A LUBRI CATI NG O:L FOR COVPRESS| ON- TYPE REFRI GERATORS %ﬂ RELUND Q{"I’HE

| N\VENTTON 1. Field of the Invention The present inuvéhti{dn/felates to
_a novel lubricating oil for conpression-type refrigerators. "Wbe\ff } o s
"particularly, the present invention relates to a |ubricating* i tor 7/
conpression-type refrigerators which conprises a polyvinyl ether conpound
havi ng e’chI | ent conpatibility with hydrogen-containing Flon conpounds [A
"Fl on conpound” neans a chl orofl uorocarbon (CFC), a hydrofl uorocarbon (HFC
and a hydAcbLNBRIGATING: MbIROR-COMPRESHON-TYRE REERIGERATORS?-

tetrafl uoroet hane, difluoromnmethane, and pentafl uoroethane (referred to as
Flon 134a, Flon 32, and Flon 125, respectively, hereinafter) and the |ike,

whi ch can_be _used _as the refrigerant to replace conpounds causing
envi ron j JMMOH uor oet hane (referred to as Flon

Stabi |1 tyl-dfald B IYERAG operty.  show ng | ow hyor osbopi oity, and
Phet enper at ur e[ PERRER: 7Y TR OBLEIRTeR [16naoRovab IRbFeesmgyatb for |
 condonsBRP ISR RE g aTate T ALars RATSHENS; LomBrssent dnventien urc | n
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r16f riger aéo%ﬁ@?@%ly%ﬂ?f %k:ixé’r ic@mtp%%n(‘aogg;nensgs ie?:rééltlgrgte compatibility
with hydrogen-containing Flon compounds [A "Flon compound” means
a chlorofluorocarbon (CFC), a hydrofluorocarbon (HFC) and a
hydrochlorofluorocarbon (HCFC) in general.], such as 1,1,1,2-
tetrafluoroethane, difluoromethane, and pentaﬂuc;roethane (referred to
as Flon 134a, Flon 32, and Flon 125, respectively, hereinafter) and the
like, which can be used as the refrigerant to replace compounds causing
environmental pollution, such as dichlorofluoroethane (referred to as
Flon 12, hereinafter) and the like, as well as with ammonia, exhibiting
superior stability and lubricating property, showing low hygroscopicity,
and provided with a volume infrihsic resistance of 1012 Q.cm or more at
the temperatu;é of 80°C.
2. Description of the Related Arts
Compression-type refrigerators are generally constituted with a
compressor, a condenser, an expansion valve and an evaporator and has
a structure in which 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
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refrigerator though the conditions nmay be different depending on the type
of machinery, and it is generally required that the refrigerant and the

| ubricating oil be circulated in the systemw t hout causi ng phase

- separation in the wide range of tenperature as well as in the w de range of
the refrigerant/refrigeration lubricating oil ratio. Wen phase separation
occurs during the operation of the refrigerator, |ife and efficiency of the
apparatus are adversely affected to a great extent. For exanple, when the
phase sepeafiigeratonthaugh the eonglitians maybe idifferent idependipgain thectypes in the
part of the conpressor, |ubricatign of the noving parts is deteriorated and
sei zure cfcmachineryaand idasrgenesally nequirads thadf thenrefgenant apdtthea great
extent. \Wen_ the phase separatiop .occurs in the evaporator, efficiency of
heat excﬁmbg@atgx&ié&fiws&r atads dnothe naystews avithowt causing phat® oi |~ of

hi gh viscosity., . Because the lubricating oi] faor refrjgerators is used
for the (RPPEadoRin|the, atrﬁﬁgem?\ﬁﬁwgeﬁamrg qanbealsﬂ@eﬂh&tm‘& range
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2 moving parts is deteriorated and seizure 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 refﬁgerators, the lubricating property is

naturally important. Particularly, because the temperature in the

compressor is high, the viscosity which can hold the oil film necessary

for the lubrication is important. The required viscosity is different

depending on the type of the compressor used and working conditions

and it is generally preferable that the viscosity (iﬁnemaﬁc viscosity) of the

lubricating oil before mixing with the refrigerant be 5 to 1000 ¢St at 40°C.

When the viscosity 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.

Electric refrigerators have the motor and the compressor 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
resi stance of 10[err] [err]Jcmor nore at 80[err]C is required. Wen the
resistance is lower than this value, possibility of |leak of electricity
ari ses. Furthernore, |ow hygroscopicity and high stability are
required for a lubricating oil. For exanple, when a lubricating oil has
hi gh hygroscopicity, there arises the possibility that water reacts with

organi ¢ eshigle|odyonhditiedabibloatig ¢k 6e! fierh 15 TRLLARA T MW Bighhien
organic acids are formed by hydrolysis or the like, corrosion anﬁ abr asi on

of the apdenhweust bB&dﬁbdﬂs&E@tiﬂgq&%péktﬁoqahg&?&fa?,eapgghﬂ?e mfﬁx/gghgﬂeand

t he abrasi on depends on the anmount of the organic acids.

refri ger ardsistance of0&% Shemtorpdoreht BOET 46 Peguiredi Wi the rdsistidte
her et of ore been used and, as the lubricating oil, various types of m neral

oi | s and isyloweeethandhisvalate, pbysibiJityof lesl of eledtriditparisegs descri bed above
have been used. However, Flon 12 is being nore rigorously restricted

wor | d-wi de becBusthermarej dow hygrioscopieityadnd dightstabilitycire e diieed
ozonosphere destruction. By this reason, hydrogen- containing Flon
conpoundsfogug Hubsicating rdha, Fet emasmlearwhdn an lilfcatingasil rizas ihighat t ent i on
as the novel types of the refrigerant, The hydrogen- containing

f | uor ocarkgrosconigity cthere| arisascihel porsibility that waserirezcts withs orgaxdcpr ef er r ed
as the refrigerant fqor conpressiqn-type refrigerators because_they have
littl e poBgtexiply fooforma eomyoundsqetnsingnfmanation  of sludgand Whenr epl ace
Flon 12 with [ittl, changfe i n I%;I trucfure of refrjigerators which have

her et of or &858 #3a§. are °1W?@:1 drolysis groheolike) sarnosionoand ni xture
of these ds, is
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As the refrigerant for compressor-type refrigerators, mainly. Flon
12 has heretofore been used and, as the lubricating oil, various types of
mineral oils and synthetic oils satisfying the required properties
described above have been used. However, Flon 12 is being more
rigorously restricted world-wide because it brings environmental
pollution such as the ozonosphere destruction. By this reason, hydrogen-
containing Flon compounds such as Flon 1342, Flon 32, and Flon 125 are
attracting attention 'as the novel types of the refrigerant. The hydrogen-
containing fluorocarbons, particularly Flon 134:a, Flon 32, and Flon 125,
are -preferred as the refrigerant for compression-type refrigerators
because they have little possibility of causing the ozonosphere destruction
and can replace Flon 12 with little change in the structure of

refrigerators which have heretofore been used.

When Flon 134a, Flon 32, Flon 125, or a mixture of these



Flon 134a, Flon 32, Flon 125, and the |ike, and good |ubricating property
satisfying the requirenents descri bed above is naturally required.

However, because the lubricating oils which have heretofore been used in

" conmbination with Flon 12 do not have good conpatibility with the

hydr ogen- cont ai ni ng Fl on, such as Flon 134a, Flon 32, Flon 125 and the
like, a new |ubricating oil suited for these conpounds is required. Wen a
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103497, Hm Sel 3(1991) - 55297 Hei sei 3(1991)-52995, Heisel 3(1991)-70794 to

4 ike /8w llsHestin olofEed W%edé%ow% ouHdk9id e iedd Whetei sei
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3(1991) - 231,982 lubeicating oil is adopted, it is desired that major change in the

structure of the apparatus be not necessary. It is not desirable that the
structure of the currently used apparatus must have major changes
because of the new lubricating oil.

As the lubricating oil having compatibility with Flon 134a, for
example, lubricating oils of polyoxyalkylene glycols have been known.
Such lubricating oils are disclosed, for example, in Research Disclosure
No. 17463 (October, 1978), the specification of the United States Patent No.
4755316, Japanese Patent Application Laid-Open Nos. Heisei 1(1989)-
256594, Heisei 1(1989)-259093, Heisei 1(1989)-259094, Heisei 1(1989)-271491,
Heisei 2(1990)-43290, Heisei 2(1990)-84491, Heiseil2(1990)-132176 to 132178,
Heisei 2(1990)-132179, Heisei 2(1990)-173195, Heisei 2(1990)-180986 to
180987, Heisei 2(1990)-182780 to 182781, Heisei 2(1990)-242888, Heisei
2(1990)-258895, Heisei 2(1990)-269195, Heisei 2(1990)-272097, Heisei 2(1990)-
305893, Heisei 3(1991)-28296, Heisei 3(1991)-33193, Heisei 3(1991)-103496 to
103497, Heisei 3(1991)-50297, Heisei 3(1991)-52995, Heisei 3(1991)-70794 to ‘



3(1991)-231994, Heisei 4(1992)-15295, Heisei 4(1992)-39394 and Hei sei
4(1992)-41591 to 41592. However, the lubricating oils of polyoxyal kyl ene
,glycols generally have | ow volune intrinsic resistances and no exanple
satisfying the value of 10[err] cmor nore at 80[err] C has been discl osed
yet . As the conpound having conpatibility with Flon 134a in addition
to the lubricating oils of polyoxyal kyl ene glycols, lubricating oils of
esters are disclosed in British Patent Laid-Open No. 2216541, WO No. 6979
(1990), JAPZReSEeioat JIOOA)FP6G Heinel 3(3P91 9% Heisad 3618910109992, 276894,
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Heisei 3(1991)-252497, Heisei 3(1991)-275799, Heisei 4(1992)-4294, and
Heisei 4(1992)-20597 and the specification of the United States Patent No.
5021179. However, the lubricating oils of esters inevitably form carboxylic
acids because of their structures and the carboxylic acids cause
corrosion of apparatuses. For example, rubber hoses are used in air
conditioners for automobiles. Lubricating oils of esters cannot be used
because moisture may penetrate through the rubber hose. In electric
refrigerators, there is no possibility for mixing of moisture during the
use. However, the lubricating oil is used for a I;ng time of period without
exchange to the new oil and almost all of the moisture present at the time
of the initial production is used for hydrolysis to cause problems.
Because of these problems described above, modification of the present

apparatus or the apparatuses for the production thereof is required to a

large extent for using a lubricating of ester in an compression-type



Application Laid-Open No. Heisei 3(1991)-275799. However, the resistance of
the oil conposition for refrigerators to hydrolysis is exhibited because

t he epoxy group in the conmposition is converted to an al cohol by reaction
"with water. Wien the content of water is large, there arises the
possibility that properties of the oil conposition for refrigerators are
changed to a large extent by the reaction. Even when the content of water
is small, the al cohol forggg Bﬁ)the_rea tign induces transesterification
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the content of water is small, the alcohol formed by the reaction induces
transesterification reaction and again there arises the possibility that the
oil composition for refrigeratoys is changed to a large extent. Thus, the
oil composition disclosed above is ;10t preferable.
| As lubricating oils of carbonates, lubricating oils disclosed in
Japanese Patent Application Laid-Open No. Heisei 3(1991)-149295,
European Patent No. 421298, and Japanese Patent Application Laid-Open
Nos. Heisei 3(1991)-217495, Heisei 3(1991)-247695, Heisei 4(1992)-18490, and
Heisei 4(1992)-63893 can be mentioned. However, the lubricating oils of
carbonates cannot be free from the problem of fhe hydrolysis similarly to
the lubricating oils of esters.

Thus, it is the real situation at present that a lubricating oil for
compression-type refrigerators having excellent compatibility with

hydrogen-containing Flon compounds such as Flon 134a, Flon 32, and

Flon 125, exhibiting superior stability and lubricating property, showing



refrigerators having excellent conpatibility in the whol e range of
application tenperature with hydrogen-containing Flon conpounds such as
Flon 134a, Flon 32, and Flon 125 which can be used as the refrigerant to
"repl ace hardly deconposed conpounds causi ng environnental pollution such as
Flon 12 and the like, as well as with ammoni a, exhibiting superior
stability and lubricating property, show ng | ow hygroscopicity, and
provided with a volune intrinsic resistance of 10[err] [err]Jcmor nore at

t he t enpelawuhygroscaiicHyy jafid psovided withda albbume indrinstn resipppoicadsf means a
chl or of  uorocarbon (CFC), a hydrefl uorocarbon (HFC) and a

hydr ochl 0162? Gsemomrmnore atitiiempenpdurs of 80% has hatibeerrtizoodedyetl Fl on 125
are also as defined above. As the result of extensive studies to
devel op aDaveldpmentof sich adubricating oili bas stroaghebedrydesiret.s havi ng t he
desirabl e properties described above, it was discovered that the object can
be achi eved by a lubricating oil conprising a polyvinyl ether conpound
havi ng a specific_structure, or_a_polyvinyl ether conpound having a

speci fic StULMME 8 RN ENG IO bon and oxygen in a specific range of
ratio by nmol, as the main conponent thereaof. The present invention was
conpl et ed on t i object of the present invention is to provide, iry response to thgasi s of

t he di scover the present, i nvention _provides a. lubricating oil

) .Jhus,
(1) for céﬁﬁi@ss‘i?ﬂ‘?%fg ABPYEycB alihmca jodl n§or compEesHEiPA-FPfponent
t hereof, a polyvinyl .ether co un 1 N contgins ,a.constituting unit
represent 56&@&@&&591?@9&3 F&Eﬁgﬁ’%ﬁj(‘#’#pm{i{l@r s FEoleprangs o R29and R3
i ndicate %%%ﬁc%tiho%d rtgglep%r%in?zné ith E;g{'ggcéax{-ggﬂtaining Flon compounds

such as Flon 134a, Flon 32, and Flon 125 which can be used as the

refrigerant to replace hardly decomposed compounds causing
environmental pollution such as Flon 12 and the like, as well as with
ammonia, exhibiting superior stability and lubricating property,
showing low hygroscopicity, and provided with a volume intrinsic
resistance of 1012 Q.cm or more at the temperature of 80°C. As described
above, "a Flon compound”" means a chlorofluorocarbon (CFC), a
hydrofluorocarbon (HFC) and a hydrochloroﬂuorocarbpn (HCFC) in
general. Flon 134a, Flon 32, and Flon 125 are also as defined above.
As the result of extensive studies to develop a lubricating oil for
édmpression—type refrigerators having the desix:able properties described
_above, it was discovered that the object can be achieved by a lubricating
. ¢il comprising a polyvinyl ether compound having a specific structure,
or a polyvinyl ether compound having a specific structure and
containing carbon and oxygen in a specific range of ratio by mol, as the

main component thereof. The present invention was completed on the

-~



group having 1 to 8 carbon atons, and nmay be the same or different from
each other, R4 indicates a dival ent hydrocarbon group having 1 to 10 carbon
atons or a dival ent hydrocarbon group containing an oxygen atom of the

et her |inkage and having 2 to 20 carbon atons, R5 indicates a hydrocarbon
group having 1 to 20 carbon atonms, mindicates a nunber the average of
which is in the range of 0 to 10, RL to Rlerr] may be the sane or different
anong t he const%tutin units, and R40 may be the sanme or different from
each ot herPafeAat ¢ P¥&Yt uting unit contains a plurality of R40, and

whi ch pol yvi nyl et her, conpound .has car bon/,oxygen,ratio by mol of 4.2 to

7.0; a lubri catTﬁBs'oiq’e( esep ’PSﬁB?‘@?sPBﬁWBegﬁEPHCQM SFﬂébﬁﬁi si ng,

as the mai n conponent theregof, a, polyvinyl .ether nmpound (2) whic

cont ai ns cmp?%ﬁ?’h' ygﬁi{egoqg‘gﬁpg@gn?% 1P6e a&eiﬁ? a?‘ai%réﬁi%ﬁo??‘?é]and

whi ch consgi t utj 1§ ' consttUtimg unit (i) reptesented by

t he genera ' C T up
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having 1 t hUtAwng unit (ii) represented by the

gener al Onit repraRRcA B?&h@%n%r&ffb%hh& '3 formila (1) in

whi ch R5 indicates a hydrocarbon group having 3 to 20 carbon atons, R5 in

said two constituting Rt t B bei ng different fromeach other; a lubricating

oil (3) for conpressi '_Lyéﬁ_Lefrigerators conprising, as the main

conponent thereof, a (r);];%vu | et tger conpound (3) conprising a block or

random copol ymer whi ch RonORIQ) R const i.t @) ng unit (a) represented by the

general fornmula (I) and a constituting unit (b) represented by the general

formil a (lwherein R, R2 and R3 in&&at¥ each @ hydrogen atom or a hydrocarbon

-

group having 1 to 8 carbon atoms, and may be the same or different from
each other, R* indicates a divalent hydrocarbon group having 1 to 10
carbon atoms or a divalent hydrocarbon group containing an oxygen
atom of the ether linkage and having 2 to 20 carbon atoms, RS indicates a
hydrocarbon group having 1 to 20 carbon atoms, m indicates a number
the average of which is in the range of 0 to 10, R! to RS may be the same
or different among the constituting units, and R40 may be the same or
different from each other when the constituting unit contains a plurality
of R40, and which polyvinyl ether compound has a carbon/oxygen ratio
by mol of 4.2 to 7.0;

a lubricating oil (2) for compression-type refrige;rators comprising, as the
main component thereof, a polyvinyl ether compound (2) which contains
constituting units represented by the general formula (I) and which
constifuting units comprise a constituting unit (i) represented by the
general formula (I) in which RS indicates a hydrocarbon group having 1

to 3 carbon atoms and a constituting unit (ii) represented by the general



wherein R6 to RO indicate each a hydrogen atom or a hydrocarbon group
having 1 to 20 carbon atons, nmay be the sane or different from each ot her
and may be the sanme or different anobng the constituting units, and which

bl ock or random copol ynmer has a carbon/oxygen ratio by nmol of 4.2 to 7.0;
and a lubricating oil (4) for conpression-type refrigerators conprising, as
the main conponent thereof, a mxture of (A a polyvinyl ether conpound (1)
whi ch contains a _constituting unit represented by the general formula (1)
and has dformularIbingehichaRPoingdjcates ahydracarbon. groupnbavitg 8 two2vi nyl

et her conpound (3) conprising a block or random copol ymer which contains a
const i t ut¢argonAtomsa R lépsﬁééw%mthumw beirfgdiffarent fomaedch
constituting unit (b) represented by the general fornmula (11) and has a
carbon/o%%é@%;ratio by nol of 4.2 to 7. 0

9 bricating oil pf the present, i nvengion

. e The
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group, ter rg ?ﬂa SJQ’O x(i‘éﬁra?lfé 8 pentyl group, varlous types of
hexyl ofg’ %e ‘8 @&pgé {)‘%‘é&gl up and various types of octyl
group; a cycl oal kyl group, such as cyclopentyl group, cyclohexyl group,
various types of net hyRﬁyR ohexyl group, various types

-(c—¢)—

RE8 RS « (II)
wherein R6 to R? indicate each a hydrogen atom or a hydrocarbon group
having 1 to 20 carbon atoms, may be the same or different from each
other, and may be the same or different among the constituting units,
and which block or random copolymer has a carbon/oxygen ratio by mol
of 4.2 t0 7.0; and
a lubricating oil (4) for compression-type refrigerators comprising, as the
main component thereof, a mixture of (A) a polyvinyl ether compound (1)
which contains a constituﬁgg unit represented by the general formula
(I) and has a carbon/oxygen ratio by mol of 4.2 to 7.0, and (B) a polyvinyl
ether compound (3) comprising a block or random copolymer which
contains a constituting unit (a) represented by the general formula (I)
and a constituting unit (b) represented by the general formula (II) and
has a carbon/oxygen ratio by mol of 4.2 to 7.0.



of ethyl cycl ohexyl group, various types of dinethylcyclohexyl group and the
| i ke; an aryl group, such as phenyl group, various types of nethyl phenyl
. group, various types of ethyl phenyl group and various types of
"~ di net hyl phenyl group; and an aryl al kyl group, such as benzyl group, various
types of phenylethyl group and various types of nethyl benzyl group. It is
partlcularly preferable t hat R[err] R2 and R3 are all hydrogen atons.

-Y d : ; t hydrocarbon group having
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but yl ene grioup, vari‘ous ypes 0 pent ene group, I ous types of hexyl ene

gr oup, var'Ousmmsﬁeaérﬂ%mwmgmum A RO éam?qg&bgag group,

various types of nonylene group and various types o decy

al i cycl i caggRsa hpdidearbow gRAUPThAGnROS ith BARTbOR aBbhs,ysnd ﬁua*wé ?&@r bons,
such as cycl ohexane, nethyl cycl ohexane, ethyl cycl ohexane, dinethyl -

cycl ohexaggmeyrodifferyst frioex each atiter hBpkéike exdimilbe of tie Bi@fdcarbon
hydrocarbons, such as various types of phenylene group, various types of

net hyl phepydepdegedbpd alvveoiludeoan alkylt fsdup)esucheae methyd, groapi ous types
of di net hyl phenyl ene group, various types of naphthyl ene group and the
like; al kytleylogediip, nvpropyl gasupgisapeopphgrabpnh-tubytigrguppésdbutyl on each
of the alkyl group part and the aromatic part of al kylaromatic
hydr ocar bgrmyp, ssecrbuty] igrbupntart-butyh groep.hyatiens éypesaofi pentyll grioap, and
al kyl aromati c groups havi ng bondi ng positions on the parts of al kyl groups
of pol yal kgrigusspes of mgarq;masvarsmtmsmﬁ beptyl greumandevadons and t he
l'i ke. An aI | hatlc glroup havi ng

ypes of octy.

E{ 4 carbon
group; a cycloa yl group, such as cyclopentyl group,

cyclohexyl group, various types of methylcyclohexyl group, various types
of ethylcyclohexyl group, various types of dimethylcyclohexyl group and
the like; an aryl group, such as phenyl group, various types of
ﬁethylphenyl group, various types of ethylpheny! group and various
types of dimethylphenyl group; and an arylalkyl group, such as benzyl
group, various types of phenylethyl group and various types of
methylbenzyl group. It is particularly preferable that R!, R? and RS are
all hydrogen atoms. .

