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DESCRIPTION : _

A POLYVINYL ETHER COMPOUND AND A LUBRICATING OIL
Lo

HOME COPY
1. Field of the Invention ) | |

The present inVeﬁtiop. relates to a novel lubricating oil for
compression-type refrigerators, a novel method of production of polyvinyl
ether compounds and ether compounds apd a novel polyvinyl ether
compound. More particularly, the present invention relates to (1) a

lubricating oil for compression-type refrigerators which comprises as

~ the main component thereof a polyvinyl ether compound having

excellent cdmpatibility with hydrogen-containing Flon compounds ["a
Flon compound” means a chlorofluorocarbon (CFC), a hydrofluoro-
carbon (HFC) and a hydrochlorofluorocarbon (HCFC) in generall, such
as 1,1,1,2-tetrafluoroethane (referred to as Flon 134a, hereinafter) and
the like, which can be used as the refrigérant to replace compounds
causing environmental pollution, such as dichlorofluoroethane (referred
to as Flon 12, hereinafter) and the like, and having an excellent
lubricating property; (2) a method of .effi(.;iently and industrially

advantageously producing a polyvinyl ether compound having a wide

,range of applications as solvent, lubricating oil, adhesive, resin and the

like; (83) a method of efficiently and industrially advantageously
producing a useful ether compound having a wide range of applications

as solvent, lubricating oil and the like by hydrogenation of an acetal

-compound or a ketal compound; and (4) a novel polyvinyl ether
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" excellent conmpatibility with hydrogen-containing Flon conpounds ["a Flon
conpound}- means a chl orof | uorocarbon (CFC), a hydrofluoro- carbon (HFC) and
a hydrochl or of | uorocarbon (HCFC) in general], such as ,
1,1, %4 2-tetrafluoroethane (referred to as Flon 134a, hereinafter) and the
i ke, which can be used as the refrigerant to replace conpounds causi ng
envi ronnent al- pollution, such as dichlorofluoroethane (referred to as Flon
12, hereinafter) and the like, and having an excellent |ubricating

Pt oduci ng = FapdERd Sedthl MY 1EbARARG B EHCUBEASIRATER LA, . o
solvent, | ubgegid ibihtiondGil Covghnic 56FeRt2AGFBE active agent and the like.

2. Description of the Related Arts

Compression-type refrigerators are gex:erally constituted of a
compressor, a condenser, an expansion valve and an evaporator and has
a structure that mixed fluid of a refrigerant and a lubricating oil is
circulated in the closed system. Depending on the type of machinery, in
the compression-type refrigerator generally the temperature is high in
the conipressor and low in the refrigerating chamber and it is generally
required that the refrigerant and the lubricating oil be circulated in the
system without causing phase separation in the wide range of
temperature. When the phase separation occurs during the operation of
the refrigerator, the life and the efficiency of the apparatus are adversely
affected to a great extent. For example, when the phase separation of the
refrigerant and the lubricating oil occurs in the part of the compressor,
the lubrication of the moving parts is deteriorated and the seizure occurs
to cause decrease in the life of the apparatus to a great extent. When the
phase separation occurs in the evapcrafor, the efficiency of heat
exchange is decreased because of the presence of the lubricating oil of
high viscosity.

Because the lubricating oil for refrigerators is used for the purpose
of lubricating moving parts in refrigerators, the lubricating property is
naturally important. Particularly, because the temperature in the

compressor is high, the viscosity which can hold the oil film necessary
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like; (3) a nethod of efficiently and industrially advantageously producing
a useful ; ether conpound having a wi de range of applications as sol vent,
| ubricating oil and the |ike by hydrogenation of an acetal conpound or a

ket alg compound; and (4) a novel polyvinyl ether -2- conpound useful as
| ubricating oil for conpression-type refrigerators, electric insulation
oil, organic solvent, surface active agent and the |iKke.

for the lubrication is important. The required viscosity is different
depending on the kind of the compressor used and the working
conditions and it is generally preferable that fhe viscosity (kinematic
_ viscosity) of the lubricating oil before mixing with the refrigerant be 5 to
1000 cSt at 40°C. When the viscosity is lower th;n this range, the oil film
becomes thin to cause insufficient lubrication, and, when the viscosity is
higher than.this range, the 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 them is required to have a high
degree of electric insulating property. In general, a volume intrinsic
resistance of 1012 Q.cm or more at 80°C is required. When the resistance
is lower than this value, tl_ae possibility of the leak of electricity arises.
As the refrigerant for compressor-type refrigerators, mainly Flon
12 has heretofore been used and, as the lubricating oil, various kinds of
mineral oils and synthetic oils satisfying the required properties
described above have been used. However, chlorofliofocarbons (CFC)
including Flon 12 are being more rigorously restricfed world-wide
because they bring environmental pollution such as the destruction of
the ozone layer. By this reason, hydrogen-containing Flon compounds
such as hydrofluorocarbons (HFC) and hydrochlorofluorocarbons
(HCFC) are attracting attention as the novel kinds of the refrigerant.
The hydrogen-containing fluorocarbons, particularly hydrofluoro-
carbons (HFC), typified by Flon 134a, are preferred as the refrigerant for
compression-type refrigerators because they have little possibility of

causing the destruction of the ozone layer and can replace Flon 12 with
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2. Description of the Related Arts Conpression-type refrigerators are
general ly constituted of a conpressor, a condenser, an expansion valve and
an evaporator and has a structure that mxed fluid.of a refrigerant and a
| ubrigcating oil is circulated in the closed system Depending on the type
of machinery, in the conpression-type refrigerator generally the
tenperature is high in the conpressor and low in the refrigerating chamber
and it is generally required that the refrigerant and the Iubrlcat|ng oi
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of used.

When a hydrogen-containing Flon compound described above,
such as Flon 134a, Flon 32, Flon 125, Flon 22 and the like, is adopted as
the refrigerant for compression-type refrigerat;rs to replace Flon 12, a
lubricating oil having good compatibility with the hydrogen-containing
Flon compound, such_ as.Flon 134a, Flon 32, Flon 125, Flon 22 and the
‘like, and good lubricating property satisfying the requirements described
above is naturally required. However, because the lubricating oils which (-
have heretofore been used in cbmbination with Flon 12 do ndi". have good
compatibility with the hydrogen-containing Flon,.such as Flon 134a, Flon
32, Flon 125 and the like, a new lubricating oil suited for these
compounas is required. When a new lubricé.ting 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 compétibilit’y with Flon 134a, for
example, polyoxyalkylene glycols have been known. Such lubricating
oils are disclosed, for exé.m'ple, in Research Disclosure No. 17463
(October, 1978), the specification of the United States Patent No. 4755316,
Japanese Patent Application Laid-Open No. 1989-256594, Japanese
Patent Application Laid-Open No. 1989-259093, Japanese Patent
Application Léid-Open No. 1989-259094, Japanese Patent Application
Laid-Open No. 1989-271491, Japanese Patent Application Laid-Open No.
1990-43290, Japanese Patent Application Laid-Open No. 1990-84491,

-
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the refrigerator, the life and the efficiency of the apparatus are
adversely affected to a great extent. For. exanple, when the phase
separation of the refrigerant and the lubricating oil occurs in the part of
t he aqonpressor, the lubrication of the noving parts is deteriorated and the
sei zure occurs to cause decrease in the |life of the apparatus to a great
extent. Wien the phase separation occurs in the evaporator, the efficiency
of heat” exchange is decreased because of the presence of the lubricating

Dsed for neSpRRREEe BAeRG APBLIERRGRHOVRIG Qh o 19B0 FAARAF 1 PA11S,
| ubricating Bapggietsg Patent Application Laid-Open No. 1990-132179, Japanese
Patent Application Laid-Open No. 1990-173195, Japanese Patent
Applications Laid-Open No. 1990-180986 to 180987, Japanese Patent
Applications Laid-Open No. 1990-182780 to ;82781, Japanese Patent
Application Laid-Open No. 1990-242888, Japanese Patent A}iplication
Laid-Open No. 1990-258895, Japanese Patent Application Laid-Open No.
1990-269195, Japanese Patent Application Laid-Open No. 1990-272097,
Japanese Patent Application Laid-Open No. 1990-305893, Japanese
Patent Application Laid-Open No. 1991-28296, Japanese Patent

3

Application Laid-Open No. 1991-33193, Japénese Patent Applications
Laid-Open No. 1991-103496 to 103497, Japanese Patent Application Laid-
Open No. 1991-50297, Japanese Patent Application Laid-Open No. 1991-
52995, Japanese Patent Applications Laid-Open No. 1991-70794 to 70795,
Japanese Patent Application Laid-Open No. 1991-79696, Japanese Patent
T Application Laid-Open No. 1991-106992, Japanese Patent Application
Laid-Open No. 1991-109492, Japanese Patent Application Laid-Open No.
1991.121195, Japanese Patent Application Laid-Open No. 1991-205492,
Japanese Patent Application Laid-Open No. 1991-231992, Japanese
Patent Applicatibn Laid-Open No. 1991-231994, Japanese Patent
Application Laid-Open No. 1992-15295, Japanese Patent Application
Laid-Open No. 1992-39394 and Japanese Patent Applications Laid-Open
No. 1992-41591 to 41592. However, the lubricating oils from the
polyoxyalkylene glycols generally have low volume intrinsic resistances

and no example satisfying the value of 1012 Q.cm or more at 80°C has
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naturally inportant. Particularly, because the tenperature in the
conpressor is high, the viscosity which can hold the oil film necessary

-3- for the lubrication is inportant. The required viscosity is different
depending on the kind of the conpressor used and the working conditions and
it is generally preferable that the viscosity (kinematic viscosity) of the
| ubricating oil before mxing with the refrigerant be 5 to

been disclosed yet.

As the compound having compaﬁbility with Flon 134a in addition
to the lubricating oils from polyoxyalkylene glycols, lubricating oils of
esters are disclosed in British Patent Laid-Ope_n No. 2216541, WO No.
6979 (1990), Japanese Patent Applications Lai:i-Open No. 1990-276894,
Japanese Patent Applications Laid-Open No. 1991-128992, Japanese
Patent Applications Laid-Open No. 1991-88892, Japanese Patent
Applicatiox_ls ‘Laid-Open No. 1991-179091, Japanese Patent Appliéations
Laid-Open No. 1991-252497, Japanese Patent Applications Laid-Open No.
1991-275799, Japanese Patent Applications Laid-Open No. 1992-4294,
Japaneée Patent Applications Laid-Open No. 1992-20597 and the
spéciﬁcation of the United States Patent No. 5021179. However, the
lubricating oils from the esters do not have sufficient compatibility
because the phase separatioh occurs when viscosity of the lubricating
oils is high at lower temperatures evén though they show good
compatibility at higher temperatures. T

Thus, it is the real situation at present that a lubricating oil for the
compression-type refrigerators having excellent compatibility with Flon
- 134a, excellent stability and lubricating property and a volume intrinsic
resistance at 80°C of 1012 Q-cm or more has not been discovered yet. The
development of such a lubricant is strongly desired.
Polyvinyl ether compounds are important compounds having a
wide range of applications, such as solvents, lubricating oils, adhesives,
resins and the like and, as the methods of production of polyvinyl ether

compounds, the methods of polymerizing vinyl ether monomers with a
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1000 cSt at 40[err]C. Wen the viscosity is |ower than this range, the oi
filmbecanmes thin to cause insufficient |ubrication, and, when the
-viscosity is higher than this range, the efficiency of the heat exchange is
decreased. Electric refrigerators have the notor and the conpressor built
into a single body and the lubricating oil for themis required to have a
hi gh degree of electric insulating property. In general, a volune intrinsic

resi stance of 1012 [err]Jcmor nore at 80[err]C is required. Wen the
|.eak .qf
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\r/r:ir inl)ﬁsFlk?R 5@3@%999%%%% REGPakES, Minoth Thfoto" ¥nd Fridddrd' Tani,
published by Asakura Shoten). However, these conventional methods
are not always satisfactory because of the problems that a compound
having the desired degree of polymerization is r:ot easily obtained, that
the process is complicated, that control of the reaction is difficult, that a
large amount of solvent is required and the like problems. Thus,
development of the method of prodﬁction of polyvinyl ether compound
free from the aforesaid problems is strongly desired. |

As a method of producing an ether compound having a wide range
of applications as solvents and lubricants from acetal compounds or
ketal compounds, for example, a method of using a combination of an
acid and an alkali metal hydride, a method of using a silicon reagent

* and a method of using diborane or the like are known ("Jikken Kagaku
Koza", Volume 20, the 4th edition, published by Maruzen).

However, these reactions use stoichiometric-amounts of very
expensive materials such as the alkali metal hydride, diborane and the
silicon reagent as the hydrogenaﬁng reagent and are not preferable as
the method of industrial production.

A method of a combination of an acid catalyst and catalytic
hydrogenation is known. W. L. Howard [J. Org. Chem. Volume 26, Page
1026 (1961)] reported the formation of an ether by cafalﬁic hydrocracking
of a ketal by using a catalyst in which rhodium is supported on alumina
in the presence of hydrochloric acid. In the specification of the United

States Patent No. 4088700, a method of production of an ether compound

I
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mneral oils and synthetic oils satisfying the required properties

descri bed above have been used. However, chl orofl uorocarbons (CFC)
including Flon 12 are being nore rigorously restricted world-w de because

t hey (bring environnental pollution such as the destruction of the ozone

| ayer. By this reason, hydrogen-containing Flon conmpounds such as

hydr of | uor ocarbons (HFC) and hydrochl or of | uor ocarbons (HCFC) are attracting
attention as the novel kinds of the refrigerant. The hydrogen-contai ni ng

1343, are. pr dpe PREIEY Borockibe df 1% foie ol oid Bile Rl Y

because they gye 4! phtndiSeitdtyst $rH rhodium catalyst in the presence of a
Lewis acid such as boron trifluoride, aluminum trichloride and the like

"is shown. However, because these methods of production use
hydrochloric acid, boron trifluoride, aluminu;'l trichloride or the like,
corrosion of the apparatus becomes the problem when the ordinary
apparatus is used and a special treatment is necessary, making the
methods unfavorable.

As a method without using acids, for example, a method of
producing an ether compound by hydrocracking of acetals by using a
palladium w@ﬁt supported on carbon is proposed in Japanese Patent
Application Laid-Open No. 1983-4739 and Japanese Patent Application
Laid-Open No. 1983-177929. Though the method is free from the
corrosion problem because an acid is not used, conversion of the raw
ma’_r.erial acetal is not satisfactory.

Thus, a method of production of the ether compound from an
acetal compound or a ketal compound which has sufficient reactio:i
activity, shows good selectivity and does not cause corrosion of the
apparatus is not discovered yét and the development of such a method is
strongly desired.

On the otﬁer hand, for the applications as lubricating oils, electric
insulating oils and solvents, fluidity is necessary and a polymer having a
lower degree of polymerization is desired. Concerning generally known
polyalkyl vinyl ethers, examples of synthesis of various kinds of alkyl
polyvinyl ethers are described in “Jikken Kagaku Koza", Volume 18,

i



causing the destruction of the ozone |ayer and can replace Flon 12 with
little change in the structure of refrigerators which have heretofore been
used. When a hydrogen-contai ning Fl on conpound descri bed above, such as
Flon;134a, Flon 32, Flon 125, Flon 22 and the like, is adopted as the
refrigerant for conpression-type refrigerators to replace Flon 12, a

| ubricating oil having good conpatibility with the hydrogen-contai ni ng

"Reaction of organic compounds II(A)", edited by Chemical Society of

~ Japan (published by Maruzen). In the cases of alkyl vinyl ethers having
a low molecular weight and an alkyl group of 3 or less carbon atoms
among these examples, examples of the lowest mblecular weight of a
polymer are 2545 for the polymer of methyl v’i‘nyl ether, 4000 for the
polymer of ethyl vinyl ether, 4830 for the polymer of n-propyl vinyl ether
and 4580 for the polymer of isopropyl vinyl ether. A polymer of methyl
vinyl ether having a molecular weight of 3000 is described in.
Macromolecules, Volume 17, Page 2228 (1984) and a polymer of ethyl
vinyl ether having a molecular weight of 2600 is described in
Macromolecules, Volume 18, Page 2 (1985). Howevér, the values of
molecular weight suggest that these polymers have very low fluidity and
are in the form of semi-solid at room temperature.

In’the cases of the compounds having an alkyl group of 4 or more
carbon .atoms, an example in which a dimer is isolated and an example
in which a polymer having a molecular weight of 600 is obtained are

found. However, polymers of alkyl vinyl ethers having an alkyl group of
4 or more carbon atoms do not satisfy the required property because they
are not compatible with the hydrofluorocarbons such as Flon 134a. |

As described in the above, a polymer of alkyl vinyl ether having an.
alkyl group of 3 or less carbon atoms which has a molecular weight of
1200 or less has not been known heretofore.

| Ends of these polymers are olefins in the case of the acid catalysts
and acetals when an alcohol is present and, when water is present, ends

of acetal and ends of aldehyde are also formed. The end of olefin
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Fl on conpound, such as Flon 134a, Fton 32, Flon 125, Flon 22 and the liKke,
and good. lubricating property satisfying the requirenents described .above
is naturally required. However, because the lubricating oils which have
her et of ore been used in conbination with Flon 12 do not have good
conpatibility with the hydrogen-containing Flon, such as Flon 134a, Flon
32, Flon 125 and the like, a new lubricating oil suited for these conpounds
is required. When a new lubricating oil is adopted, it is desired that

1oL "ol A il BB A S50 prode o
maj or changegnbaefd sdhdftHd @nde bf! alddH3@ld s decasionally causes coloring.
| Acetals are decomposed to olefins and alcohols in the presence of an
acid. The olefins react with each other to cause coloring and increase in
viscosity and, when water is present additionaﬁy, aldehydes are formed,
also occasionally causing colorihg. However, a polyvinyl ether
compound free from the structures of acetals, aldehydes and olefins
causing degradation at the ends of the molecule and has an excellent

stability has not been reported yet.

SUMMARY OF THE INVENTION

The présent invention véas undertaken under the situation
described above with the objécts of providing (1) a lubricating oil for
compression-type refrigerators having excellent éompatibility with
hydrogen-containing Flon compounds, such as Flon 134a, Flon 32, Flon

- 125 and the like, which can replace the refrigerant of Flon 12 or other
Flon compounds that are hardly decomposed and, particularly, cause
the problem on environmental pollution, in the whole range of the
working temperatures, has excellent stability and iubricating property
and has a volume intrinsic resistance at 80°C of 1012 Q.cm or more; (2)
an industrially advantagedus method of production of a polyvinyl ether
compound having a desired degree of polymerization with a simple
process, reliably, safely and efficiently; (3) a method of efficiently
producing an ether compound by hydrogenation of an acetal compound -

or a ketal compound by using a catalyst having a sufficient reaction

—
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As the lubricating oil having conpatibility with Flon 134a, for exanple,
pol yoxyalkyl ene glycols have been known. Such lubricating oils are
di scl osed, for exanple, in Research Disclosure No. 17463 (Cctober, 1978),
the specification of the United States Patent No. 4755316, Japanese Patent
Application Laid-Open No. 1989-256594, Japanese Patent Application
Lai d- Open No. 1989- 259093, Japanese Patent Application Laid-Open No.
1989- 259094, Japanese Patent Application Lai d-Open No. 1989-271291,

Pat ent l'i cation_laid-Qpen, No. 1990-43290, Japanese Patent
JASB?szte i Oﬁt ggﬁi@f&?@p .xcgblg@igg%ptivity and causing no Iocorro.s;ion of the

apparatus; and (4) a novel polyvinyl ether compound favorably utilized
particularly as the lubricating oil for compression-type refrigerators
described above. )

As the result of the intensive studies by the present inventors for
achieving the objects described above, it was discovered (1) that the first
object described above can be achieved by a lubricating oil comprising a
polyvinyl ether compound having a specific structure as the main
component thereof, (2) that the second object described above can be
achieved by adding dropwise a vinyl ether monomer to a specific initiator
in the presence of a catalyst and polymerfzing the monomer, (3) that the
third object described above can be achieved by using a solid catalyst
having acidic property and Hydrogenating ability as the catalyst and (4)
that the fourth object described above can be achieved by (a) a polyvinyl |
ether compound which is a homopolymer or a copolymer of an alkyl vinyl

- ether having an alkyl group of 1 to 3 carbon atoms, has 4 weight-average
molecular weight in the range of 300 to 1200 and has ends of specific
structures and (b) a polymer of an alkyl vinyl ether of a specific structure
which does not contain any of an unsaturated bond, an acetal structure
and an aldehyde structure and has the weight-average molecular weight
in a specific range. The present invention was completed on the basis of
the aforesaid discovery. |

Thus, the lubricating oil for compression-type refrigerators which
is provided according to the first object of the invention comprises as the

main component thereof a polyvinyl ether compound having the
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Japanese Patent Applications Laid-Open No. 1990- 132176 to 132178 Japanese
Pat ent Application Laid-Open No. 1990-132179, Japanése Pat ent Application
Lai d- Open No. 1990-173195, Japanese Patent Appli-cations Laid-Open No.
19904180986 to 180987, Japanese Patent Applications Lai d-Open No.

1990- 182780 to 182781, Japanese Patent Application Laid-Open No.

1990- 242888, Japanese Patent Application Laid-Open No. 1990-258895,
Japanese Patent Application Laid-Open No. 1990-269195, Japanese Patent

Appl i cati on dyetit By BRits bxpPessed’By the general formula (XXII):
R# R4

A4ty

R O(R¥O)R* (XXID,
wherein R42, R43 and R44 are each a hydrogex;‘ atom or a hydrocarbon
group having 1 to 8 carbon atoms, and may be the same or different from
each other, R45 is a bivalent hydrocarbon group having 2 to 10 carbon
atoms, R46 is a hydrocarbon group having 1 to 10 carbon atoms, v is a
number the average of which is in the range of 0 to 10, and R450 may be
the same.or different from each other when a plural R450 are present.

The method of production of a poly%rinyl ether compound

comprising the conétituting units expressed by the general formula (X):

R19 R21

b

Rzo O(RHO)QR23 X),

— . wherein R19, R20 and R2! are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atoms, and may be the same or different from
each other, R22 is a bivalent hydrocarbon group having 2 to 10 carbon
atoms, R23 is a hydrocarbon group having 1 to 10 carbon atoms, q is a
number the average of which is in the range of 0 to 10 and R220 may be
the same or different from each other when a plural of R220 are present,
which is provided according to the second object of the invention
comprises polymerizing a vinyl ether monomer having the general

formula (IX):

\
This Sheet Has B

e



Japanese Patent Application Laid-Open No. 1990-305893, Japanese Patent
Appl i cati~on Lai d-OQpen No. 1991-28296, Japanese Patent Application Laid-Open
No. 1991-33193, Japanese Patent Applications Laid-QOpen No. 1991-103496 to
10349v, Japanese Patent Application Laid- Open No. 1991-50297, Japanese

Pat ent Application Laid-Open No. 1991- 52995, Japanese Patent Applications
Lai d- Open No. 1991-70794 to 70795, Japanese Patent Application Laid-Qpen
No. 1991-79696, Japanese Patent Application Laid-Open No. 1991-106992,
Japanese Patent Application Laid-Open No. 1991-109492, Japanese Patent
Application Laid-Open R} -1Q%-Q2IRY¥5, Japanese Patent Application

Lai d- Open No. 1991-205492, ! I
R® OR®0)R= (IX),

wherein R19 to R23 and q are as previously defined, by using a
combination of a Brgnsted acid, a Lewis acid or an organometallic
compound vyith water, an alcohol, a phenol, an acetal or an adduct of a
vinyl ether and a carboxylic acid as the initiator. |
The method of production of an ether compound expressed by the
general formula (XV):
R*¥0  CHR®*R?
AN C/
7\
H R¥ (XV)
or by the general formula (XVI):

| H\C/CHRssRss
R340/ Nger | (XVD),

wherein R33 and R34 are each a hydrocar.l:;on groux; o;' a hydrocarbon
group containing ether oxygens in the main chain, in the side chain or
in the both of them, and may be the same or different from each other
and R35, R36 and R37 are each a hydrogen atom, a hydrocarbon group or
a hydrocarbon group containing ethereal oxygens in the main chain, in
the side chain or in the both of them, and may be the same or different
from each other, which is provided according to the third object of the
invention comprises bringing an acetal compound or a ketal compound

expressed by the general formula (XIV):
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Japanese Patent Application Laid-Open No. 1991-231992, Japanese Patent
Appl i catjon Laid-Qpen No. 1991-231994, Japanese Patent Application
Lai d- Open No. 1992-15295, Japanese Patent Application Laid-OQpen No.

1992;: 39394 and Japanese Patent Applications Laid-Open No. 1992-41591 to
41592. However, the lubricating oils fromthe pol yoxyal kyl ene gl ycol s
generally have |l ow volune intrinsic resistances and no exanpl e satisfying
the value of 1012 [err]Jcmor nore at 80[err] C has

R30, CHR35R
\_/

o’ R (XIV),

wherein R33, R34, R35, R36 and R37 are as previously defined, into the
reaction with hydrogen in tl_xe presence of a soﬁd catalyst having acidic
property and hydrogenating ability. |

The polyvinyl ether compound which is provided according to the
fol.u'th object of the invention comprises a homopolymer or a copolymér of
an alkyl vinyl ether comprising the constituting units expressed by the
general formula (I) or (I'):

P
~{cr,-ca)-  @or

o
—(('JH—CH -
CH, a,

wherein R! is an alkyl group having 1 to 3 -<':arbon atc‘m;s, and having a
weight-average molecular weight of 300 to 1200 and one end having the
structure expressed by the general formula (II):
e

—CH,CHOR? (ID)
or the general formula (III):

~CH = CHOR2 (I1I1),
wherein R1 is as previously defined, R2 is a hydrocarbon group having 1
to 8 carbon atoms and R® is either one of Rl and R2; and the polyvinyl

ether compound which is provided also according to the fourth object of
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-6- been disclosed yet. As the conmpound having conpatibility with Flon 134a
I n addition to the lubricating oils from pol yoxyal kyl ene gl ycol s,

| ubricating oils of esters are disclosed in British Patent Lai d-Cpen No.
2216541, WD No. 6979 (1990), Japanese Patent Applications Laid-Open No.
1990- 276894, Japanese Patent Applications Laid-Open No. 1991-128992,
Japanese Patent Applications Laid-Qpen No. 1991-88892, Japanese Patent
Applications Laid-Open No. 1991-179091, Japanese Patent Applications

Lai d- Open No 991- 252497, Japanese Patgent, | i cations Laid-Qpen No.
ald-op the ]inven on compn%gs the constituting tnits expressejl by the general

formula (IV):

e w

C—C

+I'!t4 (')(—R?: OxR’ (IV),‘

wherein R3, R4 and RS are each a hydrogen atom or an alkyl group
having 1 to 4 carbon atoms, and may be the same or different from each
other, RS is an alkylene group having 2 to 4 carbon atoms, R7 is an alkyl
group having 1 to 10 carbon atoms, k is a number the average of which is
in the range of 1 to 10, R3 to R7 may be the same or different among the
constituting units and R6 may be the same or different from each other
when the constituting unit contains a plural RS, said compound not
containing any of an unsaturated bond, an acetal structure and an
aldehyde structure in the molecule and having a weight-average

molecular weight of 300 to 3000.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1, Figure 4, Figure 7, Figure 8, Figure 11, Figure 12, Figure
15, Figure 18, Figure 21, Figure 24, Figure 27, Figure 30, Figure 33,
Figure 36, Figure 37, Figure 40, Figure 43, Figure 46 and Figure 49 are
each the infrared absorption spectra of the polyvinyl ether compounds
obtained in Examples 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25 and 25A, respectively; Figure 2, Figure 5, Figure 9, Figure 13,
Figure 16, Figure 19, Figure 22, Figure 25, Figure 28, Figure 31, Figure
34, Figure 38, Figure 41, Figure 44, Figure 47 and Figure 50 are each the
13C-NMR charts of the polyvinyl ether compounds obtained in Examples
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1991- 275799, Japanese Patent Applications Laid-Open No. 1992-4294, Japanese
Pat ent Applications Laid-Open No. 1992-20597 and the specification of the
Uni ted States Patent No. 5021179. However, the lubricating oils fromthe
ester,s do not have sufficient conpatibility because the phase separation
occurs when viscosity of the lubricating oils is high at |ower tenperatures
even though they show good conpatibility at higher tenperatures. Thus, it
is the real situation at present that a lubricating oil for the

348, “oxcel | VB UL TE B, 2 TE Ay A7 20°R000), HO R RRE 284 relpb BTN,
Figure 3, Figure 6, Figure 10, Figure 14, Figure 17, Figure 20, Figure 23,
Figure 26, Figure 29, Figure 32, Figure 35, Figure 39, Figure 42, Figure
45, Figure 48 and Figure 51 are each the '1H-NMR charts of the polyvinyl
ether compounds obtained in Examples 8, 9, 11,*_'13, 14, 15, 16, 17, 18, 19,
20, 22, 23, 24, 25 and 25A, respectively; and Figure 52 and Figure 53 are
each IH-NMR charts of the acetal oligomer prepared in Example 37 (1)

and the ether compound prepared in Example 37 (2), respectively.

