LUBRI CATI NG O L FOR COVPRESSI ON- TYPE REFRI GERATORS  FI ELD OF THE | NVENTI ON
Thes present invention relates to a lubricating oil for conpression-type
refrigerators. More particularly, the present invention relates to a

| ubricating oil for conpression-type refrigerators using a

hyd¥ of | uor ocarbon refrigerant containing pentafl uoroethane which

| ubricating oil conprises a polyvinyl ether conpound, shows an excell ent
conpatibility with. hydrofl uorocarbon refrigerants containin

pent af | uor oet hUBRICGATING OILeBOR: EOMPRESSIONTY RIS REERGK TORS
environmental pollution, has a volune intrinsic resistance of 1012 [err]cm
or nore at 80[err]C, and exhibits excellent stability and |ubricating
property. P ART OF THE 1 NVENTI ON I n general, conpression-type
refrigerator HEINVENTIQRt with a conpressor, a condenser, an

ovapor ator | and LHePlGHent {6vRaG08 Tirtas tara RHEARER Ul HE emprefsiontyas
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excellent compatibility with hydrofluorocarbon refrigerants containing
pentaﬂuoroefhane which can replace chlorofluorocarbons causing
environmental pollution, has a volume intrinsic resistance of 1012 Q.cm

‘or more at 80°C, and exhibits excellent stability and lubricating property.

PRIOR A FTHE I ION
In general, compression-type refrigerators are constituted at least
. with a compressor, a condenser, an expansion mechanism (such as an
expansion valve and a capillary tube), an evaporator, and a drier and has
a structure in which a mixed fluid of a refrigerant and a lubricating oil
is circulated in the closed system. Temperature is high in the
compressor and low in the refrigerating chamber generally in the
compression-type refrigerator though the conditions may be different
depending on thé type of machinery, and it is generally required that the
refrigerant and the lubricatiﬁg oil be circulated in the system without
causing phase separation in the wide range of temperature. A mixture

of a refrigerant and a lubricating oil generally has regions of phase



" separation at the |ow tenperature side and at the high tenperature side.
The: hi ghest tenperature in the region of phase separation at the | ow
tenperature side is preferably -10[err]C or |lower, nore preferably
-20[err]C or lower. The | owest tenperature in the region of phase
separation at the high tenperature side is preferably 30[err]C or higher,
nore preferably 40[err] C or higher. Wen phase separation occurs during the
operation of the refrigerator, life and efficiency of the apparatus are
adversel y af fsepazation at thelow demperaturersideans et thadightemperapareasiden of
the refrigerant and the |ubricating oil occurs in the part of the
conpressor, |Theikighest tempearature ingthearegionsof phase sepazatiomat bezlove
occurs to cause decrease . in . the |life_of the apparatus to a%‘%reat ext ent.
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is generally preterred that the viscosity (kinematic viscosity

lubricating oalgreat @xtent.XFr gkample, ®hiendphasd sepabafion Ht0tHeSkefrifirant
preferably 5 to 100 cSt, at 40[err]C. Wien the viscosity is lower than this
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the viscosity is higher than this range, efficiency of the heat exchange is
decr eased. of the moving parts is deteriordated, and seizufe occurs to cause decrease
in the life of the apparatus to a great extent. When the phase separation
occurs in the evaporator, efficiency of heat exchange is decreased
because of the presence of lubricating oil of high viscosity.
| Because the lubricating oil for refrigerators is used for the purpose
of lubricating moving parts in refrigerators, the lubricating property is
. naturally im;l)ortant.' Particularly, because the temperature in the
compressor is high, the viscosity which can hold the oil film necessé'ry
for the lubrication is important. The required viscosity is different
dependipg on.the type of the compressor used and working conditions,
and it is generally preferred that the viécosity (kinematic viscosity) of the
lubricating oil before mixing with a refrigerant is 5 to 200 c¢St, more
preferably 5 to 100 ¢St, at 40°C. When the viscoéity is lower than this
range, the oil film becomes thin to cause insufficient lubrication. When
the viscosity is higher than this range, efficiency of the heat exchange is

decreased.



Electrirc refrigerators and air conditioners have a notor and a conpressor

I ntiegrally built into a single body, and the lubricating oil for themis
required to have a high degree of electric insulating property. In. general,
a volune intrinsic resistance of 1012 [err]Jcmor nore at 80[err]Cis
redquired. When the resistance is lower than this value, possibility of |eak
of electricity arises. Mreover, high stability is required for a

| ubricating oil. For exanple, when organic acids are formed by hydrol ysis
or the like, corroElegiricnvefigerasors andapparcanditioners haveakenmutereand a

al though degree of the corrosion and the wear depends on the anount of the
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R143a, respectively) are attracting attention as the nove

refrigerant. dégreeplrthiel vorrecivrhamd therwear ddgendsl dAath&moithe vf ¢
R143a, are preferred as the refrigerant for conpression-type refrigerators

because organic acids. 3 :

As the refrigerant. for compression-type refrigerators, particularly
for air conditioners, mainly chlorodifluoromethane (hereinafter referred
to as R22) or a mixture of chlorodifluoromethane and chloropentafluoro-
ethane in a ratio by weight of 48.8 and 51.2 (hereinafter referred to as
R502) has heretofore been used. As the lubricating oil, various types of

. mineral oils and synthetic oils satisfying the required properties
described above have been used. However, R22 and R502 are more
rigorously restricted world-wide because there is the possibility that they
cause environmental pollution such as the ozonosphere destruction. By
this reason, hydrofluorocarbons represented by 1;1,1,2-tetraﬂuoroethane,
difluoromethane, pentafluoroethane, and 1,1,1-triﬂﬁoroethane
(hereinafter referred to as R134a, R32, R125, and R143a, respectively) are
attracting attention as the novel types of the refrigerant. The '
hydrofluorocarbons, particularly R134a, R32, R125, and R143a, are

preferred as the refrigerant for compression-type refrigerators because



they have little possibility of causing the ozonosphere destruction.
However, the above hydrofl uorocarbon causes a problemwhen it is used
singly. For exanple, it is reported in "Energy Shigen (Energy and
Resources)" Vol une 16, Nunber 5, Page 474 that (1) when Rl134a is applied to
an=air conditioner to replace R22, the pressure in operation is |ower, and
the ability is decreased by about 40 % and the efficiency is decreased by
about 5% from those obtained by using R22; (2) R32 shows a higher
ef fici ency buthey hiayeelitphee possibility ogfecausing tthen ozbnesphértenidestribgtion; ng
R22 and is slightly cgonbustible; and (3) R125 has a |lower critical pressure
to cause decrideweven theabove bydnefjuenochdheyn causes arproblembwhenbitds wedta
has t he problem&’ rrbustibilit,g/_like R32. . It is desirable that a
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pressure to cause decrease in the efficiency although it is not
combustible. R143a has the problem of combustibility like R32.

It is desirable that a refrigerant for compression-type refrigerators
can be used without change in the structure of the currently used
refrigerator. However, the above mixed hydrofluorocarbon refrigerants
must be used acfually because of the problems described above. More

. specifically, it is desirable in view of the efficiency that R32 and R143a
which are combustible are used to replace R22 and R502 which are
currently used, and R125 or R134a is mixed to R32 or R143a to provide the
incombustibility. It is described in The International Symposium on R22
& R502 Alternative Refrigerants, 1994, Page 166 that a mixture of R32
and R134a is combustible when the content of R32 is 56 % by weight or
more. In view of the incombustibility, a refrigerant containing 45 % by
weight or more of an incombustibile hydrofluorocarbon such as R125 and
R134a is desirable although the content may be different depending on

the composition of the refrigerant.



On the other hand, a refrigerant is used under various conditions in a
refrigeration system and it is not desirable that the conposition of the
refrigerant containing hydrofluorocarbons is different to a great extent in
various parts of a refrigeration system The refrigerant is in the gaseous
state as well as in the liquid states in one refrigeration system

Theref ore, when boiling points of hydrofluorocarbons used as a m xture are
different to a great degree, there is the possibility that the conposition
of the nixed refriQernthetotherdidridyr e refiigerangrisausek uaderivanens godiiimss of
the refrigeration system because of the above reason. Boi | i ng, poi pts
of R32, Rl43im RtefiigenadioRl System,cand it ig mot|desirable that the, OQ!EB?%}?W ?E:,
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(hereinafter referred to as RA0O/C), a mxture of R32 and R125 in a ratio
by wei ght of pQi088 pabey 6f thed Féfrigerationrsdtdm nwaiéé ®ftheabdva reasons e of
R32 and R125 in a ratio by weight of 45 55 (hereinafter referred to as
RA10B) are pref er r Bdilixtg pbintsiof RB2, R143a, R125, and R134a are -51.7°C, -47.4°C, 5

-48.5°C, and -26.3°C, respectively. Using R134a in a mixed

hydrofluorocarbon refrigerant must be made carefully in view of the
above consideration. Therefore, when R125 is used in a mixed
refrigerant, it is preferred that the content of R125 is 20 to 80 % by weight,
more preferably 40 to 70 % by weight. When the content is less than 20 %
. by weight,' a refrigerant having a different boiling point such as R134a
must be used in a larger amount in order to provide the obtained mixed
refrigerant with the incombustibility, and the content is not preferable by
the above reason. When the content of R125 is more than 80 % by weight,
the efficiency is decreased, and the content is not preferable, either.
From the reasons described above, a mixture of R32, R125, and
R134a in a ratio by weight of 23 : 25 : 52 (hereinafter referred to as R407C),
.a mixture of R32 and R125 in a ratio by weight of 50 : 50 (hereinafter
referred to as R410A), and a mixture of R32 and R125 in a ratio by weight
of 45 : 55 (hereinafter referred to as R410B) are preferred as the mixed



refrigerant to replace the refrigerant of R22. A m xture of R125, R143a,
and:. R134a in a ratio by weight of 44: 52: 4 (hereinafter referred to as
R404A), and a m xture of R125 and Rl143a in a ratio by weight of 50 : 50
(hereinafter referred to as R507) are preferred as the mxed refrigerant to
reptace the refrigerant of R502. These m xed refrigerants are

advant ageous al so because these refrigerants show small change in the
conposition when the refrigerants are placed into the apparatus or |eak out

of the apparatrefrigerant to\Wephadd i refiipddant B IR, A nﬁ§9&r(%,ﬁtl' gﬁ%zﬁcﬁa% 02

replace R22 or R502 in a conpression-type refrigerator in

has been usedaad RN844dhr 4 gatinby weighbrofcant 52s: 4%@?@&Haftéreﬁféf&ﬁ tPalave
excel l ent conpatibility with the m xed hydrofl uorocarbon refrigerant and
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resistance of 1012 [err]Jcm (80[err]C) or nore and excellent stability and
| ubricating pfhgreingfter referred teasR5GHareymefaxedray thid mixéd cofrigerant to
her et of ore been used_in caonbination with R22 or R502 do not have an :
excel | ent corrﬁﬁl’]ialﬁﬁlthﬁfewgﬁrﬂwfrﬂm hydr of | uor ocarbon refrigerants such
as R404A, R410A, Rﬁﬁ}OB, and R507,, Therefore, 8 new | ubricating oil suitable
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in a compression-type refrigerator in which R22 or R502 has been used
as the refrigerant, a lubricant is naturally required to have excellent
compatibility with the mixed hydrofluorocarbon refrigerant and the
other requirements described above which are a volume intrinsic
resistance of 1012 Q-cm (80°C) or more and excellent stability and
lubricating property. |

How«_ever, the lubricating oils which have heretofore been used in

combination with R22 or R502 do not have an excellent compatibility with
the mixed hydrofluorocarbon refrigerants such as R404A, R410A, R410B,
and R507. Thérefore, a new lubricating oil suitable for these mixed
refrigerants is necessary. When the refrigerants of R22 and R502 are
replaced with new refrigerants, it is desired that little change in the
structures of apparatus is required. It is not desirable that the
structures of the currently used apparatus must be changed to a great

extent by replacing a lubricant.

As the lubricant having a good compatibility with these mixed



ester -lubricants, and carbonate |ubricants have been known. The
pokyal kyl ene gl ycol |ubricant has a | ow volunme intrinsic resistance, and

t he pol yol ester lubricants and the carbonate |lubricants are easily

hydrol yzed to cause a problemin the stability. Therefore, devel opnent of a
| ubri cant showi ng conpatibility with the above m xed hydrof | uorocarbon
refrigerants, having a high volunme intrinsic resistance, and exhibiting
excellent stability and lubricating property has been desired. Under
t he above ci hydmeflanresarbohe refrégenantsnpeiyilikyléne glycobjebricantsr polxilng a
| ubricating oil for conpression-type refrige{ators whi ch shows excel | ent
conpati bi | i t gsten Aubricamtay anst casberate dubricantychave sbeemiknowng Rihs,
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has been desired.

'Under the above circumstances, the preseht invention has an
object of providing a lubricating oil for compression-type refrigerators
which shows excellent compatibility with mixed hydrofluorocarbon
refrigerants containing R125, such as R410A, R410B, R404A, and R507,
which can replace chlorofluorocarbons causing environmental
pollution, has a high volume intr_insic resistance, and exhibits excellent

. stability and lubricating property. |

The present invention has another object of providing an
apparatus for refrigeration uéing the above lubricant and a mixed
hydrofluorocarbon refrigerant containing R125, and a cbmpljessor for
refrigerants which is suitable for forming a refrigeration cycle in the

above apparatus for refrigeration.