R4 in the general formula (I) indicates a divalent hydrocarbon
group having 1 to 10 carbon atoms or a divalent hydrocarbon group
containing an oxygen atom of the ether linkage and having 2 to 20 carbon
atoms. Examples of the divalent hydrocarbon group described above

include divalent aliphatic groups, such as methylene group, ethylene



"atons is particularly preferable anpobng them Pref erabl e exanpl es of
t he di val ent hydrocarbon group ‘containi ng an oxygen atom of the ether

| i nkage and having 2 to 20 carbon atons include nethoxynet hyl ene group,
nmet hoxyet hyl ene group, nethoxy- nethyl et hyl ene group,

1, 1- bi snet hoxynet hyl et hyl ene group, 1, 2- bisnethoxynethyl et hyl ene group,
et hoxynet hyl et hyl ene group, (2- nethoxyethoxy) net hyl et hyl ene group,

(1- net hyl - 2- net hoxy) net hyl - et hyl ene group, .and the like. In the general
formul a” (gnoupm phenylethylene group, 1,2-propylene group, 2-phenyl-1,231
nunber of repeating of R4A0 and the average of mis in the range of 0 to 10,
pr ef er abl propylensgroum hayPIopylene gxonp.ovamipws dypes of butylenergo®er when
the constitutin ' ener al

for mul a (YQQO%%SIFE:%{ gg;"g}i’llr‘]?;&? élrigglf‘fiazé’%&g;t}%% 33 }le"t}'ééflr)@t%hre on at ons.
uch s ATigHS GRS HAPYIeng GUEP: KPR YOG ok pFYIS8 TORRI VEFOUD. 1 buty
groun | SR B SeCR LY SO (LIS P AR A DS
E;E%g:é; t @??Pq&‘ﬁﬁtggt:%‘g@?ﬁ@%‘i&ﬁ%éﬁ@%ﬁ?’f’?@eﬁ%@ 3&?‘%&%@1”& ﬁ&?})égfl"“; y
byl oyol braBERgpke BYE IR oBKSI AT sn b8 P giHEARE | Y0

ot oup, VAt TEAAAL C DY Lon b RLR AR abi” e ikl Wiy BTGP roBiiEde B0 TOT
o oup, vy EEattRa sath SV PHRRK o HlRRen RS atiRE DRyl Phenyl

group, V%ﬁ%ﬁip&%ﬂﬁ&!ﬁf g;%%‘tv'?ﬂmﬁ SHesdi0e hdriRenéd pdodp y b atibis 9roups,

such as be group, various types ‘of phenylet hyl” group, Vvarious types of

gft BKLES F%%’fi gffg«gi%%wﬁmﬁylbﬁ@%&oaﬁ, RASIOYsPEyRiRY | of O ptithiléhe airb@p's types

and the like; alkylaromatic groups having one monovalent bonding
position on each of the alkyl group part and the aromatic part of
alkylaromatic hydrocarbens, such as toluene, xylene, ethylbenzene and |

the like; and alkylaromatic groups having bonding positions on the parts

of alkyl groups of polyalkylaromatic hydrocarbons, such as xylene,
diethylbenzene and the like. An aliphatic group having 2 to 4 carbon

atoms is particularly preferable among them.

Preferable examples of the divalént hydrocarbon group containing
an oxygen atom of the ether linkage and hav{ng 2 to 20 carbon atoms
iﬁclude methoxymethylene group, methoxyethylene group, methoxy-
methylethylene group, 1,1-bismethoxymethylethylene group, 1,2-
bismethoxymethylethylene group, ethoxymethylethylene group, (2-
methoxyethoxy)methylethylene group, (1l-methyl-2-methoxy)methyl-

ethylene group, and the like. In the general formula (I), m indicates the



]

Rl to R5 may be the sane or different anong the constituting units. This
nmeans that the polyvinyl ether conpound conprised in the lubricating oil of
the present invention includes a copolyner in which sone or all of RL to R5
are different anong the constituting units. The

| ubricating oil (2) for conpression-type refrigerators of the present

I nvention conprises, as the main conponent thereof, the polyvinyl ether

conmpound (2) conpLising,a c | ymer, containing_constituting units
r epr esent &yimphex Hé rg@wgm O?Qaq;pgd(tf\y_avemge ebm is in the gangs o£ 0tar t her

o 52 Aaikasty bl o e b,
ot ot L SRR BB PRl L, 10 e
e, B AR R R E dseRe Rrbe t50L°
S L 2P TSRS, R oF B nF GRS el ',
o R A AR A ol e b
e o bl oSS R MR 8055, i FRLA P02

et s, Ll B o, s OIBOUIG Ryt ok s RfSAL g

conpri ses e copol yner “contai ning t cont ai ns

the hydr ogrishypBreap Parieys Q%pés 6ph§pt®@r$gﬁg:%§ﬂ5ué RGpELOLLetYY gipupind the

constituting unit (11) whi contains t ydrocar bon group”having 3 to 20

carbon at qFiduddiypat o nevyRerdup, did vareus tspédat dédif Sg&sé\_iﬂ;ébgb%bgﬂ%)g_ og the

constituting unit (i) to the constituting unit (ii)

pref er abl wrdfips,88utly £0cydopentidneriond, reyclchelkyl Brbup s varioas dgpes défhe
specified range, conpatibility with the refrigerant is insufficient and
hygr oscopimethyleycléheryl group, various types of ethylcyclohexyl group, various
types of propylcyclohexyl group, various types of dimethylcyclohexyl
group and the like; aryl groups, such as phenyl group, various types of
methylphenyl group, various types of ethylphenyl group, various types of
dimethylphenyl group, various types of propylphenyl group, various
types of trimethylphenyl group, various types of butylphenyl group,
various types of naphthyl group and the like; and arylalkyl groups, such
as benzyl group, various types of phenylethyl group, various types of
methylbenzyl group, various types of phenyll;rop‘yl group and various
~ types of phenylbutyl group.
| Rl to RS may be the same or different among the constituting
units. This means that the polyvinyl ether compound comprised in the

lubricating oil of the present invention includes a copolymer in which

some or all of R1 to R5 are different among the constituting units.



" 13 A copol yner used as the pol yvinyl ether conpound (2)

whi ch contains the constituting unit represented by the general formula (I)
enabl es effectively inproving the |ubricating property, the insulating
property, and the hygroscopicity while the requirenents for the
conpatibility are satisfied. Wen a copolyner is used, properties of the

| ubricating oil conprising the. polyvinyl ether conpound can be controlled
to the desired I evel by selecting type of the rmonomer used as the material,

type of the i”‘l‘h'eaidlfncsﬁ roar (D fr & p?@é’h‘?aﬁrt?ﬁé;'txiegn?@%attgﬁ %Prmhy”er_ -

Therefore, using a copol y r has the advantage ricating

accor danc k o t I rg,qgr e
conpat i bi ?I %%&aﬁgq%gxgﬁsgg pfvr\'hi)slfg hflsr et%?l fxﬁgde%m endi tr%e’betr?@t ;'Bg of the

conpr essopolyvihht étHer @ghdidudid Y2Yt EstnPrisiRg @l Eoﬁﬂ@%éf %h@ﬂuﬁ)ﬁgt em
material Of the lubricating part, refrigeratron capaCity, and type of the

refriger apdnstifitibg unied yrepresem@d by the ep@l YorpMllaeth)er Thapounds
(1) and (2), whi chgare corrpérﬁl}ged in tr?e Iub-rgé?:latl ng oil 1(1)

conpr essi esnstittinge hihitgefuatisrscorhiptibe apdomstittitingviedit () rre? enlaed be
lubricating oil (2) for conpression-type refrigerators of the present

i nvent i onthe ggameral \fermuld dI) inowhithn RShdndivates taithydrooaibon groepent ed by
the general formula (1). Nunber of repeating of the constituting unit
(whi ch nehasvingelted cztrbpnl atomsi and acopstituting unit (iltepresented by the
accordance with the desired kinematic viscosjt The nunber of repeating is
gener al | ygenéxadtformiuda {Dicin whichn BErindicates lachydroearhir group baving at
40[err]C is adjusted_to preferably 5 to 1,000 cSt, nore preferably 7 to 300
cSt. It ito 30sprefexsbly §rt9 k%mqne@rpfﬁryblw to 8t paxbon@tpwsndHqwyverhat t he
car bon/ oxygen ratio b%.'l in the 1_“%ol yvinyl ether conpound be 4.2 to
14 copolymer in which respective groups in the two types of constituting

unit described above are the same is not included in the present polyvinyl

ether compound (2). R! to R® and m in the general formula (I) for the

polyvinyl ether compound (2) are similar to those for the polyvinyl ether

compound (1). As the hydrocarbon group having 1 to 3 carbon atoms

ipdicated by RS, ethyl group is particularly preferable. As the

hydrocarbon group having 3 to 20 carbon atoms indicated by RS, isobutyl

group is particularly preferable. It is preferred that the polyvinyl ether

compound of the present invention compnses the copolymer containing

the constituting unit (i) which contains the hydrocarbon group having 1

to 3 carbon atoms indicated by RS and the constituting unit (ii) which

contains the hydrocarbon group having 3 to 20 carbon atoms indicated by

RS in such amounts that the ratio by mol of the constituting unit (i) to the

constituting unit (ii) is 5 : 95 to 95: 5, preferably 20 : 80 to 90 : 10. When the

ratio by mol is outside of the specified range, compatibility with the

refrigerant is insufficient and hygroscopicity is high.



" 7.0. Wen the ratio by nol is less than 4.2, hygroscopicity is high. Wen
the ratio by nol is nore than 7.0, conpatibility wth Flon conpounds is
decr eased. The lubricating oil (3) for conpression-type refrigerators
of the present invention conprises, as the main conponent thereof, a

pol yvi nyl ether conpound (3) conprising a block or random copol yner which
contains a constituting unit (a) represented by the general forrmula (1) and
a constituting unit (b) represented by the general fornula (I11). In

the general forAulcapélymer RetdoafRthiengblystryleachera chdpooadn (2 WRitk 2
hydr ocar bon group having 1 to 20 carbon atons, and may be the sane or

di fferent tontainscheocdnstitutinguinis represeatéy dyothe penesilofimialyi (1 1 to 20
carbon atons include simlar groups to those described above as exanpl es of
R5 in the gvableal effectively improvingttheRbubrsatimg tprepertye the istleisgt anong
the constituting units. Degrege, of polynerization of the polyvinyl

et her conpduepenty) awpdptheihygraseopicityk while athienraqpyiptments vforctheont ai ns
the constituting unit represented by the general fornula (1) and the
constituti ﬁ@mnﬁ%bl ighaess satisliedy When geennodymen isruised ( propecties bbf thei t abl y
sel ected if accor.dance with the degired kinematic viscosity. The degree of
pol yner i zat#Rmicatinge odk (comprsmg rthe molmenmhathem compewnd i cami beosi ty at

oo 11 s BTFR R £ba dFeireal FovRl by Aelastiag agenot the Bampoien used 9o bl ook
o o Ao GRPRIAE oo 48 Bl SRS o DUl 2 o e 42
cl:gnpati bl E 5 o1iel, F'ﬁ%&?&l@?%‘i’ﬁg? c%lleagfy%lgre%as the advantage that a
lubricating oil in accordance with requirements for the lubricating
property, the compatibility, and the like, which are different depending
on type of the compressor in the refrigeration system or the air
conditioning system, material of the lubricating part, refrigeration
capacity, and type of the refrigerant, can be freely obtained.
The pélyvinyl ether compounds (1) and (2), which are comprised in
the lubricating oil (1) for compression-type refrigerators of the present
invention and in the lubricating oil (2) for compression-type refrigerators
of the present invention, respectively, both contain the constituting unit
represented by the general formula (I). Nul.nber of repeating of the
constituting unit (which means degree of polymerization) can be suitably
selected in accordance with the desired kinematic viscosity. The number
of repeating i; generally selected in such a manner that the kinematic
viscosity at 40°C is adjusted to preferably 5 to 1,000 cSt, more preferably 7
to 300 cSt. It is also necessary for the polyvinyl ether compound (1) that
the carbon/oxygen ratio by mol in the polyvinyl ether compound be 4.2 to

14



" The lubricating oil (4) for conpression-type refrigerators of the present

I nvention conprises, as the main conponent thereof, a mxture of (A) the
pol yvi nyl ether conpound (1) described above and (B) the polyvinyl ether

"~ conmpound (3) described above. The pol yvi nyl ether conpound (1) and the
pol yvi nyl ether conpound (3) conprised in the lubricating oil (4) of the
present invention can be prepared by polynerization of the correspondi ng

vi nyl ether nonomer and copol ynerization of the correspondi ng hydrocarbon
monomer h@0.nYhen thefatio bydnobiscless thiamdo?,t hygroscopis o isthigh. viWhen et her
mononer, respectively. The vinyl ether nononmer which can be used here is a
compound theretiorhyemd\istmereythan 4.0,f compatability 1with Flon conppoundsiiser ei n Ri,
R2, R3, R4, R5, and mare as defined above. As the vinyl ether nononer,
vari ous tﬁpm&ﬂaﬁdvinyl et her conpounds corresponding to the pol yvinyl ether
conmpound (1) and the polyvinyl ether conpound (2) can Jbe used. anpl es of
the vinyl et hedbeohihmeating @il ?Qﬁi ﬁ9mm5ﬁ9n°t§?ﬂe1?§ﬁ'1€ﬁf6ﬂ°r%t°rf5&\eet her,
vinyl n-propyl ether, vinyl isopropyl ether, vinyl n-butyl ether, Vvinyl

i sobutyl ®resent ipvaytionLOMRKisAs, ASHAE, Maim pempOnpent thereok: 3 PPLYWRY |

2. ot howycetyer semound (T commriniag, ! bl Ay BRdpR domslymer which'
3 6.0 011 saateg A songrtute iy tof arpakpred by B s frmele D vi oy
%4’ -tri g%hha/ Léxi)’suﬁtu%{zfé tlxgn)%a(% %X;I)re%texqgéd by 'R lgeleéxﬁa'.l%%%lé -(ﬁ?_pt y!

In the general formula (II), R® to R® indicate each a hydrogen
atom or a hydrocarbon group having 1 to 20 carbon atoms, and may be
the same or different from each other. Examples of the hydrocarbon
group having 1 to 20 carbon atoms include 'similar groups to those
described above as examples of RS in the general formula (I). R6 to R®
may be the same or different among the constituting units.

Degree of polymerization of the polyvinyl ether compound (3)
c'omprising the block or random copolymer which contains the
constituting unit represented by the general formula (I) and the
constituting unit represented by the general formula (II) can be suitably
selected in accordance with the desired kinematic viscosity. The degree

~of polymerization is selected in such a mather that the kinematic
viscosity at 40°C is adjusted to preferably 5 to 1,000 ¢St, more preferably 7
to 300 ¢St. It is also necessary that the carbon/oxygen ratio by mol in the
block or random copolymer be 4.2 to 7.0. When the ratio by mol is less
than 4.2, hygroscopicity is high. When the ratio by mol is more than 7.0,

compatibility with Flon compounds is decreased.



- ether, vinyl 2,6,9-trioxa-4-decyl ether, 1-methoxypropene, 1-
ethoxypropene 1- n- propoxypropene, 1-isopropoxypropene, 1-n-butoxy-
propene, 1-isobutoxypropene, 1-sec-butoxypropene, 1-tert-butoxypropene,
2- met hoxypr opene, 2-ethoxypropene, 2-n-propoxypropene, 2-iSopropoxy-
propene, 2-n-butoxypropene, 2-isobutoxypropene, 2-sec-butoxypropene, 2-
tert-butoxypropene, 1-methoxy-I-butene, 1-ethoxy-1-butene, 1-n-propoxy-

1- but ene,
but ene, 1-

1- |sor8ropoxy 1- but ene, 1-n-butoxy-1-butene, 1-isobutoxy-1-
sec- blhexypbricatingeil @)t@rrthmpneeﬁlmbmaenefngbrmmoaf]the but ene,

2- et hoxy- 1- but ene, 2-n-propoxy-1-butene, 2-isopropoxy-1-butene, 2-

n- but oxy- |

preseah dnvention wompiyses, 19§t ecmain somponest pherasf; amixtare er t -

but oxy- 1 butene t hoxy- 2- but ene, X ut.ene, pr.o y- 2-
but ene, 2- xg“i )ieﬁtl‘ech?anQFBSyag ‘iﬁﬁc‘é’%@d QbQ‘%BBdo@fﬂﬁhut ene,
2-sec-butoxy 2 byt e 2-tert Xy-2- and the |ike. These vinyl
et her mnoﬁ%@gﬁtggfﬁ%B& @?W%p%sa% Eeconventlonal met hods. The
hydr ocar bon non, an oIeflnlc do bond,is a o un

The' a@ﬁ'ev B9 SR SOmBOE () and, HhE PRSIV RFST RO ar e

represented by

as defi ned above élafll

propylene
of hexene,
di i sobutyl
styrene,

in the lubricatl
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monomer havmg an olefinic double bond and the corresponding vinyl
ether monomer, respectively. The vinyl ether monomer which can be

used here is a compound represented by the general formula (VIII):

Rl R®
! |
o
R?> OR*0),R® e (VIID)

‘'wherein R1, R2, R3, R4, RS, and m are as defined above. As the vinyl

ether monomer, various types of vinyl ether compounds corresponding to
the polyvinyl ether compound (1) and the polyvinyl ether compound (2)
can be used. Examples of the vinyl ether compound include: vinyl
methyl ether, vinyl ethyl ether, vinyl n-propyl ether, vinyl isopropyl
ether, vinyl n-butyl ether, vinyl isobutyl ether, vinyl sec-butyl ether, vinyl
tert-butyl ether, vinyl n-pentyl ether, vinyl n-hexyl ether, vinyl 2-
methoxyethyl ether, vinyl 2-ethoxyethyl ether, vinyl 2-methoxy-1-
methylethyl ether, 2-methoxy-2-methyl ether, vinyl 3,6-dioxyheptyl 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

16



‘oil of the present invention as the main conponent thereof include a

pol yvi nyl ether conmpound having a structure in which an end is represented
by the general fornula (111) or (1V): [err] wherein Rerr], R21
and R31 indicate each a hydrogen atom or a hydrocarbon group having 1 to 8
carbon atons, and may be the same or different fromeach other, R61, R71,
R81 and R err] indicate each a hydrogen atom or a hydrocarbon group havi ng
1 to 20 carbon atons, and nmay be the same or different fromeach other, R41

i ndi cat es ggh@tVvabpiyl hg®,9ck bea-4odedp] hathes, 11iMe oLy iviersd,ons- or a
di val ent hydrocarbon group containing an oxygen atom of the ether |inkage

and havi ngtRokprdpesia) 1oh-propbRypidpenie) di-istpespexyprapens, Ron-taitoxp- havi ng 1

to 20 carbon atons, n indicates a nunber the average of which is In the

Lo, o, 9rbpeld b Mropn e, ebshamyoopdht Biasubomprnstert e

I s repres@inethéyypropegen2rethokypropene( )n-propoitypropene, 2-isopropoxy-

err] propene, 2-n—b1ti3toxy'propene, 2-isobutoxypropene, 2-sec-butoxypropene, 2-
tert-butoxypropene, 1-methoxy-1-butene, 1-ethoxy-1-butene, 1-n-propoxy-
1-butene, 1l-isopropoxy-l-butene, l-n-butoxy-1-butene, 1l-isobutoxy-1-
butene, 1l-sec-butoxy-l-butene, 1-tert-butoxy-1-butene, 2-methoxy-1-
butene, 2-ethoxy-1-butene, 2-n-propoxy-1-butene, 2-isopropoxy-1-butene, 2-
n-butoxy-1-butene, 2-isobutoxy-I-butene, 2-sec-butoxy-1-butene, 2-tert-
butoxy-1-butene, 2-methoxy-2-butene, 2-ethoxy-2-bi1tene, 2-n-propoxy-2-
butene, 2-isopropoxy-2-butene, 2-n-butoxy-2-butene, 2-isobutoxy-2-butene;
2-sec-butoxy-2-butene, 2-tert-butoxy-2-butene, and the like. These vinyl
ether monomers can be produced by any of the conventional methods.

The hydrocarbon monomer having an olefinic double bond is a

compound represented by the general formula (IX):

R¢ R?

I |

-

R R wer (IX)

wherein RS to R? are as defined above. Examples of the hydrocarbon
monomer include: ethylene, propylene, various types of butene, various
types of pentene, various types of hexene, various types of heptene,
various types of octene, diisobutylene, triisobutylene, styrene, various
types of alkyl-substituted styrene, and the like.

Preferable polyvinyl ether compounds comprised in the Iubricatihg

17



[err] wherein R12, R22 and R32 indicate each a hydrogen atomor a

hydr ocarbon group having 1 to 8 carbon atons, and nmay be the sane or
different fromeach other, R62, R72, R82 and Rl err] indicate each a
hydrogen atom or a hydrocarbon group having 1 to 20 carbon atons, and may
be the sane or different fromeach other, R42 indicates a dival ent

hydr ocar bon group having 1 to 10 carbon atons or a dival ent hydrocarbon
group contai ning an oxygen atom of the ether |inkage and having 2 to 20

carbon at ojib of $h8 prebenbliaventibs i ¢he AW cBrbdant thetedfOinkdudéiabon
atons, p indicates a nunber the average of which is in the range of 0 to

10, and RAzdly¢hiylbethdre comippouwiid didviapeat sirnetufadh «iHieh #heendhis
constituting unit contains a plurality of R420; and a pol yvinyl ether
conpound hepregented byuileugeneral fornohlaafIIBrat (IV)r epr esent ed by the general
formula (I111) or (1V) described above, and the other end is represented by
the general formula (VII): [err] wherein R13, R23 and R33 indicate
each a hydrogen atom or a Rydgérarbon group having 1 to 8 carbon atoms, and
may be the sane or diffe(rﬁ t firom each ot her. Anong t he pol yvi nyl

" et her conpounds descri be UG?é,—t he pol yvi nyl conpounds described in the
followi ng are preferably uRdOgR**Q) R%

-+ (IID)
R61 RN
|
HC—é-——
§81 ﬁQl e (IV)

wherein R11, R21 and R3! indicate each a hydrogen atom or a
hydrocarbon group having 1 to 8 carbon atoms, and may be the same or
different from each other, R61, R71, R81 and R91 indicate each a hydrogen
atom or a hydrocarbon group having 1 to 20 carbon atoms, and may be
the same or different from each other, R4l indicates a divalent
hydrocarbon group having 1 to 10 carbon atoms or a divalent
hydrocarbon group containing an oxygen atom of the ether linkage and
having 2 to 20 carbon atoms, R5! indicates a hydrocarbon group having 1
.- to 20 carbon atoms, n indicates a number the average of which is in the
range of 0 to 10, and R420 may be the same or dif—i'erent from each other
when the constituting unit contains a plurality of R410;
and the other end is represented by the general formula (V) or (VI):

boe A4z 2
B2 ORZOR®



"the main conponent of the lubricating oil for conpression-type
refrigerators of the present invention. (1) Polyvinyl ether conpounds
~having a structure in which an end is represented by the general fornula
(1) or (1V) and the other end is represented by the general forrmula (V)
or (VI), and containing the constituting unit represented by the general
formula (1) in which Rl, R2 and R3 indicate all hydrogen atons, mindi cates
a nunber in the range of 0 to 4, R4 indicates a dival ent hydrocarbon group
having 2 to 4 carbon atons, and R5 indicates a hydrocarbon group having 1
to 20 carbon atons. H} KR8l yvinyl ether conpounds containing the

constituting unit represent) deeé the general formula (lI) al one, wherein the
pol yvi nyl et her corrpounds‘rgvI structure in which an end is represented

by the general formula (IIRs2aget the other en V represented by the
general formula (V) and, in the general forrrular?l), Rl, Rlerr] and R3

i ndi cate aia Ryl 302 REDERd RINAIHAELE a%%n‘%gr}yj‘{}gkgﬁcgr eopfg0 to 4,

R4 indicates a dival ent hydrocarbon group on atoms, and

R5 i ndi cah§@raeallisk gﬁawmx;ﬁsg)_qpcofmhﬂgoxita%&ngpaﬁ&mbattﬁa%gme or (3)

Pol yvi nyl ,” et her conpounds having a structure in which an end is

r epr esent giifdunt hons @ack athérMO2| R72) R8I 2l KI2\thdicahe ehéle aydogeAd i s

represented by the general formil a (VIl) and containing the constituting

unit reprgtmitorta Mydrbearbonagroupf Ravingal tb)20 carboncitoRls, 4Rd B3 indicate
all hydrogen atons, mindicates.-a nunber in the range of 0 to 4, R4

i ndi cat estlie diamébeot différentirfrom geavhp dthern®R42 tiadicates bandivalent and R5
i ndi cates a hydrocarbon group having 1 to 20 carbon atons.
20 hydrocarbon group having 1 to 10 carbon atoms or a divalent
hydrocarbon group containing an oxygen atom of the ether linkage and
having 2 to 20 carbon atoms, R52 indicates a hydrocarbon group having 1
to 20 carbon atoms, p indicates a number the average of which is in the
range of 0 to 16, and R420 may be the same or different from each other
when the constituting unit contains a plurality of R420; and
a polyvinyl ether compound having a structure in which an end is

represented by the general formula (ITI) or (IV) described above, and the
other end is represented by the general formula (VII):

R% H e (VID)
wherein R13, R23 and R33 indicate each a hydrogen atom or a
hydrocarbon group having 1 to 8 carbon atoms, and may be the same or
different from each other.
Among the polyvinyl ether compounds described above, the

polyvinyl compounds described in the following are preferably used as
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(4) Polyvinyl ether conpounds containing the constituting unit represented
by the general formula (1) al one, wherein the polyvinyl ether conpounds
have a structure in which an end is represented by the general formula
(I'1r), and the other end is represented by the general fornmula (VII1) and,
in the general forrmula (1), RL, R2 and R3 indicate all hydrogen atons, m
I ndi cates a nunber in the range of O to 4, R4 indicates a dival ent

hydr ocar bon group having 2 to 4 carbon atons, and R5 indicates a

hydr ocar boghegradipn hestpgnént oo Gthearlhbricating . oil for compreekion-tyge et her
conmpounds simlar to those described in (1) to (4) and containing a

const i t ut i refrigerdto¢s pf tie peesent dovéntiome general fornula (1) in which R5
i ndi cates a hydrocarbon group having 1 to 3 carbon atons, and a
constituting unil) Polyvimprethernompobnds havirg arstrudtorerin avhieh annendm ch R5
I ndi cates a hydrocarbon group having 3 to 20 carbon atons.

pol yvi nyl ist tepresentedubii the geperal fopende GID) wol b and; the oﬂh&l‘mnd)kﬁbr

descri bed above with radl cal polﬁ rization, cationic_ polynerization,

i rradi at | orepresgmted byt the geperghdormula dV3cer {VIkoand onsaining thehyl et her
avi ng  heccnsdibeba yﬁé&éﬁ?gs“%& 5 f°ééx§’gai‘?o il @3 ieh R0 he
b ganoet ARE &% wﬁ"”b' 2 adragen BomSar th tedega%h@%t‘rf"er%ﬂ“ﬂi&%%é’e or an
of the br @4 phd BY 38 ?ﬁe?%@fﬁre@ﬁ%drﬁa%ﬁog GEPD SaNOE Gt APEDR o)
gildr obrom at aC| dangyﬂg %(fca es CA (iiydrzloé:{r Conagroup having 1 to 20 carbon

atoms.