The lubricating oil for compression-type refrigerators of the first
object of the invention is described first.

The lubricating oil for compression-type refrigerators of the
invention comprises as the main component thereof a polyvinyl ether
compound having the constituting units expressed by the general

~ - formula (XXII): B T
1}42 1'144
Cc—C
+1‘z43 (5(;).4_"0)VR4P | (XXID,
wherein R42, R43 and R44 are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atoms, aﬁd may be the same or different from
each other, R45 is a bivalent hydrocarbon group having 2 to 10 carbon
atoms, R46 is a hydrocarbon group having 1 to 10 carbon atoms, v is a
number the average of which is in the range of 0 to 10, R42 to R46 may the
same or different from each other among the constituting units and R450
may be the same or different from each other when a plural R450 are
— 16
0
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resistance at 80[err]C of 1012 [err]cm or nore has not been discovered yet.
The devel.opnent of such a lubricant is strongly desired. Polyvinyl ether
conmpounds are inportant conpounds having a w de range of applications, such -
as sotvents, lubricating oils, adhesives, resins and the |like and, as the
met hods of production of polyvinyl ether conmpounds, the nethods of

pol ymeri zi ng vinyl ether nononers with a -7-

present.

In the formula (XXID), R42, R43 and R4 are each a hydrogen atom
or a hydrocarbon group having 1 to 8 carbon atoms, and may be the same
or different from each other. Specific examples of the hydrocarbon group
described above include an alkyl group, such as methyl group, ethyl
group, n-propyl group, isopropyl group, n-butyl group, isobutyl group,
sec-butyl group, tert-butyl group, various kinds of pentyl group, various
kinds of hexyl group, various kinds of heptyl group and various kinds of
6ctyl group; a cycloalkyl group, such as cyclopentyl group, cyclohexyl
group, various kinds of rhethy_lcyclohexyl group, various kinds of

: ei;hylcyclohexyl group, various kinds of dimethylcyclohexyl group and
fhe like; an aryl group, such as phenyl group, various kinds of
methylphenyl group, various kinds of ethylphenyl group and various
kinds of dimethylphenyl group; or an arylalkyl group, such as benzyl
group, various kinds of phenylethyl group and various kinds of
methylbenzyl group. R42, R43 and R44 are preferably a hydrogen atom or
an aliphatic hydrocarbon group having 5 or less carbon atoms,
repéctively, and more preferably a hydrogen atom or a hydrocarbon
group having 3 or less carbon z;.toms, respectively.

R45 in the formula (XXII) is a bivalent hydrocarbon group having 2
to 10 carbon atoms, which is exemplified by a bivalent aliphatic group,
such as ethylene group, phenylethylene group, 1,2-propylene group, 2-
phenyl-1,2-propylene group, 1,3-propylene group, various kinds of
butylene group, various kinds of pentylene group, various kinds of

hexylene group, various kinds of heptylene group, various kinds of
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radical, a cation or an irradiation are known ("Gosei Kobunshi 111", edited
by Shunsuke Mirahashi, Mnoru Inoto and Hi sashi Tani, published by Asakura
- Shoten). However, these conventional nethods are not always satisfactory
because of -the problens that a conpound having the desired degree of

pol ynmeri zation is not easily obtained, that the process is conplicated,
that control of the reaction is difficult, that a | arge anbunt of sol vent
is required and the |ike problens. Thus, devel opment of the nethod of

et e Sl g Sl R Lt shA pembdaneaitecer, |
range decylene group; an alicyclic group having two bonding positions on an
| alicyclic hydrocarbon, such. as cyclohexane, methylcyclohexane,
ethylcyclohexane, dimethylcyclohexane, propylcyclohexane and the like;
a bivalent aromatic hydrocarbon, such as var;ous kinds of phenylene
group, various kinds of methylphenylene group, various kinds of
ethylphen:}lene group, various kinds of dimethylphenylene group,
various kinds of naphthylene group and the like; an alkylaromatic group
having oné univalent bonding position on each of the alkyl group part
and the aromatic part of an alkylaromatic hydrocarbon, such as toluene,
xylene, ethylbenzene and the like; or an alkylaromatic group having
bonding positions on the parts of alkyl groups of a polyalkylaromatic
hydrocarbon, such as xylene, diethylbenzene and the like. The aliphatic
group having 2 to 4 carbon atoms is particulé.rly preferable among them.
A plurality of R450 may be the same. or different from each other.
o In the formula (XXII), k shows the number of repeating and the
average of k is in the range of 0 to 10 and preferably in the range of 0 to 5.
In the formula (XXII), R46 is a hydrocarbon group having 1 to 10
carbon atoms, which group is exempliﬁed by an alkyl group, such as
methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl
group, isobutyl group, sec-butyl group, tert-butyl group, various kinds of
pentyl group, various kinds of hexyl group, various kinds of heptyl
group, various i:inds of octyl group, various kinds of nonyl group and
various kinds of decyl group; a cycloalkyl group, such as cyclopentyl
group, cyclohexyl group, various kinds of methylcyclohexyl group,
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of applications as solvents and |ubricants from acetal conpounds or ket al
conpoundss, for exanple, a nethod of using a conbination of an acid and an
al kali metal hydride, a nmethod of using a silicon reagent and a met hod of
usi ng~di borane or the like are known ("Ji kken Kagaku Koza", Volunme 20, the
4th edition, published by Maruzen). However, these reactions use
stoichionetric anounts of very expensive materials such as the al kali netal
hydri de, di borane and the silicon reagent as the hydrogenating reagent and

are not prefergble_as. th thod of ipndustrial ,prodquction. A nethod of a
conbi nat i on YArigws kinds ekethylcyclohexylexoyp, various Ti5as oF pr0pg"fcyci’&exyl

group, various kinds of dimethylcyclohexyl group and the like; an aryl
group, such as phenyl group, various kinds of methylphenyl group,
various kinds of ethylphenyl group, various kjnds of dimethylphenyl
group, various kinds of propylphenyl group, various kinds of
trimethylphenyl group, various kinds of butylphenyl group, various
kinds of naphthyl group and the like; or an arylalkyl group, such as
benzyl group, various kinds of phenylethyl group, various kinds of
methylbenzyl group, various kinds of phenylpropyl group and various
kinds of butylphenyl group. The hydrocarbons having 8 or less carbon
atoms are preferable among them. When v is 0, an alkyl group having 1
to 6 carbon atoms is particularly preferable and, when v is 1 or more, an
alkyl group having 1 to 4 carbon atoms is particularly preferable.

The number of repeating of the polyvinyl ether compound
expressed by the formula (XXII) which corresponds to the degree of
polymerization can be selected suitably "according to the desired
kinematic viscosity and is generally in the range of 5 to 1000 ¢St at 40°C
and preferably in the range of 5 to 800 ¢St at 40°C.

The polyvinyl ether ‘compound can be produced by the

" polymerization of the corresponding vinyl ether monomer and the
methbd of the production of a polyvinyl ether compound described below
which is the second object of the invention can be adopted as the method
of polymerization.

The ends of the polyvinyl ether compound obtained can be

converted to the desired structure by the method disclosed in the

[
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hydr ogenation is known. W L. Howard [J. Og. Chem Volune 26, Page 1026
(1961)] reported the.formation of an ether by catal ytic hydrocracking of a
ketal by using a catalyst in which rhodiumis supported on alumina in the
presence of hydrochloric acid. In the specification of the United States
Pat ent No. 4088700, a nethod of production of an ether conpound by

catal yti c hydrocracki ng of 1, 3-di oxoranes which are cyclic acetals by using
a platinumcatal yst or a rhodiumcatalyst in the presence of a

examples of the invention or by the conventional methods. The group to
be converted to is a saturated hydrocarbon, an ether, an alcohol, a
ketone, an amide, an imide, a nitrile or the like.

As the polyvinyl ether compound which is the main component of
the lubricating oil of the invention, the com;)ounds having the end
structures shown in the following are preferably utilized:

(1) The structure in which one end is expressed by the formula

(XXIII):

R® ORVO)R™ (XXIID),

wherein R47, R48 and R49 are each a hydrogen atom or a hydrocarbon.

group having 1 to 8 carbon atoms, and may be the same or different i‘rom

each other, RS0 is a bivalent hydrocarbon group having 2 to 20 carbon

atoms, R51 is a hydrocarbon group having 1 to 10 carbon atoms, a is a
- number the average of which is in the range of 0 to 10-and R500 may be

the same or different from each other when a plural R500 are present,

and the other end is expressed by (XXIV):

—¢—E \

RE3 O(R“O)bRss (XXIV),
wherein R52, R53 and R54 are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atoms, and may be the same or different from
each other, R55 is a bivalent hydrocarbon group having 2 to 10 carbon
atoms, R58 is a hydrocarbon group having 1 to 10 carbon atoms, b is a

number the average of which is in the range of 0 to 10 and R550 may be

J L
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Lew s acid such as boron trifluoride, alumnumtrichloride and the like is
shown. However, because these nethods of production use hydrochloric acid,
boron trifluoride, alum numtrichloride or the |like, corrosion of the
appar.at us becones the problem when the ordinary apparatus is used and a
special treatnent is necessary, nmaking the nethods unfavorable. As a nethod
W t hout using acids, for exanple, a nethod of producing an ether conpound
by hydrocracking of acetals by using a palladium catalyst supported on

carbon i s proposed i n Japanese Patent |.i cati.on Lai 3-4739
and Japanegé;h%aggme App&pﬁqu from eacﬁpgther when a p urqaalxty N? R&Q are

present;

(2) The structure in which one end is expressed by the formula

(XXIII) and the other end is expressed by the foimula XXV):

R57 RS9

—c::-'—c::—- O(RS20)R% |

RS CKRF%DLIFI (XXV),
wherein R57, R58 and R59? are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atoms, and may be the same or different from
each other, R60 and R62 are a bivalent hydrocarbon group having 2 to 10
carbon atoms, respectively, and may be the same or different from each
other, R1 and R63 are each a hydrocarbon group having 1 to 10 carbon
atoms, and may be the same or different from each other, ¢ and d are
each a number the average of which is in the range of 0 to 10, and may be
the same or different from each other, R600 may be the same or different
from each other when a plurality of R600 are present and R620 may be °
the same or different from each other when a plurality of R520 are’
present;

(3) The structure in which one end is expressed by the formula
(XXIII) and the other end comprises an olefinically unsaturated bond;
and

(4) The structure in which one end is expressed by the formula
(XXIII) and the other end is expressed by the formula (XXVI):

Ip4lym
-—C—C OH

R65 H (XXVI)
N —
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Lai d- Open No. 1983-177929. Though the method is free fromthe corrosion
probl em because an acid is not used, conversion of the raw material acetal -
is not satisfactory. Thus, a method of production of the ether conpound
from.an acetal conpound or a ketal compound which has sufficient reaction
activity, shows good selectivity and does not cause corrosion of the
apparatus is not discovered yet and the devel opnent of such a nethod is
strongly desired.  On the other hand, for the applications as |ubricating

ol vier hou | Fberaft 184, 1060 bhA RO6' 518! i & hfaigd Utdrh G SRjdFdeaPin®
group having 1 to 8 carbon atoms, and may be the same or different from
each other. |

The polyvinyl ether compound may be a mixture of two or more
compounds having the end structures selected from the group consisting
of the structures (1) to (4). The preferable examples of such mixture are
a mixture of the compound having the structure (1) and the compound
having the structure (4) and a mixture of the compound having the
structure (2) and the compound having the structure (3).

The lubricating oil of the invention comprises the polyvinyl ether
compound described above as the main component thereof. Because the
kinematic viscosity of the lubricating oil béfore mixing with the
refrigerant is preferably in the range of 5 to 1000 cSt at 40°C, the starting
materials described above, the initiator and the conditions of the reaction
are preferably selected in such a manner that the polyvinyl ether
compound having a kinematic viscosity in the aforesaid range is formed.
The average molecular weight of this polymer is generally in the range
of 150 to 2000 and preferably in the range of 150 to 4000. When kinematic
viscosity of a polymer is outside of the specified range, the kinematic
viscosity can be adjusted to the specified range by mixing with another
polymer having a suitable kinematic viscosity.

In the lubricating oil for refrigerators of the invention, the
polyvinyl ether compound expressed by the formula (XXII) described
above inay' be utilized singly or as a cox;lbination of two or more kinds. It

may be utilized by mixing with other kinds of lubricating oils as well.
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| ower degree of polynerization is desired. Concerning generally known

pol yal kyl vinyl ethers, exanples of synthesis of various kinds of alkyl
pol yvi nyl ethers are described in "Ji kken Kagaku Koza", Vol une 18, - 9-
"Reaction of organic conpounds Il (A), edited by Chem cal Society of Japan
(published by Maruzen). In the cases of alkyl vinyl ethers having a | ow
nmol ecul ar wei ght and an al kyl group of 3 or |ess carbon atons

In the lubricating oil for refrigerators of the invention, various
kinds of additives utilized in conventional lubricating oils, such as load
resistant additives, chlorine scavengers, antioxidants, metal
deactivators, defoaming agents, detergent-dispersants, viscosity-index
improvers, oiliness agents, anti-wear additi:'es, extreme pressure
agents, rust preventives, corrosion inhibitors, pour point depressants
and the like, may be added according to desire.

- Examples of the load resistant additives described above are:
organosulf’ur compound additives, such as monosulfides, polysuiﬁdes,
sulfoxides, sulfones, thiosulfinates, sulfurized oils and fats,
thiqcarbonates, thiophenes, thiazoles, methanesulfonic acid esters and

~ the like; phosphoric ester additives, such as phosphoric monoesters,
phosphoric diesters, phosphoric triesi;ers (tricresyl phosphate) and the
like; phosphorous ester additives, such as phosphorous monoesters,
phosphorous diesters, phosphorqus triesters and the like; thiophosphoric
ester additives, such as thiophosphoric ‘triesters; fatty acid ester
additives, such as higher fatty acid_s, hydroxylaryl fatty acids, esters of
polyhydric alcohols containing carboxylic acids, acrylic esters and the
like; organic chlorine additives, such as chlorinated hydrocarbons,
chlorinated carboxylic acid derivatives and the like; organic fluorine
additives, such as fluorinated aliphatic carboxylic acids, fluoroethylene
resing, 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

naphthenate), salts of fatty acids (lead salts of fatty acids), salts of

e —
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anong these exanpl es, exanples of the | owest nolecul ar weight of a polyner
are 2545 ,for the polynmer of nethyl vinyl ether, 4000 for the pol yner.of

et hyl vinyl ether, 4830 for the polyner of n-propyl vinyl ether and 4580
for the polynmer of isopropyl vinyl ether. A polyner of nethyl vinyl ether
havi ng a nol ecul ar wei ght of 3000 is described in Macronol ecul es, Vol une
17, Page 2228 (1984) and a polyner of ethyl vinyl ether having a nol ecul ar
wei ght of 2600 is described in Macronol ecul es, Volune 18, Page 2 (1985).

Ver'y. Tow {1 cHippHoRRRaLD (e AlalRH R R e hotF o PRSP

acid, organomolybdenum compounds, organotin compounds, organo-

germanium compounds, boric acid esters and the like.

Examples of the chlorine scavenger are compounds having
glycidyl ethez; group, epoxyfatty acid monoesters: epoxidized fats and oils,
compounds having epoxycycloalkyl group and the like. Examples of the
antioxidants are phenols (2,6-di-tert-buty1—p-cresdl), aromatic amines (o-
naphthylamine) and the like. Examples of the metal deactivators are
benzotriazole derivatives and the like. Examples of the defoaming agents
are silicone oil (dimethylpolysiloxane), polymethacrylates and the like.
Examples of the detergent dispersants are sulfonates, phenates,

- succinimides and the like. Examples of the viscosity index improvers
are polymethacrylates, polyisobutylene, ethylene-propylene copolymers,
hydrogenated styrene-diene copolymers and the like. _

The lubricating oil of the invention is utilized as the lubricating oil
for compression-type refrigerators because of the excellent compa‘tibility
with the refr%gerants and the excellent lubricating properi‘.y. Unlike the
conventional lubricating oils, the lubricating oil of the invention has
excellent compatibility with hydrogen-containing Flon compounds, such
as Flon 134a and the like, which are more specifically 1,1-dichloro-2,2,2-
trifluoroethane (Flon 123), 1-chloro-1,1-difluoroethane (Flon 142b), 1,1-
difluoroethane (Flon 152a), chlorodifluoromethane (Flon 22), tﬁﬂuoro-
methane (Flon 23), difluoromethane (Flon 32), pentafluorcethane (Flon
125) and the like in addition to Flon 134a described above.

The lubricating oil of the invention can be utilized by mixing with

-
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In the cases of the conpounds having an al kyl group of 4 or nore carbon

atons, an exanple in which a dimer is isolated and an exanple in which a
pol ymer having a nol ecul ar wei ght of 600 is obtained are found. However,
pol yners of al kyl vinyl ethers having an al kyl group of 4 or nore carbon

atons do not satisfy the required property because they are not conpatible
wi th the hydrofl uorocarbons such as Flon 134a. As described in the above,

pol ymer of al kyl vinyI et her having an al kyl group of 3 or |ess carbon

atons whi ch has IeQuI ar ht of . 1200 or | ess, has not beep known
heretofore. RGtHeR I Lomprespion-tipe refrigeratars gr thecwmose
catal ysts

_—

of improving the compat.lblhty with the refrigerant.

The method of production of a polyvinyl ether compound of the
second object of the invention is described next.

In the method of production of a polyvin;rl ether compound of the
invention, the compound expressed by the formula (IX):

R _ C C R2!

- R Om”O)qR (IX)
is utilized as the raw material vinyl ether monomer.

~ 'In the formula described above, R19, R20 and R2! are each a
hydrogen atom or a hydrocarbon having 1 to 8 carbon atoms, and may be
the same or different from each other. Exainples of the hydrocarbon
group are the same as those shown as the examples in the description of
R42 to R44 in the formula (XXII). R19, R20 and R21 are each preferably a
hydrogen atom or an aliphatic hydrocarbon group having 5 or less
carbon atoms, and more preferably a hydr&gen atom or a hydrocarbon
group having 3 or less carbon atoms.

In the formula (IX), R22. is a bivalent hydrocarbon group having 2
to 10 carbon atoms and examples of the bivalent hydrocarbon group are
the same as those shown as the examples in the description of R45 in the
formula (XXII). R22 is preferably an aliphatic group having 2 to 4 carbon

atoms and R220 may be the same or different from each other.

In the formula (IX), q shows the number of repeating and the

average of q is in the range of 0 to 10 and preferably in the range of 0 to 5.
R23 in the formula (IX) is a hydrocarbon group having 1 to 10
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and acetal s when an al cohol is present and, when water is present, ends of
and ends of al dehyde are also fornmed. The end of olefin - 10 -
occasionally causes coloring and increase in viscosity in the presence of
an acid and the end of al dehyde al so occasionally causes coloring. Acetals

acet al

are deconposed to olefins and al cohols in the presence of an acid. The
olefins react with each other to cause coloring and increase in

carbon atoms and examples of the hydrocarbon group are the same as

those shown as the examples in the description of R46 in the formula

(XXII). R23 is preferably a hydrocarbon group having 8 or less carbon

atoms. When q is 0, an alkyl group having 1 to 6 carbon atoms is
particularly preferable and, when q is 1 or more,“ an alkyl group having 1
to 4 carbon atoms is particularly preferable.

Examples of the vinyl ether monomer expressed by the formula
(IX) are: viiiyl methyl ether, vinyl ethyl ether, vinyl n-propyl ether, vinyl
isopropy! ether, vinyl n-butyl ether, vinyl isobutyl ether, vinyl sec-butyl
ether, vinyl tert-butyl ether, vinyl n-pentyl ether, vinyl n-hexyl ether,
vinyl 2-methoxyethyl ether, vinyl 2-ethoxyethyl ether, vinyl 2-methoxy-1-
methylethyl ether, vinyl 2-methoxypropyl ether, vinyl 3,6-dioxaheptyl
ether, vinyl 3,6,9-trioxadecyl ether, vinyl 1,4-dimethyl-3,6-dioxaheptyl
ether, vinyl 1,4,7-trimethyl-3,6,9-trioxadecyl ether, 1-methoxypropene, 1-
ethoxypropene, 1-n-propoxypropene, l-isopropoxypropene, 1l-n-butoxy-
propene, l-isobutoxypropene, l-sec-butoxypropene, 1-tert-butoxypropene,
2-methoxypropene, 2-ethoxypropene, 2-n-propoxypropene, 2-isopropoxy-
propene, 2-n-butoxyi>ropene, 2-isobutoxypropene, 2-sec-butoxypropene, 2-
tert-butoxypropene, 1-methoxy-1-butene, 1-ethoxy-1-butene, 1-n-propoxy-
1-butene, 1l-isopropoxy-1-butene, l-n-butoxy-1-butene, 1l-isobutoxy-1-
butene, 1-sec-butoxy-1l-butene, 1-tert-butyoxy-1-butene, 2-methoxy-1-
butene, 2-ethoxy-1-butene, 2-n-propoxy- l-buten.e, 2-isopropoxy-1-bﬁtene, 2-
n-butoxy-1-butene, 2-isobutoxy-1—butene, 2-sec-butoxy-1-butene, 2-tert-
butoxy-1-butene, 2-methoxy-2-buii'.ene, 2-ethoxy-2-butene, 2-n-propoxy-2-

b_utene, 2—isopor_poxy-2-butene; 2-n-butoxy-2-butene, 2-isof)utoxy-2-butene,
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viscosity and, when water is present additionally, aldehydes are forned,

al so occasionally causing col oring. However, a polyvinyl ether conpound
free fromthe structures of acetals, al dehydes and ol efi ns causing
degradation at the ends of the nolecule and has an excellent stability has
not been reported yet. SUMMARY OF THE | NVENTI ON The present invention was
undertaken under the situation described above with the objects of
providing (1) a lubricating oil for conpression-type refrigerators having

excellent coppat bl L% L VAILQ9S Q0 AHOLIG, Gl e TR Hhiess Ay
ethers can be prodticed by any of the conventional methods.

I:i the method of the invention, a combination of a Brgnsted acid, a
Lewis acid or an organometallic compound and ‘water, an alcohol, a
phenol, an acetal or an addition product of a vin’;l ether and a carboxylic
acid can be used as the initiator. |

Examples of the Brgnsted acid are hydrofluoric acid, hydrochloric
acid, hydrobromic acid, nitric acid, sulfuric acid, trichloroacétic acid,
trifluoroacetic acid and the like. Examples of the Lewis acid are boron
trifluoride, aluminum trichloride, aluminum tribromide, tin
tetrachloride, zinc dichloride, ferric chloride and the like. Among these
Lewis acids, boron trifluoride and complexes thereof are particularly
preferable. Examples of the orgahometallic compound are diethyl
aluminum chloride, ethyl aluminum chloride, diethylzinc and the like.

A suitable compound may be selected from water, an alcohol, a

~ . phenol, an acetal and an adduct of a vinyl ether with a carboxylic acid
~ and utilized in combination with a Brgnsted acid, a Lewis acid or an
organometallic compound.

Examples of the alcohol described above are: satul;ated aliphatic
alcohols having 1 to 10 carbon atoms, such as methanol, ethanol,
propanol, isopropanol, butanol, isobutanol, sec-butanocl, tert-butanol,
various kinds of pentanol, various kinds of hexanol, various kinds of
octanol and the like; alcohols containing oxygen bonded as the ether
bond, such as ethylene glycol monoalkyl ethers, ethylene glycol monoaryl
ethers, propylene glycol monoalkyl ethers, propylene glycol monoaryl

\
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125 and the like, which can replace the refrigerant of Flon 12 or ot her
cause the
probl em on environnental pollution, in the whole range of the working
tenperatures, has excellent stability and lubricating property and has a

Fl on conpounds that are hardly deconposed and, particularly,

volune intrinsic resistance at 80[err]C of 1012 [err]cm or nore;
I ndustrially advant ageous net hod of production of a pol yvinyl

et her

(2) an

conmpound havi ng a desired degree of polynerization with a sinple process,

reliably, sagghers?nNHoRfdthylénsé ! ¥lycod) morBHIRGY &fhes | ﬁbwgt%tlg?&g

icgD an
npound

et her conpound by hydrogenation”of an acetal " conpound ‘or

by using a cajcoasyl etheérsy p%liyfdﬂﬂéﬁétglfy@ﬂchimalkyl ethers, polypropylene

glycol monoaryl ethers, 1,3-dimethoxy-2-propanol, 1-ethoxy-3-methoxy-2-
propanol, 1,3-diethoxy-2-propanol and the like; and the like compounds.
Among these compounds, aliphatic alcohols l,;aving 3 or less carbon
atoms are preferable as the aliphatic alcohols, and methanol and ethanol
are particularly preferable. As the alcohol containing oxygen bonded as
the ether bond, compounds of this étructure having 14 or less carbon
atoms are preferable.

Examples of the phenol are phenol, various kinds of cresol and the
like compounds. | |

Examples of the acetal are acetaldehyde dimethyl acetal,
acetaldehyde diethyl acetal, acetaldehyde methyl ethyl acetal,
acetaldehyde di-n-propyl acetal, acetaldehyde methyl n-propyl acetal,
acetaldehyde ethyl n-propyl acetal, acetaldehyde dii'sopropyl acetal,
acetaldehyde methyl isopropyl acetal, acetaldehyde ethyl isopropyl acetal,
acetaldehyde n-propyl isopropyl acetal, acetaldehyde di-n-butyl acetal,
acetaldehyde methyl n-butyl acetal, acetaldehyde ethyl n-butyl acetal,
acetaldehydé n-propyl n-butyl acetal, acetaldehyde isopropyl n-butyl
acetal, acetaldehyde diisobutyl acetal, acetaldehyde methyl isobutyl
acetal, acetaldehyde ethyl isobutyl acetal, acetaldehyde n-propyl isobutyl
acetal, acetaldehyde isopropyl isobutyl acetal, acetaldehyde n-butyl
isobutyl acetal, acetaldehyde di-sec-butyl acetal, acetaldehyde methyl
sec-butyl acetal, acetaldehyde ethyl sec-butyl acetal, acetaldehyde n-
propyl sec-butyl acetal, acetaldehyde isopropyl sec-butyl acetal,

_—
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activity and excellent selectivity and causing no corrosion of the
apparatus; and (4) a novel polyvinyl ether conpound favorably utilized
particularly as the lubricating oil for conpression-type refrigerators
descrd bed above. As the result of the intensive studies by the present
I nventors for achieving the objects described above, it was di scovered
that the first object described above can be achieved by a | ubricating
conprising a

acetaldehyde n-butyl sec-butyl acetal, acetaldehyde isobutyl sec-butyl
acetal, acetaldehyde di-tert-butyl acetal, acetaldehyde methyl tert-butyl
acetal, acetaldehyde ethyl tert-butyl acetal, acetaldehyde n-propyl tert-
butyl acetal, acetaldehyde isopropyl tert-butyl acet.gl, acetaldehyde n-butyl
tert-butyl acetal, acetaldehyde isobutyl tert-butyl acetal, acetaldehyde sec-
butyl tert-butyl acetal, acetaldehyde di(B-methoxyethyl) acetal,
acetaldehyde (B-methoxyisopropyl) acetal, propionaldehyde dimethyl
acetal, propionaldehyde diethyl acetal, propionaldehyde methyl ethyl
acetal, propionaldehyde di-n-propyl acetal, propionaldehyde methyl n-
propyl acetal, propionaldehyde ethyl n-propyl acetal, propionaldehyde
diisopropyl acetal, propionaldehyde methyl isopropyl acetal,
propionaldehyde ethyl isopropyl acetal, propionaldehyde n-propyl
isopropyl acetal, propionaldehyde di-n-butyl acetal, propionaldehyde
methyl n-butyl acetal, propionaldehyde ethyl n-butyl acetal,
propionaldehyde n-prppyl n-butyl acetal, propionaldehyde isopropyl n-
butyl acetal, propionaldehyde diisobutyl acetal, bropiénéldehyde methyl
isobutyl acetal, propionaldehyde ethyl isobutyl acetal, propionaldehyde n-
propyl isobutyl acetal, propionaldehyde isopropyl isobutyl acetal,
propionaldehyde n-butyl isobﬁtyl acetal, propionaldehyde di-sec-butyl
acetal, propionaldehyde methyl sec-butyl acetal, propionaldehyde ethyl
séc-butyl acetal, propionaldehyde n-propyl sec-butyl acetal,
propionaldehyde isopropyl sec-butyl acetal, propionaldehyde n-butyl sec-

butyl acetal, propionaldehyde isobutyl sec-butyl acetal, propionaldehyde

di-tert-butyl acetal, propionaldehyde methyl tert-butyl acetal,
propionaldehyde ethyl tert-butyl acetal, propionaldehyde n-propyl tert-

-
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pol yvi nyl ether conpound having a specific structure as the main conponent
thereof, :(2) that the second object described above can be achi eved by
addi ng dropwi se a vinyl ether nononer to a specific initiator in the
presence of a catal yst and pol ynerizing the nonomer, (3) that the third
obj ect- descri bed above can be achieved by using a solid catal yst having
acidic property and hydrogenating ability as the catalyst and (4) that the
fourth object described above can be achi eved by (a) a pol yvinyl ether

O A P oSt g RO S oY el enie
mol ecul ar viel a1 "t 91 WKeethl,> BRopidrbAden e 128BubP te-babHC abbtal,
propionaldehyde sec-butyl tert-butyl acetal, propionaldehyde di(B-
methoxyethyl) acetal, propionaldehyde di(B-methoxyisopropyl) acetal, n-
butyraldehyde dimethyl acetal, n-butyralde;xyde diethyl acetal, n-
butyraldehyde methyl ethyl acetal, n-butyraldehyde di-n-pro;_wyl acetal, n-
butyraldehyde methyl n-propyl acetal, n-butyraldehyde ethyl n-propyl
acetal, n-butyraldehyde diisopropyl acetal, n-butyraldehyde methyl
isopropyl acetal, n-butyraldehyde ethy} isopropyl acetal, n-butyraldehyde
n-propyl isopropyl acetal, n-butyraldehyde di-n-butyl acetal, n-
butyraldehyde methyl ﬁ-butyl acetal, n-butyraldehyde ethyl n-butyl
acetal, n-butyraldehyde n-propyl n-butyl acetal, n-butyraldehyde
isopropyi n-butyl acetal, n-butyraldehyde diisobutyl acetal, n-
butyraldehyde methyl isobutyl acetal, n-butyraldehyde ethyl isobutyl
acetal, n-butyraldehyde n-propyl isobutyl acetal, n-butyraldehyde
isopropyl isobutyl acetal, n-butyraldehyde n-butyl isobutyl acetal, n-
butyraldehyde di-sec-butyl acetal, n-butyraldehyde methyl sec-butyl
acetal, n-butyraldehyde ethyl sec-butyl acetal, n-butyraldehyde n-propyl
sec-butyl acetal, n-butyraldehyde isopropyl sec-butyl acetal, n-
butyraldehyde n-butyl sec-butyl acetal, n-butyraldehyde isobutyl sec-butyl
acetal, n-butyraldehyde di-tert-butyl acetal, n-butyraldehyde methyl tert-
butyl acetal, n-butyraldehyde ethyl tert-butyl acetal, n-butyraldehyde n-
propyl tert-butyl acetal, n-butyraldehyde isopropyl tert-butyl acetal, n-
butyraldehyde n-butyl tert-butyl acetal, n-butyraldehyde isobutyl tert-
butyl acetal, n-butyraldehyde sec-butyl tert-butyl acetal, n-butyraldehyde
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structures and (b) a polyner of an al kyl vinyl ether of a.,specific
structure which does not contain any of an unsaturated bond, an acetal
structure and an al dehyde structure and has the wei ght-average nol ecul ar
weight in a specific range. The present invention was conpleted on the
basi s. of t'he aforesaid discovery. Thus, the lubricating oil for
conpression-type refrigerators which is provided according to the first

obj ect of the invention conprises as the main conponent thereof a polyvinyl

et her Co”poﬁl‘lﬂ-nﬁ%é‘:%étﬂ?l) acetal, n-butyraldehyde di(B-methoxyisopropyl) acetal
and the like.

