SPECI FI CATI ON LUBRI CANT FOR COVPRESSI ON TYPE REFRI GERATI NG MACHI NE AND
REFRI GERATI NG DEVI CE USI NG SAME Technical Field [0001] The present
inventi'on relates to a lubricating oil for a conpression refrigerator, and
nore particularly to, a lubricating oil for a conpression refrigerator
using a natural refrigerant, and a refrigeration unit using the sane.
Background Art [0002] Up to now, refrigerators such as those having a
conpression-refrigerating cycle of a conpressor, a condenser, an expansion
val ve, and an evaporator use CFCé@%H ngigg carbon) and HCFC
(hydrochl or of luorocarbon) as theirT Téfrigerants. In addition, many ki nds of
| ubricating oil have been @roduced and enp ed in conbination w.th such

n
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conventionally used as refrigerants, nay destroy the ozone | ayer when the
CFC conpounds are di sch&Eged GERAT IiNGe Db sy INGarihMEause envi ronnent al
pollution problens. In recent years, for neasures agai nst the environnental
pol l uti on, HFCs (hydrofluorocarbons), which nay be alternatives for the CFC
conpounds, have been devel oped. A variety of so-called CFC substitutes
includi@gcﬂn%cglz tetgafluoroethane (R-134a) with 1 alittle fear of

envi ronnent a poIFutlon have becone commercially avail able. However,

Concernf086ife thaITﬁg“%fgggé.-q%%%h Q%% ?gggtes to a lubricating oil for a

compression refrigerator, and more particularly to, a lubricating oil
for a compression refrigerator using a natural refrigerant, and a

refrigeration unit using the same.

Background Art

[0002] Up to now, refrigerators such as those having a
compression-refrigerating cycle of a compressor, a condenser, an
expansion valve, and an evaporator use CFC (chlorofluorocarbon)
and HCFC (hydrochlorofluorocarbon) as their refrigerants. In
addition, many kinds of lubricating o0il have been produced and
employed in combination with such refrigerants. However, concerns
are that the CFC compounds, which have been conventionally used
as refrigerants, may destroy the ozone layer when the CFC compounds
are discharged into the atmosphere and cause environmental pollution
problems. In recent years, for measures against the environmental
pollution, HFCs (hydrofluorocarbons), which may be alternatives
for the CFC compounds, have been developed. A variety of so-called

CFC substitutes including 1,1,1,2~tetrafluoroethane (R-134a) with



al so cause environnmental pollution problens. Thus, use of natural
refrigerants wi thout such problens and the |i ke have been considered. |
0003] On the other hand, studies on carbon dioxide (COQ2), ammonia, and
hydr ocarbon gas have been made as natural refrigerants which substantially
do not contribute to destruction of the ozone |ayer and gl obal warm ng and
wll be provided as refrigerants in near feature. For exanple, carbon
dioxide (CQ2) is harmess for the environment and excellent fromthe

vi ewpoi nt. .qf .safety for human as | I, as .having advant ages_of, for
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m xture of refrigerator oil, i.e., lubricating oil for refrigerant
which substantially do not contribute to destruction of the ozone

layer and global warming and will be provided as refrigerants in
near feature.

For example, carbon dioxide (CO;) 1is harmless for the
environment and excellent from the viewpoint of safety for human,
as well as having advantages of, for example, (i) its pressure almost
at the optimal economical level; (ii) an extremely small pressure
ratio, compared with that of the conventional refrigerant; (iii)
an excellent adaptability to normal o0il and structural materials
of a machine; (iv) being available all over the place without any
difficulty; and (v) extremely cheappricewithout theneedof recovery.
In addition, carbon dioxide (CO;) has been used as refrigerants for
some of the conventional refrigerators and the applications thereof
as refrigerants for car air conditioners and heat pumps for hot
water have been investigated in recent years.

Typically, for example, a compression refrigerator contains
at least a compressor, a condenser, an expansion mechanism (e.g.,

an expansion valve), and an evaporator. Such lubricating oil for



conpressors, and a refrigerant circulates in this closed system 1In the
conpression refrigerator, although it depends on the kind of the apparatus,
the inside of the conpressor reaches a high tenperature and the inside of
the refrigerating chanber reaches a |low tenperature in general. Thus, both
the refrigerant and the lubricating oil should circulate in the system

W t hout causi ng phase separation within a wi de tenperature range from/| ow
to high tenperatures. [ 0004 ] In general, a tenperature region in which

the refrigerant ,and the |ubricating oil are conpati.ble, .i.e..,. not
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nore, nore preferably in the range of 10C or nore on the higher tenperature
range. df tledrpogsetoepapati ont oecur sulr itdad imef r iogér afor arefpigerant wil |
have a significantly adverse effect on the life or efficiency of the

appar atatsspreys g el awkert rtilye rphaseigepanakisonnothi becloetdi gesaai. and
the lubricating oil occurs at a conpressor part, it leads to insufficient
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oil. The lubricating oil for a conpression refrigerator is enployed for
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property 1is obviously considered to be also inportant.

a low temperature in general. Thus, both the refrigerant and the

lubricating 0il should circulate in the systemwithout causing phase
separation within a wide temperature range from low to high
temperatures.

[0004] Ingeneral, a temperatureregioninwhichtherefrigerant
and the lubricating oil are compatible, i.e., not phase-separated,
is preferably in the ranges of -20°C or less and 0°C or more, more
preferably in the range of 10°C or more on the higher temperature
range. If the phase separation occurs in the refrigerator at work,
itwill have a significantly adverseeffect onthe lifeor efficiency
of the apparatus. For example, when the phase separation of the
refrigerant and the lubricating oil occurs at a compressor part,
it leads to insufficient lubrication in a moving part and causes
burn out or the like, thereby significantly shortening the life
of the apparatus. Ontheother hand, when the phase separationoccurs
in the evaporator, it leads to a decrease in heat exchange efficiency
due to the presence of high viscous lubricatingoil. The lubricating

0il for a compression refrigerator is employed for lubricating the



In particular, the inside of the conpressor becones a high tenperature, so
it can be inportant for the lubricating oil to have a viscosity enough to
retain an oil filmto be required for lubrication. The required viscosity
of Jubricating oil varies depending on the kind of the conpressor to be
used and the use conditions thereof. 1In general, however, the viscosity
(kinematic viscosity) of lubricating oil yet to be mxed with the
refrigerant is preferably 1 to 50 nmmR/s, particularly preferably 5 to 20
mmR/s at 100C._1f t viscasity is Lower than the .defi.ned .value, a
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contrast, if the viscosity is higher than the defined value, the heat
exchangés epPyielehyyCAB§iBereedtiecB® @hsPhémBeKERNand, |ike a car
air-conditioner, when it is designed for use in cold regions, the viscosity
of |ubricatinfnardrshoul @r nothdeinsicddigh Ete lcomprEgateages @ énislire its
ability of allowng the apparatus to be initiated. Therefore, the
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In general, the lubricating oil is required to have a pour point of -20C,
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conpatibility and I owtenperature fluidity. However, the characteristics of
t he ref kig@éraf drhojdompressesi [bp be used and the use conditions thereof.

In general, however, the viscosity (kinematic viscosity) of
lubricating oil yet to be mixed with the refrigerant is preferably
1 to 50 mm?/s, particularly preferably 5 to 20 mm?’/s at 100°C. If
the viscosity is lower than the defined value, a resulting oil film
is thin and tends to cause insufficient lubrication. In contrast,
if the viscosity is higher than the defined value, the heat exchange
efficiency may be reduced. On the other hand, 1like a car
air-conditioner, when it is designed for use in cold regions, the
viscosityof lubricatingoil shouldnotbetoohighat lowtemperatures
to ensure its ability of allowing the apparatus to be initiated.
Therefore, the lubricating oil requires a lower pour point and a
higher viscosity index. Ingeneral, the lubricatingoil isrequired
to have a pour point of -20°C, preferably -30°C or less, more
preferably -40°C or less and a viscosity index of at least 80 or
more, preferably 100 or more, more preferably 120 or more.

[0005] Further, the refrigerator o0il requires various

characteristics including lubricity and hydrolytic stability, as



affected by the kind of the refrigerant. Wen the refrigerator oil for a
fluorocarbon refrigerant, which has been commonly used up to nowis

enpl oyed together with a natural refrigerant such as a carbon dioxide
refrigerant, it is difficult to satisfy many characteristics that are

requi red. [0006] The devel opnent of novel refrigerator oil suitable for use
with natural refrigerants, in particular, carbon-dioxide refrigerants, has
been progressed Pol yal kyl ene gl ycol (F¢(3 has conparatively high

conpatlblllt he car on di_oxi efrl a nd is_also cel nt in
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refrigerant, but the range of conpatibility is not always sufficient.
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this Cat?oe’nohvp‘é%v%glb .ehe@gﬁgttﬁeEaL«' hnaaFéBg\i?Esr8¥9!L8 Bn'Ee‘sHQE ag 2

insufficient in ity a st abi Pat ent cunent
1046108 Ao D851 asune Al dhe dnventl on [9098L The Prsseit igpentlop has

characteristics that are required.

[(0006] The development of novel refrigerator oil suitable for
use with natural refrigerants, in particular, carbon-dioxide
refrigerants, has been progressed. Polyalkylene glycol (PAG) has
comparatively high compatibility to the carbon-dioxide refrigerant
and is also excellent in low-temperature fluidity and hydrolytic
stability, so 1t has drawn attention as one of substrates of
refrigerator oil for carbon-dioxide refrigerants (see, for example,
Patent Document 1).

The conventional PAG refrigerator oil described above shows
compatibility to the carbon~-dioxide refrigerator in a composition
with a low proportion of the carbon-dioxide refrigerant, but the
range of compatibility is not always sufficient. Therefore, there
is a method for preparing PAG with low viscosity to provide such
refrigerator oil with sufficient refrigerant compatibility. 1In
this case, however, it tends to fall in a vicious cycle of being
insufficient in lubricity and stability.

(0007] Patent Document 1: JP 10-46169 A



circunstances and intends to provide lubricating oil for a conpression
refrigerator having good conpatibility and a high viscosity index under

at nosphere of a natural refrigerant, particularly carbon dioxide, and a
refrigeration unit using such the lubricating oil. As a result of intensive
studies for developing lubricating oil for a conpression refrigerator
havi ng preferable characteristics as described above, the inventors of the
present invention have found that lubricating oil containing as a primary
conponent an ether conpound with a specific structure can solve the
above-nentioned problens. In other words, the present invention provides:

(1) lubricating oil_for a conpression refrigerator, having a polyal kyl ene
gl ycol Qirscdtﬂmﬁﬁ(yq%é@‘f?ﬁ%}o%nit and a polyether unit in a nolecule
and contai ning a polyvinyl ether compound with a nolecular weight of 300 to
3,000; [(@®08ubri catlhey pirkeskot alvvaptéssi oms efadeyer aesle, todeai nsugh a

pol yvi nyl ether conpound havi ng a nol ecul ar wei ght of 300 to 3, 000, which

i s obt alinetinyt frledreangat i RenfisVity | pebhedecompbundsting tdwel prfesenae of a
pol ynerization initiator, in which at |east one of the polynerization

initiat ﬁ¥§% he. Vi : o] i . ak kyl y or
polyoxfggfky é%gﬁbligﬁ%lgégggﬂg;%ggg%%3ﬁﬁgk?e€§T%§Fg?fg%E%n%?%t%%tﬁggh

constructed of @ 1R e33h80- YRS LSILL 9Tt 2T fgblath n system g, @

particularly carbon dioxide, and a refrigeration unit using such
the lubricating oil.

As a result of intensive studies for developing lubricating
oil foracompressionrefrigeratorhavingpreferable characteristics
as described above, the inventors of the present invention have
found that lubricating oil containing as a primary component an
ether compound with a specific structure <can solve the
above-mentioned problems.

In other words, the present invention provides:

(1) lubricating oil for a compression refrigerator, having
apolyalkylene glycol or polyoxyalkylene glycol unit and a polyether
unit in a molecule and containing a polyvinyl ether compound with
a molecular weight of 300 to 3,000;

(2) lubricatingoil foracompressionrefrigerator, containing
a polyvinyl ether compound having amolecular weight of 300 to 3, 000,
which is obtained by polymerization of vinyl ether compounds in
the presence of a polymerization initiator, in which at least one

of thepolymerizationinitiator and the vinyl ether compound contains



refrigerant, in which the systemincludes at | east a conpressor, a
condenser, an expansion nechanism and an evaporator, and that uses a
natural refrigerant and the lubricating oil for a conpression refrigerator
described in the above-nentioned (1) or (2). Brief Description of the
Drawing [0009] [Fig. 1] A vertical cross-sectional diagramof a main part
of an exanple of a conpression refrigerator in the refrigeration unit of
the present invention. Description of Synmbols [0010] 1: case 2: stator 3:

chanber & AT 44enS CoRb L TonP ehudier o TEY PP Ly S R GRIT BF 0"

suction pipe 7 Best Mode for carrying out the Invention %0011 The
lubricating ol fd o SorFestorlrefPilyertlidt IherePRaftEriefer &fred to
simply as "lubricating oil") ofthe present invention has two aspects. That

is: (1)cempudsstenthgeoi relfrigharadtedirzad albyinigncs yeif ey £opol §vinayglural
refrigerant, in which the system includes at least a compressor,
a condenser, an expansion mechanism, and an evaporator, and that
uses a natural refrigerant and the lubricating oil for a compression

refrigerator described in the above-mentioned (1) or (2).

Brief Description of the Drawing
[0009] [Fig. 1] A vertical cross-sectional diagram of a main
part of an example of a compressionrefrigerator in the refrigeration

unit of the present invention.

Description of Symbols
[0010] 1l: case
2: stator
3: motor roller
4: rotation shaft
5: winding part
6: upper compression chamber
7: lower compression chamber
8: muffler
9: accumulator

10: suction pipe



et her conpound having a pol yal kyl ene glycol or polyoxyal kyl ene glycol unit
and a polyvinyl ether unit in a nolecule and a nolecular weight in the
range of 300 to 3,000; and (2) a lubricating oil Il, characterized by
including a polyvinyl ether conpound which has a nol ecul ar weight of 300 to
3, 000 and is obtained by polynerizing vinyl ether conmpounds in the

presence of a polynerization initiator, in which at |east one of the

pol ynmeri zation initiator and the vinyl ether conpounds contains an al kyl ene
gl ycol residue or a polyoxyal kyl ene glycol residue. In the present

i nvention, exanples of Iubricating oil that neets the above-nentioned
Iubrlcathg oi | or i ncl ude Iubrlcatlnﬁ oi | containing polyvinyl ether

conpourfts 11\4‘?5194 %‘%ccf?lb@éllrb%l%w CheoiBYeTPbPYvi nyl Et her Conpound 1]

Pol yvi nyl ether conmpound 1 is an ether conpound having a constitutional
unit repit@skent ed byhehel Wenkeeal inar miil a foK) ;2 oWRRS$ Brenrefr8IRIARY (~
RS R3/ R2k O ROnRa R2 OR4 [0014] wherein RL, R2, and R3 each represent
a hydro@mmeﬂnumtén,aehydredeEﬂmpﬂpap'ﬂmﬁnMpétingBimarbmthﬁpnssewhich
may be identical to or different fromone another; Rb represents a dival ent

hydr ocai hath G W 8w Y Zspé-ds carmbit atons; Ra represents a hydrogen
atom an aliphatic or alicyclic hydrocarbon group having 1 to 20
(1) alubricatingoil I, characterizedbyincludingapolyvinyl
ether compound having a polyalkylene glycol or polyoxyalkylene
glycol unit and a polyvinyl ether unit in a molecule and a molecular
weight in the range of 300 to 3,000; and
(2) a lubricating oil II, characterized by including a
polyvinyl ether compound which has a molecular weight of 300 to
3,000 and is obtained by polymerizing vinyl ether compounds in the
presence of a polymerization initiator, in which at least one of
the polymerization initiator and the vinyl ether compounds contains
an alkylene glycol residue or a polyoxyalkylene glycol residue.
In the present invention, examples of lubricating oil that
meets the above-mentioned lubricatingoil I or II include lubricating
0il containing polyvinyl ether compounds 1 to 4 described below.
[0012] [Polyvinyl Ether Compound 1]
Polyvinyl ether compound 1 is an ether compound having a

constitutional unit represented by the general formula (I):

[0013] [Chem 1]



carbon atons, an aromatic group which has 1 to 20 carbon atons and may have
a substituent, an acyl group having 2 to 20 carbon atoms, or an

oxygen- contalnlng hydrocarbon group having 2 to 50 car bon atons; R4
represents a hydr ocarbon group having 1 to 10 carbon atoms; when there are
two or nore of each of Ra, Rb, and R4, they may be |dent|cal to or
different from one anot her; n1represents an average value of 1 to 50; k
represents an average value of 1 to 50; p represents an average value of O
to 50; mhen1k qu p each represgnt 2 or nore, constitutional units may be
in block dR ||Rrandom angRwhdp thhere are two or nore RbO, they may be

i dentic ﬁg |fferentf5 on anot her, Here, specific exanples of the
hydr ocar g %P haV|ng 8 Farbon atlbhs represented by each of Rl, R2,
and R3 i pS Eu P as a nethyl group, an ethyl group, an

n- pr opyl guﬁ)ﬁ?daihgopr&%yl<@ Roup, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, various pentyl groups, various hexyl

9 groupppovari ous hepdydiQrEOYpR?, antd VRY eadd @ebyk sgh@upshyayekeal kybm
groups such as a cycl opentyl group, a cycl ohexyl group, various

met hyl ¢ f'&’ﬂ‘?%cﬂo AYPS g V& Oh'évfﬁ yi cyg! @hééi‘ﬂ)oﬂr%Bﬁs, anfli chAmhQUBe

d|nethy cycl ohex groups aryl groups such as a phenyl group vari ous
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groups, and various neth | benz roups. Each of R, R2, and
parti Cutp_\gﬁlp@cw}%q@gggpp l}qa\blfr@%émos carbon atoms; R® represents a hydrogen

atom, an aliphatic or alicyclic hydrocarbon group having 1 to 20
carbon atoms, an aromatic group which has 1 to 20 carbon atoms and
may have a substituent, an acyl group having 2 to 20 carbon atoms,
or an oxygen-containing hydrocarbon group having 2 to 50 carbon
atoms; R’ represents a hydrocarbon group having 1 to 10 carbon atoms;
when there are two or more of each of R* R®, and R?, they may be
identical to or different from one another; m represents an average
valueof 1 to 50; k represents an average valueof 1 to 50; p represents
an average value of 0 to 50; when k and p each represent 2 or more,
constitutional units may be in block or in random; and when there
are two or more R°0, they may be identical to or different from one
another.

Here, specific examples of the hydrocarbon group having 1 to
8 carbon atoms represented by each of R', R?, and R® include: alkyl
groups such as a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, an isobutyl group, a sec-butyl

group, a tert-butyl group, various pentyl groups, various hexyl



a hydrogen atom [0015] On the other hand, specific exanples of the dival ent
hydr ocarbon group having 2 to 4 carbon atons represented by Rb incl ude

di val ent al kyl ene groups such as a nethyl ene group, an ethylene group, a
propyl ene group, a trinmethylene group, and various butylene groups. In
addition, min the general formula (1) represents the nunber of repeats of
RoO with an average value thereof in the range of 1 to 50, preferably 2 to
20, nore preferably 2 to 10, particularly preferably 2 to 5. Wien there are

two or t I from
one an e é%%#f%gﬁs égﬁggg Q%F@éSQS Q$ %E%ro% ig&iéﬁiﬁ?&
preferably 1 to 2, particul.arl referably 1, ile e resents
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or nore, constitutional units may be in block or in random 10 Exanpl es of
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represented by Ra preferably include an al kyl group having 1 to 10 carbon

at ons orara coycldaddayHy lgryatip Heant Ingyroud sy Hx lardwsuad osmech Speca fploeryanpl es
t her eof include anethyl group, an ethyl group, an n-propyl group, an

| SOpPr ORo U, Ot r 1@ N TR} L p HETRHIP g r@hd 5, 0B il 0 0 %Xﬁprs&@yp%yéupg oup, a
tert-butyl group, various pentyl groups, various hex groups, vari ous
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abenzyl group, various phenylethyl groups, and various methylbenzyl
groups. Each of R', R?, and R® particularly preferably represents
a hydrogen atom.
[0015] On the other hand, specific examples of the divalent
hydrocarbon group having 2 to 4 carbon atoms represented by R°® include
divalent alkylene groups such as a methylene group, an ethylene
group, a propylene group, a trimethylene group, and various butylene
groups.

Inaddition, min the general formula (I) represents the number
of repeats of R°0 with an average value thereof in the range of 1
to 50, preferably 2 to 20, more preferably 2 to 10, particularly
preferably 2 to 5. When there are two or more R°0, the two or more
R°0 may be identical to or different from one another.

Further, k represents 1 to 50, preferably 1 to 10, more
preferably 1 to 2, particularly preferably 1, while p represents
0 to 50, preferably 2 to 25, more preferably 5 to 15, When k and

p each represent 2 or more, constitutional units may be in block

or in random.
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a cycl opentyl group, a cycl ohexyl group, various nethyl cycl ohexyl groups,
various ethyl cycl ohexyl groups, various propylcyclohexyl groups, and

vari ous di net hyl cycl ohexyl groups. [0016] Specific exanples of the aromatic
group which has 1 to 20 carbon atons and may have a substituent represented
by Ra include: aryl groups such as a phenyl group, various tolyl groups,
various ethyl phenyl groups, various xylyl groups, various trinethyl phenyl
groups, various butyl phenyl groups, and various naphthyl groups; and

aryl al kyl gr e4Rsmp3Weh @§h@a@%¥1ﬁki&r&uanicy?ap@ﬁye%&wr%&yérow REPSng
vari ous net hyl benzyl groups, various phenyl propyl groups, and various

phenyl ti“g%éljzgré’é%on 'a”ctog%d%%&a%%’sie?&%r&%?sra@ gée[}ielr%gib/u%%‘i%&éa‘éhnglﬁyio 20

car bon s T epresen nclude”an p, & propionyl-group,
a butyryl group, an_isobutyryl group, a valeryl group,_ an isovaleryl _group,
2 pi vl e o 1 BR, 091 CHFBER. 4 HESt OF uoyt YGPORbLY ERERLP, L BebRt Po
exanpl es of the oxygen-containing 11 hydrocarbon group having 2 to 50
car bon tatldhearleprasensed byeRALipexpapPalisyhigigaldenal weeRaeHmthgrogPoup, a
met hoxyet hyl group, a nethoxypropyl group, a 1, 1-bisnethoxypropyl group, a

1, 2- bi smethayypyopyb, goup;prop el koyw,opyl igbpuppyd group, an n-butyl
(2- met hoxyet hoxy) propyl group, and a (1-nethyl-2-nethoxy)propyl group.