(2) Poljrvinyl ether compounds containing the constituting unit
represented by the general formula (I) alone, wherein the polyvinyl ether
compounds have a structure in which an end is represented by the
geng.ral formula (III) and the other end is represented by the general
formula (V) and, in the general formula (I), R1, R2 and R3 indicate all
hydrogen atoms, m indicates a number in the range of 0 to 4, R*
indicates a divalent hydrocarbon group having 2 to 4 carbon atoms, and
R5 indicates a hydrocarbon group having 1 to 20 carbon atoms

(3) Polyvinyl ether compounds having a structure in which an end
is represented by the general formula (III) or EIV), and the other end is
represented by the general formula (VII) and containing the constituting
unit represented by the general formula (I) in which R1, R2 and R3
indicate all hydrogen atoms, m indicates a number in the range of 0 to 4,

R4 indicates a divalent hy&rocarbon group having 2 to 4 carbon atoms,

and RS indicates a hydrocarbon group having 1 to 20 carbon atoms.



“sulfuric acid, trichloroacetic acid, trifluoroacetic acid, and the |ike.
Exanpl es of the Lewis acid include boron trifluoride, alum numtrichloride,
alumnumtribromde, tin tetrachloride, zinc dichloride, ferric chloride,
"and the like. Anmong these Lewis acids, boron trifluoride is particularly
preferable. Exanples of the organonetallic conpound include diethyl

al um num chl ori de, ethyl alum numchloride, diethylzinc, and the |ike.

A suitabl e conpound may be selected fromwater, an al cohol, a phenol, an
acetal, and af4hdBalyvinyl ethemgpompounds vicnbaimingrthexgdristitating anit utilized
In conbination with a Br[err]nsted acid, a Lews acid, or an organonetallic
conpound represent&k bprthe gemerahforaiwda Kb alooecwhiereinahevpoljviayl étherat ur at ed
al i phatic al cohols having 1 to 20 carbon atonms, such as nethanol, ethanol,
propanol compmumssahave »atweture; Bbisthishoan erd-isurepresentedr by the anol |
various types of pentanol, various types of hexanol, various types of

hept anol gengrab 1D; anek the other endds| vepresented s sheigengsakal cohol s

PRA

LT W S (g S
vy e et el Ve SEel Loty M ORLORLE oud, by acydd sobut v
ool Snfiafes & frflelE RydtPhdtion, Suihavilg ko Weihof 8o, and | caoroi

e geie 2ty PRERAIORS,
F?bonaﬁﬁﬁs’ i fieftel & ndabER M BRI R ARLE ) (5 50 RSN ABaREL° 37 0 e |

i . . . e . . T, i
bt her may be (&L Rolyging] ether compounds similaf ko those dgscrihed jp (L V' Y
pol ymeri 23 i .0/ cJRGiAHMH HhstiftftiNg %ﬁt%f‘%pﬁ’é&@ni&f b‘:vail?é’@éHeGaPCi d

formula (I) in which RS indicates a hydrocarbon group having 1 to 3

carbon atoms, and a constituting unit (ii) represented by the general
formula (I) in which RS indicates a hydrocarbon group having 3 to 20
carbon atoms.

The polyvinyl ether compound can be prepared by polymerizing the
monomer described above with radical polymerization, cationic
polymerization, irradiation polymerization, or the like process. For
example, a vinyl ether compound can be polymerized with the following
process and the polymer having the desired viscosity can be obtained. ™

For initiating the polymerization, a cor;:lbination of a Brgnsted
acid, a Lewis acid or an organometallic compound and water, an
alcohol, a phenol, an acetal or an adduct of a vinyl ether and a carboxylic
acid can be used.

Examples of the Brgnsted acid include hydrofluoric acid,

hydrochloric acid, hydrobromic acid, hydroiodic acid, nitric acid,



can be obtained by m xi ng these conpounds and conducting the reaction at a
tenperature around O to 100[err]C. The adduct may be used for the reaction
after isolation with distillation or as such w thout isolation. To

* the initiated end of the polymer, hydrogen is attached when water, the

al cohol or the phenol is used. Wien the acetal is used, the initiated end
has a hydrogen or the structure fornmed by elimnation of one of the al koxy

RO N S T MY S S
o BakbulAF oS AR R SR BCeA AR SR o
O s o P ad el bt S et !
carboxy! | clestie RIgnfp, Snd ink ke, A Hhidd Rt 288 hroR trinydnlf e . ®
pol Yo e g AR, GRRBRNROT YL SRR MNP ond .
hydrocar bogy, §,84P.gi@ heluiRth ?ﬁlgﬁ-ﬁ%?&t&%gg‘&?gﬁgn@ﬁor&%lgf-i‘i’i‘él?’ a

nitrile group, an am group, and Se groups, a

saturated @é@ﬁﬁ&ﬁ{% A% Rke an ether group, and an al cohol group are
pr ef er abl e. ol yneri zation of the vinyl ether nononmer represented by

the general for quhdtdbie! tompein®emifiBd 3eREt fbrh SHRGIrA W §1c@hot, 80 tO
150[err] C 23 al t hough the

t enper at urghéssoly ahi £ebtak R aAtaddudtef 4 Wheylodthieh avitRtL chloxylicchdide
initiator. The polynerization is generally Initiated at a tenperature in

the range ghd-fflized 20 [comBiGatithewitd urBronsted cvidcacléwis asid| ok aed about
10 seconds to 10 hours after the initiation of the polynerization. As
for adj ustetganonietaliéc roobepodmd. wei ght in the polynerization :
Examples of the alcohol described above include saturated
aliphatic alcohols having 1 to 20 carbon atoms, such as methanol,
ethahol, propanol, isopropanol, butanol, isobutanol, sec-butanol, tert-
butanol, various types of pentanol, various types of hexanol, various types
of heptanol, various types of octanol and the like; and unsaturated
alcohols having 3 to 10 carbon atoms, such as allyl alcohol and the like.
Examples of the carboxylic acid utilized for forming the adduct
with a vinyl ether include acetic acid, propionic acid, n-butyric acid,
isobutyric acid, n-valeric acid, isovaleric ac{d, 2-methylbutyric acid,
pivalic acid, n-caproic acid, 2,2-dimehylbutyri'c acid, 2-methylvaleric
acid, 3-methylvaleric acid, 4-methylvaleric acid, enanthic acid, 2-
methylcaproic acid, caprylic acid, 2-ethylcaproic acid, 2-n-propylvaleric
acid, n-nonanoic acid, 3,5,5-trimethylcaproic acid, undecanoic acid, and

the like.



" reaction, a polymer having a | owered average nol ecul ar wei ght can be
obt ai ned by increasing the anount of water, the al cohol, the phenol, the
acetal or the adduct of the vinyl ether with the carboxylic acid relative
“to the anount of the vinyl ether nononer represented by the general fornula
(M11). A polymer having a | owered average nol ecul ar wei ght can al so be
obt ai ned by increasing the anount of the Br[err]nsted acid or the Lew s

aci d. The pol ynerization is generally performed in the presence of a

sol vent. Type %etﬁﬁypéﬂh‘é‘?%at be'tfib s??x{et %& H’} Qi frdreht ?}qh?%?% hé’cﬂgfo?s the

sol vent can di SSOl vé” necessary amounts o e naterials € reaction and

s inert iR pBEheafdtion. THeSdRIRR!of (RY FRISHRE st UatBkyli e

hydr ocar bon ents, such as hexane, ne, uene, a ke, and

ether sol y efb%ﬁb%ﬂﬁib@ﬁ;é%hg ehbgé coép@uﬂ&ﬁ%hﬂ%&ﬂh%ﬁﬂgitéﬁeiéa%ﬂﬁﬂr of ur an,

and the |1 The polynerization reaction can be termn y adding an
al kali. The aoﬁéﬁﬁérmhﬁ\dﬂ&ﬁhde@%rlwm?ozl%é £Q84@ RiaYobé hed Mofitheut i ng

unit represented by the general formula can be obtained by treating the

product weéfetomnyRet isolation el destillftiors P asahichrwitheuPioldtis®t i on after
t he polynerization reaction is finished. In the polyvinyl ether

conpounds conpTose initizted eid ofiehe polymer, hiydbsgernis agtavhled when (3) and
(4) for conpression-type refrigerators of the present invention as the nain

conponent watiérrthef alcohol srtheegslsenol is hatedt hWltent bhe/aesyajeis usgd,dhley nol be
in the range of 4.2 to 7.0 as described above. A polyner having a

car bon/ oximjéiatedtend has raohydnogemeor 4hgstriecture fermad dbyeeliminbtioprafpar ed by
adj usting the carbon/oxygen ratio by nmol in the material nononmers. \Wen the
nmonomer hene of the plroxyrgroups éromthe ased acetal byWhen the adductiofhiaainyl a | ar ger
amount, a polyner having a Iar%ﬁ_r carpon/ oxygen ratio by nol can be

obt ai ned. edramwithea rarbomylinhacidnis wsedrdhednigatasbend hagether struetusg nol s
ati o by fomehbibeiesaanaBar i ALRERRIOR GryRB DR n t he
Phenol . aRRERASTLE 2GR ROk Ahe AT ST Ahe, FIot e b ie SREDESTA boxy | o
acid usedagisd.t.he initiator with
On the other hand, to the terminated end of the polymer, an acetal,
an olefin or an aldehyde is formed when water, the alcohol, the phenol or
the acetal is used. When the adduct of a vinyl ether with a carboxylic
acid is used, a carboxylic acid ester of hemiacetal is formed.
The ends of the polymer thus obtained can be converted into a
desired group by a conventional method. Examples of the desired grd{fp
include a saturated hydrocarbon group, an.ether group, an alcohol
group, a ketone group, a nitrile group, an amide group, and the like.
Among these groups, a saturated hydrocarbon group, an ether group,
and an alcohol group are preferable.

Polymerization of the vinyl ether monomer represented by the

general formula (VIII) can be initiated at a temperature of —80 to 150°C

2



- the mononer which is shown above in the process for polynerization of a

vi nyl ether nononmer. \Wen an al cohol or a phenol having a carbon/oxygen
ratio by nol larger than that in the nonomer is used, a polynmer having a

* carbon/ oxygen ratio by nol |arger than the material nononer can be
obt ai ned. On the other hand, when an al cohol having a carbon/oxygen ratio
by nmol smaller than that in the nononmer, such as nethanol and

met hoxyet hanol, is used, a polymer haV|ng a carbon/oxygen ratio by nol

smal | er tru:lhhd)w\ nttteeteriperatureris cuaried dependieg on theWype afvthe/| et her
monormer and a hydrocar bon npnorer having an ol efinic doubl e bond are

copol yner imeaterialsand, the npp;;m,tng T he polymerization is generally initiated at 25

carbon/ oxygen ratio by ;gg( | arg éﬂ_éhan th t _of the vinyl, ether nononer can
be obt ai nealtenrperature ihtok yaRge Gt p0ifel Therpohamerization yeagtion s am)unt
of the hydr o on_nono havi ng an, ol efi n| c . doubl e bond used.in th

copol ymer if 2%15362 fga%ecsp shio mihihaurss afterpbhe dnatration iof rocar bon
nononer The lubrl cating oil for conpression-type refrigerators of

t he pr eserROlymesIzatiAm. conprises the poI yvi nyl et her conpound descri bed

ghf):ge?é{ghﬁjgﬁ nfc_on“ﬁjonent tlh(g;ﬁ%r;. p\ggg}v{gégl l%'i@og of the lubrr:)(r:gtr ng
7 300 S C.

BLFy_ﬁéi" ?eashﬁramo g BAG R OREH 2 RS 0o, THBBHBRAD  scosi ty

adi ust od | HEATIEEY SnGREER Bk %‘%%%a 94% B Rl GR, ik %@oﬁa@r%}m

having a dif }ar&r%é;amt ﬁh\@ ?Ebﬁi/er with. the! &:L{;sa, i&&&a% 41 o4 | Tor

conpr essi on- _ype re rrgera or € present I nven a po yvrny ether
;Fggh);gg E‘ﬁ :.IC'[ ure in {tﬁ ﬁq}l%&?f@%?g?&e@rﬁé@ q‘%ﬁ%@%% tehe pr esence
~of the acefpinuls QUIIIINAA thlyldefchding a lowered average molecular weight '
can also be obtained by increasing the amount of the Brgnsted acid or the

Lewis acid.

.'I‘he polymerization is generally performed in the presence of a
solvent. Type of the solvent is not particularly limited so long as the
solvent caﬁ dissolve necessary amounts of the materials of the reaction
and is inert to the reaction. Preferable examples of the solvent include
hydrocarbon solvents, such as hexane, benzene, toluene, and the like,
and ether solvents, such as ethyl ether, 1,2-dimethoxyethane,
tetrahydrofuran, and the like. The polyme;ization reaction can be
terminated by adding an alkali. The object polyvinyl ether compound
containing the constituting unit represented by the general formula (I)
can be obtained by treating the product with conventional processes of
separation and purification after the polymerization reaction is finished.

In the polyvinyl ether compounds comprised in each of the



t he pol yvinyl ether conpound accel erates degradation, the polyvinyl ether
conpound contai ning the acetal group and the al dehyde group in an anount of
15 mlliequivalent/kg or less, nore preferably 10 mlliequival ent or |ess,
‘as the total equivalent of these groups, can be preferably used. Wen the
total equivalent is nore than 15 mlliequival ent/kg, stability of the
| ubricating oil obtained is decreased. In the present invention, the acetal
equi valent is obtained fromratio of i ntegrations of the methine
proton of lubricating gils dlau(s) and {4foxrcompressionstypeyrafrigeratons of-thgl ene in
the [err] H NVR spectrum using p-xylene as the internal standard. \Wen the
hydr ogen BYesent inventipn s the mais eompements; thepeefs dtiis necessarprthatt of 1 g
(1 nmol) in 1 kg of the sanple, t&g agetal equivalent is defined as 1
equi val ena)%@‘.ﬂ' egBrrpde g&lﬂl bein tggﬁagge&ﬁﬁ@z ted.@asideseripedy using
ivalent is,the total of the acetal equival ent and

Eﬁ;rgmg%‘gg \Cgﬂ?%m%?%awng P;Fatrhe OX¥EeR X4ty by m on the TABEeat or s of
LQEJ&?ﬁS&%ﬁg&E ”éép%”aﬁ*“ﬁﬁfn%%fgé%z #ﬁ%ﬁﬁ%@é{;g@a&&b B¥eq by e
i L TR o e At b ol e o,
7.0 mer RS PR Bt 1 ¥ Hipssamptei§ AAEg wien
e rat | ndviniPh 1pSpd bR RS retATBPSA Ll e L O gROIR R0 T2

oi 15, suchoiBied g s sRaIE e YRV SAAR S af Y bl g o' 1
anti oxi dapkger ﬁﬁiﬁint?%aﬁéiyﬁ%xf’lh_ﬁvidk%%ﬁéﬂ& @%W%}g%%h:%%?ﬁbyg@per sants,

vi scosity- rndex | nprovers, | ness agents, extrene
pressure &3£hé sbtaAAbdr ust agents, corrosion inhibitors, pour point
depressants, and the |i ke, nay be added, if necessary. Exanpl es of

the |oad carryI'he catbn/dvgedaseio b cholia \the ipdbyrdee caw headdjasted 4146 conpound

addi tives, such as nonosul fides, polysulfides,
by the combination of water, an alcohol, a phenol, an acetal, or an adduct
of a vinyl ether compound and a carboxylic acid used as the initiator with
the monomer which is shown above in the process for polymerization of a
vinyl ether monomer. When an alcohol or a phenol having a
carbon/oxygen ratio by mol larger than that in the monomer is used, a
polymer having a carbon/oxygen ratio by mol larger than the material
monomer can be obtained. On the other hand, when an alcohol having a
carbon/oxygen ratio by mol smaller than that in the monomer, such as
methanol and methoxyethénol, is used, a polymer having a
carbon/oxygen ratio by mol smaller than the material monomer can be
obtained.

When a vinyl ether monomer and a hydrocarbon monomer having

an olefinic double bond are copolymerized, a polymer having a



27 sul f oxi des, sul fones, thiosulfinates, sulfurized oils and
fats, thiocarbonates, thiophenes, thiazoles, nethanesul fonic acid esters,
and the |ike; phosphoric ester additives, such as phosphoric nonoesters,
phosphoric diesters, phosphoric triesters (tricresyl phosphate), and the
| i ke; phosphorous ester additives, such as phosphorous nonoesters,
phosphorous di esters, phosphorous triesters, and the |ike; thiophosphoric
ester additives, such as thiophosphoric triesters; fatty acid ester
addi t i vescarhoniioxygeni ratés biyanol/larged thahythatof ahglvifigl ethexandaomest er s of
pol yhydric al cohols with carboxylic acids, acrylic esters, and the |iKke;
organi ¢ cbanrhensbtained.i The, cashet/oxygemiratiorbyt el lean rhecadjusted by ther i nat ed
carboxylic acid derivatives, and the like; organic fluorine additives, such
as fl uori amazhtapf shathydregankow menemedshavingoanalefiniendoubksi hend
f1uoroal kyl polysiloxanes, fluorinated graphite, and the |ike; alcohol
addi ti ves nsedidn the copglymrerazatinorops weiliasthy thecaumben ofsarhan atamaipound
addi tives, such as salts of naphthenic acid (|ead naphthenate), salts of
fatty aci e hydzacarbonsmepomeri y acids), salts of thi ophosphates (zinc

or gan bdenum

Compounds, or R0, FADEERHBENAY, 0% GOMPTRRIGRAT I TEBHEBTARES Dothe aci d
ncl Ude CBRRARTIUYRRFIOR, CFRTAERR LBt HERTHRGA FLben SRR Hestyibdd o
ronoeS e SbofR%H e il EoBBrRh SmaREe. R ER I
(2,579 " ahafiea - 638 o D £ sEER SRR SR GADY B2t
derivativeg: 3nged Sfefbddbiy 7 to 300 cSt at 40°C. Average molecular weight of the
polymer is generally 150 to 2,000. When a polymer has a kinematic
viscosity outside of the range specified above, the kinematic viscosity can
be adjusted into the range specified above by mixing with another
polyrﬁer having a different kinematic viscosity.
In the lubricating oil for compression-type refrigerator of the
present invention, a polyvinyl ether compound having a smaller content
of the acetal structure and/or the aldehyde structure in the molecule is
preferably used. Because the presence of the acetal group and the like in
the polyvinyl ether compound accelerates degradation, the polyvinyl
ether compound containing the acetal group a;xd the aldehyde group in
an amount of 15 milliequivalent/kg or less, more preferably 10
milliequivalent or less, as the total equivalent of these groups, can be
preferably used. When the total equivalent is more than 15
milliequivalent/kg, stability of the lubricating oil obtained is decreased.

In the present invention, the acetal equivalent is obtained from ratio of



" Exanpl es of the defoam ng agent include silicone oil
(di met hyl pol ysi | oxane), polynethacrylates, and the |ike. Exanples of the
detergent dispersants include sul fonates, phenates, succinimdes, and the

"like. Exanpl es of the viscosity index inprover include pol ynethacryl ates,
pol yi sobut yl ene, ethyl ene-propyl ene copol yners, hydrogenat ed styrene-di ene
copolyners, and the |ike. The lubricating oil of the present

invention is used as the lubricating oil for conpression-type refrigerators

because ofintdgrations|dfethe metipizei pridton of wheadebd gl ared 30 aroffhtide
excell ent lubricating property. Unlike the conventional |ubricating oils,

the | ubri cing hydvogens’ of pexyleme smithei ¥H-NMB spbeatrusk egin e ptxylenwats bil ity
W th hydrr(zgen'- cont ai ni ng Fl on conpounds, nore specifically,

hydr of | uothe ainiterrsgl staméaa-d. 1 When 2hechydfégerr oftthangcethl grods4dus
1,1-difluoroethane (Flon 152a), trifluoronmethane (Flon 23), difluoronethane
(Fl on 32) obtrinediis presantiinrthe(anownt 06) g @miolhia 1 kgef thedample, the
hydrochl or of | yoro- carbons, such as 1,1-dichloro-2,2,2-trifluoroethane

(Fl on 123pcetal equivalent is defined ascl nawivalentdg.1 This)aldehyde eqiaivielemtoret hane
(Flon 22), and the like, as well|l as wfh _ammoni a. The | ubricating oil
of the pr&3g ?M‘;Sw-ﬁaﬂm using tBrNMB« Thestosal equivalentiigethant s

descri bed,above and can al so, be us by, nixing with other lubricating oils
for conpr 5@?8&}??%‘5@?%@;3&’3@%&6 aldg Yé%ﬁﬁ%lé'elfmt- i nproving the
conpatibility w tﬁgpﬁﬁgn{cﬁ :rn'gﬂﬁf ?Qrfl'ta!{%fﬁge’&ﬁtp;%pf rrrrg}r%séeét. he aglvanﬁthgges of
the present inverttFom=11 PRSEn! HRveniiaIht n has
i open. PNUARH Bibee Yolbobdd dBRkBo i inieRo 500 SRk oR asbon oo
and Fl on | c S refrigerant to, neplace hardly
decomoseé@g%%ﬁﬁasgfggﬁgi é}%ﬁg?ﬁﬁ Pgﬁeﬁ%nt I n&ﬁ I%ﬁt poed Mgﬁngsng:lvﬁrdﬁhlz and
the like 145idfide 8fs W bher types, as well.