Examples of the carboxylic acid utilized for forming the adduct
with a vinyl ether are acetic acid, propionii acid, n-butyric acid,
isobutyric acid, n-valeric acid, isovaleric acid, 2-methylbutyric acid,
pivalic acid, n-caproic acid, 2,2-dimehylbutyric 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. |

The vinyl ether may be the same as or different from those utilized
for the polymerization and the specific examples are the same
compounds as those mentioned as examples in the description of the
vinyl ether monomers expressed by the formula (IX). The adduct of the
vinyl ether and the carboxylic acid can be obtained by mixing these
compounds and conducting the reaction at a temperature around 0 to
100°C. The adduct may be utilized for the reaction after isolation with
distillation or as such without isolation.

- To the initiated end of the polymer, hydrogen is attached when
water, the alcohol or the phenol is used and, whén the acetal is used, the
group formed by elimination of one of the alkoi:y groups from the used
acetal is attached. When the adduct of a vinyl ether with a carboxylic
acid is used, the group formed by elimination of the alkylcarbonyloxy
group derived from the carboxylic acid from the adduct of the vinyl ether
with the carboxylic acid is attached.
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- 12 - constituting units expressed by the general formula (XXIl): [err]
wherein R err], Rerr] and Rlerr] are each’'a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atons, and nay be the sanme or different from
each.other, Rerr] is a bival ent hydrocarbon group having 2 to 10 carbon
atons, R46 is a hydrocarbon group having 1 to 10 carbon atons, v is a
nunber the average of which is in the range of 0 to 10, and R450 may be the
sanme or different fromeach other when a plural R err] O are present..

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. When the
carboxylic acid ester of hemiacetal is hydroly;ed in the presence of an
acid, an aldehyde is formed.

Polymerization temperature of the vinyl ether monomer expressed
by the formula (IX) is generally in the range. of —80 to 150°C and
preferably. 0to iOO°C although the temperature is varied depending on
the kinds of the raw materials and the initiator. The polymerization
reaction is finished in a reaction time of about 10 seconds to 10 hours.

For adjusting the molecular weight in the polymerization -
reaction, the molecular weight of the polymer can be decreased by
increasing the amount of water, the alcohol, the phenol, the acetal or the
adduct of the vinyl ester with the carboxylic acid relative to the amount of

- the vinyl ether monomer expressed by "Ithe' formula (IX), and also by
increasing the amount of the Brgnsted acid or the Lewis acid.

The polymerization can be performed without a solvent but a
solvent which is inert under ‘the reaction condition may be used. The
kind of the solvent is not particularly limited. Preferable examples of the
solvent are 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 polymerization reaction can be
terminated by adding an alkali.

By the methods described above, there is obtained the polyvinyl
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The net hod of production of a polyvinyl ether conpound conprising the
constituting units expressed by the general fornmula (X): [err] wherein
Rlerr], Rerr] and R err] are each a hydrogen atom or a hydrocarbon group
having 1 to 8 carbon atons, and nmay be the sane or different from each
other, R22 is a bival ent hydrocarbon group having 2 to 10 carbon atons, R23
I s a hydrocarbon group having 1 to 10 carbon atons, q is a nunber the
average of which is in the range of 0 to 10 and R220 nay be the sane or

different fr each ot her ,when ur al,.of,,R220 rese
provi ded acc®H0§F nPEP‘%‘?‘Fi 3‘1‘(?0 t“i}'ftl?ﬁén}lﬁ\ﬁé‘f?g' J]IBS' the frméla
(X):
Rxs Rn

o)

10 OE=0) R ®,”

wherein R19 to R23 and q are as previously defined.

Among the methods | of production of the polyvinyl ether
compounds, the two methods shown in the following are preferable.

The. first of the preferable methods is the method of polymerizing
the vinyl ether monomer in the presence of a Lewis acid catalyst and an
acetal expressed by the formula (XI):

Rz4 Rze
HC-—-C—-O(R”O).R”
st O(Rﬂo) RZ XD
In the acetal compound expressed by the formula (XI) uséd in the
— . method described above, R24, R25 and R26 are each a hydrogen atom or a
hydrocarbon group having 1 to 8 carbon atoms, and may be the same or
different from each other. Examples of the 'hydrocarbon group are the
same as those shown as examples in the description of R42 and R44 in the
formula (XXII). R27 and R29 are each a bivalent hydrocarbon group
having 2 to 10 carbon atoms, and may the same or different from each
other. Examples of the bivalent hydrocarbon group are the same as those
shown as examples in the description of R45 in the formula (XXII). A
plurality of R270 and R290 may be the same or different from each other,
respectively. Further, r and s are each a number of repeating the

average of which is in the range of 1 to 10, preferably in the range of 0 to
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conprises polynerizing a vinyl ether nononer having the general fornula
(I'X): «- 13 - [err] wherein Rlerr] to Rerr] and q are as previously
defined, by using a conmbination of a Bronsted acid, a Lewis acid or an
organonetal lic conmpound with water, an al cohol, a phenol, an acetal or an
adduct of a

5, and mﬁy be the same or different from each other. R28.and R30 are
each a hydrocarbon group having 1 to 10 carbon atoms, and may be the
same or different from each other. Examples of the hydrocarbon group
having 1 to 10 carbon atoms are the same as those shown as examples in
the description of R46 in the formula (XXII). “As R28, an alkyl group
having 1 to 6 carbon atoms is particularly preferable when ris 0, and an
alkyl group having 1 to 4 carbon atoms is particularly préferable when r
is_1 or more. As R30, an alkyl group having 1-to 6 carbon atoms is
particularly preferable when s is 0, and an alkyl group having 1 to 4
carbon atoms is particularly preferable when s is 1 or more.

Examples of the acetal expressed by the formula (XI) are the same
as those shown as examples in the description of the acetals in the above.

The second of the preferable methods is the method in which an
acetal having the formula (XIII):

'Ruafp1 _
T HC—C OR™O)R™
R® ORZO0)R® (XIID),
wherein R19 to R23, R31, R32, q and t are as previously defined, is formed
by adding the vinyl ether monomer expressed by the formula (IX) to an
alcohol expressed by the formula (XII):
R32(0R31),0H (XI1D),

in the presence of a Lewis acid catalyst and then the vinyl ether
monomer expressed by the fm"mula (IX) is added further to the acetal
and polymerized.

In the alcohol expressed by the formula (XII), R31 is a bivalent

hydrocarbon group having 2 to 10 carbon atoms, which is exemplified by

—_— 2
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vinyl ether and a carboxylic acid as the initiator. The nethod of
production of an ether conpound expressed by the general formula (XV):

[err] or by the general formula (XVlI): [err] wherein Rlerr] and Rlerr] are
each a hydrocarbon group or a hydrocarbon group containing ether oxygens in
the main chain, in the side chain or in the both of them and may be the
sane or different fromeach other and R35, R36 and R37 are each a hydrogen

atom ‘a hydrocarbon group or
those shown as examples in the description of R46 in the formula (XXII).

A plurality of R310 may be the same or different from each other.
Further, t is the number of repeating and the average thereof is in the
range of 0 to 10 and preferably in the range of 0 to 5. R32is a hydrocarbon
group having 1 to 10 carbon atoms, which is exemplified by those shown
as examples in the description of R46 in the formula (XXII). As R32, an
alkyl group having 1 to 6 carbon atoms is particularly preferable when t
is-0, and an alkyl group having 1 to 4 carbon atoms is particularly
preferable ﬁl_;en tis 1 or more.

Examples of the alcohol expressed by the formula (XII) are the
same as those shown as examples in the description of the alcohols in
the above.

Examples of the Lewis acid catalyst utilized in the first and in the
second of the preferable methods are the same as those shown as
examples in the description of the Lewis acid catalyst in the above.
Among these compounds, boron trifluoride and compléxes thereof are
particularly preferable.

The polymerizatidn of the vinyl ether monomer in the first and in
the second of the preferable methods can be performed at a temperature
generally in the range of —80 to +150°C, preferably in the range of 0 to
100°C, although the temperature is varied depending on kinds of the raw
materials and the initiator. When an acetal is utilized, generation of
heat by the heat of polymerization is observed without an induction
period and, when an alcohol is utilized, generation of heat by the heat of

polymerization is observed without an induction period after the
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a hydrocarbon group containing ethereal oxygens I n the main chain, in the
side chain or in the both of them and may be the sane or dlfferent from
each other, which is provided according to the third object of the

i nvention conprises bri ngi ng an acetal conpound or a ketal conpound
expressed by the general formula (XV): - 14 - [err]

formation of the acetal. Thus, the control of the temperature during the
reaction can éasily be performed by adding the vinyl ether monomer with
a rate which balances with the ability of the apparatus to eliminate the
‘heat. The polymerization is finished generally in the time of 10 seconds
to 10 hours after the start of the reaction. )

After the polymerization is performed as described in the above,
the desired polyvinyl ether compound can be obtained by separation and
purification by any of the conventional methods according to necessity.

The hethod of production of an ether compound as the third object
of the inv_ention is described in the following.

In the method of production of an ether compound of the invention,
an acetal compound or -a ketal compound expressed by the formula

(XIV):

CHR3R%
\

\
o / (XIV) o

is used as the starting material. In the formula (XIV), R33 and R34 are
each a hydrocarbon group such as methyl group, ethyl group, n-propyl
group, isopropyl group and thé like, or a hydrocarbon group containing
ether oxygens in the main chain, in the side chain or in the both of them,
such as the groups expressed by the formulae;

—~(CH2CH20)w—-R

—(CHZ('JH),,—H

OR and

I
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wherein R[érr], Rlerr], Rerr], Rerr] and R37 are as previousfy defi ned,
into the reaction with hydrogen in the presence of a solid catal yst having
acidic property and hydrogenating ability. The polyvinyl ether conpound
whi ch*is provided according to the fourth object of the invention conprises
a honopol yner or a copol yner of an al kyl vinyl ether conprising the
constituting units expressed by the general formula (I) or (1'): [err]
wherein R err] is an alkyl group having 1 to 3 carbon atons, and having a
wei ght - aver age nol ecul ar, i of ,300°to 1200 and one end having the

g g -<c¥ﬁc|&5?b) 9

CH

_—

3

wherein R is a hydrocarbon group having 1 to 10 carbon atoms and w is
an integer of 1 to 500. R33 and R34 may be the same or different from each
other. R35, R36 and R37 are each a hydrogen atom, a hydrocarbon group
or a hydrocarbon group containing ether oxygens in the main chain, in
the side chain or in the both of them. Examples of the hydrocarbon group
or-the hydrocarbon group containing ether oxygens are the same groups
as those shown as examples in the description of R33 and R34, groups
expressed by the formula: |
—((IJHCHz)w—H
OR
- . - wherein R is a hydrocarbon group having 1 to 10 carbon atoms and w is

an integer of 1 to 500, and the like groups. R35, R36 and R37 may be the
same or different from each other.

- In the invention, an ether compound expressed by the formula
(XV):

R330 CHRS35R36
X
H R37 (XV)

or the formula (XVI);

H CHRS35R38
X
R0 R¥ ' (XVI),

wherein R33, R34 R35, R36 and R37 are as previously defined, is obtained
by the reaction of the acetal compound or the ketal compound expressed

- R
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structure expressed by the general fornmula (11): [err] or the general
formula (I111): -CH = CHOR[ err] (I1r1), wherein Rerr] is as -
previously defined, R err] is a hydrocarbon group having 1 to 8 carbon
atonms and Rlerr] is either one of Rerr] and R err]; and the polyvinyl

et her conpound.which is prOV|ded al so according to the fourth object of
Dat e:

by the formula (XIV) with hydrogen in the presence of a solid catalyst
having acidic property and hydrogenating ability. |

As the acetal compound or the ketal compound expressed by the
formula (XIV), is preferable a compound expressed by the formula
(XVII): i

OR38 OR3
H-—(CHzéH),,—CHz(lJHOR39 _ (XVID),

wherein R38 and R39 are each a hydrocarbon group having 1 to 20 carbon
atoms or a hydrocarbon group containing ether oxygens, and may be the
same or different from each other, R38 is the same or different between
the constituting units and u is an integer of 1 to 500. In this case, there is
obtained as the ether compound, a compound expressed by the formula

(VIII):
oy
_ H~(CH,CH),,,—H. . (XVII)
or the formula (XIX):
g
H~(CH,CH),~CH,CH,0R® (XIX),

wherein R38, R39 and u are as previously defined.
In the compound expressed by the formula (XVII), a compound
expressed by the formula (XXVII):
OR*
|
H—~(CH,CH),~ CH = CHOR® (XXVID,

wherein R38 and u are as previously defined, is occasionally contained
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the invention conprises the constituting units expressed by the general
formula €1V): [err] wherein Rerr], Rerr] and R err] are each a hydrogen
atomor an alkyl group having 1 to 4 carbon atons, and nay be the sane or
different fromeach other, R6 is an al kyl ene group having 2 to 4 carbon
atons, R7 is an alkyl group having 1 to 10 carbon atons, k is a nunber the
average of which is in the range of 1 to 10, Rerr] to Rerr] may be the
same or different am)ng the constituting units and R6 may be the same or

different f rOH] S hls case, the ether compognd obtalned is the compound
expressed by the formula (XVIII) described above or a mixture of the
compound expressed by the formula (XVIII) and the compound
expressed by the formula (XIX).
As the acetal compound and the ketal com;)ound expressed by the
formula (XIV), a compound expressed by the formula (XX):
R40CH(OR41), (XX),
wherein R40 and R41 are each a- hydrocarbon group having 1 to 20 carbon
atoms, and may the same or different from each other, is also favorably
used. In this case, a compound expressed by the formula (XXI):
R40CH;0R41 (XXI)
wherein R40 and R41 are as previously defined, is obtained as the ether
compound.
In the method of the invention, a solid catalyst having aci;iic
property and hydrogenating ability is utilized. As the solid catalys.t
~ - having acidic property and hydrogenating ability, a combination of two
kinds of catalyst which are a hydrogenation catalyst and a solid acid
catalyst or a solid acid catalyst having hydrogenating ability is utilized.
The hydrogenation catalyst is not particularly limited but various
kinds of generally ﬁsed hydrogenation catalyst can be utilized. Examples
of particularly effective catalyst include (1) metals such as nickel,
palladium, rhodium and ruthenium alone or as the main component, (2)
catalysts having the metal catalyst component of (1) supported on
activated charcoal, alumina, diatomaceous eaﬁ;h or the like and (3)

Raney catalysts such as Raney nickel and Raney cobalt.
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when the constituting unit contains a plural R6, said conpound not
cont ai nisng any of an unsaturated bond, an acetal structure and an al dehyde
structure in the nol ecul e and havi ng a wei ght -average nol ecul ar wei ght of
300 to 3000. BRI EF DESCRI PTION OF THE DRAW NGS Figure 1, Figure 4, Figure
7, Figure 8, Figure 11, Figure 12, Figure 15, Figure 18, Figure 21, Figure
24, Figure 27, Figure 30, Figure 33, Figure 36, Figure 37, Figure 40,
Figure 43, Figure 46 and Figure 49 are each the infrared absorption spectra

of "the pol yvi Y1 ol G4 S YIRPURKTpBPLPh O oS PIPliR R0 bt vhiouklkinky 13
of generally used solid acid catalyst can be used. For example, activated
clay, acidic clay, various kinds of zeolite, ion exchange resins, silica-
alumina and heteropolyacids are particularly effective.

The solid acid caf;alyst having hydrogenating ability is not
particularly limited but various kinds of generally used solid acid
catalyst having hydrogenating ability can be used. For example,
catalysts in which nickel, palladium, platinum, ruthenium or the like is
supported 6n various kinds of zeolite are particularly effective. {

The amount of the catalyst preferable for performing the method of
the invention is as follows. When the combined catalyst is used, the
amount of the hydrogenation catalyst is 0.1 to 50 weight % and the
amount of the solid catalyst is 0.1 to 50 weight % based on the amount of
the reacting materials, respectively. When the solid acid catalyst having
hydrogenating ability is used, the amount is 0.1 to 50 weight % based on

= - the amount of the reacting materials. When the amount is less than 0.1
weight %, the reaction does not proceed sufficiently and, when the
amount is more than 50 weight %, the amount of the catalyst based on
the amount of the reacting materials is too much, causing the problem of
decrease in the ﬁroductivity.

In the present invention, the acetal compound or the ketal
compoupd expressed by the formula (XIV) reacts with hydrogen in the
presence of the catalyst described above. It is preferable that hydrogen
gas and the acetal compound or the ketal compound be brought into

contact with each other in a molar ratio of 1 : 10 to 200 : 1. Whexi the
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23, 24, 25 and 25A, respectively; Figure 2, Figure 5, Figure 9, Figure 13,
Figure 16, Figure 19, Figure 22, Figure 25, Figure 28, Figure 31, Figure
34, Figure 38, Figure 41, Figure 44, Figure 47 and Figure 50 are each the
[errC-NMR charts of the polyvinyl ether conmpounds obtained in Exanpl es

- 16 - 8, 9, 11, 13, 14, 15, 16, 17, 18, 19, 20, 22, 23, 24, 25 and 25A,
respectively; Figure 3, Figure 6, Figure 10, Figure 14, Figure 17, Figure
20, Figure 23,

' molar ratio is less than the specified range, the reaction does not proceed
sufficiently and, when it is more than the specified range, the problem of
decrease in the productivity arises.

The preferred reaction conditions for pezforming the reaction by
the method of the invention are: a reaction temperature of 10 to 250°C; a
partial pressure of hydrogen of 1 to 200 kg/cm2; a reaction time in the
case of the batch reaction of 0.1 to 10 hours; and in the case of the reaction
in-the liquid flow system, a weight hourly space velocity (WHSV) of the
reacting fluid of 0.01 to 100 /hour; and a gas hourly space velocity (GHSV)
of hydrogen gas of 100 to 10000 /hour.

The reaction can be performed without a solvent but a solvent may
be used, provided it is stable under the reaction conditions. Examples of
the usable solvents are hydrocarbon solvents, such as hexane, petane
and octane.

By the reaction described above, —-OR33 group or ~OR34 group
which constitutes a part of the acetal compound or the ketal compound
expressed by the formula (XIV) is eliminated from the acetal compound
or the ketal compound and replaced with a hydrogen to form the ether
compound expressed by the formula (XV) or the formula (XVI). - It was
made clear in this reaction that, even when any of R33 to R37 is a
hydrocarbon group containing ether oxygens, hydrogen does not react
with the ether oxygen but reacts with the oxygen in the part of the acetal
or the ketal alone.

After the reaction is finished, the reaction product can be

separated from the catalyst by the ordinary filtration or decantation. The
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Figure 26, Figure 29, Figure 32, Figure 35, Figure 39, Figure 42, Figure
45, Figure 48 and Figure 51 are each the [err] HHNWMR charts of the pol yvinyl
et her conpounds obtained in Exanples 8, 9, 11, 13, 14, 15, 16, 17, 18, 19,
20, 22, 23, 24, 25 and 25A, respectively; and Figure 52 and Figure 53 are
each 1H NWR charts of the acetal oligonmer prepared in Exanple 37 (1) and
the ether conpound prepared in Exanple 37 (2), respectively. DESCRI PTI ON OF
PREFERRED EMBODI MENTS The | ubricating oil for conpression-type

el R A B kB L R OSLAP B T

The reaction product may be formed into the product through
processes such as distillation, extraction, washing and drying according
to necessity. .

The novel polyvinyl ether compound as‘the fourth object of the
invention is described in the _following.

In the present invention, two kinds of the compounds are provided
as.the novgl polyvinyl ether compound.

The' first of the novel polyvinyl ether compounds comprises a -
homopolymer or a copolymer of an alkyl vinyl ether having an alkyl
group of 1 to 3 carbon atoms. It is necessary that the weight-average
molecular weight of the polymer be in the range of 300 to 1200, preferably
in the range of 400 to 1000. The ratio of the weight-average molecular
weight to the number-average molecular weight is generally in the
range of 1.05 to 1.50, preferably in the range of 1.06 to 1.40. '

The polyvinyl ether compound of the invention can be produced by
polymerization of the corresponding vinyl ether monomer. Examples of
the vinyl ether monomer are vinyl methyl ether, vinyl ethyl ether, vinyl
n-propyl ether, vinyl isopropyl ether, 1-methoxy-1-propene, l-ethoxy-l-
propene and 1-propoxy-l1-propene. The vinyl ether monomer can be used
singly or as a combination of two or more kinds.

As the method of polymerizing the vinyl ether monomer, the
method of production of the polyvinyl ether compouhd as the second
object of the invention described above can be adopted. In this method,
the polyvinyl ether compound of the invention is obtained by polymerizing

This Sheet Has Been Reﬂlaced




I nvention conprises as the main conponent thereof a polyvinyl ether
conpound having the constituting units expressed by the general formula
(XXI'l'): [err] wherein Rerr], Rerr] and Rlerr] are each a hydrogen atom or
a hydrocarbon group having 1 to 8 carbon atons, and may be the sane or
different fromeach other, R45 is a bival ent hydrocarbon group having 2 to
10 carbon atons, R err] is a hydrocarbon group having 1 to 10 carbon atons,
v is a nunber the average of which is in the range of 0 to 10, Rerr] to

err] may t ‘sane different f,yom each oth consti tutin
El[’li t s] andyR4 vinyl Ythér monomer by usxeng a com Enaﬁv on oft a%ranste d acid, a 3

Lewis acid or an organometallic compound with an alcohol or an acetal
as the initiator. As the Brgnsted acid, there are usable fhe Lewis acid,
the organometallic compound and the acetal, t}}e compounds shown as
examples in the description of the method of production of the polyvinyl
ether compound as the second .object of the invention.

Examples of the alcohol are methanol, ethanbl, propanol,
isopropanol, butanol, isobutanol, gec-butanol, tert-butanol, various kinds
of pentanol, various kinds of hexanol and the like. Among these
compounds, alcohols having 3 or less carbon atoms are preferable.
Particularly, methanol and ethanol are preferred.

The polyvinyl ether compound of the invention thus obtained

- comprises a homopolymer or a copolymer of an alkyl vinyl ether
comprising one or more kinds of the constituting units expressed by the

formula (I) or (I'):
pF
_(CH2-0H+ (M or
?R‘
—((lJH-CH J-
CHy (I,

wherein Rl is an alkyl group having 1 to 3 carbon atoms and one end

having the structure expressed by the formula (II):

oF

or the formula (III):
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may be the same or different fromeach other when a plural Rerr]O are -
17 - present. In the fornmula (XXII), Rerr], Rerr] and R44 are each a
hydrogen atom or a hydrocarbon group having 1 to 8 carbon atons, and may be
the sane.or different fromeach other. Specific exanples of the hydrocarbon
group descri bed above include an al kyl group, such as nethyl group, ethyl

~CH = CHOR» (I1I),
wherein R! is as previously defined, R2 is a hydrocarbon group having 1
to 8 carbon atoms and R2 is either one of R1 and R2. -

In the formula (I), R2 is derived from the residual group formed
by eliminating the hydroxyl group from the alcohol or from the residual
group formed by 'eliminaping the oxygen atom from the alkoxy group in
the acetal, both used for the initiation of tl_le polymerization.

- When the alcohol is used, a hydrogen is attached to the initiated
end of the polymer and, when the acetal is used, the residual group
formed by eliminating one of the alkoxy groups from the acetal is
attached to the initiated end. To the terminated end, the acetal group
expressed by the formula (II) described above or the olefin group
expressed by the formula (IIT) described above is attached.

The homopolymer or the copolymer of the alkyl vinyl ether may
comprise the terminated end expressed by.the formula (II) alone, the
terminated end expressed by the formula (III) alone or the terminated
end having a mixed structure of them.

The polymerization can be performed at a temperature in the
range of —80 to 150°C, preferaialy 0 to 100°C, although it varies depending
on the kinds of the starting materials and the initiator. The
polymerization reaction is finished generally in a time of 10 seconds to 10
hours after the start of the reaction.