SUMMARY OF THE INVENTION
As the result of extensi_ve studies conducted by the present

inventors to develop the lubricating oil having the above desirable

......



| ubricating oil conprising a polyvinyl ether conpound having specific
constituting units as the main conponent. The present invention has been
conpl eted on the basis of the discovery. Accordi ngly, the present

i nvention provides a lubricating oil for conpression-type refrigerators
usithg a hydrof | uorocarbon refrigerant containing pentafluoroethane which
| ubricating oil conprises a polyvinyl ether conpound having (a) a
constituting unit represented by the follow ng general fornula (1):

HH [ err] properties, ik wapdisenvesed thatithe aabiose ahjectis edri be drikseved by
carbon atons and may have ether bond in the group) or a polyvinyl ether
conpound havilugricating il comnriging( a) pelyyinyl) ethen sempournd haying specific
represented by the follow ng general formula (I): . HH
[err] (wher eidonetitpéingyaitssag thedmainr eunpgrenp whne ipresent inventionahasn

atons, may hgve ether.  bond in the grqup, and is different fromthe
hydr ocar bon &%C%B@Eaﬁpea‘ ﬂsioztgér‘i]é?@l"efﬁrnul a (1)) as the main
J
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compression-type refrigerators using a hydrofluorocarbon refrigerant
containing pentafluoroethane which lubricating oil comprises a
polyvinyl ether compound having (a) a constituting unit represented by

the following general formula (I):

H H
+o—¢3
o OR -
(wherein R represents a hydrocarbon group which has 1 to 3 carbon
atoms and may have ether bond in the group) or a polyvinyl ether

compound having constituting unit (a) and (b) a constituting unit

represented by the following general formula (I'):

H H
=6
I|I (I)R' - (I
(wherein R’ represents a hydrocarbon group which has 3 to 20 carbon
atoms, may have ether bond in the group, and is different from the
hydrocarbon group represented by R in general formula (I)) as the'main
componept of the lubricating oil.

The present invention relates to an apparatus for refrigeration



having a refrigeration cycle constituted at |east wwth a conpressor, a
condenser, an expansi on nechani sm an evaporator, and optionally a drier,
and containing the above-described lubricating oil and a hydrofl uorocarbon
refrigerant containing pentafluoroethane. The present invention also
rel-ates to (i) a high pressure conpressor for refrigerants which conprises
a notor having a rotor and stator and disposed in a closed vessel
containing a lubricating oil, a rotary shaft fitted to the rotor, and a
conpr essor paavingnaasfeigerativhecyule aonishitated at temstrwyithhaf compdessomt @ ns
a high pressure gas of a refrigerant in the closed vessel; and (ii) a low
pressure conmoadenserf,oanr expansoanmechiainismg arprevaporaterstand loptionally reot or
and stator and _disposed in a closed vessel containing a _lubricating Qil, a
rotary shaft duiered@nd cortzizing, thedaboyerdescribed pgibrléamt@b apd: e

not or throu a,rqgfary shaft, apd discharges . a,  high pressure gas of
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mai n conponent of t cat I ng
9 a rotary shaft and contains a high pressure gas of a refrigerant in the

closed vessel; and (ii) a low pressure compressor for refrigerants which
comprises a motor having a rotor and stator and disposed in a closed
vessel containing a lubricating oil, a rotary shaft fitted to the rotor, and a
compressor part connected to the motor tﬁrough a rotary shaft, and
discharges a high pressure gas of a refrigerant directly out of the closed
vessel. The above compressors for refrigerénts contain the above
- lubricating oil and a hydrofluorocarbon refrigerant containing

pentafluoroethane.

IL, Il THE INVEN

The lubricating oil for '.compression-type refrigerators of the
present invention comprises the polyvinyl ether compound having
cbnstituﬁng unit (a) represented by general formula (I) or the polyvinyl
ether compound having constituting unit (a) represented by general
formula (I) and constituting unit (b) represented by general formula (I')

as the main component of the lubricating oil.




R in general formula (1) represents a hydrocarbon group which has 1 to 3
carbon atons and nay have ether bond in the group. Specific exanples of the
hydr ocarbon group represented by R include nmethyl group, ethyl group,
n-propyl group, isopropyl group, and 2-nmethoxyethyl group. R in general
forfrula (1) represents a hydrocarbon group which has 3 to 20 carbon atons
and may have ether bond in the group. Specific exanples of the hydrocarbon
group represented by R include al kyl groups, such _as n-propyl group,

i sopropyl group, nRbin gengralformubad () represepts s hydnogarhpnogpoup ewhidhut v
group, various types of pentyl group, various types aof hexyl grou vari ous
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group, 2-met hexymesled M YhE tHYdritaPHon %ro@f;ﬂireg ﬂélh g?ORD’include alkyl

3,6,9-trioxadecyl "group, 1,4-"dinethyl-3,6-di oxahepty oup,
1,4, 7-tri met hgtrodps), such 49 naffepsl %oﬁlpp;is&gr@p 1 @¥auf; Rani @bﬁbﬁ isdHiftyl

2,6,9-trioxa-4-decyl group. e vinyl ether conpounds may have a
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gener al for nuivaripiip types of hexyl group, various types of heptyl gtbup, and various

types of octyl group; cycloalkyl groups, such as cyclopentyl group,

cyclohexyl group, various types of methylcyclohexyl group, various types

of ethylcyclohexyl group, and various types of dimethylcyclohexyl group;

_aryl groups, such as phenyl group, various types of methylphenyl group,

various types of ethylphenyl group, and various types of dimethylphenyl

. group; arylalkyl groups, such as benzyl groﬁp, various types of

phenylethyl group, and various types of methylbenzyl group; and alkyl

groups having ether bond in the gfoup, such as 2-methoxyethyl group, 2-

ethoxyethyl group, 2-methoxy-1-methylethyl group, 2-methoxy-2-

methylethyl group, 3,6-dioxaheptyl group, 3,6,9-trioxadecyl group, 1,4-

dimethyl-3,6-dioxaheptyl group, 1,4,7-trimethyl-3,6,9-trioxadecyl group,
2,6-dioxa-4-hepty1 group, and 2,6,9-trioxa-4-decyl group.

The vinyl ether compounds may have a single type or two or more

types of constituting units (a) ahd (b). When the vinyl ether compounds

have both constituting units (a) and (b), R in general formula (I)

10



representing constituting unit (a) and R in general forrmula (I)
representing constituting unit (b) are not the sane. I n general
formula (1) representing constituting unit (a), R preferably represents

met hyl group or ethyl group, nore preferably ethyl group (constituting unit
(aFerr]) which is shown in the exanples). In general fornula (1)
representing constituting unit (b), R err] preferably represents a

hydr ocarbon having 3 to 6 carbon atons, nore preferably isobutyl group
(consti t uti ngepresentiny womsthtutinghamiti ) adxBhinegeneral fortwela «li)o by
mol of constituting unit (a) and constituting unit (b) is preferably in the
range of 10: represepting comséitptizigounit| (p) iavetrind thenspmed 10 0 to 7: 3, nost
preferably in the_range of_  10: O0_to 8: 2. . In the present inventign,
the kinematic vi séBsgenesal dpemulay (Derrpresantingngonstipung unid gbtﬁe

UL TR ST MR TN R RO
SOpLRaL e M BSRl e E0Rk ko4 BRI b0 e the BRI LR
o epered o BR300 CROASRITIE Lot Bt S S PROTRE pABE R .,
oe o0 211 BLpRCHIEY BBl K AL, Ol bbb FRORTRSY
"ﬁ defined ahgyfityl Brsup Leorvdtibiting Bait APy RAHEN i83Koh in the examples).

The ratio by mol of constituting unit (a) and constituting unit (b) is
preferably in the range of 10 : 0 to 5 E 5, more preferably in the range of 10
: 0 to 7 : 3, most preferably in the range of 10 : 0 to 8 : 2.

In the present invention, the kinematic viscosity of the vinyl ether
compound is preferably in the range of 5 to 200 ¢St, more preferably in the
range of 5 to 100 cSt, at 40°C. Therefore, the degree of polymerization can
be selected suitably so f'.hat the kinematic viscosity is in the above range.

The _polyvinyl ether compound used in the lubricating oil of the
present invention can be prepared by polymerizing the corresponding
vinyl ether monomer. More specifically, the polyvinyl ether compound
having constituting unit (a) can be obtained by polymerizing one or more
types of a vinyl ether monomer represented by the following general

formula (V):

T
i
H OR e (V)

(wherein R is as defined above). The polyvinyl ether compouhd having

11



constituting units (a) and (b) can be obtained by copol yneri zi ng one or
more types of the vinyl ether nonomer represented by general fornula (V)
and one or nore types of a vinyl ether nononer represented by the foll ow ng
general formula (V): [err] (wherein R is as defined above).
Exe&mpl es of the vinyl ether nononmer represented by general formula (V)

I ncl ude vinyl nmethyl ether, vinyl ethyl ether, vinyl n-propyl ether, vinyl

i sopropyl ether, and vinyl 2-nethoxyethyl ether. Exanples of the vinyl

et her nononeconstptuting teitbyYayandr @) da bel ebtigihed ibyc copalymeryzing- enepy!
et her, vinyl isopropyl ether, vinyl n-butyl ether, vinyl isobutyl ether,
vi nyl sec- bumgdreetypes, of/the vinyl ethert monemher represented byngehexstl formulany|
n- hexyl ether, vinyl 2-nethoxyethyl ether, vinyl 2-ethoxyethyl ether, vinyl
2-met hoxy- 1- 6%} apdeong loramhee typesof 2vinylhether monemey| xeprpbentedeby theny i
3,6-dioxahep&§I ef her, vin 3,6, 9- trloxadecyl et her, vinyl
1, 4- di net hyl ,%Nm&)ggnémf//foré@ﬁ Vinyl 1,4, 7-tri met hyl -
3,6,9-trioxadecyl ether, vinyl 2, 6- dloxa 4- heptyl ether, and vinyl 2,6, 9-
trioxa-4-decyl ether. 'Iﬁese Vi nyI et her nmononers can be prepared by
conventional nethods. H aAs the pol yvinyl ether conpound used in the
| ubricating oil of the prekent invention, a polyvinyl ether conmpound in
whi ch one end has a stryt¥Wre represented by the foll owi ng general fornula
(rr): ‘ _ 12
H OR e (V')

(wherein R' is as defined above).

Examples of the vinyl ether monomer represerited by general
formula (V) include vinyl methyl ether, vinyl ethyl ether, vinyl n-propyl
ether, vinyl isopropyl ether, and vinyl 2-methoxyethyl ether. Examples of
the vinyl ether monomer represented by general formula (V') include
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-methy1ethyl ether, vinyl 2-methoxy-2-
methylethyl ether, vinyl 3,6-dioxaheptyl ether, vinyl 3,6,9-trioxadecyl
ether, vinyl 1,4-dimethyl-3,6-dioxaheptyl ether, vinyl 1,4,7-trimethyl-
3,6,9-trioxadecyl ether, vinyl 2,6-dioxa-4-heptyl ether, and vinyl 2,6,9-
trioxa-4-decyl ether. These vinyl ether monomers can be prepared by

- conventional methods.
As the polyvinyl ether compound used in the lubricating oil of the

present invention, a polyvinyl ether compound in which one end has a

structure represented by the following general formula (II):



[err] ‘(wherein Rl represents a hydrocarbon group which has 1 to 20 carbon
atons and nay have ether bond in the group), and the other end has a
structure represented by the follow ng general formula (I111):

HH [err] (wherein R2 represents a hydrocarbon group which has 1 to 20
carvon atons and may have an ether group in the group), and a pol yvinyl

et her conpound in which one end has a structure represented by general
formula (11) and the other .end has a structure having the foll ow ng general
formula (1V): H H I I [err] are preferable.
Exanples of RL and R2 in genleral [formulae (111) and (1V) include the groups
descri bed above as exaridtes Gf—tBe—groups represented by R and R in above
general fornulae (1) and (I'I). | The lubricating oil for refrigerators
of the present invention codpri s@Rt he above polyv(Hyl ether conpound as

t he mai n component. The kinematic viscosity of the lubricating oil before
the oil is m(wderein R1 represents a hydrocarbon g®up which has 1 to 20 carbon

atoms and may have ether bond in the group), and the other end has a

structure represented by the following general formula (III):

Ili H
|
—ii
H OR? - (IID)

(wherein R2 represents a hydrocarbon group which has 1 to 20 carbon
atoms and may have an ether group in the group), and a polyvinyl ether
compound in which one end has a structure represented by general
formula (II) and the other end has a structure having the following

general formula (IV):

III H
I
AR
H OH - (IV)

are preferable.

Examples of R! and R2 in general formulae (III) and (IV) include
the groups described above as examples of the groups represented by R
and R' in above general formulae .(I) and (I').

The lubricating oil for refrigerators of the present inventioh
comprises the above polyvinyl ether compound as the main component.

The kinematic viscosity of the lubricating oil before the oil is mixed with

13



a refrigerant is preferably 5 to 200 cSt, nore preferably 5 to 100 cSt, at
40{err] C. The average-nol ecul ar wei ght of the polyvinyl ether conpound is
generally 150 to 2,000. When a polyvinyl ether.conmpound has a kinematic

vi scosity outside the above range, the kinematic viscosity of the. polyvinyl
et er conpound can be adjust to a value within the above range by m xing

with a polymer having a different kinematic viscosity. In the
| ubricating oil for refrige of the present |nvent| as typ
or a conbi natd Befrigerand 1%@1'#&( E’f)yﬁe@ 490 t‘ﬁé M@ep’fﬁfﬁﬁh HyEP lr%fcébr%und

wn othor | dG°Fe e averaks blechlay tsigibel Roe Sy Tign! REReT ge%aw %
f h dd t]

n Eéffﬁgi.%%%”tﬁ?‘)” Lt ﬁ@ﬁw'xt R

agent's.  ant | Qb dall viEEh by G5ATHL VAL Uibve J5LEATLAG KRAGRARC viscosity of the

detergent di spersan VP Eeh tS, - oifiness agen

ant | - wear ad;B #'%?‘é',l ‘Eﬁgfe 8655 Bﬁﬁ h%é‘ﬂ&ﬂ}s% toaaf'ﬂrhhk@%v%félﬁaggn% daﬁ%é Pa?ﬁfé‘

i nhi bitors, pre san and

necessary.  py ml’éi&i ifl® aﬁ% 'Mn@aa[ Hi/f'fél%rﬁ%hbh){ﬁléefs‘ébbﬁﬁd above

I ncl ude: organlc sulTur co nd additi'ves, such as nonosul

pol ysul fides, sul fRx tHé!Slubﬁéhh%fgeénl fbhlxeﬁqgétm&e%f thel f)%SeiﬁChﬁ'eh%loQﬂ(h
fats, thiocarbonates, thiophenes, thiazoles, and nmethanesul fonic acid
esters; phos mingle:tgqsd or aaeb‘inbina,&m of ctb;oa@r plurepiypescoftivoaboed polyvinyl
phosphoric di esters, and phosphoric triesters (such as tricresyl
phosphat e) ; pitheplcomposinekcan baddiedi VEke aboeé patyvingt ptiveroesmpound caerse
phosphorous diesters, and phosphorous triesters; thiophosphoric ester

14 used as a mixture with other lubricants. .