[0017] 4idui)eaaengpdlichar gebap(! 3. sépesht ¢ §x80p! es ©érthsuthydgesapbon

group having 1 to 10 carbon aFons represented by R4
various pentyl groups, various hexyl groups, various heptyl groups,
various octyl groups, various nonyl groups, various decyl groups,
a cyclopentyl group, a cyclohexyl group, various methylcyclohexyl
groups, various ethylcyclohexyl groups, various propylcyclohexyl
groups, and various dimethylcyclohexyl groups.
[0016] Specific examples of the aromatic group which has 1 to
20 carbon atoms and may have a substituent represented by R® include:
aryl groups such as a phenyl group, various tolyl groups, various
ethylphenyl groups, various xylyl groups, various trimethylphenyl
groups, various butylphenyl groups, and various naphthyl groups;
and arylalkyl groups such as a benzyl group, various phenylethyl
groups, various methylbenzyl groups, various phenylpropyl groups,
and various phenylbutyl groups.

In addition, examples of the acyl group having 2 to 20 carbon

atoms represented by R* include an acetyl group, a propionyl group,
a butyryl group, an isobutyryl group, a valeryl group, an isovaleryl
group, a pivaloyl group, a benzoyl group, and toluoyl group.

Further, specific examples of the oxygen-containing

11



i ncl ude: al kyl groups such as a nethyl group, an ethyl group, an n-propyl
group, an isopropyl group, an n-butyl group, an isobutyl group, various
pentyl groups, various hexyl groups, various heptyl groups, various octyl
groups, various nonyl groups, and various decyl groups; cycloal kyl groups
such as a cyclopentyl group, a cyclohexyl group, various nethyl cycl ohexyl
groups, various ethylcycl ohexyl groups, various propylcycl ohexyl groups,
and various dinethyl cycl ohexyl groups; aryl groups such as a phenyl group,

vari ou r.ou .yarko h | u j
Sl?gﬁ%my rc?u;?/ RSviNgr bous @Eﬁ }flaPBSHyatgfn% RSup r LRI LU by R

di et hy gr oups arious” propyl phenyl groups, varirous trinmethyl phenyl
groups,_ various. butyl phenyl groups, a % arious naph 5 | groups; _and

aryl ol WA T ORLY sUbh ! wae a2 JEn oy PR gpebhy Y Vi PuBe A oRehyrarRyRYlr saple.

vari ous net hyl benzyl groups, various R,Ehen | propyl groups, and vari ous
pheny! but yMeGPOFYSLOPYAt heFTOBRCh Gf Ris + oPREMERROXRBLORY lan R0 R2 may
be identical to or different fromone another in every constitutional unit.

12 [ 0018]2dthiesmotlyvxyiyforeyher gonppund &ncan didcobtraiomdl usi ggoups ana
initiator, for exanple, an al kylene glycol conpound or a pol yoxyal kyl ene

gl ycol conpotisk jepiesenbesoPy §heugenghal af o1 adbeny(VP)ne8019) pk6bem 2] Ra
(ORL mOH (V 1) [0020] and polynerizing vinyl ether conpounds represented by

t he gewﬁéﬂpfornula (VI):

[0017] In the general formula (I), specific examples of the
hydrocarbon group having 1 to 10 carbon atoms represented by R*
include: alkyl groups such as a methyl group, an ethyl group, an
n-propyl group, an isopropyl group, an n-butyl group, an isobutyl
group, various pentyl groups, various hexyl groups, various heptyl
groups, various octyl groups, various nonyl groups, and various
decyl groups; cycloalkyl groups such as a cyclopentyl group, a
cyclohexyl group, various methylcyclohexyl groups, various
ethylcyclohexyl groups, various propylcyclohexyl groups, and
various dimethylcyclohexyl groups; aryl groups such as a phenyl
group, various methylphenyl groups, various ethylphenyl groups,
various dimethylphenyl groups, various propylphenyl groups, various
trimethylphenyl groups, various butylphenyl groups, and various
naphthyl groups; and arylalkyl groups such as abenzyl group, various
phenylethyl groups, various methylbenzyl groups, various
phenylpropyl groups, and various phenylbutyl groups.

Further, each of R' toR?, R®, R®, m, and R' to R* may be identical

to or different from one another in every constitutional unit.

12



[0021] [Chem 3] R1-C=C -R3 (VII) R2 OR4 [00221 wherein Ra, Rb, and mand H
to R4 are as expl ained above. Specific exanples of the al kylene glycol
conmpound or the polyoxyal kyl ene gl ycol conmpound include: al kylene glycols
such as ethylene glycol, ethylene glycol nononethyl ether, diethylene

gl ycol, diethylene glycol nononethyl ether, triethylene glycol, triethylene
gl ycol nononet hyl ether, propylene glycol, propylene glycol nononethyl

et her, di propyl ene glycol, dipropylene glycol nononethyl ether,

tripropydeng gl yCO'Th@%ﬂ§dﬁﬂP)@t@fl§: HoygRurinorihyle o%ttléﬁlhyedau81n

polyoxyalkylene gl ycol ; and a ‘nonoet her conpound thereof. [0023 Exanples
f th t f VI
of e JATHh EhOEraaTpouNd LeBLESEN o i iegesEraly Q%ﬂi%ﬁn ner,
I th | - th | - b th
vyl - Tebbietya Btnire Gl gek %355@ r SRy Ao RS AR P EHEr

vi nyl -n-pentyl ether, and vinyl-n-hexyl ether; propenes such as

1- met hokYpr opene, 1-ethoxypropene, 1-n-propoxypropene, 1-i sopr opoxypropene,
1- n- but oxypr opene, 1-isobutoxypropene, 1-sec-butoxypropene,

1-tert- poebXypropengshein nEt hoxypr opene, 2- et hoxypropene,

2-n- propoxypropene 2-1 sopropoxypropene, 2-n-butoxypropene,

2-i sobuR8xypro hi%_qu+butoxyprope nd 2-tert-butoxypropene; and
1- hox W | )a

but enes such a y-1-but ene,
[0020] and polymerizing vinyl ether compounds represented by

the general formula (VII):

[0021] [Chem 3]
R G —R?
=R VI1)
R?2 OR
[0022] wherein R?, R®°, andm and R* to R! are as explained above.

Specific examples of the alkylene glycol compound or the
polyoxyalkylene glycol compound include: alkylene glycols such as
ethyleneglycol, ethyleneglycolmonomethyl ether, diethyleneglycol,
diethylene glycol monomethyl ether, triethylene glycol, triethylene
glycol monomethyl ether, propylene glycol, propylene glycol
monomethyl ether, dipropylene glycol, dipropylene glycol monomethyl
ether, tripropylene glycol, and tripropylene glycol monomethyl
ether; a polyoxyalkylene glycol; and a monoether compound thereof.
[0023] Examples of the vinyl ether compound represented by the
general formula (VII) include: vinyl ethers such as vinyl methyl
ether, vinyl ethyl ether, vinyl-n-propyl ether, vinyl-isopropyl

ether, vinyl-n-butyl ether, vinyl-isobutyl ether, vinyl-sec-butyl

13



1- et hoxy-| - but ene, 1-n-propoxy-I|-butene, 1-isopropoxy-I-butene,

1- n- but oxy-| - but ene, 1-isobutoxy-I|-butene, 1-sec-butoxy-I-butene,
1-tert-butoxy-I|-butene, 2-nethoxy-I-butene, 2-ethoxy-I|-butene,

2- n- propoxy-| - but ene, 2-isopropoxy-|-butene, 2-n-butoxy-I-butene,

2-i sobut oxy-1| -but ene, 2-sec-butoxy-I|-butene, 2-tert-butoxy-I|-butene,
2- met hoxy- 2- but ene, 2-ethoxy-2-butene, 2-n-propoxy-2-butene,

2-i sopropoxy- 2- but ene, 2-n-butoxy-2-butene, 2-isobutoxy-2-butene,

2- sec- Uty - 2- Buhone e Rdpuylier tetHe OXy- 1Ayt eRepehhgse Vifydr £thahg
nmononers can be produced by any known net hods. [0824] [ Pol yvi nyl Ether

Compound. 2], Pol.yvi nyl ether .conmpound 2_is et her, co U i
constitYﬁqgﬁﬁﬂ—%ﬁﬁgyregﬁegghteggﬁgp?ﬂgsgeﬁgggf fgﬁnulgpﬁFF$9Q§é%B?e%e’
[(ORd)a (A b-(OR)J -Re]d (I1) In the general formula (I1), R represents a
hydr ogelm Sl YPEaPell &y |  group PERRPHGYRI$RERDr car bbnl 8PBREPCXHPAEYE§r oup
having 14 2 to 10 carbon atons, or a hydrocarbon group having 1 to 10

car bon 1-at-dmstnpripangy 2 t-Bsdhudbxgrsopese, Rd ande®Fbueprepenpeakkyl ene
groups having 2 to 4 carbon atons; a and e represent average values of O to

50; c repressstatyprimges, of 12taec2BoxRpriopenesent s 2a-ByHorgpRopahen an
al kyl group having 1 to 10 carbon atons, an al koxy group having 1 to 10

car bon Atams, o Qly Ak Ake 9 OUR- hayh Ao 2 §:9r d0e S&T bO“ﬁ%;ﬁLBHbe?Bgoiﬁ’@ﬁ@,a.

and/or e is 2 or nore, (ORd) ‘and/or (ORf) and (A) be in fandomor in

bl ock. 2-isobutoxypropene, 2-sec-butoxypropene, and

2-tert-butoxypropene; and butenes such as 1l-methoxy-l-butene,
l—ethoxy—ljbutene, l-n-propoxy-1l-butene, l-isopropoxy-l-butene,
l1-n-butoxy~-1l-butene, 1-isobutoxy-1-butene, l-sec-butoxy-1l-butene,
l1-tert-butoxy-1-butene, 2-methoxy-l-butene, 2-ethoxy-l-butene,
2-n-propoxy-l-butene, 2-isopropoxy-1l-butene, 2-n-butoxy-1l1-butene,
2-isobutoxy-1l-butene, 2-sec-butoxy-1-butene,
2-tert-butoxy-l1-butene, 2-methoxy-2-butene, 2-ethoxy-2-butene,
2-n~-propoxy-2-butene, 2-isopropoxy-2-butene, 2-n-butoxy-2-butene,
2-isobutoxy-2-butene, 2-sec-butoxy-2-butene, and
2-tert-butoxy-2-butene. Those vinyl ether monomers can be produced
by any known methods.
[0024] [Polyvinyl Ether Compound 2]

Polyvinyl ether compound 2 is an ether compound having a
constitutional unit represented by the general formula (II):

R°- [ ((OR?%) 2= (A) 5~ (ORF) ] o-R®1q (I1)

In the general formula (II), R® represents a hydrogen atom,

an alkyl group having 1 to 10 carbon atoms, an acyl group having
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(A) is represented by the general formula (I11): [0025] [Chem4] R5 R7 CGC
Cl 11 ) R60(RB0)" R9 [0026] wherein R5, R6, and R7 each represent a
hydrogen atom,  or a hydrocarbon group having 1 to 8 carbon atons, which may
be .identical to or different fromone another; R8 represents a dival ent
hydr ocar bon group having 1 to 10 carbon atons or a dival ent hydrocarbon
group containi ng et her-bonded oxygen and having 2 to 20 carbon atons; R9
represents a hydrogen atom or a hydrocarbon group having 1 to 20 carbon

ALOMs; 5 JLRESEPhSRAl. AYEY A8 ALiE 0L DOu1 8o D 1D 1 A SRR LEO"

nore, constitutronal uni rdentical to rom one
another; RS to may be identical to or different .from one another in
overy CHHEES ATt BRARTENELE dhi RaRY ROFES A SDoB; FOPHREENY ALY Ee
identical to or different fromone another. 15 Wien b is 3 or nore, d is an
i nt egergpduns havendandta 4 sazbpp abyms; i pRdopd aifraIrRN & @vSiriada veaalesunit s
A represents an integer of 1 or nore. Exanples of the al kyl group having 1

to 10 caf baro abprsrepepsestataedi hyeg@ac b faf tbird ;aRdvrepresenasea hRdand eRe
i nclude: al kyl groups such as a nethyl group, an ethyl group, an n-propyl

group, a#dhn, SAPARY1 GreMR hakifgbutyd 06 AHBLADN dteptut ¥n ANQYRy Y2bugus

pentyl groups, various hexyl groups, various heptyl groups, various
having 1 to 10 carbon atoms, or an acyl group having 2 to 10 carbon
atoms; and when a and/or e is 2 or more, (OR?) and/or (OR®) and (A)

may be in random or in block.

(A) 1s represented by the general formula (III):

[0025] [Chem 4]
R® R’
I
fc—c+ (H1)
|6 l 8 9
R® OR%), R

[0026] wherein R°, R®, and R’ each represent a hydrogen atom
or a hydrocarbon group having 1 to 8 carbon atoms, which may be
identical to or different from one another; R® represents a divalent
hydrocarbongrouphavingl tol0carbonatomsor adivalent hydrocarbon
group containing ether-bonded oxygen and having 2 to 20 carbon atoms;
R’ represents a hydrogen atom or a hydrocarbon group having 1 to
20 carbon atoms; n represents an average value of 0 to 10; when
n represents 2 or more, constitutional units may be identical to
ordifferent fromone another; R°toR’maybe identical toordifferent
from one another in every constitutional unit; and when there are

two or more R®0, theymaybe identical toordifferent fromone another.

15



octyl groups, various nonyl groups, and various decyl groups; a cyclopentyl
group; a cyclohexyl group; various nethylcycl ohexyl groups; various

et hyl cycl ohexyl groups; various propyl cycl ohexyl groups; and various

di et hyl cycl ohexyl groups. Exanples of the acyl group having 2 to 10 carbon
atons include an acetyl group, a propionyl group, a butyryl group, an

i sobutyryl group, a valeryl group, an isovaleryl group, a pivaloyl group, a
benzoyl group, and a toluoyl group. Exanples of the al koxy group having 1

to 10 Qp% Tsogsorrlﬁgfgs%tl%d al?y 1ﬁ%eg'eqtl U@e} atcgreé,h%WYd Q{filépze@'% ebhoxy

group, a propoxy~ group, abutoxygroup, —apentyl oxygroup, exyl oxygroup,
aheptylox rou n oc | ,oX ro a_ hony. rou and a | 0x
aroup. ¥ oS Bl e (e TRT DL AT Bbre g kP FESTRGS 12 E 0 A0S GRFbY
atons and having 2 to 6 binding sites represented by R include residues
obt ai neld ¥y ®AEVi ng hydroxy groups from pol yhydric al cohols such as
et hyl ene glycol, diethylene glycol, propylene glycol, dipropylene 16
gl ycol , polymxamukaﬁaqﬁytbe,a&kgﬂem&ﬂugﬂhﬁxﬂngtlinetﬂﬂtﬂ&ﬁbmmeatoms
tri nmet hyl ol propane, glycerine, ditrinethylol propane, diglycerine,

pent aeryddwd el tedbgeasagrot khict 8bovantflef0ibhtalre Exanpt enefl udke abkyhene
group having 2 to 4 car bon atons represented by Rd include an ethylene

o ours SRR LRy AT A TR B N OE

group Naving & &8 g%%ﬁ;%cina%t OB utER" §280Le9.RY: 8850t 9 ok, Rlarious
pentyl groups, various hexyl groups, various heptyl groups, various
octyl groups, various nonyl groups, and various decyl groups; a
cyclopentyl group; a cyclohexyl group; various methylcyclohexyl
groups; various ethylcyclohexyl groups; various propylcyclohexyl
groups; andvariousdimethylcyclohexyl groups. Examplesof theacyl
group having 2 to 10 carbon atoms include an acetyl group, a propionyl
group, a butyryl group, an isobutyryl group, a valeryl group, an
isovaleryl group, a pivaloyl group, a benzoyl group, and a toluoyl
group.

Examples of the alkoxy group having 1 to 10 carbon atoms
represented by R® include a methoxy group, an ethoxy group, a propoxy
group, abutoxygroup, apentyloxygroup, ahexyloxygroup, aheptyloxy
group, an octyloxy group, a nonyloxy group, and a decyloxy group.
[0027] Examples of the hydrocarbon group having 1 to 10 carbon
atoms andhaving2 to6ébindingsitesrepresentedbyR®includeresidues

obtained by removing hydroxy groups from polyhydric alcohols such

asethyleneglycol, diethyleneglycol, propyleneglycol, dipropylene
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i ncl ude: al kyl groups such as a nethyl group, an ethyl group, an n-propyl
group, an isopropyl group, an n-butyl group, an isobutyl group, various
pentyl groups, various hexyl groups, various heptyl groups, and various
octyl groups; cycloal kyl groups such as a cyclopentyl group, a cycl ohexyl
group, various nethyl cycl ohexyl groups, various ethylcycl ohexyl groups, and
various dinethyl cycl ohexyl groups; aryl groups such as a phenyl group,

vari ous nethylphenyl groups, various ethyl phenyl groups, and various

di met hy, | 581 OHPSpy @eqeagfwcadlkyheegeﬂemm%ﬂs er@ﬁeemgzlane%anevarl ous
phenyle groups, and various net hyl benzyl "groups. Each R5, R6, and R7

Gl & AR SR ngbFSEarBen By oune MR ro e '8hc§9§§'ﬁ% Sits

represented by RB |nclude divalent aliphatic rou s uch as a nethyl ene
group, RPN EHe %nnﬁlQFn%%%%¥ FREhye nea%?og 2 propyl ene group, a
2- phenyl - 1, 2- propyl ene group, a 1, 3- propylene group varlous 17 butyl ene
gr oups, vaH(ﬁxamnﬁﬂyd@n@h@r@hbslenarUeggphéﬁyﬂ@@eZQHGUp%,Cavb¢moa§OmS
hept yl ene groups, various octyl ene groups, various nonyl ene groups, and

var i ousrgieedanegrups; intieye! 4 aftopsmeantuigVian@robwd ehiedigigupi,t @s on
alicyclic hydrocarbon, such as cycl ohexane, nethyl cycl ohexane,

et hyl cyclghexanendi friy! cycd ohexanes Eﬁ¥&léﬁﬁp yiGystohexane; dival ent

aromati ¢ hydrocarbon groups such as various enyl ene groups, various
Tty LA Ene O Gupyc YBELAUS ot P | €18 AL PUR% c YA OHEocaron

di met hyl pHienyl ene
group having 1 to 8 carbon atoms represented by each of R® to R’
include: alkyl groups such as a methyl group, an ethyl group, an
n-propyl group, an isopropyl group, an n-butyl group, an isobutyl
group, various pentyl groups, various hexyl groups, various heptyl
groups, and various octyl groups; cycloalkyl groups such as a
cyclopentyl group, a cyclohexyl group, various methylcyclohexyl
groups, various ethylcyclohexyl groups, and various
dimethylcyclohexyl groups; aryl groups such as a phenyl group,
variousmethylphenyl groups, variousethylphenyl groups, andvarious
dimethylphenyl groups; and arylalkyl groups such as a benzyl group,
various phenylethyl groups, and various methylbenzyl groups. Each
of R®, RS, andR7particularlypreferablyrepresentseahydrogenatom.
[0029] Specific examples of the divalent hydrocarbon group
having 1 to 10 carbon atoms represented by R? include: divalent
aliphatic groups such as a methylene group, an ethylene group, a

phenylethylene group, a 1l,2-propylene group, a

2-phenyl-1, 2-propylene group, a 1,3-propylene group, various
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vari ous napht hyl ene groups; al kyl aromatic groups each having a nonoval ent
biding site on each of an al kyl group portion and an aromatic group portion
of an al kyl aromatic hydrocarbon such as toluene, xylene, or ethyl benzene;
and. al kyl aromatic groups each having a binding site on an al kyl group
portion of a polyal kyl aromatic hydrocarbon such as xyl ene and

di et hyl benzene. Anong them the aliphatic groups having 2 to 4 carbon atons
are particularly preferable. [0030] In addition, specific exanples of the

di val ent 1 by Ocah ,g‘;gygo%@t%itrylréglee&fﬁip_@,Oﬂlq%qo%ﬁyfg%g}zﬁgﬁe RRVWRG,2 to

20 carbon atons represente preterably include hoxynet hyl ene
group, a_nethoxyethyl ene group, .a_.methox t hyl et hyvl e ro a

1, 1-bi shet hous RERyT ety ERed 6 33500 9% BrenatRoks el Aot et hyBHE Gooup,
an et hoxymet hyl et hyl ene group, a (2-nethoxyet hoxy) net hyl et hyl ene gr.oup, and
a (1- n8FPYPs2-3nd NG st Fl?F@ﬁWeﬁE%P%ﬁp@%%Y T%b%ﬂr ‘%&Fﬁ [F&ch Qﬁé’éinﬂip C
exanpl es of the hydrocarbon group having 1 to 20 carbon atons represented
by RO itedudedimpkyitegsoopsalsaghlas hydeohgkbgnoupuchnast hyklghespnean

n- propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a

sec- butyét @y DeiPpcl @hek&fié ; D HH vIgF @i hastdnus diaRitly 13yvalRshe A&dTd ,0Usnkdiexy |
groups, various heptyl groups, various octyl groups, various nonyl groups,

and vari,pus., 0e6y1 o ELLRS; 8¥€£P§‘H§Y£r8ﬁgk@é 8Y4PoasrBofRYGHORBRL KhicndBauUP, a
cycl ohexyl” group, various nethyl cycl ohexyl groups, various

various phenylene groups, various methylphenylene groups, various
ethylphenylene groups, various dimethylphenylene groups, and
various naphthylene groups; alkyl aromatic groups each having a
monovalent biding site on each of an alkyl group portion and an
aromatic group portion of an alkyl aromatic hydrocarbon such as
toluene, xylene, or ethylbenzene; and alkyl aromatic groups each
havingabindingsiteonanalkyl groupportionofapolyalkyl aromatic
hydrocarbon such as xylene and diethylbenzene. Among them, the
aliphatic groups having 2 to 4 carbon atoms are particularly
preferable.