For adjusting the molecular weight in "the polymerization
reaction, the molecular weight of the polymer is decreased by an

increased amount of the alcohol or the acetal.
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group, n-propyl group, isopropyl group, n-butyl group, isobutyl group,
sec- butyl>group, tert-butyl group, various kinds of pentyl group, various
ki nds of hexyl group, various kinds of heptyl group and various ki nds of
octyl *group; a cycloal kyl group, such as cycl opentyl group, cycl ohexyl
group, various kinds of nethylcycl ohexyl group, various kinds of

- et hyl cycl ohexyl group, various kinds of dinethylcyclohexyl group and the
| i ke;- an aryl group, such as phenyl group, various kinds of methyl phenyl

o ebhy eyl ot Py RIHAREGE f i ReRbaled QR UPsGirent bt o1
kinds of ph%ﬂWe?ft“ﬁfay%Q‘i&eﬂ“ﬂrdﬁHb&% 15 &Qﬁlé)funder the reaction condition.
The solvent is ﬁot particularly limited. Preferable examples of the
solvent are hydrocarbon solvents, such as hexane, benzene and toluene
and ether solvents, such as ethyl ether, 1,2-:iimethoxyethanem and
tetrahydrofuraxi. The polymerization reaction can be terminated by
addition of an alkali. "
. The second of the polyvinyl ether compounds of the invention
comprises the constituting units expressed by the formula (IV):
' I@ RS
et
R* OROLR’ (IV).
In the formula (IV) described above, R3, R4 and R5 are each a hydrogen
atom or an alkyl group having 1 to 4 carbon atoms. Examples of the alkyl
group are methyl group, ethyl group, n-propyl group, isopropyl group, n-
= butyl group, isobutyl group, sec-butyl group and tert-butyl group. R3, R¢
and R5 may be the same or different from each other. Among hydrogen
and the groups described above, hydrogen, methyl group and ethyl group
are preferable and it is preferred that at least one of R3, R4 and R5 be
hydrogen atom. |
RS in the formula (IV) is an alkylene group having 2 to 4 carbon
atoms and, more specifically, ethylene group, trimethylene group,
methylethylene group, tei;ramethylene group, 1,1-dimethylethylene
group or 1,2-dimethylethylene group. Among them, alkylene groups
having 2 or 3 carbon atoms are particularly preferable. In the formula
(IV), k is the number of repeating of R60, the average of which is in the
- s
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met hyl benzyl group. R42, R43 and R44 are preferably a hydrogen atom or an
al i phati € hydrocarbon group having 5 or | ess carbon atons, respectively,
and nore preferably a hydrogen atom or a hydrocarbon group having 3 or |ess
carbon atons, respectively. R45 in the formula (XXI1) is a bivalent

hydr ocar bon group having 2 to 10 carbon atonms, which is exenplified by a

bi val ent aliphatic group, such as ethyl ene group, phenylethyl ene group,

1, 2- propyl ene group, 2 phenyl - 1 2-propyl ene group, 1,3-propylene.group,
vari ous klnd§ %3 épus ki nds of pentyl ene group, various
ki nds of hexy e group, arlous Ki nds of heptyl ene group, various kinds of

R7 in the formula (IV) is an alkyl group having 1 to 10 carbon
atoms. Examples of the alkyl group are alkyl groups, such as methyl
group, ethyl group, n-propyl group, isopropyl group, n-butyl group,
isobutyl group, sec-butyl group, tert-butyl grou;, various kinds of pentyl
group, various kinds of hexyl group and various kinds of octyl group,
cycloalkyl groups, such as cyclopentyl group, cyclohexyl group, various
kinds of methylcyclohexyl group, various kinds of. ethylcyclohe#yl group,
various kinds of dimethylcyclohexyl group and the like groups. Among
them, alkyl groups having 8 or less carbon atoms are preferable. Alkyl
groups having 1 to 6 carbon atoms are particularly preferable when k is
0, and alkyl groups having 1 to 4 carbon atoms are particularly
preferable when k is 1 or more.

R3 to R7” may bé the same or different among the constituting units
and a plurality of R6O may be the same or different from each other

" when the constituting unit contains a plurality of R60.”

It is necessary that the polyvinyl ether compound of the invention
does not contain any of an unsaturated bond, an acetal structure and an
aldehyde structure in the molecule. The polyvinyl ether compound
generally has the structure in which one end is expressed by the formula

(V):

1
R® ORY0),R? ),
wherein R8, R9 and R10 are each a hydrogen atom or an alkyl group

having 1 to 4 carbon atoms, and may be the same or different from each

_
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- 18 - octylene group, various kinds of nonylene group and various kinds of
decyl ene group; an alicyclic group having two bondi ng positions on an
alicyclic hydrocarbon, such as cycl ohexane, nethyl cycl ohexane, _

et hyl ¢ycl ohexane, di nmet hyl cycl ohexane, propyl cycl ohexane and the |ike; a

bi val ent aromati c hydrocarbon, such as various kinds of phenyl ene group,
various kinds of nethyl phenyl ene . group, various Kkinds of

other, R11 is an alkylene group having 2 to 4 carbon atoms, R12 is an alkyl
group having 1 to 10 carbon atoms, m is a number the average of which
is in the range of 0 to 10 and a plurality of R1.10 may be the same or
different from each other, and the other end is e::pres_sed by the formula
(VI):

Ilzld» O(RIGO) an'I (VI),

wherein R13, R14 and R15 are each a hydrogen atom or an alkyl group
having 1 to 4 carbon atoms, may be the same or different from each
other, ﬁlﬁ is an alkylene group having 2 to 4 carbon atoms, R17 is an alkyl
group having 1 to 10 carbon atoms, n is a number the average of which is
in the range of 0 to 10 and a plurality of R160 may be the same or different
from each other.

In the formula (V) described above, R8, R? and R10 are each a

™+ hydrogen atom or an alkyl group having 1 to 4 carbon atoms. Examples
of the alkyl group are the same as those shown as examples in the
description of R3 to RS in the formula (IV). RS, R? and R10 may be the
same or different from each other. Among them, a hydrogen atom,
methyl group and ethyl group are preferable and it is preferred that at
least one of R8, R? and R10 be a hydrogen atom.

R1l in the formula (V) is an alkylene group having 2 to 4 carbon
atoms. Examples of the alkylene group are the same as those shown as
examples in the description of R6 in the formula (IV). Among them,
alkylene groups having 2 or 3 carbon atoms are particularly preferable.

In the formula (V), m shows the repeating number of 1_1110, the average

[ —
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et hyl phenyl ene group, various kinds of dinethylphenyl ene group, various

ki nds of «napht hyl ene group and the |ike; an al kyl d&f omatic group having one
uni val ent bondi ng position on each of the alkyl group part and the aromatic
part ~of an al kyl aromati c hydrocarbon, such as tol uene, xylene, ethylbenzene
and the like; or an al kylaromatic group having bondi ng positions on the
parts of al kyl groups of a polyal kylaromati c hydrocarbon, such as xyl ene,

di et hyl benzene and the |ike. The aliphatic group having 2 to 4 carbon atons

BREAEEEN A Y RN M NN ATl T
number of 1 RED iarllg par%geﬁtrlea plurality of R110 may be the same or different from
each other.

R12 in the formula (V) is an alkyl group having 1 to 10 carbon
atoms. Examples of the a]kyl group are the :ame as those shown as
examples in the description of R7? in the formula (IV). Among them,
alkyl groups having 8 or less carbon atoms are preferable. Alkyl groups
having 1 to 6 carbon atoms are particularly preferable‘ when m is 0, and
alkyl groups having 1 to 4 carbon atoms are particularly preferable when ¢
m is 1 or more.

In the formula (VI) described above, R13, R14 and R15 are each a
hydrogen atom or an alkyl group having 1 to 4 carbon atoms. Examples
of the alkyl group are the same as those shown as examplés in the
description of R3 to RS in the formula (IV). R13, R and R15 may be the
same or different from each other. Among them, a hydrogen atom,
methyl group and ethyl group are preferable and it is preferred that at
least one of R13, R14 and R15 be a hydrogen atom.

R16 in the formula (VI) is an alkylene group having 2 to 4 carbon
atoms. Examples of the alkyléne group are the same as those shown as
examples in the description of R6 in the formula (IV). Among them,
alkylene groups having 2 or 3 carbon atoms are particularly preferable.
In the formula (VI), n shows the repeating number of R160, the average
of which is in the range of 0 to 10, preferably 0 to 5. When a plurality of
R160 are present, a plurality of R160 may be the same or different from

S
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average of k is in the range of 0 to 10 and preferably in the range of 0 to
5. In the formula (XXI1), Rerr] is a hydrocarbon group having 1 to 10
carbon atons, which group is exenplified by an al kyl group, such as nethyl
group; ethyl group, n-propyl group, isopropyl group, n-butyl group,

| sobutyl group, sec-butyl group, tert-butyl group, various kinds of pentyl
group, various kinds of hexyl group, various kinds of heptyl group, various
ki nds of octyl group, various kinds of nonyl group and various kinds of

deoyl 0w, 2 Cuphos il BKaiRy, (A AnCHRYEREOL nAVEPL & ToolEsth
' atoms. Examples of the alkyl group are the same as those shown as
examples in the description of R7 in the formula (IV). Among them,
alkyl groups having 8 or less carbon atoms are preferable. Alkyl groups
having 1 to 6 carbon atoms are particularly preft;rable when n is 0, and
alkyl groups having 1 to 4 carbon atoms are particularly preferable when
n is 1 or more.

- The polyvinyl ether compound of the invention has a weight-
average mblecular weight in the range of 300 to 3000, preferably 400 to
2000, more preferably 400 to 1000 and, a degree of polymerization
preferably in the range of 5§ to 10. The ratio of the weight-average
molecular weight to the number-average molecular weight is in the

range of 1.05 to 2.00, preferably 1.06 to 1.90.

The preferable compounds among the polyvinyl ether compounds

of the invention are compoundé. which have the constituting units

™ - expressed by the formula (VII): o T

'+c—c+

OR® . (VID,
wherein R18 is an alkyl group having 1 to 4 carbon atoms and may be the
same or different among the constituting units, do not contain any of an
unsaturated bond, an acetal structure and an aldehyde structure and
have a weight-average molecular weight in the range of 300 to 3000. The
more preferable compounds among them are compounds having the

constituting units expressed by the formula (VIII):

///,
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- 19 - various kinds of ethylcycl ohexyl group, various kinds of
propyl cyel ohexyl group, various kinds of dinethylcyclohexyl group and the

| i ke; an aryl group, such as phenyl group, various kinds of nethyl phenyl
groupy various kinds of ethylphenyl group, various kinds of dinethyl phenyl
group, various kinds of propyl phenyl group, various kinds of
trimet hyl phenyl group, various kinds of butyl phenyl group, various kinds of
napht hyl group and the like; or an arylal kyl group, such as

" 5
B{G—Cop—H
H OR® (VIII),

wherein R18 is as preyiously defined and pis a degrée of polymerization,
and a weight-average molecular weight in the range of 300 to 3000,
preferably 400 to 1000.

The polyvinyl ether compound of the invention can be produced by
(a) the process of polymerizing the correSponding vinyl ether monomer
and (b). the process of treating oleﬁﬁs, acetals énd aldehydes in the
polymerized product.

(a) The process of polymerization: As the method of
polymerization of the vinyl ether compound, the method of production of
the polyvinyl ether compound as the second object of the invention
described above can be adopted.

(b) The process of treatment: In this process, unsaturated bonds,
acetals and aldehydes in the polymerized product are converted into
saturated bonds and ethers.

(1) Unsaturated bonds

Unsaturated bonds formed at the end of the polymer by the
polymerization can be converted into saturated bonds in conventional
conditions, such as a reaction temperature of 20 to 200°C, a hydrogen
pressure of 1 to 100 kg/cm2 and in the presence of a hydrogenation
catalyst. As the hydrogenation catalyst, platinum catalysts, rhodium
catalysts, ruthenium catalysts, nickel catalysts, cobalt catalysts and the
like are preferable.

(2) Aldehydes

- i



benzyl group, various kinds of phenylethyl group, various kinds of

nmet hyl bertzyl group, various kinds of phenyl propyl group and.various kinds
of butyl phenyl group. The hydrocarbons having 8 or |ess carbon atons are
preferable anong them Wen v is 0, an al kyl group having 1 to 6 carbon
atons is particularly preferable and, when v is 1 or nore, an al kyl group
having 1 to 4 carbon atons is particularly preferable. The nunber of
repeati ng of the polyvinyl ether conpound expressed by the formula (XXII)
whi ch corresponds to the degree of polynerization can be selected suitably
according to the desirdddehydemformed bxgﬁt@b"h'ﬁlﬁ@ of agetals oy estensymadange

of 5 to 1000 _cSt at, 40 .
ﬁgom cgrbox}l?cr g.c]:igs and hemiacetals can be converted to alcohols by the

hydrogenation reaction and then further converted to ethers by the
Williamson synthesis. More specifically, platirium catab;sts, iaalladium
catalysts, ruthenium catalysts and nickel catalysts are particularly
‘preferable as the hydrogenation catalyst ‘and the reaction can be
performed at a reaction temperature of 20 to 200°C and a hydrogen
pressure of 1 to 100 kg/cm2. The reaction for converting to ethers is
generally performed by the method in which the hydroxyl group is
brought into the reaction with an alkali metal such as metallic sodium,
an alkali metal hydride such as sodium hydride, an alkali hydroxzide
such as sodium hydroxide or an alkali metal salt of a lower alcohol such
as sodium methoxide to obtain the alkali salt of the polymerization
product and the product is then brought into the reaction with an alkyl
halogen compound or an ester of a sulfonic acid respectively having 1 to
10 carbon atoms or by the method in which the hydroxyl group in the
polymerization product is converted to esters of a sulfonic acid or halides
and the product is then brought into reaction with an aliphatic alcohol
having 1 to 10 carbon atoms or an alkali metal salt thereof.
(3) Acetal |

The acetal formed at the end by the polymerization forms
aldehydes by the reaction with water in the presence of an acid catalyst
such as hydrochloric acid, sulfuric acid and sulfonic acid can be
converted to ethers by the methods described above. Examples of the
method of dire'ctly converting the acetals to 'ethe;s are the method of

-
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and preferably in the range of 5 to 800 cSt at 40ferr]C. The pol yvi nyl

et her compound can be produced by the polynerization of the correspondi ng
vinyl ether nonomer and the nethod of the production of a polyvinyl ether
conpound descri bed bel ow which is the second object of the invention can be
adopted as the method of polynerization. The ends of the polyvinyl ether
conpound obt ai ned can be converted to the desired structure by the nethod
di sclosed in the

using LiAlH4-BF3, LiAlH4-AlCl3, BoHg, NaB(CN)H3-HC1 or (CH30)AlH2,
the method of using silicon reagents and the like described in Jikken
Kagaku Koza, the 4th edition, Volume 20, Page 202 (published by
Maruzen), and the method of reaction in a hydrogen atmosphere in the
presence of a catalyst system in combinatio; of platinum oxide and
hydrochloric acid described in Ian T. Harrison and Shuyen Harrison,
Compendium of Organic Synthetic Methods, Page 317 (1971).

- Further, acetals can be efficiently converted to ethers by the
method of the production of ether compound as the third object of the
invention which comprises hydrogenation in the presence of a solid
catalyst having acidic property and hydrogenating ability. As the solid
catalyst having acidic property and hydrogenating ability utilized for the
reaction and the conditions of the reaction, the solid catalysts and the
conditions of the reaction described in the production of the ether
compound can be adopted.

The lubricating oil for compression-type refrigerators of the
invention has excellent compatibility with the refrigerant, stability,
electric insulation and lubricating property. Therefore, it is particularly
favorable as the lubricating oil for compression-type refrigerators using
Flon 134a as the refrigerant.

According to the method of production of the polyvinyl ether
compoupd of the invention, the polyvinyl ether with a desired degree of
polymerization and having a wide range of applications, such as
solvents, lubricating oils, adhesives and resins, can be produced reliably,

safely, efficiently and industrially advantageously with simple processes.

[
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- 20 - exanples of the invention or by the conventional nethods. The group
to be converted to is a saturated hydrocarbon, an ether, an al cohol, a
ketone, an amide, an imde, a nitrile or the like. As the polyvinyl ether
conpound which is the main conponent of the lubricating oil of the

i nvention, the conpounds having the end structures shown in the fol |l ow ng
are preferably utilized: (1) The structure in which one end is expressed by
the formula (XXI11):

According to the method of production of the ether compound, the
ether compound can be produced from the acetal compound or the ketal
compound with a high conversion and a high selectivity and the
apparatus used for ordinary productions can be utilized because the
problem of corrosion does not arise. Accordin“g to the method of the
invention, the acetals or the ketals alone are hydrogenated and even
when the raw material acetal or ketal compound contains hydrocarbon
graups having ether oxygens, the part of the ether oxygen remains intact
and the acetal bond is converted to the ether bond.

Further, the polyvinyl ether compdund of the invention comprises
a homopolymer or a copolymer of an alkyl vinyl efher having alkyl group
of 1 to 3 carbon atoms and having a relatively loﬁr molecular w;eight and a
narrower dispersion thereof and a homopolymer or a copolymer of a
vinyl ether monomer having none of unsaturated bonds, acetal
structures and aldehyde structures in the molecule. The polyvinyl ether

- compound has excellent compatibility particularly with hydrogen-
containing Flons such as Flon 134a, excellent stability and lubricating
property and a volume intrinsic resistance at 80°C of 1012 Q-cm or more
and is favorably used as the lubricating oil for compression-type
refrigerators.

The polyvinyl ether compound is useful also as an electric
insulating oil, an organic solvent, a surface active agent and the like.

The present invention is described with reference to examples in
more detail in the following. However, the invention is not lifnited by the

examples.
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[err] wherein Rlerr], Rerr] and R err] are each a hydrogen atomor a

hydr ocar bon. group having 1 to 8 carbon atons, and may be the sane or
different fromeach other, R50 is a bival ent hydrocarbon group having 2 to
20 carbon atonms, Rerr] is a hydrocarbon group having 1 to 10 carbon atons,
a is a nunber the average of which is in the range of 0 to 10 and R err] O
may be the sanme or different fromeach other when a plural R500 are
present, and the other end i s expressed by (XXIV) [err] wherein Rerr],

Rlerr] and Rlerr] ﬁreen?e ods of{ dro segre%gn S ofa tl'm/ ciu%Cexaﬂa ic viscosity, the

average molecular weight, the compatibility with Flon and the volume
intrinsic resistance and the method of hydrolysis testing of the polyvinyl
ether compound are described in the following.

(1) Kinematic viscosity )

Kinematic viscosity was measured according to the method of
Japanese Industrial Standard K-2283 (1983) by using a glass capillary
viscometer.

(2) Average molecular weight (E#amples 8 to 25 and 25A)

Weight-average molecular weight and number-average molecular
weight were measured by using the apparatus and under the conditions
shown in the following and dispersion (weight-average molecular weight
/ number-average molecuiar weight) was obtained from these results.

" Apparatus: a product of Nippon Bunkp Kogyo Co., Ltd., 880-PU®
(pump).
Shodex RI SE-61® (detector)

Column: TSK H8 + G2000 H8 + G1000 HS8

Temperature: room temperature

Solvent: THF (tetrahydrofuran)

Rate of elution: 1.4 ml/minute

Standard substance: polyethylene glycol
(3) Compatibility test

(a) Flon 134a

A sample of a specified amount adjusted to make § weight %

or 10 weight % based on Flon 134a (1,1,1,2-tetrafluoroethane) was
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group having 1 to 8 carbon atons, and may be the sane or different from
each othet, R55 is a bival ent hydrocarbon group having 2 to 10 carbon
atons, Rerr] is a hydrocarbon group having 1 to 10 carbon atons, b is a
nunmbe? the average of which is in the range of 0 to 10 and R550 may be
21 - the same or different fromeach other when a plurality of R550 are
present;

charged into a pressure resistant glass ampoule and the ampoule was
connected to a 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 starts was measured as follows: For the
measurement of the compatibility at the low temperature side, the
sample was slowly cooled from room temperature to —60°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 +80°C. It is preferable that the phase separation temperature be lower
in the lower temperature side, but be higher in the higher témperature
_side.
(b) Flon 32

A sample of a specified amount adjusted to make 10 weight
% or 20 weight % based on Flon 32 (difluoromethane) was charged into a
pressure resistant glass ampoule and the ampoule was connected to a
vacuum line and the line for Flon 32 gas. The ampoule was degassed in
vacuum at room tempe.rature, cooled with liquid nitrogen and a specified
amount of Flon 32 was taken into the ampoule. The ampoule was then
sealed and the temperature at which the phase separation starts was
measured as follows: For the measurement of the compatibility at the
low temperature side, the sample was slowly cooled from room
temperature in a thermostat and, for the measurement of the

compatibility at the higher temperature side, the sample was slowly
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(2) The structure in which one end is expressed by the formula (XXII1) and
the other end is expressed by the formula (XXV): [err] wherein Rerr],
Rlerr] and Rlerr] are each a hydrogen atom or a hydrocarbon group having 1
to 8scarbon atons, and nmay be the same or different fromeach other, R err]
and Rlerr] are a bival ent hydrocarbon group having 2 to 10 carbon atons,
respectively, and nay be the sane or different fromeach other, R61 and R63
are each a hydrocarbon group having 1 to 10 carbon atons, and may be the

sarte or i f LeLe lr8 ToBAr lefblivurk BMGhA" 9t 14 BllefbrlHIPBlat He BHELESC ©f
separation temperature be lower in the lower temperature side, but be
higher in the higher temperature side.
(4) Volume intrinsic resistance |

A sample was dried under a reduced ptes“sure (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 which is placed 1nto 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 an i
impressed voltage of 250 V by using an ultrainsulation meter R8340%®
produced by Advantest Co.
(5) Hydrolysis test

Into a 250 ml pressure resistant glass bottle, 75 g of a sample, 25 g
of water and a piece of copper (13 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.

Preparation Example 1
Into a flask, 100 g (containing water) of Raney nickel (a product of
. Kawaken Fine Chemical Co., Ltd., M300T®) was charged and 100 g of
absolute ethanol was added to it with sufficient stirring. The mixture
was left standing to have Raney nickel precipitated and the supernatant
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the sane or different fromeach other, R600 may be the sane or different
fromeach>other when a plurality of Rerr]O are present and Rl err] O nay be
the sane or different fromeach other when a plurality of R620 are present;
(3) The structure in which one end is expressed by the formula (XXI'1) and
the other end conprises an olefinically unsaturated bond; and (4) The
structure in which one end is expressed by the fornula (XXIII) and the
other end is expressed by the formula (XXVI1): [err]

was removed by decantation. The Raney nickel remaining in the flask
was treated in the same manner as above 5 times repeatedly. Raney
nickels used in examples were those obtained in this preparation

example which were wet with ethanol.

Preparation Example 2

Into a 100 ml flask of egg-plant type, 20 g of zeolite (a product of
Toso Co., Ltd., HSZ330HUA®) was placed. The flask was then dipped in
an oil bath at 150°C and evacuated by an oil rotary vacuum pump for 1
hour. After cooling to room temperature, the flask was brought to the :
atmospheric pressure by introducing dry nitrogen. The zeolites used in

examples were those obtained in this preparation example.

Preparation Example 3
Into a 100 ml flask of egg-plant type, 20 g of activated clay (a
—  product of Wako Jun-yaku Co., Ltd.) was placed. The flask was then
dipped in an oil bath at 150°C and evacuated by an oil rotary vacuum
pump for 1 hour. After cooling to room temperature, the flask was
brought to the atmospheric pressure by introducing dry nitrogen. The
activated clays used in examples were those obtained in this preparation

example.

Example 1
Into a 5 liter glass flask equipped with a dfopping funnel, a cooler
and a stirrer, 600 g of ethyl vinyl ether, 72 g of methanol and 2400 g of

/’i;;
This S “ 57

T |



- 22 - wherein Rerr], Rerr] and R err] are each a hydrogen atomor a
hydr ocarbon group having 1 to 8 carbon atons, and nmay be the sane or
different fromeach other. The polyvinyl ether compound may be a m xture of
two of nore conpounds having the end structures selected fromthe group
consisting of the structures (1) to (4). The preferabl e exanples of such

m xture are

hexane were charged and cooled with water under stirring. When the
temperature reached 5°C, a solution prepared by dissolving 3.6 g of boron
trifluoride diethyl etherate in 20 g of tetrahydrofuran was added and the
mixture was stirred for 1 hour. During this period, the reaction started
and the temperature of the reaction liquid inc;eased, and refluxing of
ethyl vinyl ether was observed in the cooler. The reaction mixture was
transferred to a washing vessel and washed with 1500 ml of a 3 weight %
aqueous solution of sodium hydroxide 3 times, then with 1500 ml of water
3 times. The product was concentrated by using a rotary evaporator and
dried under reduced pressure (0.2 mmHg) at 50°C for 1 hour to obtain 468
g of the crude product. |

Into a 5 liter glass flask equipped w1th a dropping funnel, a cooler
and a stirrer, 400 g of the crude pro&uct obtained above, 500 g of acetone,
800 g of water and 10 g of a concentrated hydrochloric acid (35 weight %)
were charged and stirred at 50 to 60°C for 3 hours. After hydrochloric
acid was neutralized with sodium hydrogencarbonate, acetone and the
like were removed under reduced pressure by using a rotary evaporator
and the remaining product was poured into 400 ml of hexane. After
removing the aqueous phase, the product was washed with 400 ml of
water once. The hexane phase was transferred to an autoclave and
hydrogenated by using 0.8 g of a platinum oxide as catalyst at a hydrogen
pressure of 20 kg/cm?2 at 50°C for 1 hour. After removing the platinum
oxide catalyst by filtration, the product was transferred to a 2 liter glass
flask, incorporated with 40 g of methanol and 8 g of sodium borohydride

and stirred for 1 hour at room temperature. The product was made

—
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a m xture of the conpound having the structure (1) and the conpound havi ng
the structure (4) and a m xture of the conpound having the structure (2)
and the conpound having the structure (3). The lubricating oil of the

i nvent’i on conprises the polyvinyl ether conpound described above as the
mai n conponent thereof. Because the kinematic viscosity of the lubricating
oil before mxing with the refrigerant is preferably in the range of 5 to
1000 cSt at 40[err]C, the starting naterials described above, the initiator

That the pol'yorny Aol sth A ARLRS. ARG §f ddds ARCEATTubH AbfHE fad™ """

that the po _ er co
aforesai d rg3genetttMséd with sodium hydrogencarbonate. The product was

washed with 400 ml of water once and the solvent and water were

removed under reduced pressure by using a rotary evaporator.

The residual product thus obtained was dissolved in 300 ml of
tetrahydrofuran and the reaction with 12 g of sodium hydride was
conducted for 1 hour. Generation of hydrogen gas was observed during
this reaction. Then, 120 g of methyl iodide was dropped in 30 minutes to
the 'reactien mixture. Generation of heat was observed during this
period. After dropping methyl iodide, the reaction mixture was stirred
for further 1 hour. The solvent and unreacted materials were removed

- under reduced ﬁressure by using a rotary evaporator. The residue Wae
- transferred to a 2 liter washing vessel and, after dissolving into 400 ml of
'hexane, washed with 400 ml of water 5 tiines. Then, after adding 40 g of
an ion exchange resin, the product was stirred for 3 hours. The ion
exchange resin was removed by filtration and hexane was removed from
the product under reduced pressure by using a rotary evaporator. The
yield of polyvinyl ether thus obtained was 200 g.

The nuclear magnetic resonance spectrum (hereinafter
abbreviated to NMR) and the infrared absorption spectrum (hereinafter
abbreviated to IR) of the product were measured and it was proved that
one of the end structures of the polymer was (A) and the other was (B):

7 7 7 3
R i
H OCH,CHj, (A), H OCHj; (B)
R —
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The average nol ecul ar weight of this polynmer is generally in the range of
150 to.2000 and preferably in the range of 150 to 4000. When ki nematic
viscosity of a polyner is outside of the specified range, the kinematic
viscosity can be adjusted to the specified range by m xing wth anot her
pol ymer having a suitable kinematic viscosity. In the lubricating oil for
refrigerators of the invention, the polyvinyl ether conpound expressed by
the formula (XXI'1) described above may be utilized singly or as a

conbi nation of t ot e ki nds,_ | 8.t il Lae w. t.h. ot her
kinds of |ubric a\t,\gﬁﬁe’fﬂq c ggsw%x?y., Eoﬁ%tﬁnh\f with Cf‘ll% ml&(lugﬂe intrinsic
resistance and stability to hydrolysis of the polymer of ethyl vinyl ether

were measured. The results are shown in Table 1.

Example 2

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 600 g of ethyl vinyl ether, 60 g of methanol and 2400 g of
hexane were charged and cooled with water under stirring. When the
temperature reached 5°C, a solution prepared by dissolving 3.6 g of boron
trifluoride diethyl etherate in 20 g of tetrahydrofuran was added and the
mixture was stirred for 1 hour, During this period, the reaction started
and the temperature of the reaction increased, and refluxing of ethyl
vinyl ether was observed in the cooler. The reaction mixture was
transferred to a washing vessel and washed with 1500 ml of a 3 weight %
aqueous olutioh of sodium hydroxide 3 times, then with 1500 ml of water
3 times. The product was concentrated by using a rotary evaporator and
dried under reduced pressure (0.2 mmHg) at 50°C for 1 hour to obtain 452
g of the crude product.