To the lubricating oil for refrigerators of the present invention,
“various types of other additives conventionally used in lubricating oils,
such as load carrying additives, chiorine capturing agents, antioxidants,
metal deactivators, defoaming agents, detergent-dispersants, viscosity-
index improvers, oiliness agents, anti-wear additives, extreme pressure
. agents, antirust agents, corrosion inhibitors, pour point depressants,
and the like, may be added, where necessary.

Examples of the load carrying additive described above include:
organic sp.lfur compound additives, lsuch as monosulfides, polysulfides,
sulfoxides, sulfones, thiosulfinates, sulfurized oils and fats,
thiocarbonates, thiophenes, thiazoles, and methanesulfonic acid esters;
phosphoric ester additives, such as phosphoric monoesters, phosphoric
diesters, and phosphoric triesters (such as tricresyl phosphate);
phosphorous ester additives, such as phosphorous monoesters,

phosphorous diesters, and phosphorous triesters; thlophosphonc ester

1



addi ttves, such as thiophosphoric triesters; fatty acid ester additives,
such as higher fatty acids, hydroxyaryl fatty acids, esters of polyhydric
al cohols, and acrylic esters; organic chlorine additives, such as

chl ori nated hydrocarbons and chl orinated carboxylic acid derivatives;
organic fluorine additives, such as fluorinated aliphatic carboxylic acids,
fl uoroethyl ene resins, fluoroal kyl polysil oxanes, and fluorinated
graphite,; alcohol additives, such as higher alcohols; and additives of
netal | i ¢ conpddititees,ssath &s thiophosphnuishttiestersadatty( aoith eaten additives,
napht henate), salts of fatty acids (such as |ead salts of fatty acids),
salts of thispelvgsnhigher( agids,i hydenxyeryl fattyi agides paters of pelyhydriss

t hi ocar bam ¢ aci d, organonmol ybdenum conpounds, gr.ganoti n_coppounds,

or ganoger manglgphdgpoimd s acayac b@S#Q!‘SéCOEE%ItCerGS!Ionne additivetes sych; g8

%BLS dized | éﬁi«:ﬁxﬁ?&%ﬁ Rardshes dofescél °Eﬁfo§~é§3¥%4‘%a§héfh?¥ 'ac?érn‘cierre'%%‘e’sﬁﬁﬁs

[ . <. EX h QX1 '
( ‘;‘ZLEiagp:z),x%Eﬁaﬁirﬁﬁmﬂéf’é‘ﬁ%ﬁfggﬁﬁiﬁ% apofinBPhd Bt LhlpgEoaaas, ©
Gor vat | vee. TEPas PRI tribigly CORULIE T bONA Rixdel, ' AR NABEAREN ©
di met hyl pol y?%ﬁf&gﬁ%ﬁ) aftidhoP U ddTRivEaC ! S§-lg§h%’i‘péﬁ:5hﬁf -tiﬁddé‘&r%%ﬁ%@

t
di spersants Inctudesul fonates, phehat'es, and -succl ni mcf_s. Exanpl es o?fthe
viscosity | nﬁ%‘tdIHEr%Pohﬁﬁb?%cﬁohﬁr@éﬂé%ﬁ’ hipith P9 Yd E@DWWEhE RS lead

et hyl ene- propyl ene copolyners, and hydrogenat ed styrene-di ene copol yners.
The | ubri cat naghthknate); BaltsrefSfanty aeidan(sueh asldwkdaltsrof fabtypa&ds), wulty/ pe

refrigerators which uses a hydrofluorocarbon
15 of thiophosphates (such as zinc dialkyldithiophosphates), salts of
thiocarbamic acid, organomolybdenum compounds, organotin
compounds, organogermanium compounds, and boric acid esters.
Examples of the chlorine capturing agent include compounds
having glycidyl ether group, epoxidized fatty acid monoesters, epoxidized
fats and oils, and compounds having epoxycycloalkyl group. Examples
. of the antioxidant include phenols (such as 2,6-di-tert-butyl-p-cresol) and
aromatic amines (such as a-naphthylamine). Examples of the metal
deactivator include benzotriazole derivatives. Examples of the defoaming
- agent include silicone oils (such as dimethylpolysiloxane) and
polymethacrylates. Examples of the detergent dispersants include
sulfonates, phenates, and succinimides. Examples of the viscosity index
improver include polymethacrylates, polyisobutylene, ethylene-proj)ylene
copolymers, and hydrogenated styrene-diene copolymers.

The lubricating oil of the present invention is used for.

compression-type refrigerators which uses a hydrofluorocarbon



refrigerant containing R125. The hydrofl uorocarbon refrigerant preferably
contains 20 to 80 % by weight, nore preferably 40 to 70 % by wei ght, of
R125. Wen a hydrof |l uorocarbon refrigerant contains 40 to 70 % by wei ght of
R125, it is not necessary that a refrigerant having a boiling point
different to a great degree, such as Rl34a, is mxed in a |arge anount in
order to provide the refrigerant with inconbustibility, and the

hydr of | uor ocarbon refri gerant shows a high efficiency. The

hydr of | uor oc aefrigesants containdngh&Ri25.i n The bydpofunirocartiean téfrigerant
refrigerants are placed into the apparatus or |eak out of the apparatus.
Pref erabl e exaefdrablyicontaingy2() t6 BOoToby weight,anore @referabhic#0de 70 % hy
R410B, R404A, and R507. The refrigerating apparatus used in the
present i nvet¢ightnelRa 261 Wihear ativdgollyeresacbom resigerant contaimssH) to 0

copi 1y’ t ablyDY FHRERh O Sl by aBot mecesthunt Pant coRpliaatant Baving a
rechan sm  a BeHBE PERE Gisas Joof arest Sffﬁ%@&f@&ﬁ%%fﬁéﬁ%@ﬂ%ﬁ?@%ﬁﬂ:

[ [ . . I on
e the'l ubr i dZr@hRARMIE HRer 15 pHONYE el SerfigerBhy WATHOIER sk RIAY,
refrigerant Gy gyl B?g?&ﬁhﬁ%éﬁggﬁsfm&gn;h&é% 4 %%{‘%ﬁﬁ?ign%a'e‘ryfes

preferred that the dr IS pa rying agent

zeolite havi iy drdfRidgrodh#HEh SShdtbs dift1é afadgfez in EH@rgoneSosition RGP ! thie®

I ncl ude natural zeolites and synthetic zeoli Zeolite having a vol une of

absor ption ofrefGkerddtsoafe placedifoothd ﬁﬁpaﬁétu%sdlelédlﬁouﬂ‘w 'the #Fpdradus.

pressure of CJerr] gas of 250 mmHg i s nore preferable. Exanples of the
16 Preferable examples of the hydrofluorocarbon refrigerant include R410A,

RA410B, R404A, and R507.

The refrigerating apparatus used in the pre.sent invention has a
refrigerating cycle comprising a compressor, a condenser, an expansion
mechanism (such as an expansion valve and a capillary tube), and an
evaporator as the essential components, or a refrigerating cycle

.comprising a compressor, a condenser, an expansion mechanism, a
drier, and an evaporator as the essential components. The refﬁgerating
apparatus uses the lubricating oil of the present invention as the
lubricating oil (the refrigerator oil) and a hydrofluorocarbon refrigerant
containing pentafluoroethane as the refrigerant.

It is preferred that the drier is packed with a drying agent which
is made of zeolite having a pore diameter of 3.3 A or less. Examples of

- the zeolite include natural zeolites and synthetic zeolites. Zeolite having
a volume of absorption of CO2 gas of 1.0 % or less at 25°C under a partial

pressure of COg gas of 250 mmHg is more preferable. Examples of the



nore preferable zeolite include comercial products having trade nanes of
XH-9 and XH 600 which are products of UNION SHOM Co., Ltd. Wen zeolite
has a | arge volunme of absorption of CO2 gas, the anount of absorption of
fluorine ion is increased. This |eads to decrease in the adsorption
property and the strength at break which are required as the nol ecul ar
sieve, and various troubles are caused. When t he above drying agent
is used, water can efficiently be renoved while the refrigerant in the

refrigerati omepe|preferdlsie abshitdecichclhldé evtimerRidlV Prodakct habidd arddei ng
agent by degradation of the drying agent itself can be suppressed, and the

possSi bility afameéskfXH9 pndgkHA600 whiehfarenprodumts eof ENION SHOMW An€ar, by

i nvasi on of the powder into sliding parts_of the conpressor can be _
elimnated. Itdus When zeglitegbaata gargg)[yalmsoﬁalbsbwhpm@ﬁ €04 @asa theng
time with stability. The conpressor for refrigerants is a conponent
constituting atnn@unépf Rhserntiom of flyovingf ionnis iatsveasadef Thisleadsmtp dppreaseus.
The conpressQr ysed.in the present invention include the high pressure
conpr essor afB #weaqlwﬁwesgw%ﬁﬁﬁe@@oﬁrswh aéduenkevhighoere reguiredn

types, it is prgeferred that.the winding int stator of _a notor has a core
(ggch as a nﬁ%n&em %‘ﬁutl%éfeé’(?'\ﬁ“ﬂhv%g'é%&%%ﬁﬁ%\#ﬁé’a&sﬁﬂass transition

emerat ure of 298 Guola Rl Bryle Wbl de"Ghdt S o150 SofeBRRy b
oL, L2t A SERRR Uy e S e B e B RSB,
Ve ot 9 6ol U, DRSS VO SHE AU Byl b B
17 agent itself can be suppressed, and the possibility of choking pipings with
the formed powder and abnormal wear by invasion of the powder into
sliding parts of the compréssor can be eliminated. Thus, the
refrigeration apparatus can be operated for a long time with stability.
The compressor for refrigerants is a component constituting the
refrigeration cycle of the above refrigerating apparatus. The compressor
.used in the present invention include the high pressure compressor and
the low pressure compressor both described above. In both types, it is
preferred that the winding in the stator of a motor has a core (such as a
magnet wire) coated with an enamel having a glass transition
temperature of 120°C or higher or with a varnish having a glass
transition temperature of 50°C or higher. As the enamel coating, a
single layer or a composite layer of a polyester imide, a polyamide, or a
polyamide imide is preferable. The enamel coating prepared by
laminating a layer having a lower glass transition temperature as the

lower layer and a layer having a higher glass transition temperature as

17



the upper layer is excellent in water resistance, resistance to softening,
and- resi stance to swelling, shows high nechanical strength, stiffness, and
el ectric insulation, and is valuable for practical use. In the
conpressor for refrigerants, it i's preferred that the insulation filmused
as the electric insulation material in the notor part is made of a
crystalline plastics filmhaving a glass transition tenperature of 50[err]C
or higher. It is particularly preferred that the crystalline plastics film
contai ns 5 %the wppehlayer iscexcedlens|ingwades resistanceyresintante te saffendngpf
the crystalline plastics having a glass transition temperature of 50[err]C
or hi gher i n@ndiaepistgnes ipswelling whows high mechenicalestrengtlpnrtiffesse

| yphenyl | fide, .pol h h t | yet hyl ht hal at e,

bol yan de ?“m-eaaéfe{éceﬁsaﬁgvfa:t%gﬁ;ar? xse%qﬁia | S?fo@%‘%?éﬁﬁ yu%?ef T usi‘df; o the
b fil ' . r .t he aboye cr, al lj.ne
OO A TRy e ol S FeRrikar e it NS BorglThat ik
ranei tion t OABEIRiGH Bk usel a3V elRin e hadiation AthtBrial B ik E5%ar papbe,
ol o . . . . : q ' P IS ; .

Commr easor . AS ke Ofr | SOLAdAN; 8T oPEetlke PR itvibleC o 1eflE Bapdifion

I d f hob 1 A o is
Syl ene- pr onerShAtdicbiof SpeC bR HigEr, 0% deifffularly preferred that the
acryloni tril exlstAHRNnRKlabtibd Bl EMRRins B % P WRiEHPBE 1688 @F'Gii%dlﬂ@f or ubber's

(FKM can advant ageously be used. A rubber showng a degree of swelling of
10 % by wei ght or PpeferablePefhsiplebcof the crystallige ColERERSSRAVINY a glass

refrigerants, various organic nmaterials

18 ~transition temperature of 50°C or higher include polyethylene
terephthalate, polybutylene terephthalate, polyphenylene sulfide,
polyether ether ketone, polyethylene naphthalate, polyamide imide, and
polyimide. |

The above insulation film ﬁsed in the motor part may be a film
made of a single layer of the above crystalline plastics or a composite film

.in which a film having a higher glass transition terhperature is
laminated on a film having a lower glass transition tempera.ture.

In the compressor for refrigerants, a rubber material for vibration
isolation can be disposed. at the inside of the compressor. As the rubber
material for vibration isolation, a material selected from acrylonitrile-
butadiene rubber (NBR), ethylene-propylene-diene rubber (EPDM, EPM),
hydrogenated acrylonitrile-butadiene .rubber (HNBR), silicone rubbers,
and fluororubbers (FKM) caﬁ advantageously be used. A rubber showing
a degree of swelling of 10 % by weight or less is preferable.