[0030] In addition, specific examples of the divalent
hydrocarbon group containing ether-bonded oxygen and having 2 to
20 carbon atoms represented by R® preferably include a
methoxymethylene group, a methoxyethylene group, a
methoxymethylethylene group, a 1, 1-bismethoxymethylethylene group,
a 1,2-bismethoxymethylethylene group, an ethoxymethylethylene
group, a (2-methoxyethoxy)methylethylene group, and a

(1-methyl-2-methoxy)methylethylene group.
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et hyl cycl ohexyl groups, various propylcycl ohexyl groups, and various

di met hyl cycl ohexyl groups; aryl groups such as a phenyl group, various
nethylphenyl groups, various ethylphenyl groups, various dinethylphenyl
groups, various propyl phenyl groups, various trimethylphenyl groups,

vari ous butyl phenyl groups, and various naphthyl groups; and aryl al kyl
groups such as a benzyl group, various phenylethyl groups, various

met hyl benzyl groups, various phenyl propyl groups, and various phenylbutyl

groups i nyl und 2 re sented by the a nt Lone ener al
ot al {1137y be oF G148 abPy Ohe:  ne SRIHeReoT o dFSger’ gPo%rng 0, ¢
=1, and d = 1 or one in which Re is a hy droglIt qto c =1, or
one t hataehny df fes2hatarkm ehemsi Repeepsibed R R c%fé?]alé:@%r |as]t]‘i§f:]s FREREL! as

lubricating oil. Further, preferable is one in which each of R5 to R is a
hydr ogesuclatoem mat hals ganupy erragehyalueupf, dh hepdoppd grouronen gkopriopydne or
nore, R8 is a hydrocarbon group having 2 to 4 carbon atons. 19 [00323

[ Pol yvi gyduft et rConpopndy 33udolatviirpbuetiely r@@?aqoun@e% -ib%1t3n girkelp ,cenmound

having a structure represented by the general formula (I1V): Rc-

R R I f I R Rd,
A A E IR T o e LR G L e T A
represents a hydrogen atom an_ al qy havi n to 10 carbon at ons, an
L Roxy GrotpinRhti L SrauRe: b Ll BrORbsy st panig Frotre,

and various decyl groups; cycloalkyl groups such as a cyclopentyl
group, a cyclohexyl group, various methylcyclohexyl groups, various
ethylcyclohexyl groups, various propylcyclohexyl groups, and
various dimethylcyclohexyl groups; aryl groups such as a phenyl
group, various methylphenyl groups, various ethylphenyl groups,
variousdimethylphenyl groups, various propylphenyl groups, various
trimethylphenyl groups, various butylphenyl groups, and various
naphthyl groups; and arylalkyl groups such as abenzyl group, various
phenylethyl groups, various methylbenzyl groups, various
phenylpropyl groups, and various phenylbutyl groups.

Polyvinyl compound 2 represented by the above-mentioned
general formula (II) may be preferably one in which R is a hydrogen
atom, a =0, c=1, and d = 1 or one in which R® is a hydrogen atom,
e =0, and ¢ = 1, or one that satisfies both of them in terms of
the characteristics thereof as lubricating oil.

Further, preferable isone inwhicheachofR’>toR’is a hydrogen
atom, n has an average value of 0 to 4 and any one of n is one or

more, R® is a hydrocarbon group having 2 to 4 carbon atoms.
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to 10 carbon atoms, or a hydrocarbon group having 1 to 10 carbon atons and
having 2 to 6 binding sites; when a and/or e is 2 or nore, ORd and/or ORf
and A may be in randomor in block; and when each of a and e is zero (0), n
represents an'integer of 1 or more in one of the constitutional units A.
Exanpl es of the al kyl ene group having 2 to 4 carbon atons represented by Rf
i nclude an et hyl ene group, a propylene group, a trinethylene group, and
various butyl ene groups. Anobng R9, the al kyl group having 1 to 10 carbon

at ons, acyl gr havi carbo ons, and the hydrocarbon
groups E ]ng 1 to[cpf%tyVl r\jh]z‘fttt}berr]% a%nép%%n$ng 2 to 6 binding sites may be
t he sane grnﬁfs as those exenplified in the description about R in the
general for mi% YD1 riFhever COBRBABARS, 16héralWABF (FIWRP#RYi hgVindoalo

carbon atons nay be the sane groups as those exenplified in the description
about Reructurte mEmersdntfed noy atlf¢ | Jen@ba Pofgumuyd €IVier conpound 3
represented by the above-mentioned general fornula (I'V) may be preferably

one in whichgRc [§o@dhyq§ggenORe¢qn1amﬂ a = 0, ongy)n which RO is a hydrogen
atom d =1, an 0," or one that satisfies both of them Further,

pref erabl e i s 0%5 Behdi-ch eachuoh REyo Blchsoe dydRegen, Atem 4 bas an

aver age val ue of and one one or

hyr ocar bon,gr o hayi 1.2 0,451 b, Ao, | QU] LERL ot e

a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, an
alkoxy group having 1 to 10 carbon atoms, an acyl group having 2
to 10 carbon atoms, or a hydrocarbon group having 1 to 10 carbon
atoms and having 2 to 6 binding sites; when a and/or e is 2 or more,
OR? and/or ORf and A may be in random or in block; and when each
of a and e is zero (0), n represents an integer of 1 or more in
one of the constitutional units A.

Examples of the alkylene group having 2 to 4 carbon atoms
represented by Rf include an ethylene group, a propylene group, a
trimethylene group, and various butylene groups.

Among RY, the alkyl group having 1 to 10 carbon atoms, the
acyl group having 2 to 10 carbon atoms, and the hydrocarbon groups
having 1 to 10 carbon atoms and having 2 to 6 binding sites may
be the same groups as those exemplified in the description about
R° in the general formula (II).

Further, among RY, the alkoxy group having 1 to 10 carbon atoms
may be the same groups as those exemplified in the description about

R® in the general formula (II).
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Pol yvi nyl ether conpound 4 is a block or random copol ynmer having (a) a
constitutional unit represented by the above-nentioned general fornula
(I''1') and (b) ,a constitutional unit represented by the general fornula (V):
[0034] [Chem 5] Rl R11 ~c-c_ M R12 R13 [0035] wherein Rl to R13 each
represent a hydrogen atomor a hydrocarbon group having 1 to 20 carbon
atons, which nmay be identical to or different fromone another; and R1O to
R13 nmay be identical to or different fromone another in every

constitution [T ral r ol C :

hydr ocar bon grous WA FHEE PR, Bk e enl e SV EEY SOt ohOe.
exenplified in _the description about R9 in the above-nenti.one ner al

f or nul #N9LL To1mpRa b%‘t’ﬁxﬂaﬁ’yPeé?lFF‘e?e%%Wp%ﬁﬁ‘& A0 Rrﬁﬂo*olé bygen

copol yneri zing, for exanple, a vinyl ether nononer represented by the
gener alatfasr rarich & W 101,) -orje0G36Whiche R 6]ls ®ohrirggen(¥tow) dis 1, and e

= 0, or one that satisfies both of them.

Further, preferable is one inwhich eachof R°toR’ is a hydrogen
atom, n has an average value of 0 to 4 and any one of n is one or
more, and R® is a hydrocarbon group having 2 to 4 carbon atoms.
[0033] [Polyvinyl Ether Compound 4]

Polyvinyl ether compound 4 isablock or randomcopolymer having
(a) aconstitutional unit representedby the above-mentioned general
formula (III) and (b) aconstitutional unit representedbythegeneral

formula (V):

(00341 [Chem 5]
RIO RH
[ |
TC—C ) V)
o 1
[0035] wherein R'® to R'® each represent a hydrogen atom or a

hydrocarbon group having 1 to 20 carbon atoms, which may be identical
to or different from one another; and R'° to R!® may be identical
to or different from one another in every constitutional unit.
In the general formula (V), among R'° to R'?, the hydrocarbon
group having 1 to 20 carbon atoms may be the same group as one
exemplifiedinthedescriptionaboutR9intheabove—mentionedgeneral

formula (III).
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R (R80)n RO [0037] wherein R5 to RO and n are identical with those descri bed
above, and a hydrocarbon nononer having an ol efinic double bond represented
by the general forpula (IX): [0038] [Chem7] R10 R11 1 C=IC (I X) Rl12 R13

[ 0039] wherein R10 to R13 are identical with those described above.
Exanpl es of the vinyl ether nonomer represented by the general formula
(VI'11) include: vinyl ethers such as vinyl nethyl ether, vinyl ethyl ether,
vinyl -n-propyl ether, vinyl-isopropyl ether, vinyl-n-butyl ether,

vinyl - sobut yy, £t Sk wlrfy S@Lﬁhg}’tyéo eI ”é’éntefué byt yhuekher oy

vi nyl - n-pentyl et , V|ny xyI ether, vinyl- nethoxyethyl et her,
vinyl - 2 et hoxyet h -2-nmet ho XY l.- met h Ieth et her

vi nyl - %Jzél or 81xﬁ51P vi AyT %Y 6et(ﬂ gteﬁgrese\ﬂtr%ﬂ by e,
9- trloxadecyl et her, 22 vinyl - 1, 4- di net hyl - 3, 6- di oxaheptyl ether,

vi nyl - 1the 7gene et niermika of HB)xadecyI ether. vinyl-2, 6-dioxa-4-heptyl
ether, and vinyl-2, 6, 9-trioxa-4-decyl ether propenes such as
1-nethok®¢ﬂ®pene, HKEKMDXMpropene, 1-n-propoxypropene, 1-i sopropoxypr opene,
1- n- but oxypropene, 1-isobutoxypropene, 1-sec-butoxypropene,
l-tert-Qhato ropene,

A o

ﬁk::C VI

6 6 8 9

R™ O(R°0),R

[0037] wherein R® to R° and n are identical with those described

above, and a hydrocarbon monomer having an olefinic double bond

represented by the general formula (IX):

[0038] [Chem 7]

.. (1X)

C

[0039] wherein R to R’ are identical with those described

Examples of the vinyl ether monomer represented by the general
formula (VIII) include: vinyl ethers such as vinyl methyl ether,
vinyl ethyl ether, vinyl-n-propyl ether, vinyl-isopropyl ether,
vinyl-n-butyl ether, vinyl-isobutyl ether, vinyl-sec-butyl ether,
vinyl-tert-butyl ether, vinyl-n-pentyl ether, vinyl-n-hexyl ether,
vinyl-2-methoxyethyl ether, vinyl-2-ethoxyethyl ether,
vinyl-2-methoxy-1-methylethyl ether, vinyl—2—methoxy—2—methyl

ether, vinyl-3,6-dioxaheptyl ether, vinyl-3,6,9-trioxadecyl ether,
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2- met hoxypr opene, 2-ethoxypropene, 2-n-propoxypropene, 2-iSOpropoxypropene,
2- n- but oxypr opene, 2-isobutoxypropene, 2-sec-butoxypropene, and
2-tert3butoxypropene; and butenes such as 1-nethoxy-I-butene,

1- et hoxy-1| - but ene, 1-n-propoxy-I|-butene, 1-isopropoxy-I|-butene,

1- n- but oxy- | - but ene, 1-isobutoxy-I|-butene, 1-sec-butoxy-I-Dbutene,
1-tert-butoxy-I-butene, 2-nethoxy-I-butene, 2-ethoxy-I|-butene,

2- n- propoxy-| -butene, 2-isopropoxy-I|-butene, 2-n-butoxy-I-butene,

2-1 sobut.oxy- |- but e -sec:b -] - ene, 2-tert-butoxy-I-bu
2-netha&gﬁélHUfgﬁgggig%fkggyé2¥%§%%%%?pgin-propoxy-2-butene, E%ﬂ%r,
2-1sopropoxy-2-butene, 2-n-butoxy-2-butene, 2-isobutoxy-2-butene,

2- sec- BB - ut dnet ey b= 4 9 1 2 BT 52%2 92 BUt ene.  Those vinyl &EREF/
nononers can be produced by any known net hods. Exanpl es of the hydrocarbon
nmonomerv iTewd 1#y Grdiohed i drileerionbl ethbond anshresent ed, bydtheigeaehafetydnul a
(I'X) include ethylene, propylene, various butenes, various pentenes,

var i ousthexenepropafd DUSsEpt enes, 1 viae tlossypcoeaes, di+svhokybeapene,
triisobutylene, styrene, and various al kyl-substituted styrenes. 23 [0040]

I n the presensd S, the aboyer SOt 79ReSeRO) YVI Dyh-bEEORYpEORBAENIS 1
to 4 can beé produced by radical polynerization, cationic polynerization,

radi ati.on pgl ynerizati or _the i corre di n i her

conpou%ﬂ&%ﬁ%?%ﬂﬁ%gﬁ%ﬁé%%ngfgggr%gﬁ%x&%ﬁgkgsg'ea£h§%§€?%693n§§¥éP§%Fé

doubl e bond. For exanple, a gol¥nerization product_of the vinyl ether
-e

nnnone@§mﬁﬂHQﬁ¥R¥QRﬂﬂq@d hoxypropene, 2-n-propoxypropene,

2-isopropoxypropene, 2-n-butoxypropene, 2~-isobutoxypropene,

2-sec-butoxypropene, and 2-tert-butoxypropene; and butenes such
as l-methoxy-l-butene, l-ethoxy-l-butene, l-n-propoxy-l-butene,

l-isopropoxy-l-butene, 1-n-butoxy-1-butene, l1-isobutoxy-1l-butene,
l-sec-butoxy-1-butene, l-tert-butoxy-1l-butene,

2-methoxy~1-butene, 2-ethoxy-1-butene, 2-n-propoxy-l-butene,

2-isopropoxy-l-butene, 2-n-butoxy-1-butene, 2-isobutoxy-1-butene,
2-sec-butoxy-1l-butene, 2-tert-butoxy-1l-butene,

2-methoxy-2-butene, 2-ethoxy-2-butene, 2-n-propoxy-2-butene,

2-isopropoxy-2-butene, 2-n-butoxy-2-butene, 2-isobutoxy-2-butene,
2-sec-butoxy~-2-butene, and 2-tert-butoxy-2-butene. Those vinyl

ether monomers can be produced by any known methods.

Examples of the hydrocarbon monomer having an olefinic double
bond represented by the general formula (IX) include ethylene,
propylene, various butenes, various pentenes, various hexenes,
various heptenes, various octenes, diisobutylene, triisobutylene,

styrene, and various alkyl-substituted styrenes.
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viscosity can be obtained through polynerization by a nethod described
below. For initiating the polynerization, any of conbinations of Broensted
aci ds, ‘Lewi s acids, or organic netal conpounds wi th adducts of carboxylic
acid with water, alcohols, phenols, acetals, or vinyl ethers can be used.
Exanpl es of the Broensted acids include hydrofluoric acid, hydrochloric
acid, hydrobromc acid, hydroiodic acid, nitric acid, sulfuric acid,
trichloroacetic acid, and trifluoroacetic acid. Exanples of the Lew s acids

i ncl ude n trifluyor.i |y . 1chlofi al um tri ide, tin
tetracﬂéﬁ% e, zim;#ﬁ%%ﬁgF? g?%ﬁﬁ?%éﬁ#ﬁ%gﬁé%ﬁ%ﬁ%@#g%ﬁﬁﬁfi%ggggkgg}s
acids, boron trifluoride is articularly preferable. In addition, exanples
of the SSHFMICOMROLEAS dohBot A5 PGRSUGESt Ryl rafiinf hure LHreF + a2t 1ePhy|

al umi num chl oride, and diethyl zinc. [0041] The adducts of water, alcohols,
phenol ssatdeatial 9o lymeniizayioay hepdialthncee borgricahed, tor Bdecdatdsiened with
the conpounds can be optionally selected. Here, exanples of the al cohols

i ncl udeche satrueapetddahgphaiyr eahechobspdandsgnd bpt20nedonydtonsrbsuch as
24 et hanol , ethanol, propanol, isopropanol, butanol, isobutanol,

sec- but@iRimedLrd st RRGEngVan U PeANM Sp1¥ahbAHS Ne%aNEmp V&l | guUs
hept anol s, and vari ous octanols; unsaturated aliphatic alcohols having 3 to

L0 e 0 IS S BP oML PSPy 0 PRRSLIRCS 0, i o ool >

Ether’Jfggg;ygfﬁﬁggl%%mobtained through polymerization by a method
described below. For initiating the polymerization, any of
combinations of Broensted acids, Lewis acids, or organic metal
compounds with adducts of carboxylic acid with water, alcohols,
phenols, acetals, or vinyl ethers can be used. Examples of the
Broensted acids include hydrofluoric acid, hydrochloric acid,
hydrobromic acid, hydroiodic acid, nitric acid, sulfuric acid,
trichloroacetic acid, and trifluorcacetic acid. Examples of the
Lewis acids include boron trifluoride, aluminum trichloride,
aluminum tribromide, tin tetrachloride, zinc dichloride, and ferric
chloride. Among those Lewis acids, boron trifluoride 1is
particularlypreferable. Inaddition, examplesof theorganicmetal
compounds includediethyl aluminumchloride, ethyl aluminumchloride,
and diethyl zinc.
[0041] The adducts of water, alcohols, phenols, acetals, or
vinyl ethers with carboxylic acid to be combined with the compounds

canbe optionally selected. Here, examplesof the alcohols include:

saturated aliphatic alcohols having 1 to 20 carbon atoms, such as
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nmononet hyl et her, propyl ene gl ycol nononet hyl ether, dipropylene glycol
nmononet hyl ether, and tripropyl ene glycol nononethyl ether. Exanples of the
carboxylic aci,ds when adducts thereof with vinyl ethers are used include
acetic acid, propionic acid, n-butyric acid, isobutyric acid, n-valeric
acid, isovaleric acid, 2-nethylbutyric acid, pivalic acid, n-caproic acid,
2,2-dimethyl butyric acid, 2-methyl valeric acid, 3-nethyl valeric acid,
4-met hyl valeric acid, enanthic acid, 2-nethyl caproic acid, caprylic acid,

2-ethylpcaprob e, 86h8no?; NpRLERYL VAl dr Afth1 N-HEPEASL ¢ aGbButanol
3,5, 5-trimethyl caproic acid, caprylic acid, and undecanoic acid. [0642]

The vinyl ethers en_ adc er .\ iC 1 r may be
dent i cHTCaPe R TnRe L eE e T hEnel yriet b3kt cRERERRRLy uaBibHE, BRRaHARE,
adduct s of  the vinyl eihers with the carboxylic acid can bg o?tain d by

m xi ng %%Hl?%%c??ﬂéa?ﬁ F1 aflgd VeEHpdtatrie HH Shotr S Bt thai88caLaRGtHEY can
be separated by distillation or the |like and then used for a reaction.

Al ternatleehyls havimy betdi Fectiypboreaténs auckaesi ohlwilt Bdgphodparad on.
When wat er, al cohol, or phenol is used, a hydrogen atombinds 25 to the end
of the mohyattiefoloPal ¥prehaadl piold) tsadh 88.etigatd astyco Whenoaeehall i s
used, a hydrogen atom or one of al koxy groups of the acetal used can be

detachegrnd A, ?Q@F£h9men@hﬁﬁﬁ%lac&%&%mgﬁhyyi @xgef%t,heérﬂéﬁﬁ%p@ﬁ@oéxwglaci d

is used, an al kyl carbonyl'oXy group originate roma carboxylic acid
porti on, {5, fetashed L. 2m 118, PAUNST g1 Lo T RS ShO¥L BT BRI 1 ERE53ERRXY! i C

aci d.

glycol monomethyl ether, and tripropylene glycol monomethyl ether.
Examples of the carboxylic acids when adducts thereof with vinyl
ethers are used include acetic acid, propionic acid, n-butyric acid,
isobutyric acid, n-valeric acid, isovaleric acid, 2-methylbutyric
acid, pivalic acid, n-caproic acid, 2,2-dimethyl butyric acid,
2-methyl valericacid, 3-methyl valeric acid, 4-methyl valeric acid,
enanthicacid, 2-methyl caproicacid, caprylicacid, 2-ethyl caproic
acid, 2-n-propyl valeric acid, n-nonanoic acid, 3,5,5-trimethyl
caproic acid, caprylic acid, and undecanoic acid.

[0042] The vinyl ethers when adducts thereof with carboxylic
acids are used may be identical with those used in polymerization
or may be different. The adducts of the vinyl ethers with the
carboxylic acid can be obtained by mixing and reacting them at a
temperature of about 0 to 100°C, and they can be separated by
distillationorthelikeandthenusedforareaction. Alternatively,

it may be directly used for a reaction without separation.

When water, alcohol, or phenol is used, a hydrogen atom binds
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[0043] On the other hand, when any of water, alcohols, phenols, and acetals
is used, the end of the polyner for term nating the polynerization becones
acetal, olefin, or, aldehyde. In addition, in the case of an adduct of vinyl
ether with carboxylic acid, it becones carboxylic acid ester of hem acetal.
The ends of the polynmer thus obtained can be converted into desired groups
by a nmethod knowmn in the art. Exanples of the desired groups include

resi dues such as saturated hydrocarbon, ether, alcohol, ketone, nitrile,

and A MBSing SRS A L e: EBR LSRN AD OB L PR RY AT 1PBERORA B e

and alcohol "are prefera pol'ynerizati on of vin

nononers represented by the general formula (VIII) gan be initiated at a
tenper AP6e ACEERG: G R - 50 TG TESRE AISURITy 1o & 601 KX B0 OdRBeRbi ng on
the kinds of raw materials and initiators. In addition, the polynerization
react i dlecagehe lcowplleced Wet Heltagbedt: 10nsaddnbisont owhenhenraddpekrof
initiation of the reaction. As for controlling the nolecular weight of the
pol ymering 1pet yde witdveagboxly div averdage ugsd eadl Ak yweicghbotgi o ebbapned by
i ncreasing the anount of an 26 adduct of carboxylic acid with water,

al coholos.; Jahenelss r Sk 8l@ Shox FNL: ¥EMYlp RIS 1 Yiddt 4 83REEEoh @ HBadhBY |
et her nononers represented Dby the general formula (VII1). Further, a

pol yrer ing.a. lo ver ecul i.ght can, be obtained by increasing
t he anﬁﬁﬂ?zgf%ﬁﬁgh§%§§%tggﬁgbi&%ﬂcﬁggﬂ f%ﬁﬂﬁgyghis pol ymeri zati on

reaction is usuall% perfornmed in the
[0043] n the other hand, when any of water, alcohols, phenols,

and acetals is used, the end of the polymer for terminating the
polymerization becomes acetal, olefin, or aldehyde. 1In addition,
in the case of an adduct of vinyl ether with carboxylic acid, it
becomes carboxylic acidesterof hemiacetal. Theendsof thepolymer
thus obtained can be converted into desired groups by a method known
in the art. Examples of the desired groups include residues such
as saturated hydrocarbon, ether, alcohol, ketone, nitrile, and amide.
Among them, the residues such as saturated hydrocarbon, ether, and
alcohol are preferable.