In the lubricating oil (1), (3) and (4) for compression-type

refriger_ator of the present invention, the carbon/oxygen ratio by mol is in
the range of 4.2 to 7.0. When the ratio by mol is less than 4.2,
hygroscopicity is high. When the ratio by mol is more than 7.0,
cbmpatibility with Flon compounds is decreased.

In the lubricating oil for refrigerators of the present invention,
various kinds of additives ﬁtilized in conventional lubricating oils, such
as load carrying additives, chlorine -capturing agents, antioxidants,
metal deactivators, defoaming agents, detergt-;ht-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, if necessary.

Examples of the load carrying additive described above include:

organic sulfur compound additives, such as monosulfides, polysulfides,



amoni a, exhibiting superior stability and lubricating property, show ng

| ow hygroscopicity, and provided with a volune intrinsic resistance of 1012
[err]cmor nore at the tenperature of 80[err]C. The lubricating oil can be
used as lubricating oil for conpression-type refrigerators because of the
| mproved properties described above. The present invention includes
not only the inventions specifically described in the above, but also

i nventions conprising any conbi nations of any or all of the elenents which
define t hespifexides,i mudfones dihiosultnates,eisulfucizedi nejls hendonfadsi ti ons
and the conditions. The present invention is_described wth reference
to exanpl eﬂuawhﬂmp@ﬁ.a&hmahmmhwom reethanasuifonimacideesters, camdhg.
However, the presegb qyentlon i's Q limted by the _exanples and the
conpar at i véhe)l OSP omiGspteT 8f @a‘f%y@;cfm@pah@&nmm( monagestersa f| ask,

100 g of ey nlck int ndi ti pn con Lnln r) (@ product of
Kawaken F:Qagom‘é 8, I Oépﬁomdms tors ‘H‘&W P&’@&Q cﬁé’@d%ﬁs
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like; organic chlorine additives, such as chlorinated hydrocarbons,
chlorinated carbexylic acid derivatives, and the like; organic fluorine
additives, such as fluorinated aliphatic carboxylic acids, fluoroethylene
resins, fluoroalkyl polysiloxanes, fluorinated graphite, and the like;
alcohol additives, such as higher alcohols and the like; and metallic
compound additives, such as salts of naphthenic acid (lead
'naphthen'ate), salts of fatty acids (lead salts of fatty acids), salts of
thioi)hosphates (zinc dialkyl dithiophosphates), salts of thiocarbamic
acid, organomolybdenum compounds, organotin compounds, organo-
germanium compounds, beric acid esters, and the like.
| Examples of the chlorine capturing a:gent include compounds
having glycidyl ether group, epoxidized fatty acid monoesters, epokidized
fats and oils, compounds having epoxycycloalkyl group, and the like.
Examples of the antioxidant include phenols (2,6-di-tert-butyl-p-cresol),
aromatic amines (o-naphthylamine), and the like. Examples of the

metal deactivator include benzotriazole derivatives and the like.



30 g of zeolite obtained above in (2), and 50 g of acetal dehyde

di et hyl acetal were charged. Hydrogen was introduced into the autoclave and
the pressure of hydrogen was adjusted to 10 kg/cnR. After stirring for
“about 30 seconds, the pressure was rel eased. Hydrogen was introduced into
t he autocl ave again to nmake the pressure of hydrogen 35 kg/cn2. The
pressure of hydrogen was kept at 35 kg/cnR and the tenperature was
increased to 130[err]C in 30 m nutes under stirring. The reaction was
conduct edEaamipgDdser rdfC the adefoamialg 3@gemntut daclude ersiflieurshi rglt he
reaction, the reaction mxture was cooled to roomtenperature and the
pressur e (dimethylpolysildxanehpolpphthdcrylates, andetherliker Examples of ther e was
kept standing for 30 mnutes for precipitation of the catalyst. The
reacti on detegentvadispersantsl ingludecsmifonates, Phenaéqsarmbhﬁnﬁémm 1
Into a 5 liter glass flask equipped with a dropping funnel, a cooler and a
stirrer, thoo like: t Fxemplepoof gtbs.mmsytsbfmcgemuxzapmveran@csuéeg of
boron trifl uor%&le di et hyl etlh_er te were charged. Into a dropping funnel,
2,000 g (Polymethacrziatesomplyisobusyleng; ethylane-prapylenea sapelyaersdr opwi se
tnto the m xture over, the tjne of hours a 15. m nutes while the

31 hyérqggae{:chﬂtyﬁpg@ mqigg@r%tagg?@ ?r}:e by cooling with an ice

Stirring for sTReniHEECaRRE plaef ity APRbeRE TaNeRFionndr di9eeki 280 B vashi ng
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the present invention has excellent compatibility with hydrogen-
containing Flon compounds, more specifically, hydrofluorocarbons,
such as 1,1,1,2-tetrafluoroethane (Flon 134a), 1,1-difluoroethane (Flon
152a), trifluoromethane (Flon 23), difluoromethane (Flon 32),
pentafluoroethane (Flon 125), and the like; and hydrochloroﬂt_xoro-
caLrbons, such as 1,1-dichloro-2,2,2-trifluoroethane (Flon 123), 1-chloro-
1,1-difluroethane (Flon 142b), chlorodiflucromethane (Flon 22), and the
like, as well as with ammonia.
The lubricating oil of the present invention can be used fof
mixtures of the refrigerants described above and can also be used by
mixing with other lubricating oils for compression-type refrigerators for
the purpose of improving the compatibility with the refrigerant.
To summarize the advantages of the present invention, the
lubricating oil of the present invention has excellent compatibility in the

whole range of application temperature with hydrogen-containing Flon



product obtai ned above was added. Hydrogen was introduced into the

autocl ave and the pressure of hydrogen was adjusted to 10 kg/cnR. After
stirring for about 30 seconds, the pressure was rel eased. Hydrogen was

i ntroduced into the autoclave again to adjust the pressure of hydrogen to
10 kg/cn? and, after stirring for about 30 seconds, the pressure of

hydr ogen was rel eased. Hydrogen was introduced into the autoclave again

mer easctPRBouagt nfh a8 BloB3E TR Gh, ind BT R RATRE SRLCE, 275
110f orr ) e e Sefrighrait, (0 sbFcn, BRMUNy HRerrBBiad BntBpRBOR R T L i
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evaporator. The yield was 845 g. Results of the neasurenents of NWVR and IR

(8 and [he o he e h) e G e B . et ur e and
(O was réfrigeratorsshecatisarcf the improved properties described above.
The present invention includes not only the inventions specifically
described in the above, but also inventions comprising any combinations
of any or all of the elements which define the present invention disclosed
herein including the compositions and the conditions.
The present invention is described with reference to examples and
comparative examples in more detail in the following. However, the

present invention is not limited by the examples and the comparative

examples.

Example of Catalyst Preparation

(1) Into a flask, 100 g of _I}aney nickel (in the condition containing
water) (a product of Kawakéi{ Fine Chemical do., Ltd., M300T) which
had been developed was charged. After removing the supernatant
liquid, 200 g of absolute ethanol was added into the flask and the mixture
was stirred well. -After the mixture was left standing, the supernatant
liquid was removed. Into the flask, 200 g of absclute ethanol was added

again and the mixture was stirred well. This operation was repeated 5



" [err] Preparation Exanple 2 Into a 5 liter glass flask equipped with
a dropping funnel, a cooler and a stirrer, 400 g of toluene, 200 g (2.7
nol) of isobutanol, and 3.6 g of boron trifluoride diethyl etherate were

‘ charged. Into a dropping funnel, 1,200 g (12.0 nol) of isobutyl vinyl ether
was charged and added dropwi se into the m xture over the tinme of 1 hour and
13 mnutes while the reaction mxture was kept at 30[err]C by cooling with
an ice water bath. After finishing the addition, the reaction m xture was
kept stirtimeg.for 5 minutes. The reaction nlxture was transferred to a
washi ng vessel and washed with 300 M _of_a 3 % Xbmelght aquequs sol ution

of sodi urf2hyZedit da produneteaf Tosg Ghehidy HS %@HN in anesmountof @l The

sol vent and unreacted raw rraterl als were re ?d u der educed ressure
by usi ng Was ¢iried in\a yarausy drpng,pvem at 1503 rT%g ﬁr‘fﬁfﬁé‘

Into a 2 |liter autoclave nmade,qQf SUS- 316L. cont ai nin the cat al yst prepared
| Exa B8 oiERI At STA G BYHEInG BB GORAT, YREUGm FRLP.

o L S
|18t rkg;jgceﬂrqpﬁfﬁf‘fﬁg t?? @921}5@3? % gﬂf W?@ﬂr&aggg rogen to
B%?r Iogte E?@rg jf@ %@e@% 5@% i O%%z’giﬁ g@ ?@é}iﬁiﬁ?ﬂ% gf%??fz?ga :Ng .
|hngreased EBe %Z‘g?g?‘?]cﬁ% §g m nu es urﬁl?i1 F gnl rern \/\}1&?3 %he pressure of
1%0{2??? ‘!%eoh }'d%fk‘t er f| ?rfgtittﬁgé&g&zilt | on%ﬁﬁﬁr&gﬁgct | on m xture

was cool egy ts Ot ﬁh"e”?f‘és%h&'é ‘%vﬁs”“ilefeﬁged’r q?x?&f&ge‘haﬁrag%'i;%ﬁ@dtﬁto

at rospheric pressure he reaction m xture Was diluted
the autoclave again to make the pressure of hydrogen 35 kg/cm2 The
pressure of hydrogen was kept at 35 kg/cm2 and the temperature was
increased to 130°C in 30 minutes under stirring. The reaction was
conducted at 130°C for additional 30 minutes. After finishing the
reaction, the reaction mixture was cooled to room temperature and the
pressure was decreased to atmospheric pressure. The reaction mixture

was kept standing for 30 minutes for precipitation of the catalyst. The

reaction liquid was removed by decantation.

Preparation Example 1

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 700 g of toluene, 222 g (3.0 mol) of isobutancl, and 5.0 g of
boron trifluoride diethyl etherate were charged. Into a dropping funnel,
2,000 g (20.0 mol) of isocbutyl vinyl ether was charged and added dropwise

into the mixture over the time of 2 hours and 15 minutes while the

31



addi ng 500 m of hexane and filtered with a filter paper. The filtrate was
then transferred to a 3 liter washing vessel and washed with 300 mMl of a 3
% by wei ght aqueous sol ution of sodium hydroxide 2 tinmes and then with 300
m of distilled water 5 tines. Hexane, water and the |ike were renoved
under a reduced pressure by using a rotary evaporator. The yield was 767 g.
Results of the neasurenents of NMR and IR of. the product showed that one of
the end structures of the polyner was (A) and the other was (B) or (C), in
whi ch (B) reactiomgnistpive was keptrad IO°C bF) covding wéthrianoiceswatert bath.
Preparati on Exanpl e 3 Jnto a 5 liter glass flask equipped with a

dr oppi ng fAfterfinishingdheraddition, the reeatxommgx@refwamkammniﬁg.mf § (2.3
nol ) of acetal deh c{g . . 34

di et hyl ac@mqte&nﬁ‘  reagction maxiavewas tuansfetwedite shwhashingevessel ande

charged. Int dr, j ng funpel , 000 g, (10.0 nol) of isobutyl vinyl ether
and 554. 4‘@%%7%@?%0& o gy 2 B %?nge‘!’ tvRqueasisasejusionanaf sadisxmdr opwi se
into the [ixtur, ver the tine of ou nd 47 _njnutes while the _reaction
m xture m&@%ﬁe%h%?@% %e&w@éﬁw \%? mater3 timesyalhe solyent and: er
finishing the dgittion aihe eaction m xtyre was kea&gfﬁirringfor 5
m nutes. FRSCRAERE: FRY Matenals ere remaved under a redused myessureebyand

Sﬁff‘ﬁ.‘is“;_ﬁe%|i$eﬂ§a%:§%v§a§r%ﬁo?¥9 %&ﬁ&%ﬁé&%&éy b Wi and unf sacted
éi‘évpgf“a? or to 2%?3% PR duife B B SOshIf génetm%n‘éﬁt{h%g%a%ix%%?él? |
Gty BIEREA i Braife o CHhAR PROSRIAN T oBRTE cthe andtn.” ©
added. HyQo@es ¥BRindd ra‘seusevgﬁ 284 NP s IR 885 YhE Of

hydr ogen was adjusted to 10 k _
autoclave and the pressure of hydrogen was adjusted to 10 kg/cm2. After

stirring for about 30 seconds, the pressure was released. Hydrogen was
introduced into the autoclave again to adjust the pressure of hydrogen to
10 kg/em2? and, after stirring for about 30 seconds, the pressure of
hydrogen was released. Hydrogen was introduced into the autoclave
again until the pressure of hydrogen reached 35 kg/cm2 and the
temperature was increased to 140°C in 30 minutes under stirring while
the pressure of hydrogen was kept at 35 kg/ecm?2. Then, the reaction was
conducted at 140°C for 2 hours. Afterfinishing the reaction, the reaction
mixture was coocled to room temperature ‘. and the pressure was
decreased to atmospheric pressure. The reaction mixture was diluted by
adding 500 ml of hexane and filtered with a filter paper. The filtrate was
then transferred to a 3 liter washing vessel and washed with 300 ml of a 3
% by weight aqueous solution of sodium hydroxide 3 times and then with

300 ml of distilled water 5 times. Hexane, water and the like were



stirring for about 30 seconds, the pressure was rel eased. Hydrogen was

I ntroduced into the autoclave again to adjust the pressure of hydrogen to
10 kg/cn2 and, after stirring for about 30 seconds, the pressure of

- hydrogen was rel eased. Hydrogen was introduced into the autoclave again
until the pressure of hydrogen reached 35 kg/cnR2 and the tenperature was
I ncreased to 140[err]C in 30 mnutes under stirring while the pressure of
hydrogen was kept at 35 kg/cnR. Then, the reaction was conducted at

140[ err] déneéve% hoides a redeéed phbsHtird by RQingackdtary evhporatas! iThe m xture
was cooled to roomtenperature and the pressure was decreased to

at mos pheryig] P Wi 8BS - g. T Red 16 bf @he i siirenvéistsdofl NMH &yd IR of the

35 addi ng O mM of hexane and filtered with a filter paper. The
filtrate yadebgRowednthheonedftthe and stroeturemshiingpolyaree! wan (Whanded it h
300 M of " a 3 % by weight aqueous sol ution of sodium hydroxide 3 tinmes and
t hen wi t hh30Qthdr whsdBYtor (@) inawhich5(B) was. thidemajor, strattureasmd (G | i ke
were renoved under a reduced pressure by using a rotary evaporator. The

yi el d wasw@gthg. mitesrustractiiret he neasurenments of NMVR and IR of the product
showed that one of the end structures of the polynmer was (A) or (D) and the
other was (B), (© or (E), in which (B) and (E) were the major structures

and (C) was theI—lIn' mibr structure. I-II I'II[err] Il{ IiI
-6 £ -§-fm
H OC.H, H OCH,g H OH

(A) (B) ©

Preparation Example 2

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 400 g of toluene, 200 g (2.7 mol) of isobutanol, and 3.6 g of
boron trifluoride diethyl etherate were charged. Into a dropping funnel,
1,200 g (12.0 mol) of isobutyl vinyl ether was charged and added dropwise
into the mixture over the time of 1 hour and 13 minutes while the
reaction mixture was kept at 30°C by cooling with an ice water bath.
After finishing the addition, the reaction mixture was kept stirring for 5
minutes. The reaction mixture was transferred to a washing vessel and
washed with 300 ml of a 3 % by weight aqueous solution of sodium
hydroxide 2 times and then with 300 ml of water 3 times. The solvent and
unreacted raw materials were removed under a reduced pressure by
using a rotary evaporator to obtain 1,323 g of a crude product.

Into a 2 liter autoclave made of SUS-316L containing the catalyst
prepared in Example of Catalyst Preparation, 1,100 g of the crude
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Preparati on Exanple 4 Into a 5 liter glass flask equipped with a
droppi ng funnel, a cooler and a stirrer, 650 g of toluene, 236 g (2.0 nol)
of acetal dehyde di ethylacetal, and 4.0 g of boron trifluoride diethyl

et herate were charged. Into a dropping funnel, 1,100 g (11.0 nol) of

| sobutyl vinyl ether and 648 g (9.0 nol) of ethyl vinyl ether were charged
and added dropwi se into the m xture over the tinme of 1 hour and 57 m nutes
while the reaction m xture was kept at 30[err]C by cooling with an ice

wat er bat hprothictrobtainethabové asddied orHy8igenc®ak iR Brodiutbd iR td'@Re kePL
stirring for 5 mnutes. The reaction m xture was transtferred to a washing

vessel andawtclek mixdhhéQﬁesﬂurefofdmﬁng&ymiﬂghs@q%%k?‘eh&ﬁ.iM’te?f sodi um
36 hydroxide 2 tinmes and then with 500 mM of water 3 tinmes. The

sol vent anstirringdar abdut 80 seeords,adle prossurewasatlensdd! Hydespeac#apr essure
by using a rotary evaporator to obtain 1,936 g of a crude product.

Into a 2 |introducedointathe randecleve 2ig8irs 16 adjwsttthe pregsurecfdatdrogen tor epar ed
in Exanple_of Catalyst Preparation, 1,000 g of the crude product obtained
above was 3Qdbglem dindyenftenstiming doreabdutt 30t sezonds,othevpressdrd lof
pressure of hydrogen was adjusted to 10 kg/cnR. After stirring for about 30
seconds, thedmesnswas reieased.c Hpdrogepd mageintnoduced: intduttes aubbclavee

autocl ave agajn to.adjust the pressure of hydrogen to 10 kg/cnR and, after
stirring f8galhotRtl (}Jh§e§’6ﬁﬁﬁ§l,ret 06 Bydeagene Tenchedir 35 chg/an? mmide thed.
yar ogen r BRERURRLSEE RIpSCIRSTeRec o Lt 01k 4R 0, Renwies whderseoing Svile| or | C
ol o, THERE PHORGST BF hYHFPHRE, ™28 (AR A8 KE/He]. TP 5 reRchOBr o Af (o1
Lo S0 LB e ond e B9 e RS 90 S Sph OGS o U
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decreased to atmospheric pressure. The reaction mixture was diluted by

adding 500 ml of hexane and filtered with a filter paper. The fltrate was

then transferred to a 3 liter washing vessel and washed with 300 ml of a 3

% by weight aqueous solution of sodium hydroxide 2 times and then with

300 ml of distilled water 5 times. Hexane, water and fhe like were

removed under a reduced pressure by using a rotary evaporator. The

yield was 767 g. Results of the measurements of NMR and IR of the

product showed that one of the efid structures of‘ the polymer was (A) and

the other was (B) or (C), in which (B) was the major structure and (C)

was the minor structure.

Preparation Example 3

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 650 g of toluene, 271.4 g (2.3 mol) of acetaldehyde



then transferred to a 3 liter washing vessel and washed with 300 mM of a 3
% by wei ght aqueous sol ution of sodium hydroxide 3 tines and then wth 300
m of distilled water 5 tines. Hexane, water and the |ike were renoved
"under a reduced pressure by using a rotary evaporator. The yield was 859 g.
Results of the nmeasurenents of NMR and IR of the product showed that one of
the end structures of the polynmer was (A or (D) and the other was (B), (O
or (E), in which (B) and ggEg were the major

37 diethylaaetalir andand (@)ofnheramdriflueridet diethyl @therstecwearat i on

Exampl e 5 Into a 5 liter glass flask equipped with a dropping funnel,
a cool er chergedstinte a-dropping fignnelol G99 (116 %Ols)ﬂfl}iobﬂt}ﬂ ‘Ghﬂae&ﬁl dehyde
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added. Hydrogen was i ntroduced into the autoclave and e pressure of

hydr ogen %%eé’&b&sff@ thateQaled el rethéfdd Hrider! £%eBAtedRdEsERE BFCONS,

the pressure was rel eased. Hydrogen was
using a rotary evaporator to obtain 1,769 g of a crude product.