In the compressor for refrigerants, various organic materials



(such as cover materials of |lead wires and binding fibers) can be di sposed
I nsi de the conpressor. As the organic material, a material show ng a
decrease in the tensile strength of 20 % or |ess is advantageously used. .
In the conpressor for refrigerants, various sliding parts (such as
beatrings) are contained. It is preferred that the sliding parts have a
roughness of 20 pmor less, that a steel material constituting the sliding
parts has a hardness (Rc) of 30 or nore, and that an al um num nateri al
consti t uti ng(such akicdver materialsaf lead avides: and (HiBfing fibers)cambe digposede
alum nummaterial, a high silicon alum nummaterial containing 5 % or nore
of silicon iinsideathegompregsosedds the orgamic hatanigl; & saaterigl showing a
refrigerants, it is preferred that the clearance in the sliding parts in
t he conpr ess&ecreasednthebensilesstapnetinat 29 % oxdess mqaéwf@gﬁﬁuglas@edaas a
degree of swelling of, 20 % or Iesz. . apgo surmarissi%ét hemf}gv nt aﬁ]es of
the present i nventifolRe CRIRLEESOL Koy Fefrigarapts, varprs fliding Rasts (such as
refrigeratorsg of.th resent . nuwention shaws aexgel.l gnt tibiligdy with
hydr of | uor oc REREER: #16 P aaindas 1k 98 Prifiefiad Ban fhe <IFHRR prkischdve '
which can re 0 frl . d
causi ng envi ?Jgﬁ%gﬁg g% %ggq Eﬁ §ﬁ%%aghé€\%+t%%%{éﬂa§;§% 21 sﬁggﬁgéaﬁ{&es@ﬁ%)lz
[err]cm or RoJ L Lt Leakiing
a"rté‘hagoi ?fa&hﬁesé%ﬁb)gbf 80 gogsgg&g%g&ﬁat ah mtﬂaﬁ%%ﬁhh%&éﬁ

property, and can advantageousl’y be UuSt ricating _
conpr essi on- teyRgtitafingife s RAfg ' paRS Has 8 chdbdieak (MBSO R hefd.| A& Gl S
cont ai ni ng R125. 19
aluminum material, a high silicon aluminum material containing 5 %
or more of silicon is advantageously used.
In the compressor for refrigerants, it is preferred that the
clearance in the sliding parts in the compressor is 30 um or less and that

a gasket in the compressor has a degree of swelling of 20 % or less.

To summarize the advantages of the present invention, the

. lubricating oil for compression-iype refrigerators of the present invention
shows excellent. compatibility with hydrofluorocarbon refrigerants, such
as R404A, R410A, R410B, and R507, which can replace
chlorofluorocarbon refrigerants, such as "R22 and R502, causing
environmental pollution, has a volume intrinsic resistance of 1012 Q.-cm
or more at 80°C, exhibits excellent stability and lubricating property, and
can advantageously be used as a lubricating oil for compression-type

refrigerators using mixed hydrofluorocarbon refrigerants containing

R125.



The present invention is described in nore detail with reference to
exanples in the foll ow ng. However, the present invention is not |limted by
t he exanpl es. Preparati on Exanpl e of Catalyst 1 Into a 2 liter

aut ocl ave made of SUS 316L, 12 g of nickel diatomaceous earth catal yst (a
product of NI KKI KAGAKU Co., Ltd., trade name, N113) and 300 g of isooctane
were placed. The charged aut ocl ave was purged with nitrogen and then with
hydrogen. After the pressure of hydrogen was increased to 30 Kg/cnRG the

t enper at ure was. i rthe pseseritani4ftienris @eseribledin miord A2t ail vithf referddce to

m nutes, and then the autoclave was cooled to roomtenperature. The cool ed
aut ocl ave waexampled ini the follomingn Hawevex) theopresent ahverbior is inet limited: al
was added to _the autoclave. Then, the autoclave was purged with nitrogen
again and t hdwy the exampplessen. After the pressure of hydrogen was increased
to 30 kg/cn2G the tenperature was increased to 130[err]C and kept at
130[err]C for 30 mnutes, and then the autoclave was cooled to room

ncreace | n” (BRPPRAZRBER EEEBI %ﬁﬁcta?ﬁyﬁéigikgvf 1, Lgﬁﬁﬁiilﬁdi Eytﬁgepressure
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pressure was decrease aaphery ¢ presstr &
20 autoclave was purged with nitrogen and then with hydrogen. After the

pressure of hydrogen was increased to 30 Kg/cm2G, the temperature was
increased to 140°C and kept at 140°C for 30 minutes, and then the
autoclave was cooled to room temperature. The cooled autoclave was
purged with nitrogen, and 20 g of acetaldehyde diethylacetal was added
to the aﬁtoclave. Then, the autoclave was purged with nitrogen again
and then with hydrogen. After the pressure of hydrogen was increased
. to 30 kg/cm2@G, the temperature was increased to 13(_)°C and kept at 130°C
for 30 minutes, and then the autoclave was cooled to room temperature.
The pressure inside the autoclave was increased by the increase in the .
temperature, and at the same time, decrease in the pressure of hydrogen
was observed because of the reaction of acetoaldehyde diethylacetal.
When the pressﬁre of hydrogen was decreased to a pressure less than 30
kg/cm?2@, hydrogen was added, and the pressure was kept at 30
kg/cm2G. After the autoclave was cooled to room temperature, the
pressure was released. Then, the.autoclave was purged with nitrogen,

and the pressure was decreased to atmospheric pressure.



Preparati on Exanple 1 ‘Into a 1 liter glass separable flask, 148,2 g of
tolwene, 30.18 g (6.55x10[err] nol) of ethanol, and 0.258 g of boron
trifluoride etherate were charged. Then, 539.82 g (7.486 nol) of ethyl
vinyl ether was added to the obtained m xture during 5 hours. Because heat
I's generated by the reaction, the flask was cooled in an ice water bath,
and the tenperature of the reaction solution was kept at 25[err]C.
The obtai ned reaction solution was transferred to a 2 |iter washing tank
and washed with 200 m of a 3 % by wei ght aqueous sol ution of sodium
hydroxide twice and then with 200 ml of distilled water three tines. The
sol vent and |Pgiparhtiont Eramplerle renoved from the washed reaction sol ution
under a vacuum by using a rotary evaporator to obtain 550.6 g of a crude
product . Thelntot acl iter @lassisepagablee flaskal 148,2pg eofatduens, 30.18 g
Preparation Exanple of Catal yst 1_was_opened. After the liquid, part in the
aut ocl ave Was(ﬁr-gaéme’g mohpfgtherol.cand 9%p§ gt b(?fémc?réﬁléoﬁg@(ﬂ?b@rm WeRed
above was added to_the autoclave. After the autoclav S purge {th
U7 ogen_ and Shsged (Them R Eh & CheBGmeld of etbrl WA GBRr s Rddsbia the t o
30 kg/ cnm2G and the,tenpperatyre, of .t he autogl ave s i,ncreased., T,
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hydr ogen was decrea 21
The obtained reaction solution was transferred to a 2 liter washing

tank and washed with 200 ml of a 3 % by weight aqueous solution of
sodium hydroxide twice and then with 200 ml of distilled water three
- times. The solvent and light fractions were removed from the washed
reaction solution under a vacuum by using a rotary evaporator to obtain
550.6 g of a crude product.
The autoclave containing the catalyst prepared in Preparation
. Example of Catalyst 1 was opened. After the liquid part in the autoclave
was removed by decantation, 400 g of the crude product obtained above
was added to the autqclave. After the .autoclave was purged with
nitrogen and then with hydrogen, the pressure of hydrogen was
increased tb' 30 kg/cm2@, and the temperature of the autoclave was
increased. The temperature was kept at 140°C for 2 hours, and then the
a'uto‘cl"ave was cooled to room temperature. The préssure in the
autoclave was increased by the increase in the temperature, and.
decrease in the pressure 6f hydrogen was also observed because the

reaction took place. When the pressure of hydrogen was decreased,

21



hydrogen was suitably added, and the pressure was kept at 30 kg/cnmG

After the autoclave was purged with nitrogen, the pressure was decreased to
at nospheric pressure. The reaction solution . was recovered, and 100 g of

i sooct ane was added to the recovered reaction solution. The catal yst was
renoved fromthe resultant reaction solution by filtration. The obtained
filtrate was treated with a rotary evaporator to renove the solvent and
light fractions. The yield was 361 g. The results of the analysis of
the nucl ear twdregér wasssuitably added,ramd the peesairecwas &kept ad 80 kgamitie NVR
anal ysis) and the analysis of the infrared spectrum (hereinafter referred
to as the |R anal Wfitey theoamtbclane vease puirged evithdnitrogenythe nyessare was

obt ai ned pol yner was_(A), and the other end structure was mainly (B) and
cont ai ned 5 #esyeagedhto oatmesphericiprrasure. (cjLhe reaction solutipp was

err : )
! ] recovered, and 100 g of isooctane was added to the recovered reaction

solution. The catalyst was removed from the resultant reaction solution
by filtration. The obtained filtrate was treated with a rotary evaporator to
" remove the solvent and light fractions. The yield was 361 g.

The results of the analysis of the nuclear magnetic resonance
spectrum (hereinafter referred to as the NMR analysis) and the analysis
of the infrared spectrum (hereinafter reférred to as the IR analysis)
showed that one of the end structures of the obtained polymer was (A),
and the other end structure was mainly (B) and contained 5 % by weight

or less of structure (C).

% 31
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Preparati on Exanple 2 Into a 1 liter glass separable flask, 148,2 g
of toluene, 27.38 g (5.94x10[err] nol) of ethanol, 4.90 g (6.6x10-2 nol) of
i sobutanol, and 0.260 g of boron trifluoride etherate were charged. Then,
a mxture of 465.83 g (6.460 nol) of ethyl vinyl ether and 71.89 ¢
(7.18x10[err] nol) of isobutyl vinyl ether was added to the obtained

m xture during 5 hours. Because heat is generated by the reaction, the
flask was cooled in an ice water bath, and the tenperature of the reaction
sol uti on was Baegparatioa3izampls 2 The obt ai ned reaction soI ution was
transferred to a 2 |liter, washi ng tank and washed with 200 of a 3 %

wei ght aqueous sollmtpod bliten glass spnavoblecilaskcd48nd & nérwmme.za’é 38 ggf

from t he wasHBPHUIES el SBethaam SE#’X’?&‘@%&QL%%O@P%@M?&&# 58>
Cont ai ni ng a ¥k b%]%;'tr? RafidB dtheRell Hora Thasttd Than 2 T ﬁ?%@' H6PA3 &
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i ncreased. The tenperature was kept at 140[err]C for 2 hours, then the

aut ocl ave wasch‘eowmﬁemuf@eﬂtﬁ@wmuushewaé ®apt/ae 25PC! | he aut ocl ave was
I ncreased by the increase in the tenperature, and decrease in the pressure

81; eggg : ggg][l was al 'snemaneﬂdrda@cms&mﬁenrmmrmmm # & elitéwashiigy
tank and washed with 200 ml of a 3 % by welght aqueous solution of
sodium hydroxide twice and then with 200 ml of distilled water three
times. The solvent and light fractions were removed from the washed
reaction solution under a vacuum by using a rotary evaporator to obtain
550.0 g of a crude product.

An autoclave containing ‘a catalyst prepared in accordance with

. the same procedures as those conducted in Preparation Example of
Catalyst 1 was opened. After the liquid part in the autoclave was removed
by decantation, 400 g of the crude product obtained above was added to the
autoclave. After the autoclave was purged with nitrogen and ther_l with
hydrogeri, the pressure of hydrogen was increased to 30 kg/cm2G, and
the temperature of the autoclave was increased. The temperature was
kept at 140°C for 2 hours, and then the autoclave was cooled to room
temperature. The pressure in the autoclave was increased by the
increase in the temperature, and decrease in the pressure of hydrogen

was also pbserired because the reaction took place. When the pressure of



hydr ogen was decreased, hydrogen was suitably added, and the pressure in

t he. aut ocl ave was kept at 30 kg/cn2G After the autoclave was purged
with nitrogen, the pressure was decreased to atnospheric pressure. The
reaction solution was recovered, and 100 g of isooctane was added to the
recovered reaction solution. The catal yst was renoved fromthe resultant
reaction solution by filtration. The obtained filtrate was treated by a
rotary evaporator to renove the solvent and light fractions. The yield was
362 g. hydeogers wassdedrensed,NnRirzogenywas samitahlyiaddeds and, the pressiae
that one of the end structures of- the obtajned polyner was (A) or (D), and
the ot her endnghegatoclavesaskept gt 8@kefemeE) and contained 5 % by wei ght
or less of structure ( Preparati on

Q). H .
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60.93 g (8.22x10[er¢],mol) of |soputanol, and 323 f boran . .trifluoride
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vinyl ether recovered, and 100 g of isooctane was added to the recovered reaction
solution. The catalyst was removed from the resultant reaction solution
by filtration. The obtained filtrate was treated by a rotary evaporator to
remove the solvent and light fractions. The yield was 362 g.
The results of the NMR analysis and the IR analysis showed that
one of the end structures of the obtained polymer was (A) or (D), and the
other end structure was mainly (B) or (E) and contained § % by weight or -

less of structure (C).

H H
HE—G—
| }'1 c|>CH2CH(CH3)2 D)
H H
_b—tm
}|1 (I)CH20H(CH3)2 - (B)

- Preparation Example 3

Into a 1 liter glaSS separable flask, 125 g of isooctane, 60.93 g
(8.22x10-1 mol) of isobutanol, and 0.323 g of boron trifluoride etherate

were chargéd. Then, a mixture of 307.06 g (4.258 mol) of ethyl vinyl ether
and 202.01 g (2.02 mol) of isobutyl vinyl ether was added to the obtained

24




“and 202.01 g (2.02 nol) of isobutyl vinyl ether was added to the obtained

24 . m xture during 5 hours. Because heat is generated by the
reaction, the flask was cooled in an ice water bath, and the tenperature of
the reaction solution was kept at 45[err]C The obt ai ned reaction

solution was transferred to a 2 liter washing tank and washed with 200 m
of a 3 % by wei ght aqueous sol ution of sodi um hydroxi de twi ce and then with
200 m of di st.iLued waj er _t.hree t t,l]p §Q| vent aggﬂ]h& t fractio Were
renmoved fronTHKELRdHENE éa‘%?‘?’i?n ﬁP‘?% ea déreenerg & 5SROy

0,0 d
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Burged wi th it rogdls rtied 1EGHiOR bl vty tsriire o' 42 R BHingICe
i ncreased tOtéﬂkkgi&%%h@al%ﬁezé@rﬂapm R0 by Righe RERYEs "Blution of

i ncreased. The tenperature was kept at 1 hours, and then the

aut ocl ave vagodiitheHydfoxidentwieeraidithed witle zvoeixslume dhéhllé& RHEEC tBYde Vas
I ncreased by the |ncrease in the tenperature, and decrease in the pressure

of hydrogen viaaedl SDhelsoiversdahdcHght fidetisiensidrenrémoted feom therashul
pressure of hydrogen was decreased, hydrogen was suitably added, and the

pressure in reaction solubien waxldreptvagtiufd bygusim@Ga rotary evdpaatohdéo abtai ave
was purged with nitrogen, the pressure was decreased to atnospheric
pressure. TH30:gafiaoerusts MQ£1¢tms recovered, and 100 g of isooctane was
added to the r eCO\Ex& eadutroglaa(zs;[eI (():gntaining a catalyst prepared in accordance with
the same procedures as those conducted in Preparation Example of
Catalyst 1 was opened. After the liquid part in the autoclave was removed
by decantation, 400 g of the crude product obtained above was added to the
autoclave. After the autoclave was purged with nitrogen and then with
hydrogen, the pressufe of hydrogen was increased to 30 kg/cm2@G, and
_the temperature of the autoclave was increased. The témperature was
kept at 140°C for 2 hours, and then the aﬁtoclave was cooled to room
temperature. The pressure in the autoclave was increased by the
increase in the temperature, and decrease in the pressure of hydrogen
was also observed because the reaction took place. When the pressure of
hydrogen was decreased, hydrogen was suitably added, and the pressure
in the autoclave was kept at 30 kg/cm2G. |
After the autoclave was purged with nitrogen, the pressure was

decreased to atmospheric pressure. The reaction solution was

recovered, and 100 g of isooctane was added to the recovered reaction

©tvees .