[0044] The polymerization of vinyl ether monomers represented
by the general formula (VIII) can be initiated at a temperature
ranging from -80 to 150°C, usually from -80 to 50°C, depending on
the kinds of raw materials and initiators. In addition, the
polymerization reaction can be completed within about 10 seconds
to 10 hours after initiation of the reaction. As for controlling
the molecular weight of the polymer, a polymer having a low average

molecular weight can be obtained by increasing the amount of an
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presence of a solvent. The solvent may be any of solvents that dissolve the
anmounts, of reaction raw materials required and are inert to the reaction.
Exanpl es thereof which can be preferably used include, but not particularly
limted to: hydrocarbon solvents such as hexane, benzene, and tol uene; and
et her solvents such as ethyl ether, 1,2-dinethoxyethane, and
tetrahydrofuran. Further, this polynerization reaction can be term nated by
the addition of alkali. After conpletion of the polynerization reaction, if

requi r eghqeorma csepRkaliienaand PuthfhLed 0% IALAdY! 8% i) heacednlisgd out
to obtain a polyvinyl ether conmpound of interest. [0045] The pol yvinyl

et her CQH&E’%‘iﬂgzlteOckPeeré Q&“cpf{%‘éﬁ&tﬁﬁS '%h%fviﬁgg(e'tﬁ%&'rﬁ%&ﬁérlé r@PgeEIenCE;edt he
present Tnvention may preferably have a carbon/oxygen nolar fatio of 4 or
less. If the nolar ratjo exce the conpatibility of a lubricating oi
to a na?%rgWe g%???@@r%ﬂ ?uiﬁcﬁgigfkarbon di oxi de, decreases. As for
adjustnment of the nolar ratio, the adjustnent of a carbon/oxygen nol ar
ratio of a rEdrHReReridaPokipleRera ¢hRd |SeaaWt 3V ehad proth RVt afelghdorgrer
havi ng such a nolar ratio within the above-nentioned range. In other 27

wor ds, bdedtarigerd bhelpereent mgehef amonnhanet hkaBrognathdghcid anbbeivasygen
nolar ratio is, the higher the carbon/oxygen ratio of the polyner obtained

is. In gondrasthid ke ladderz dtenper&ent age i HfusPAPIRrplaybhgled EAWthe
carbon/ oxygen nolar ratio is, the |lower the carbon/oxygen ratio of obtained

ﬁg%g;gﬁ?%ﬁ% g@Pt' Oé‘c?f'véﬂt.thﬁnéméé‘f’x%r% RO, VBB LA, Ngrt BE1VERYE hAgr

, just nmen
dissolve the amounts of reaction raw materials required and are
inert to the reaction. Examples thereof which can be preferably
used include, but not particularly limited to: hydrocarbon solvents
such as hexane, benzene, and toluene; and ether solvents such as
ethyl ether, 1,2-dimethoxyethane, and tetrahydrofuran. Further,
this polymerization reaction can be terminated by the addition of
alkali. After completion of the polymerization reaction, if
required, common separation and purification procedures may be
carried out to obtain a polyvinyl ether compound of interest.
{0045] The polyvinyl ether compound to be included in each of
lubricating 0il I and II of the present invention may preferably
have a carbon/oxygen molar ratio of 4 or less. If the molar ratio
exceeds 4, the compatibility of a lubricating oil to a natural
refrigerant, such as carbon dioxide, decreases. As for adjustment
of the molar ratio, the adjustment of a carbon/oxygen molar ratio

of a raw material monomer can lead to the production of a polymer

having suchamolar ratiowithin the above-mentioned range. Inother
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of the carbon/ oxygen nolar ratio maybe attai ned by any of conbinations of
mononmers Wi th adducts, which are used as initiators, of carboxylic acid

w th water, alcohols, phenols, acetals, and vinyl ethers. \Wen any of

al cohol s, phenols, and the |ike having carbon/oxygen nolar ratios |arger
than those of nononers to be polynerized is used as an initiator, a polyner
havi ng a carbon/oxygen ratio |larger than those of raw materi al nononers can
be obtained. In contrast, when any of alcohols having smaller carbon/oxygen

mol ar ratifs, sHEN 1A% dtet PREoL aRd nrRlRoXYr ebhaomd S Hﬁezqn_galg)ohm%r

having a carbon/oxygen ratio Smaller tthan those of raw materi;al nondners

can be gbt.ained. [0046]. Further, .when,a yinyl ether npnomer s _copal rized
W th a.?ﬁﬁﬁo eﬁﬁ%é?qnﬂéﬁﬁﬁ'rﬁa@fﬁéséntg e¥% ¥ rd%ﬁﬁlgaﬁgﬁg?oé&ﬁgPy FXgﬁaving
a carbon/oxygen nolar ratio |arger_than that of the vinyl ether nononer can
be obt &#héAe PHLYRES obdsd nachésr at 1D cORtIBS tadF st A ISk tHhe ReTpeREBACage of

t he hydrocarbon nononer having an olefinic double bond to be used or with
t he nunblemaforgar baviatom tdvereofbon[@0uydn Thel dubratadi hy, othef dowar
conpression refrigerator of 28 the present invention contains the

above- ned icenedmAgdly Iraatikeiof obtpowed pdlgmeanaunt nt pertesablyin0% by
mass or nore, nore preferably 80% by nmass or nore, still nore preferably

90% by RS fetBHABF %ol&ﬂ\rétrji%li!n@r‘:ﬂe Rrighar abh¥r MRy r fB3%e EQ5uLBReHENY!
et her compound, any one of vinyl ether conmpounds may be used alone or two

or ”Dr%&%héQggbgﬁyogﬁg%%%%fé}é%@?&ﬁ%& %%t£g¥%gé895g;g%%SEbinations

of monomers with adducts, which are usedas initiators, of carboxylic
acidwithwater,aicohols,phenols,acetals,andvinylethers. When
any of alcohols, phenols, and the like having carbon/oxygen molar
ratios larger than those of monomers to be polymerized is used as
an initiator, a polymer having a carbon/oxygen ratio larger than
those of raw material monomers can be obtained. In contrast, when
any of alcohols having smaller carbon/oxygen molar ratios, such
as methanol and methoxy ethanol, 1is used, a polymer having a
carbon/oxygen ratio smaller than those of raw material monomers
can be obtained.

[0046] Further, when a vinyl ether monomer is copolymerized
with a hydrocarbon monomer having an olefinic double bond, a polymer
having a carbon/oxygen molar ratio larger than that of the vinyl
ethermonomer canbeobtained. Inthiscase, theratiocanbeadjusted
with the percentage of the hydrocarbon monomer having an olefinic
double bond to be used or with the number of carbon atoms thereof.

[0047] The lubricating oil for a compression refrigerator of
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oil for lubricating oil other than the polyvinyl ether conpound, which can
be used in a percentage of 30% bymass or |less in conbination, is not
particularly limted. For the lubricating oil of the present invention, a
ki nematic V|sc05|ty thereof yet to be mxed with a refrigerant is
preferably in the range of 1 to 50 nm®, particularly preferably in the
range of 5 to 25 mm¥Z at 100C. In addition, it has a viscosity index of

preferably 80 or nore, nore preferably 90 or nore, still nore preferably
100 or r t il.,0
presenttrH)e £R #é% eﬂveﬂ{%%?ﬁ%h/oxrggkﬁﬁn r]‘t?lo o ﬂ%&g>q1é§gnd_%thgﬁe

nolar ratio exceeds 4, the conpatlblllt the egf to carbon dioxide

decr easEPAURG GHR t £BnaMPENEe ol RIEL] 4%b§9&aPVn@a&ﬂ Yt THe® prBSERt
invention may be suitably added with any of various additives, which have
been cammfdnahige@Oitnbyhwagst orimetredi $igt 1 hgwomes pirerf anghait 99§ blyomdss
capacities; chlorine scavengers; antioxidants; netal deactivators;

anti - f cafTmbg e et 5i SwWrdr Bg Fid ey deverigentass29 dospetisants;l gtheosity
i ndex inprovers; oiliness agents such as fatty acid; antifriction agents

such ag gt ifPRASPNAE &1 n ¢hl OFh SR EShRRAERAS | Hlay €& T @58 PA ESALT eragent s
such as sulfur conpounds; anti-rust agents anti-corrosive agents; and

pour - podvﬂat IERES 82N Reml 4998 RRAIP! §5 Qrdi& AN S ThQ' ki ARALE! BYskoad

capaci t

0il for lubricating oil other than the polyvinyl ether compound,
which canbe used inapercentage of 308 bymassor less in combination,
is not particularly limited.

For the lubricating oil of the present invention, a kinematic
viscosity thereof yet to be mixed with a refrigerant is preferably
in the range of 1 to 50 mm?, particularly preferably in the range
of 5 to 25 mm® at 100°C. In addition, it has a viscosity index of
preferably 80 or more, more preferably 90 or more, still more
preferably 100 or more.

Further, it is preferable that the lubricating oil of the
present invention has a carbon/oxygen molar ratio of 4 or less.
If the molar ratio exceeds 4, the compatibility thereof to carbon
dioxide decreases.

In addition, if required, the lubricating oil of the present
invention may be suitably added with any of various additives, which
have been commonly used in the art, including: agents for imparting
load capacities; chlorine scavengers; antioxidants; metal

deactivators; anti-foaming agents such as silicone; detergent
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whi ch can be used, include: those based on organosul fur conmpounds, such as
nonosul fi des, polysulfldes sul f oxi des, sul fones, thiosulfinates,
sulfurlzedfatand0|l t hi ocar bonates, thiophenes, thiazoles, and

net hanesul foni ¢ esters; t hose based on phosphoric esters, such as
phosphori c nonoesters, phosphoric diesters, and phosphoric triesters
(tricresyl phosphate); those based on phosphorites, such as phosphorous
nonoest ers, phosphorous diesters, and phosphorous triesters; those based on

thi Oph%%g%&ls%n%'dﬁ%tc%rat %%Ee I@Poﬁ;&r@pwm Sdaiéﬂt‘?ét%éh égose

based on aC|d esters,” suc atty aci ydroxyaryl atty
aci ds, rboxylic ac d containin yalc hol esters a e esters
Chose. BASEY it gantE EREO £0Bs SUeRLT I BF | Fdred Hydr Bt

chl orinated carboxylic acid derlvatlves t hose based on organic quorldes,
such ashioyémiangCedoara bhini c c¥AXISERy | PECSRIER, A0BNGST | Sia¢led 3t hyh bher
resins, fluorinated al kyl polysiloxanes, and fluorinated graphite; those
based @l@n@lou:mld(sl;san‘si.uehuas ayeglier; aattohotroandetdurse dyvased myurgt@lnt
conpounds, such as napht henates (|ead naphthenate), fatty acid salts (fatty

acid | kessagt@hiophosphates (di al kyl phosphorodithioate), thiocarbamc
acid sa organonnlybdenun1conpounds organoti n conpounds,

L N

gL%ng¥gy§§Pg%Bgv$§%%@.?égéiﬁégoﬂﬁugga&asegpéxlg%ggngéﬁfgﬁgjéeﬁggékds,
such as monosulfides, polysulfides, sulfoxides, sulfones,
thiosulfinates, sulfurized fatandoil, thiocarbonates, thiophenes,
thiazoles, and methanesulfonic esters; those based on phosphoric
esters, such as phosphoric monoesters, phosphoric diesters, and
phosphoric triesters (tricresyl phosphate); those Dbased on
phosphorites, such as phosphorous monoesters, phosphorous diesters,
and phosphorous triesters; thosebased on thiophosphoricacidesters,
such as thiophosphoric acid triesters; those based on fatty acid
esters, such as higher fatty acids, hydroxyaryl fatty acids,
carboxylicacid-containingpolyalcohol esters, andacrylateesters;
those based on organic chlorides, such as chlorinated hydrocarbons
and chlorinated carboxylicacidderivatives; thosebasedonorganic
fluorides, such as fluorinated aliphatic carboxylic acids,
fluorinated ethylene resins, fluorinated alkyl polysiloxanes, and
fluorinated graphite; those based on alcohols, such as higher

alcohol; and those based on metal compounds, such as naphthenates

(lead naphthenate), fatty acid salts (fatty acid 1lead),
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conpounds cont ai ni ng epoxycycl oal kyl groups. Exanples of the antioxidants,
whi ch can be used, include phenols (2,6-di-tertiary-butyl-p-cresol)and
aromatic anmines (a:naphthyl anine) . Exanples of the netal deactivators

i ncl.ude benzotriazole derivatives. Exanples of the anti-foam ng agents

i nclude silicone oil (dinethylpolysiloxane) and pol ynet hacryl ates. Exanpl es
of the detergent dispersant, which can be used, include sulfonates,
phenat es, and succinate i m des. Exanples of the viscosity index inprovers,

whi ch ' : sobut Y

etL§Ieﬁe (ﬁﬁly ené]%%;&#gglgglyggégﬁﬁgroggﬁgﬁogg%gylrene déen%ﬁ%%pgfyners
The bleagﬁi anount of of those addlt#ves (S t%$ cally n_the range of
about C to THRBIRP %I?Lﬁnref%(?%%%n Y t he®Tq %F”énouﬁ?me’ updg-

| ubricating oil. [0050] Further, the lubricating oil of the present
|nvent|QﬁgaHQ9%ﬁm%QﬂHQaGQWPQHﬂ@ﬁeJam@f@@@ﬁ#%uﬁ%teE§anples of the natura
refrigerants include a carbon dioxide (C02) refrigerant, an ammoni a
refriger@9] and a Hxahpdesy bbérthreethilgeiaptscBierxany) edhiath cae Hyydsedar bon
refrigerant include isobutane, n-butane, and propane, and a m xture

t her eof i hdhesd é'@rﬁ;b@@ﬁdié‘ﬁoﬁ*t'a1ﬁf1nb|'bginlQﬁﬁr‘éthé‘z\!@@bh9@ ics-Excelh 8REdEB,
| ubrication property as well as conpatlblllty to a carbon-di oxi de

el T 9Nt L PANLLOULAr JERArELREEscbl sl SRy APl Yq Uand 3% 811 UBRkeati ng

oi |l of Fcul af I'ng a car
compounds containing epoxycycloalkyl groups. Examples of the
antioxidants, which can be used, include phenols

(2,6-di-tertiary-butyl-p-cresol)and aromatic amines (o-naphthyl
amine). Examples of the metal deactivators include benzotriazole
derivatives. Examples of the anti-foaming agents include silicone
0il (dimethyl polysiloxane) andpolymethacrylates. Examples of the
detergent dispersant, which can be used, include sulfonates,
phenates, and succinate imides. Examples of the viscosity index
improvers, which can be wused, include polymethacrylates,
polyisobutylenes, ethylene-propylene copolymers, and hydrogenated
styrene-diene copolymers.

The blending amount of each of those additives is typically
in the range of about 0.001 to 10% by mass with reference to the
total amount of the lubricating oil.

[0050] Further, the lubricating oil of the present invention
is suitable for natural refrigerants. Examples of the natural
refrigerants include a carbon dioxide (CO,) refrigerant, an ammonia

refrigerant, and a hydrocarbon refrigerant.
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conpression refrigerant. Further, in the present invention, any of m xture
refrigerants of the respective natural refrigerants as described above may
be wused. In addition, mxture refrigerants of the above-nentioned natural
refrigerants with HFC refrigerants, fluorine-containing ether refrigerants,
and fluorine-free refrigerants such as dinethyl ethers may be al so used.

[ 0051] Next, the refrigeration unit of the present invention is

construct edof a systen1for circulating a conpression refrigerant. The

system i ncl udgs t)% C%ﬁ@r Yor r%‘%@%%sf%{ t 3R CANRRNS AR, taREhani sm
(e.g., an expan5|on va ve an evaporator ternatively, the sy dtem
essentlall |nclude$ congﬁessor gnden%E g expansi on nechanlsn1 a
drier, frey aPie? X brP 3 he a?@f?lﬂé? EFSntORFEOSF the present invention

preferably uses a natural refrigerant, such as carbon dioxide, and the

| ubricating oihe dﬂlbrth@t;}rf&éhtl PRV PERSES %V?@ﬁﬁpﬁgl%quqeﬂéferﬂtgéﬂat or
oil). Here, the drier is preferably filled with a desiccating agent

consi stlugrbfazba igmpdtthy aspeeéldaamstrepatoibBl bt tar al easbohRdidide
addition, the zeolite may be natural zeolite or synthetic zeolite. [0052)

In the Pé?ﬁﬁf@rérﬁ‘tyentﬂrp@aﬂtﬁ%d«l%ﬁr oft RUET A desitcaat ishd t add&§Nusedas a
efficiently renove nnlsture mﬁthout absorblng a refrlgerant during the

d f
Pre. SasnBiCEIAGTERN, 1 oY cloRug S PLERUELXaPLEVER R BPUSELARY on ©
pOSSIbI|é

due
ég}égsfggsfggrlgerant
Further, in the present invention, anyof mixture refrigerants
of the respective natural refrigerants as described above may be
used. In addition, mixture refrigerants of the above-mentioned
natural refrigerants with HFC refrigerants, fluorine-containing
ether refrigerants, and fluorine-free refrigerants such as dimethyl
ethers may be also used.
[0051] Next, the refrigeration unit of the present invention
isconstructedofasystemforcirculatingacompressionrefrigerant.
The system includes at least a compressor, a condenser, an expansion
mechanism (e.g., an expanhsion valve), and an evaporator.
Alternatively, the system essentially includes a compressor, a
condenser, an expansion mechanism, a drier, and an evaporator. The
refrigerationunitof thepresent inventionpreferablyusesanatural
refrigerant, such as carbon dioxide, and the lubricating oil of
the present invention as lubricating oil (refrigerator oil).
Here, the drier is preferably filled with a desiccating agent

consisting of zeolite with a pore diameter of 3.5 A or less. 1In
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bl ockage of a pipe arrangenent caused by the powderization of the

desi ccating agent, abnormal abrasion due to the invasion of the powder into
a sliding part of the conpressor, or the |like thereby allow ng the
refrigeration unit to be stably driven for a long period of tinme. Further,
the refrigeration unit of the present invention constitutes a circulation
systemas a refrigerating cycle in the refrigeration unit such as a cl osed
conpressor of a high- or lowinternal pressure type, in which both a

conpr eﬁa’%g{ i &g anpel ?Qéi%ﬁe Pe ﬁé’EuEQYei&S’ll"‘&é R ASGATRRR {GOYEL;  PE MRy be

an opene sem -cl ose essor or a canned-noto conpressor I'n which
a drivj art of th r essor. l.aced_.out si de 3].,ln. an of t he
fypes B bed abdietnf BIAs St BYBBRA SR Hlt® s wfn%fﬁb 2381 80 Pary
part of an electric nDtor notor) has a core wire , a magnetic wire)
cover e®dfntth &sanelefd@iegtly gF&@@VﬁraHQFFFBﬁeteW%%h@PEreabﬁoiéeégoraan
enaneled wire fixed wth varnish having a glass transition tenperature of
50C or moffmi.geraurtt hdurinkge ehnamgderxiocer bfig & s rnerfefieyetdtyiraf aysilegl entlayer
of 33 polyester imde, polyimde, polyam de, or polyam de imde or of a

nul ti plsirhareinddigygpbreh@npapbivaskabat @dnenatle ce¥eicaginghbeBnti Gue
prepared by lam nating a | ayer having a high glass transition tenperature

as an W%Es'%&fa&&}f%ﬂﬁayefhé}aé’f&ge a chQweol ass, ?O%%ilbtllqu’_ benpghai Hge as a

| ower |ayer, 1S~ exce i'n water resistance, tening resistance, “and

swel [ r13910 %(Salgset %r%ce p:?ge\’\ae]!”rlar%sen%(r?t?lclaeunsted by the powderization of the

desiccating agent, abnormal abrasion due to the invasion of the
powder into a sliding part of the compressor, or the like thereby
allowing the refrigerationunit to be stably driven for a longperiod
of time.

Further, the refrigeration unit of the present invention
constitutes a circulation system as a refrigerating cycle in the
refrigeration unit such as a closed compressor of a high- or
low-internal pressuretype, inwhichbothacompressorandanelectric
motor are covered with a common cover, or may be an opened or
semi-closed compressor or a canned-motor compressor, in which a
driving part of the compressor is placed outside.

[0053] In any of the types described above, it is preferable
that the winding of a stationary part of an electric motor (motor)
has a core wire (e.g., a magnetic wire) covered with enamel having
a glass transition temperature of 130°C or an enameled wire fixed
with varnish having a glass transition temperature of 50°C or more.

Further, the enamel covering is preferably of a single layer of
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in mechanical strength, rigidity, and insulation, thereby having a high
practical utility value. Further, in the refrigeration unit, an insulation
filmwhich serves as an electrical insulation material of a notor part is
preferably oné made of a crystalline plastic filmhaving a glass transition
tenperature of 60C or nore. In particular, the crystalline plastic film
maypr ef er abl ybe one containing an oligoner in anount of 5% by nass or |ess.
Pref erabl e exanpl es of such the crystalline plastic having a glass

tranS|t| n tenperature of GOC 0 ncl olyether. nitri

ol et HYT SRS (5 cdRa LY 51 B BV LS g 0 LY R IR of PEHENgFeRd

sul fide, polyether et her ket one, polyethylene napht hal ate, pol yam de_i m de,
and pol%/mﬁll@léplﬁnl%m themeothe TRAALRIBH 5/ AnFnamRl foked-ifcht WBAES not or
may be made of a single-layered crystalline plastic film alternatively it
may be iss qorgpesidde biyi [Llemiimawtineh aalplyast havliageas hhaiii gjaashtghngliassn
transition tenperature covers a filmhaving a |ow glass transition

t enper atdie rathdd894h hpd Pe afehrdgaralyan 8pi hg®f 160 IRRsephnk Py ephi on, a
rubber material for vibration insulation can be arranged in the conpressor.

[ Chi S Sas8.a e rabher, mperd o whi b o s 4abl vy Weed: ! scgne, select ed

fronlacry oni uta iene ru ene- pr opyl ene-drené f ubber

(EPDM EPM, hydro enat ed acaylon&trlle but adi ene rubber. (HNBR), S|I|cone
r ubber S nirg re 1stance and swelling resistance, as well as excéllent

in mechanical strength, rigidity, and insulation, thereby having
a high practical utility value.

Further, in the refrigeration unit, an insulation film which
serves as an electrical insulation material of a motor part is
preferably one made of a crystalline plastic film having a glass
transition temperature of 60°C or more. In particular, the
crystallineplasticfilmmaypreferablybeonecontaininganoligomer
in amount of 5% by mass or less.

Preferable examples of such the crystalline plastic having
a glass transition temperature of 60°C or more include polyether
nitrile, polyethylene terephthalate, polybutylene terephthalate,
polyphenylene sulfide, polyether ether ketone, polyethylene
naphthalate, polyamide imide, and polyimide.