Into a 2 liter autoclave made of SUS-316L containing the catalyst
prepared in Example of Catalyst Preparation, 1,000 g of the crude
product obtained above was added. Hydrogen was introduced into the
autoclave and the pressure of hydrogen was adjusted' to 10 kg/cm?2. After
stirring for about 30 seconds, the pressure was released. Hydrogen was
introduced into the autoclave again to adjust the pressure of hydrogen to
10 kg/cm?2 and, after stirring for about 30 seconds, the pressure of
hydrogen was released. Hydrogen was introduced into the autoclave
again until the pressure of hydrogen reached 35 kg/cm?2 and the
temperature was increased to 140°C in 30 minutes under stirring while
the pressure of hydrogen was kept at 35 kg/cm2. Then, the reaction was
conducted at 140°C for 2 hours. After finishing the reaction, the reaction
mixture was cooled to room temperature and the pressure was

decreased to atmospheric pressure. The reaction mixture was diluted by



I ntroduced into the autoclave again to adjust the pressure of hydrogen to
10 kg/cn2 and, after stirring for about 30 seconds, the pressure of

hydr ogen was rel eased. Hydrogen was introduced into the autoclave again
until the pressure of hydrogen reached 35 kg/cnR and the

38 tenperature was increased to 140[err]C in 30 m nutes under
stirring while the pressure of hydrogen was kept at 35 kg/cn. Then, the
reaction was conducted at 140[err]C for 2 hours. After finishing the

react i on,addifg '500ahl efhekane and \Fteredchit d ﬁlﬁe?%ﬁbﬁ%@&ﬂw&e% t he
pressure was decreased to atnospheric pressure. The reaction m xture was

di | uted kthendsansfeirtd tol a 8fliter neashirgnvedsel hadarvashiedwithf300tml opader . The
filtrate was then transferred to a 3 liter washing vessel and washed with
300 M of% dy3weight apicgs satptionsf sedium hydséxide @ times ohdottietewitht i nes and
then with 300 ml of distilled water 5 tinmes. Hexane, water and the |ike
wer e r emB0&d mindf distileduwaterpbctimese Bexasiengvatercand ytheviikerwere . The
yield was 845 g. Results of the neasurenents of NMR and IR of the product
showed t hram undeha redicedr prasgure byf using paiopamsr eveporatdr.oTheD) and t he
ot her was.(l‘Bi, (% or (tla, in which (B) and (E) were the rrad'{or structures
and (C) waeld mas829g. sdrasultsr of the megsnraments Rf NMR and IR of theto a 5
liter glass flask equipped with a dropping funnel, a_cooler and a stirrer,
450 g of nreﬂuehégovm&.tﬁae ope of thaend gfrugbuses| cfdhe rolymer MasEYeN . and 2. 8

g of bor trifl.uorj.de die | et herat.e wer arg Into _a drQpping
funnel , %ﬁ?@é‘ e pther Was %ﬁ @SBBEE@I‘DVW @rﬁ?de&hw_@?l@ B 96 nol )
of ethyl vinyl ether re charged and added dropwi se into the m xture over
the ti rre%’r’u %Pngn(gﬁlvéa %3@@%?’1‘&%% reaction mxture was kept at
30[err]C by cooling with an ice water bath. After finishing the addition,
the reaction m'xturevaaIfIkept stirring fﬁré

Lo Lo
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Preparation Example 4

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 650 g of toluene, 236 g (2.0 mol) of acetaldehyde
diethylacetal, and 4.0 g of boron trifluoride diethyl etherate were -
charged. Into a dropping funnel, 1,100 g (11.6 ;xxol) of isobutyl vinyl ether
and 648 g (9.0 mol) of ethyl vinyl ether were charged and added dropwise
into the mixture over the time of 1 hour and 57 minutes while the
reaction mixture was kept at 30°C by cooling with an ice water bath.
After finishing the addition, the reaction mixture was kept stirring for 5
minutes. The reaction mixture was transferred to a washing vessel and

washed with 500 ml of a 3 % by weight aqueous solution of sodium
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m nutes. The reaction m xture was transferred to a washi ng vessel and

39 washed with 300 mM of a 3 % by wei ght aqueous sol uti on of
sodi um hydroxide 2 times and then with 300 m of water 3 tinmes. The

"sol vent and unreacted raw materials were renoved under a reduced pressure
by using a rotary evaporator to obtain 1,347 g of a crude product.

Into a 2 liter autoclave made of SUS-316L containing the catal yst prepared
i n Exanpl e of Catal yst Preparation, 1,000 g of the crude product obtained
above washydideile 2Hyninesyemd then with 500 celdof waterthtinrest FHeasodventcaride
pressure of hydrogen was adjusted to 10 kg/cnR. After stirring for about 30
seconds, unreagted yame materiads csieral removedgendena reducedu peessure by he

autocl ave again to adjust the pressure of hydrogen to 10 kg/cn2 and, after
sti rri ng dsing abetiaryevanparatarsto abitainl 836 g of atrudeipraganat.nas r el eased.
Hydrogen was introduced into the autoclave again until the pressure of
hydr ogen r eacHado 362 {ifet museelpve maade of SIAP-3l6Lcontaining the satadlyst o
140[err]Cin 30_ninutes under, stirring while the pressure of hydrogen was
kept at Jrepgredrin Hxample of (ealalysh ReeparatiancilelfGig sidher efwle or 2
hours. After, finyshing the reactigpp,,t eaction mxtyre was cgoled to
roomterrmé'rodﬂlﬁFé"b&W@ h%b‘ﬁfee?@ér%ﬁ{@é% 3&‘5@8&30“’@%%’@’ ypedinto thessure.

S AP i S e b SR ok 1
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hydrogen was released. Hydrogen was introduced into the autoclave

again until the pressure of hydrogen reached 35 kg/cm? and the
temperature was increased to 140°C in 30 minutes under stirring while
the pressure of hydrogen was kept at 35 kg/cm2. Then, the reaction was
conducted at 140°C for 2 hours. After finishing the reaction, the reaction
mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. The reaction mixture was diluted by
adding 500 ml of hexane and filtered with a filter paper. The filtrate was
then transferred to a 3 liter washing vessel and washed with 300 ml ofa 3
% by weight aqueous solution of sodium hydroxi“de 3 times and then with
300 ml of distilled water 5 times. Hexane, water and the like were
removed under a reduced pressure by using a rotary evaporator. The
yield was 859 g. Results of the measurements of NMR and IR of the
product showed that one of the end structures of the polymer was (A) or
(D) and the other was (B), (C) or (E), in which (B) and (E) were the major



40 (D) and the other was (B), (C or (E), in which (B) and (E)
were the major structures and (C) was the m nor structure. Preparati on
Exanmple 7 Into a 5 liter glass flask equi pped with a dropping funnel,

*a cooler and a stirrer, 450 g of toluene, 159 g (1.35 nol) of acetal dehyde

di ethylacetal, and 3.0 g of boron trifluoride diethyl etherate were
charged. Into a dropping funnel, 400 g (4.0 nol) of isobutyl vinyl ether
and 767 g &10. 65 nol ), of ethy] vinyl ether were charged and added dropw se
into the ritracthzenanf (eves the srinor smuectunel 35 ninutes while the reaction
m xture was kept at 27[err]C by cooling with an ice water bath. After
finishing the addition, the reaction m xture was kept stirring for 5

m nut es. e reaqtiﬁ m'xltlige was transferred to a washi ng vessel and
washed wi tirepasalensxampied by wej ght aqueous sol ution of sodi um hydr oxi de

2 ti dth i t 00 ter, 3 ti . The sol t d t ed
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| ntroducedniditBel Hixfii¥eOBY8Y the time of 1 hour and 45 minutes while the 1

reaction mixture was kept at 30°C by cooling with an ice water bath.

After finishing the addition, the reaction mixture was kept stirring for 5
minutes. The reaction mixture was transferred to a washing vessel and
washed with 500 ml of a 3 % by weight aqueous solution of sodium
hydroxide 2 times and then with 500 ml of water 3 times. The solvent and
unreacted raw materials were removed under a reduced pressure by
using a rotary evaporator to obtain 1,617 g of a crude product.

Into a 2 liter autoclave made of SUS-316L containing the catalyst
prepared in Example of Catalyst Preparation, 1,000 g of the crude
product obtamed_gbove was added. Hydrogen was introduced into the
autoclave and the pressure of hydrogen was adj;lsted to 10 kg/cm?2. After
stirring for about 30 seconds, the pressure was released. Hydrogen was
introduced into the autoclave again to adjust the pressure of hydrogen to
10 kg/cm?2 and, after stirring for about 30 seconds, the pressure of
hydrogen was released. Hydrogen was introduced into the autoclave

again until the pressure of hydrogen reached 35 kg/ecm2 and the



again until the pressure of hydrogen reached 35 kg/cn2 and the tenperature
was increased to 140[err]Cin 30 mnutes under stirring while the pressure
of hydrogen was kept at 35 kg/cnR. Then, the reaction was conducted at

" 140[err]C for 2 hours. After finishing the reaction, the reaction m xture
was cooled to roomtenperature and the pressure was decreased to

at nospheric pressure. The reaction m xture was diluted by addi ng 500 m of
hexane and filtered with a filter paper., The filtrate was_ then transferred
to a 3 |ittempeyatunegwasdsereaspad f-@aﬁ!ﬁﬁ@ in 80 momutes wider Sigang whilght
aqueous sol utioen of sodi3n1hydrox&ge 3 tinmes agd then with 300 ml of

di sti || ed thatrnessute ofeBydrqgenieas kaptat S5cka/rm, | Thenwthe reapior Wathder a
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was kept sfgy phingf {REtiled water 5 times. Hexane, water and the likfZwere

removed under a reduced pressure by using a rotary evaporator. The
yield was 845 g. Results of the measurements of NMR and IR of the
product showed that one of the end structures of the polymer was (A) or
(D) and the other was (B), (C) or (E), in which (B) and (E) were the major -

structures and (C) was the minor structure.

Preparation Example 6

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 450 g of toluene, 181.7 g (1.54 mol) of acetaldehyde
diethylacetal, and 2.8 g of borqn___ trifluoride diethyl etherate were
charged. Into a dropping funnel, 1,050 g (10.5 1;101) of isobutyl vinyl ether
and 141.1 g (1.96 mol) of ethyl vinyl ether were charged and added
dropwise into the mixture over the time of 1 hour and 18 minutes while
the reaction mixture was kept at 30°C by cooling with an ice water bath.
After finishing the addition; the reaction mixture was kept stirring for 5

minutes. The reaction mixture was transferred to a washing vessel and



m nutes. The reaction m xture was transferred to a washing vessel and}
washed with 300 mM of a 3 % by wei ght aqueous sol ution of sodium hydr(ix-.i,de
2 tines and then with 300 m of water 3 tinmes. The sol vent and unreact
~raw materials were renoved under a reduced pressure by using a rotary
evaporator to obtain 1,322 g of a crude product. Into a 2 liter

aut ocl ave nade of SUS-316L containing the catal yst prepared in Exanpl e of

i b A i
:geagjr ifutﬁi{ﬁéi&? g%&gﬁﬁ I—@%é@?ﬂf@h% ﬂg‘?’ﬁéﬁk@g“ﬁ*?;o?ﬂ?%‘)lgfﬁ%?ﬁév?()?gai n
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3ﬁd§?/ g{rgzr??%%to%gh?gg{o?rg‘%ure was | ncrézfge% f% &g%fgrﬁ'% in 30 m nu'F e'sl'hen
the reaction \?\ﬁ@goﬁgulgfeer?%%&}fﬁg[%%g?é@f or l\ﬁ%u(r:asiﬁa; ?grtﬁ?iér%gé I ng the ’

reaction, mg{n@péﬁacm Exainplé!of Dasalsee! Prbpa®ationM 1,600 Arufle 2padé he

pressure s ‘decreased tO atnospheric préssure. The reaction m xture was

di | uted bypagiticiobtathed aBbvdewenadded THydoged whs infroducb@intRkRs  The
filtrate was then transferred to a 3 liter washing vessel and washed with

300 m of aufbclaveyan@ithbiprasginews drogdowaefadiasiednioOikgi P After mes and
then with 300 m of distilled water 5 tinmes. Hexane, water and the |ike
wer e renovegirting€br aboat! 30eskcpnds,sthecpivssurd dasarelaisedy Hydrpeatwas The
yield was 878 g. Results of the neasurenments of NVR and IR of the

43 introduced into the autoclave again to adjust’the pressure of hydrogen to

10 kg/em?2 and, after stirring for about 30 seconds, the pressure of
hydrogen was released. Hydrogen was introduced into the autoclave
again until the pressure of hydrogen reached 35 kg/cmZ and the
temperature was increased to 140°C in 30 minutes under stirring while
the pressure of hydrogen was kept at 35 kg/fem2. Then, the reaction was
conducted at 140°C for 2 hours. Aﬁzér finishing the reaction, the reaction
mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. The reaction mixture was diluted by
adding 500 ml of hexane and filtered with a filter paper. The filtrate was
then transferred.to a 3 liter washing vessel and ‘washed with 300 ml of;a. 3
% by weight aqueous solution of sodium hydroxide 3 times and then with
300 ml of distilled water 5 times. Hexane, water and the like were
removed under a reduced pressure by using a rotary evaporator. The
yield was 845 g. Results of the measurements of NMR and IR of the
product showed that one of the end structures of the polymer was (A) or



“product showed that one of the end structures of the polynmer was (A) or (D)
and the other was (B), (C or (E), in which (B) and (E) were the nmjor
structures and (C) was the minor structure. Preparati on Exanple 9

“Into a 5 liter glass flask equipped with a dropping funnel, a cooler and a
stirrer, 450 g of toluene, 198 g (1.68 nol) of acetal dehyde di et hyl acetal,
and 2.8 g of boron trifluoride diethyl etherate were charged. Into a
dropping funnel, 1,050 g (10.5 nol) of isobutyl vinyl ether and 131 g (1.82

I f | wiayl : : | ' 1 Xt
o) 01 St Y g S G AR TBY oM e Moo X U e
at 30 errLﬁNymce%o%h@gcm‘{kum hifoVBiRictd@t h- After finishing the

addi tion, reactio re was kept stirring for 5 minutes. The
reaction mxture was transferred to a washing vessel and washed with 300 m
of a 3 % by wei ght aqueous sol ution of sodium hydroxide 2 tines and then

w th 300 ﬁéeﬁﬁré’f?&&ﬂﬁlﬂﬂlgeﬁ' The solvent and unreacted raw materials were
renoved under a reduced ‘pressure by using a rotary evaporator to obtain

1,347 g of a crygeaps BesiChlass flask dqilipped Avith tedropping fangelyadeooddr SUS- 3161
containing the catal yst prepared in Exanple of Catalyst Preparation, 1,000

g of the gngde RERsEs! 46Dt gi bEctohbime; 169 pdde85 ol efeacetaldéhpdeoduced
into the autoclave and the pressure of hydrogen was adjusted to 10 kg/cn®.

After sti aaéﬁ)gd_é@@taﬂbmﬂd F0sgcafh oron hirifinesider diethyl rethezatel wesedr ogen
was introduced into the autoclave again to adjust the pressure of hydrogen
to 10 kg/ ehheged. dnto aadtoppisg funnely 400r g 46 SumadDofisobutd, vinyk epherssure of
e and 767 g (10.65 mol) of ethyl vinyl ether were charged and added

dropwise into the mixture over the time of 1 hour and 35 minutes while

the reaction mixture was kept at 27°C by cooling with an ice water bath.

After finishing the addition, the reaction mixture was kept stirring for 5

minutes. The reaction mixture was transferred to a washing vessel and

washed with 300 ml of a 3 % by weight aqueous solution of sodium

hydroxide 2 times and then with 300 ml of water 3 times. The solvent and

unreacted raw materials were removed under a reduced pressure by

using a rotary evaporator to obtain 1,287 g of a crude product.

Into a 2 liter autoclave made of SUS-316L containing the catalyst

prepareii"' in Example of Catalyst Preparation, 1,000 g of the crude

product. obtained above was added. Hydrogenh was introduced into the

autoclave and the pressure of hydrogen was adjusted to 10 kg/cm?2. After

stirring for about 30 seconds, the pressure was released. Hydrogen was

introduced into the autoclave again to adjust the pressure of hydrogen to

10 kg/cm?2 and, after stirring for about 30 seconds, the pressure of

hydrogen was released. Hydrogen was introduced into the autoclave
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" hydrogen was rel eased. Hydrogen was introduced into the autoclave again
until the pressure of hydrogen reached 35 kg/cnR and the tenperature was
increased to 140[err]C in 30 mnutes under stirring while the pressure of
" hydrogen was kept at 35 kg/cnferr]. Then, the reaction was conducted at
140[err]C for 2 hours. After finishing the reaction, the reaction m xture
was cooled to roomtenperature and the pressure was decreased to

at nospheri c pressure. The reaction mxture was diluted by adding 500 m of
hexane andagin eretil viheh pressurerofphydrogemererichedads kghkmbeand rthesferred
to a 3 liter washing vessel and washed with 300 mi of a 3 % by wei ght
aqueous sotemperatyre svas incneased %o d40%Ctinn3Q mingtesh under wshirging whilef

distilled water 5 ti : xane, ter and the like were renoved under a
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300 ml of distilled water 5 times. Hexane, water and the like were

et

removed under a reduced pressure by using a rotary evaporator. The
yield was 902 g. Results of the measurements of NMR and IR of the
product showed that one of the end structures of the polymer was (A) or
(D) and the other was (B), (C) or (E), in which (B) and (E) were the major

structures and (C) was the minor structure.

Preparation Example 8

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 400 g of toluene, 140 g (1.2 mol) of acetaldehyde. -
diethylacetal, and 2.5 g of boron triﬂuorid; diethyl etherate were
charged. Into a dropping funnel, 750 g (7.5 mol) of isobutyl vinyl ether
and 454 g (6.3 mol) of ethyl vinyl ether were charged and added dropwise
into the mixture over the time of 1 hour and 39 minutes while the
reaction mixture was kept at 28°C by cooling with an ice water bath.

After finishing the addition, the reaction mixture was kept stirring for 5



"washed with 300 mM of a 3 % by wei ght aqueous sol ution of sodi um hydroxi de
2 times and then wwth 300 ml of water 3 tinmes. The sol vent and unreacted
raw nmaterials were renoved under a reduced pressure by using a rotary

" evaporator to obtain 1,143 g of a crude product. Into a 2 liter

aut ocl ave made of SUS-316L containing the catal yst prepared in Exanple of
Catal yst Preparation, 1,000 g of the crude product obtai ned above was
added. Hydrogen was introduced into the autoclave and the pressure of
hydrogen ‘%?m%gé.usﬁrf‘edré&é%&ﬁﬂ%wﬁ tRinstbinel! (30 WHshAE Yesell aiffonds,
t he pressurée was rel eased. rogen was I ntroduced into the autoclave again
t o adj ust r r rfo@e ; , tdd i for
about 30 §§%§ﬁ@s§a?ﬁéﬁﬁfg%2§fép%f%hygrﬁgé mgggﬁg?ggggi.ﬁéﬁg}%ggﬁﬁaas

I ntr OdUCe%ﬁg&ﬁa&@%&%&m&%&mww of Wit eP 3O idE © The JY¥HrROAMY I eached
35 kg/cnR dnd the tenperature was increased to 140[err]C in 30 m nutes

under Sti hiriAagcwd gt BeaterRls Werotelode@usidens fediced! pAfisket 2. Then,
the reaction was conducted at 140[err]C for 2 hours. After finishing the
reaction, gheg Be@tityosvaporatoreowbsainohB2d gt of & oadetmrodacat ure and the
pressure was decreased to atnospheric pressure. The reaction m xture was
di l uted by addilago 20D liter auttelaee enedelof SUSSB26Lvdonbainifhg ithercapalyst . The
filtrate was then transferred to a 3 liter washing vessel and washed with
300 n of prepaped)innEixgmtpkeqof diatadystuPreparetiemdil,000h\gdobxtihae cfudé mes and
then with 300 m of distilled water 5 tinmes. Hexane, water and the |ike
wer e r empyprdduciiebtainedabat wassadded. bHydrogen avasintrpduced dnte the The
'yield was 867 g. Results of the peasurenents of NVR and IR of the

46 autoclpve dunek thehpressure af hydrogen wase adjusted todOukglemds Afier pol yner
was (D) or (F) and the other wag gg), (© or (Q§,.in wiich (E) and (G were
the maj or stirring-for akouind0 ceyondss the Prassive wes gelegsed. Hydrogen was

introduced into the autoclave again to adjust the pressure of hydrogen to

10 kg/cm? and, after stirring for about 30 seconds, the pressure of
hydrogen was released. Hydrogen was introduced into the autoclave
again until the pressure of hydrogen reached 35 kg/cm2 and the
temperature was increased to 140°C in 30 minutes under stirring while
the pressure of hydrogen was kept at 35 kg/cm2, Then, the reaction was
conducted at 140°C for 2 hours. After finishing the reaction, the reaction
mixture was cooled to room temperature and the pressure was
decreased .té.'z'a.tmospheric pressure. The reaction mixture was diluted by
adding 500 ml of hexane and filtered with a ﬁlt;ar paper. The filtrate was
then transferred to a 3 liter washing vessel and washed with 300 ml of a 3
% by weight aqueous solution of sodium hydroxide 3 times and then with
300 ml of distilled water 5 times. Hexane, water and the like were
removed under a reduced pressure by using a rotary evaporator. The

yvield was 878 g. Results of the measurements of NMR and IR of the



"HH [err] Preparation Exanple 11 Into a 5 liter

gl ass flask equi pped with a dropping funnel, a cooler and a stirrer, 450 g
of toluene, 202 g (1.4 nol) of isononyl alcohol, and 2.5 g of boron
“trifluoride diethyl etherate were charged. Into a dropping funnel, 1,008 g
(14.0 nmol) of ethyl vinyl ether was charged and added dropwi se into the

m xture over the time of 1 hour and 38 mnutes while the reaction m xture
was kept at 25[err]C by cooling with an ice water bath. After finishing the

addi tion, phaductahbwed thiaxtomecofitie kedistidtardsnef ther plyfierures (AT bE
reaction mxture was transferred to a washi ng vessel and washed with 300 m

2f7 a 3 % biDwendithe atherowas £B),U0)@r (B), odihich (B) and (E) were the major

structures and (C) was the minor structure.

Preparation Example 9

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 450 g of toluene, 198 g (1.68 mol) of acetaldehyde -
diethylacetal, and 2.8 g of boron trifluoride diethyl etherate were
charged. Into a dropping funnel, 1,050 g (10.5 mol) of isobutyl vinyl ether
and 131 g (1.82 mol) of ethyl _vinyl ether were charged and added dropwise
into the mixture over the time of 1 hour and 14 minutes while the
reaction mixture was kept at 30°C by cooling with an ice water bath.
After finishing the addition, the reaction mixture was kept stirring for 5
minutes. The reaction mixture was transferred to a washing vessel and
washed with 300 ml of a 3 % by weight aqueous solution of sodium
hydroxide 2 times and then with 300 ml of water 3 times. The solvent and
unreacted raw materials were removed under a reduced pressure by
using a rotary evaporator to obtain 1,347 g of a crude product.'

Into a 2 liter autoclave made of SUS-316L containing the catalyst
prepared in Example of Catalyst Preparatio;z, 1,000 g of the crude
product obtained above was added. Hydrogen was introduced into the
autoclave and the pressure of hydrogen was adjusted to 10 kg/cm?2. After
stirring for about 30 seconds, the pressure was released. Hydrogen was
introduced into the autoclave again to adjust the pressure of hydrogen to

10 kg/cm2 and, after stirring for about 30 seconds, the pressure of



hydroxide 2 tines and then with 300 M of water 3 tines. The sol vent and
unreacted raw materials were renoved under a reduced pressure by using a
rotary evaporator to obtain 1,154 g of a crude product. Into a 2
liter autoclave made of SUS-316L containing the catalyst prepared in
Exanpl e of Catal yst Preparation, 1,000 g of the crude product obtained
above was added. Hydrogen was introduced into the autoclave and the
pressure of hydrogen was adjusted to 10 kg/cnR. After stirring for about 30

seconds, SWaE réfcased! c3BARoghl e gnt¥uckAlin®s UhRdahitidatd e
aut ocl aveqﬁggiegét?o %ﬁj ust st he presggre of hydrogecn tlo 10 kgt/icmz %nd, after

stirring fgaiﬁbah%il3%é%%§retm Hydreseherodchedl I /v andetsed.

