 little causes the corrosion of metal or the formation

of sludge. The lubricating oil is suitable
particularly for refrigerant compressors using



GMCE . 0.2 2.0 0.5 0.5 - - - TCP - -

1.0 1.0 - 1.0 1.0 TPP - - - 0.2 - -
0.2 GVO - - - 0.5 - SMO -

- - - - 0.5 wear [ng] 3.0 1.8 1.2 0.8 14.6 4.5
5.2 -17- Table 3 base oil 3: polyoxyal kyl.ene gl ycol dinethyl ether

Vi scosity: 19 cSt (100[err]C) 5 Additive Exanpl e

Conpar ative Exanple (W% . 9 10 -Rb- 12 7 8 9 GMCE
0.2 2.0 0.5 0.5 - - - TCP - - 1.0 1.0

- 1.0 1.0 TPP Lo .- - 0.2 - - - 10 GWO
- - - hydrofluorocarlgprs refrigergnbs. _ -

- - 0.5 wear [ng] 2.8 1.5 1.1 0.6 13.5 4.4 5.2 The
stability test (2) was conducted by the seal ed tube nmethod. A m xture
conprising each test 15 oil and an HFC refrigerant (Rl34a) at a vol une
ratio of 7 : 3 was put in a glass tube together with an

i ron-copper-al um num catal yst based upon JIS K2211. The resulting gl ass
tube was seal ed and kept at 175[err]C for 336 hours to determ ne whet her

t he -appear ance changed



2Q or not. In all of the Exanples and Conparative Exanples, there was found
nei t hér change in the appearance nor formati on of "“sludge. The

act ual - machi ne wear test (3) was conducted by ch ' a wor ki ng fd wid
conprising 400 m of each 25 test oil and 590 g T ' Lant
(R407c)into a conpressor (rotary type refrigeran g donestic
refrigerator. The conpressor was run for endurance tes e {fol |l ow ng
conditions and thereafter disassenbled tdldetermne the wears of the roller
and the vane. Further, the resulting -18- lubricating oil was anal yzed
for netal content. The rqsults are given in Table 4. The HFC refrigerant
R407c is a m xture conprising R32, R125ChaIMR134a at a weight ratio of 23 :

25 : 52. 5 di scharge side pressure: 27 kg/cnferr]G intake side
pressure: 5 kg/cnlG discharged gas tenp: 110[err]C running tinme: 600 hours
(continuous running) ¥redudwbyiceyipg ppl additive comprising a Tabl e 4

Vear ([err]m  parthRilaly edheediticd pEPThfdii@mRidhdOiEch haanat
(iron ppm Ex. Heast two h%d%%xyl g%bégs and bears Jéﬂfgﬁgt one
aliphatic hydrocarbon group having at least one
5 double bond in a state bonded through an ether linkage
as an active component.

2. A lubricating oil additive as set forth in
claim 1, wherein the aliphaﬁié hydrocarbon group is
an alkenyl group having 12 to 24 carbon atoms.

| 3. A lubricating oil additive as set forth in
claim 1, wherein the aliphatic hydrocarbon group is
an alkenyl group-having 16 to 20 carbon atoms.

4. A lubricating oil additive as set forth in
claim 2 or 3, wherein the polyhydric alcohol
constituting the partially etherified polyhydric
alcohol is one having -3 to 6 carbon atoms.

5. A lubricating oil additive as set forth in
claim 4, wherein the polyhydric alcohol constituting
the partially etherified polyhydric alcohol is
glycerol. ’

6. A lubricating o0il comprising an effective
amount of a lubricating oil additive as set forth in
any of claims 1 to 5-'and a lube base oil.

7. A lubricating oil as set forth in claim 6,
wherein the lube base o0il is mainly composed of a
polyhydric alcohol ester or a polyether.

8. A lubricating oil as set forth in claim 6 or
7, wherein the partially etherified polyhydric alcohol
is contained in an amount of 0.1 to 5% by weight based
on the total weight of the lubricating oil.