In addition, the insulation filmof the above-mentioned motor
may be made of a single-layered crystalline plastic film;
alternatively it may be a composite film in which a plastic layer
having a high glass transition temperature covers a film having

a low glass transition temperature.
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fluorine rubber (FKM. Particularly preferable is one having a
rubber-swelling rate of 10% by mass or |less. Further, in the refrigeration
unit of the present invention, any of various organic naterials (e.g., lead
wire-covering materials, binding threads, enaneled wires, and insulation
films) can be arranged in the conpressor. In this case, however, the
organic material, which can be suitably used, is one having a tensile
strength lowering rate of 20%or less. In the refrigeration unit of the

present 1nvention, further it is preferaple.that a gasket. in the
Corpr s RS o sl Trgr e Rt aeER 085, BF TFets THi0BRSE Rl L Ve Firc 2
exanpl es of the refrigeration unit of the present invention include a

cl osed BEYT Tl ofor av v ieatelon s sigl 2bhph eesBrbe aakrasedadr dundheri p
conpressor, and a closed rotary conpressor. Here, an exanple of the closed

rot ary conmpressar. Wikl thhe deseri hed wiubberehetendelt ehiiha aecenpaapilgg
drawing. Fig. 1 is a cross-sectional diagramof a main part of an exanple

of a closed tMdird A 1EUPF BB O c Bl Omer ki Nl Bhtdhechef Fhggeat iQBR) 35 unit
of the present invention. A notor part (electric notor part) is housed in a

case as g pRAled Cant aliery; I O B0 SeT kesns A TESSLXGLE, 00 | he

upper st 1on, @a conpressor pa ~case on the

| oner SLags e [TLGL Patiols ) SRS VoSl 2.s0ator (statonary part) 2

the nDtgyuorine rubber (FKM). Particularly preferable is one having a
rubber-swelling rate of 10% by mass or less.

Further, in the refrigeration unit of the present invention,
anyof various organicmaterials (e.g., leadwire-coveringmaterials,
binding threads, enameled wires, and insulation films) can be
arranged in the compressor. In this case, however, the organic
material, which canbe suitablyused, isonehavingatensile strength
lowering rate of 20% or less.

In the refrigeration unit of the present invention, further,

it is preferable that a gasket in the compressor has a swelling
rate of 20% or less.
[0055] Next, specific examples of the refrigeration unit of
the present invention include a closed scroll compressor, a closed
swingéompressor,aclosedround—tripcompressor,andaclosedrotary
compressor. Here, an example of the closed rotary compressor will
be described with reference to the accompanying drawing.

Fig. 1l is across-sectional diagramof amainpart of an example

of a closed twin-rotary compressor as one kind of the refrigeration
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roller 3 by fitting together. In addition, a wnding part 5 of the stator 2
has a core wire generally covered with an enaneled wire, and furthernore an
el ectrical insulation filmis arranged between the core wire and the

wi nding part of the stator 2 by insertion. On the other hand, a conpressor
part is constructed of two conpression chanbers, that is, an upper
conpression chanber 6 and a | ower conpression chanber 7. The conpressor

di scharges conpressed refrigerant gas alternately fromthe upper and | ower
conpression chanbers 6 and 7 at, a phase difference of 180 degrees. In the
conpr es¥dn OEhBRB R Te SR NVIFYS IR - 1 HtBRFRE At dflies thiiVBRTRY BaEFank
inserted therein and then eccentrically rotates while touching one point of
t he walls mwrdeateiofa tdesaydd mlesealed athitdiorgr a whiele aksgpsénygesoaded and
reci procates so that the tip of the blade can always touch the rotating

pi st on.arHeyiQ, reheiidie,r enatthrg upbetrostageent Ih cadd it 1 6h At £ScohbPeessa@paci ty
of one of two spaces divided by the bl ade decreases, thereby conpressing

refri : n;th r re.r rtadn a Y,
ggj’c?aﬁoﬂn 19830, W08 1%1 BHR £SSHT &n raaches & %ecatggé. Tﬁ%%@‘éﬁgrgé@% fﬁe

provid a bearing flange surface opens, thereby 36 discharging the
he  SETRIOCES b prLssbr Ly DLk IRy paEH mal Brebyt RfaFed oL Tt o
conpressor, and the canned notor conpressor nmay be an ammobnia conpressor.
EXAMPLESotator) 3, in which a rotation shaft 4 is attached to the motor
roller 3 by fitting together. In addition, a winding part 5 of the
stator 2 has a core wire generally covered with an enameled wire,
and furthermore an electrical insulation film is arranged between
the core wire and the winding part of the stator 2 by insertion.
On the other hand, a compressor part is constructedof two compression
chambers, that is, an upper compression chamber 6 and a lower
compression chamber 7.
The compressor discharges compressed refrigerant gas
alternately from the upper and lower compression chambers 6 and
7 at a phase difference of 180 degrees. In the compression chamber,
a cylindrical rotating piston is driven by a crank inserted therein
and then eccentrically rotates while touching one point of the wall
surface of the cylinder. 1In addition, a blade is spring-loaded and
reciprocates so that thetipof thebladecanalways touch the rotating
piston. Here, when the rotating piston eccentrically rotates, the
capacity of one of two spaces divided by the blade decreases, thereby

compressing refrigerant gas. When the pressure reaches a certain

degree, a valve provided on a bearing flange surface opens, thereby
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[ 0056] Next, the present invention will be described in nore detail with
reference to exanpl es. However, the present invention is not limted by the
exanpl és descri bed bel ow. [0057] Catal yst Preparation Exanple 1 A 2-liter

aut ocl ave madé of SUS316L was fed with 6 g of a nickel diatomaceous earth
catal yst (a product of Ni kki Chem cal Co., Ltd.; N113) and 300 g of

i sooctane. The autoclave was purged with nitrogen and then purged with

hydr ogen, followed by increasing the tenperature therein while the pressure
of hyd en was adj aG  After retaining the autoclave at 140C

ro. sted to 3.0
for 30 % %ﬁ%quughﬁﬂ AT s ool ¥ 35S vom tenperature. The aut ocl ave
was purged with nitrogen and then fed with 10 g of acetal dehyde di et hyl

acetal . The Tagt o waempuegedrwialy me ragearadgdiiT il i thieongr gebiewi t h

hydrogen, followed by increasing the tenperature therein while the pressure
of hydrszgen-classeall] ushedessod. ImdfPate Akt enigbtapaedg mhetiaaydthdeeedt 130C
for 30 mnutes, the autoclave was cooled to room tenperature. A decrease in

hydr ogeRmpresHye Wasd CORE | taRdeas Mdter TomPeeiiop Rk yag! addelydendhet hyl
acetal proceeded while an increase in tenperature allowed an increase in

i nner I the autoclave. Wen the pressure decreased to 3.0 MPaG or
| ess, ﬁ%ﬁ?ﬁ%ﬁ%cﬁgs additionally supplied, thereby keeping the reaction
pressure at 3.0 MPaG The autoclave was cooled to roomtenperature and then
depressurized. Subsequently, the autoclave was purged with nitrogen and

t hen depressuri zed.
EXAMPLES

[0056] Next, the present invention will be described in more
detail with reference to examples. However, the present invention
is not limited by the examples described below.
[0057] Catalyst Preparation Example 1

A2-liter autoclave made of SUS316L was fedwith 6 gof anickel
diatomaceous earth catalyst (a product of Nikki Chemical Co., Ltd.:;
N113) and 300 gof isooctane. The autoclave was purgedwithnitrogen
and then purgedwith hydrogen, followedby increasing the temperature
therein while the pressure of hydrogen was adjusted to 3.0 MPaG.
After retaining the autoclave at 140°C for 30 minutes, the autoclave
was cooled to room temperature. The autoclave was purged with
nitrogen and then fed with 10 g of acetaldehyde diethyl acetal.
The autoclave was purged with nitrogen again and then purged with
hydrogen, followed by increasing the temperature therein while the
pressure of hydrogen was adjusted to 3.0 MPaG. After retaining the
autoclave at 130°C for 30 minutes, the autoclave was cooled to room

temperature. A decrease in hydrogen pressure was confirmed as the
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[ 0058] Production Exanple 1 A 1-liter separable flask nmade of gl ass was fed
with 60.5 g of isooctane, 30.0 g (2.50x10-1 nol) of diethylene glycol
nmonomet hyl ether, and 0.296 g of a boron trifluoride diethyl ether conplex.
Subsequently, 216. 3 g (3.00 nol) of ethyl vinyl ether was added over 3
hours and 35 mnutes. A reaction was exothermc, so a reaction solution was
kept at 25C by placing the flask in an ice-water bath. After that, the
reaction solution was transferred to a 1- Iiter separation funnel and washed

with 5 a_ 2% o] hen
ve heo e ufo B RIS AN p ML 20 bRy B o G5 padoLhe
sol vent and Ilght conponent s uS|ng a rg%géy evagorator der redfced
pr essur’d LB EYLERE By lowedan 1cpEage d S BHEEEURAS IO QPHEACLFKE - cr ude
product had kinematic viscosities of 79.97 mR/s at 40C and 9.380 nmmR/s at
100C. Nha@n the puessineedesmeaissidng-a he. @ alBe§sorprlgsarediYdrodzn avgst

Preparation Exanple 1 was opened and a liquid |ayer was 38 then renoved by

decant afddirt i dred 1 lowedidpyl icduiyr gi Hegr SOP e @b i i OiEd arkea c thein 19Pe gsatet he
above-nenti oned crude product. The autoclave was purged with nitrogen and

then pu gedipyd.h I@}{gr 99%8(:15%' Q‘A’%dc%lehn%eﬁébﬂgtéﬂﬂ ekggﬁ?éaBH&etBBﬁr ein

whil e the pressure of hydrogen was adjusted . aG After retaining

t he aut clave at. 1QPC 3 hougﬁ_ th% autoc%ngamas cool ed to r oo

f
t enper at ure. SO Ehise Sour?Srw royen ‘pr &8Sur 2 10RS T R0hf iTaredPRE IFRe PokRti on

proceeded while
nitrogen and then depressurized.

[0058] Production Example 1

A 1-liter separable flask made of glass was fed with 60.5 g
of isooctane, 30.0 g (2.50x10 ' mol) of diethylene glycol monomethyl
ether, and 0.296 g of a boron trifluoride diethyl ether complex.
Subsequently, 216.3 g (3.00 mol) of ethyl vinyl ether was added
over 3 hours and 35minutes. Areactionwas exothermic, soareaction
solution was kept at 25°C by placing the flask in an ice-water bath.
After that, the reaction solution was transferred to a l-liter
separation funnel and washed with 50 ml of a 5% by mass aqueous
solution of sodium hydroxide and then washedwith 100ml of distilled
water sixtimes, followedbyremovingthe solvent andlight components
using a rotary evaporator under reduced pressure. Consequently,
235.1 g of a crude product was obtained.

The crude product had kinematic viscosities of 79.97 mm?/s
at 40°C and 9.380 mm®/s at 100°C.

Next, the autoclave containing the catalyst prepared in

Catalyst Preparation Example 1 was opened and a liquid layer was
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an increase in tenperature allowed an increase in inner pressure of the
autocl ave. Wen the pressure of hydrogen decreases, hydrogen was suitably
supplied, thereby keeping the inside of the autoclave at 3.0 MPaG The
autocl ave was purged with nitrogen and then depressurized, followed by
recovering a reaction solution and then renoving the catalyst therefrom by
filtration. Afiltrate was subjected to a rotary evaporator under reduced
pressure to renove the solvent and |ight conponents. Consequently, a base

I e R L

CH31 (B = CH2 , [ (B).,nmolar, ratio (kK = 11, k+p,=.12 (average
Vil ue) A 08 €atoirie 8P VRGRERR AP CHer GES G SHEE 11 OO Al CPEI AYEA"ER)
represented below. In addition, a carbon/oxygen nolar ratio was 3.64.

[ 0059] Huatad 8]1tdo ndArqaEn aad dhpercHyuE qHMIGH) R yirogemy R hiwedrRdyY

[ 0060] Production Exanple 2 A 1-liter separable flask made of glass was fed
wi th 6Qrcmpasiing shectamper2bu®y tHe 60 Getliniod fthef pdepsopyl efiehgiycgén
nmononet hyl ether, and 0.200 g of a boron trifluoride diethyl ether conplex.
Subsequeny ajuk3dd8te §1lodepam! ) 2aft ot helainivly ehBeguvesiadded: pyerc3

hours.

for 3hours, theautoclavewascooledtoroomtemperature. Adecrease
in hydrogen pressure was confirmed as the reaction proceeded while
an increase in temperature allowed an increase in inner pressure
of the autoclave. When the pressure of hydrogen decreases, hydrogen
was suitably supplied, thereby keeping the inside of the autoclave
at 3.0 MPaG. The autoclave was purged with nitrogen and then
depressurized, followed by recovering a reaction solution and then
removing the catalyst therefrom by filtration.

A filtrate was subjected to a rotary evaporator under reduced
pressure to remove the solvent and 1ight components. Consequently,
a base o0il 1 was obtained. The yield thereof was 88.5 g. A
theoretical structure of the base 0il 1 estimated from the feed
was (A) RY = CH,CH;, m = 2, R® = CH3, (B) R* = CH,CHs;, (A)/(B) molar
ratio (k/p) = 1/11, k+p = 12 (average value), and a calculated
molecular weight of 940, from the formula (X) represented below.

In addition, a carbon/oxygen molar ratio was 3.64.

[0059] [Chem 8]
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After that, 151.8 g of a crude product was obtained by the same way as that
of Production Exanple 1. The crude product had kinenmatic viscosities of
86.24 nmR/s at 40C and 9. 620 mm®2/s at 100C. Next, the autoclave contai ning
t he cat al yst prepared in Catalyst Preparation Exanple 1 was opened and a
Irqurd | ayer was then renoved by decantation, foll owed by charging 300 g of
i sooctane and 100 g of the above-nentioned crude product. The autocl ave was
purged with nitrogen and then purged with hydrogen, followed by obtaining a
base oil 2 by ng same way as égft of Production Exanple 1. The yield

t hereof was 922’ g. A theoreti structure of the base oil 2 estimated

fromthe_f i_S ) RY = m=2, (R = CH3, (B) Rx = CH2CH3,
(A)/(B?qnoﬁéghr E k(R7 j(G g +pH— 11 (average value), and a
cal cul ated nol ec Iag ght of from the fornmula (X) . In addition, the

car bon/ oxygen moO&R GQﬁRo is 3.0R" 40 [0061] Production Exanple 3 A 1-liter
separable flask nmade of glass was fed with 60.5 g of toluene, 25.0 g

(1. 52x1rokoml ) of prbigelidiloenex@myaed onononet hyl  ether, and 0.180 g of a
boron trifluoride diethyl ether conplex. Subsequently, 158.0 g (2.19 nol)

of ,SLhyl vinyl 1ethec vaspaddede gysgkég&gé”ﬁ@ﬁ%?é@é"%%swﬂéht 6b,5hat .

174.7 g of a crude product was obtain same way as that of
oot on BXamle Lo e e, Boguel oo KLOTRLLS VRS 0. O
ether, and 0.200 g of a boron trifluoride diethyl ether complex.
Subsequently, 133.8 g (1.86 mol) of ethyl vinyl ether was added

over 3 hours.

After that, 151.8 g of a crude product was obtained by the
same way as that of Production Example 1. The crude product had
kinematic viscosities of 86.24 mm’/s at 40°C and 9.620 mm°/s at 100°C.

Next, the autoclave containing the catalyst prepared in
Catalyst Preparation Example 1 was opened and a liquid layer was
then removed by decantation, followed by charging 300 g of isooctane
and 100 g of the above-mentioned crude product. The autoclave was
purged with nitrogen and then purged with hydrogen, followed by
obtaining a base 0il 2 by the same way as that of Production Example
1.

The yield thereof was 92.4 g. A theoretical structure of the
base 0il 2 estimated from the feed is (A) RY = CH(CH:)CH,, m = 2,
R? = CHs;, (B) R* = CH,CHs;, (A)/(B) molar ratio (k/p) = 1/10, k+p =
11 (average value), and a calculated molecular weight of 896, from

the formula (X). Inaddition, thecarbon/oxygenmolarratiois3.77.
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Next, the autoclave containing the catal yst prepared in Catalyst
Preparation Exanple 1 was opened and a |liquid |ayer was then renoved by
decant ati on, followed by charging 300 g of isooctane and 100 g of the
above-nenti oned crude product. The autoclave was purged with nitrogen and
then purged with hydrogen, followed by obtaining a base oil 3 by the sane
way as that of Production Exanple 1. The yield thereof was 93.0 g. A

t heoretical structure of the base oil 3 estinmated fromthe feed is (A RY =

CH2CH2, =3, RZ = (B = 2 1 (A/(B) nolar ratio (k/ip) =

1/ 13. 4, [(Eq%lﬁ 14. 4 Plf%%%%b%g v%‘(%%‘i%_' % a cal cul ated nol ecul ar wei ght of
1,157, from the formula (X) . In _addition, the carbon/ oxygen nolar ratio
is 3.60. [006 Frisducerat adansilesk pagdel pfefligparadl eed e e &
glass was fed with 60.5 g ofisooctane, 51.6g (2.50x10-1Inol)

of t ri prapydodnegleyca@brinpnit.fhax 1041 metliepf tantk 0hPdéng wify e bavonmetihfiluor i de
di ethyl ether conplex. Subsequently, 198.4 g (2.75 nol) of ethyl vinyl

et her waeshagddechd avers® qer o dadoh0 tHifaLesidd4 Hiéts yof edhetrudempnesuct was
obtained by the sane way as that of Production Exanple 1. The crude product

had ki nesid 6 seosi 166505 93: 13 TR So! o4AC1200n0: 75BNERPL S BaklOC

Next , u ave containfng the catal yst prepare
Preparat.i on anple 1 opened and a liquid | ayer was then renoved by
decant a?Y%ﬁ,Eﬁb??ﬁ\e%ln%\@f% Jr%]ilﬂ%SBOO g of isooctane
After that, 174.7 g of a crude product was obtained by the
same way as that of Production Example 1. The crude product had
kinematic viscosities of 81.98 mm°/s at 40°C and 9.679 mm*/s at 100°C.
Next, the autoclave containing the catalyst prepared in
Catalyst Preparation Example 1 was opened and a liquid layer was
then removed by decantation, followed by charging 300 g of isooctane
and 100 g of the above-mentioned crude product. The autoclave was
purged with nitrogen and then purged with hydrogen, followed by
obtaining a base 0il 3 by the same way as that of Production Example
1.
The yield thereof was 93.0 g. A theoretical structure of the
base 0il 3 estimated from the feed is (A) RY = CH,CH,, m = 3, R? =
CHs, (B) R* = CH,CHs;, (A)/(B) molar ratio (k/p) =1/13.4, ki+p =14.4
(average value), and a calculated molecular weight of 1,157, from
the formula (X). Inaddition, the carbon/oxygenmolar ratiois 3.60.
[0062] Production Example 4
A 1-liter separable flask made of glass was fed with 60.5 g

of isooctane, 51.6g (2.50x10" mol) of tripropyleneglycol monomethyl
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and 100 g of the above-nentioned crude product. The autoclave was purged

wi th nitrogen and then purged with hydrogen, followed by obtaining a base
oil 4 by the same way as that of Production Exanple 1. The yield thereof

was_92.6 g. A'theoretical structure of the base oil 4 estimated fromthe

feed is (A) RY = CHCH3)CH2, m=3, Rz = CH3, (B) Rx = CH2CH3, (A)/(B)

nolar ratio (k/p) = 1/10, k+p = 11 (average value), and a cal cul ated

nmol ecul ar meight of 954, fron1 the formula (X) . In addition t he carbon/
oxygen ar rat 1. 63] Productio -liter separable
flask nRHeSbf %IF ‘g‘-?eoaf \ﬁ %‘P 21%1 r&%liu%l @8%1%“@& &t 806185 %01 ) of
2- met hoxyet hanol , and A a boron trifluoride dlethyl et her_ conpl ex.

SubsequelpF§aUaRDLY, b9§140@ ﬁ%+75omohétﬁ5x?ébﬁ§lVWPM}Ieé@ﬁérwﬁésagé&éd over
3 hours and 35 mnutes. A reaction was exothermc, so a reaction solution
42 was &eet 3ahorBEand pPacimgahe R4dsK ¢ ofam dresleptedubatirs Abterined
conpletion of the reaction, the reaction solution was transferred to a

1-1iterpgepa abmenvd yrekhatod f evesint iaddickiaap 1ef 1an Bagequsie pebdlicenof
| 0% ymass of sodiunhydroxide until the reaction solution was alkalinized.

Subsequent| yyndfier 1E2614 005 OLLLT O 4851 3 LTSS G o A0 bl ST Rl ant

type flas I on- exchange resin, and stirre ize the
reaction nggzéon Fron1the solution, the solvent noi sture, and |ight
conponeh At s removed using a rotary evaporator under reduced pressure,

resul ting o _
Next, the autoclave containing the catalyst prepared in

Catalyst Preparation Example 1 was opened and a liquid layer was
then removed by decantation, followed by charging 300 g of isooctane
and 100 g of the above-mentioned crude product. The autoclave was
purged with nitrogen and then purged with hydrogen, followed by
obtaining a base 0il 4 by the same way as that of Production Example
1.
The yield thereof was 92.6 g. A theoretical structure of the
base 0il 4 estimated from the feed is (A) RY = CH(CHs)CH,, m = 3,
= CH;, (B) R® = CH,CHs, (A)/(B) molar ratio (k/p) = 1/10, k+p =
11 (average value), and a calculated molecular weight of 954, from
the formula (X). Inaddition, thecarbon/oxygenmolarratiois3.71.
[0063] Production Example 5
A 1-liter separable flask made of glass was fed with 43 g of
toluene, 6.09 g (8.00x107% mol) of 2-methoxyethanol, and 0.095 g
of a boron trifluoride diethyl ether complex. Subsequently, 102.1
g (1.00 mol) of methoxyethyl vinyl ether was added over 3 hours

and 35 minutes. A reaction was exothermic, so a reaction solution
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in 106.4 g of a crude product. The crude product had kinematic viscosities
of 78.53 m/s at 40C and 12.34 mm¥/s at 100C. Next, the autoclave

cont ai ni ng the catalyst prepared in Catalyst Preparation Exanple 1 was
opened and a iiquid layer was then renoved by decantation, followed by
charging 300 g of isooctane, 50 g of 2-nethoxyethanol, and 68 g of the
above-nentioned crude product. The autoclave was purged with nitrogen and
t hen purged mﬁth hydr ogen, followed by increasing the tenperature therein
while the pressyrecol hydnagen yasadiusted, g, 30 WA, ALLST. T 8laini no
t he aut cf it ocl Ave Was ool ed

t emper at ur e, It mas reco nrzed that an i ncrease .in tenperature auseg an

i ncr ease T §ir s e tHE FRRCTLAE ot & a1 B0d Uji@oyes pfesshrere
decreased as the reaction proceeded. Wen the hydrogen pressure decr eased,
hydr ogelp was-148eadskraontl ¢y Supsliedo lilloeechh ykadpl hgon el adaaalequs
pressure at 3.0 MPaG The autoclave was purged with nitrogen and then

depr essaslwzteichn & ol 0gWRthdys 6 6lsloeld tuimtgy d fex Tdaah t 0 b thel tdd oni @mdo 1 nedow ng
the catalyst by filtration. Afiltrate was subjected to a rotary evaporator

under rgduced | DriesSAEE, to éeﬁegauEHe1§olveﬂg aPQaE@?oh'QBBlEQHBH”eQE§

thereby obtaining a base oil 5. "The yield thereof mas 57. . A theoretical
structure of.the base orI 5.;estimte f i.s (A 2 CH m =
1R TSR E80Y 0 2 T EER Y e 1505 (Bhghl o

ion—exchangeresin,andstirredtoneutralizethereactionsolution.
From the solution, the solvent, moisture, and light components were
removed using a rotary evaporator under reduced pressure, resulting
in 106.4 g of a crude product. The crude product had kinematic
viscosities of 78.53 mm®’/s at 40°C and 12.34 mm®/s at 100°C.