Intoa s liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 400 g of the crude product obtained above, 500 g of acetone,
800 g of water and 10 g of a concentrated hydrochloric acid (35 weight %)
were charged and stirred at 50 to 60°C for 3 hours. After hydrochloric
acid was neutralized with sodium hydrogencarbonate, acetone and the
like were removed under reduced pressure by using a rotary evaporator

and the remaining product was poured into 400 ml of hexane. After
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- 23 - In the lubricating oil for refrigerators of the invention, various

ki nds of ddditives utilized in conventional lubricating oils, such as |oad
resi stant additives, chlorine scavengers, antioxidants, nmetal deactivators,
def oant ng agents, detergent-dispersants, viscosity-index inprovers,
oi liness agents, anti-wear additives, extrene pressure agents, rust

preventi ves,

corrosion i-nhibitors, pour point depressants and the |ike,

be added according to desire.-

removing the aqueous phase, the product was washed with 400 ml of
water once. The hexane phase was transferred to an autoclave and
hydrogeﬁated by using 0.8 g of a platinum oxide as catalyst at the
hydrogén pressure of 20 kg/cm? at 50°C for 1 hour. After removing the

may

platinum oxide catalyst by filtration, the product was transferred to a 2 .

liter glass flask, incorporated with 40 g of methanol and 8 g of sodium
borohydride and stirred for 1 hour at room temperature. The product
was made weakly acidic with an aqueous solution of acetic acid and then
acetic acid was neutralized with sodium hydrogencarbonate. The
product was washed with 400 ml of water once and the solvent and water

were removed under reduced pressure by using a rotary evaporator.
The residual product thus obtained was dissolved in 300 ml of
tetrahydrofuran and the reaction with 12 g of sodium hydride was

conducted for 1 hour. Generation of hydrogen gas was observed during

this reaction. Then, 120 g of methyl iodide was dropped in 30 minutes to
the reaction mixture. Generation of heat was observed during this
period. After dropping methyl iodide, the reaction mixture was stirred
for further 1 hour. The solvent and unreacted materials were removed
under reduced pressure by using a rotary evaporator. The residue was
transferred to a 2 liter washing vessel and, after dissolving into 400 ml of
hexane, washed with 400 ml of water 5 times. Then, after adding 40 g of
an ion exchange resin, the product was stirred for 3 hours. The ion
exchange resin was removed by filtration and hexane was removed from
the product under reduced pressure by using a rotary evaporator. The

yield of polyvinyl ether thus obtained was 208 g. NMR and IR of the

; Tl
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- Exanpl es of .the |oad resistant additives described above are:

or ganosul.fur conpound additives, such as nonosul fides, polysulfides,
sul f oxi des, . sul fones, thiosulfinates, sulfurized oils and fats,

t hi ocar bonat es, thiophenes, thiazoles, nmethanesulfonic acid esters and the
| i ke; phosphoric ester additives, such as phosphoric nonoesters, phosphoric
di esters, phosphoric triesters (tricresyl phosphate) and the I|ike;
phosphorous ester additives, such as phosphorous nonoesters, phosphorous

di esters, phosphorous triesters angd.the |ike; '

2at ¢ ves, o DEPIGE VAT BAARIEHADY 1 Besmoved il oha B Bhe End Austures
such as hi ghgftﬂeaaiagilyn%gli'%sé’s (R)j%(a( I a(r)t}ﬂeljv%tats ici ds, esters of

.Kinematic viscosity, compatibility with Flon, volume intrinsic

resistance and stability to hydrolysis of the polzmer of ethyl vinyl ether

were measured. The results are shown in Table 1.

Example 3
. Into a 5 liter glass flask equipped with a droppipg funnel, a cooler
and a stirrer, 500 g of hexane was charged, a solution prepared by
dissolving 12 g of boron trifluoride diethyl etherate in 24 g of
tefrahydroﬁxran was added to it and the mixture was cooled to 5°C with
an ice water bath. In a dropping funnel, 2000 g of ethyl vinyl ether and
120 g of methanol were charged and the mixture was dropped in 1 hour
and 30 minutes. During this period, the reaction started and the
temperature of the reaction liquid increased. The temperature was kept
at about 30°C by cooling with the ice water bath. After finishing the
dropping, thé stirring was kept for further 30 minutes. The reaction
mixture was transferred to a washing vessel and washed with 1500 ml of
a 3 weight % aqueous solution of sodium hydroxide 3 times, then with
1500 ml of water 3 times. The solvent and unreacted raw materials were
removed under reduced pressure by using a rotary evaporator to obtain
1806 g of the crude product.
Into a 2 liter glass flask equipped with a dropping .funnel, a cooler
and a stirrer, 400 g of the crude product obtained above and 300 g of

tetrahydrofuran were charged and then 15 g of lithium aluminum

o i
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pol yhydric al cohol s containing carboxylic acids, acrylic esters and the

| i ke; organic chlorine additives, such as chlorinated hydrocarbons,

chl ori nated carboxylic acid derivatives and the i ke; organic fluorine
addi tives, such as fluorinated aliphatic carboxylic acids, fluoroethylene
resins, quoroaIkyI pol ysi | oxanes, fluorinated graphite and the like;

al cohol additives, such as higher alcohols and the I'ike; and netallic
conpound additives, such as salts of naphthenic acid (|ead naphthenate),

salts of Tahburfe WisGdadd toAhe mkidrd! FllGwed by stiRihg f6F 30 minutes. In
a dropping funnel, 196 g of boron trifluoride diethyl etherate was charge

and dropped in 1 hour. During the dropping, generation of heat was
observed and the temperature was kept at 10 to 20°C by cooling with an

ice water bath. The reaction mixture was ﬁlr!;h:r stirred for 30 minutes

after finishing the dropping and then neutralized by adding sodium
hydroxide. The precipitate thus obtained was removed by filtration and

the liquid phase was treated with a rotary evaporator to remove the
alcohol prbduced, the solvent and water under reduced pressure. The
remaixﬁng product was transferred to a 2 liter washing vessel and
dissolved into 500 ml of hexane. The solution was washed with 200 ml of

a 5 weight % aqueous solution of sodium hydroxide 10 times and then

with 200 ml of water 3 times. To the solution, 100 g of an ion‘exchange

resin was added and the mixture was stirred for 3 hours. After
removing the ion exchange resin by filtration, hexane was removed

- - qndei' reduced pressure by using a rotary evaporator. The yield of the
polymer of ethyl vinyl ether was 235 g. NMR and IR of the product were
measured and it was proved that one of the end structures of the polymer

was (A) and the other was a mixture of (B) and (C):

i
-§-gH
H OCH,CH;, (C)
Kinematic viscosify, compatibility with Flon, volume intrinsic
resistance and stability to hydrolysis of the polymer of ethyl vinyl ether

were measured. The results are shown in Table 1.
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- 24 - thiophosphates (zinc dial kyl dithiophosphates), salts of

t hi ocarbam ¢ aci d, organonol ybdenum conpounds, organotin conpounds, organo-
ger mani um conpounds, boric acid esters and the |ike. Exanples of the

chl ori ne scavenger are conpounds having glycidyl ether group, epoxyfatty
aci d nonoesters, epoxidized fats and oils, conpounds havi ng epoxycycl oal kyl
group and the |ike. Exanples of the antioxidants are phenols
(2,6-di-tert-butyl-p-cresol), aromatic ami nes ([err]- naphthylam ne) and
the |ike. Eﬁ%ﬁfe&’f the metal deactivators are

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 1000 g of toluene, 500 g of acetaldehyde .diethyl acetal and
5.0 g of boron trifluoride diethyl etherate were charged Into a dropping
funnel, 2500 g of ethyl vinyl ether was charged and dropped in 2 hours
and 30 minutes. During this period, the reaction started and the
temperature of the reaction liquid increased. The temperaturé was kept
at_about 25°C by cooling with an ice water bath. After finishing the
dropping, the solution was further stirred for 5 minutes. The reaction
mixture was transferred to a washing vessel and washed with 1000 ml of
a 5 weight % aqueous solution of sodium hydroxide 3 times and then with
1000 ml of water 3 times. The solvent and unreacted raw materials were
removed under reduced pressure by using a rotary evaporator to obtain
2833 g of the crude product.

Into an autoclave, 600 g of the crude product, 600 g of hexane, 60 g
of Raney nickel and 60 g of zeolite were charged. - Hydrogen was
introduced into the autoclave and the pressure of hydrogen was adjusted
to 20 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 20 kg/cm2 and, after stirring for about 30
seconcis, the pressure of hydrogen was released. After repeating this
operation once more, the pressure of hydrogen was increased to 50
kg/cm?2 and the temperature was increased to 130°C in 30 minutes under
stirring. The reaction was conducted at 130°C for 1 hour. The reaction

proceeded during and after the increase in the temperature and decrease

—_—
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benzotriazol e derivatives and the |ike. Exanples of the defoam ng agents
are silicbne oil (dinethyl polysiloxane), polynethacrylates and the |ike.
Exanpl es of the detergent dispersants are sul fonates, phenates,
succi hi mi des and the |ike. Exanples of the 'viscosity index inprovers are
pol ynmet hacryl at es, pol yi sobutyl ene, ethyl ene-propyl ene copol yners,

hydr ogenat ed styrene-di ene copolyners and the |like. The lubricating oil of
the invention is utilized as the lubricating oil for conpression-type

refrigerat or in bitea\preshrd Reasxsidreell. COTRE  intirbhby M tthe! pResdiird $ALRNt S
and the excellent lubricating property. Unlike the conventional [ubricating
oil's, the | uindreaseis thé tempdratufy aitid thehdécrease in the pressure by the
reaction were suitably compensated by decreasing or increasing the
pressure, and the pressure of hydrogen was kept at 50 kg/cm? during the
reaction. After finishing the reaction, the reaction mixture was cooled to
room temperature and the pressure was decreased to atmospheric
pressure. The catalyst was precipitated by standing for 1 hour and the
reaction liquid was separated by decantation. The catalyst was washed
with 100 ml of hexane twice. The washix;g liquid was combined with the
reaction liquid and ﬁlteréd with a filter paper. The combined liquid was
then transferred to a washing vessel and washed with 500 ml of a 5
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 under reduced pressure by using a rotary evaporator. The yield -
was 468 g. |

NMR and IR of the product were measured and it was confirmed
that one of the end structures of the polymer was (A) and the other was a
mixturg of (C) and (D), in which (C) was the major structure and (D) was

the minor structure.

H H
15
H OH D)
Kinematic viscosity, compatibility with Flon, volume intrinsic
resistance and stability to hydrolysis of the polymer of ethyl vinyl ether

were measured. The results are shown in Table 1.
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excel l ent conpatibility wth hydrogen-containing Flon conpounds, such as
Flon 134a and the |ike, which are nore specifically 1, 1-dichloro-2, 2, 2-
trifluoroethane (Flon 123), 1-chloro-1, 1-difluoroethane (Flon 142b), 1,1-
di f | uor oet hane (Fl on 152a), chlorodifluoronethane (Flon 22), trifluoro-
met hane (Flon 23), difluoromethane (Flon 32), pentafluoroethane (Flon 125)
and the like in addition to Flon 134a descri bed above. The |ubricating oi
of the invention can be utilized by mxing with

Example § -

By using the catalyst recovered by decantation in Example 4, the
reaction was conducted with 600 g of the crude product prepared in
Example 4 by the same method as in Example 4. The yield was 501 g It

. was shown that the catalyst can be recycled further.

NMR and IR of the product were measured and it was confirmed
that one of the end structures of the polymer was (A) and the other was a
mixture of (C) and (D), in which (C) was the major structure and (D) was
the minor .structure.

Kinematic viscosity, compatibility with Flon, volume intrinsic
resistance and stability to hydrolysis of the polymer of ethyl vinyl. ether

were measured. The results are shown in Table 1.

Example 6

Into a 1 liter giass flask equipped with a dropping funnel, a cooler
and a stirrer, 250 g of toluene, 36.82 g of isopropyl alcohol and 4.35 g of
boron trifluoride diethyl etherate were charged. Into a dropping funnel,
500 g of isopropyl vinyl ether was charged and dropped in 30 minutes.
During this period, the reaction started and the temperature of the
reaction solution increased. The temperature was kept at about 30°C by
cooling with an ice water bath. After finishing the dropping, the solution
was further stirred for 5 minutes. The reaction mixture was transferred
to a washing vessel and washed with 130 mll of a 3 weight % aqueous
solution of sodmm hydroxide 3 times and then with 200 ml of water 3

times. The solvent and unreacted raw materials were removed under

This Sheet Has Been R« laced

_ 66
- IIIIIIIIIIII|||II|II




- 25 - another lubricating oil for conpression-type refrigerators for the
purpose O0f inproving the conpatibility with the refrigerant. The net hod of
production of a polyvinyl ether conpound of the second object of the

i nvention is described next. In the nmethod. of production of a polyvinyl

et her conpound of the invention, the conpound expressed by the formula
(IX): [err] is utilized as the raw material vinyl ether nononmer. In the
formul a descri bed above, R err], Rerr] and Rlerr] are each a

reduced pressure by using a rotary evaporator to obtain 475.3 g of the
crude product.
Into an autoclave, 380 g of the crude product, 100 g of hexane, 45 g
of Raney nickel and 45 g of zeolite were charged Hydrogen was
introduced into the autoclave and the pressure of hydrogen was adjusted
to 20 kg/cm2. After stirring for about 30 seconds, the pressure was
released. Hydrogen was introduced into the autoclave again to make the
pressure of hydrogen 20 kg/cm?2 and, after stirring for about 30 seconds,
the pressure of hydrogen was released. After repeating this operation
once more, the pressure of hydrogen was increased to 50 kg/cm2 and the
temperature was increased to 130°C in 30 minutes under stirring. The
reaction was conducted at 130°C for 1 hour. The reaction proceeded
during and after the increase in the temperature and decrease in the
pressure was observed. The increase in the pressure with increase in
‘the temperature and the decrease in pressure with reaction were
— - suitably compenéated by decreasing or increasing the pressure and the
pressure of hydrogen was kept at 50 kg/cm? during the reaction. After
finishing the reaci.;ion, the reaction mixture was cooled to room
temperature and the pressure was decreased to atmospheric pressure.
" The catalyst was .p_recipitated by standing for 1 hour and the 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 catalyst could be used by
recycling further. The combined liquid was then transferred to a

washing vessel and washed with 200 ml of a 5 weight % aqueous solution

//
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hydrogen_atom or a hydrocarbon having 1 to 8 carbon atons, and may be the

same or thfferent fromeach other. Exanples of the hydrocarbon group are
the sane as those shown as the exanples in the description of Rerr] to

R[err’} inthe formula (XXII'). Rerr], Rerr] and Rerr] are each preferably

a hydrogen atom or an aliphatic hydrocar bon group having 5 or less carbo

n

atons, and nore preferably a hydrogen atom or a hydrocarbon group having 3
or less carbon atons. In the formila (I'X), Rerr] is a bivalent hydrocarbon

o oup are 1 not shflt EFRRAAE A find 4ol 868 FheB 200 o ot BhEe PaRECS "Rl

group having

in the times. Hexane, water and the like were removed under reduced

pressure by using a rotary evaporator. Thg yield was 287 g.

NMR and IR of the product were measured and it was confirmed
that one of the end structures of the polymer w;s (E) and the other was a
mixture of (F) and (D), in which (F) was the zﬁajor structure and (D) was
the minor structure.

- FF i
7-¢- §-8
H OCH(CHg); (E) H OCH(CHj3); @

Kinematic viscosity, compatibility with Flon, volume intrinsic
resistance and stability to hydrolysis of the polymer of isopropyl vinyl

ether were measured. The results are shown in Table 1.

Example 7

Into a 1 liter autoclave, 200 g of toluerié, 55gof ;n:athanol and 1.2 g
of boron trifluoride diethyl etherate were charged and the atmosphere
inside of the autoclave was replaced with nitrogen. While the content of
the autoclave was stirred, 200 g of methyl viriyl ether was pressurized
therein in 4 hours. During this period, the reaction started and the
geheration of heat was observed. The reaction was conducted while the
temperature inside of the autoclave was kept at about 5°C by cooling the
autoclave with an ice water bath. After finishing the addition of methyl
vinyl ether under pressure, the solution was further stirred for 5

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

* il




formula (XXIl). Rerr] is preferably an aliphatic group having 2 to 4
carbon atbns and R220 nay be the sane or different fromeach other. In the
formula (1 X), g shows the nunber of repeating and the average of g is in
the range of 0 to 10 and preferably in the range of 0 to 5. R23 in the
formula (1 X) is a hydrocarbon group having 1 to 10 - 26 - carbon atons
and exanpl es of the hydrocarbon group are the sane as

washed with 100 ml of a 5 weight % aqueous solution of sodium
hydroxide 3 times and then with 100 ml of water 3 times. The solvent and
unreacted raw materials were removed under reduced pressure by
using a rotary evaporator to obtain 165 g of the cz::.de product.

Into an autoclave, 165 g of the crude product, 200 g of hexane, 15 g
of Raney nickel and 15 g of zeolite were charged. Hydrogen was
introduced into the autoclave and the pressure of hydrogen was adjusted
to 20 kg/cm2. After stirring for about 30 seconds, the pressure was
released. .I-'Iydrogen was introduced into the autoclave again to make the
pressure of hydrogen 20 kg/cm2 and, after stirring for abqut 30 seconds,
the pressure of hydrogen was released. After repeating this operation
once more, the pressure of hydrogen was increased to 50 kg/cm2 and the
temperature was increased to 130°C in 30 minutes under stirring. The
reaction was conducted at 130°C for 1 hour. The reaction proceeded
during and after the increase in_the temperature and decrease in the
pressure was observed. The increase in the pressure with increase in
the temperature and the decrease in the pressure with reaction were
suitably compensated by decreasing or increasing the pressure and the
pressﬁré of hydrogen was kept at 50 kg/cm2 during the reaction. After
finishing the reaction, the. reaction mixture was cooled to room
temperature and the pressure was decreased to atmospheric pressure.
The catalyst was precipitated by standing for 1 hour and the reaction
liquid was separated by decantation. The catalyst was washed with 50
ml of hexane twice. The washing liquid was combined with the reaction

liquid and filtered with a filter paper. Hexane was removed under
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t hose shown as the exanples in the description of R46 in the fornula
(XXI'l). Herr] is preferably a hydrocarbon group having 8 or |ess carbon
atons. \Wen g is 0, an alkyl group having 1 to 6 carbon atons is

partieul arly preferable and, when q is 1 or nore, an alkyl group having 1
to 4 carbon atons is partlcularly pref erabl e.  Exanpl es of the vinyl ether
nononmer expressed by the formula (1 X) are: vinyl nethyl ether, vinyl ethyl
et her, vinyl n-propyl ether, vinyl isopropyl ether vi nyl n- butyl et her,

by o e e A ™
2- ethoxyet hyl, st ified. v "Thd lﬁh@&tﬁgéythjen transferred to a washing vessel and
washed with 100 ml of a § weight % aqueous solution of sodium
hydroxide 3 times and then with 100 ml of dlstxlled water 5 times.
Chloroform, water and the like were removed under reduced pressure by
using a rotary evaporator. The yield was 150 g.
NMR and IR of the product were measured and it was confirmed
that one of the end structures of the polymer was (G) and the other was a
mixture of - (B) and (D), in which (B) was the major structure and (D) was
the minor structure.
H H
5.
H OCHjg (@)
Kinematic viscosity, compatibility with Flon, volume intrinsic
resistance and stability to hydrolysis of the polymer of methyl vinyl ether

were measured. The results are shown in Table 1.

Example 7A

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 1000 g of toluene, 500 g of acetaldehyde diethyl acetal and
5.0 g of boron trifluoride diethyl etherafe were charged. Into a dropping
funnel, 2500 g of ethyl vinyl ether was charged and dropped in 2 hours
and 30 minutes. During this period, the reaction started and the
temperature of the reaction solution increased. The temperature was

kept at about 25°C by cooling with an ice water bath. After finishing the

(L This Sheet Has Been Re
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met hyl et hyl ether, vinyl 2-methoxypropyl ether, vinyl 3,6-di oxaheptyl
ether, vinyl 3,6,9-trioxadecyl ether, vinyl 1,4-dinethyl-3, 6-di oxaheptyl
ether, vinyl 1,4,7-trimethyl-3,6,9-trioxadecyl ether, 1-nethoxypropene, 1-
et hoxypr opene, 1-n-propoxypropene, 1-isopropoxypropene, 1-n-butoxy-
propene, 1-isobutoxypropene, 1-sec-butoxypropene, 1-tert-butoxypropene,

2- met hoxypr opene, 2-ethoxypr.opene, 2-n-propoxypropene, 2-iSOpropoxy-
propene, 2-n-butoxypropene, 2-isobutoxypropene, 2-sec-butoxypropene, 2-

L 0" PR, el o e Gt S0 LR SRS
butene, - 1- s e il Wad thiFfred to! £ Wastihy Vebsdr BHE PEshed W' 1000l of
a 5 weight % aqueous solution of sodium hydroxide 3 time and then with
1000 ml of water 3 times. The solvent and unreacted materials were
removed under reduced pressure by using a rot;ry evaporator to obtain
2833 g of the crude product. |
As the results of NMR and IR of the product, one of the end
structures of the polymer was (A) and the other was a mixture of (H) and
(D) in which the ratio (Y(I) was 1/4.5. |
— CH = CHOCH2CH3 )

T
-G~ COCH,CH,

H OCH,CHj D

Example 7B

Into a 2 liter autoclave made of SUS-316L, 700 g of the polymer of
ethyl vinyl ether obtained in Example 7A, 35 g of Raney nickel, 35 g of
zeolite and 1.5 g of water were charged. Hydrogen was introduced into
the autoclave and the pressuré 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 make the pressure of
hydrogen 10 kg/cm? and, after stirring for about 30 seconds, the pressure
of hydrogen was released. After repeating this operation once more, the
pressure of hydrogen was increased to 35 kg/cm2 and the temperature

was increased to 140°C in 30 minutes under stirring. The reaction was
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but ene, 2-ethoxy-1-butene, 2-n-propoxy-1-butene, 2-isopropoxy-1-butene, 2-
n- but oxy-*- but ene, 2-isobut oxy-1-butene, 2-sec-butoxy-1-butene, 2-tert-

but oxy- 1- but ene, 2-met hoxy- 2-but ene, 2-ethoxy-2-butene, 2-n-propoxy-2-
but.ene, 2-isoporpoxy-2-butene, 2-n-butoxy-2-butene, 2-isobutoxy-2-butene,
Dat o: - 27 - 2-sec-butoxy-2-butene, 2-tert-butoxy-2-butene and the |iKke.
These vi nyl

conducted at 140°C for 2 hours. The reaction proceeded during and after
the increase in the temperature and decrease in the pressure was
observed. The increase in the pressure with increase m the temperature
and the. décrease in the pressure with reaction were suitably
compensated by decreasing or increasing the p;essure and the pressure
of hydrogen was kept at 35 kg/cm? during the reaction. After finishing
the reaction, the reaction mixture was cooled to room température and
the pressure was decreased 1;.0 atmospheric pressure. The reaction
product was filtered with a filter paper. The reaction product was then
transferred to a 2 liter washing vessel, diluted with 300 g of hexane and
washed with 250 ml of a 5 weight % aqueous solution of sodium
hydroxide 3 times and then with 250 ml of distilled water 5 times.
Hexane, water and the like were i'emoved under reduced pressure by
using a rotary evaporator. The yield was 550 g. As the results of NMR
and IR of the product, one of the end structures of the polymer was (A)

and the other was a mixture of (C) and (D). -

Example 7C

Into a 500 ml glass flask’ equipped with a dropping funnel, a cooler
and a stirrer, 50 g of toluene, 1;7.7 g of acetaldehyde diethyl acetal and 1.5
g of boron trifluoride diethyl etherate were charged. Into a dropping
funnel, 43 g of ethyl vinyl ether and 65 g of isopropyl vinyl ether were
charged and dropped in 50 minutes. The temperature of the reaction
solution increased by the heat of reaction and the temperature was kept

at about 30°C by cooling with an ice water bath. After finishing the
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ethers can be produced by any of the conventional nethods. In the method of
the invertion, a conbination of a Bronsted acid, a Lewis acid or an
organonetal | i ¢ conpound and water, an al cohol, a phenol, an acetal or an
addi tfon product of a vinyl ether and a carboxylic acid can be used as the
initiator. Exanples of the Bronsted acid are hydrofluoric acid,

hydrochl oric acid, hydrobrom c acid, nitric acid, sulfuric acid,
trichloroacetic acid, trifluoroacetic acid and the |ike. Exanples of the
Lews acid are boron triflJuoride, aluminumtrichloride, alunm num

tribron de, dropping, thesolutien was furthen) sirred foreb minvtesor The reastione

ik Al th
' ke. Among mlx(%a(za'e was transferred to a washing vessel and washed with 100 ml of

a 5 weight % aqueous solution ot‘ sodium hydroxide 3-times and then with
150 ml of water 3 times. The solvent and unreacted raw materials were
removed under reduced pressure by using a rotary evaporator to obtain
120 g of the crude product. The crude product had the kinematic
'viscosity of 48.8 cSt at 40°C. As the results of NMR and IR of the product,
one of the end structures of the polymer was a mixture of (A) and (E),

. and the other was a mixture of (H), (I) with structures in which the
oxyethyl groups in (H) and (I) were replaced by an oxyisopropyl group,
respectively.

Example 7D '
Into a 1 liter autoclave made of SUS-316L, 110 g of the copolymer of |

ethyl vinyl ether and isopropyl vinyl ether obtained in Example 7C, 300 g
of hexane, 5.5 g of Raney nickel and 5.5 g of zeolite were charged.
Hydrogen was introduced into the autoclave and the pressure of
hydrogen was adjusted to 20 kg/cm2. After stirring for about 30 seconds,
the pressure was released. H&drogen was introduced into the autoclave
again to make the pressure of hydrogen 20 kg/cm? and, after stirring for
about 30 seconds, the pressure of hydrogen was released. After
repeating this operation once more, the pressure of hydrogen was
increased to 50 kg/cm2 and the temperature was increased to 140°C in 30
minutes undef stirring. The reaction was conducted at 140°C for 2

hours. The reaction proceeded during and after increase in the
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Lewi s acids, boron trifluoride and conpl exes thereof are particularly
preferable. Exanples of the organonetallic conpound are diethyl alum num
chloride, ethyl alum numchloride, diethylzinc and the |ike. A suitable
conpotund may be selected fromwater, an al cohol, a phenol, an acetal and an
adduct of a vinyl ether with a carboxylic acid and utilized in conbination
with a Bronsted acid, a Lewis acid or an organonetal | i c conpound. Exanpl es
of the al cohol described above-are: saturated aliphatic alcohols having 1

0,10, 2" ety BRIt FLABIEA i 688, HE1ENMRM 1n,
the pressure with increase in the temperature and the decrease in the
pressure with reaction were suitably compensated by decreasing or
increasing the pressure and the pressure of h}fdrogen vﬁas kept at 50
kg/cm?2 during the reaction. After finishing tI:e reaction, the reaction
mixture was cooled to room temperature and the pressure was
decreased to atméspheric pressure. The reaction product was filtered
with a filter paper. The reaction product was then transferred to a
washing vessel and washed with 100 ml of a 5 weight % aqueous solution
of sodium hydroxide 3 times and then with 150 ml of distilled water 5
times. Hexane, water and the like were removed under reduced
pressure by using a rotary evaporator. The yield was 97 g. As the results
of NMR and IR of the product, one of the end structures of the polymer
was a mixture of (A) and (E) and the other was a mixture of (C), (F) and
(D), in which (C) and (F) were the major structures and (D) was the

minor structure.

Example 7E

Into a 500 ml glass flask equipped with a dropping funnel, a cooler
and a stirrer, 80 g of toluene, 40 g of propionaldehyde diethyl gcetal and
0.4 g of boron trifluoride diethyl etherate were charged. Into a dropping
funnel, 116 g of l-ethoxy-l-propene was charged and dropped in 60
minutes. The temperature of the reaction solution increased by the heat
of reaction and the temperature was kept at about 30°C by cooling with an
ice water bath. After finishing the dropping, the solution was further

\
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vari ous kinds of pentanol, various kinds of hexanol, various kinds of
octanol and the like; alcohols containing oxygen bonded as the ether bond,
such as ethyl ene glycol nonoal kyl ethers, ethylene glycol nonoaryl ethers,
propyl ene gl ycol nonoal kyl ethers, propylene glycol nonoaryl - 28 -

et hers, polyethylene glycol nonoal kyl ethers, polyethylene glycol nonoaryl
ethers, pol ypropyl ene gl ycol nonoal kyl ethers, polypropyl ene

- stirred for 40 minutes. The reaction mixture was transferred to a
fvashing vessel and washed with 150 ml of a 5 weight % aqueous solution
of sodium hydroxide 3 times and then with 200 ml of water 3 times. The
solvent and unreacted raw materials were removed under reduced
pressure by using a rotary evaporator to obtain 140 g of the crude product.
The crude product had a kinematic viscosity of 34.4 cSt at 40°C.

Into a 1 liter autoclave made of SUS-316L, 120 g of the crude
product, 300 g of hexane, 6 g of Raney nickel and 6 g of zeolite were
charged. Hydrogen was introduced into the autoclave and the pressure
of hydrogen was adjusted to 20 kg/cm2. After stirring for about 30
seconds, the pressure was released. Hydrogen was introduced into the
autoclave again to make the pressure of hydrogen 20 kg/cm? and, after
stirring for about 30 seconds, the pressure of hydrogen was released.
After repeating this operation once more, the pressure of hydrogen was
increased to 50 kg/cm? and the temperature was increased to 130°C in 30
minutes under stirring. The reaction was conductéd at 130°C for 2
hours. The reaction proceeded during and after the increase in the
temperature and decrease in the pressure was observed. The increase in
the pressure with increase in the temperature and the decrease in the
pressure with the reaction were suitably compensated by decreasing or
increasing the pressure and the pressure of hydrogen was kept at 50
kg/cm2 during the reaction. After finishing the reaction, the reaction
mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. The catalyst was precipitated by

standing for 1 hour and the reaction liquid was separated by decantation.
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gl ycol nonoaryl ethers, 1,3-dinethoxy-2-propanol, 1-ethoxy-3-nmethoxy-2-
propanol ,* 1, 3-di et hoxy- 2- propanol and the |like; and the |ike conpounds.
Among t hese conpounds, aliphatic al cohols having 3 or |ess carbon atons are
preferable as the aliphatic al cohols, and nethanol and ethanol are
particularly preferable. As the al cohol containing oxygen bonded as the

et her bond, conpounds of this structure having 14 or |ess carbon atons are
pref erabl e. Exanpl es of the phenol are phenol, various kinds of cresol and

the |1 ke comgigia ot Wl #haRba WinS bl of sl hAAe S WASHER Havia
‘ was combined with the reaction liquid and filtered with a filter paper.