9. A lubricating oil as set forth in claim 6,
wherein the aliphatic hydrocarbon group of the

o This Sheet Has Been Replaced
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15 EX. 2. 0.31 0. 25 <l Ex. 3 1.35

Attt

158 = " lerr]l Ex. 4 0. 38 0.28 [err]1 Conp.
Ex. -1 4.77 4.29 5 Conp. Ex. 2 __2. 74 2.71 _
320 Conp. Ex. 3 3.05 3.00 4] 1S SHEET HAS BEEN |55

1.65 <1l Ex. 10 0. 40 0.31 REPLACEPr]11 HBx. 11
0.59 0.53 <1 Ex. 12 _22.0.48 770.29 <1 25
Conp. Ex. 7 6.89 5. 80 7 Comp. Ex. 8 2.70 2.65

3 Comp. Ex. 9 2.90 2.88 3 As described above, the

partially etherified. hydric. al cohol, of .t | catipng. ol 1@99i ive 30
according to thepﬁfgﬁgﬁiyi%&hﬁﬁﬁé%?éiﬁﬁ%gﬁggrg?i%gg§b§§h§%r%§a%%on géoup I n
a state bonded tarouphhavmimg he? to 241 @arbonkagemsnd it is essential that
the aliphatic hydrocajpon grouprhaMary Ji923k 98e €erbheiRosmhiden the
al i phatic hydrocarbon, group is saturated, the SOlugllléﬁmén a | ube base oi
will be poor. |n"BeERtn sthe Pofarhidsicaedcehrd, CPRETE bY P est was

conducted. 0.2 opaft#idbby oEiciridid eaahetiribealobhol 1y ¢iey deawineget hers

was added to the agov base oil 1 to prepare a lubricating oil. Each
| ubri cating oil Wat® § carbon atoms.

11. A lubricating oil as set forth in claim 10,
wherein the polyhydric alcohol constituting the -
partially etherified polyhydric alcohol is glycerol.

12. A lubricating oil as set forth in any of
claims 6 to 11, wherein the lubricating oil includes
an effective amount of at least one phosphate.

13. A lubricating oil as set forth in any of
claims 6 to 12, which is used for refrigerant
compressors. ! '

14. A working fluid for refrigerators, which
comprises a 1ubricating oil as set forth in any of
claims 6 to 13 and a refrigerant.

15. A working fluid for refrigerators as set
forth in claim 14, in which the refrigerant mainly

composed of one or more hydrofluorocarbons.

——
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{
ith a refrigerant (R134a) at a volunme ratio of 10 1 : 9. The floc
poi nt's ‘B8 working fluids thus prepared were determned according to JI'S
K2211. The results are as follows (unit: [err]C: Additive
0.2 wt% 0.4 wt% gl ycerol nonool eyl ether ((Jerr] alkenyl) -15 -10 15
gl ycerol nonostearyl ether (C18 al kyl) 23 31 glycerol nonocetyl
et her (Cl16 al kyl) 18 25 Floc point refers to a tenperature at
which an additive is precipitated. It can be understood fromthe above
results that the addition of a glycerol 20 alkyl ether in such an anount
as to lower the wear sufficiently is difficult owng to the poor solubility
thereof. The lubricating Ol and working fluid for refrigerators according
to the present invention 25 contain a partially etherified polyhydric
al cohol which has at |east two hydroxyl groups and bears at |east one
hydr ocar bon group having at | east one double bond in a state bonded through
an ether linkage, so that they can inpart excellent wear resistance and 30
little causes the corrosion of netal or the formation of sludge. The
lubricating oil is suitable particularly for refrigerant conpressors using
-20- hydrof | uorocarbon refrigerants.