Next, the autoclave containing the catalyst prepared in
Catalyst Preparation Example 1 was opened and a liquid layer was
then removed by decantation, followed by charging 300 gof isooctane,
50 g of 2-methoxyethanol, and 68 g of the above-mentioned crude
product. The autoclave was purged with nitrogen and then purged
with hydrogen, followed by increasing the temperature therein while
the pressure of hydrogen was adjusted to 3.0 MPaG.

After retaining the autoclave at 160°C for 3 hours, the
autoclave was cooled to room temperature. It was recognized that
an increase in temperature caused an increase in pressure of the
autoclave, while the hydrogen pressure decreased as the reaction
proceeded.

When the hydrogen pressure decreased, hydrogen was
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nmol ecul ar weight of 1,277, fromthe forrmula (X) In addition, the

carbon/ oxygen nolar ratio is 2.50. (0064] Production Exanple 6 Al-liter
separ abl e flask made of glass was fed with 60.5 g of isooctane, 50.0 g
(1.85x10-1 noi) of pol ypropyl ene glycol nonomethyl ether (having an average
nmol ecul ar wei ght of about 270), and 0.224 g of a boron trifluoride diethyl
et her conplex. Subsequently, 122.8 g (1.70 nol) of ethyl vinyl ether was
added over 1 hour and 50 ninutes After that, 167.7 g of a crude product

was obt_gj 1 ﬁﬂ%ﬁ n. cL
producfﬁkgggklnengflc |5005|t|es YO% %%Pﬁ#2§ﬁg g%%%?andﬁrggggienngls at
100C. t, aut gcl ave cont ai ni n the cat prepared in

Pr epar ﬁ‘?oonMéﬁgnpl el 4e @Y e aH a E?Lf]iﬂﬁcg ?’é& r WasTO9RRn ?ﬁoggénby
decant ati on, followed by changlng 300 g of isooctane 44 and 100 g of the
above- raRtesRa igate flbdwed Thealkeel Bve Wee roaegbanwsehUhieRoged and
then purged with hydrogen, followed by obtaining a base oil 6 by the sane

way as ddmatviofg Rrreductticny Hxdnpl £ ltiratdien yi el d thereof was 92.9 g. A
theoretical structure of the base oil 6 estimated fromthe feed is (A RY =

CH(CH3) CH21 m flﬂtiatéa&’ﬁ %ﬁ%j‘é@'t‘é@) to d¥ota i vddDrdPo r ueddeeHBedtfea/ (B)

nolar ratio (k/ip) = 1/ 9.2 (average value) , and a cal cul ated

mol ecul e%&hrrtotl of m%%% tfhrog]otlt}%nttogpfﬂl NS J;Htaggﬂnﬁbﬁgntghethereby

car bon/oxygen
obtaining a base 0il 5. The yield thereofwas 57.3 g. A theoretical

structure of the base 0il 5 estimated from the feed is (A) RY = CH,CHy,
m=1, R*=CHs, (B) p=0, k=12.5 (average value), and a calculated
molecular weight of 1,277, from the formula (X). In addition, the
carbon/oxygen molar ratio is 2.50.
[0064] Production Example 6

A 1-liter separable flask made of glass was fed with 60.5 g
of isococtane, 50.0 g (1.85x107! mol) of polypropylene glycol
monomethyl ether (having an average molecular weight of about 270),
and 0.224 g of a boron trifluoride diethyl ether complex.
Subsequently, 122.8 g (1.70 mol) of ethyl vinyl ether was added
over 1 hour and 50 minutes. After that, 167.7 g of a crude product
was obtained by the same way as that of Production Example 1. The
crude product had kinematic viscosities of 67.23 mm?/s at 40°C and
8.991 mm’/s at 100°C.

Next, the autoclave containing the catalyst prepared in
Catalyst Preparation Example 1 was opened and a liquid layer was

then removed by decantation, followed by charging 300 g of isooctane
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ratio is 3.62. [0065] Production Exanple 7 A 1-liter separable flask made of
glass was fed with 60.5 g of isooctane, 55.0 g (1.72x10-1 nol) of

pol ypropyl ene gl ycol nononmet hyl ether (having an average nol ecul ar wei ght
of about 320), and 0.202 g of a boron trifluoride diethyl ether conplex.
Subsequently, 123.0 g (1.71 nol) of ethyl vinyl ether was added over 1 hour
and 50 m nutes. After that, 172.6 g of a crude product was obtained by the
same way as that of Production Exanple 1. The crude product had ki nenmatic

viscosiles of g83f SRS Al G AR Clggé?]%%ét al f@%ﬁ-utlg%)itavet ty%?arrpl e

aut ocl ave contdi ning the catalyst prepare fal yst Preparation

1 was opened and a |iquid |ayer s then renmpved by decantation, foll owed
by chariHEFSOU 6 oLt SOEEE aned BAGh 1BBTgedr "t he BBBFadREAL f81eq EFuRY
product. The autoclave was 45 purged with nitrogen and then purged with
hydr oge®btd brinmadbbye bk & Py idieaSBRSEVDY 12S7Lhy Tt hie PFQfRaldyp raEXaRBL Sof
Production Exanple 1. The yield thereof was 93.3 g. A theoretical structure
of the 1base oil 7 estimated fromthe feed is (A) RY = CHCH3)CH21 m= 5.0
(average value) , RZ = CH31 (B) Rx = CH2CH3, (A) / (B) nmolar ratio (kip) =
1/8.9, k+p = the YikavetRgeeyalii) op .ang. a xcaheglkatedanod ecud elirdjghhe of

991, fromthe formula (X) In addition, the carbon/oxygen nolar ratio is
3. 60. base 0il 6 estimated from the feed is (A) RY = CH(CHs3)CH,, m = 4.1
(average value), R® = CHs;, (B) R* = CH,CHs3, (A)/(B) molar ratio (k/p)
=1/8.2, k+tp=9.2 (average value), and a calculatedmolecular weight
of 888, from the formula (X). In addition, the carbon/oxygen molar
ratio is 3.62.
[0065] Production Example 7
A 1-liter separable flask made of glass was fed with 60.5 g
of isooctane, 55.0 g (1.72x107* mol) of polypropylene glycol
monomethyl ether (having an average molecular weight of about 320),
and 0.202 g of a boron trifluoride diethyl ether complex.
Subsequently, 123.0 g (1.71 mol) of ethyl vinyl ether was added
over 1 hour and 50 minutes. After that, 172.6 g of a crude product
was obtained by the same way as that of Production Example 1. The
crude product had kinematic viscosities of 81.59 mm®/s at 40°C and
10.50 mm?/s at 100°C.
Next, the autoclave containing the catalyst prepared in
Catalyst Preparation Example 1 was opened and a liquid layer was

then removed by decantation, followed by charging 300 g of isooctane

and 100 g of the above-mentioned crude product. The autoclave was

45



[ 0066] Production Exanple 8 A 1-liter separable flask nmade of gl ass was fed
wth 60.5 g of isooctane, 70.0 g (1.79x10-1 nol) of polypropyl ene glycol
monomef hyl et her (having an average nol ecul ar wei ght of about 390), and
0.218 g of a boron trifluoride diethyl ether conplex. Subsequently, 106.2 g
(1.47 mol) of ethyl vinyl ether was added over 1 hour and 35 mnutes. After
that, 168.8 g of a crude product was obtained by the sane way as that of
Production Exanple 1. The crude product had kinematic viscosities of 59.08

2/ / 0 i N h
cat a?y%tu g]r%gpg}rlg 195% %{Qa rhéegla$§4%8g Ig(ltghel @\%@g gﬁg% a%gngylti gui d
llayer was then rennved by decantatlon foll omed by cha

rqi 0
i sooct &h¢21BdddPIF P hé bsve- TRk "Geds dririe Sr 889@8“%98 %’éf%%ft%ve was
purged with nitrogen and then purged with hydrogen, followed by 46

obt ai nilng a base oil 8 by the same way as that of Production Exanple 1. The
yield thereof was 92.9 g. A theoretical structure of the base oil 8
estimated fr qimet fitef @athdredANaBYO F. TY(.CHR) H&0 r ot £ Bl St {iamarage fvehae)
RZ = CH3, (B) Rx = CH2CH3, (A) / (B) nolar ratio (k/ip) =1/7.2, k+p = 8.2

s S ORI AU B Ve
Pr oductl o r%é%npafug = CHis, (B) R* = CH,CHs;, (A)/ (B) molar ratio (k/p)
=1/8.9, k+p=9.9 (average value), anda calculated molecular weight
of 991, from the formula (X). In addition, the carbon/oxygen molar
ratio is 3.60.
[(0066] Production Example 8
A 1-liter separable flask made of glass was fed with 60.5 g
of isooctane, 70.0 g (1.79x10™' mol) of polypropylene glycol
monomethyl ether (having an average molecular weight of about 390),
and 0.218 g of a boron trifluoride diethyl ether complex.
Subsequently, 106.2 g (1.47 mol) of ethyl vinyl ether was added
over 1 hour and 35 minutes. After that, 168.8 g of a crude product
was obtained by the same way as that of Production Example 1. The
crude product had kinematic viscosities of 59.08 mm?/s at 40°C and
8.930 mm?/s at 100°C.
Next, the autoclave containing the catalyst prepared in
Catalyst Preparation Example 1 was opened and a liquid layer was
then removed by decantation, followed by charging 300 g of isooctane

and 100 g of the above-mentioned crude product. The autoclave was

purged with nitrogen and then purged with hydrogen, followed by
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A 1-liter separable flask nade of glass was fed with 60.5 g of isooctane,
70.0 g (1.59x10-1 nol) of pol ypropyl ene glycol nononethyl ether (having an
average nol ecul ar wei ght of about 440), and 0.189 g of a boron trifluoride
di et hyl ether conplex. Subsequently, 103.6 g (1.47 nol) of ethyl vinyl
ether was added over 1 hour 30 mnutes. After that, 167.2 g of a crude
product was obtained by the sane way as that of Production Exanple 1. The
crude product had kinematic viscosities of 75.63 mR/s at 40C and 10. 75

mR/ s 0QC. X ayt.ocl.ave t.ai hi.ng I r i
Cat ol y QPP E B e P s s e b T G e 8
renoved by decantation, followed by charging 300 g of isooctane and 100 g
of the ‘above-nentioned crude product. The autoclave was purged with
nitrogen and then purged wi th hydrogen, followed by obtaining Production a
base oi|l 9 byheh#isadetheyeat wataP2ef Produthronetizabxsipleture tetyrel d
thereof was 93.0 g. A theoretical structure of the base oil 9 estinmated
fromtimdeedli 8 eAriR¥tadCHCM3 BERfead=iF. () (Rver @geCHal Ci¢), m Rz652CH3,
(B R = CHCH3, (A / (B) nolar ratio (k/ip) = 1/8.2, k+p = 9.2 (average
val ue) (a@¥h@ Gaheul)at gd=nelgcykarryel ginicu.0f (&) PP8) rdiom the iborrpba (X)

In addition, the carbon/oxygen nolar ratio is 3.51. [0068] Production

Exanpl & 104, 1)1} ety Sepa;abhge sl Tedha af <91 2552188 AL MY 05 §nd

of 938, from the formula (X). 1In addition, the carbon/oxygen molar
ratio is 3.50.
[0067] Production Example 9

A 1-liter separable flask made of glass was fed with 60.5 g
of isooctane, 70.0 g (1.59x107' mol) of polypropylene glycol
monomethyl ether (having an average molecular weight of about 440),
and 0.189 g of a boron trifluoride diethyl ether complex.
Subsequently, 103.6 g (1.47 mol) of ethyl vinyl ether was added
over 1 hour 30 minutes. After that, 167.2 g of a crude product was
obtained by the same way as that of Production Example 1. The crude
product had kinematic viscosities of 75.63 mm?/s at 40°C and 10.75
mm?/s at 100°C.

Next, the autoclave containing the catalyst prepared in
Catalyst Preparation Example 1 was opened and a liquid layer was
then removed by decantation, followed by charging 300 g of isooctane
and 100 g of the above-mentioned crude product. The autoclave was
purged with nitrogen and then purged with hydrogen, followed by

obtaining Production abaseoil 9by the same way as that of Production
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of isooctane, 30.9g (1.50x10-Inol) oftripropyl enegl ycol nononet hyl et her,
and 0.178 g of a boron trifluoride diethyl ether conplex. Subsequently,
162.3 g (2.25 nmol ) of ethyl vinyl ether was added over 1 hour and 44
mnutes. After that, 189.4 g of a crude product was obtained by the sane
way as that of Production Exanple 1. The crude product had kinematic
viscosities of 257.3 mm2/s at 40C and 20.03 mm2/s at 100C. Next, the

aut ocl ave containing the catalyst prepared in Catalyst Preparation Exanple
1 was op néggggp a liquid layer was then renoved by decantation, followed

by char‘glanm g of isooctane and 100 g of the above-nentioned crude

product. The autocl ave was urged with nitrogen and then purged with

hydr ogen, folThswsdend tl&)%?%l‘?ﬁi‘“ﬁ(j a3b3<E o tli@‘){%?tf-ﬁéls%%u%@r%é’ﬁ R&€ of
Production Exanple 1. The yield thereof was 93.1 g. A theoretical structure
of t he base trise Delstitagsd Fapadtheoheedels et iR EAFTHRYHs) CH(CEBFCARO m =
3, RZ=0CH3, (B) R = CH2CH3, (A)/(B) nolar ratio (k/p) = 1/14, k+p = 15
(aver ageawmatdin) vaane)a RakcOiat €d) nRt eccl WHWel ANt (Bf ndo 242 ra tficonky be
formula (X). In addition, the carbon/oxygen nolar ratio is 3.78. [0069]

ol S FYRTINS. B Ay fqbkiat agimtie  estomgectingl atasmge o
monomet iy} gEher: (HAV 09, 3RuTYCHA9e TR LR Al PLAR b APy Ao 1ar
ratio is 3.51.
[0068] Production Example 10
A 1-liter separable flask made of glass was fed with 60.6 g
of isooctane, 30.9g (1 .50x10 ' mol) of tripropyleneglycol monomethyl
ether, and 0.178 g of a boron trifluoride diethyl ether complex.
Subsequently, 162.3 g (2.25 mol) of ethyl vinyl ether was added
over 1 hour and 44 minutes. After that, 189.4 g of a crude product
was obtained by the same way as that of Production Example 1. The
crude product had kinematic viscosities of 257.3 mm?/s at 40°C and
20.03 mm’/s at 100°C.
Next, the autoclave containing the catalyst prepared in
Catalyst Preparation Example 1 was opened and a liquid layer was
then removed by decantation, followed by charging 300 g of isooctane
and 100 g of the above-mentioned crude product. The autoclave was
purged with nitrogen and then purged with hydrogen, followed by
obtaining a base 0il 10 by the same way as that of Production Example

1.

The yield thereof was 93.1 g. A theoretical structure of the
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and 0.166 g of a boron trifluoride diethyl ether conplex. Subsequently,
121.2 g (1.68 nol) of ethyl vinyl ether was added over 1 hour 20 m nutes.
After that, 177.6 g of a crude product was obtained by the same way as that
of Production Exanple 1. The crude product had kinematic viscosities of
138.2 m2/s at 40C and 15.61 mm 2/s at 100C. Next, the autoclave containing
the catal yst prepared in Catalyst Preparation Exanple 1 was opened and a
liquid |ayer was then renoved by decantation, foll owed by charging 300 g of

i sooct %aeﬁa&dl 1008 1hsthe %Qgiéftgg”%éé’ﬁed CfA’)dGRYpLOQFNEHa . 24 ackave vas

purged w ni trogen and then hydrogen, | 'owed y obtai'ning a

b s 11, d h L d
her eo wasCa¥ 719 A Enely s 8 g Sraheon Bme 4 e yield

fromthe feed is (A RY = CHCH3)CH2, m= 7.2 _49 £average value%

CH3, (B)> Faave@%%all{e&)r jan®B)a A kFutaEed nlegular 1weight rip ?fém
(average value), and a cal cul ated nol ecul ar weight of 1, 298, fronthe

f or mul affof) thd Moaddilei 0K) .t hEn catdionoxy dére cmlb@m/roatmgeri m03a58ra[C(i1070]
Production Exanple 12 A 1-liter separable flask nade of glass was fed with
60.5 g iHfzjmpoctane, 76.6 g (1.20x10-1 not) of pol ypropyl ene glyco
nononet hyl et her (having an average nol ecul ar wei ght of about 640), and

0.148 9[(9@(6553‘] bor on ﬁf&é&é&rdnd%ﬂnﬁh@'net her conpl ex.

A 1-liter separable flask made of glass was fed with 60.5 g
of isooctane, 60.6 g (1.35x107' mol) of polypropylene glycol
monomethyl ether (having an average molecular weight of about 450),
and 0.166 g of a boron trifluoride diethyl ether complex.
Subsequently, 121.2 g (1.68 mol) of ethyl vinyl ether was added
over 1 hour 20 minutes. After that, 177.6 g of a crude product was
obtained by the same way as that of Production Example 1. The crude
product had kinematic viscosities of 138.2 mm®/s at 40°C and 15.61
mm’/s at 100°C.

Next, the autoclave containing the catalyst prepared in
Catalyst Preparation Example 1 was opened and a liquid layer was
then removed by decantation, followed by charging 300 g of isooctane
and 100 g of the above-mentioned crude product. The autoclave was
purged with nitrogen and then purged with hydrogen, followed by
obtaining a base 0il 11 by the same way as that of Production Example
1.

The yield thereof was 93.7 g. A theoretical structure of the

base 0il 11 estimated from the feed is (A) RY = CH(CHs)CH,, m = 7.2
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Subsequently, 108.2 g (1.50 nol) of ethyl vinyl ether was added over 1 hour
and 10 mnutes. After that, 180.7 g of a crude product was obtained by the
sane way as t hat of Pr oduct i on Exanple 1. The crude product had ki nematic
viscosities of 152.1 m@/s at 40C and 18.36 m®/s at 100C. Next, the

aut ocl ave containing the catalyst prepared in Catalyst Preparation Exanple
1 was opened and a liquid |ayer was then renoved by decantation, foll owed
by charging 300 g of isooctane and 100 g of the above-nentioned crude

product T e s ur i e s

hydr ogen eprealq% gh%‘/ %\ﬁt a?flli\) ggg base oﬁl{ 12 b&/ﬁpﬁet[@%%erp\%ggﬁgs%&g of
Producti gn_Exanpl e yield there S heoreti cal tructure
of the= Bddd -l XtP es%?ngtéaVFFéﬁ?tH%?Péga #3 (?0 ui Cﬁ%ﬁe I'm=
10.5 (average value) , Rz CH3, (B) Rx = CH2CH31l (A / (B) nol ar ratlo

(k/ p) WBG.ghytiaf &, 2R&p fromztfse favenhgdXval uby addadiane dihatateadn Aok Eganar

wei ghtof 1, 497, fromthe formula (X) . In addition, thecarbon/oxygen nolar

ratio M®1&¢5&athQOEEI3REQduction Exanple 13 A 1-liter separabl e flask nmade
of glass was fed with 60.5 g of isooctane, 112.9 g (1.23x10-1 nol) of

pol ypr apy 7@ge gIyC@&Odm@yyyﬁ:@yanghgeqz(haV|ng an average nol ecul ar wei ght
of about 91 and 0.148 g of a boron trifluoride diethyl ether conplex.

Subsequent |y, Zzl}tgr( geggr%hé ?Iagk}}}{Adé”JylngJJLGQa‘ga%eédgﬁghOgSr_ 5g

of isooctane, 76.6 g (1.20x107"' mol) of polypropylene glycol
monomethyl ether (having an average molecular weight of about 640),
and 0.148 g of a boron trifluoride diethyl ether complex.
Subsequently, 108.2 g (1.50 mol) of ethyl vinyl ether was added
over 1 hour and 10 minutes. After that, 180.7 g of a crude product
was obtained by the same way as that of Production Example 1. The
crude product had kinematic visco§ities of 152.1 mm?/s at 40°C and
18.36 mm?/s at 100°C.

Next, the autoclave containing the catalyst prepared in
Catalyst Preparation Example 1 was opened and a liquid layer was
then removed by decantation, followed by charging 300 g of isooctane
and 100 g of the above-mentioned crude product. The autoclave was
purged with nitrogen and then purged with hydrogen, followed by
obtaining a base 01l 12 by the same way as that of Production Example
1.

The yield thereof was 94.9 g. A theoretical structure of the
base 0il 12 estimated from the feed is (A) RY = CH(CHs)CH,, m = 10.5

(average value), R® = CHs, (B) R* = CH,CHs;, (A)/(B) molar ratio (k/p)
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50 mnutes. After that, 178.6 g of a crude product was obtained by the sane
way as that of Productlon Exanple 1. The crude product had kinematic
viscosities of 121,8 nmmR2/s at 40C and 18.54 mmZ/s at 100C. Next, the

aut.ocl ave contalnlng the catal yst prepared in Catalyst Preparation Exanple
1 was opened and a liquid | ayer was then renoved by decantation, followed
by charging 300 g of isooctane and 100 g of the above-nentioned crude
product . The autocl ave was purged with nitrogen and then purged with

hydr ogen,; f9 '50""5;‘<drpb3é 1$bt5a| Qb@g ?hb%"é?}l@ms&ggbé{ &QFcﬁ@ﬁ?eWo@é Ligt of

Productlon carmpl e el ereo eoretlca structure

15, o (et et TR T BTSSR,

(k/p) = 1/7. 1, k+p = 1 (average value) , and a calculated nmol ecul ar
melghtH@i@nﬁr%Ehﬂu}Sf}{ﬁﬁthe formula (X) In addition, the

carbon/ oxygennolar ratio is 3.31. [0072] Production Exanple 14 A 1-liter
separ abl@®@Tllask maderocafuadliass Bassnfled Mdth 60.5 g of isooctane, 149.2 g
(1.19x10-1 nol) of polypropylene glycol nononethylether(having an average

nol ecul ar weipght-19taBodbdazaBle faBIKOMA4S & Qf1 PN fled filiwar sdesdyet hyl
et her conplex. Subsequently, 36.1 g (0.50 nol) of ethyl vinyl ether was

Egged Qe 1 s39-FALL eg1¥higl & the beperatyy® of £t bR neacid A 30! 4 {08 was
monomethyl ether (having an average molecular weight of about 915),
and 0.148 g of a boron trifluoride diethyl ether complex.
Subsequently, 72.1 g (1.00 mol) of ethyl vinyl ether was added over
50 minutes. After that, 178.6 g of a crude product was obtained
by the same way as that of Production Example 1. The crude product
had kinematic viscosities of 121.8 mm?’/s at 40°C and 18.54 mm?/s
at 100°C.