The combined liquid was then traﬁsfened to a 1 liter washing vessel and

washed with 150 ml of a 5 weight % aqueous solution of sodium

hydroxide 3 times and then with 200 ml of distilled water 5 times.

Hexane, water and the like were removed under reduced pressure by

using a rotary evaporator. The yield was 95 g. As the results of NMR

and IR of the product, one of the end structures of the polymer was (J)

and the other was a mixture of (K) and (L), in which (K) was the major

structure and (L) was the minor structure.

gee ¥ g g
HC—C— —~C—CH Y S -

I | : | |
H OCH,CHjg 8)! H OCH)CH; X Ili (!)H (L)

Example 7F

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 1000 g of toluene, 304 g of ethanoi and 7.8 g of boron
trifluoride diethyl etherate were charged. Into a dropping funnel, 3284 g
of ethyl vinyl ether was charged and dropped in 4 hours and 30 minutes.
During this period, the temperature of the reaction solution increased by
the heat of reaction and the temperature was kept at about 25°C by
cooling with an ice water bath. After ﬁﬁishing the dropping, the solution
was further stirred for 5 minutes. The reaction mixture was transferred
to a washing vessel and washed with 1100 ml of a 5 weight % aqueous
solution of sodium hydroxide 3 times and then with 1100 ml of water 3
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acet al dehyde di ethyl acetal, acetal dehyde nmethyl ethyl acetal, acetal dehyde
di -n-propyl acetal, acetal dehyde methyl n-propyl acetal, acetal dehyde et hyl
n- propyl acetal, acetal dehyde diisopropyl acetal, acetal dehyde net hyl

i soprdpyl acetal, acetal dehyde ethyl isopropyl acetal, acetal dehyde

n- propyl isopropyl acetal, acetal dehyde di-n-butyl acetal, acetal dehyde

nmet hyl n-butyl acetal, acetal dehyde ethyl n-butyl acetal, acetal dehyde

n- propyl n-butyl acetal, acetal dehyde isopropyl n-butyl acetal

acet al dehyde dii sgbu tyI acetal, acetal dehyde nethyl isobut acet al

acet al dehydémesnyThesenluent and-unreagied: sawempaterials Woxa T @Sﬁﬁ YGRSt al |
acetal dehydeedhség tft)assure %bUt g%ngage;&afyagfgp%rggoxy go obta Dt ¥3E397 g of the
crude product.

Into a 2 liter autoclave made of SUS-31§L, 600 g of the crude
product, 600 g of hexane, 18 g 6f Raﬁey nickel and 18 g of zeolite were
charged. . Hydrogen was introduced iﬁto the autoclave and the pressure
of hydrogen was adjusted to 20 kg/cm2. After stirring for about 30
secends, the pressure was released. Hydrogen was introduced into the
autoclave again to make the pressure of hydrogen 20 kg/cm2 and, after
stirring for about 30 seconds, the pressure of hydrogen was released.
After repeating this operation once mofe, the pressure of hydrogen was
increased to 50 kg/cm? and the témperature was increased to 140°C in 30
minutes under stirring. The reaction was conducted at 140°C for 2
hours. The reaction proceeded during and after the increase in the
temperature and decrease in the pressure was observed. The increase in
the pressure with increase in the temperature and the decrease in the
pressure with the reaction were suitably compensated bj decreasigg or
increasing the pressure and the pressure of hydrogen was kept at 50
kg/cm?2 during the reaction. After finishing the reaction, the reaction
mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. The catalyst was precipitated by
standing for 1 hour and the reaction liquid was separated by decantation.
The catalyst m)as 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
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| sobutyl acetal, acetal dehyde di-sec-butyl acetal, acetal dehyde nethyl

sec- butyl* acetal, acetal dehyde ethyl sec-butyl acetal, acetal dehyde n-
propyl sec-butyl acetal, acetal dehyde isopropyl sec-butyl acetal, - 29 -
acet at dehyde n-butyl sec-butyl acetal, acetal dehyde isobutyl sec-butyl
acetal, acetal dehyde di-tert-butyl acetal, acetal dehyde nethyl tert-butyl
acetal, acetal dehyde ethyl tert-butyl acetal, acetal dehyde n-propyl tert-

and washed with 500 ml of a 5 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 under reduced pressure by
‘using a rotary evaporator. The yield was 492 g. As the results of NMR
and IR of the product, one of the end structure“s of the polymer was (A)
and the other was a mixture of (C) and (D), in which (C) was the major
structure and (D) was the minor structure.
Example 7G

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 1000 g of toluene, 500 g of acetaldehyde diethyl acetal and
5.0 g of boron trifluoride diethyl -etherate were charged. Into a dropping
funnel, 2700 g of ethyl vinyl ether was charged and dropped in 3 hours.
The temperature of the reaction solution increased by the heat of reaction
and the temperature was kept at about 25°C by cooling with an ice water

™ - bath. After finishing the dropping, the solution was farther stirred for 5

minutes. The reaction mixture was transferred to a washing vessel and
washed with 1000 ml of a 5 weight % adueous solution of sodium
hydroxide 3 times and then with 1000 ml of water 3 times. The solvent
and unreacted raw materials were removed under reduced pressure by
using a rotary evaporator to obtain 3040 g of the crude product. The
crude product had a kinematic viscosity of 42.1 ¢St at 40°C.

Into a 2 liter autoclave made of SUS-316L, 600 g of the crude
product, 600 g of hexane, 18 g of Raney nickel and 18 g of zeolite were
charged. Hydrogen was introduced into the autoclave and the pressure
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butyl acetal, acetal dehyde isopropyl tert-butyl acetal, acetal dehyde
n-butyl tert-butyl acetal, acetal dehyde isobutyl tert-butyl acetal,
acet al dehyde sec- butyl tert-butyl acetal, acetal dehyde

di ([err]-methoxyethyl) acetal, acetal dehyde ([err]-methoxyi sopropyl)
acetal, propional dehyde dinethyl acetal, propional dehyde diethyl acetal,
pr opi onal dehyde nethyl ethyl acetal, propional dehyde di-n-propyl acetal,
propi onal dehyde net hyl n- propyl acetal, propional dehyde ethyl n-propyl

opr oyl aBELT dehﬁ'ﬂe . aoRee e 07 el AR sgHag SF 4ot 3R, de
Br g;?g%; hz(ﬁg‘a’&% tﬁ%eltnaelssu% %)éso réie‘l%Q&f’e}ﬂang&k'%s %ﬁloﬁhced into the
autoclave again to make the pressure of hydrogen 20 kg/cm? and, after

stirring for about 30 seconds, the pressure of hydrogen was released.
After repeating this operé.tion once more, the p:essure of hydrogen was
increased to 50 kg/cm2 and the temperature was increased to 140°C in 30
minutes under stirring. The reaction was conducted at 140°C for 2
hours. - The reaction proceeded during and after the increase in the
temperature and decrease in the pressure was observed. The increase in
the pressure with increase in the temperature and the decrease in the
pressure with the reaction were suitably compensated by decreasing or
increasing the pressure and the pressure of hydrogen was kept at 50
kg/cm?2 during the reaction. After finishing the reaction, the reaction
mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. The catalyst was precipitated by
standing for 1 hour and the 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 § weight % aqueous solution of sodium
hydroxide 3 times and then with 500 ml of distilléd water 5 times.
Hexane, water and the like were removed under, reduced pressure by
using a rotary evaporator. The yield was 495 g. The polymer had the

same end structures as those in Example 4.
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met hyl . n-butyl acetal, propional dehyde ethyl n-butyl acetal,

pr opi onal*dehyde n-propyl n-butyl acetal, propional dehyde isopropyl n- butyl
acetal, propional dehyde diisobutyl acetal, propional dehyde nethyl isobutyl
acetal, propional dehyde ethyl isobutyl acetal, propional dehyde n- propyl

| sobutyl acetal, propional dehyde isopropyl isobutyl acetal, propional dehyde
n- butyl isobutyl acetal, propional dehyde di-sec-butyl acetal,
propionaldehyde nmet hyl sec-butyl acetal, propional dehyde ethyl sec-butyl

acet al , Q]glg,?g Hde n- propyl sec- butyl acetal, propional dehyde
|sopropyl Sec acetal, propional dehyde n- butyI sec- butyl acetal,

propi onal dehyde Iﬁab&'%t&eélagb”ﬂﬂskaé‘tﬁhﬁbed%ﬂ'é"&bﬂﬁﬁiﬁjﬁmnel, a cooler
and a stirrer, 1000 g of toluene, 450 g of acetaldehyde diethyl acetal and
4.5 g of boron trifluoride diethyl etherate were charged. Into a dropping
funnel, 3200 g of ethyl ﬁnyl ether was charged “and dropped in 4 hours
and 10 minutes. The temperature of the reaction solution increased by
the heat of reactioﬁ and the temperature was kept at about 25°C by
cooling with an ice water bath. After finishing the dropping, the solution
was further stirred for 5 minutes. The reaction mixture was transferred' {
to a washing vessel and washed with 1000 ml of a 5 weight % aqueous
solution of sodium hydroxide 3 times and then with 1000 ml of water 3
times. | The solvent and unreacted raw materials were removed under
reduced pressure by using a rotary evaporator to obtain 3466 g of the
crude product. The crude product had a kinematic viscosity of 76.1 ¢St at
40°C.

- Into a 2 liter autoclave made of SUS-316L, 600 g of the crude
product, 600 g of hexane, 18 g of Raney nickel and 18 g of zeolite were
charged. Hydrogen was introduced into the autoclave and the pressure
of hydrogen was adjusted to 20 kg/cm2. After stirring for about 30
seconds, the pressure was released. Hydrogen waé introduced into the
autoclave again to m#ke the pressure of hydrogen 20 kg/cm?2 and, after
stirring for about 30 seconds, the pressure of hydrogen was released.
After repeating this operation once more, the pressure of hydrogen was
increased to 50 kg/cm? and the temperature was increased to 140°C in 30

. minutes under stirring. The reaction was conducted at 140°C for 2
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di-tert-butyl acetal, propional dehyde nethyl tert-butyl acetal,

pr opi onal dehyde ethyl tert-butyl acetal, propional dehyde n-propyl tert-
- 30 - butyl acetal, propional dehyde isopropyl tert-butyl acetal,
propi 6nal dehyde n-butyl tert-butyl acetal, propional dehyde isobutyl
tert-butyl acetal, propional dehyde sec-butyl tert-butyl acetal,

pr opi onal dehyde di ([err]- nethoxyethyl) acetal, propional dehyde

di ([ err]-met hoxyi sopropyl) acetal, n-

hours. The reaction proceeded during and after the increase in the
temperature and decrease in the pressure was observed. The increase in
the pressure with increase in the temperature and the decrease in the
pressure ﬁth the reaction were suitably compepsated by decreasing or
increasing the pressure and the pressure of hydrogen was kept at 50
kg/cm?2 during the reaction. After ﬁnishing the reaction, the reaction
mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. The catalyst was precipitated by
standing for 1 hour and the 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 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 under reduced pressure by
using a rotary evaporator. The yield was 498 g. The polymer had the

same end structures as those in Example 4.

Kinematic viscosity, con;patibi]ity with Flon (Flon 134a), volume
intrinsic resistance and stability to hydrolysis of the polymers obtained in
Examples 7A to TH were measured. The results are shown in Table 1A.
Compatibility of the polymers obtained in Examples 7G and 7H with Flon

32 was also measured and the results are shown in Table 1B.

Comparative Example 1

[
as Been Replaced

S 1| [ ,'



but yr al dehyde di net hyl acetal, n-butyral dehyde di ethyl acetal, n-

but yr al dehyde net hyl ethyl acetal, n-butyral dehyde di-n-propyl acetal, n-
but yr al dehyde net hyl n-propyl acetal, n-butyral dehyde ethyl n-propyl
acetal, n-butyral dehyde diisopropyl acetal, n-butyral dehyde net hyl

| sopropyl acetal, n-butyral dehyde ethyl isopropyl acetal, n-butyral dehyde
n- propyl isopropyl acetal, n-butyral dehyde di-n-butyl acetal, n-

but yr al dehyde net hyl n- butyl acetal , n-butyral dehyde ethyl n- butyI acet al ,

n- but yr al dehyde nﬁro%tup but%% acet al tgt??ﬂ yral,d de | opyl,. n- butyl
acetal , n-butyral JFAPCEY comna ¥- W %ﬁnﬁe‘%ﬁﬂ
| sobut yI acetg&lst&géj tﬁ'ﬂ& | m&%yewyﬁyﬂ?&%ﬁy Iwere measured by using a

commercial paraffinic mineral oil (VG32). The results are shown in

Table 1A.

Comparative Example 2

Kinematic viscosity, compatibﬂity with Flon, volume intrinsic
resistance and stability to hydrolysis were measured by using
polypropyléne glyéol Unilub MB11® (a product of Nippon Yushi Co.,
Ltd.). The results are shown in Table 1A.

Comparative Example 3
Into a 5 liter glass flask equipped with a Dean and Stark tube,
cooler and a stirrer, 1091 g of pentaerythritol and 3909 g of n-hexanoic
acid were charged and the mixture was heated under stirring. When
the temperature of the solution reached to 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 hexanoic acid was recovered under reduced pressuré. The
remaining solution was transferred to a washing vessel and, after being
dissoived in 2 liter of hexane, washed with 1500 ml of a 3 weight %
aqueous solution of sodium hydroxide 3 times and with 1500 ml of water 3
times. Further, 800 g of an ion exchange resin was added and the
e
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acetal, n-butyral dehyde n-propyl isobutyl acetal, n-butyral dehyde isopropyl

i sobutyl acetal, n-butyral dehyde n-butyl isobutyl acetal, n- butyral dehyde

di -sec-butyl acetal, n-butyral dehyde nethyl sec-butyl acetal,

n- but yral dehyde et hyl sec-butyl acetal, n-butyral dehyde n-propyl sec-butyl

acetal, n-butyral dehyde isopropyl sec-butyl acetal, n- butyral dehyde

n- butyl sec-butyl acetal, n-butyral dehyde isobutyl sec-butyl acetal,

n- but yral dehyde di-tert-butyl acetal, n-butyral dehyde nmethyl tert- butyl

acetal, n-butvr,al dehyde,.et hyl r,t but acgetal ,, n-butyral dehyde n r opy
il Gie e StSTed o §ioso, pitm exbangs yesizy was removed by

tert-butyl acetar,
butyral dehydg 1016k YAnd Hexalld Was*Fsihdved hnddry ré gge@%%eégfr%uﬂylugxgrgté

rotary evaporator. The yield of the polyolester was 3390 g.

L)

Kinematic viscosity, compatibility with Flon, volume intrinsic
resistance and stability to hydrolysis of the polymer obtained above were

measured. The results are shown i in Table 1A.
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butyl acetal, n-butyral dehyde sec-butyl tert-butyl acetal, n-butyral dehyde
- 31 - di¢[err]-nmethoxyethyl) acetal, n-butyral dehyde

di ([err]-nmet hoxyi sopropyl) acetal and the |ike. Exanples of the carboxylic
acid uatilized for formng the adduct with a vinyl ether are acetic acid,
propionic acid, n-butyric acid, isobutyric acid, n-valeric acid, isovaleric
acid, 2-nethylbutyric acid,

Table 1A (Part 1)

kinematic compatibility with Flon 134a
viscosity temperature of temperature of
' separation at low separation at high
(cSt) temperature (°C) temperature (°C)
40°C 100°C 5% 10% 5% 10%
Example 1 17.8 3.68 -60.0> -60.0> 80.0< 80.0<
Example 2 49.8 6.55 -60.0> -60.0>  80.0< 80.0<
Example 3 510 6.57 -60.0> -60.0> 80.0< 80.0<
Example 4 412 6.24 -60.0> -60.0> 80.0< 80.0<
Example 5 319 6.07 -60.0> -60.0> 80.0< 80.0<
Example 6 22.8 3.77 -60.0> —60.0> 80.0< 80.0<
Example 7 6310 . 26.30 -60.0> -60.0> 80.0< 80.0<
Example 7A 38.1 5.18 -60.0> -60.0> 80.0< 80.0<
Example 7B 379 5.67 -60.0> -60.0>. 80.0< 80.0<
Example 7C 48.8 6.05 —-60.0> -60.0> 80.0< 80.0<
Example 7D 40.0 5.85 ~-60.0> -60.0> 80.0< 80.0<
Example 7E 26.8 4.20 ~60.0> ~60.0> 80.0< 80.0<
h Example TF 165 341 -60.0> -60.0>  80.0<  80.0<
Example 7G 316 5.15 -60.0> -60.0>  80.0<  80.0<
Example TH 55.2 132 -60.0> -60.0> 80.0< 80.0<
Comparative 37.7 4.6 . not dissolved not dissolved
Example 1
Comparative 56.1 10.8 -60.0> -60.0> 55.5 515
Example 2 )
Comparative 179 4.0 -60.0> -45.0 - 80.0< 80.0<
Example 3 '

(TablelA continued)
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pivalic acid, n-caproic acid, 2,2-dinehylbutyric acid, 2-nethylvaleric
acid, 3-methylvaleric acid, 4-nethylvaleric acid, enanthic acid, 2-

met hyl caproic acid, caprylic acid, 2-ethylcaproic acid, 2-n-propylvaleric
acid, m-nonanoic acid, 3,5,5-trinethylcaproic acid, undecanoic acid and the
i ke. The vinyl ether may be the sane as or different fromthose utilized
for the polynerization and the specific exanples are the sane conpounds as
t hose nentioned as exanples in the description of the vinyl ether nononers
expressed by the formula (1X). The adduct of the vinyl ether and the
carboxylic acid can be obtained byTshl&ildy Prd2d

volume intrinsic result of hydrolysis test
resistance at 80°C sample oil appearance
(Q-cm) appearance total acid value  of piece of
. (mg KOH/g) copper
Example 1 1.5x1012 good 0.5> good
Example 2 3.9x1012 good 0.5> good
Example 3 - 1.5x1012 good 0.5> good
Example 4 2.0x1013 good 0.5> good
Example 5§ 1.6x1013 good 0.5> good
Example 6 : 6.1x1012 good 0.5> good
Example 7 1.3x1012 good 0.5> good
Example 7A 15x1012 - - -
Example 7B 1.9x1012 good 0.5> good
Example 7C 1.4x1012 - - -
Example 7D 1.9x1013 good 0.5> good
Example 7E 6.5x1013 good 0.5> good
o Example 7F 2.3x1013 good T 05> ° . good
Example 7G 1.5x1014 good 0.5> good
Example 7TH 5.8x1013 good 0.5> good
Comparative 2.0x1014 . good - 0.5> good
Example 1
Comparative 5.8x108 good 0.5> good
Example 2
Comparative 4.0x1012 poor 2.5 poor
Example 3
(End of Table 1A)
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conpounds and conducting the reaction at a tenperature around O to

100[ err] C: The adduct may be utilized for the reaction after

isolation with

distillation or as such without isolation. To the initiated end of the

pol ym&r, hydrogen is attached when water, the al cohol or the phenol is used

and, when the acetal is used, the group forned by elimnation of one of the

al koxy groups fromthe used acetal is attached. When the adduct of a vinyl

ether with a carboxylic acid is used, the group fornmed by elimnation of

t he al kyl car bonyl oxy group derived frqp;i S carboxyllc acid fromthe adduct
C

I's attached.

of the vinyl ether with the carboxyli

" compatibility with Flon 32
temperature of separation temperature of separation
at low temperature (°C) at high temperature (°C)
Flon/sample (wt.%) — Flon/sample (wt.%)
90/10 - 80/20 90/10 80/20
Ex_ample G -20 -15 40< 40<
Example 7TH -5 0 40< 40<

Example 8

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 1000 g of toluene, 234 g of ethanol and 6.0 g of boron
trifluoride diethyl etherate were charged. Into the dropping funnel, 2526
g of ethyl vinyl ether was charged and dropped in 3 hours and 20
minutes. During this period, increase in the temperature of the reaction
solution by the heat of reaction waé observed and the temperature was
kept at about 25°C by cooling w;ith an ice water bath. Until the amount of
the monomer reached the equivalent amount to ethanol, the monomer
was dropped slowly because there was an induction period for the heat
generation. After finishing the dropping, the solution was further
stirred for 5 minutes. The reaction mixture was transferred to a
washing vessel and washed with 870 ml of a 5 weight % équeous solution

of sodium hydroxide 3 times and then with 870 ml of water 3 times. The
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- 32 - Onthe ot her hand, to the term nated end of the polyner, an acetal,
an olefin or an aldehyde is forned when water, the al cohol, the phenol or
the acetal is used. Wien the adduct of a vi nyI ether with a carboxylic acid
is used, a car boxylic acid ester of hem acetal is fornmed. Wen the
carboxylic acid ester of hem acetal is hydrolyzed in the presence of an
acid, an al dehyde is forned.

solvent and unreacted raw materials were removed under reduced
pressure by using a rotary evaporator to obtain 2622 g of the polymer of
ethyl vinyl ether. The product had light yellow color.

Kinematic viscosity, average molecular weights, dispersion of
molecular weight, compatibility with Flonﬁ and volume intrinsic
resistance of the polymer of ethyl vinyl ether obtained in the above were
measured. The results are shown in Table 2.

- The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 1, Figure 2 and Figure 3, respectively.

In Figure 2, the peaks at 101 ppm, 129 ppm and 134 ppm are péaks
assigned to the carbon atom underlined in the following formulae,
respectively:

- CHz - CH(OC2Hs)g

—CH = CH - OC2Hj5

-~ CH =CH - OCaHs.
In Figure 3, the peaks at 4.7 ppm, 5.35 ppm and 5.6 ppm are peaks
é.ésigned to the hydrogen atom underlined in the following formulae,
respectively: |

— CHgz - CH(OC2H5)2

- CH =CH-0C2Hj

- CH = CH - OC2oHs3.
Therefore, the end of the compound was a mixture of the formula (II)

and the formula (III) and the ratio of the numbers of molecule obtained
from the ratio of proton was: (II) : (IT) = 5.1 : 1.
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Pol ymeri zation tenperature of the vinyl ether nonomer expressed by the
formul a CFX) is generally in the range of -80 to 150[err]C and preferably O
to 100[err] C although the tenperature is varied dependi ng on the kinds of
the rdw materials and the initiator. The polynerization reaction is
finished in a reaction time of about 10 seconds to 10 hours. For adjusting
the nol ecul ar weight in the polynerization reaction, the nol ecul ar wei ght
of the polymer can be decreased by increasing the anmount of water, the

al cohol, theg i%##“% the acetal or the adduct of the vinyl ester with the
carboxyllc acl ative to the anount of the vinyl ether nononer expressed

by the formula (ke s25diterglasy flask equipped with a dropping funnel, a cooler
and a stirrer, 1000 g of toluene, 195 g of ethanol and 5.0 g of boron
trifluoride diethyl etherate were charged. Into a dropping funnel, 3005 g
of ethyl vinyl ether was charged and dropped in 3 hours and 50 minuies.
During this period, increase in the temperature of the reaction solution
by the heat of reaction was observed and the temperature was kept at
about 25°C by cooling with an ice water bath. Until the amount of the
monomer feached the equiyalent amount to ethanol, the monomer was
dropped slowly because there was an induction period for the heat
generation. After finishing the dropping, the solution was further
stirred for 5 minutes. The reaction mixture was transferred to a
washing vessel and washed with 1000 ml of a 5§ weight % aqueous
solution of sodium hydroxide 3 times and then with 1000 ml of water 3
times. The solvent and unreacted raw materials were removed under
reduced pressure by using a rotary evaporator to obtain 3608 g of the
polymer of ethyl vinyl ether. The product had light yellow color.
Kinematic viscosity, average molecular weights, dispersion of
molecular weight, compatibility with Flon and volume intrinsic
resistance of the polymer of ethyl vinyl ether obtained in the above were
measured. The results are shown in Table 2.
The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 4, Figure 5 and Figure 8, respectively.
The end-structure of the compound was a mixture of the formula (II)

and the formula (III) and the ratio of the numbers of molecule obtained
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I ncreasing the anobunt of the Bronsted acid or the Lewis acid. The

pol yneri zati on can be perforned w thout a solvent but a solvent which is

i nert- under the reaction condition nay be used. The kind of the solvent is
not particularly linmited. Preferable exanples of the solvent are

hydr ocar bon sol vents, such as hexane, benzene, toluene and the |like, and
et her sol vents such as ethyl ether, 1,2-dinethoxyethane, tetrahydrofuran
and the |like. The polynerization reaction can be term nated by addi ng an

al kali. By the methods described above, there is obtained the polyvinyl
by the same method as in Example 8 was: (ID: (III)=3.9: 1. - '

Example 10

Into a 5 liter glass flask equipped with a d}:opping funnel, a -cooler
and a stirrer, 1000 g of toluene, 450 g of acetaldehyde diethyl acetal and
4.5 g of boron trifluoride diethyl etherate were charged. Into a dropping
funnel, 3200 g of ethyl vinyl ether was charged and dropped in 4 hours
and 10 minutes. During this period, increase in the temperature of the
reaction solution by the heat of reaction was observed and the
temperature was kept at about 25°C by cooling with an ice water bath.
After finishing the dropping, the solution was further stirred for 5
minutes. The reaction mixture was transferred to a washing vessel and
washed wi.th 1000 ml of a 5 weight % aqueous solution of sodium

| hydroxide 3 times and then with 1000 ml of water 3 times. The solvent
and unreacted raw materials were removed under reduced pressure by
using a rotary evaporator to obtain 3466 g of the polymer of ethyl vinyl
ether. The product had iight yellow color.

Kinematic viscosity, average molecular weights, dispersion of
molecular weight, compatibiiity with Flon and volume intrinsic
resistance of the polymer of ethyl vinyl ether obtained in the above were
measured. The results are shown in Table 2.

The infrared absorption spectrum is shown in Figure 7.

Example 11
Info_ a 5 liter glass flask equipped with a dropping funnel, a cooler
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- 33 - ether conpound having the constituting unit expressed by the fornula
(X): [errT wherein Rlerr] to Rlerr] and g are as previously defined. Anong
t he net hods of production of the polyvinyl ether conpounds, the two nethods
shown’in the following are preferable. The first of the preferabl e nmethods
I's the nethod of polynerizing :

and a stirrer, 1000 g of toluene, 195 g of ethanol and 4.5 g of boron
trifluoride diethyl etherate were charged. Into a dropping funnel, 3875 g
of ethyl vinyl ether was charged and dropped in 4 hours and 40 minutes.
During this period, increase in the temperaturs_ of the reaction solution
by the heat .of reaction was observed and the temperature was kept at
about 25°C by cooling with an ice water bath. Until the amount of the
monomer reached the equivalent amount to ethanol, the monomer was
dropped slowly because there was an induction period for the heat
generation. After finishing the dropping, the solution was further
stirred for 5§ minutes. The reaction mixture was transferred to a
washing vessel and washed with 1100 ml of a 5 weight % aqueous
solution of sodium hydroxide 3 times and then with 1100 ml of water 3
times. The solvent and unreacted raw materials were removed under
reduced pressuré by using a rotary evaporator to obtain 3867 g of the
polymer of ethyl vinyl ether. The produ_ct had light yellow color.

Kinematic viscosity, average molecular weights, dispersion of
molecular weight, compatibility with Flon and volume intrinsic
resistance of the polymer of ethyl vinyl ether obtained in the above were
measured. The results are shown in Table 2.

The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 8, Figure 9 and Figure 10, respectively.

The ratio of the numbers of molecule of the formula (II) and the
formula (III) obtained by the same method as in Example 8 was: (II) :
Im)=2.9:1.

_—
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the vinyl ether nmononmer in the presence of a Lews acid catalyst and an

acetal expressed by the formul a (XI): [err] In the acetal conpound
expressed by the formula (XlI) used in the nethod described above, R24, R25
and R26 are each a hydrogen atom or a hydrocarbon group having 1 to 8
carbon atons, and may be the sanme or different fromeach other. Exanples of
t he hydrocarbon group are the sane as those shown as exanples in the
description of R42 and R44 in the formula (XXI1). Rerr] and Rerr] are

each a biva F&g;n gocar bon group havi ng 2 to 10 carbon atons, and may the
sanme or d|f erer‘é1 Ttirom each

Into a 500 ml glass flask equipped with a dropping funnel, a cooler
and a stirrer, 125 g of toluene, 19.4 g of isopropyl alcohol and 2.3 g of
boron trifluoride diethyl etherate were charged. Into a dropping funnel,
250 g of isopropyl vinyl ether was charged and _:iropped in 30 minutes.
During this period, increase in the temperature of the reaction solution
by the heat of reaction was observed and the temperature was kept at
about 25°C by cooling with an ice water bath. Aftér finishing the
dropping, the éoluﬁon was further stirred for 5 minutes. The reaction
mixture was transferred to a washing vessel and washed with 80 ml of a
5 weight % aqueous solution of sodium hydroxide 3 times and then with
80 ml of water 3 times. The solvent and unreacted raw materials were
removed under reduced pressure by using a fotary evaporator to obtain
238 g of the polymer of isopropyl vinyl ether. The product had light yellow
color. |

T Kinematic viscosity, average molecular weights, dispersion of
molecular weight, compatibility with Flon and volume intrinsic
resistance of the polymer of isopropyl vinyl ether obtained iﬁ the above
were measured. The results aré shown in Table 2.