25 ' solution. The catal yst was renmoved fromthe resultant reaction
solution by filtration. The obtained filtrate was treated by a rotary
evaporator to renove the solvent and light fractions. The yield was 359 g.
The results of the NVR anal ysis and the IR anal ysis showed that one of the
end- structures of the obtained polynmer was (A) or (D), and the other end
structure was mainly (B) or (E) and contained 5 % by wei ght or |ess of
structure (C. Preparati on Exanple 4 oal_liter glass gseparable

flask, 125 gselutiemodihsea x.stmaglmmmﬁ%p)r%nlﬁ%mgﬁap,s WEoD, 237
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under a vacuum by using a rotary evaporator to obtain 543.2 g of a crude
product . lessof strfuRehAY €CRontai ning a catal yst prepared in accordance

with the sane procedures as those conducted in Preparation Exanpl e of
Catal yst 1 was opened. After the liquid part in the autoclave was renoved
Preparation Example 4
Into a 1 liter glass separable flask, 125 g of isooctane, 44.70 g
(6.03x10-1 mol) of isobutanol, and 0.237 g of boron trifluoride etherate
were placed. Then, a mixture of 507.38 g (7.036 mol) of ethyl vinyl ether
and 17.96 g (1.79x10-1 mol) of isobutyl vinyl ether was added to the
obtained mixture during 5 hours. Because heat is generated by the
reaction, the flask was cooled in an ice water bath, and the temperature
~of the reaction solution was kept at 45°C. |
The obtained reaction solution was transferred to a 2 liter washing
tank and washed with 200 ml of a 3 % by weight aqueous solution of
sodium hydroxide twice and then with 200 ml of distilled water three
times. The solvent and light fractions were removed from the washed
reaction solution under a vacuum by using a rotary evaporator to obtain
543.2 g of a crude product. |
An autoclave containihg a catalyst prepared in accordance with
the same procedures as those éonducted in Preparation Example of

Catalyst 1 was opened. After the liquid part in the autoclave was removed



26 ' by decantation, 400 g of the crude product obtained above was
added to the autoclave. After the autoclave was purged with nitrogen and
then with hydrogen, the pressure of hydrogen was increased to 30 kg/cnRG
and the tenperature of the autoclave was increased. The tenperature was
kept at 140[err]C for 2 hours, and then the autoclave was cooled to room
tenperature. The pressure in the autoclave was increased by the increase in

because the. PadiaBre R AT 8ok inbinfndd RRSIG oBlp el A45A 4RE aRGRA B1RE" Y C
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was recovere I SoOCt 0o the recovered reaction
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filtration. The obtalned filtrate was treated by a rotary evaporator to

renmove the sieptndt 1ad°Cifoirt2 fHores] and. theie thkedwtoohive3 &hisgcooled to Foem
results of the NVR analysis and the IR analysis showed that one of the end

structures ofteniperatiténeThwipregsurain( the autodjavarias Hacoehssd byl the
structure was mainly (B) or (E) and contained 5 % by wei ght or |ess of
structure (Clincreddecimmtheitemperatpre; &nd decreasenim thelpressure gifdsydrogen
separable flask, 125 g of isooctane, 62.56 g (8. 44x10| err] nol) of -
i sobut anol , amals @l’Bcbseryved thecanse thé reacticr teok plages re the prgestirervfen
a mxture of 247.8 g (3.436 nol), of _.ethyl vinyl ether
hydrogen was decreased, hydrogen was suitably added, and the pressure
in the autoclave was kept at 30 kg/cm?2G.

After the autoclave was purged with nitrogen, the pressure was
decreased to atmospheric pressure. The reaction solution was
recovered, and 100 g of isooctane was added to the recovered reaction
solution. The catalyst was removed from the resultant reaction solution
by filtration. The obtained filtrate was treated by a rotary evaporator to

_remove the solvent and light fractions. The yield was 360 g.

The results of the NMR analysis and the IR analysis showed that
one of the end structures of the obtained polymer was (A) or (D), and the
other end structure was mainly (B) or (E) and contained 5 % by weight or

less of structure '(C).

Preparation Example 5

Into a 1 liter glass sepai'ab_le flask, 125 g of isooctane, 62.56 g _
(8.44x10-1 mol) of isobutanol, and 0.332 g of boron trifluoride etherate
weré charged. Then, a mixture of 247.8 g (3.436 mol) of ethyl vinyl ether



27 ' and 259.65 g (2.592 nol) of isobutyl vinyl ether was added to

t he- obtained m xture during 5 hours. Because heat is generated by the
reaction, the flask was cooled in an ice water bath, and the tenperature of
the reaction solution was kept at 45[err]C The obt ai ned reaction
solution was transferred to a 2 liter washing tank and washed with 200 m

of a 3 % by wei ght aqueous sol ution of sodi um hydroxide twi ce and then with
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product obtai : g@@to t he autocl ave. After the autoclave was
purged with ﬁpﬁﬂﬁ%g?%n hﬂ wit'h hydrogen, the pressure of hydrogen was

increased to 30 kefydiBliained ﬁeQEteiBﬁrBBﬁiﬁéHrv@aQ%réﬂ&eﬁ‘éH% #'2li¥éiSwashin,

i ncreased. The tenperature was pt at 140[err]C for 2 hours, and then the

aut ocl ave wagafiROARE WwAshO@WithNRBEO ahliof- a B9 Myewsigkt iagulebasagslationyef Was
I ncreased by the increase in the tenperature, and decrease in the pressure

of hydrogen wediwds hydboxidectiwirecandetlicne witlh @00 ml ofidigtiled. wiben thhee
pressure of hydrogen was decreased, hydrogen was suitably added, and the
pressure in tthmeaut Thessodvent andplight factions veege removed Arony theovashed
autocl ave was purged with nitrogen, the pressure was released. The
reaction sol weactionesolutionvender avatulo hy vsingsagetareevaporator to obtain
535.6 g of a crude product. -
An autoclave containing a catalyst prepared in accordance with
the same procedures as those conducted in Preparation Exarhple of
Catalyst 1 was opened. After the liquid part in the autoclave was removed
by decantation, 400 g of the crude product obtained above was added to the
autoclave. After the autoclave was purged with nitrogen and then with
_hydrogen, the pressu_ie of hydrogen was increased to 80 kg/cm2G, and
the temperature of the 'a_utoclave was increased. The temperature was
kept at 140°C for 2 hours, and then the autoclave was cooled tb room
temperature. The pressure in the autoclave was increased by the
increase in the temperature, and decrease in the pressure of hydrogen
was also observed because the reaction took place. When the pressure of
hydrogen was decreased, hydrogen was suitably added, and the pressure
in the autoclave was kept at 30 kg/cm?2G.

After the autoclave was purged with nitrogen, the pressure was

released. The reaction solution was recovered, and 100 g of isooctane




was added to the recovered reaction solution. The catal yst was renoved from
the. resultant reaction solution by filtration. The obtained filtrate was
treated by a rotary evaporator to renove the solvent and light fractions.-
The yield was 358 g. The results of the NVR analysis and the IR

anal ysis showed that one of the end structures of the obtained pol yner was
(A) or (D), and the other end structure was mainly (B) or (E) and contai ned
5 % by weight or |ess of _ structure (0. Pr.epar at
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Preparation Example 6

Into a 1 liter glass separable flask, 125 g of isooctane, 60.65 g
(8.18x10-1 mol) of isobutanol, and 0.322 g of boron trifluoride etherate
were charged. r1‘.hen, a mixture of 370.66 g (5.140 mol) of ethyl vinyl ether
and 138.70 g (1.385 mol) of isobutyl vinyl ether was added to the obtained
mixture during 5 hours. Because heat is generated by the reaction, the

_flask was cooled in an ice water bath, and the temperature of the reaction
solution was kept at 45°C.

The obtained reaction solution was transferred to a 2 liter washing
tahk and washed with 200 ml of a 3 % by weight aqueous solution of
sodium hydroxide twice and then with 200 ml of distilled water three
times. The solvent and light fractions were removed from the washed
reaction solution under a vacuum by using a rotary evaporator to obi_:ain
528.4 g of a crude product. .

An autoclave containing a catalyst prepared in accordance with

the same procedurés as those conducted in Preparation Example of



Catal yst 1 was opened. After the liquid part in the autoclave was renpved
by "decantation, 400 g of the crude product obtained above was added to the
autocl ave. After the autoclave was purged with nitrogen and then with

hydr ogen, the pressure of hydrogen was increased to 30 kg/cnR2G and the
tenperature of the autoclave was increased. The tenperature was kept at
140[err]C for 2 hours, and then the autoclave was cool eg Lo rﬁom .
tenperature. The pressure in the autoclave was increase the increase in
threm t enper atuﬁg talyiy lowas opsaednAftes t:beelscnu pant 1nycéne(ﬁgetnc ¢ was senovedyed
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pol ymer was (A) or (D), and the other end structure was maln
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ere was also observed because the reactlon took place When the pressure of
hydrogen was decreased, hydrogen was suitably added, and the pressure
in the autoclave was kept at 30 kg/cm2G.

After the autoclave was purged with nitrogen, the pressure was
released. The reaction solution was recovered, and 100 g of .isooctane
was added to the recovered reaction solution. The catalyst was removed
from the resultant reaction solution by filtration. The obtained filtrate

. was treated by a rotary evaporator to remove the solvent and light
fractions. The yield was 358 g. |

The results of the NMR analysis and the IR analysis showed that
one of the end structures of the obtained polymer was (A) or (D), and the
other end structure was mainly (B) or (E) and contained 5 % by weight or

less of structure (C).

Preparation Example 7

Into a 1 liter glass separable flask, 125 g of isooctane, 35.64 g
(7.74x10-1 mol) of ethanol, and 0.305 g of boron trifluoride etherate were



charge"d. Then, '534.36 g (7.410 nol) of ethyl vinyl ether was added to the
obt & ned m xture during 5 hours. Because heat is generated by the reaction,
the flask was cooled in an ice water bath, and the tenperature of the
reaction solution was kept at 45[err]C. The obt ai ned reaction
soldtion was transferred to a 2 liter washing tank and washed with 200 m
of a 3 % by wei ght aqueous sol ution of sodi um hydroxide twi ce and then with

5 4,810 08 AT
Contai ning a Sovansd, Ml ik 3 MR, CBeihuse heat, I AAHER R B the
those conduct fgadtibd, tHRNAK Whe U Inn 64 Wakst bht Ohﬁngggx%e&x?éﬂ]@g%u S

liquid part int dutoclave was renoved by decan
product obt ai %@%o%lﬁﬁ@ﬁ%é@k%@@a@%%' ave. After the autoclave was

purged with nitrogen and then with rogen, the pressure of hydrogen was

increased to 30 kgMheldbtasiel fﬁ@:ﬂ(ﬁﬂ@ﬁh@idﬁ %a@ftrhﬁéffei‘bﬁd)% avV® lives washmg
i ncreased. The tenperature was kept at 140[err]C for hours, and then The

aut ocl ave wastaniolaarl weashedmw thiT200aimir 6f aTse%pbﬁ&ﬁbﬁrghtliqﬁétﬁlsﬁlubRﬁh&Y ®fwas
I ncreased by the increase in the tenperature, and decrease in the pressure

of hydrogen weedisims hydrozide dwiee ank théwe withc200nmi afkdistdhel witen three
pressure of hydrogen was decreased, hydr ozen was suitably added, and the
pressure in t A8t 33193\‘%@1% arptlight fmckighsnwere removed; from tthe wasbedave

was purged with njtrogen, e pressure s decreased to atnospheric
pr esg ur g ThBearcg'HB"c ?glhl tin Hpﬂgﬁ a,gacuum by using a rotary evaporgtor to obtain 31

recover ed, ang % [ ooct ne, was added to the recovered reaction
sol ution. TheStav® §§ %ﬁ fromthe resultant reaction sol ution

An autoclave containing a catalyst prepared in accordance with
the same procedures as those conducted in Preparation Example of
Catalyst 1 was opened. After the liquid part in the autoclave was removed
by decantation, 400 g of the crude product obtained above was added to the
autoclave. After the autoclave was purged with nitrogen and then with

.hydrogeh, the pressure of hydrogen was increased to 30 kg/cm2G, and
the temperature of the.au.toclave was increased. The temperature was
kept'at 140°C for 2 hours, and then the autoclave was cooled to room

temperature. The pressure in the autoclave was increased by the
increase in the temperature, and decrease in the pressure of hydrogen
was also observed because the reaction took place. When the pressure of
hydrogen was decreased, hydrogen was suitably added, and the pressure
in the autoclave was kept at 30-kg/cm2G.