Next, the autoclave containing the catalyst prepared in
Catalyst Preparation Example 1 was opened and a liquid layer was
then removed by decantation, followed by charging 300 g of isooctane
and 100 g of the above-mentioned crude product. The autoclave was
purged with nitrogen and then purged with hydrogen, followed by
obtaining a base 0il 13 by the same way as that of Production Example
1.

The yield thereof was 95.4 g. A theoretical structure of the
base 0il 13 estimated from the feed is (A) RY = CH(CH3)CH,, m = 15.0

(average value), R® = CHs;, (B) R* = CH,CHs;, (A)/(B) molar ratio (k/p)

=1/7.1, k+p=8.1 (average value), and a calculatedmolecular weight
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at 25C. After that, 179.4 g of a crude product was obtained by the sane way
as that of Productlon Exanple 1. The crude product had kinematic

vi scosi'ties of 121,5 m®/s at 40C and 20.88 mm2/s at 100C. Next, the

aut ocl ave contalnlng the catal yst prepared in Catalyst Preparation Exanple
1 was opened and a liquid | ayer was then renoved by decantation, followed
by charging 300 g of isooctane and 100 g of the above-nentioned crude
product. The autoclave was purged with nitrogen and then purged with

hydr o f 0 |n ab b t of
nyar 0geds 1] Qul 6 Vﬁ%{%e@@rﬁh@ & base @it 1dy ! Xhte%%/&@%’ 3@8 mohat

The yield thereof was 96.2 g. Athe ical structure
of the base 0|I 4 estlnated fromthe feed is (A) Ry = CH (CH3) CH2, m =
21. O , RZ = CH3, (B) Rx = CH2CH3, (A) / (B) nolar ratio
(k/p) = 1/3 2 k+ = 4. (average value) , and a cal cul ated nol ecul ar

wei ght @@V%ﬁ 1, 50§TQQQﬁﬁ%QR33%ﬁmRﬂ%1¥$Q In addition, the carbon/ oxygen
nmolar ratio is 3.13. [0073] Production Exanple 15 A 1-liter separable flask
made of gl assA Ved ifted wieplaré®1l® dlask meteabydybiss amms Zed Wi WR.645610- | nol )
of neopentyl glycol, and 0.579 gofa boron trifluoride diethyl ether

conpl exof Subseduent)y .149176.4 91(294%0molpodf etthydo Mpwdpeides waycadded
over 2 hours and 35 mnutes. A reaction was exothermc, so a reaction

fﬁ;{“ | Of MGH% £ IKEPL £ b r 283G VA PG VBT abBG AR 4 M@Doh E &R SR BabBo) Af ter

and 0.148 g of a boron trifluoride diethyl ether complex.
Subsequently, 36.1 g (0.50 mol) of ethyl vinyl ether was added over
50 minutes while the temperature of the reaction solution was kept
at 25°C. After that, 179.4 g of a crude product was obtained by
the same way as that of Production Examplé 1. The crude product
had kinematic viscosities of 121.5 mm®/s at 40°C and 20.88 mm?/s
at 100°cC.

Next, the autoclave containing the catalyst prepared in
Catalyst Preparation Example 1 was opened and a liquid layer was
then removed by decantation, followed by charging 300 g of isooctane
and 100 g of the above-mentioned crude product. The autoclave was
purged with nitrogen and then purged with hydrogen, followed by
obtaining a base 0il 14 by the same way as that of Production Example
1.

The yield thereof was 96.2 g. A theoretical structure of the
base 0il 14 estimated from the feed is (A) RY = CH(CHs3)CH,, m = 21.0
(average value), R® = CHs, (B) R* = CH,CHs, (A)/(B) molar ratio (k/p)

=1/3.2, k+tp=4.2 (average value), and a calculatedmolecular weight
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50 m of an aqueous solution of 5% by mass of sodi um hydroxi de was added to
the reaction solution to termnate the reaction, followed by addition of
100 g of i sooctane. Tetrahydrofuran, the reaction solvent, was renovedusing
a rotary evaporator under reduced pressure. Subsequently, the reaction
solution was transferred to a 1-liter separating funnel and a | ower | ayer
was then renoved, followed by washing four times with 100 ml of distilled
wat er. After that, the solvent and |ight components were renpved using a

rotary &f@gﬁbéﬂ Cfrr o&?ﬁ%‘i%eé&pr eSHU &1 £ B! tth@%drg}%&gs %@eﬂn%.?sa@ ude

pr oduct e trude pr o uct had ki nefatic viscositles at 40C
and 9.868 mmP/ s 00C. Next, the autoclave containing the catalyst
preparéﬁaF%P kﬁué; t Preparation Exanple 1 was opened and a |iquid |ayer
was then renmoved by decantation, followed by charging 300 g of isooctane
and 100[P6Y] the a é\mqﬁﬁtqur@tﬁ@lﬁje“pr oduct. The autoclave was 53 purged
with nitrogen and then purged with hydrogen, followed by obtaining a base
oi | 15 by the&\ dafie tway sapatriadtl eoff IRs@dmate onf Exleage eva <l.febheviyihelod .Bhgr eof
was 88.9 g. A theoretical structure of the base oil 10 estimated fromthe

feed | of AtRahydebZ2GreH3) 268, g Re . 45 x8ldCHR0 1Rec £ e rRG{F gRZ/colH afd= 0
va

RO = CH2CH3, a total of bin a nolecule is 8 (average ue) a 1,

L AR i B 2 g g besat (1)
176.7 g (2.45 mol) of ethyl vinyl ether was added over 2 hours and
35 minutes. A reaction was exothermic, so a reaction solution was
kept at 25°C by placing the flask in an ice-water bath. After that,
50 ml of an aqueous solution of 5% by mass of sodium hydroxide was
added to the reaction solution to terminate the reaction, followed
by addition of 100 g of isooctane. Tetrahydrofuran, the reaction
solvent, was removedusing arotaryevaporator under reducedpressure.
Subsequently, the reaction solution was transferred to a l-liter
separating funnel and a lower layer was then removed, followed by
washing four times with 100 ml of distilled water. After that, the
solvent and light components were removed using a rotary evaporator
under reduced pressure, resulting in 155.8 g of a crude product.
The crude product had kinematic viscosities of 95.17 mm?/s at 40°C
and 9.868 mm°/s at 100°C.

Next, the autoclave containing the catalyst prepared in
Catalyst Preparation Example 1 was opened and a liquid layer was

then removed by decantation, followed by charging 300 g of isooctane

and 100 g of the above-mentioned crude product. The autoclave was
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[ 0079] Production Exanple 16 A 1-liter separable flask nade of glass was fed
with 50.6 g of isooctane, 13.8 g (3.00x10-1 nol) of ethanol, and 0.355 g of
a boron trifluoride diethyl ether conplex. Subsequently, 216.3 g (3.00
nol ) of ethyl®vinyl ether was added over 3 hours. A reaction was
exotherm c, so a reaction solution was kept at 25C by placing the flask in
an ice-water bath. After the addition of all nononmers, the reaction
solution was continuously stirred for additional 20 mnutes and 19.6 g

i nut o< U S Ve SRR i) ol ot 960 R0 ey FPen ey ESBILPRRBY o

using a rotary evaporator. After that, the reaction_solution was added with
50 g of°Rispigtinhe 2ewe Chdnl ? PankheSate vay£22thptert Presiicld amakkamPhewhi ch
it was washed with 200 mM of a 3% by mass aqueous sol ution of sodium

hydr oxildde and then washed with 200 Ml 54 of distilled water six tinmes,

foll owed by renoving the solvent and |ight conponents using a rotary

evapor at or urdgy ytieddcete pEes MirsLs8s . Sansequenédyet 2041 &igrwndt wreofdenhpr oduct
was obtai ned. [0075] Next, the autoclave containing the catal yst prepared

in Catalyst frepas atd ot Sl Mas aneneds and) ard iawlclawsy ,cyas gehen

renmoved by decantation, followed by charging 300 g of isooctane aﬁd 100 ¢
it ogén di#t hen DUk g5d " THEnydrBgBn: O ofl cued Ayt nr BA6PRgoENE P
tenperature therein while the pressure
a molecule is 8 (average value), a=1, c=1, d=2, and a calculated
molecular weight of 737, from the formulae (II) and (III).
In addition, the carbon/oxygen molar ratio is 4.10.
[0074] Production Example 16
A l-liter separable flask made of glass was fed with 50.6 g
of isooctane, 13.8 g (3.00x107! mol) of ethanol, and 0.355 g of a
boron trifluoride diethyl ether complex. Subsequently, 216.3 g
(3.00 mol) of ethyl vinyl ether was added over 3 hours. A reaction
was exothermic, so a reaction solution was kept at 25°C by placing
the flask in an ice-water bath. After the addition of all monomers,
the reaction solution was continuously stirred for additional 20
minutes and 19.6 g (3.16x10"' mol) of ethylene glycol was then added
and stirred for 5 minutes.
The solvent and ethanol formed by the reaction were distilled
off using a rotary evaporator. After that, the reaction solution
was added with 50 g of isooctane and then transferred to a 2-liter

washing tank, in which it was washed with 200 ml of a 3% by mass

aqueous solution of sodium hydroxide and then washed with 200 ml
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of hydrogen was adjusted to 3.0MPaG After retaining the autoclave at 160C
for 6 hours, the autoclave was cooled to roomtenperature. A decrease in
hydrogen pressure was confirned as the reaction proceeded while an increase
in tenperature allowed an increase in inner pressure of the autoclave. Wen
the pressure of hydrogen decreases, hydrogen was suitably supplied, thereby
keeping the inside of the autoclave at 3.0 MPaG The autocl ave was purged
with nitrogen and then depressurized, followed by recovering a reaction

sol ution_and then renpvin catal_y thmeﬂomb filtrati Afiltrate
ons sut baNgs g o5 varar %gplawea%roﬁﬁﬁ&&edrbau%%o PESNF SAUTTHNBIE t he
sol vent and light conponents. Consequently, of a polyvinyl ether
crude priothicconaensgts mumbwlrogua@wpevemomtehdlmg@ Qﬁa@éprpgwe]e -A
30-m eggplant type flask was fed with 0.80 g of sodium hydride (oiliness,

60 to T@Msencerattl i 2@ entofvas d¢hede remaved: bbs bybashedg w t h hexane,
followed by the addition of 73.8 g of the above-nentioned pol yvinyl ether

crude py@stuct havi ngdthe thedboxyle1 2860BneRihhageRde HQQBl}/Q% pddphiran,
evolutlon of bubbles was observed and sodi um hydride was then dissol ved.

ol yoor i RTINS e LRl 35 2 Dot Oﬁ%%l?gﬁfafs@o%‘y%?ﬁéé'x?ég&e”e

added thereto and the tenperature thereof %ﬁs then ralsed y@g kept at
110C f 0728 AR sSLeRAUY DR b?CEBBFFhandO\T\ﬁ 8WedomYt et AddE&c¢r ease

in pressure was confirmed as the reaction proceeded mhlle
isooctane and 100 g of the above-mentioned crude product. The

autoclave was purged with nitrogen and then purged with hydrogen,
followed by increasing the temperature therein while the pressure
of hydrogen was adjusted to 3.0MPaG. After retaining the autoclave
at 160°C for 6 hours, the autoclave was cooled to room temperature.
A decrease in hydrogen pressure was confirmed as the reaction
proceeded while an increase in temperature allowed an increase in
inner pressure of the autoclave. When the pressure of hydrogen
decreases, hydrogen was suitably supplied, thereby keeping the
inside of the autoclave at 3.0 MPaG. The autoclave was purged with
nitrogen and then depressurized, followed by recovering a reaction
solution and then removing the catalyst therefrom by filtration.
A filtrate was subjected to a rotary evaporator under reduced
pressure to remove the solvent and light components. Consequently,
92.3 g of a polyvinyl etber crude product having a hydroxyl group
on an end was obtained.
[0076] A 30-ml eggplant type flask was fedwith 0.80 g of sodium

hydride (oiliness, 60 to 72%) and an o0il content was then removed
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an increase in tenperature allowed an increase in inner pressure of the
autocl ave. [0077] A 300-m eggplant type flask was fed with 5.20 g of sodi um
hydridé (oiliness, 60 to 72% and an oil content was then renoved by
washing with hexane foll owed by the addition of 40 ml of triethylene

gl ycol dinmethyl ether and the above-nentioned polynerization solution. Upon
the addition of the polynerization solution, evolution of bubbles was
observed. Subsequently, 28.4 g (2. 00x10- nol) of methyl iodide was added

over 2 hours and nutes. Af | et.i on t.he a n of _al] of
methyl. HYoHPELAG, Ha tBohBXPOR whS. CONERmrbUel A e o Taad 61 Bhar™s
hours. After that, a small anmount_ of ethanol was addeq and the absence of
evol ut i vesmenibisinas wad Yoyl ablie r Subade Randuct hRy 186l GhrohydReX ¥dded
with 60 ml of isooctane and then transferred to a 500-m separation funnel.
After washumngrilOthe nesdw tUip&ld ttheobdpurteonat ewvo lite osoloferibulnwake s S8as enoved
using the rotary evaporator under reduced pressure. Consequently, a base

oi | 16 d&ﬁs%r@@cﬁ'aﬂ@dso@h@m%%&ﬁ'l&@%@@fth’@rﬁ di®3Agded) straedasdutheareiscal
structure of the base oil estimated fromthe feed and the yield of the

final, FEAGtdad S S50 fch DYuEDEL LOL) 0%ng! il A doflyr A0 g gl gul at o

mol ecul ar wei Iron, a’carbon/ oxy no was 3. 57.
Egg721 ﬁgg%E;¥ eth%ﬂzgkd Zgﬁgqyztg.gﬁgfta'mo Zg% prop ngXngdgx&gggB 9
added thereto and the temperature thereof was then raised. It was
keptat 110°C for 8 hours, followedbycoolingdown to room temperature.
A decrease in pressure was confirmed as the reaction proceeded while
an increase in temperature allowed an increase in inner pressure
of the autoclave.
{0077] A 300-ml eggplant type flaskwas fedwith 5.20g0of sodium
hydride (oiliness, 60 to 72%) and an oil content was then removed
by washing with hexane, followed by the addition of 40 ml of
triethylene glycol dimethyl ether and the above-mentioned
polymerization solution. Upon the addition of the polymerization
solution, evolution of bubbles was observed. Subsequently, 28.4
g (2.00x107" mol) of methyl iodide was added over 2 hours and 30
minutes. After completion of the addition of all of methyl iodide,
the solutionwas continuously stirred for additional 3 hours. After
that, a small amount of ethanol was added and the absence of evolution
of bubbles was confirmed. Subsequently, the solutionwas addedwith
60ml of isooctane and then transferredtoa 500-ml separation funnel.

After washing 10 times with 60 ml of pure water, the solvent was
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[0079] Exanples 1 to 16 and Conparative Exanples 1 and 2 For Exanples 1 to
16, the base oils 1 to 16 obtained from Production Exanples 1 to 16 were
used, Fespectjvely. In contrast, for Conparative Exanple 1,
commerci al | y-avai |l abl e pol yal kyl ene glycol (PAG oil) (manufactured by

| dem tsu Kosan Co., Ltd., trade nane: Daphne Hernetic Ol PS) was used. In
addition, for Conparative Exanple 2, commercially-avail abl e pol yal kyl ene
glycol (PAG oil) (manufactured by Idemtsu Kosan Co., Ltd., trade nane:

Daphner%ﬂa’ iﬁs?%g|3§ﬁ90§5t@§§'ué@Qp?fQE?%??ﬁgﬁﬁe Pbbgcard tPEssur

comer Ci y aval e pol yal kyl'ene ‘glyco I nemati c viscosities ?ét 40C
and 100Q), viscagsity _indexes, ur_points, _and c atibili wer e nmeasur ed.
The redtrise gy 2o o W elopBEindly SPRERLL el L ERPE, TEE° o
t he respective conpounds were determ ned and eval uated by the follow.ng
net hodsg.p3 279 ( 1A K pedard Ehepsesdicey S Henat itéle\ﬁ%%%@lzilée%@%%ﬁﬁ@e oi |
were neasured at 100C and 40C on the basis of JI'S K2283, respectively. (2)
Vi scosifinon ridhex flereaimarite tdist aiiredd] kad hertet i ftindlsqoidues, ia vepreseéhiyedndex
was determ ned on the basis of JIS K2283. (3) Pour point A pour point was
measur e, ahd R 1hasi i Pfrodmm 2268 i H@nmdatd iy alo (@FPRiF bivdightt o
Refri gerant

of 932. In addition, a carbon/oxygen molar ratio was 3.57.

[0078] [Chem 9]

H—"CH,CH CH2CHz— 0~ CH2CH2— 0— CH2CH2 Y~ OCH; (XD
C|)CH20H3 9 <‘3H3 3.1

[0079] Examples 1 to 16 and Comparative Examples 1 and 2

For Examples 1 to 16, the base oils 1 to 16 obtained from
Production Examples 1 to 16 were used, respectively. 1In contrast,
for Comparative Example 1, commercially-available polyalkylene
glycol (PAG o0il) (manufactured by Idemitsu Kosan Co., Ltd., trade
name: Daphne Hermetic Oil PS) was used. Inaddition, for Comparative
Example 2, commercially-available polyalkylene glycol (PAG oil)
(manufactured by Idemitsu Kosan Co., Ltd., trade name: Daphne
Hermetic 0il PZ100S) was used.

For the base 0ils and the commercially available polyalkylene
glycols, kinematic viscosities (at 40°C and 100°C), viscosity
indexes, pour points, and compatibility were measured. The results
thereof are listed in Tables 1 and 2.

The characteristics of the respective compounds were

determined and evaluated by the following methods:
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The refrigerant conpatibility of each sanple oil was evaluated on the basis
of "Test Method for Conpatibility to Refrigerant” in "Refrigerator G1I",
JI'S-K-2211 by using carbon dioxide as a refrigerant. To be specific, each
sanple oil was blended in a refrigerant so as to be in anmounts of 10, 20,
and 30% by nmass, and a tenperature was then gradually increased from-50C
to 20C, followed by neasuring the tenperature at which the sanple had
caused separation or had becone opaque. In Table 1, "20<" indicates that

there is no sgparat]i r ng at 20C. 58 [0080] Table 1 Kinematic
CbnpatibiIitﬁﬁ?cfﬁEV#%%géisg' o%ﬁﬂiiubricating m2/s Viscosity oil index

poi nt 10% by 20% by 30% by . @O0C @00C_nass .mass_nass oil oil, ail nmple 1
Base oi | 1 68TEKElemat 167 156950 SES0 T PATPIE 411 MEhroe 51 Bade ot POSCTS. 17
9.352 104 -31.5 8.6 13.5 20< Exanple 3 Base oil 3 69.91 9.351 111 -40.0 5.5
9.6 20<anddh oM Besdasls T KRB 1m0sspeot bvel. 10.6 20<  Exanple 5
Base oil 5 69.99 11.47 158 -47.5 4.0 8.8 20< Exanple 6 Base oil 6 61.16
8.955 123 -40.20 @izcwsit20<4ndesanple 7 Base oil 7 75.09 10.46 124 -45.0 -7.0
-8.0 20< Exanple 8 Base oil 8 58.52 9.359 141 -47.5 -11.8 -5.0 6.7
From the obtained kinematic viscosities, a viscosity index
was determined on the basis of JIS K2283.
(3) Pour point
A pour point was measured on the basis of JIS K2269.
(4) Examination of Compatibility to Refrigerant
The refrigerant compatibilityof each sample 0il was evaluated
on the basis of “Test Method for Compatibility to Refrigerant” in
“Refrigerator 0il”, JIS-K-2211 by using carbon dioxide as a
refrigerant. To be specific, each sample o0il was blended in a
refrigerant so as to be in amounts of 10, 20, and 30% by mass, and
a temperature was then gradually increased from -50°C to 20°C,
followed by measuring the temperature at which the sample had caused

separation or had become opaque. In Table 1, “20<” indicates that

there is no separation or opaqueness at 20°C.
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Exanple 9 Base oil 9 71.75 10.92 142 -42.5 -24.5 -10.1 20< Exanple 15 Base
oil 15 92.81 10.37 92 -32.5 4.2 11.9 20< Exanple 16 Base oil 16 71.43 9.513
111 -37.5 5.6 10.2 20< Conparative Conmercially Separ Separ Separ exanple
1 available oill 47.49 10.41 215 52.5 ated ated ated [0081] Table 2

Ki nematic Conpatibility (C) viscosity Lubricating m®/s Viscosity Pour
point oil index 10% by 20% by 30% by @O0C @O00C ( C nmss mass nass oOi

oil oil Exanple 10 Base oil 10 234.6 20.10 99 -27.5 6.0 20< 20< Exanple 11
Base 0| 135 9 ééﬁﬁg 28 -37.5 Separ 20< 20< ated Exanple 12 Base oil 12