The infrared absorption spectrum is shown in Figure 11.

Example 13

Into a 500 ml glass flask equipped with a dropping funnel, a cooler
and a stirrér, 125 g of toluene, 17.4 g of isopropyl alcohol and 2.1 g of
boron trifluoride diethyl etherate were charged. Into a dropping funnel,
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ot her. Exanpl es of the bival ent hydrocarbon group are the sane as those
shown as exanples in the description of Rerr] in the formula (XXIl1). A
-plurality of R270 and R290 may be the same or different from each other,
respectively. Further, r and s are each a nunber of repeating the average
of which is in the range of 1 to 10, preferably in the range of 0 to -
34 - 5, and may be the sane or different fromeach other. R28 and R30 are

250 g of isopropyl vinyl ether was charged and dropped in 30 minutes.
During this period, inérease in the temperature of the reaction solution
by the heat of reaction was observed and the temperature was kept at
about 25°C by cooling with an ice water bath. After finishing the
dropping, the solution was further stirred for g minutes. The reaction
mixture was transferred to a washing vessel and washed with 80 ml of a
5 weight % aqueous solution of sodium hydroxide 3 times and then with
8Q ml of water 3 times. The solvent and unreacteéd raw materials were
removed under reduced pressure by using a rotary evaporator to obtain
236 g of the polymer of isopropyl vinyl ether. The product had light yellow
color.

Kinematic viscosity, average molecular weights, dispersion of
molecular weight, compatibility with Flon and volume intrinsic
resistance of the polymer of isopropyl vinyl et.her obtained in the above
were measured. The results are shown in Table 2.

The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 12, Figure 13 and Figure 14,
respectively.

The ratio of the numbers of molecule of the formula (II) and the
formula (III) obtained by the same method as in Example 8 was: (II) :
(I =3.8: 1.

Example 14
Into a 200 ml stainless steel autoclave equipped with a stirrer, 40 g
of toluene, 2.5 g of methanol and 0.18 g of boron trifluoride diethyl
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each a hydrocarben group having 1 to 10 carbon atons, and nmay be the sane
or different fromeach other. Exanples of the hydrocarbon group having 1 to
10 carbon atons are the sane as those shown as exanples in the description
of RA6 in the formula (XXIl1). As R28, an al kyl group having 1 to 6 carbon
atons is particularly preferable when r is 0, and an al kyl group having 1
to 4 carbon atons is particularly preferable when r is 1 or nore. As R30,
an al kyl group having 1 to 6 carbon atons is particularly preferable when s
is 0, and an al kyl group _having 1 to 4 carbon atons is particularl

preferabl e filerate; were gharged. Aflensealiag the awtoclavexthe atmpspheree

f I XI h
ormila ( %ns%«rig otf tﬁesa%rir:gclave was replaced with nitrogen. Into the autoclave, 47

g of methyl vinyl ether was added from a bomb by the pressure of the
compound in 5 hours. During this period, increage in the temperature of
the reaction sqlution by the heat of reaction was observed and the
temj:erature was kept at about 25°C by cooling with an ice water bath.
After finishing the addition, the solution was further stirred for 5
minutes. The reaction mxxture was transferred to a washing vessel and
washed with 50 ml of a 5 weight % aqueous solution of sodium hydroxide
3 times and then with 100 ml of water 3 times. The solvent and
unreacted raw materials were removed under reduced pressure by
using a rotary evaporator to obtain 42 g of the polymer of methyl vinyl
ether. The product had light yellow color.

Kinematic viscosity, average molecular weights, dispersion of
molecular v-veight, compatibility with Flon _and volume intrinsic
resistance of the polymer of methyl vinyl ether obtained in the above were
measured. The results are shown in Table 2.

The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 15, Figure 16 and Figure 17,
respectively. The ratio of the numbers of molecule of the formula (II)
and the formula (III) obtained by the same method as in Example 8 was:
dn:dmI=8.9:1.

Example 15

Average molecular weights and dispersion of molecular weight of
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as those shown as exanples in the description of thg acetals in the above.
The second of the preferable nmethods is the nethod ifi which an acet al
having the formula (Xl I11): [err] wherein Rerr] to Rerr], Rerr], Rerr],
g and*t are as previously defined, is forned by adding t he vi nyl et her
nmononmer expressed by the fornula (1 X) to an al cohol expressed by the
formula (XI1): Rerr](ORerr])[err]OH (XI'l1), in the presence
of a Lewis acid catalyst and then the vinyl ether nononer expressed by the

formila (1 X4pé 3tihitiyl WhdfsopPopyisvia§fbiler copolymer obtained in Example

7C described above were measured. The results of the measurements
are shown in Table 2 together with the results of measurements of
kinematic viscosity, compatibility with Flon and volume intrinsic
resistance. )

The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 18, Figure 19 and Figure 20,
respectively.

The ratio of the numbers of molecule of the formula (II) and the
formula (III) obtained by the same method as in Example 8 was: (II) :

o) =38.1:1.

Example 16
Into a 500 ml glass flask equipped with a dropping funnel, a cooler
and a stirrer, 50 g of tc_)luene, 4.6 g of ethyl alt;ohol and 0.2 g of boron
— +  trifluoride diethyl etherate were charged. Into a dropping funnel, 86 g of
i—ethoxy—l—propene was charged and dropped in 50 minutes. During this
period, increase in the temperature of the reaction solution by the heat of
reaction was observed and the temperature was kept at about 30°C by
cooling with an ice water bath. After finishing the dropping, the solution
was further stirred for 30 minutes. The reaction mixture was
transferred to a washing vessel and washed with 100 ml of a 5 weight %
aqueous solution of sodium hydroxide 3 times and then with 150 ml of
water 3 times. The solvent and unreacted raw materials were removed

under reduced pressure by using a rotary evaporator to obtain 84 g of the
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and polynerized. In the al cohol expressed by t he forrrula (XI1), Rerr] is a
bi val ent hydrocarbon group having 2 to 10 carbon atons, which is
exenplified by Data - 35 - those shown as exanples in the description of

R45 in*the formula (XXIl1). A plurality of Rerr]O may be the sanme or
different from each other.

polymer of 1-ethoxy-1-propene.

Kinematic viscosity, average molecular weights, dispersion of -
molecular weight, compatibility with Flon and volume intrinsic
resistance of the polymer of 1-ethoxy-1-propene obtained in the above
were measured. The results are shown in Table ;

The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 21, Figure 22 and Figure 23,
respectively.
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Further, t is the nunber of repeating and the average thereof is in the
range of ©® to 10 and preferably in the range of 0 to 5. R32 is a

hydr ocarbon group having 1 to 10 carbon atonms, which is exenplified by

t hose *shown as exanples in the description of R46 in the formula (XXIl1). As
Rlerr], an alkyl group having 1 to 6 carbon atons is particularly
preferable when t is -0, and an al kyl group having 1 to 4 carbon atons is
particularly preferable when t is 1 or nore. Exanples of the al cohol
expressed by the fornula (XI1) are 4fMe 22 @xpp t hose shown as exanples in
the description of the alcohols in the above.

kinematic viscosity (cSt) molecular weight
40C 1000C weight riumber  dispersion
average  average
Example 8 19.6 3.56 481 443 1.08
Example 9 . 443 5.83 639 548 117
Example 10 76.1 829 769 640 1.20
Example 11 1095  10.30 848 703 121
Example 12 289 441 576 490 1.18
Example 13 36.9 485 609 513 1.19
Example 14 91.9 853 581 418 139
Example 15 48.8 6.05 T2 547 1.33
Example 16 25.6 3.88 425 384 111

(Table 2 continued)
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Exanples of the Lewis acid catalyst utilized in the first and in the second
of the preferable nethods are the sane as those shown as exanples in the
description of the Lewis acid catalyst in the above. Anbng these conpounds,
boron-trifluoride and conpl exes thereof are particularly preferable. The
pol yneri zation of the vinyl ether nmonomer in the first and in the second of
the preferable nethods can be perforned at a tenperature generally in the
range of -80 to +150[err]C, preferably in the range of 0 to 100[err]C,

al t hough the tenperature is variedqgﬁg q#?g on kinds of the raw materials
and the initiator.. When an acet al @ generation of

compatibility with Flon 134a _ volume intrinsic

temperature of separation temperature of separati&n resistance
at low temperature (°C)  at high temperature (°C) at80°C
5% 10% 5% 10% (Q-cm)
Example 8 -60.0> -60.0> 80.0< 80.0< 2.0x1012
Example 9 -60.0> -60.0> 80.0< 80.0< 3.2x1012
Example 10 -60.0> -60.0> 80.0< - 80.0< 2.7x1012
Example 11 -60.0> ~60.0> 80.0< 80.0< 2.2x1012
Example12 =~ -60.0> -60.0> 80.0< 80.0< 4.5x1012
Example 13 -60.0> -60.0> 80.0< 80.0< 3.8x1012
Example 14 -60.0> ~60.0> - 80.0< 80.0< 2.5x1012
Example 15 -60.0> —-60.0> T 80.0< 80.0< 1.4x1012
Example 16 -40.0> —40.0> 80.0< 80.0< 1.2x1011
(End of Table 2)

Example 17

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 1000 g of toluene, 304 g of ethanol and 7.8 g of boron
trifluoride diethyl etherate were charged. Into a dropping funnel, 3284 g
of ethyl vinyl ether was charged and dropped in 4 hours and 30 minutes.
The temperature of the reaction solution increased by the heat of reaction
and the temperature was kept at about 25°C by cooling with an ice water
bath. After finishing the dropping, the solution was ﬁ;rther stirred for 5
minutes. The reaction mixture was transferred to a washing vessel and

washed with 1100 ml of a 5§ weight % aqueous solution of sodium
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heat by the heat of polynerization is observed without an induction period
and, when an alcohol is utilized, generation of heat by the heat of

pol ynmeri zation is observed wi thout an induction period after the - 36 -
formation of the acetal. Thus, the-control of the tenperature during the
reaction can easily be perforned by adding the vinyl ether nmononmer with a
rate which balances with the ability of the apparatus to elimnate the

hydroxide 3 times and then with 1100 ml of water 3 times. The solvent
and unreacted raw materials were removed under reduced pressure by
using a rotary evaporator to obtain 3397 g of the crude product. IH-NMR
and 13C-NMR of the crude product were measured. The IH-NMR
showed peaks at 4.7 ppm, 5.35 ppm and 5.6 ;:pm and the .13C-'NMR
showed peaks at 101 ppm, 129 ppm and 134 ppm. '

The crude product had a kinematic viscosity of 17.8 ¢St at 40°C.

By treating the crude product further by the same method as in
Example 7F, 492 g of a polymer of ethyl vinyl ether was obtained.

Average molecular weights and dispersion of molecular weight of
the ethyl vinyl ether polymer obtained above were measured. The results
of the measurements are shown in Table 3 together with the results of
measurements of kinematic viscosity, compatibility with Flon and
volume intrinsic resistance. _

The infrared absorption spectrum, the 13C-NMR chart and the 1H-

— -  NMR chart are shown in Figure 24, Figure 25 and Figure 26,
respectively.

In the 1H-NMR chart of this polymer, the peaks at 4.7 ppm, 5.35
ppm and 5.6 ppm observed in'the chart of the crude product described
above were not fdu_nd. In the 13C-NMR chart of this polymer, the peaks
at 101 ppm, 129 ppm and 134 ppm were not found either. Furthermore,

| the 1H-NMR peak assigned to the hydrogen of aldehyde is generally
found in the area of 9.7 ppm and the 13C-NMR peak assigned to the
carbon of aldehyde is generally found in the area of 200 ppm.. None of

these peaks were found in the spectra of the polymer obtained above.
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heat. The polynerization is finished generally in the tine of 10 seconds to
10 hours after the start of the reaction. After the polynerization is
perforned as. described in the above, the desired polyvinyl ether conpound
can be obtained by separation and purification by any of the conventi onal
‘met hods according to necessity. The method of production of an ether
conpound-as the third object of the invention is described in the
following. In the method of production of an ether conpound of the

.( ;l(lv\e/)nt i on, RromCtiedb Fadings il &in BekBhAR HRAERN PoIXRrHRAth &Y ablFe ided ™! @

not contain any of an unsaturated bond, an acetal structure and an

aldehyde structure.

Example 18

Average molecular weights and dispersion of molecular weight of
the ethyl vinyl ether pdlymer obtained in Example 7G described above
were measured. The results of the measurements are shown in Table 3
together with the results of measurements of kinematic .viscosity,
compatibility with Flon and volume intrinsic resistance.

The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 27, Figure 28 and Figure 29,
respectively.

By the same reason as in Example 17, the polymer obi;ained above
did not contain any of an unsaturated bond, an acetal structure and an

aldehyde structure.

Example 19

Average molecular weights and dispersion of molecular weight of
the ethyl vinyl ether polymer obtained in Example 7H described above
were measured. The results of the measurements are shown in Table 3
together with the results of measurements of kinematic viscosity,
compatibility with Flon and volume intrinsic resistgnce.

The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown. in Figure 30, Figure 31 and Figure 32,

\
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[err] is used as the starting material. In the formula (XIV), Rerr] and
Rl err] are each a hydrocarbon group such as nethyl group, ethyl group,

n- propyl group, isopropyl group and the |ike, or a hydrocarbon group
cont aieni ng et her oxygens in the main chain, in the side chain or in the
both of them such as the groups expressed by the fornulae: [err]

respectively.
By the same reason as in Exaﬁnple 17, the polymer obtained above
did not contain any of an unsaturated bond, an acetal structure and an

al&ehyde structure.

Example 20
Into a 500 ml glass flask equipped with a dropping funnel, a cooler

. and a stirrer, 95 g of toluene, 14.7 g of isopropyl alcohol and 1.8 g of boron
trifluoride diethyl etherate were charged. Into a dropping funnel, 190 g
of isopropyl vinyl ether was charged and dropped in 30 minutés. The
temperature of the reaction solution increased by the heat of reaction and
the temperature was kept at about 25°C by cooling with an ice water bath.
After finishing the dropping, the solution was further stirred for 5
minutes.. The reaction mixture was transfel_'red to a washing vessel and
washed with 70 ml of a 5 weight % aquéous solution of sodium hydroxide
3 times and then with 70 ml of water 3 times. The solvent and unreacted
raw materials were removed under reduced pressure by using a rotary
evaporator to obtain 179 g of the crude product. The crude product had a
kinematic viscosity of 27.0 ¢St at 40°C. Into a 1 liter autoclave made of
SUS-316L, 171 g of the crude product, 130 g of hexane, 20 g of Raney
nickel and 20 g of zeolite were charged. Hydrogen was introduced into
the autoclave and the pressure of hydrogen was adjusted to 20 kg/cm2.
After stirring for about 30 seconds, the pressure was released. Hydrogen
was introduced into the autoclave again to make the pressure of
hydrogen 20 kg/cm? and, after stirring for about 30 seconds, the pressure
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- 37 - [err] wherein Ris a hydrocarbon group having 1 to 10 carbon atons
and wis an integer of 1 to 500. Rerr] and R err] may be the sane or
different fromeach other. R35, R36 and R37 are each a hydrogen atom a
hydrocarbon group or a hydrocarbon group containing ether oxygens in the
main chain, in the side chain or in the both of them Exanples of the
hydrocarbon group or the hydrocarbon group containing ether oxygens are the
same groups as those shown as exanples in the description of R33 and R34,

groups expres§ifidYehal 6104s8d. After repeating this operation once more, the

pressure of hydrogen was increased to 50 kg/cm2 and the temperature
was increased to 130°C in 30 minutes under stirring. The reaction was
conducted at 130°C for 1 hour. The reaction proceeded during and after
the increase in the temperature and. decrea;e in the pressure was
observed. The increase in the pressure with increase in the temperature
and the decrease in the pressure with the reaction were suitably
compensated by decreasing or increasing the pressure and the pressure
of hydrogen was kept at 50 kg/cm2 during the reaction. After finishing
the reaction, the reaction mixture was cooled to room temperature and
the préssure was decreased to atmospheric pressure. The catalyst was
precipitated by standing for 1 hour and the 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 2 liter
— washing vessel and washed with 50 ml of a § weight % aqueous solution
of sodium hydroxide 3 times and then with 50 ml of distilled water 5
times. Hexane, water and the like were removed under reduced
pressure by using a rotary evaporator. The j'ield was 131 g.
| Kinematic viscosity, average molecular weights, dispersion of the
molecular weight, compatibility with Flon, volume intrinsic resistance
and stability to hydrolysis of the polymer of isopropyl vinyl ether obtained
above were measured. The results are shown in Table 3.
The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 33, Figure 34 and Figure 35,

—_—
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[err] wherein Ris a hydrocarbon group having 1 to 10 carbon atons and wis
an integer of 1 to 500, and the |ike groups. R35, R36 and R37 nmay be the
sanme or different fromeach other. In the invention, an ether conpound-
expressed by the formula (XV): [err] or the fornmula (XVI): [err] wherein
Rlerr], Rerr] Rerr], Rerr] and Rlerr] are as previously defined, is
obt ai ned

respectively.
By the_ same reason as in Example 17, the polymer obtained above
did not contain any of an unsaturated bond, an acetal structure and an

aldehyde structure.

Example 21

Average molecular weights and dispersion of molecular weight of
the isopropyl vinyl ether polymer obtained in Example 6 described above -
were measured. The results of the measurements are shown in Table 3 {
together with the results of measurements of kinematic viscosity,
compatibility with Flon and volume intrinsic resistance.

The infrared absorption spectrum is shown in Figure 36.

By the same reason as in Example 17, the polymer obtained above

" did not contain any of an unsaturated bond, an acetal structure and an

aldehyde structure.

Example 22

Into a 200 ml stainless steel autoclave equipped with a stirrer, 40 g
of toluene, 6.4 g of methanol and 0.45 g of boron trifluoride diethyl
etherate were ché,rged. The autoclave Qas tightly closed and the
atmosphere inside of the autoclave was replaced with nitrogen. Into the
autoclave, 107 g of methyl vinyl ether was added from a bomb by the
pressure of the compound in 5'hours. The temperature of the reaction
solution increased by the heat of reaction and the temperature was kept

at about 25°C by cooling with an ice water bath. After finishing the
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by the reagtion of the acetal conpound or the ketal conpound expressed -
38 - by the fornul a (XIV) with hydrogen in the presence of a solid catalyst
havi ng_.,aci di c property and hydrogenating ability. As the acetal conpound or
the ketal .conmpound expressed by the formula (XIV), is preferable a conpound
expressed by the fornula (XVI1):.

addition, the solution was further stirred for 10 minutés. The reaction
mixture was transferred to a washing vessel and washed with 100 ml of
a 5 weight % aqueous solution of sodium hydroxide 3 times and then with
150 ml of water 3 times. The solvent and unreacted raw materials were
removed under reduced pressure by using a rotary evaporator to obtain
95 g of the crude product. The crude 'product had a kinematic viscosity of
56.9 ¢St at 40°C.

- Into a 1 liter autoclave mad_e of SUS-316L, 90 g of the crude
product, 300 g of hexane, 4.5 g of Raney nickel and 4.5 g of zeolite were
charged. Hydrogen was introduced into the autoclave and the pressure
of hydrogen was adjusted to 20 kg/c£n2. After stirring for about 30
seconds, the pressure was released. ‘Hydrogen was introduced intor the
autoclave again to make the pressure of hydrogen 20 kg/cn;2 and, after
stirring for about 30 seconds, the pressure of hydrogen was released.
After repeating this operation once more, the pressure of hydrogen was
increased to 50 kg/cm? and the temperature was increased to 130°C in 30
minutes under stirring. The reaction was cénducted at 130°C for 1 hour.
The reaction proceeded during and after the increase in the temperature
and decrease in the pressure was observed. The increase in the pressure
with increase in the temperature and the decrease in the pressure with
the reaction were suitably compensated by decreasing or increasing the
pressure and the pressure of hydrogen was kept at 50 kg/cm?2 during the
reaction. After finishing the reaction, the reaction mixture was cooled to
room temperature and the pressure was decreased to atmospheric

pressure; The catalyst was precipitated by standing for 1 hour and the
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[err] wherein Rlerr] and Rlerr] are each a hydr ocar bon group hévi ng 1 to 20
carbon atens or a hydrocarbon group containing ether oxygens, and may be
the sane or different fromeach other, R38 is the sane or different between
the constituting units and u is an integer of 1 to 500. In this case, there
is obtained as the ether conpound, a conpound expressed by the formula
(Vitl): [err] or the formula (XIX): [err]
reaction liquid was separated by decantation. The catalyst was washed
with 30 ml of hexane twice. The washing liquid was combined with the
reaction liquid and ﬁltered with a filter paper.. After hexane was
removed under reduced pressure by using a rotary evaporator, 100 ml of
toluene was added to the residual product an:i the product was then
transferred to a washing vessel and washed with 100 ml of a 5 weight %
aqueous solution of sodium hydroxide 3 times and then with 150 ml of
distilled water 5 times. Toluené, water and the like were removed under
reduced pressure by using a rotary evaporator. The yield was 80.5 g.

Kinematic viscosi_ty, average molecular weights, dispersion of the
molecular weight, compatibility with Flon, volume intrinsic resistance
and stability to hydrolysis of the polymer of methyl vinyl ether obtained
above were measured. The results are shown in Table 3.

The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 37, Figure' 38 and Figure 39,
respectively. o -

By the same reason as in Example 17, the polymer obtained above
did not contain any of an unsaturated bond, an acetal structure and an

aldehyde structure.

Example 23 _

Average molecular weights and dispersion of molecular weight of
the ethyl vinyl ether/isopropyl vinyl ether copolymer obtained in Example
7D described above were measured. The results of the measurements

are shown in Table 3 together with the results of measurements of
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wherein R err], Rerr] and u are as previously defined. In the conmpound
expressedsby the fornmula (XVII), a conpound expressed by the formula
(XXVI1): [err] wherein Rlerr] and u are as previously defined, is
occasrional | y cont ai ned - 39 - and, in this case, the ether conpound
obt ai ned is the conpound

kinematic viscosity, compatibility with Flon and volume intrinsic
resistance. |

The infrared abs_orption:spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown_. in Figure 40, Figure 41 and Figure 42,
respectively. )

By the same reason as in Example 17, the polymer obtained above
did not contain any of an unsaturated bond, an acetal structure and an
aldehyde structure. .

Example 24
Into a 500 ml glaés flask equipped with a dropping funnel, a cooler
and a stirrer, 50 g of toluene, 11 g of isobutyl alcohol and 0.5 g of boron
trifluoride diethyl efherate were charged. Into a dropping funnel, 100 g
of isobutyl vinyl ether was charged and dropped in 55 minutes. The
temperature of the reaction solution increased by the heat of reaction and
. the temperature was kept at about 30°C by cooling with-an ice water bath.
After finishing the dropping, the solution was further stirred for 5
minutes. The reaction mixture was transferred to a washing vessel and
washed with 100 ml of a 5 weight % aqueous solution of sodium
hydroxide 3 ti:ﬁes and then with 150 ml of water 3 times. The solvent and
unreacted raw materials were removed under reduced pressure by
using a rotary evaporator to obtain 107 g of the crude product. The crude
product had a kinematic viscosity of 52.4 ¢St at 40°C.
Into a 1 liter autoclave made of SUS-316L, 90 g of the crude
product, 300 g of hexane, 4.8 g of Raney nickel and 4.8 g of zeolite were
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expressed by the formula (XVII11) described above or a m xture of the
conmpound €xpressed by the formula (XVII1) and the conpound expressed by the
formula (XIX). As the acetal conmpound and the ketal conpound expressed by
the formula (XIV), a conmpound expressed by the fornmula (XX): [err] wherein
R40 and R41 are each a hydrocarbon group having 1 to 20 carbon atons, and
may the sanme or different fromeach other, is also favorably used. In this
case, a conpound expressed by the forrmula (XXI): [err]

charged. Hydrogen was introduced into the autoclave and the pressure
of hydrogen was adjusted to 20 kg/cm2. After stirring for about 30
seconds, the pressure was released. Hydrogen was introduced into the
autoclave again to make the pressure of hydrogen 20 kg/cm2 and, after
stirring for about 30 seconds, the pressure ot'" hydrogen was released.
After repeating this operation once more, the pressure of hydrogen was
increased to 50 kg/cm2 and the temperature was increased to 140°C in 36
minutes under stirring. The reaction was conducted at 140°C for 2
hours. Tﬁe reaction proceeded during and after the increase in the

~ temperature and decrease in the pressuré was observed. The increase in
the pressure with increase in the temperature and the decrease in the
pressure with the reaction were suitably compensated by decreasing or
increasing the pressure and the pressure of hydrogen was kept at 50
kg/cm?2 during the reaction. After finishing the reaction, the reaction
mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. The cdtalyst was precipitated by
standing for 1 hour and the reaction liquid was separated by decantation.
The catalyst was washed with 30 ml of hexane twice. The washing liquid
was combined with the reaction liquid and filtered with a filter paper.
The combined liqin'd was then transferred to a 1 liter washing vessel and
washed with 100 ml of a 5 weight % aqueous solution of sodium
hydroxide 3 times and then with 150 ml of distilled water 5 times.
Hexane, water and the like were removed under reduced pressure by
using a rotary evaporator. The yield was 80.5 g.

Kinematic viscosity, average molecular weights, dispersion of the
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wherein R4A0 and R41 are as previously defined, is obtained as the ether
conpound. 1n the nethod of the invention, a solid catalyst having acidic
property and hydrogenating ability is utilized. As the solid cat al yst

havi ng” aci dic property and hydrogenating ability, a conbination of two

ki nds of catalyst which are a hydrogenation catalyst and a solid acid
catalyst or a solid acid catal yst having hydrogenating ability is utilized.
The hydrogenation catalyst is not particularly limted but various kinds of

sene 1 | SIS o By R P 6 EOBER efbanes

and stability to hydrolysis of the polymer of isobutyl vinyl ether obtained

above were measured. The results are shown in Table 3.

The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 43, Figu;e 44 and Figure 45,
respectively.

By the same reason as in Example 17, the polymer obtained above
did not contain any of an unsatﬁrated bond, an acetal structure and an
aldehyde étructure.

Example 25
Average molecular weights and dispersion of molecular weight of
the 1-ethoxy-1-propene polymer obtained in Example 7E described above
were measured. The results of the measurements are shown in Table 3
together with the results of measurements of kinematic viscosity,
compatibility with Flon and volume intrinsic resistance."
The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 46, Figure 47 and Figure 48,
respectively.
| By the same reason as in Example 17, the polymer obtained above
did not contain any of an unsaturated bond, an acetal structure and an

aldehyde structure.

Example 25A |
Into a 500 ml glass flask equipped with a dropping funnel, a cooler
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pal | adi um rhodi um and rut henium al one or as the main conponent, (2)

cat al ysts*having the netal catalyst conponent of (1) supported on activated
charcoal , alum na, diatomaceous earth or the likesand (3) Raney catal ysts
such as Raney ni ckel and Raney cobalt. - 40 - The solid acid catalyst is
not particularly Iimted but various kinds of generally used solid acid
catal yst can be used. For exanple, activated

and a stirrer, 100 g of toluene, 21.3 g of acetaldehyde dimethoxyethyl
acetal and 0.45 g of boron trifluoride diethyl etherate were charged. Into
a dropping funnel, 112 g of methoxyethyl vinyl ether waﬁ charged and
dropped in 50 minutes. The temperature of the reaction solution
.increased'by the heat of ieaction and the temp'e:ature was kept at about
25°C by cooling with an ice water bath. After ﬁnishing the dropping, the

- solution was further stirred for 5 minutes. The reaction mixture was
transferred to a washing vessel and 200 ml of chloroform were added to
it. The product was washed with 100 ml of a 5 weight % aqueous solution {
of sodium hydroxide 3 times and then with 150 ml of water 3 times. The
solvent and unreacted raw materials were removed under reduced
pressure by using a rotary evaporator to obtain 129 g of the crude product.
The crude product had a kinematic viscosity of 33.3 ¢St at 40°C.