Hydr ogen s introduced 1 nto the autoclave again until the pressure of

hydr ogen nreafgeeatfe WesGABreazed ithel402TPRI 30UhenRS urtdrestigthg avhild[ err] C
in 30 mnutes under stirring while the pressure of hydrogen was kept at 35

kg/ cn2. Thie, prebsurecefhydrvgenswes kept e @5akg/tti3l eThér; therredctionrwas Af t er
finishing the reaction, the reaction m xture was cooled to roomtenperature

and the prepadutiediats148°%C fars2 botes.aferpiimishing thes sesction] the reactioron

m xture was diluted by adding 300 m of hexane and filtered with a filter
paper. Themixthireameavaooldbrta maosd efemperature3 anidt dhewpséssurevosa®! and
washed with 500 nl of a 3 % by wei ght agueous sol ution of sodi um hydroxide
3 tinmes ardecréanedvior atnaerphericopressure.| The meaction nixture wagdiluted byt er and
the |ike were renoved under a reduced pressure by using a rotary

evapor at oradding 500anliofvhexzenand fitered: withra filter panen &Fﬁ’érﬁkﬁ&iﬁm and IR

of the product showed that one of the end_structuyres of the polyner was
(D) or (Hthgndranefereddo additerwashing 8¢siei)apdmasli}ﬁdcwt éooawg of @3 were the

) or % by weight aqueous solution of sodium h%t%roxide 3 times and then with
300 ml of distilled water 5 ﬁ'mes. Hexane, water and the l_ike were
removed under a reduced pressure by using a rofary evaporator. The
yield was 847 g. Results of the measurements of NMR and IR of the
product showed that bne of the end structures of the polymer was (A) or
(D) and the other was (B), (C) or (E), in which (B) and (E) were the major

structures and (C) was the minor structure.

Preparation Example 10

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 450 g of toluene, 182 g (1.4 mol) oi:‘ 2-ethylhexanol, and 2.8 g
of boron trifluoride diethyl etherate were charged. Into a dropping
funnel, 1,008 g (14.0 mol) of ethyl vinyl ether was charged and added
dropwise into the mixture over the time of 1 hour and 30 minutes while
the reaction mixture was kept at 25°C by cooling with an ice water bath.

After finishing the addition, the reaction mixture was kept stirring for 5



- structures and (C) was the m nor structure. HH

[err] Preparation Exanple 12 Into a 5 1liter glass flask equi pped with
a dropping funnel, a cooler and a stirrer, 400 g of toluene, 57.6 g (1.8

- mol) of methanol, and 2.5 g of boron trifluoride diethyl etherate were
charged. Into a dropping funnel, 1,200 g (12.0 nol) of isobutyl vinyl ether
was charged and added dropwi se into the m xture over the tinme of 1 hour and
23 mnutes while the reaction mxture was kept at 30[err]C by cooling with

an i ce wat efiinvaefl. THd peaction miktgetwes seithidfead tohe wahedg 9Bsd8l shdr € was
kept stirring for 5 mnutes. The reaction m xture was transferred to a

washi ng vesseshethoitla300d mi ofi a380%nbyoweight dqbyourisghiticnefaediwml uti on
of sodi um hydroxide 2 tinmes and then with 300 ml of water 3 tines. The
sol vent anhydroxidetZtimesvandathen with 360 mlrofwated 3uimes. Theadlvend apdessur e
by using a rotary evaporator to obtain 1,236 g of a crude product.
49 unreacted raw materials were removed under a reduced pressure by

using a rotary evaporator to obtain 1,143 g of a crude product.

Into a 2 liter autoclave made of SUS-316L containing the catalyst
prepared in Example of Catalyst Preparation, 1,000 g of the crude
product obtained above was added. Hydrogen was introduced into the
autoclave and the pressure of hydrogen was adjusted to 10 kg/cm2. After
stirring for about 30 seconds, the pressure was released. Hydrogen was
introduced into the autoclave again to adjust the pressure of hydrogen to
10 kg/cm? and, after stirring for about 30 seconds, the pressure of
hydrogen was released. Hydrogen was introduced into the autoclave
again until the pressure of hydrogen reached 35 kg/cm?2 and the
temperature was increased to 140°C in 30 minutes under stirring while
the pressure of hydrogen was kept at 35 kg/cm2. Then, the reaction was
conducted at 140°C for 2 hours. After finishing the reaction, the reaction
mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. The reaction mixture was diluted by
adding 500 ml of hexane and filtered with a ﬁltz;r paper. The filtrate was
then transferred to a 3 liter washing vessel and washed with 300 ml of a 3
% by weight aqueous solution of sodium hydroxide 3 times and then with
300 ml of distilled water 5 times. Hexane, water and the like were

removed under a reduced pressure by using a rotary evaporator. The

yield was 867 g. Results of the measurements of NMR and IR of the



Into a 2 liter autoclave nmade of SUS-316L containing the catal yst prepared
in Exanpl e of Catal yst Preparation, 1,000 g of the crude product obtained
above was added. Hydrogen was introduced into the autoclave and the

"pressure of hydrogen was adjusted to 10 kg/cnR. After stirring for about 30

seconds, the pressure was rel eased. Hydrogen was introduced into the
autocl ave again to adjust the pressure of hydrogen to 10 kg/cnR and, after
stirring for about 30 seconds, the pressure of hydrogen was rel eased.

Hydrogen ‘Iﬁﬁdﬁﬁt §106WeE dhifbfle lofitha Wndchtivenaediof thetgolyrbse wiiseDuee of
hydr ogen reached 35 kg/cn2 and the tenperature was increased to 140[err]C

in 30 m NYEeandNdRY othet A EIMCT) 6r (B); iarwhichr (E)and(GY weanthemajept at 35
kg/ cn2. Then, the reaction was conducted at 140[err]C for 2 hours. After

fi ni shi ng gtiRectiipes hhd@(C)ivigs tleagdinon sbirudtufr® was cooled to roomtenperature
and the pressure was decreased to atnospheric pressure. The reaction

m xture was diluted by adding 500 mM of hexane and filtered with a filter
paper. The filtrate wgs Hhen transferred to a 3 liter washing vessel and
washed with 300 m of |]a 3 % by wei ght aqueous sol ution of sodi um hydroxi de
3 tinmes and then wi tHBC30Q #1 of distilled water 5 tinmes. Hexane, water and
the |ike were renovedlunder a reduced pressure by using a rotary
evaporator. The yiel dHV\/aQW%(C@ s of the nmeasurements of NVMR and IR
of the product showed that o f the end structures of the polyner was (A
or (J) and the other was (B), z@'ﬁ) or (K), in which (B) and (K) were the

maj or structures and (C %‘/as the m nor structure.
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Preparation Example 11

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 450 g of toluene, 202 g (1.4 mol) of isononyl alcohol, and 2.5
g of boron trifluoride diethyl etherate were charged. Into a dropping
funnel, 1,008 g (14.0 mol) of ethyl vinyl ethe; was charged and added
dropwise into the mixture over the time of 1 hour and 38 minutes while
the reaction mixture was kept at 25°C by cooling with an ice water bath.
After finishing the addition, the reaction mixture was kept stirring for 5
minutes. The reaction mixture was transferred to a washing vessel and

washed with 300 ml of a 3 % by weight aqueous solution of sodium
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"HH [err] Preparati on Exanple 13 Into a 5 liter glass
flask equi pped with a dropping funnel, a cooler and a stirrer, 400 g of
toluene, 136.8 g (1.8 nol) of 2-nethoxyethanol, and 3.0 g of boron
"trifluoride diethyl etherate were charged. Into a dropping funnel, 1,200 g
(12.0 nol) of isobutyl vinyl ether was charged and added dropw se into the
m xture over the time of 1 hour and 23 mnutes while the reaction m xture
was kept at 30[err%ZC by cooling with an ice water bath. After finishing the
addi ti on, hpdroxide Ritimesiandithenwithi38Ptmd of watery3 timess Theissleent dhe
reaction mxture was transferred to a washi ng vessel and washed with 300 ni
of a 3 % bynneacipd ramovateralumess remexad wmdeydr oeduced pressisreabyl t hen
with 300 M of water 3 tinmes. The solvent and unreacted raw materials were
removed unusingA refdry eyaperaier teobipindi g g of staamde predustat or to obtain
1,315 g of a crude prijuct. | iter autoclave made of SUS-316L

cont ai ni ng the Hoat Zhtey %’ﬁ%clﬁi’e: %taaﬁg)ffpzstésﬁlﬁéaﬁ%@ﬁﬁngr&ﬁaﬂﬁﬂ%h, 1, 000
0o e O repated Sh Examiple of Catalyst "Breparation, 1.000% of ‘the ‘crade e
product obtained above was added. Hydrogen was introduced into the
autoclave and the pressure of hydrogen was adjusted to 10 kg/cm2. After
stirring for about 30 seconds, the pressure was released. Hydrogen was
introduced into the autoclave again to adjust the pressure of hydrogen to
10 kg/cm?2 and, after stirring for about 30 seconds, the pressure of
hydrogen was released. Hydrogen was introduced into the autoclave
again until the pressure of hydrogen reached 35 kg/cm2 and the
temperature was increased to 140°C in 30 minutes under stirring while
the pressure of hydrogen was kept at 35 kg/cm2. Then, the reaction was
conducted at 140°C for 2 hours. After finishing the reaction, the reaction
mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. The reaction mixture was diluted by
adding 300 ml of hexane and filtered with a filter paper. The filtrate was
then transferred to a 3 liter washing vessel and washed with 500 ml of a 3
% by weight aquecus solution of sodium hydrox:ide 3 times and then with
300 ml of distilled water 5 times. Hexzane, water and the like were
removed under a reduced pressure by using a rotary evaporator. The
yield was 880 g. Results of the measurements of NMR and IR of the
product showed that one of the end structures of the polymer was (D) or

(H) and the other was (E), (C) or (I), in which (E) and (I) were the major



"aut ocl ave and the pressure of hydrogen was adjusted to 10 kg/cnR. After
stirring for about 30 seconds, the pressure was rel eased. Hydrogen was
Jintroduced into the autoclave again to adjust the pressure of hydrogen to
10 kg/cn? and, after stirring for about 30 seconds, the pressure of

hydr ogen was rel eased. Hydrogen was introduced into the autoclave again
until the pressure of hydrogen reached 35 kg/cnR and the tenperature was
increased to 140[err]C in 30 m nutes under stirring while the pressure of

hydr ogen eaction was conducted at

140[ err] éﬁ?@%oﬁ%%%ﬁsﬁ% xrﬁ-{gﬁ’?%%ﬁ{&ﬁé{ef eaction, the reaction m xture
was cooled to roomtenperature and the pressure was decreased to

at nospheri c pressure.HTrﬁ reaction m xture was diluted by adding 500 m of
hexane and filtered thjya filter paper. The filtrate was then transferred
toa 3 liter washin esgel and washed with 300 nl of a 3 % by wei ght
aqueous sol ution of "spdi ym hydroxide 3 times and then with 300 m of
distilled water 5 tirHs. OC&QHE,CHETRC(GHY);t he |i ke were renoved under a

reduced pressure by using a rot evaporator. The yield was 818 g. Results
of the measurenents of NMR and M#®f the product showed that one of the end
structures of the polynmer was ) or (L) and the other was (B), (C or (M,
in which (B) and (M were the\%j or structures and (C) was the m nor
structure. HH [err]
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Preparation Example 12

_ Intoa § litexl glass flask equipped with a dropping funnel, a cooler
and a stirrer, 400 g of toluene, 57.6 g (1.8 mol) of methanol, and 2.5 g of
boron trifluoride diethyl etherate were charged. Into a dropping funnel,
1,200 g (12.0 mol) of isobutyl vinyl ether was charged and added dropwise
into the mixture over the time'of 1 hour and 23 minutes while the
reaction mixture was kept at 30°C by cooling with an ice water bath.
After finishing the addition, the reaction mixture was kept stirring for 5
minutes. The reaction mixture was transferred to a washing vessel and
washed with 300 ml of a 3 % by weight aqueous solution of sodium
hydroxide 2 times and then with 300 ml of water 3 times. The solvent and
unreacted raw materials were removed under a reduced pressure by

using a rotary evaporator to obtain 1,236 g of a crude product.
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- HH [err] Preparation Exanple 14 (Conparative Preparation Exanple 1)
Into a 5 1liter glass flask equi pped with a dropping funnel, a cooler and a
stirrer, 1000 g of toluene, 195 g (4.24 nol) of ethanol, and 5.0 g of boron
"trifluoride diethyl etherate were charged. Into a dropping funnel, 3,005 g
(41.7 mol) of ethyl vinyl ether was charged and added dropwi se into the

m xture over the time of 3 hours and 30 m nutes while the reaction m xture
was kept at 25[err]C by cooling with an ice water bath. After finishing the
addi tion, the rhgetd @litsrxdutoelavesmidptof SUS+I16d éomtakingriheccataljist
reaction mxture was transferred to a washi ng vessel and washed wi th 1,000

m of a 3 frépared ihtEssmpde sofsCataiyst Bfepardtiom H000xg o the iorsdeand t hen
with 1,000 mMl of water 3 tines. The sol vent and unreacted raw naterial s

were renovpsodurtesbtainedinbeve was added byHydroggnawastintsodnead dnge dhet o
obtain 3,041 g of a crude product. Into a 2 liter autoc]ave nmade of
SUS- 316L cantadavengnd tthe qressuretofhysiragen was adjustedctool0 kglean;sAfter
Preparation, 1,000 g of the crude product obtained abgve Wgs added.
Hydr ogen watirringrfod@deut i39: seconds.atheoprassure was releaneds sHydregemydsogen was
adjusted to 10 kg/cn2. After stirring for aboui}@SO seconds, the pressure
was rel easintrodyeadointn theautaelaye agadn itoadiastthe RISEFURL0 10geB t94j ust
the pressure of hygrogen o 10.kg/c and, after sti,rri f or _about, 30
seconds, tB8 !&gé?éégr%n f Hr%’é‘ﬂn Ty gg‘é‘&séh s‘?%?&ﬂﬁgé’ﬁg\/\a’é?sisﬁf? Huced
'nto the aﬂty g‘l)éate\ae was released. Hydrogen was introduced to the autoclave
again until the pressure of hydrogen reached 35 kg/cm2 and the
temperature was increased to 140°C in 30 minutes under stirring while
the pressure of hydrogen was kept at 35 kg/cm2. Then, the reaction was
conducted at 140°C for 2 hours. After finishing the reaction, the reaction
mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. The reaction mixture was diluted by
adding 500 ml of hexane and filtered with a filter paper. The filtrate was
then transferred to a 3 liter washing vessel and washed with 300 ml of a 3
% by weight aqueous solution of sodium hydroxide 3 times and then with
300 ml of distilled water 5 times. Hexane, water and the like were
removed under a reduced pressure by using a rotary evaporator. The
yield was 820 g. Results of the measurements of NMR and IR of the
product showed that one of the end structures of the polymer was (A) or
(J) and the other was (B), (C) or (K), in which (B) and (K) were the major

structures and (C) was the minor structure.



b sve

again until the pressure of hydrogen reached 35 kg/cn2 and the tenperature
was increased to 140[err]Cin 30 mnutes under stirring while the pressure
of hydrogen was kept at 35 kg/cnR. Then, the reaction was conducted at
140[err]C for 2 hours. After finishing the reaction, the reaction m xture
was cooled to roomtenperature and the pressure was decreased to

at nospheric pressure. The reaction m xture was diluted by addi ng 500 m of
hexane and filtered with a filter paper. The filtrate was then transferred
to a 3 liter washing gyesgel and washed with 500 mM of a 3 % by wei ght
aqueous sol ution of sqdiym hydroxide 3 tines and then with 500 m of
distilled water 3 tiggs~ Hexane, water and the |ike were renoved under a
reduced pressure by udi n%@a rotary evaporator. The yield was 870 g. Results
of the neasurenents oH NURHByd IR of the product showed that one of the end
structures of the polyner was (D) and the other was (C) or (E), in which
(E) was the major struddures and (C) was the m nor structure. Preparati on
Exanpl e 15 (Conparative Preparation Exanple 2) Into a 5 liter glass
flask equi pped with a Dean and Stark tube, a cooler and a stirrer, 1,091 g
of pentaerythritol anH 309 g of n-hexanoic acid were charged and the

m xture was heated under Istirring. Wen the tenperature of the solution
reached 200[err]C, th€ +&derature was kept constant for 3 hours. Then, the
t enperature was incre?fe éﬁ 220[err] C and kept at this tenperature for 10
hours. During this petrtod,¥the reaction started and water was forned. After
the reaction was finished, the reaction solution was cooled to 150[err]C
and the major part of e unreacted
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Preparation Example 13

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a sﬁrfer, 400 g of toluene, 136.8 g (1.8 mol) of 2-methoxyethanol, and
3.0 g of boron trifluoride diethyl etherate were charged. Into a dropping
funnel, 1,200 g (12.0 mol) of isobutyl vinyl ether was charged and added
dropwise into the mixture over the time of 1 hour and 23 minutes while
the reaction mixture was kept at 30°C by cooling with an ice water bath.
After finishing the addition, the reaction mixture was kept stirring for 5
minutes. The reaction mixture was transferred to a washing vessel and
washed with 300 ml of a 3 % by weight aqueous .so.lution of sodium
hydroxide 2 times and then with 300 ml of water 3 times. The solvent and
unreacted raw materials were removed under a reduced pressure by
using a rotary evaporator to obtain 1,315 g of a erude product.

Into a 2 liter autoclave made of SUS-316L containing the catalyst
prepared in Example of Catalyst Preparation, 1,000 g of the crude

product obtained above was added. Hydrogen was introduced into the
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hexanoi ¢ acid was recovered under a reduced pressure. The renaining
solution was transferred to a washing vessel and, after being dissolved in
2 liter of hexane, washed with 1,500 m of a 3 % by wei ght aqueous sol ution
of sodi um hydroxide 3 tinmes and then with 1500 ml of water 3 times.

Further, 800 g of an ion exchange resin was added and the m xture was
stirred for 3 hours. The ion exchange resin was renoved by filtration and
hexane was renoved under a reduced pressure by using a rotary evaporator.

The yiel d giitdeisrd aRd ithetprass el dmiyd%{;yﬂlv@asst @dju@wdadonﬁﬁggﬁggégg%ga

Preparati on Exanple 16 Into a 2 Titer autoclave nma

cont ai ni ngsﬁrﬁﬁF%Y%‘boﬁf Qﬂaéé%dnd@,cﬂféj{)f‘&shi?e W SdsmseR! OH9drsgervakhat in
Exanpl e of Catalyst Preparation except that zeolite which is a product of

Toso Co., {dtdodudtdvinte thetditdelane Hgainkite GdPED themessiardf WRogenftoa crude

product obtained according to the sane procedure as that in Preparation
Exanpl e 3 wSkgﬂﬂﬁﬁ-aﬁ&daﬂzemMngrﬂoroﬂmﬂd3Dnmohae, gHe opresgarand t he
pressure of hydrogen was adjusted to 20 kg/cnR. After stirring for about 30
seconds, thgdpsgmswas veleased.caHydrogem mare mtseduced imtbutlee autbclavee

autocl ave again to adjust the pressure of hydrogen to 20 kg/cnR and, after
stirring fagagboumtiBOthee predsure of pydsegere melachgdr 35 ckglioas? ranidedbed. After
repeating this operation once npre, hydrogen was introduced to the

aut ocl ave btepaperature \washingreasedite 140°Gyinr 3Q srinuges: nodesstirgngrwhilad t he
tenperature was increased to 150[err]Cin i{O m putes under stirring. Then,
the reacti the puessuzeof dvdaogen was| keptjat 8% kgfemoydhen, the reaction was

Cerer at ur eoRieFred L ADECIAF e FRe obilPE BRSHaE d0e FeactiomHerIAEHER | n 1 he
pressure mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. The reaction mixture was diluted by
adding 500 ml of hexane and filtered with a filter paper. The filtrate was
then transferred to a 3 liter washing vessel and washed with 300 ml of a 3
% by weight aqueous solution of sodium hydroxide 3 times and then with
300 ml of distilled water 5 times. Hexane, water and the like were
removed under a reduced pressure by using a rotary evaporator. The
yield was 818 g. Results of the measurements of NMR and IR of the
product showed that one of the end structures of the polymer was (A) or
(L) and the other was.(B), (C) or (M), in which (Bt) and (M) were tl;e major

structures and (C) was the minor structure.

i
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wWith increase in the tenperature and the decrease in the pressure with the
reaction were suitably conpensated by decreasing or increasing the pressure
and the pressure of hydrogen was kept at 35 kg/cnR during the reaction.
After finishing the reaction, the reaction m xture was cooled to room
tenperature and the pressure was decreased to atnospheric pressure. The
catal yst was precipitated by standing for 1 hour and the reaction liquid
was separated by decantation. The catal yst was washed with 100 nl of hexane
twi ce. The washing |iggi gywas conbined with the reaction liquid and
filtered wwth a filterypaper. The conbined liquid was then transferred to a
washi ng vessel and wasfedcoytth 500 nl of a 5 % by wei ght aqueous solution
of sodi um hydroxide 3 fings and then with 500 m of distilled water 5

times. Hexane, water &d QQ,CHOQ0E;e renoved under a reduced pressure by
using a rotary evaporat or ano?I g of a polyvinyl ether conpound was
obt ai ned. Preparati on EQaypl e 17 By the sane procedures as those in

Preparati on Exanpl e 16 except that the reaction was conducted for 5 hours,
496 g of a polyvinyl ether conpound was obtai ned. Preparati on Exanple 18
By the same procedures as those in Preparation Exanple 16 except 't hat
HSZ630HOA PaeparatiomBremple 1do(@ompadfativesPreparatibh Example lised as

56 zeolite, 497 g of a polyvinyl ether conpound was obt ai ned.

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 1000 g of toluene, 195 g (4.24 mol) of ethanol, and 5.0 g of
boron trifluoride diethyl etherate were charged. Into a dropping funnel,
3,005 g (41.7 mol) of ethyl vinyl ether was charged and added dropwise
into the mixture over the time of 3 hours and 30 minutes while the
reaction mixture was kept at 25°C by cooling with an ice water bath.
After finishing the addition, the reaction mixture was kept stirring for §
minutes. The reaction mixture was transferred to a washing vessel and
washed with 1,000 ml of a 3 % by weight aqueous solution of sodium
hjrdroxide 3 times and then with 1,000 ml of water 3 times. The solvent
and unreacted raw materials were removed under a reduced pressure by

" using a rotary evaporator to obtain 3,041 g of a crude product.