After the autoclave was purged ﬁvith nitrogen, the pressure was

decreased to atmospheric pressure. The reaction solution was

31



by fil'tration. The obtained filtrate was treated by a rotary evaporator to
renove the solvent and light fractions. The yield was 359 g. "~ The
results of the NWR anal ysis and the IR anal ysis showed that one of the end
structures of the obtained polymer was (A), and the other end structure was
mainly (B) and contained 5 % by weight or |less of structure (C).
Preparation Exanple 8 Into a1l liter glass separable flask, 125 g of

T uor e cieierared o NG he o @ﬂe'\ig%t}sﬁ{}ﬁe%ﬁ FarCByeEE deaghono) )
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obt al ned. 1 eack bt Shu'bhRRnIRd 1RAE Al ike onf gultmtv%s 4ggly no tank and

washed with 20 by we aqueous sofutron o I um hydr oxi de

twice and then wit{Ph30Qshlt0bf ﬁhéNMk@qnwgﬁféé Al Be TR g&ﬁaltymesﬁeig\éanéha%”d

light fractions were renoved fromthe was reaction on un

vacuum by usi tige of theand staReaPdL6f thee BBtaANBdosyindt WhsTAI! HAQ ﬂ{eOQHfér

An aut ocl ave containing a catal yst prepared in accordance wth the sane .
procedur es asendateuctinredwaserhdinlP(B)ared icontiimed 5e%by weight or less of

32 Catal yst 1 was opened. After the liquid part in the autoclave
was renoved bstrueture €€).on, 400 g of the crude product obtai ned above was
added to the :

Preparation Example 8
Into a 1 liter glass separable flask, 125 g of isooctane, 59.42 g
(8.02x10-1 mol) of isobutanol, and 0.316 g of boron trifluoride etherate
were charged. Then, a mixture of 438.58 g (6.082 mol) of ethyl vinyl ether
and 71.99 g (7.19x10-1 meol) of isobutyl vinyl ether was added to the
obtained mixture during 5 hours. Because heat is generated by the
_reaction, the flask was cooled in an ice water bath, and the temperature
of the reaction solution was kept at 45°C.
The obtained reaction solution was transferred to a 2 liter washinﬁ
tank and washed with 200 ml of a 3 % by weight aqueous solution of
soaium hydroxide twice and then with 200 ml of distilled water three
times. The solventland light fractions were removed from the washed
-reaction solution under a vacuum by using a rotary evaporator to obtain
534.1 g of a crude product.
An autoclave containing a catalyst prepared in accordance with

the same procedures as those conducted in Preparation Example of

.



aut ocl ave. After the autoclave was purged with nitrogen and then with
hydr‘iogen, the pressure of hydrogen was increased to 30 kg/cnR2G and the
tenperature of the autoclave was increased. The tenperature was kept at
140[err] C for 2 hours, and then the autoclave was cooled to room _
tenperature. The pressure in the autoclave was increased by the increase in
the tenperature, and decrease in the pressure of hydrogen was al so observed

decroased, h r@aﬁ%‘%ﬁ%\ggée %ﬁ%&ﬁﬁ“&a?ﬁe%ﬁrefs AT géﬁdg“%a“ﬁﬁeraerme
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structures of the obtained polymer was (A) or (D), and the ot er en

structure waskept aity14®C dor (Ehoars, aadtiiciethd Hatorlavel ¢lak Jolé®Id Ffom
structure (O. Preparati on Exanple 9 Into alliter glass separable

flask, 250 g témperatune. 3TheSpgedsr2OidOthle nmitbclive s tinofdased ® tH87 g
of boron trifluoride etherate

wer e char ged. irmdrease 00the gexnpeddtureylandtdecsadset irl the presstiie of \lﬁyﬂragdﬂd
to the obtained mxture . during 5 hours. Because heat is generated by.the
reaction, thewaszlgogbservas becauseqthe E@thletodi%lplﬁceanwilemeth&apmsmemé'

hydrogen was decreased, hydrogen was suitably added, and the pressure

in the autoclave was kept at 30 kg/cm?2G.

After the autoclave was purged with nitrogen, the pressure was
decreased to atmospheric pressure. The reaction solution was
recovered, and 100 g of isooctane was added to the recovered reaction
solution. The catalyst was removed from the resultant reaction solution

_ by filtration. The obtained filtrate was treated by a rotary evaporator to
remove the solvent and light fractions. The yield was 359 g.

The results .of the NMR analysis and the IR analysis showed that
one of the end structures of the obtained polymer was (A) or (D), and the
other end structure was mainly (B) or (E) and contained 5 % by weight or

less of structure (C).

Preparation Example 9

Into a 1 liter glass separable flask, 250 g of toluene, 31.15 g
(4.20x10-1 mol) of isobutanol, and 0.497 g of boron trifluoride etherate



of the reaction solution was kept at 25[err]C. The obtai ned reaction
sol ution was transferred to a 2 liter washing tank and washed with 200 ni
of a 3 % by weight aqueous solution of sodium hydroxide twi ce and then with
200 m of distilled water three tinmes. The solvent and |ight fractions were
renvbved fromthe washed reaction solution under a vacuum by using a rotary
evaporator to obtain 504.6 g of a crude product. - An autocl ave
containing a cata red_in accordance wi th _the sane procedures_as

t hose conductW@re Lﬁg%%f'ﬁﬁ%m@.g@@eggz napl) of yaabutylwinyd ethern wasr added ne
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pressure. The reaction solution was
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reaction solution. The catal yst was renoved fromthe resul tant reaction
sol ution by freaction selutitmeundernameatuiirhtbyausinga totary esapyrator toashtain

evaporator to_renove the solvent and light fractions. The yield was 360 g.
504.6 g of a crude product.

An autoclave containing a catalyst prepared in accordance with
the same procedures as those conducted in Preparation Example of
Catalyst 1 was opened. After the liquid part in the autoclave was removed
by decantation, 400 g of the crude product obtained above was added to the
autoclave. After the autoclave was purged with nitrogen and then with
_hydrogen, the pressure of hydrogen was increased to 30 kg/em2G, and
the temperature of the autoclave was increased. The temperature was
kept at 140°C for 2 hours, and then the autoclave was cooled to room
temperature. The pressure in the autoclave was increased by the
increase in the temperature, and decrease in the pressure of hydrogen
was also observed because the reaction took place. When the pressure of
hydrogen was decreased, hydrogen was suitably added, and the pressure
in the autoclave was kept at 30 kg/cm2G. |

After the autoclave was purged with nitrogen, the pressure was

decreased to atmospheric pressure. The reaction solution was



The results of the NVR analysis and the IR analysis showed that one of the
end -structures of the obtained polyner was (D), and the other end structure
was mainly (E) and contained 5 % by weight or |less of structure (O).
Preparati on Exanple 10 Into a 5 liter glass flask equipped with a
Deann Stark tube, a cooler, a stirrer, and a thernoneter, 1091 g of
pentaerythritol and 3909 g of n- hexanoic acid were charged, and the
tenperature of the obtained solution was increased while the solution was
stirred. Wenrecowerethpandt10® go6f isnoctanetwas addedhba theofemoviRd treaction
solution was kept at this tenperature for 3 hours. Then, the tenperature of
t he sol ution sMutioner Thecntalystovpe removednfronh the aesultant weactioptsodutiohi s
tenperature for ours, During this period, the reaction started, and
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added, and thgnd structure was main'l&' (E) arhd contained 5% bP' weight '0FSIeEE K
m xture was stirred for 3 hours. Arter the 1on exchange resin was renoved

by filtrationgtrubpuseo{@gnt and light fractions were renoved fromthe
m xture under a vacuum by using a rotary evaporator. The yield of the
obt ai ned pol yol ester lubricating oil was 3390 g.

Preparation Example 10
Into a 5 liter glass flask equipped with a Dean Stark tube, a cooler,
a stirrer, and a thermo;neter, 1091 g of pentaerythritol and 3909 g of n-
hexanoic acid were cha'rged, and the temperature of the obtained
solution was increased while the solution was stirred. When the
temperat1_1re of the solution reached 200°C, the solution was kept at this
. temperature for 3 hours. Then, the temperature of the solution was
increased to 220°C, and the solution was kept at this temperatufe for 10
hours. During this period, the reaction started, and wafer was formed.
After the reaction was .ﬁnished, the reaction solution was cooled to 1_50°C,
and the major part of unreacted n-hexanoic acid was recovered under a
reduced pressure. The remaining solution was transferred to a washing
tank and dissolved into 2 liter of hexane. The obtained solution was
washed with 1,500 ml of a 3 % by weight aqueous solution of sodium
hydroxide three times and then with 1,500 ml of water three times. To

the washed solution, 800 g of an ion exchange resin was added, and the



Exanmple 1 The kinematic viscosity, the conpatibility with a m xed
hydr-of | uor ocarbon refrigerant, the volune intrinsic resistance, and the
stability against hydrolysis of the lubricating oil conprising polyvinyl
et her conpound of the present invention obtained in Preparation Exanple 1
wer e obtained. The results are shown in Table 1. The results of the
1H NMR anal ysis and the IR anal ysis showed that the polyvinyl ether
conpound contai ned the _constitutipng unit having the following fornula (a')
as the maj or resub@mdnmixture] wag|stirred for 3rheurs.ndWaer $heiier @xchange resin

tibilit ith 1 xed dr of | arb ' t,. th
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a sanple was placed in a pressure- resistant glass anpoul e, and the anpoul e
was connected to a vacuumline and a line for a m xed hydrofl uorocarbon

refrigerant. ghgnmpqul e

The kinematic viscosity, the compatibility with a mixed

hydrofluorocarbon refrigefant, the volume intrinsic resistance, and the
stability against hydrolysis of the lubricating oil comprising polyvinyl
ether compound of the present invention obtained in Preparation
Example 1 were obtained. The results are shown in Table 1.

The results of the 1H-NMR analysis and the IR analysis showed
that the polyvinyl ether compound contained the constituting unit having

the following formula (a') as the major component:

b
~+¢—¢4
H OCgHj ' - (a")

The kinematic viscosity, the compatibility with a mixed
hydrofluorocarbon refrigerant, the volume intrinsic resistance, and the
stability against hydrolysis were obtained in accordance with the
following methods.

(1) Kinematic viscosity

The kinematic viscosity was obtained by using a glass

capillary viscometer in accordance with the method of Japanese

Industrial Standard K2283-1983.



was degassed in a vacuum at room tenperature, and a specified anount of the
m Xxed hydr of | uorocarbon refrigerant was taken into the anpoule in the
liquid state. The anmpoul e was then seal ed, and the tenperature at which the
phase separation starts was neasured in a thernostat as follows: for the
measurenent of the conpatibility at the | ow tenperature side, the sanple
was slowy cooled fromroomtenperature to -40[err]C, and for the .
measur enent of the atihjlity at the higher tenperature side, the sanple
was sl ow y heated @ﬁ’?Bﬁ Witestat ure to +40[err]C. A | ower phase

ﬁfgﬁé‘?‘t phase. separat 1 onth BREHER ronst stcf seible AR Rlethl o Plossdit ure
under a redu?(:z_? i%‘?é‘é‘???’é%f?*@%%f@ YhBofpoule gyas cpRapyii®hh Yaiylhd 1,
oo stance. Thae (bR fing fpr o iR BRERor arbl LTI Thtadpoule

80[err] C. Af t RastdeyaB3s@ iR aRackeR at Podticteisdratél akd a?ﬁéé‘diﬁ]e@ Jrﬁ&xaﬂﬁ)

m nutes, the volume intrinsic resistance was nmeasured at e | npresse
vol tage of 256f théynixeidnbydroflidrosarson aéirrigeramaﬁaB&anenlﬂh@d lth@da&br%ule

ADVANTEST Conpany. (4) Hydrolysis test nto a 250
pressure-resi it thne liguid statet tTee anfpanlefwas then sealed, and the temperature at
37 sanple, 25 g of water, and a piece of copper (13 mmx 50 mm)

were pl aced, wihdch Hheaphasegeparationhetdrdst wasvmeasapeéddnd anthérmostatgas.
The sanple was _kept in a rotatory thernostat at a tenperature of 102[err]C
for 192 hour sfollamssfor the gneagpneieenteefi the cempptibilitinat the lowetemapertatuzed
the conditionaf the coper piece were visually observed and the total
for the measurement of the compatibility at the higher temperature side,
the sample was slowly heated from room temperature to +40°C. A lower
phase separation temperature is preferable in the lower temperature
side, and a higher phase separation temperature is preferable in the
higher temperature side.
(3) Volume intrinsic resistance
A sample was dried under a reduced pressure (0.3 to 0.8
mmHg) at 100°C for 1 hour and then placed in a liquid cell for the
measurement of the volume intrinsic resistance. The liquid cell was
sealed and placed in a thermostat at 80°C. After the sample was kept in
‘the thermostat at 80°C for 40 minutes, the volume intrinsic resistance
" was _measured at the impreésed voltage of 250 vV by using an
ultrainsulation meter R8340 produced by ADVANTEST Company.
(4) Hydrolysis test

Into a 250 ml pressure-resistant glass bottle, 75 g of a



val ue was neasured. The total acid values of sanple oils before the test
were 0.01 ngKOH g for all the sanples. Exanples 2 to 8 The ki nematic
viscosity, the conpatibility with a m xed hydrofl uorocarbon refrigerant,
the volune intrinsic resistance, and the stability against hydrolysis of
the "l ubricating oils conprising polyvinyl ether conpounds of the present

I nvention obtained in Preparation Exanples 2 to 8 were obtained in
accordance with the sanme nethods as those used in Exanple 1. The results

are shown in skahpRe, 125 g of Water, 31d aSpRicet B cdppSMR18MAIN Sk SR MMMl

anal ysi s showed that the polyvinyl ether conpounds obtained in Preparation
Exanpl es 2 t placadd addcehé aitheshphape Cipnthe thUttRO wHY réplRédnaifih @itigea Ng
formulae (a') and (b') as the najor components: H H
[err] The sample was kept in a rotatory therdflostat at a temperature of 102°C
' for 192 hours. After finishing the test, the appearance of the sample and
the condition of the copper piece were visually observed, and the total acid
value was measured. The total acid values of sample oils before the test

were 0.01 mgKOH/g for all the samples.