LUBRICATING OIL ADDITIVE, LUBRICATING OIL
AND WORKING FLUID FOR REFRIGERATORS

ABSTRACT OF THE DISCLOSURE
A lubricating oil addifive composed of a
partially etherified polyhydric alcohol which has at
least two hydroxyl groups and bears at least one
5 hydrocarbon group having at least one double bond in
a state bonded through an ether linkage as an active
component. The lubricating additive is added to a
lube base oil to form a lubricating oil which can
impart excellent wear resistance, which little
1§ corrodes metallic substances, which little swells
rubbers or resins and which little forms sludge due to
thermal oxidation. Therefore, the lubricating oil is
mixed with a refrigerant to give a working fluid
suitably usable for refrigerant éompressors of
15 . domestic refrigerators, automotive air
conditioners, refrigerators‘for.industrial use and air

conditioners.
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A lubricating oil for refrigerators, conpri
| ubricating oil additive and a | ube base oil

oil additive conprising a partially etherified polyhydrig¢ ha
at | east two hydroxyl groups and bears at |east one alipha i§q£ dr ocar bdn
group having at | east one double bond in a state bonded f hyo &R BtRer

| i'rnkage as an active conponent.

as set forth
al kenyl grod
refrigeraton
group is an

oil for refn
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having 3 to

set forth ir
partially et
oil for refr
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miskage asfansactivé oempntient. al cohol ester or a pol yether. 7.

2. A lubricating oil f efrigerat o;s,i
"in claiml, wherein the aliphatic hydrocarb‘ﬂl group is an = !
p having 12 to 24 carbon at oné! 3. A | ubrteating—oil. far. !
s, as set forth in claim11, wherein the aliphatic hydrocarbon
altkenylA bsivgringail fog refifigdratoR) coraprining @i effestivedamount Af b Wiiricadihg ng
igerators, as_set forth in claim3, wherein the polyhydric

t joilpditiye apda e base qil, theyntricatingeil pddigvecomprising agueially sthepified

© et AT whith hps allegsh R SHrbH efts bR b 645 Bhe el
heyiifdcefboR Prink)y Bavifg af 16831 Ve idoultik \Wefd @ a sfite bondéd kl%ﬁ%l? ah ey

igerators, as set forth in claiml, wherein the |ube base oil

A
oil for refrigerators, as set forth in claim1, wherein the
herified pol yhydric al cohol is contained in an anount of 0.1 to

hased A0 betiA® b for RifGtratols, A&t IfoHH i Aind, WhbreirBthe aliphatic
oil for refrigerators, as set forth in claim1, wherein the
oihlydionarboml gmupiis &f 4lkenyl gwup heding 12fo 24 carbeasforome phosphat e.

3.

hydrocarbon group is an alkenyl group having 16 to 20 carbon atoms.

A lubricating oil for refrigerators, as set forth in claim 1, wherein the aliphatic

4,
alcohol constituting the partially etherified polyhydric alcohol is one having 3 to 6 carbon

A lubricating oil for refrigerators, as set forth in claim 3, wherein the polyhydric

atoms,

5.
alcohol constituting the partially etherified polyhydric alcohol is glycerol.

A lubricating oil for refrigerators, as set forth in claim 4, wherein the polyhydric

6.
is mainly composed of a polyhydric alcohol ester or a polyether.

A lubricating oil for refrigerators, as set forth in claim 1, wherein the lube base oil

7.
etherified polyhydric alcohol is contained in an amount of 0.1 to 5% by weight based on
the total weight of the lubricating oil.

A lubricating oil for refrigerators, as set forth in claim 1, wherein the partially

8. A lubricating oil for refrigerators, as set forth in claim 1, wherein the lubricating

- oil includes an effective amount of at least one phosphate.
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9. A working fluid for refrigerators, which conpri sﬂgpmdrmwrcﬁgrmg oi |
as sét forth in any of -claims 1 to 8 and a refrigerart. A-woti Ng
fluid for refrigerators as set forthin claim9, in th ef ri gerpnt
mai nl y conpoged of one or nore hydrofl uorocarbons. VYn 24 Seﬂg 1998

1Y%

- 22 -
0. A working fluid for refrigerators, which comprises a lubncatmg oil as set forth in

any of claims 1 to 8 and a refrigerant.

10. A working fluid for refrigerators as set forth in claim 9, in which the refrigerant

mainly composed of one or more hydrofluorocarbons.
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