151.6 143 -3 -50 20< Exanple 13 Base oil 13 118.5 18.54 176
-45.0 Separ -49.0 -40.3 EteQQE%ﬂﬁﬁh@ I4 Base oIl 4 96. 1V JomptRiE94itd2( X
Separ -50.0(-50.0 ated ConparsabisyeyCommercially [104.9 20.10 217 -42.5
Separ Separ |Sepdricaxanpl ¢ 2 amaﬁkgb¥ |¢£@@ﬁgﬁiyate39%fej [0082] Table 1
shows val ueg of physi cal propertifes of haseir@idss héﬂﬂlﬁﬂj KiL D€ BLI20% by | 30% by
vi scosities|of about 10 MPé¢soat |LAGGeanong those ("C) mass | mass | mass
oil oil oil
Example 1 Base 0il 1 65.27 8.758 107 -40.0 11.2 17.1 17.1
Example 2 Base o0il 2 73.17 9.352 104 -37.5 8.6 13.5 20<
Example 3 Base oil 3 69.91 9.351 111 -40.0 5.5 9.6 20<
Example 4 Base oil 4 71.51 | 9.433 109 -40.0 5.2 10.6 20<
Example 5 Base 0il 5 69.99 11.47 158 -47.5 4.0 8.8 20<
Example 6 Base oil 6 61.16 8.955 123 -40.0 0.2 5.7 20<
Example 7 Base oil 7 75.09 | 10.46 124 -45.0 | -7.0 -8.0 20<
Example 8 Base oil 8 58.52 9.359 141 -47.5 | ~11.8 -5.0 6.7
Example 9 Base oil 9 71.75 10.92 142 -42.5 | -24.5 | -10.1 20<
Example 15 Base oil 15 92.81 10.37 92 -32.5 4.2 11.9 20<
Example 16 Base o0il 16 71.43 9.513 111 -37.5 5.6 10.2 20<
Comparative | Commercially Separ | Separ | Separ
example 1 availableoill 47.49 | 10.41 215 w325 ated ated ated
[0081] Table 2
Kinematic Compatibility (°C)
viscosity
Lubricating o’ /s Viscosity pour
0il index p?i?t 10% by | 20% by | 30% by
@40°c | @100°c (¢ mass | mass | mass
oil oil oil
Example 10 Base oil 10 234.6 20.10 99 -27.5 6.0 20< 20<
Example 11 Base oil 11 135.9 | 16.29 128 -37.5 | Separ 20< 20<
ated
Example 12 Base oil 12 151.6 19.10 143 -35.0 -50 -50 20<
Example 13 Base o0il 13 118.5 | 18.54 176 -45.0 | Separ | -49.0 | -40.3
ated
Example 14 Base oil 14 96.17 17.10 194 -42.5 | Separ | -50.0 | -50.0
ated
Comparative Commercially Separ | Separ | Separ
example 2 availableoil 2 104.9 | 20.10 217 —42.3 ated ated ated
[0082] Table 1 shows values of physical properties of base oils

having kinematic viscosities of about 10 mm?/s at 100°C among those
in Examples and Comparative Examples. The base oils of Examples

1to9, 15, and 16 of the present invention have good compatibilities,
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i n Exanpl es and Conparative Exanples. The base oils of Exanples 1 to 9, 15
and 16 of the present invention have good conpatibilities, 59 respectively,
conpared with PAG oil of Conparative Exanple 1. Those base oils of the
present invention are particularly suitable for lubricating oil for car
air-conditioners. Table 2 shows val ues of physical properties of base oils
having kinematic viscosities of about 20 nm/s at 100C anong those in
Exanpl es and Conparative Exanpl es. The base oils of Exanples 10 to 14 of

£ PAG B9 O AP A b Bl A 3 o B PRses GRS - or SBRE

invention are particularly suitable for lubricating oil for showcases,
vendindﬁﬁﬁtﬁﬂﬁééPfaﬁaewBFéﬁeﬁéaﬂEV§PtlPHdﬁg?rP%¥t%®BiFEébiFP%?aPé©8§PrThe

| ubricating oil of thepresent invention is excellent in conmpatibility to a
nat ur al lulefirdegeimgntoids o efay geramoradl vimlriersas excel l ent in lubrication
property, so it can be used as lubricating oil for a conpression

refrigerator Tapyl e Babusala nedd bgesraiicdlnpragditien.ofibesé whniscad vnggoi | of
the present invention can be also wutilized as lubricating oil for a

conpr essi, f+&fd i\&%rﬁaés%rtifé%r & dBXMI £ Mih7/iefanto e aar&%q”t%oééf fhoerant

such as carbon di oxi Further, for inproving the conpatibiTity to a

(el %A o LR SR AL LS WAL CRREL LHOCI S8t papalL 66

comound 17 "SE et prbscht PSnvention Al 508" Yompatibilities,
respectively, comparedwith PAGoil of Comparative Example 2. Those
base oils of the present invention are particularly suitable for
lubricating oil for showcases, vending machines, and water heaters.
Industrial Applicability
[0083] The lubricatingoilof thepresent inventionisexcellent
in compatibility to a natural refrigerant as a refrigerant as well
as excellent in lubrication property, soit canbeusedas lubricating
0il for a compression refrigerator for a natural refrigerant. 1In
addition, the lubricating oil of the present invention can be also
utilized as lubricating oil for a compression refrigerator for a
mixture refrigerant of a natural refrigerant such as carbon dioxide.

Further, for improving the compatibility to a refrigerant,

it canbeused inmixture with other lubricatingoil for a compression
refrigerator, such as an ester compound, a polycarbonate compound,
mineral oil, alkyl benzene, or polyalphaolefin.

Further, the refrigeration unit of the present invention

employs a natural refrigerant and the lubricating oil of the present
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Further, the refrigeration unit of the present invention enploys a natural
refrigerant and the lubricating oil of the present 60 invention, so it can
be effeéctively enployed in a refrigeration systemas a conpression
refrigerator, an air-conditioning system a car air-conditioner system a
showcase, a water heater, a vending nmachine, a conpressor-type conpression
refrigerator such as a refrigerator, or the like. 61 CLAIMS 1. A

| ubricating oil for a conpression refrigerator, characterized by conprising
a pol yvi t her conmpou ont ai ni a gl ycol I kyl ene
glycoljdﬁyrn%éﬁﬁ égbﬁﬁ§fﬁéléﬁ %ﬁ#%E¢$&€g¥méﬁ%£$gg%ngxh%vf%%rggﬁ%$§§§ ar
weight in a range of 300 to 3, 000, wherein the polxvtngl et her conBound
has a Y é‘y?ygé?PW‘%ﬁSJr%‘E L& TG B IRIRT 1 9sa15-CANAYbLPRARINGYSFFfor a
conpression refrigerator, conprising a polyvinyl ether conpound which has a
nol eculafarvied yheonai fheneakys ten,300shavE@sOOR Water hebier nedvepding
polyneri zing vinyl ether conpounds in the presence of a polynerization

i ni ti atmgchichyr agt evmpedsknr-hgpeatcdrensisNinm of efhegepatypersuzdl i o a
initiator and the vinyl ether conpound contains an al kyl ene glycol residue

or a palyrpiypltadsane 9 waR! ria due,  wherein the polyvinyl ether conpound
has a carbon/oxygen nolar ratio of 4.0 or |ess.
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3. The lubricating oil for a conpression refrigerator according to
claim1 or 2, conprising a structure represented by the general
formula (1): [Chem1l] 62 RL R3RL R3 (I) f4-CCCinp R QRhO,Ra R2
OR4 wherein R, R2, and R3 each represent a hydrogen atomor a

hydr ocar bon group having 1 to 8 carbon atons, which may be identi cal
to or different fromone another; Rogpfesents a divalent

hydr ocarbon group having 2 to 4 carbon atons; Ra representsa
hydrogen atom an aliphatic or alicyclic hydrocarbon group having 1
to 20 carbon atons, an aromatic group which has 1 to 20 carbon atons

o0 R e 8 pubet '%h’wﬁ%ﬁﬁ%ﬁ%%&fﬁﬁ@ @3%'@” i o5 e gog0ror:

carbon atons; R4 re sents a droparbon having.1 to 10

carbon at 5H8r2Gheht gﬁ‘gr Phr EUWRF 7 L Hbr & &ﬁly&f ﬁgheﬁb cgRgoRad
they may be identical to or_different fron1one another; mrepresents
an aver ageoVhRiRiBE Antalisokene Flopasent Podvorvarldyd ong gavspliupat
50; p represents an average value of 0 to 50; when k and p each

repr esent adervimmykeethegnsmit dnicomaleonie smcdelyahfen@; a iy bedular waight
random and when there are two or nore of RbO, they may be identical
to or diffierentinge of 300 to 3,000, wherein the polyvinyl ether compound

has a carbon/oxygen molar ratio of 4.0 or less.

2. A lubricating oil for a compression refrigerator,
comprising a polyvinyl ether compound which has a molecular
weight intherange of 300 to 3,000 and is obtainedby polymerizing
vinyl ether compounds in the presence of a polymerization
initiator, characterized in that at least one of the
polymerization initiator and the vinyl ether compound contains
an alkylene glycol regsidue or a polyoxyalkylene glycol residue,
wherein the polyvinyl ether compound has a carbon/oxygen molar

ratio of 4.0 or less.

3. The lubricating ¢il for a compression refrigerator
according to claim 1 or 2, comprising a structure represented
by the general formula (I):

[(Chem 1]
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fromone another. 4. The lubricating oil for a conpression
refrigerator according to claim3 , wherein mis 2 or nore in the
general formula (1) . 63 5. The lubricating oil for a conpression
refrigerator according to claiml or 2, wherein the polyvinyl ether
conpound has a structure represented by the general formula (I1):

Rc- [ C (OR a- gA) b- (ORf) _&) R@el (I'l) wherein Rrepresents a
hydr ogen a aI kyl grou avi to 10 carbon atons, an acyl
group havi n 0 car bon EE a hydroc a}rbon group having 1
to 10 carfor and havi ng 2 th i ndi ng each of Rd and
represe tis an| a kyl ene cl) hlaw My 2 to 4 carbon atons; each of

a and e reer er@ﬁR (ID?) R@ragR aICUR of O to 50; c represents an
integer of 1to e represents a hydrogen atom an al kyl group

havi 1 b sa havj ar

atoms, o“ih%a—}?]lglcy o R e LA Ul VDGO Bkl OZIO &
d/ A ran

or ' h oy SERedl %Opé%sen‘fle%ﬁ b§ FReCGEREPRR AEPI a YA o iy

?ép:.?gseth dgnr%rﬁa&glg:p ﬁ%l’}gfedreng fﬁfagmmgr?é e:!u?ot Ser,RGR apgprgsgr?tcsh a

divalent hydrocarbon group having 2 to 4 carbon atoms; R?
represents ahydrogenatom, analiphaticoralicyclichydrocarbon
group having 1 to 20 carbon atoms, an aromatic group which has
1 to 20 carbon atoms and may have a substituent, an acyl group
having 2 to 20 carbon atoms, or an oxygen-containing hydrocarbon
group having 2 to 50 carbon atoms; R* represents a hydrocarbon
group having 1 to 10 carbon atoms; when there are two or more
of each of R*, R®, and R*, they may be identical to or different
from one another; m represents an average value of 1 to 50; k
represents an average value of 1 to 50; p represents an average
value of 0 to 50; when k and p each represent 2 or more,
constitutional units may be in block or in random; and when there
are two or more of RPO, they may be identical to or different

from one another.

4. The lubricating oil for a compression refrigerator
according toclaim3, whereinmis 2 or more in the general formula

(I).
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hydr ocar bon group having 1 to 8 carbon atons, which may be identi cal
to or different fromone another; R8 represents a divalent

hydr ocarbon group having 1 to 10 carbon atons or a divalent

hydr ocar bon group contai ni ng et her-bonded oxygen and 64 having 2 to
20 carbon atoms; RO represents a hydrogen atom or a hydrocarbon
group having 10 2016ar boB, aLORBg N 1CPLESLRLS rees?gﬁr@@f‘r S
0 to 10; when n represents 5 constltu Ional units e

i denti cal fe anoth , eldenticl
to or di f‘af[’lecrooelp gm%ﬁ% ano%%ner wlhr(?rg\}gr%/ ¢85 OﬁTYthu i eﬁn‘f?mpoa
when there are two or nore of R3O0, ey .may be i ical to or

di f f er ent™ &% &n%%%&epr%sq%t%dg} 9edlqr§%ar#?ﬂ?1b]gaer (3P 1 to
6; when a is zero n re?resen s.an integer of 1 or nore in one
of the consti t@trcﬁné{ORdmrt@ 6 AJORB.) &l wbri cating 6II) for a

conpr essi on refrlgerator accordi ng to claim1 or 2, wherein the

pol yvi nylwh&tedm @onponkesehas a byduesaneakepr e@@m@dybygxw@qmm
formula (I1V): Rc- [(ORd)a-(A)b-(ORf)el d-R9 (1V) wherein R, Rd., A
a, b, d, land ¥ aeebcdeatowval am thyllhgseupfhavtimg general céobounlatdqud )
; Rg represents a hydrogen atom an alkyl group having 1 to 10

car bon atcan®, hgdrakkexynggespphiasngg 11 tte 1b0ceabbanaabaBBandhaeiig
group having 2 to 10 carbon atonms, or a hydrocarbon group having 1

to 10 carbewr atpiHda ﬁk? Haydag 2l 6 =Bi 2gh 19 sbbLEzeWhBNaR ANd/1Une
is 2 or nore, ORd and

group having 2 to 4 carbon atoms; each of a and e represents
an average value of 0 to 50; c represents an integer of 1 to
20; R® represents a hydrogen atom, an alkyl group having 1 to
10 carbon atoms, an alkoxy group having 1 to 10 carbon atomsg,
or an acyl group having 2 to 10 carbon atomg; and when a and/or
e is 2 or more, (OR®) and/or (OR?) and (A) may be in random or

in block; (A) is represented by the general formula (III):

[Chem 2]
R° R
| I
to—o) (1)
rﬁ | 8
R° O(R°Q), R

wherein R°, R®, and R’ each represent a hydrogen atom or a
hydrocarbon group having 1 to 8 carbon atoms, which may be
identical to or different from one another; R® represents a
divalent hydrocarbon group having i to 10 carbon atoms or a

divalent hydrocarbon group containing ether-bonded oxygen and
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ORf and A may be in randomor in block; and when both a and e are
zero (0), n represents an integer of 1 or nore in one of the
structural units A 65 7. The lubricating oil for a conpression
refrigerator according to claiml or 2, wherein the polyvinyl ether
compound is a block or random copol ymer which contains: (a) a

consti t uth HPakg twltfo Q©p53§%BhethMst he® genglcdlentfOmMilarbhkh) at bFhem
3] RB R7 - GC~ ) " RO wherein R5, and R7 each

r epr esent dr ocar i=ng

canon ato%%n%%%lcﬁ §g$ be?;h%ent cglﬁ?éﬂgga%&gggfgg¥lfrnlréﬁrgsents
anot her epresent s, a d|v nt dro arbon_group

car bon atggséog El dlvaPent h?%ﬁbca? é?%uﬁ HFESED% g?héftﬁgﬁ%ed

oxygen and haV|n 2 to 20 carbon at.o R9 _represe a hydr.oge

atom or  CPRRr OB GFES RaVi A f@]&lf@lcsg Ly Srezeny £28R one
represents an average ivalue of 0 to 10, when n represents 2 or nore,
const i t utdRAAICTNRE § Ofayase PR deifritdalalt oo 67 i Fiesreit LrPBRshanother
another; R5 to RO may be identical to or different from one another

in every Worestdmutdayrd 1 i ionan dindtten aride wbiear hewe erenbre obfmRes,
t hey may be |dent|cal to or different from one anot her;
of R®0, they may be identical to or different from ocne another;
b is 3 or more, d is an integer of 1 to 6; when a is zero (0),

n represents an integer of 1 or more in one of the congtitutional

units (&) .

6. The lubricating oil for a compression refrigeratoxr
according to claim 1 or 2, wherein the polyvinyl ether compound
has a structure represented by the general formula (IV):

RS- ((ORY) - (A)p- (ORF) ] 4-RT (IV)
wherein R°, R%, A, a, b, d, and e are identical with those of
the general formula {(II); R represents a hydrogen atom, an alkyl
group having 1 to 10 carbon atoms, an alkoxy group having 1 to
10 carbon atoms, an acyl group having 2 to 10 carbon atoms, or
a hydrocarbon group having i to 10 carbon atoms and having 2
to 6 binding sites; when a and/or e is 2 or more, OR® and/or
ORf and 2 may be in random or in block; and when both a and e
are zero (0), n represents an integer of 1 or more in one of

the structural units A.
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and (b) a constitutional unit represented by the general formula
(V): 66 [Chem4] RIOR1 I I --~Cc~ (V) R12 R13 wherein R10 to
R13 each represent a hydrogen atom or a hydrocarbon group having 1
to 20 carbon atons, which may be identical to or different fromone

anot her ;

and R10 to R13 may be identical to or different from one

another in every CO”%EEJEEbPEéEtEHQEuJ?foIQ?chBEb%éEbBQerflééEa@br

conpr ession refri ger at or accordi ng to claimb5, "wherein

hydr ogen aé}}c%l}c} af%t% FadnNokhe QJ%% 3l Eﬁ ?ﬁﬁa}gll:a}ldie%élegh& poundy

| ubri cating Oi

I a conpression re rlgera

wh R dro d = th | f I 11).
0. The ﬁ%'ﬁseuilﬁcﬁfgrooage %ﬁgrg‘c??r%epafs@%%wﬂu?%we AR according Lo

cl aim6, vvhereln is a h%/dro gen atomand a = in the general

formula (1V). 1&} TEheC‘P%l%

%E%E%ﬂ@a%lPHFBrr5968ﬁﬁP§§§|6Wd§ﬁ@|%ﬁﬂ%ﬁ%ﬁ

according to claim 10, wherein Rg is a hydrogen atom d = 1, and e

0 in the fpeerkd (Gruia (1V).

[Chem 3]
R° R
| |
(? ?) (aen
R orio), R’

wherein R®, R®, and R’ each represent a hydrogen atom or a
hydrocarbon group having 1 to 8 carbon atoms, which may be
identical to or different from one another; R® represents a
divalent hydrocarbon group having 1 to 10 carbon atoms or a
divalent hydrocarbon group containing ether-bonded oxygen and
having 2 to 20 carbon atoms; R’ represents a hydrogen atom or
a hydrocarbon group having 1 to 20 carbon atoms; n represents
an average value ©of 0 to 10; when n represents 2 or more,
congtitutional units may be identical to or different from one
another; R® to R’ may be identical to or different fromone another
in every constitutional unit; and when there are two or more
of RP0, they may be identical to or different from one another;
and

(b} a constitutional unit represented by the general

formula (V) :
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67 12. The lubricating oil for a conpression refrigerator according
to claim5, wherein, in the general formula (I1) , all of RS to R7
are hydrogen atons in (A, nis an average value of 0 to 4 and one
of themis 1 or nore, and R8 is a divalent hydrocarbon group having
2 to 4 carbon atons. 13. The lubricating oil for a conpression
refrigerafgﬁemag ording to claim6, wherein, in the general fornula
(rvy , al of R5 to R7 are hydrogen atons in (A, n is an average
value of 0 tQi4 amd one of themis 1 or nore, and R8 is a dival ent
hydr ocar bon d?oupi aving 2 to 4 carbon atons. 14. The lubricating oi
for a co +-on i.ger at or accorqvgg toclaiml1 or 2, wherein a
ki nematic visFosiqy at 100C is in the range of 1 to 50 mm®/s. 15.
The Iubricatiﬁﬁiopﬁ3for a conpression refrigerator according to
claim1l or 2, wherein a viscosity index is 80 or nore. 16. The

| ubri cat iwigedin ROt ta KOnIRssepResehit ixgeyatogen acent dingheretaivol
or 2, wherein a pour point is -20C or less. 17. The lubricating oi
for a conpressimivigd ri gef e300 dirkehst, 0 whlidhMndyOhe2i a¥ALE 8D o
ki nematic viscosity at 100C 68 is in the range of 8.758 to 20.10
M2/ s. 18 Ther d e atifng Qfd ahekndrcoanaess ep gef @F%Egt Phentical

according to claiml1l or 2, wherein a kKinematic visco

to or different from one another in every constitutional unit.

8. The lubricating oil for a compression refrigerator
according to claim 5, wherein R° is a hydrogen atom, and a =

0 in the general foxrmula (II).

9. The lubricating oil for a compression refrigerator
according to claim 8, wherein R® is a hydrogen atom and c = 1

in the general formula (II).

10. The lubricating cil for a compression refrigerator
according to claim 6, wherein R ig a hydrogen atom and a = 0

in the general formula {(IV).
11. The lubricating oil for a compression refrigerator

according to claim 10, wherein R is a hydrogen atom, d = 1,

and e = 0 in the general formula (IV).
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is in the range of 58.52 to 234.6 m2/s. 19. The lubricating oil for
a conpression refrigerator according to claiml or 2, wherein the

| ubricating oil is used for a natural refrigerant. 20. The

| ubricating oil for a conpression refrigerator according to claim

19, wherein the natural refrigerant is one of a carbon dioxide

refrigerant, ammamomikk Lebitigecant, cidndoran bydbecashon reffigeratdy
or a conbination thereof. 21. A refrigeration unit, characterized by

conpri si NghcoR LAMRLESSE OR F elhkgenat ofn el @eﬁé&é‘i atorfrd gerantall
whi ch includes at | east a conpressor, a condénser, an expansion

mechani sm e 4d QN RVAPOT AL 8L oo 8n AL YHA! 1 £ €14 96{1%‘&1&1 g, L ey e value

Iubrlcatlon oil for a co ression rg@rlgerator accorlgl ng to | ai m
19. 22. Th fri eralon u t accordln to claim?2l, s vvhere
nat ur al frcl{gcera/%t é ar OX] &e%?:efnroirgeérgﬁlfi R clilv Pent

hydrocarbon group having 2 to 4 carbon atoms.

13. The lubricating oil for a compression refrigerator
according to claim 6, wherein, in the general formula {IV), all
of R® to R’ are hydrogen atoms in (A), n is an average wvalue
of 0 to 4 and one of them is 1 or more, and R® is a divalent

hydrocarbon group having 2 to 4 carbon atoms.

14. The lubricating oil for a compression refrigerator
according toclaim 1l oxr 2, wherein a kinematic viscosity at 100°C

is in the range of 1 to 50 mm®/s.

15, The lubricating cil for a compression refrigerator
according to c¢laim 1 or 2, wherein a vigcosity index is 80 or

moecre.

16. The lubricating oil for a compression refrigerator

according to claim 1 or 2, wherein a pour point is -20°C or less.

17. The lubricating oil for a compression refrigerator

according toclaiml oxr 2, wherein a kinematic viscosity at 100°C
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is in the range of 8.758 to 20.10 mm?/s.

18. The lubricating oil for a compression refrigerator
according to claim 1 or 2, wherein a kinematic viscosity at 40°C

is in the range of 58.52 to 234.6 mm’/s.

ig. The lubricating oil for a compression refrigerator
according to ¢laim 1 or 2, wherein the lubricating o0il is used

for a natural refrigerant.

20. The lubricating c¢il for a compression refrigerator
according to claim 19, wherein the natural refrigerant is one
of a carbon dioxide refrigerant, an ammonia refrigerant, and

a hydrocarbon refrigerant, or a combination thereof.

21. A refrigerationunit, characterized by comprising:

a compression refrigerator for a natural refrigerant,
which includes at least a compregsor, a condenser, an expansion
mechanism, and an evaporator;

a natural refrigerant; and

the lubrication o0il for a compressicon refrigerator

according to claim 19.

22. The refrigeration unit according to claim 21,

wherein the natural refrigerant is a carbondioxide refrigerant.
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