Examples 2 to 8

The kinematic viscosity, the compatibility with a mixed
hydrofluorocarbon refrigerant, the volume intrinsic resistance, and the
stability against hydrolysis of the lubricating oils comprising polyvinyl
ether compounds of the present invention obtained in Preparation
Examples 2 to 8 were obtained in accordance with the same methods as
those used in Example 1. The results are shown in Table 1.

The results of the IH-NMR analysis and the IR analysis showed
that the polyvinyl ether compounds obtained in Preparation Examples 2
to 6 and 8 contained the constituting units having the following formulae

(a') and (b") as the major components:

=
=03
" H OC.Hj

. (a')




[err] The ratio by nol of the constituting units having fornmulae (a') and
(b")> was obtained by the 1H NVR anal ysis with the pol yvi nyl ether
conpounds. The results are shown in Table 1. It was shown by the
[err]H-NMR anal ysis and the IR analysis that the polyvinyl ether conpound
obtained in Exanple 7 contained the constituting unit having formula (a')

as the maj or conponent. ~ Conparative Exanples 1 to 4 By using the
pol yvi nyl et her conpound o ai in Preparation Exanple 9 (Conparative
Exanple 1), a comerci al afft'nic mneral oil (Conparative Exanple 2),

pol yoxypr opyl ene gl ycol gE rodlc of NI PPON YUSH Co., Ltd.; trade name,
UNI LUBE MB11l) (Conpar at i and the polyol ester obtained in.

Preparati on Exanple 10 (Co ra Fﬂ@ﬁ t he ki nematic viscosity,
the volune intri nsi c resi st'ance, Calllﬁ@lé s“‘?%lbl i ty (bdal nst hydrol ysis were
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Su

Exanple 1. The'r are
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that the

polyvinyl ether compound obtained in Example 7 contained the

constituting unit having formula (a') as the major component.

Comparative Examples 1 t;o_ 4
By using the polyvinyl ether compound obtained in Preparation
Example 9 (Comparative Example 1), a commercial paraffinic mineral
oil (Comparative Exarhple 2), polyoxypropylene glycol (a product of
NIPPON YUSHI Co., Ltd.# trade name, UNILUBE MB11) (Comparative
. Example 3), and the polyol ester obtained in Preparation Example 10
(Comparatiire Example 4), the kinematic viscosity, the volume intrinsic
resistance, and the stability aga}nst hydrolysis were obtained in
accordance with the same methods as those used in Example 1. The

results are shown in Table 1.

The compatibility 6f the polyvinyl ether compound used in
Comparétive Example 1 and the commercial paraffinic mineral oil used
in Comparative Example 2 with a mixed hydrofluorocarbon refrigerant
was measured in accordance with the same method as that used in

Example 1. The results are shown in Table 1.

el L



pol yvinyl ether conmpound used in Conparative Exanple 1 contained the
constituting unit having formula (b') as the major conponent.

It was shown by the 1H-NMR analysis and the IR analysis that the
- polyvinyl ether compound used in Comparative Example 1 contained the

constituting unit having formula (b') as the major component.
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sanpl e
(cst)

units
(a') 1/ (b")
rati o by nol
(a') alone

9/1 Exanpl e 3

Exanpl e 4
Exanple 5
Exanpl e 6
Exanple 7
Exampl e 8

Table 1 -
ki nematic viscosity rati o of
constituting
40[err] C 100[err]C
Exanple 1 Preparation Exanple 1  67.16 8.52
Exanpl e 2 Preparati on Exanple 2 68. 86 8. 26
Preparati on Exanpf@legl-1 31 22 . 90 6/ 4
' 4 7147 839 /1
Preparati on Exasgmmse5 28.18Aematic vibcdsity ratio®f 5
Preparati on Exanple 6 29.65  (eSt)4. 77 constitutin
Preparati on Exanple 7 30. 09 5.01 (wmits al one
Preparati on Exanple 8 32.54 5.14 8/ 2
40°C 100°C (a") / (b")
ratio by mol
Example 1 Preparation Example 1 ' 67.16 8.52 (a") alone
Example 2 Preparation Example 2 68.86 8.26 9/1
Example 3 Preparation Example 3 31.22 490 - 6/4
Example 4 Preparation Example 4 71.47 8.39 9/1
Example 5 Preparation Example 5 28.84 4.64 5/5
Example 6 Preparation Example 6 29.65 4.77 /3
Example 7 Preparation Example 7 30.09 5.01 (a') alone
Example 8 Preparation Example 8 32.54 5.14 8/2
Comparative Preparation Example 9 59.00 7.05 (b") alone
Example 1
* Comparative *i 37.7 4.6 -
Example 2
Comparative *9 50.1 10.8 -
Example 3
Comparative Preparation Example 10 17.9 4.0 -
Example 4 : :

UNILUBE MB11)

*1: A commercial paraffinic mineral oil

41

.*2: Polyoxypropylene glycol (a product of NIPPON YUSHI Co., Ltd.; trade name,



Conparative Preparation Exanple 9 59. 00 7.05 (b") alone

Exanple 1 Conparative *1 37.7 4.6
Exanpl e 2 Conparative - *2 50.1 10.8
Exanpl e 3 Conmparative Preparati on Exanple 10 17.9 4.0
Exarmpl e 4 *1: A commercial. paraffinic mneral oil *2
Pol yoxypr opyl ene gl ycol (a product of N PPON YUSH Co., Ltd.; trade nane,
UNI LUBE MB11) 41
Table 1- 2 vol ume i ntFahleilc2 after hydrolysis
t est
volume intrinsic after hydrolysis test
sample oil appearance
resistance at 80°C appearance total acid value of copper
(Q-cm) (mgKOH/g)
Example 1 1.7x1013 { good 0.5> good
Example 2 2.1x1013 good 0.5> good
Example 3 4.5x10138 good 0.5> good
Example 4 1.0x1018 good 0.5> good
Example 5 2.0x1013 good 0.5> good
Example 6 2.4x1013 good 0.5> good
Example 7 1.1x1013 good 0.5> good
Example 8 1.0x1013 good 0.5> good
Comparative - 1.4x1014 good 0.5> . good
Example 1
" Comparative 2.0x1014 good 0.5> good
Example 2
Comparative 5.8x108 good 0.5> good
Example 3 '
Comparative 4.0x1012 poor 2.5  poor
~ Example 4 :




sanpl e oil appear ance resi stance at 80[err]C

appearance total acid val ue of copper ([err]cn)
(mgKOHg) Exanple 1 1.7x1013 - good . 5>
good Example 2 2.1x1013 good 0. 5>
good Example 3 4.5x1013 good 0. 5>
good Exanple 4 1. 0x1013 good 0. 5>
good Exanple 5 2.0x1013 Table 1- good 0. 5>
good Example 6 2.4x1013 good 0.5>
good Exanple-7 t—x1oter+i good O-
good Exanple 8 1.0x1013 compatﬂgbbrd"lth RIMA 0 5>
good Conparative 1 4x10[err] good. 0. 5>
good Exanple 1 Conparati Veoﬂ/(o:l+refr1ge2arﬂ7} 10[ &Hﬂerature of 9O0OEemperature of0- 5>
good Exanple 2 Conparative 5. 8x1Qh&deldeparation phd&Ogbparation
0. 5> good Exanple 3 Conparative atlow temp. #ddx1042high temp. side POOr
2.5 poor Exanple 4 (%bywt) . (°C) (°C)
11.0 -40> ' 40<
Example 1 15.0 -40> 40<
22.0 -40> 40<
5.1 -40> 40<
Example_ 3 15.0 -40> 31
24.0 -40> 40<
6.8 -40> 40<
Example 6 16.0 -40> 40<
19.0 -40> 40<
9.6 -40> 40<
Example 8 143 40> 40<
18.9 -40> 40<
Comparative 9.8 '
Example 1 15.3 phase separation phase separation
19.6 '
Comparative 9.7 _
Example 2 14,6 ' phase separation phase separation
20.0
43
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conpatibility with R404A
t enper at ure of
phase separation

at I'ow tenp.
([err]Q

- 40>

40<

5.1

- 40>

40<

Exampl e 6
19.0

t enperature of
phase separation

Table 1.3
oil/(oil+refrigerant)

si de at high tenp. side (% by wt.)
([err] O 11.0
40< Exanple 1 15.0 - 40>
22.0 Table 1-4 - 40> 40<
= 40> : 40< Exanple 3 15.0
37 compatibility 4tH'R410A - 40>
6.8 -40> _ 40<
- <
160'i19(oi1+1-ef'rigersmt,%1 0< tefln%zrature of temperatﬁ?e of
- 40> phase separation phase separation
at low temp. side at high temp. side
. (% by wt.) (°C) (°C)
9.4 -40> 40<
Example 4 15.0 -40> 40<
19.8 -40> 40<
4.7 -37 40<
Example 6 14.0 -19 40<
21.0 -22 40< -
4.9 -40> 40<
Example 7 - 14.0 -40> 40<
19.0 -40> 40<
4.7 -40> 40<
Example 8 15.0 -40> 40<
20.0 -40> . 40<
Comparative 10.6
Example 1 15.0 phase separation phase separation
20.3
Comparative 10.1
Example 2 149 phase separation phase separation
20.5




9.6 - 40> . 40< Exanple 8 14. 3

- 40> 40< 18.9 - 40>
40< - Conparative 9.8 Exanple 1 15.3
phase separation phase separation 19.6
Conparative 9.7 Exanple 2 14.6 phase
separation -~ phase separation ' 20.0
43 Table 1-4
conpatibility with R410A Table 1-5
 compatibility with R410B
oil/(oil+refrigerant) temperature of temperature of
phase separation phase separation
at low temp. side at high temp. side
(% by wt.) (°C) (°C)
11.0 -40> 40<
Example 1 16.0 -40> 40<
23.0 40> 40<
9.7 -40> 40<
Example 2 15.0 40> 40<
17.0 -40> 40<
Comparative . 9.5
Example 1 14.6 phase separation phase separation
19.9
Comparative 10.0
Example 2 15.3 phase separation phase separation
19.1
45




oil/(oil+refrigerant) terrperaiture of t enperature of
phase separation phase separation

at lrow tenp. side at high tenp. side (% by w.)
([err]© ([err] O 9.4
- 40> 40< Exanple 4 15.0 - 40>
40< 19.8 - 40> 40<
4.7 - 37 40< Exanple 6 14.0
-19 _ 40< Table 1-6 21.0 =22
40< 4 9 -40> 40<
Exampl e 7 14. 0 compafiBitity with R507 40<
19.0 -40> 40< . 4. 7
;132> , ' 40< Exq 18r§fngerant) tempeizﬁjSSre of temperature
_ : _ phase separa phase sepa
Conparative 10. 6 Exanple 1 at low temp ;5&“ 0 gth tem ;ﬂfﬁ
separation phase separation (% by wt.) fve
10.1 Exanmple 2 14.9 phase separ at | on ase
' 205
Zzpar ation 9.4 _ 40>
Example 1 16.0 -40> 40<
20.0 -40> 40<
| 9.3 40> 38
Example 5 : 15.0 -40> 37
' 20.0 -40> K]
9.5 -40> 40<
Example 6 15.1 -40> 40<
20.1 - -40> 40<
9.3 ' -40> ' 40<
Example 8 14.8 -40> 40<
19.7 ' -40> 40<
Comparative 9.9
Example 1 15.8 phase separation phase separation
' 20.7°
Comparative 104
Example 2 15.7 phase separation phase separation _
20.1




Table 1-5 conpatibility with R410B
oi [ /{oil+refrigerant) tenperature of t enper at ur e_of
phase separation phase separation

(Lerio ™ % {errfe ™ I W

-40> 40< Exanple 1 16.0 * ¢ s 2180>
40< . : -40> <
9.7 WHAT-%QLAIMEQI& 40< Exanpl e 2 15. 0
-40> 40< 17.0 - . -40>
40< Conparative 9.5 Exanple 1 14.6 .

phase separ at IPI’]

ragi . . 19.9 .
Compar at | ve A P&Bﬁ%ﬁgﬁg‘éﬁ% rrg‘{}e cpmpression-type refrigerators usipg. &,
separation  JPdFIE6RFabbA refrigerant containing pentaflforbethane which

lubricating oil comprises a polyvinyl ether compound having (a) a

constituting unit represented by the following general formula (I):

H §
~+e—¢)-
I!I (l)R | e (D)
(wherein R represents a hydrocarbon group which has 1 to 3 carbon
atoms and may have ether bond in the group) or a polyvinyl ether

compound having constituting unit (a) and (b) a constituting unit

represented by the following general formula (I'):

bl

H OR' | - (I')
(wherein R' represents a hydrocarbon group which has 3 to 20 carbon
atoms, may have ether bond in the group, and is different from the

hydrocarbon group represénted by R in general formula (I)) as the main

component of the lubricating oil.

2. A lubricating oil according to Claim 1 wherein the hydrofluorocarbon
. refrigerant containing pentafluoroethane is a mixed refrigerant

containing 20 to 80 % by weight of pentafluoroethane.

T -

"-,ﬁ'm_—r".' . R



45 ' Table 1-6
conpatibility with R507 oil/(oil+refrigerant)
tenperature of tenperature of :

phase separation phase separation

Qoo™ =% (e T |||I|IlIHII|IIIM|IPI1|IIII)

- 40> - 40< Exanple 1 ' 16.0" ¢ *. 40>

40<
3. A 1ubricating oil according to Claim 2 wherein the hydrofluorocarbon
refrigerant containing pentafluoroethane is a mixed refrigerant

containing 40 to 70 % by weight of pentafluoroethane.

4. A lubricating oil according to Claim 1 wherein the hydrofluorocarbon
refrigerant containing pentafluoroethane is a mixed refrigerant
consisting of difluoromethane and pentafluoroethane in a ratio by weight
of 50 : 50, almixed refrigerant consisting of difluoromethane and
pentaﬂuoroethahe in a ratio by weight of 45 : 65, a mixed refrigerant
consisting of pentafluoroethane, 1,1,1-trifluoroethane, and 1,1,1,2-
tetrafluoroethane in a ratio by weight of 44 : 52 : 4, or a mixed refrigerant
consisting of pentafluoroethane and 1,1,1-trifluoroethane in a ratio by

weight of 50 : 50.