Into a 2 liter autoclave made of SUS-316L containing the catalyst
prepared in Example of Catalyst Preparati;n, 1,000 g of the crude
product obtained above was added. Hydrogen was introduced into the
autoclave and the pressure of hydrogen was adjusted to 10 kg/cm?2. After
stirring for about 30 seconds, the pressure was released. Hydrogen was
introduced into the autoclave again to adjust the pressure of hydrogen to
10 kg/cm?2 and, after stirring for about 30 seconds, the pressure of

hydrogen was released. Hydrogen was introduced into the autoclave
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Exanmple 1 Ki nematic viscosity, conpatibility with Flon 134a, vol une
intrinsic resistance, stability to hydrolysis, and hygroscopicity, of the
| ubricant of the present invention obtained in Preparation Exanple 1 were
measured. El enental analysis of the lubricant was al so conducted. Results

are shown in Table 1. (1) Kinematic viscosity Ki nematic viscosity was
nmeasured according to the nmethod of Japanese Industrial Standard K2283-1983
by using a glass capillary visconeter. (2) Conpatibility test A

sample in %ﬁﬁﬁeﬁh;tile@h@ggk'éﬁsu%_s'w drfogen #84éhddl.36 kg/em?2 and the

tetrafl uor ane) was arged into a pressure resistant glass anpoul e and

the anpoul g i t@RN WaisSactéaseieoVP40*@in i30emandteshendérnstifring While 134a
gas. The anpoul e was degassed in vacuum at roomtenperature, cooled with

liqui d ni tyHaopFesBase of hpdfidencwasiepbat@5 kifem?) SThemethet reaection was t he
anpoul e. The ‘anpoul e was then seal ed and the tenperature at which the phase
separ at i Onppridiictad wh 340 $or 2 houss.f dftenmfinishing the reactiom; shemeadion he
conpatibility at the |ow tenperature side, the sanple was slowy cool ed
from r oom jnépfereatwase ¢ovledOfe@rrdotni tempenatunestamd dhe, pressunee Wasasur enent
of the conpatibility at the higher tenperature side, the sarri)l e v¥ias sl ow y
heat ed frodecreased torptmaspheri¢ pressofer Ahe reaction mixtise AAscd Yhe phase
separation : . 57 t enperature be
| over in tadding&00 mirofdexane and filserad withea filtprapanes. (The Ritrate was
tenperature side. Conpatibiljties with Flon 32 and F| on 1%33 r asured
by the si nthem trapsfastedito arkitey;was PErYeiﬁaaﬁn%Cﬂ?rg%‘i Bithy ﬁt‘ﬁa on 32
was neasured only at the | ow,tenperatyre sidg. tibili with,Flon 125
Was Measur by WAER eeHpERBOR & gadim hydroxids § Bimed and fhdh wuf” O 1

500 ml of distilled water 3 times. Hexane, water and the like were

removed under a reduced pressure by using a rotary evaporator. The

yield was 870 g. Results of the measurements of NMR and IR of the

product showed that one of the end structures of the polymer was (D) and

the other was (C) or (E), in which (E) was the major structures and (C)

was the minor structure.

Preparation Example 15 (Comparative Preparation Example 2)

Into a 5 liter glass flask equipped with a Dean and Stark tube, a
cooler and a stirrer, 1,091 g of pentaerythritol iand 3,909 g of n-hexanoic
acid were charged and the mixture was heated under stirring. When
the temperature of the solution reached 200°C, the temperature was kept
constant for 3 hours. Then, the temperature was increased to 220°C and
kept at this temperature for 10 hours. During this period, the reaction
started and water was formed. After the reaction was finished, the

reaction solution was cooled to 150°C and the major part of the unreacted



-50 to +50[err]C. R 407c was added to the anpoule in the liquid state at
roomtenperature and conpatibility wwth R-407c was neasured in the
tenperature range of -40 to +40[err]C. (3) Volune intrinsic resistance

A sanpl e was dried under a reduced pressure (0.3 to 0.8 nmHg) at 100[err]C
for 1 hour and then charged into a liquid cell for the neasurenent of
volunme intrinsic resistance. The liquid cell was placed into a thernostat
at 80[err]C. After the sanple was kept in the thernostat at 80[err]C for 40

m nut es, tRgyidiERid Wdd fedoveféd mﬂe%erw&eae?ﬁés&ﬁfb atI‘HehFéthﬁﬁﬁgsed
vol tage of 250 V by using an ultrainsulation ne R8340 produced

Advant est stuu@ﬁ)wkwmismwéd 8% washin ng védsel andpRfiet bBimsaidsslve@shst ant
gl ass bottle, 75 g of a sanple, 25 g of water and a pi ece of copper (13 nm

X 50 mm) verigte! 6F Bdxane|, waehad withhe[500 mlt bf ab8t%! by Weeight Rianstiswi t h
nitrogen. The sanple was kept in a rotatory thernostat at a tenperature of
102[ err] C gslutibdofhsudiam Bidesxier8 timemanetheaswithapfkndnofwatet Be sanpl e
and condition of the copper piece were visually observed and the total acid
val ue was tiesesir durthee, 800ag ofcan ioal erchariges aegine waisl adted cared tthe t est
were 0.01 nmgKOH g for all the sanples.

58 mixtyré) waly gtio=edbfordd hpurs. Thelinhexahafge resinmpasrémoved byade of
gl ass, g of a sanple oil was charged. The sanple bottle was placed in a
desi ccat or filtratibn hepanewsas mgteadwundamadm@pcadcpmsmsbsamsmenper ature

and change in weight of the sanple was_neasured. Increase in the weight
cor r espondecteny enaperatont Tor viskbefthe lihricating afl of moliyalester ohtaiaedi ccat or

was controlled to 30[err]C by placing it in a thernostat. Humidity in the
desi ccat or ¥a&32¥h€rol 1 ed to 81 % by placing a saturated aqueous sol ution
of amoni um

Preparation Example 16

Into a 2 liter autoclave made of SUS-316L containing a catalyst
prepared according to the same procedure as that in Example of Catalyst
Préparation except that zeolite which is a product of Toso Co., Ltd.,
having a trade name, HSZ620HOA, was used, 600 g of a crude product
obtained according to the same procedure as that in Preparation
Example 3 was added. Hydrogen was introduced into the autoclave and
the pressure of hydrogen was adjusted to 20 kg/cm2. After stirring for
about 30 secqnds, the pressure was released. Hydrogen was introduced
into the autoclave agaih to adjust the pressure.of hydrogen to 20 kg/cm?
and, after stirring for about 30 seconds, the pressure of hydrogen was
released. After repeating this operation once more, hydrogen was
introduced to the autoclave again until the pressure of hydrogen reached
35 kg/cm?2 and the temperature was increased to 150°C in 30 minutes

under stirring. Then, the reaction was conducted at 150°C for 2 hours.



sul fate and powder of ammonium sulfate at the bottom of the desiccator. (6)

El enental anal ysis El enental anal ysis was conducted by using Perkin
El mer 2400- CHN appar at us. Exanples 2 to 16 and Conparative Exanples 1
and 2 Ki nematic viscosity, conpatibility with Fl on conpounds, volune

intrinsic resistance, stability to hydrolysis, and hygroscopicity, of the

| ubricating oils obtained in Preparation Exanple 2 to 15 were neasured
according to the sane nmethods as those in Exanple 1. Elenental anal ysis of
the | ubri céPtie resmcticrl proceeddd churing and|aftdrytheTinereaderinctie tempertadurdot ai ned
in Preparation Exanples 3 and 16 to 18 were subject to the seal ed tube test
accor di ng tand decresshdn thegqmessune was pheervetll STbherincrieseuin theapresshrewn in

Tabl e 1. Seal ed tube test Into a (gl ass tube, a _catalyst: Fe, Cu,
A, was chawitbdincrbase irrthe temperature and the decrease in the pressure with

134a, an oil, the air, and water were packed into the tuhe in anounts of 1
g, 4 cc, 5SCtheoreachion wepa suitabiy spmpensated by decransing ot ipereastng e At er
the tube was kept at 175[err]C for, 14 days, eyal uatigns ,wepe, nade with
respect to PgsEure1ABd the nietiere of hydogen s hPBE AbAD kE/EBA GHTERE BHe ( he

catal yst, total, acid_value,, and,format.ion of sludge.,., The |ight

transni ssi reaREeNe E findshine fheseactign, the,zeq TG i“éqsg?@l?q bt

(reference: new oil of Prepargt'on Exanmpl e 3 Jhe forymtion of ,sl udge was
S

eval uat ed KPR IRATAPRERIURE AR PTERSR s dRerenshdyB0; RURARPRATC f ( of
the tube fromLl% ST thtatAR W88 bri@Bidthd 1Y statdlsd BT tRlur aufiP e
reaction liquid was separated by decantation. The catalyst was washed
with 100 ml of hexane twice. The washing liquid was combined with the
reaction liquid and filtered with a filter paper. The combined liquid was
then transferred .to a washing vessel and washed with 500 ml of a 5 % by
weight aqueous solution of sodium hydroxide 3 times and then with 500
ml of distilled water 5 times. Hexane, water and the like were removed
mder a reduced pressure by using a rotary evaporator and 497 g of a

polyvinyl ether compound was obtained.

Preparation Example 17
By theésame procedures as those in Preparation Example 16 except
that the reaction was conducted for 5 hours, 496 g of a polyvinyl ether

compound was obtained.

Preparation Example 18
By the same procedures as those in Preparation Example 16 except

that HSZ630HOA (a trade name, a product of Toso Co., Ltd.) was used as
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zeolite, 497 g of a polyvinyl ether compound was obtained.

Example 1

Kinematic viscosity, compatibility with ¥lon 134a, volume intrinsic
resistance, stability to hydrolysis, and hygroscopicity, of the lubricant of
the present invention obtained in Preparation Example 1 were
measured. Elemental analysis of the lubricant was also conducted.
Results are shown in Table 1.
(1) Kinematic viscosity

Kinematic viscosity was measured according to the method of
Japanese Industrial Standard K2283-1983 by using a glass capillary
viscometer. |
(2) Compatibility test

A sample in a specified amount based on Flon 134a (1,1,1,2-
tetrafluoroethane) was charged into a pressure resistant glass ampoule
and the ampoule was connected to the vacuum line and the line for Flon
134a gas. The ampoule was degassed in vacuum at room temperature,
cooled with liquid nitrogen and a specified amount of Flon 134a was
taken into the ampoule. The ampoule was then sealed and-the
temperature at which the phase separation hstarts was measured as
follows: For the measurement of the compatibility at the low
temperature side, the sample was slowly cooled from room temperature
to —50°C in a thermostat and, for the measurement of the compatibility at
the higher temperature side, the sample was slowly heated from room

temperature to +90°C. It is preferable that the phase separation



Table 1 - 1 sanpl e ki nematic

vol unme intrinsic Vi scosity
(cst) resi stance at 80[err]C

40[err] C 100[err]C ([err]cm Exanmpl e 1 Preparati on Exanpl e
1 28.51 4.61 6.0x10[err] Exanple 2 Preparation
Exanple 2 16. 60 3.31 2.0x1015 Exanple 3 Prepar ati on
Exanpl e 3 26. 58 4. 33 1.5x10[err] Exanple 4

Prepar at i ontémperatard be lower3a. the lower témperature sidg. bixlgsl Higherdnrthe 5
Preparation Exanple 5 33. 22 5.15 1. 8x1014 Exanple 6

Pr epar at i on higleerteenerature side. @ompatibBitied with Flon132land Flon E26wdre 7
Preparati on Exanple 7 63. 14 7.65 3.7x1013 Exanple 8

Pr epar at i on nteasyred t@r the similar 8gethod a0that with Flor 1344.0 Compatibdity 9
Preparati on Exanpl e 4167 5. 69 2.7x10[err] Exanple 10
Pr epar ationvﬁxh%lenlw was mesmred ordycat the low. Cehippratire Bidewple 11
Preparati on Exanple 11 6. 58 2.9x1014 Exanple 12

Pr epar at i on Corapatikility with Fhm 325 was mgagured in the dempesaturemangeiof 13
Preparati on Exanple 13 tlig 1. 1x1014 Conparati ve
Pr epar at i on—BR4apta°€4 R407c vm aﬁ@ed to ampmﬂe in the hpyid ptate ]atmmpl e 1

Conmpar ati ve Preparation 4. 00 x10[ err
Exgprrm e 2 temp%rature anI%< compatlgmty Wlti]i R 407c was measured in tﬁ [ ]

temperature range of 40 to +40°C.
(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 charged into a liquid cell for the
measurement of volume intrinsic resistance. The liquid cell was placed
into 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 impressed voltage of 250 V by using an ultrainsulation meter R8340
produced by Advantest Co.

(4) Hydrolysis test '

Into a 250 ml pressure resistant glass bottle, 75 g of a sample, 25 g
of water and _a..pieée of copper (13 mm x 50 mm) were placed and the
atmosphere in the bottle was replaced with nitrogen. The sample was
kept in a rotatory thermostat at a temperature of 102°C for 192 hours.
After finishing the test, appearance of the sample and 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.



61 Table 1 - 2
conpatibility with Flon 134a t enper at ure of
separation at the |low tenperature side ([err]C sanple oil (%by w)
10 20 50 70 90 Example 1

90< 90< 15 - -50> Exanple 2

80 11 -40 -50> Exanple 3 -19

-50> -50> Exanple 4 4 1

- 50> {SDHygroscoﬁﬁnty Exanpl e 5 - 50> - 50>

- 50> - 50> -50

Into a 50 cc sample bottle made of glass, 20 g of a sample oil was
charged. The sample bottle was placed in a desiccator which was kept at
a constant humidity and a constant temperature and change in weight of
the sample was measured. Increase in the weight corresponds to the
amount of absorbed water. Temperature in the desiccator was controlled
to 30°C by placing it in a thermostat. Humidity in the desiccator was
controlled to 81 % by placing a saturated aqueous solution of ammonium
sulfate and powder of ammonium sulfate at the bottom of the desiccator.
(6) Elemental analysis

. Elemental analysis was conducted by using Perkin Elmer 2400-
CHN apparatus.

Examples 2 to 16 and Comparative Examples 1 and 2

Kinematic viscosity, compatibility with Flon compounds, volume
intrinsic resistance, stability to hydrolysis, and hygroscopicity, of the
lubricating oils obtained in Preparation Example 2 to 15 were measured

according to the same methods as those in Example 1. Elemental

analysis of the lubricants was also conducted similarly. The lubricating _ -

oils obtained in Preparation Examples 3 and 16 to 18 were subject to the
sealed tube test according to the method described in the following.

Results are shown in Table 1.

Sealed tube test
Into a glass tube, a catalyst: Fe, Cu, Al, was charged. Then, Flon

90<
-21



Exanpl e 6 90< 40 -4 -50> -50>

Exanple 7 -40 -45 -50> - -50>
Exanpl e 8 32 24 -28 - -50>

Exanmpl e 9 90< 30 -9 -50> -50>
Exanpl e 10 -5 -18 - - 50> -50>
Exanple 11 -22 - -50> - 50> - 50>
Exanpl e 12 75 59 8 - -50>
Exanpl e 13 134a, an oil, the air, &%d water we?@ packed intd&he tube in amounts of 150>
Conmparative -50> -50> -50> - 50> -50>
Exampl e 1 @rioes, 80 tarr and 0.04 cc, respectivgly, and the tube was sealed. After -

- Exanple 2 . Table 1 - 3
conpat i bi | i tthevkubie masnkeptiat 175°C for 14 days, evaluations aygrer madecwith
separation at the high tenperature si.de,g&([;err] C) . sanmple oil (%bé;Wt')
10 regpect to appeararge of the oil, lighy transmission, appearance of the
catalyst, total acid value, and formation of sludge. The light
transmission was evaluated by measuring transmission of visible light
(reference: new oil of Preparation Example 3). The formation of sludge
was evaluated by examining the presence or absence of sludge in the oil

after the tube from the sealed tube test was kept at —40°C for 1 hour.



Example 2

Exanmple 1 - - 90<
Exanple 2 - 90< 90<
Exanpl e 3 90< 90< 90<
‘Exanpl e 4 90< 90< 90<
Exampl e 5 90< 90< 90<
Exanpl e 6 - 90< 90<
Exanple 7 90< 90< 90<
Exanpl e 8 65 Table 1 - 49 90<
Exampl e 9 - 90< 90<
Exanple 10 90< 90< 90<
Exanmpl e 11 sampPO< Bldematic wlxme intrinsic
Exanpl e 12 90< viddsity (cSt) rBfstance at 80°C
Exanpl e 13 90< 90< 90<
Conparative 90< 90< 90<
Exanple 1 Conparative 8@eC 100C - (Q.cm)
- Exanple 2
Example 1  Preparation Example 1 28.51 4.61 6.0x1013
Example 2  Preparation Example 2 16.60 331 2.0x1015
Example 3  Preparation Example 3 26.58 4.33 1.5x1014
Example 4  Preparation Example 4 56.91 7.02 3.2x1014
Example 5  Preparation Example 5 3322 5.15 1.8x1014
Example 6  Preparation Example 6 5105 6.48 1.1x1013
Example 7  Preparation Example 7 63.14 7.65 3.7x1013
Example 8  Preparation Example 8 103.84 10.15 2.5x1014
Example 9  Preparaticn Example 9 41867 5.69 2.7x1014
Example 10  Preparation Example 10 34.60 5.62 1.0x1015
Example 11  Preparation Example 11 44.69 6.58 2.9x1014
Exzample 12  Preparation Example 12 34.30 5.02 9.0x1014
Example 13  Preparation Example 13 32.69 5.25 1.1x1014
Comparative Preparation Eﬁample 4. 32.06 5.13 1.2x1014
Example 1
Comparative Preparation Example 15 17.96 4.00 1.2x1013

90<
90<
90<
90<
90<
90<
90<
90<
90<
90<
90<
90<
90<
90<



Table 1 -

conmpatibility with

Fl on 125 tenperature of separation at the | ow
tenperature side ([err] O sanple oil (%by w.) 10 20
50 70 90 Exanpl e 3 -50> -50>
-50> -50> -50> Exanple 4 -50> -50>
-50> - 50> -50> Exanple 5 -50> - 50>
-50> -50> -50> Exanmple 7 -50> . -50>
- 50> -50> -50> Exanple 1Table 1-2 -50> - 50>
- 50> -50> - 50> . Table 1 5
conpatibility with Flon 125 enperat ure of
separation at the high tenperature si de‘mﬂpeﬁﬂhl!l@)mth %larmlﬁ@ oil (%by w.)
10 20 50 Exanple 3
50< 50< 50%mperamre of se;ﬁfhﬁon EKﬁ;B‘[Nv&eﬂlpemture side (°C)
50< 50< 50 50< Exanple 5
50< 50< 50< 50<
sample oil (% by wt.) 10 20 50 70 90
Example 1 90< 90< 15 - -50>
Example 2 90« 80 n -40 -50>
Example 3 -19 ~21 ~50> - -50>
Example 4 4 1 -50> -50> -50>
Example 5 -50> -50> -50> -~50> -50>
Example 6 90< 40 -4 ~-50> -50>
Example 7 ~40 —45 -50> - -50>
Example 8 2 24 -28 - -50>
Example 9 90< 30 -9 -50> -50>
Example 10 -5 -18 - -50> -50>
Example 11 ~22 - -50> -50> -50>
Example 12 (5 59 8 - ~50>
Example 13 35 2 -18 - =50>
Comparative -50> -50> ~50> -50>  -50>
Example 1
Comparative —45> - - - -
Example 2




PNy sty o=

Exanple 7
Exanple 11
64

‘conpatibility with Flon 32

50<
50<

5

separation at the low tenperature side (O

10

separ at ed separ at ed

21.1

20

17.6

50
13
-20.1

70

- 50>

9
-4
Table- 503

50<
0O<
Tabl e

t enper at ure of

sanpl e oil
0 Exanpl e 4
5 Exanple 5

50<
50<
1 6

(% by w.)

compatibility with Flon 134a

temperature of separation at the high temperature side (°C)

sample oil (% by wt.) 10 20 50 i}
Example 1 - - 90< 90<
Example 2 - 90< 90< 90<
Example 3 90< 90< 90< 90<
Example 4 90< 90< 90< 90<
Example 5 90< 90< 90< 90<
Example 6 ~ 90< 90< 90<
Example 7 90< 90< 90< 90<
Example 8 & ™ 90< 90<
Example 9 - 90< 90< 90<
Example 10 90< 90< 90< 90<
Example 11 90< 90< 90< 90<
Example 12 90< 90< 90< 90<
Example 13 90< 90< 90< 90<
Comparative 90< 90< 90< 90<
Example 1
Comparative 80< - - -
Example 2

50<
50<



Table 1 - 7 conpatibility with

R-407c* tenperature of separation

| ow tenperature side ([err]C hi gh tenperature side ([err] O sanpl e oil
10 20 10

(% by w.) 20 Exanple 3
- 20 - 26 40 < 40 < Exanple 4

8 12 40 < 40 < Exanple 5

-40 > -40 > 40 < 40 < Exanple 7

-32 - 38 40 < Table1-4 40 < * R 407C. a mi xed
refrigerant_containing Flon 32, Flon 134a, and Flon 125

65 Table 1 - 8

compatibility with Flon 125

temperature of separation at the low temperature side (°C)

sample oil (% by wt.) 10 2 50 70 90
Example 3 =50> -50> =50> -50> -50>
Example 4 ~50> -50> -50> -50> -50>
Example 5§ -50> -50> -50> -50> -50>
Example 7 -50>  -50>  -50>  -50>  -50> i
Example 11 -50> -50> -50> ~50> -50>
Table 1 -5

compatibility with Flon 125

temperature of separation at the high temperature side (°C)

sample oil (% by wt.) 10 2 50 (¢

Example 3 1 5o 50< .  50< 50<
Example 4 50< 50< 50< 50<
Example 5 50< 50< 50< 50<
Example 7 50< 50< 50< 50<
Example 11 50< 50< 50< 50<




hygroscopicity (water % by w.) after the hydrolysis test

test time (hr) sanpl e oil appear ance
of appear- total acid
pi ece of 1 4 24 96 ance val
copper (mKO H
Exampl e 1 0.0150 0.0230 0.0884 0.1208 good 0.1>
Exampl e 2 0.0305 0.0430 0.1294 0.1418 good 0.1>
Exanpl e 3 0.0315 0.0830 0.2400 ma81e3¢438 good 0.1>
Exanpl e 4 0.0345 0.0500 0.2090 0.3230 good 0.1>
Exanple 5 00385 0. 06389 U. 3268 U. 4854 good U 1=
Exampl e 6 0.0245 0.0400 0.1593 O colfifutibility gith@®lon 32 0.1>
Exampl e 7 0.0450 0.0650 0.3107 0.4497 good 0. 1>
Exanpl e 8 0. 0335 0.0495 . 2080 0,3030 . 0 0.d1>,
Exanple 9  0.0235 0. 0395 oipgafure gf 8 ftion o go%%w temperatureide )
Exanpl e 10 —6-90536—06-0794—0—8288—604750——good—O—1>—
Exampl e 11 635 0.3323 0.44860 ood 0.04>
Exanpl e 12 s””g’.egégg"byo%g% 0. 13%3 0. 12806 5gogool o 0.9%>
Exanpl e 13 0. 0395 0. 0635 0. 1867 0. 2435 good 0. 1>
Conpar at i VeExdhgl/$0 0.1170 OsepSfated séparat®®  13yo0d - Q48>
Exanple 1 Conparative - - - - poor
poor Exanpl®xa#ple 5 211 17.6 ~20.1 -50> -50>

Table 1 - 7

compatibility with R-407¢*

temperature of separation

low temperature side (°C)  high temperature side (°C)

sample oil (% by wt.) 10 20 ' 10 20

Example 3 -20 -26 ‘ 40< 40<
Example 4 8 12 - 40< 40<
Example 5 -40 > -40 > ) 40< 40<
Example 7 -32 =38 40< 40 <

* R407C: a mixed refrigerant containihg Flon 32, Flon 134a, and Flon 125

ue

9)

good
good
good
good
good
good
good
good
good
good
good
good
good

~good

2.5
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el ement al

H

12.
12.
11.
11.
11.
11.