. 5. A lubricating oil according to Claim 1 wherein the lubricating oil
comprises a polyvinyl ether compound having (a') a constituting unit
having general formula (I) in which R represents ethyl group or a

- polyvinyl ether compound having constituting unit (a') and (b') a
constituting unit having general formula (I') in which R' represents

isobutyl group.

6. A lubricating oil according to Claim 1 wherein the ratio. in mol of
cqnstituting unit (a) and constituting unit (b) in the polyvinyl ether
compound is in the range of 10: 0 to 5 : 5.
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20 0 . _40> 40< ..._._...__..___9_. 3

- 40> 38 Exanple 5 0>
- 20.0 - 40>

o5t 40> 10< Bxamie 6 HIIIIII Illlll IIIII I ﬂﬁ 3

- 40> _ 40< 20.1 .. S *40>
40< 9.3 ' ' -40> 40<
Exanpl e 8 14.8 - 40> _ 40<

19.7 - 40> 40< Conparative 9.9
Exanmple 1 phase separation phase separation

20.7 Conparafivé lubncatmg oil agroxding tpl€laim 6 wherein the :1&1:16 m mol of

Faae SeParat  olstitutilg "init (&) Snd Gonstituting pait Abkianthemalyviny] ether

compound is in the range of 10: 0 to 7 ; 3.

8. A lubricating oil according to Claim 7 wherein the ratio in mol of
constituting unit (a) and constitutihg unit (b) in the polyvinyl ether

compound is in the range of 10 : 0 to 8 : 2.

9. A lubricating oil according to Claim 1 wherein one end of the polyvinyl

ether compounds has a structure represented by the following general

formula (II):

I;I H
|
H OR! e (II)

(wherein Rl represents a hydrocarbon group which has 1 to 20 carbon
atoms and may have ether bond in the group), and the other end of the

polyvinyl ether compounds has a structure represented by the following

general formula (III):

I;I H
|
H OR? - (IID)

(wherein R2 represents a hydrocarbon group which has 1 to 20 carbon

atoms and may have an ether group in the group).

49
This Sheet Has Been Re{ilaced

REPLACED

THIS SHEET HAS BEEM

i




WHAT 1S CLAIMED IS: 1. A lubricating oil for conpression-type
refrigerators conprising (1) a hydrofluorocarbon refrigerant—contatring

pent af | uoroet hane and (2) a polyvinyl ether conpound ' (a)..a _
conStituting unit represented by the follow ng generﬁ ﬂ "[Iw
H H [err] wherein R represents a hydrocarbon groups i3

carbon atons and nmay have ether bond in the group or a polyvinyl ether
conpound having constituting unit (a) and (b) a constituting unit
represented by the follow ng general formula (I"): H H
[err] wherein Rlerr] represents a hydrocarbon group which has 3 to 20
carbon atons, lIfay Aalubritatingbeitdaceording gooGhaimndl whedeirf emenendr ofnthiee
hydr ocarbon group represented by Rin general forrmula (I) as the main
conponent of tredyvinyli ethémngompoundihdras @ tsteuehneotrepressadedohy general
refrigerant cagntaining pentafluoroethapne Is a m xe refrigerant

cont ai ni ng 2(3‘0%"6‘11%6&) W&vﬂﬁeg?ﬁh%'f en(ﬂ)&ftt&‘ﬁl pebyyipylhpther compounds has a

structure having the following general formula (IV):

III H
I
—
H OH =+ (IV)

or structures represented by general formulae (III) and (IV).

11. An apparatus for refrigeration having a refrigeration cycle
comprising at least a compressor, a condenser, an expansion
mechanism and an evaporator which apparatus contains, as the main
component of the lubricating oil for the apparatus, a polyvinyl ether
_ compound having a conétitution unit (a) represented by the general
formula (I) or a polyvinyl ether compound having both a constitution unit

(a) and a constitution unit (b) represented by the general formula (I').

12. The apparatus for refrigeration according to Claim 11, which
apparatus contains, as a refrigerant, a hydrofluorocarbon comprising

pentafluoroethane.

[
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REPLACEMENT SHEET i 47 2. Alubricating
oi1.according to Claim1 wherein the hydrofl yorocarbon refrigerant

contai ni ng pentafl uoroethane is a mxed refrigerant containing 40 to 70 %
by wei ght of pentafl uoroethane. 3. Alubricating oil according to Caiml
wherei n the ‘hydrofl uorocarbon refrigerant containing pentafluoroethane is a
m xed refrigerant consisting of difluoronethane and pentafl uoroethane in a
rati o by wei ght of 50 50, a m xed refrigerant consisting of '
di f1 uor oret hapBITRAPE OF TEE PHSCINOSURE ratio by weight of 45: 55, a

m xed refrigerant consisting of p uoroet hane, 1,1, 1-trifluoroethane,
and 1,1,1,2- tetrafg Ll‘ﬁm%dﬁﬁ? bil Fof aédrapP¥sdio @frefﬁi;%@i‘atdrs s filgX @d
refrigerant consisting of pentafluoroethane and 1,1, 1-trifluoroethane in a
rati o by wei ghefiiped@nt Sontaiing xpentefluogestivaneonshivli nbubficating oil
pent af | uor oet hane, difl uoronethane and 1,1,1, 2-tetrafluoroethane in a ratio
by wei ght of campi8sé&2a poliyviAyl Wther adomnpound haviorgdi(a) at coxdtaitubihgwanitei n
the lubricating oil conprises a polyvinyl ether conpound having (a') a
constituting wepreseated pyygemeral formmla 41X 1) in which R represents ethyl.
group or a polyvinyl ether compound having constituting unit (a') and (b')
a constituting unit having general formula (I') in which R represents

i sobutyl group. 5. A lubrificatiHhg oil according to daim1l wherein the
rati-o in nol of constitutimng unilt \(a) and constituting unit (b) in the

pol yvi nyl ether corrpound—i-(s!i-ﬁ—| +ange of 10 0 to 5 5.

H OR -~ (D

or a polyvinyl ether compound having constituting unit (a) and (b) a

constituting unit represented by general formula (I'):

H H
- |
843
H OR -
.(wherein R represents a hydrocarbon group which has 1 to 3 carbon
‘ atoms and may have ether bond in the group, and R' represents a
hydrocarbon group which has 3 to 20 carbon atoms and may have ether
bond in the group) as the main component. The above lubricating. oil
shows excellent clompatibility with hydrofluorocarbon refrigerants
containing pentafluoroethane which can replace chlorofluorocarbons
causing environmental pollution, has a high volume intrinsic

resistance, and exhibits excellent stability and lubricating property.




ag L | REPLACEME  QAIE
| ubricati ng oil according to Claim5 wherein the rati OIR%-CWENT SHEET

constituting unit (a) and constituting unit (b) in the polyvinyl gb%rsq-q
compound is in the range of 10: 0. to 7: 3. 7. A lubricating 0|I accordi ng
to Caim6 wherein the ratio in nol of co a) and" :

constituting unit (b) in the polyvinyl et ﬂll“lmmmml&,mn the range of 10
- 0to 8 2. 8. A lubricating oil accord*ngctot Cmal m 1+Wherein 19nlel end of
t he pol yvi nyl a structure represented by the foll ow ng
genelroal nyI’¥TU| a giﬁ;l E@Hﬁ&%ﬁ‘%& H H [err] wherein Rl represents a
hydr ocar bon group which has 1 to 20 carbon atons and nmay have ether bond in

the group , and.the A)ﬂiibfic@lﬁﬂg&fxl b€ conipréssivh- t?f)@%fﬁ@é%ﬁf@&o&i‘ﬁxﬁng (1)
structure represented by the Toll ow ng general ormula~(I1l

H H a hydl'oﬂué)rocarbon refrigerant containing pentafluoroethane and (2) a

polyvinyl ether compound having (a) a constituting unit represented by

the following general formula (I)

}li H
| .
C—C
= N I_)_ - o
H OR - (D)
wherein R represents a hydrocarbon group which has 1 to 3 carbon
atoms and may have ether bond in ffxe‘ g’roué_ or a polyvinyl ether

compound having constituting unit/(a) ¥nd (b) a constituting unit

represented by the following general formula (I'):

H H
60
1'1 (l)R' (1)
_ wherein R’ represents a hydrocarbon groﬁp which has 3 to 20 carbon
.atoms, may have 'eiher bond in the group, and is different from the;

hydrocarbon group represented by R in general formula (I) as the main

component of the lubricating oil.

wherein the hydrofluorocarbon refrigerant containing pentafluoroethane

is _a mixed refrigerant _containing 20 to 80% by weight of

pentafluoroethane.

& REPLA.CEMENT SHEET |

21 JUL 1999




REPLACEMENT SHEET

Eatr)ms e oy ﬁvree%iﬁﬁﬁﬁﬁlﬁ"m{ ﬁi’f‘[ Eé’”g?{_.,ﬁ‘;p whi REBEACEMENTSHEET

S

-

2 1 JUL 1999 9" AIubrlcatlng oi | accord| ng to Claim
| wherein one gndy Qfxbhbﬁtm@odll/\ibébﬂdxﬁé ke rClﬁﬁHpP eﬂi"%hé‘ U{'(?carbon
represented by —Tgeneral formula ( ere| n represents

a hydr ocar bon gasfmgendnwfcolmalmdgo ;?éhtsa&‘rMeaheﬂs @Qda”mxﬁw\/eref?itg*é@ﬁnbond
in the groups and the other end of the polyvinyl ether conpounds has a

structure haveonjaimingi4f) toW %o byeveight of pentdfhudrbafhane. [err]

_3. A lubricating oil according to Claim 1 wherein the hydrofluorocarbon
refrigerant containing pentafluoroethane is a mixed refrigerant -
consisting of difluoromethane and pentafluoroethane in a ratio bg weight
of 50 : 50, a mixed refrigerant consisting of diﬂuorometﬁane and
pentafluoroethane in a ratio by weight of 45 : 55, a mﬁed refrigerant

_ consisting of pentafluoroethane, 1,1,1-trifluorcethane, and 1,1,1,2-
tetrafluoroethane in a ratio by weight of 44 : 52 :4, a mixed refrigerant

cons1st1ng of pentafluoroethane and 1,1,1-trifluoroethane in a ratio by

weight of 50 : 50. or a mixed refrigerant consisting of pentafluoroethane,
difluoromethane and 1,1,1,2-tetrafluoroethane in a ratio by weight of

..25:23:52.

4. A lubricating oil accordiilg to Claim 1 wherein the lubricating oil
comprises a polyvinyl ether compound having (a') a constituting unit
having general formula (I) in which R represents ethyl group or a
polyvinyl ether compound having constituting unit (a") and (") a

. constituting unit having general formula (I') in which R’ represents

isobutyl group.

5. A lubricating oil according to Claim 1 wherein the ratio in mol of
constituting unit (a) and constituting unit (b) in the -polyvinyl ether

compound is in the range of 10: 0 to 5 : 5.
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or: st.iructureas represented by general formulae (111 cLA \%
géneral formula (111) has thg_’f_glflgvm ng structurehé?J C Mﬁﬁfﬁq’dﬁ-ﬁ

R2 represents a hydrecarbon group which has | to 20 carbon atons and may

m K 50 10

have an ether group in \i‘m‘ \
REPLACENMENT SHEET “ 1@
An apparatus for re\ \“L avtng a refrigeration cycle conprising at

| east a conpressorr__ar—eeﬁdenser “an expansi on mechani smand an evapor at or
which apparatus contains, as the main conponent of the lubricating oil for
t he apparatus, a polyvinyl ether compound having a constitution unit (a)

represented by thg QERfdRing SiIikébrildg to Claim 5 wherein the ratio in mol of
constituting unit (a) and c_o'nstituting unit (b) in the polyvinyl ether

compound is in the range of 10: 0 to 7 : 3.

7. A lubricating oil according to Claim 6 wherein the ratio in mol of
constituting unit (a) and constituting unit (b) in the polyvinyl ether

compound is in the range of 10 : 0 to 8 : 2.

_8. A lubricating oil according to Claim 1 wherein one end of the polyvinyl

ether compounds has a structure represented by the following general

formula (II):

III H
I
=i
H OR! e (ID)

_wherein Rl represents a hydrocarbon group which has 1 to 20 carbon
atoms and may have ether bond in the group , and the other end of the

polyvinyl ether compounds has a structure represented by the following

"general formula (III):

. III H P
: I
—C—C—H
L1, |
H OR - (IID

wherein R2 represents a hydrocarbon group which has 1 to 20 carbon

atoms and may have an ether group in the group .
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.¢arbon’ atonms and may h . in'the group or a polyvinyl ether
conmpound havi ng both alﬂllmmﬁmllm;@"‘t (a) and a constituting unit (b)
represented by the genelialre y [err] wherein R
represents a hydrocarbon group which has 3 to 20 carbon atons, may have
ether bond in the group and is.different fromthe hydrocarbon group
represented by R pn  generalA fubriaatirgs il acodrdiad tadddmal uhemsimbae esd abtha
refrigerant, a hydtrof | uorocarbon - conpri si ng pentafl uor oet hane.

2RE ELJASENESgEK%%}%Tether compounds has a structure represented by general fo5nlnula (IH

' ]
e
H OR!
! r 1p which has | to 20 car - y

gther bond in the group, and the other end of the polyvinyl ether compounds has a structure

having the following general formula (1V):

i1
—({I—(E—H )
H OH
or structures represented by general formulae (T11) and (V) _wherein general formuia
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R . .

10 An apparau'xs for refﬁgera'libn having a refrigeration cycle comprising
at least a compressor, a condenser, an expansion mechanism and an evaporator which
'.apparatus contains? as the main cc;mponem of the lubricating il for the apparatus, a polyvinyl

ether compound having a constitution unit (a) represented by the general formula (1)

E

o
¢
: H OR

bave ether bond in the group or a polyvinyl ether compound having both a constitution unit (a)

and a constituting unit (b) represenied by the general formula (I'):

i
g

H OR
wherein R' represen r n_group whic 3 0 car
gther bond in the group, and is different from the hydrocarbon group represented by R in

_general | i ratus contain refrigerant, a hydr :
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