oo ~NP~Dd

Table 1 - 9
analysis (% by w.) c/ O
0 rati o by nol Exanmple 1 71.
15.9 6.01 Exanple 2 71.6
16.0 5.96 Exanmple 3 68. 9
19.4 4.74 Exanple 4 68. 9
19.3 4.76 Exanple 5 67. 4
21.1 4.26 Tabderpl-a8 6 69. 9
18.2 5.12
hygroscopicity (water % by wt.) after the hydrolysis test
test time (hr) sample oil appearance
of
appear- total acid piece of
1 4 24 %6 ance value copper
(mgKOH/g)
Example 1 0.0150 0.0230 0.0884 0.1208 good 0.1> good
Example 2 0.0305 0.0430 0.1294 0.1418 good 0.1> good
Example 3 0.0315 0.0830 02400 0.3439 good 0.1> good
‘Ezample4 00345 00500 02090 03230  good 0.1> good
Example 5 0.0385 0.0689 . 0.3268 0.4854  good 0.1> good
Example 6 00245 00400 01533 02450  good 0.1> good
Example 7 0.0450 0.0650 0.3107 0.4497 good 0.1> good
Example 8 0.0335 0.0495 02080 0.3030 good 0.1> good
Exzample 9 0.0235 0.0395 0.1747 0.2324 good 0.1> good
Example 10 0.0510 0.0794 0.3233 04750 good 0.1> good
Example 11  0.0405 0.0635 0.3123 0.4860 good 0.1> good
Example 12 0.0325 0.0485° 0.1393 0.1806 good 0.1> good
Example 13 - 00395 0.0635 0.1867 02435  good 0.1> good
. Comparative 0.0780 0.1170 04858 0.7289 goed 0.1> good
Example 1
Comparative - - - - poor 2.5 poor
Example 2




Exanple 7 67.6 11.5 20.9

Exanpl e 8 69. 0 11.8 19.2

Exanple 9 69. 6 11.9 18.5

Exanpl e 10 68. 1 11.7 20. 2

Exanpl e 11 68. 6 11.7 19.7

Exanple 12 70. 6 12.0 17. 4

Exanpl e 13 69. 8 11.9 18.3

Conparative 66. 4 Tahd 13.9 22. 3

Example 1 67

elemental analysis (% by wt.) C/0
C H 0 ratio by mol
Example 1 LT 12.4 15.9 6.01
Example 2 71.6 12.4 16.0 5.96
Example 3 68.9 11.7 19.4 4.74
Example 4 68.9 11.8 19.3 4.76
Example § 674 115 21.1 4.26
Example 6 69.9 11.9 18.2 5.12
Example 7 €7.6 115 20,9 4.31
Example 8 69.0 11.8 19.2 4.79
Example 9 69.6 119 18.5 5.02
Example 10 68.1 11.7 20.2 4.50
Example 11 68.6 1.7 19.7 4,64
Example 12 70.6 12.0 174 541
Example 13 69.8 119 18.3 5.09
Comparative 66.4 11.3 223 3.97
Example 1

[COING) I &x RSN SN & R SN BN

.31
.79
.02
. 50
. 64
.41
.09
.97



Table 1 - 10 acetal group results of seal ed
t ube test appear - | i ght appear- total acid
formation ance of transm - ance of val ue
‘of sl udge (meq. / kg) oi | ssion (% catalyst (ngKOH g)
Exanpl e 3 1> good 100 good 0. 01> none
(Preparation Exanple 3) Exanple 14 22.5 | i ght 15
col or 0. 07 slight (Preparation br own
change Exanple 16) Exanple 15 TaBleO1 - 10 good 50 good
0.01 none (Preparation Exanple 17) Exanple 16 7.5 good
98 good 0.01> none (Preparation Exanple 18)
acetal group results of sealed tube test
appear- light appear- total acid formation
ance of transmi- ance of value of sludge
(meq./kg) o0il ssion (%) catalyst (mgKOH/g)

Example 3 1> good -100 good 0.01> none

(Preparation

Example 3)

Example 14 22.5 light 15 color 0.07 slight

(Preparation brown change

Example 16)

Example 15 13.0 good 50 good 0.01 none

{Preparation

Example 17)

Example 16 7.5 good 98 good 0.01> none

(Preparation .

Example 18)




68 VWHAT IS CLAIMED | S: 1. AIubricatingonfor\mh
conpression-type refrigerators conprising, as the main nt _ther

pol yvinyl ether conpound which contains a constituti ng]mvﬁﬂ”ﬁﬂ’!"ﬂby
the general formula (1): [err] wherein Rerr], R a

a hydrogen atom or a hydrocarbon.group having 1 to 8 carbon atons, and * may

be the sane or different from each other, R4 indicates a divalent
hydrocarbon group having 1 to 10°carbon atons or a dival ent hydrocarbon

group cont m 6f the ether |inkage and having 2 to 20 .
carbon at owg‘ ﬁmgﬁigydrocar bon group having 1 to 20 carbon atons,
m i ndi cates a nunber the average of which is in the range of 0 to 10, Rl to
R5 may be the sane

1. A lubricating oil for compression-type refrigerators comprising, as
the main component thereof, a polyvinyl ether compound which contains

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

R? (l)(R“D),,,,R5 e (D)

wherein R1, R2 and R3 indicate each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atoms, an_d may be the same or different from
each other, R4 indicates a divalent hydrocarbon group having 1 to 10
carbon atoms or a divalent hydrocarbon group containing an oxygen
atom of the ether linkage and having 2 to 20 carbon atoms, RS indicates a
'hydrocarbon group having 1 to 20 carbon atoms, m indicates a number
the average of which is in the range of 0 to 10, R! to RS may be the same
or different among the constituting units, and R40 may be the same or
different from each other when the constituting unit contains a plurality
of R40; and which polyvinyl ether compound has a carbon/oxygen ratio
by mol of 4.2 t0 7.0.

2. A lubricating oil for compression-type refrigerators comprising, as
the main component thereof, a polyvinyl ether compound which contains

constituting units represented by the general formula (I):



or different anong the constituting units, and R40 nmay be the sanme or
different fromeach other when the constituting unit contalins—a—plurali

ity
of R40; and which pol yvinyl ether conpound has a car bo%’!ﬂ’mﬂp, : nol
of 4.2 to 7.0. 2. Alubricating oil for conpression-ty 4 ’mg‘”g&%
conprising, as the main conponent thereof, a polyvinyl ethér torpound«Wwhich
contains constituting units represented by the general formula (1):

[err] wherein RL, R2 and R[err] indicate each a hydrogen atomor a

hydr ocar bon group havi n®!1 Rb 8 carbon atons, and may be the same or
different fromeach ot h%';, j I ndi cates a dival ent hydrocarbon group havi ng
1 to 10 carbon atons '6r( l—' al ent hydrocarbon group containi ng an oxygen
atom of the ether |inka®® aDRY®YRAg 2 tQ carbon atons, R5 indicates a
hydr ocar bon group having 1 to 20 carbon at , mindicates a nunber the

on group. ha
VT a0 bl L bR 1 RRcele fadtPayddieh MiER BPK iuloBErBA™ O
difterent Th-ahRcing1ele Warlh BRoERIRNd ksl B thesdmb A diffaFert ﬂt%%ar ality

of R40; an constituting units conpriSe a constituting uni 1)

represent eday 4thRrIFeidich sy Avhlenti My S grih qmveﬁ§q Iy digocar bon

group having 1 to 3 carbon atons and a constituting unit (ii) represented

by the gengaghoh itdsior!d difaléhitChyBvcabidr aroapacditdining RANoLY, havi ng

3 to 20 carbon atons, R5 in said two constituting units being different
from each either of thedethér liilkageairidBaving 2 ts 20 ¢arlgor atdthsiRY indivdiesai n t he

pol yvi nyl ether conpound contains at | east one group selected fromthe
group consilgidroearbon group having 1 to 20 carbon atoms, m indicates a number
the average of which is in the range of 0 to 10, R! to RS may be the same
or different among the constituting units, and R40 may be the same or
different from each other when the constituting unit contains a plurality
of R40; and which cohstituting units comprise a constituting unit (i)
repfesented by the general formula (I) in which RS indicates a
hydrocarbon group having 1 to 3 carbon atoms and a constituting unit (ii)
fepresented by the general formula (I) in which RS indicates a

hydrocarbon group having 3 to 20 carbon atoms, R® in said two

constituting units being different from each other.

3. A lubricating oil according to Claim 1, wherein t’;h-e polyvinyl ether
compound contains at least one group selected from the group consisting
of acetal group and aldehyde group in an amount of 15 milliequivalent/kg
or less as the total equivalent of the corresponding groups.

4. A lubricating oil according to Claim 2, wherein the polyvinyl ether

compound contains at least one group selected from the group consisting

70



of acetal group and al dehyde group in an amount of 15 m ' ent/ kg or
| ess as the total equivalent of the correspondi ng grogﬂ

| ubricating oil according to Caim2, wherein the pol i‘m\““g‘“‘jm“s‘:mmound

contains at |east one group selected fromthe group cORSI Stihg

70 of acetal group and al dehyde group in an amount of 15
mlliequivalent/kg or less as the total equivalent of the groups. 5 A
| ubricating oil for conpression-type refrigerators conprising, as the nain

conponent t a¢ragefal growpland didehedd giowy i angmeantof 35 miillkeduioslentfcgr andom
copol ymer which contains a constituting unit (a) represented by the general
formula (1) ogdesyradidee totalCequivalensof the gpowgps.t uti ng unit (b) represented by
the general formula (I1): R6 R7 I 1 [err]
wherein R6 to RO indicate each a hydrogen atom or a hydrocarbon group
having 1 to 20 carbon atons, may be the sane or different from each other,
and may be the Adubricatingf 6id rfontcompregsionetypensefirigeratoys womprisiagd ashi ch

bl ock or random copol yner has_ a carbon/oxygen ratio by nol of 4.2 to 7.0.
6. A | ubri cahermain componestpherenioa pelywinys¢thgs cemponnsboeemmprising aas t he
mai n conponent thereof, a m xture of 8‘310' yvi nyl ether conpound .Az whi ch
contains a ®deek iarurRREOTHiCOPPEPREE W wontaasganeergtituting unit (a

represented by the general formula (I) described in Claim 1 and a
constituting unit (b) represented by the general formula (II):

Ré¢ R7

-

R® R?® -« (I
wherein R6 to R9 indicate each a hydrogen atom or a hydrocarbon group
having 1 to 20 carbon atoms, may be the same or different from each
other, and may be the same or different among the constituting units;
and which block or random copolymer has a carbon/oxygen ratio by mol

of4.2t0 7.0.

6. A lubricating oil for compression-type refrigeratbrs comprising, as

. the main component thereof, a mixture of a polyvinyl ether compound
(A) which contains a constituting unit repfesented by the general
formula (I) described in Claim 1 and has a carbon/oxygen ratio by mol of
4.2 to 7.0, and a polyvinyl ether compound (B) comprising a block or
random copolymer which contains a constituting unit (a) represented by
the general formula (I) described in Claim 1 and a constituting unit (b)
represented by the general formula (II) described in Cla.i_m 1 and has 2
carbon/oxygen ratio by mol of 4.2 to 7.0.

71



or
4.2 to 7.0, and a pol yvinyl ether conpound (B) conprising

copol ymer which contains a constituting unit (a) represen

formula (1) described in Caim1l and a constituting unit (b) represen ed by
the general formula (I1) described in Claim1 and has a carbon/oxygen ratlo
by nmol of 4.2 to 7.0. 71

| ubricating oil according to Caim1, wherein the polyvinyl ether corrpound
contai ns at 9 easlulsricatiagi dilitacogrding tto (Claife b ddrrbid thy pohyvigghetitdr
formula (1) in which Rerr] indicates a hydrocarbon group having 1 to 3
carbon at onzompbund contdinetatnleastia constitutipg asavt(Edriyresbrtegebyrtie
formula (1) in which R5 indicates a hydrocarbon group having 3 to 20 carbon
atoms, R5 i rgenaral formular(d) in whick Rﬁunchcb@srtg hydféearbon groupnhaing dt her .

8. A I ubricating oil according to Claim?7, wherein the polyvinyl ether
conpound cortbad ecarban atexss apdea gmmtpmcm&mmdm epredented bythe @eserali ng of
acet al group and_al dehyde grou an amount of 15 m i eqU| val ent/kg or

| ess as t he formula ébu m/avh;nh B? md@aéeﬁ peBydresarbony goowe having Jato 2

| ubricating oi] accord| n aim 2, wherein the pol yvi nyl et her corrpound
contains at cashen atomsn |1¥1Lﬁﬁlﬁéwﬂrﬁ°ﬁ5$1§1bﬁi§§m bejpgidiferpntdrom eachnul a
(I') in which RS indicates ethyl group and a constituting unit represented
by the gener°§ €f.ornmula (1) in which R5 indicates i sobutyl group. 10. A

| ubricating oil according to Caim2, wherein the polyvinyl ether conpound
contains at |least a constituting unit (i) represented by the general

formula (1) d A\A’Tugncgén'gnoqi %%Egr%x?g QXdé SR 70 Wrrdil tﬂe poT)gvirlxyl ether

compound contains at least one group selected from the group consisting

formula (1) described in Caim1l and has a carbon/ oxygen m

of acetal group and aldehyde group in an amount of 15 milliequivalent/kg
- ‘or less as the total equivalent of the corresponding groups.

9. A lubricating oil according to Claim 2, wherein the polyvinyl ether
compound contains at least a constituting unit represented by the
general formula (I) in which R5 indicates ethyl group and a constituting
unit represented by the general formula (I) in which RS indicates

isobutyl group.

10. A lubricating oil according to Claim 2, wl';erein the polyvinyl ether
compound contains at least a constituting unit (i) represented by the
general formula (I) in which RS indicates a hydrocarbon group having 1
to 3 carbon atoms and a constituting unit (ii) represented by the general
formula (I) in which RS indicates a hydrocarbon group having 3 to 20

carbon atoms in such amounts that the ratio by mol of the constituting



to 3 carbon atons and a constituting unit (ii) represented by the general
formula (1) in which R5 indicates a hydrocarbon group carbon
atonms in such anpbunts that the ratio by nol of the conZ@ﬂ"@m m @ ’"

72 unit (i) to the constituting unit (ii) is

11. A lubricating oil according to Caim1 or 2, wherein the polyvi nyI

et her conpound has a structure in which an end is represented by the
general formula (I11) or (1V): [err] wherein Rlerr], Rerr] and
R31 i ndi catanﬂ;a(c)ftoetlﬂemnsgmmhagmm&im)w5y&5(t059|5hc51 group having 1 to 8
carbon atons, and may be the same or different fromeach other, R61,

Rlerr], R81 and Rl err] indicate each a hydrogen atomor a hydrocar bon group
having 1 to 20 carbon atons, and nay be the same or different from each

ot her, R[eril.iAdubricating mlvammmaym €daim oh ogruwhereinnihelpelyvirylcar bon
atons or a dival ent hydrqcarbon group confaining an oxygen atom of the

et her |inkagthemepmnpoind has a stpuetaredn H&%anm d isgepresented hyhgcar bon

group havi nge&eral formula (III) or (IV):

|
R* OR“0),R™ e (IID)

R8! f{m - (IV)

wherein R11, R21 and R3! indicate each a hydrogen atom or a
hydrocarbon group having 1 to 8 carbon atoms, and may be the same or
different from each other, R61, R71, R81 and R91 indicate each a hydrogen
atom or a hydrocarbon group having 1 to 20 carbon atoms, and may be
the same or different from each other, R4l indicates a divalent
hydrocarbon group having 1 to 10 carbon atoms or a divalent
hy@;pcar’oon group containing an oxygen atom of the ether linkage and
havileg 2 to 20 carbon atoms, R5! indicates a hydrocarbon group’ﬁaving 1
to 20 carbon atoms, n indicates a number the average of which is in the
range of 0 to 10, and R410 may be the same or different from each other
when the constituting unit containé a plurality of R410;

and the other end is represented by the general formula (V) or (VI):



‘to 20 carbon atons, n indicates a nunber the average—of—whirch—t+s—na—the

range of 0 to 10, and R410 nay be the sane or differen I ” lg

when the constituting unit contains a plurality of R41Hl mﬁﬂmmu lmt mend
is represented by the general fornmula (V) or (VI):

73 [err] wherein R12, R22 and R32 indicate each a

hydr ogen atom or a hydrocarbon group having 1 to 8 carbon atons, and nay be
the sane or different fromeach other, R62, R72, R82 and R92 indicate each
a hydrogen atom or a hydr ocar]b’c?an”r oup haV| ng 1 to 20 carbon atons, and nmay
be the sane or different fro é?%ot her, R42 indicates a dival ent
hydrocarbon group having 1 to 10 r bon atom; or a dival ent hydrocarbon
group containing an oxygen atRﬁ’h O(R‘t'“’ﬁ%fé? her 1i ge and having 2 to 20
carbon atons, R52 indicates. a hydrocarbon group Having 1 to 20 carbon
atons, p indi cates a nunber the average of which is in the range of 0 to
10, and R420 may be the sane ‘fz gi,ﬁfferent fromeach ot her when the
constituting unit contains ag ality of R420.

—C—CH
f{az 1';'92 e (VD)

wherein R12, R22 and R32? indicate each a hydrogen atom or a
hydrocarbon group having 1 to 8 carbon a’g_pms, and may be the same or
different from each other, R62, R72, R82 and R92 indicate each a hydrogen
atom or a hydrocarbon group having 1 to 20 carbon atoms, and may be
the same or different from each other, R42 indicates a divalent
hydrocarbon group having 1 to 10 carbon atoms or a divalent
hydrocarbon é‘roup containing an oxygen atom of the ether linkage and
having 2 to 20 carbon atoms, R52 indicates.a hydrocarbon group having 1
to 20 carbon atoms, p indicates a number the average of which is in the
.rang,-’e of 0 to 10, and R420 may be the same or different from each other
when the constituting unit contains a plurality of R420.

12. A lubricating oil according to Claim 1 or 2, wherein the lubricating
oil has a kinematic viscosity of 5 to 1,000 ¢St at the temperature of 40°C.

13. A lubricating oil according to Claim 1 or 2, wherein, in the general
formula (1), R1, R2 and R3 indicate all hydrogen atoms, m indicates a
number in the range of 0 to 4, and R¢ indicates a divalent hydrocarbon

group having 2 to 4 carbon atoms.
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12. A lubricating oil according to aim1l or 2, V\/nerE'i‘ﬁ’t‘ﬁ'e_”T—”_T— Welol
oil has a kinematic viscosity of 5to 1,000 cSt at themﬁmmmj@mt\m
40[err] C 13. A lubricating oil according to C aim 1/EmEgHEY sh, *1 N
the general fornmula (1), RL, R2 and R3 indicate all hydrogen atons, m
I ndicates a nunber in the range of 0 to 4, and R4 indicates a dival ent

hydr ocarbon group having 2 to 4 carbon atons.
74 14. A lubricating oil according to Claim1l or 2, wherein the

pol yvinyl qyhep Rtifpeatinly Hib adeordinige tor@laim MyrCh, dhepith the pobraaght ed by
t he general formula (III% described in Claim1ll, and the other end is

repr esent e@thyr chpatidr bas RostribtureVin adseh iabeand is Pepresehted dydthes
represented by the general formula (1) in which Rerr], R2 and R3 indicate

al | hydr oggneralformuladIIBt deseribeditiar Olaimhg 1] angk the Other éndaixl R4
I ndi cates a dival ent hydrocarbon group having 2 to 4 carbon atons. 15. A
| ubri cati ngeptéseated it the tgeneral formula &) descrdbed tiheClaihy 2ilpydndeisher
conpound has a structure in which an end is represented by the general
formul a (I representéd/bydtisr geberhliformda (I)lin which (Rie R# hed Rhindicate
represented by the general fornmula (VII): . |/ﬁ{)err] wherein R13, R23 and
R33 i ndi cadl bpdtegenhstoms;an indinates anmheniathe range 0f htodngnd R 8
carbon atons, and may he the sane, or

indicates a d’Xvalent hydrocarbon group having 2 to 4 carbon atoms.

15. A lubricating oil according to Claim 1 or 2, wherein the polyvinyl
ether compound has a structure in which an end is represented by the
general formula (III) or (IV) described in Claim 11, and the other end is
represented by the general formula (VII):

RI13 R33
b
—4—c-on
R® H --- (VII)
wherein R13, R23 and R33 indicate each a hydrogen atom or a

hydrocarbon group having 1 to 8 carbon atoms, and may be the same or

different from each other.

16. A lubricating oil according to Claim 1 or 2, wherein, in the general
formula (I), R, R2 and R3 indicate all hydrogen atoms, m indicates a
number in the range of 0 to 4, and R4 indicates a divalent hydrocarbon

group having 2 to 4 carbon atoms.

17. A lubricating oil according to Claim 1 or 2, wherein the polyvinyl
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different fromeach other. 16. A lubricating oil according to Caiml-e+

2, wherein, in the general formula (1), Rerr], Rerr] an e
hydrogen atons, mindicates a number in the range of 0 tom‘mﬂmﬂlmlﬂm
I ndi cates a dival ent hydrocarbon group having 2 to 4 carbor atons. ®» 27.*A
| ubricating oil according to Caim1l or 2, wherein the polyvinyl

75 et her conpound has a structure in which an end is represented
by the general fornula (I,I1) described in Claim11l, ,and the other end is
¢ epr esent edebyen ﬁ@@@ﬂ%&aﬁa 8rSHEMSEUreTIPY Wiah AR awmﬁsm@{] Bartde;

v ogen at BRBeTh FRAPELA AU FRrBibed o Risinbl Bndothe ofhexnantas -
L D S S e .
refri ger ant mp?e%ép@#ﬂb&!&%ﬁ%&i‘é&ﬁﬂ%&@&%ﬁ%{% glaﬁ?n @‘g Zl,mﬁlg‘&eei n the
20. A Tubr 1 2l IR ARl 57 intRgted s HthBY HOLAEARAN o B b"E A BT
type refri ggl&otests Bfvaletl Hy@dthb e HHAPRATRYY 854 Athds hiddE" ant -

18. A lubricating oil according to Claim 1 or 2, wherein the compression-
type refrigerator uses a hydrofluorocarbon, or a hydrochlorofluorocarbon

as the refrigerant.

19. A lubricating oil according to Claim 1 or 2, wherein the compression-

type refrigerator uses a hydrofluorocarbon as the refrigerant.

20. A lubricating oil according to Claim 1 or 2, wherein the compression-

‘type refrigerator uses a hydrochlorofluorocarbon as the refrigerant.

21. A lubricating oil according to Claim 1 or 2, wherein the compression-

type refrigerator uses ammonia as the refrigerant.
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21. A lubricating oil according to Claiml or 2, wherein the conpression-

fype refrigerator uses ammonia as the refrigerant.
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ABSTRACT OF THE DISCLOSURE

There is disclosed a lubricating oil for compression-type
refrigerators comprising a polyvinyl ether compound which contains a
constituting unit represented by the general formula (I), a polyvinyl
ether compound which contains constituting units represented by each

one of the general formulae (I) and (II), or a mixture of these polyvinyl

ether compounds, as the main component thereof. Ratio by mol of.

carbon to oxygen in the above polyvinyl ether compounds is 4.2 to 7.0.
Also disclosed is a lubricating oil for compression-type refrigerators
comprising a polyvinyl ether compound containing constituting units
which are both represented by the general formula (I) but between which
RS is different. The lubricating oil for compression-type refrigerators
has excellent compatibility with hydrofluorocarbons, such as 1,1,1,2-
tetrafluoroethane, and hydrochlorofluorocarbons which can be used as

the refrigerant to replace compounds causing environmental pollution

"such as dichlorodifluoromethane, shows low hygroscopicity, and

exhibits superior stability and lubricating property.
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