Into a 1 liter autoclave made of SUS-316L, 110 g of the crude
product, 300 g of hexane, 5.5 g of Raney nickel and 5.5 g of zeoiite were
charged. Hydrogen was introduced into the autoclave and the pressure
of hydrogen was adjusted to 20 kg/cm2. After stirring for about 30
seconds, the pressure was released. Hydrogen was introduced into the
autoclave again to make the pressure of hydrogen 20 kg/cm?2 and, after
stirring for about 30 seconds, the pressure of hydrogen was released.
After repeating this operation once more, the pressure of hydrogen was

- increased to 50 kg/cm? and the temperatute was increased to 130°C in 30
minutes under stirring. The reaction was conducted at 130°C for 2 -
hours. The reaction proceeded during and after the increase in the

temperature and decrease in the pressure was observed. The increase in
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cl ay, aC|d|c clay, various kinds of zeolite, ion exchange resins, silica-
al umi na and het eropol yaci ds are particularly effective. The.splld aci d
catal yst having hydrogenating ability is not particularly limted but
various kinds of generally used solid acid cat al yst having hydrogenating
ability can be used. For exanple, catalysts in which nickel, palladium
pl ati num rutheniumor the like is supported on various kinds of zeolite
are particularly effective. The anount of the catalyst preferable for

07170 s, e AT 6 et o 5 ah 3 L
wei ght % andylelure with the reactxon were suitably compensated by decreasing or
inéreasing the pressure and the pressure of hydrogen was kept at 50
kg/cm2 during the reaction. After finishing the reé.ction, the reaction
mixture was cooled to room temperature ;nd the pressure was
decreased to atmospheric pressure. The catalyst was precipitated by
standing for 1 hour and the reaction liquid was separated by decantation.
The catalyst was washed with 30 ml of hexane twice. The washing liquid
was combined with the reaction liquid and filtered with a filter paper.
Hexane was removed from the combined liquid under reduced pressure
by using a rotary evaporator and 200 ml of chloroform was added to the
remaining product. The product was then transferred to a washing
vessel and washed with 100 ml of a 5 weight % aqueous solution of
sodium hydroxide 3 times and then with 150 ml of distilled water 5 times.
The solvent, water and the like were removed under reduced pressure by
using a rotary evaporator. The yield was 94 g.

Kinematic viscosity, compafibility with Flon and stability to
hydrolysis of the polymer of methoxyethyl vinyl ether obtained above were
measured. The results are shown in Table 3.

The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 49, Figure 50 and Figure 51,
respectively.

By the same reason as in Example 17, the polymer obtained above
did not contain any of an unsaturated bond, an acetal structure and an

aldehyde structure.
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anount of the solid catalyst is 0.1 to 50 wei ght % based on the anount of
the reacting materials, respectively. Wien the solid acid catal yst having
hydrogenating ability is used, the amount is 0.1 to 50 wei ght % based on

t he afmount of the reacting materials. Wien the anount is less than 0.1

wei ght % the reaction does not proceed sufficiently and, when the anount
Is nore than 50 weight % the anmpbunt of the catal yst based on the anmpunt of
the reacting materials is too nuch, causing the problem of decrease in the

productivity. In the present inventi tal conpound or the keta
conpound expressed by the formula (X@}egrxg@eﬁgﬁwith hydrogen in the

kinematic viscosity molecular weight volume intrinsic
(cSt) ] resistance
" 40°C 100°C weight number dispersion at 80°C
average average. (Q-em)

Example 17 16.5 341 492 439 112 2.3x1013
Example 18 316 5.15 615 529 1.16 1.5x1014
Example 19 55.2 7.32 -3 608 1.19 5.8x1013
Example 20 28.3 4.37 570 462 1.23 5.3x1013
Example21° 2238 377 547 470 116 6.1x1012 ,
Example 22 74.4 8.60 798 488 1.64 4.4x1012
Example 23 400 5.85 706 525 1.35 1.9x1013
Example 24 59.0 7.05 996 524 1.90 1.4x1013
Example 25 26.8 420 436 396 1.10 6.5x1013
Example 25A 304 6.29 - - - -

(Table 3 continued)
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presence of the catalyst described above. It is preferable that hydrogen
gas and the acetal conmpound or the ketal conpound be brought into contact
with each other in a nolar ratio of 1 : 10 to 200 : 1. Wen the - 41 -
nolar ratio is |ess than the specified range, the reaction does not proceed
sufficiently and, when it is nore than the specified range, the probl em of
decrease in the productivity ari ses.

Table 3 (Part2)

compatibility with Flon 134a

temperature of separation temperature of separation
at low temperature (°C) at high temperature (°C)
5% 10% - 5% 10%

Example 17 -60.0> -60.0> 80.0< 80.0<
Example 18 ~60.0> -60.0> - 80.0< 80.0<
Exgmple 19 -60.0> - =60.0> 80.0< 80.0<
Example 20 ~60.0> ~60.0> 80.0< 80.0<
Example 21 —60.0> -60.0> 80.0< 80.0<
Example 22 -60.0> -60.0> 80.0< 80.0<
Example 23 -60.0> -60.0> 80.0< 80.0<
Example 24 insoluble insoluble insoluble insoluble
Example 25 -60.0> ~60.0> 80.0< 80.0<
Example 25A -60.0> -60.0> 80.0< 80.0<

(Table 3 continued)
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The preferred reaction conditions for performng the reactron by the nethod
of the inYention are: a reaction tenperature of 10 to 250[err]C, a parti al
pressure of hydrogen of 1 to 200 kg/cnjerr]; a reaction tine in the case of
the batch reaction of 0.1 to 10 hours; and in the case of the reaction
in-the liquid fl ow system a weight hourly space velocity (WHSV) of the
reacting fluid of 0.01 to 100 /hour; and a gas hourly space velocity (GHSV)
of hydrogen gas of 100 to 10000 /hour. The reaction can be perforned

wi t hout a solvent but a sol vent may used provided it is stable under
the reaction conditions. Exanples oﬂhg 83X sol vents are hydr ocar bon
sol vents, sueh—as—hexahe—petahe

result of hydrolysis test
sample oil appearance
appearance " total acid leue of piece of copper
(mg KOH/g) .

Example 17 good 0.5> ~_ good

Example 18 good 0.5> good

Example 19 ' good 0.5> good

Example 20 good : 0.5> good :
Example 21 good 0.5> good -
Example 22 good 0.5> good

Example 23 good 0.5> good

Example 24 good 0.5> good

Example 25 good 0.5> good

Example 25A good 0.5> good

{End of Table 3)

Example 26
Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 1000 g of toluene, 195 g of ethanol and 5.0 g of boron
trifluoride diethyl etherate were charged. The temperature of the
solution was 14°C. To the solution, 102 g of ethyl vinyl ether was added.
The temperature of the reaction solution increased by the heat of reaction
and the reaction solution was kept stirring while it was cooled with an
. ice water bath. (The temperature of the solution reached the maximum

of 21°C 3 minutes after the addition of ethyl vinyl ether. The reaction was
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and oct ane. By the reaction described above, -OR[err] group or -ORlerr]
group whi ¢h constitutes a part of the acetal conpound or the ketal conpound
expressed by the formula (XIV) is elimnated fromthe acetal conpound or
the kétal conpound and replaced with a hydrogen to formthe ether conpound
expressed by the formula (XV) or the fornmula (XVI). It was nmade clear in
this reaction that, even when any of R33 to R37 is a hydrocarbon group
cont ai ni ng et her oxygens, hydrogen does not react with the ether oxygen but
reacts with the oxygen in the part of the acetal or the ketal al one.
conducted by cooling with the ice water bath in all the following

procedures.) When the temperature decreased to 15°C, 102 g of ethyl
vinyl ether was added again. The generation of heat was observed again
and the temperature increased. When the temperature decreased to
15°C, 102 g of ethyl vinyl ether was added further. The generation of heat
was observed again and the temperature of the solution was also
increased. When decrease in the temperature of the solution was
observed, ethyl vinyl ether was dropped and the generation of heat was
observed immediately in response to the addition. Thereafter, 2700 g of
ethyl vinyl ether was dropped into the solution at about constant speed
(about 20 c¢/minute) in such a manner that the temperature of the
reaction solution was kept constant at 25°C. After finishing the
dropping, the reaction mixture was transferred to a washing vessel and
washed with 1000 ml of a 3 weight % aqueoue solution of sodium
hydroxide 3 times and then with 1000 ml of water 3 times. The solvent
and low boiling components were removed under reduced pressure by
using a rotary evaporator to obtain 3040 g of the product. The product
had light yellow color.

The product had a kinex;xatic viscosity of 44.3 ¢St at 40°C and 5.90
cSt at 100°C.

Example 27

Into a 500 ml glass flask equipped with a dropping funnel, a cooler
and a stirrer, 36 g of acetaldehyde diethyl acetal, 80 g of toluene and 0.36
g of boron trifluoride diethyl etherate were charged. The temperature of

\ "
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After the reaction is finished,

the catal yst by the ordinary filtration or decantation. The - 42 -

catal yst separated here can be used again w thout particular treatnent.
reacti*on product may be formed into the product through processes such as
distillation, extraction, washing and drying according to necessity.

‘the solution was 15°C. When ethyl vinyl ether was dropped into the

solution, generation of heat was observed immediately in response to the
addition of ethyl vinyl ether and 256 g of ethyl vinyl ether was dropped at
about constant speed (about 5 cc/minute) in such a manner that the
temperature of the reaction solution was kept c:nstant at 25°C while the
reaction solution was cooled with an ice water ba.th. After finishing the
dropping, the reaction mixture was transferred to a washing vessel and
washed with 100 ml of a 3 weight % aqueous solution of sodium
hydroxide 3 times and then with 100 ml of water 3 times. The solvent and
low boiling components were removed under reduced pressure by using
a rotary evaporator to obtain 277 g of the product. The product had light
yellow color. )

The product had the kinematic viscosify of 130.7 ¢St at 40°C and
11.8 ¢St at 100°C.
Example 28 i}

Into a 500 ml glass flask equipped with a dropping funnel, a cooler
and a stirrer, 18 g of acetaldehyde diethyl acetal, 80 g of toluene and 0.18
g of boron trifluoride diethyl etherate were charged. The temperature of
the solution was. 16°C. When ethyl vinyl ether was dropped into the
solution, generation of heat was observed immediately in response to the
addition of ethyl vinyl ether and 256 g of ethyl vinyl ether was dropped at
about constant speed (about 5 cc/minute) in such a manner that the
temperature of the reaction solution was kept constant at 25°C while the
reaction solution was cooled with an ice water bath. After finishing the

e
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The novel polyvinyl ether conpound as the fourth object of the invention is
described 'n the following. In the present invention, two kinds of the
conpounds are provided as the novel polyvinyl ether conpound. The first of
t he novel polyvinyl ether conpounds conprises a honopol ymer or a copol yner
of an alkyl vinyl ether having an alkyl group of 1 to 3 carbon atons. It is
necessary that the weight-average nol ecul ar weight of the polymer be in the
range of 300 to 1200, preferably in the range of 400 to 1000. The ratio of

the wei ght-gverage nplecul ar wei,ght to the nupber:average nolecul ar wei ght
i s gene? al | rqppaigge The Teaction mn(‘::]ture was transferred to a washing vessel and

washed with 100 ml of a 3 weight % aqueous solution of sodium
hydroxide 3 times and then with 100 ml of water 3 times. The solvent and
low boiling components were removed und_er *red“uced pressure by using
a rotary évaporator to obtain 261 g of the product. The product had light
yellow'color. The product had a kinematic viscosity of 993.1 ¢St at 40°C
and 44.7 ¢St at 100°C.
Example 29

Into a 500 ml glass flask equipped with a dropping funnel, a cooler
and a stirrer, 9 g of acetaldehyde diethyl acetal, 80 g of toluene and 0.09 g
of boron trifluoride diethyl etherate were charged. The temperature of
the solution was 15°C. When ethyl vinyl ether was dropped into the
solution, generation of heat was observed immediately in response to the
addition of ethyl vinyl ether and 256 g of ethyl vinyl ether was dropped at
about constant speed (about 5 cc/minute) in such a manner that the
temperature of the reaction solution was kept constant at 25°C while the
reaction solution was cooled with an ice water bath. After finishing the
dropping, the reaction mixture was transferred to a washing vessel and
washed with 100 ml of a 3 weight % aqueous solution of sodium
hydroxide 3 times and then with 100 ml of water 3 times. The solvent and
low boiling components were removed under reduced pressure by using
a rotary evaporator to obtain 255 g of the product. The product had light
yellow color.

The product had a kinematic viscosity of 9356 cSt at 40°C and 225.5
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range of 1.05 to 1.50, preferably in the range of 1.06 to 1.40. The

pol yvi nyl *ether conpound of the invention can be produced by pol ynerization
of the corresponding vinyl ether nononmer. Exanples of the vinyl ether
nmononer are vinyl nmethyl ether, vinyl ethyl ether, vinyl n-propyl ether,
vinyl isopropyl ether, 1-nethoxy-1-propene, 1-ethoxy-1- propene and

1- propoxy-1-propene. The vinyl ether nononer can be used singly or as a
conbi nati on of two or nore kinds. As the nethod of polynerizing the vinyl

et her nononer q.% rT&t hod of production of the polyvinyl ether conmpound as
t he second é&t 07Ct he i nvention described above can be adopted. In this

met hod,

Example 30

Into a 500 ml glass flask equipped with a Sropping funnel, a cooler
and a stirrer, 4 g of acetaldehyde diethyl acetal, 80 g of toluene and 0.04 g
of boron trifluoride diethyl etherate were charged. The temperature of
the solution was 15°C. When ethyl vinyl ether was dropped into the
solution, generation of heat was observed immediately in response to the
addition of ethyl vinyl ether and 256 g of ethyl vinyl ether was dropped at
about constant speed (about 5§ cc¢/minute) in such a manner that the
temperature of the reaction solution was kept constant at 25°C while the
reaction solution was cooled with an ice water bath. After finishing the
dropping, the reaction mixture was transferred to a washing vessel and
washed with 100 ml of a 3 weight % aqueous solution of scdium |
hydroxide 3 times and then with 100 ml of water 3 times. The solvent and
low boiling components were removed under reduced-pi"essure by using"
a rotary evaporator to obtain 252 g of the product. The product had light
yellow color. _

The product had a weight-average molecular weight of 2079 and a
number-average molecular weight of 6750.

The average molecular weights were obtained by GPC
measurement under the following conditions (These conditions were
used in this Example only.):

Apparatus: a product by Nippon Bunko Co., Ltd. (pump)

SHODEX RI SE-61 (detector)

o i



t he pol yvinyl ether conpound of the i nvention i s obtained by pol yneri zi ng

- 43 - the vinyl ether nononer by using a conbination of a Bronsted acid,
Lewis gcid or an organonetal lic conmpound with an al cohol or an acetal as

the initiator. As the Bronsted acid, there are usable the Lewis acid, the
organonetal I i ¢ conpound and the acetal,

‘the description of the nmethod of production of the polyvinyl

3

.

jorees
e

7

Column: TSK HM+GMH6x2+G2000H8
Temperature: room temperature
Solvent: THF

Speed of elution: 1.4 ml/minute
Standard substance: polystyrene

Example 31

- Into a 500 ml glass flask equipped with a droi)ping funnel, a cooler
and a stirrer, 16 g of acetaldehyde diethyl acetal, 80 g of toluene and 0.16
g of boron trifluoride diethyl etherate were charged. The temperature of
the solution was 15°C. When ethyl vinyl ether was dropped into the
solution, generation of heat was observed immediately in response to the
addition of ethyl vinyl ether and 256 g of ethyl vinyl ether was dropped at
about constant speed (about 5 cc/minute) in such a manner that the
temperature of the reaction solution was kept constant at 25°C while the
reaction solution was cooled with an ice water bath. After finishing the
dropping, the reaction mixture was transferre;d to a washing vessel and
washed with 100 ml of a 3 weight % aqueous solution of sodium
hydroxide 3 times and then Witil 100 m] of water 3 times. The solvent and
low boiling components were removed under reduced pressure by using
a rotary evaporator to obtain 262 g of the product. The product had light
yellow color.

The product had a kinematic viscosity of 1746 ¢St at 40°C and 64.6

cSt at 100°C. '
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t he conpounds shown as exanples in
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et her conpound as the second object of the invention. Exarrpl es of the
al cohol are nethanol, ethanol, propanol, isopropanol, butanol, isobutanol,
sec-butanol, tert- but anol , various ki nds of pent anol , various ki nds of
hexanol and the |ike. Anong these conpounds, al cohols having 3 or |ess
carbon atons are preferable. Particularly, nethanol and ethanol are
preferred. The polyvinyl ether conmpound of the invention thus obtained
conpri ses a honopol ymer or a copol yner of an al kyl vinyl ether conprising
one or nore Kkinds ,of the constituting units expressed by the fornmula (1) or
(1'): Example 32

Into a 500 ml glass flask equipped with a dropping funnel, a cooler
and a stirrer, 15 g of acetaldehyde diethyl acetal, 80 g of toluene and 0.15
g of boron trifluoride diethyl etherate were charged. The temperature of
the solution was 15°C. When ethyl vinyl ether was dropped into the
solution, generation of heat was observed immediately in response to the
addition of ethyl vinyl ether and 256 g of ethyl vinyl ether was dropped at
about constant speed (about 5 cc/minute) in such a manner that the
temperature of the reaction solution was kept constant at 25°C while the
reaction solution was cooled with an ice water bath. After finishing the
dropping, the reaction mixture was transferred to a washing vessel and
washed with 100 ml of a 3 weight % aqueous solution of sodium
hydroxide 3 times and then with 100 ml of water 3 times. The solvent and
low boiling components were removed under reduced pressure by using
a rotary evaporator to obtain 260 g of the product. The product had light |

yellow color.
The product had a kinematic viscosity of 1903 ¢St at 40°C and 68.1

cSt at 100°C.

Example 33

Into a 500 ml glass flask equipped with a dropping funnel, a cooler
and a stirrer, 4 g of acetaldehyde diethyl acetal, 30 g of toluene and 0.4 g
of FeCl3-6H20 were charged. The temperature of the solution was 10°C. -
When ethyl vinyl ether was dropped into the solution, generation of heat

was observed immediately in response to the addition of ethyl vinyl ether
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[err] wherein Rlerr] is an alkyl group having 1 to 3 carbon atons and one
end having the structure expressed by the fornmula (11): [err] or the
formula (111): - 44 - -CH = CHOR[ err] . (rrery,

~ and 30 g of ethyl vinyl ether was dropped at about constant speed in such
a manner that the temperature of the reaction solution was kept constant
at 10°C while the reaction solution was cooled with.an ice water bath.
After finishing the dropping, the reaction mixture was transferred to a
washing vessel and washed with 15 ml of a 3 we;ght % aqueous solution
of sodium hydroxide 3 times and then with 15 ml of water 3 times. The
solvent and low boiling components were removed under reduced
pressure by using a rotary evapofator to obtain 30.6 gof thé product. The
product had dark yellow color. o '
The product had a kinematic viscosity of 21.86 ¢St at 40°C and 3.94
¢St at 100°C.

Example 34

Into a 500 ml glass flask equipped with a dropping funnel, a cooler
and a stirrer, 3 g of acetaldehyde diethyl acetal, 30 g of toluene and 0.18 g
of FeCl3 were charged. The temperature of the solution was 15°C. When
ethyl vinyl ether was dropped into the .solution, generation of heat was
observed immediately in response to the addition of ethyl vinyl ether and
30 g of ethyl vinyl ether was dropped at about constant speed in such a
manner that the teniperature of the reaction sﬁlution was kept constant
at 30°C while the reaction solution was cooled with an ice water bath.
After finishing the dropping, the reaction mixture was transferred to a
washing vessel and washed with 15 ml of a 3 weight % aqueous solution
of soaium hydroxide 3 times and then with 15 ml of water 3 times. The

solvent and low boiling components were removed under reduced
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wher ein R['err]

to 8 carbdn atons and Rlerr] is either one of Rlerr] and Rerr]. In the

formula (11),
el i m fating the hydroxyl

Rlerr] is derived fromthe residual group formed by

both used for the initiation of the polynerization. Wen the al cohol is

used,
t he acet al
al koxy grou

a hydrogen is attached to the initiated end of the polynmer and, when

JRreBRTH biaeRE Aotty Sy BRBrRLRF B obFin 20 kel

term nat ed end

prddutcti? %a%zgarq: ygflowp color.

The product had a kinematic viscosity of 326.7 ¢St at 40°C and 25.69
cSt at 100°C.

Example 35

Into a 1 liter autoclave made of SUS-316L, 100 g of acetaldehyde
diethyl acetal, 100 g of n-heptane, 3.0 g of Raney nickel and 3.0 g of zeolite
were charged. 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 maké the pressure of hydrogen 10 kg/cm2 and,
aftgr stirring for about 30 seconds, the pressure of hydrogen was
released. Then, the pressure of hydrogen was increased to 30 kg/cm2
and the temperature was increased to 130°C in 30 minutes under
stirring. The reaction was conducted at 130°C for 2 hours and 30
minutes. The reaction proceeded during and after the increase in the
temperature and decrease in the pressure was 6bserved. The increase in
the pressure with increase in the temperature and the decrease in the
pressure with the reaction were suitably compensated by decreasing or
increasing the pressure and the pressure of hydi'ogen was kept at 30
kg/ecm2 during the reaction. After finishing the reaction, the reaction
mixture was cooled to 20°C and the pressure was decreased to
atmospheric pressure. Qualitative analysis and quantitative analysis

were made with the reaction product by gas chromatography. The

Is as previously defined, R2 is a hydrocarbon group having 1

group fromthe al cohol or fromthe residual group
formed by elimnating the oxygen atomfromthe al koxy group in the acetal,
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expressed Qy the formula (I11) described above or the ol efin group expressed
by the fornmula (I11) described above is attached. The honopol yner or the
copol yner of the al kyl vinyl ether may conprise the term nated end
expressed by the formula (11) alone, the term nated end expressed by the
formula (111) alone or the termnated end having a m xed structure of them
The pol ynerization can be performed at a tenperature in the range of -80 to
150[err]C, preferably 0 to 100[err]C although it varies depending on the

Feact on 1 o PRNPEHER Y RFRRIEYTAR Bt achlal et b o ACakd th selectivity t

diethyl ether was 68.3 %.

Example 36 : .

Into a 1 liter autoclave made of SUS-316L, 100 g of propionaldehyde
diethyl acetal, 100 g of n-octane, 6.0 g of Raney nickel and 6.0 g of zeolite
were-charged. Hydrogen was introduced into the autoclave and the
pressure of hydrogen was adjusted to 10 kg/em2. After stirring for about
30 seconds, the pressure was released. Hydrogep was introduced into
the autoclave again to make the pressure of hydrogen 10 kg/cm?2 and,
after stirring for about 30 seconds, the pfessure of hydrogen was
released. Thgn, the pressure of hydrogen was increased to 30 kg/cm?2
and the temperature was increased to 130°C in 30 minutes under
stirring. The reaction was conducted at 130°C for 1 houf and 30 minutes.
The reaction proceeded during and after the increase in the temperature
and decrease in the pressure was observed. The increase in the pressure
with increase in the temperature and the decrease in the pressure with
the reaction were suitably compensated by decreasing or increasing the
pressure and the pressure of hydrogen was kept at 30 kg/cm2 during the
reaction. After finishing the reaction, the reaction mixture was cooled to
20°C and the pressure was decreased to atmospheric pressure.
Qualitative analysis and qﬁantitative analysis were conducted with the
reaction product by gas chromatography. The conversion of
propionaldehyde diethyl acetal was 97.0 % and the selectivity to ethyl n-
propyl ether was 72.0 %.

/
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hours after the start of the reaction. For adjusting the nolecul ar wei ght
in the pol'ynerization reaction, the nolecul ar weight of the polyner is
decreased by an increased amount of the al cohol or the acetal. - 45 -
The pdl ynerization can be performed w thout a solvent but a solvent may be
used provided it is stable under the reaction condition.

Example 37
(1) Preparation of material

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a sﬁrrer, 1000 g of toluene, 500 g qf acetaldehyde diethyl acetal and
5.0 g of boron trifluoride diethyl etherate were c'lglarged. Into a dropping
funnel, 2500 g of ethyl vinyl ether was charged and dropped in 2 hours
and 30 minutes. During this period, the reaction started and the
temperature of the reaction solution increased. The temperature was
kept at about 25°C by cooling with an ice water bath. After finishing the
droppixig, the solution was further stirred for 5 minutes. The rgaction
mixture was transferred to a washing vessel and washed with 1000 ml of
a 5 weight % aqueous solution of sodium hydroxide 3 times and then with
1000 ml of water 3 times. The solvent and unreactéd raw materials were
removed under reduced pressure by using a rotary evaporator to obtain
2833 g of the product. The IH-NMR chart of this product is shown in
Figure 52. From this figure, the product was found to have the
structures of the following formulae (A') and (B'). The product had a
kinematic viscosity of 5.18 ¢St at 100°C and 38.12 ¢St at 40°C. |

(I)Et '(I)Et
(I)Et
H—~(CH,CH), - CH = CHOEt (B")

The ratio of numbers of molecule was (A') : (B') = 4.5 : 1 and the
é.verage value of u was 5.6. |

(2) Into a 1 liter autoclave made of SUS-316L, 200 g of the oligomer
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The sol vent

solvents

second of the polyvinyl ether conpounds of the invention conprises the
constituting units expressed by the fornmula (1V): [err] In the formula (1V)
descri bed above, R3, R4 and R5 are each a hydrogen atom or an al kyl group

having 1 t Oprepared ih tH)° dscribed Thove, 8.0 56 Rafidy nickel and 6.0 g of zeolite

were charged. 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 at;toclave again to make the pressure of h;drogen 10 kg/cm?2 and,
after Stii'x'ing for ‘about 30 seconds, the pressure of hydrogen was
released. After repeéting this operation once more, the pressure of
hydrogen was increased to 25 kg/cm?2 and the temperature was increased
to 140°C in 30 minutes under stirring. The reaction was conducted at
140°C for 2 hours. The reaction proceeded dﬁring and after the increase
in the temperature and decrease in the pressure was observed. The
increase in the pressure with increase in the temperature and the
decrease in the pressure with the reaction were suitably compensated by
decreasing or increasing the pressure and the pressure of hydrogen was
kept at 25 kg/cm? during the reaction. After finishing the reaction, the
reaction mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. To the reaction mixture, 100 ml of
hexane was added. The catalyst was precipitated by standing for 30
minutes and the ;'eaction solution was separatéd by decantation. The
hexane solution was combined with the reéction solution and filtered
with a filter paper. The catalyst was reused in Example 39. Hexane,
water and the like were removed under reduced pressure by using a
rotary evaporator. The yield was 162 g.

The 1H-NMR chart of this product is shown in Figure 53. From
this chart, the raw material acetal was found to have been converted to

P______—_________d
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Is not particularly limted. Preferable exanples of the solvent
are hydrocarbon sol vents, such as hexane, benzene and tol uene and ether
such as et hyl ether 1, 2- di met hoxyet hanem and t et r ahydr of ur an.
The polynerlzatlon reaction can be term nated by addition of an al kali

The



group are_nethyl group, ethyl group, n-propyl group, isopropyl group, n-

but yl group | sobutyl group, sec-butyl group and tert-butyl group. R3, R4
and R5 may be the sanme or different fromeach other. Anobng hydrogen and the
groups descri bed above, hydrogen, nethyl group and ethyl group are
preferable and it is preferred that at |east one of R3, R4 and R5 be
hydrogen atom R err] in the formula (1V) is an al kylene group having 2 to
4 carbon atons and, nore specifically, ethylene group, trimethylene group,

t hyl et hyl ] cemdi met hyl et hyl
T T PR R S T O o

hem "a groups
l
H—(CH,CH), - CH,CH,0OEt (CH

U

"C

Cv-

wherein Et is an ethyl group. The conversion was 100 %. The kinematic
viscosity was 4.90 at 100°C and 29.50 at 40°C. The oligomer of ethyl vinyl
ei_:het having the formula (B') described above was also converted to the
ether compound having the formula (C") described above. '

——

Example 38

Into a 1 liter autoclave made of SUS-316L, 200 g of the oligomer
prepared in Example 37 (1) described above, 20 g of Ranej nickel and 20 g
of zeolite were charged. Hydrogen was introduced into the autoclave and
the pressure of hydrogen was adjusted to 7 kg/cm2. After stirring for
about 30 seconds, the pressure was released. After repeating this
operation once more, the pressure of hydrogen was brought to 7 kg/cm?
and the temperature was increased to 130°C in 30 “minutes under
stirring. The reaction was conducted at 130°C for 2 hours and 30
minutes. The reaction proceeded during and after the increase in the
temperature and decrease in the pressure was observed. The increase in
the pressure with increase in the temperature and the decrease in the
pressure with the reaction were suitably compensated by decreasing or
increasing the pressure and the pressure of hydrogen was kept at 7
kg/cm?2 during the reaction. After finishing the reaction, the reaction
mixture was cooled to room temperature and the pressure was

decreased to atmospheric pressure.' The reaction mixture was filtered
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having 2 or 3 carbon atons are parti cul arIy preferable. In the formula
(1V), k id the number of repeating of R60, the average of which is in the
- 46 - range of 0 to 10, preferably O to 5. R7 in the formula (I1V) is an
al kyl "group having 1 to 10 carbon atoms. Exanples of the alkyl group are
al kyl groups, such as nethyl group, ethyl group, n-propyl group, isopropyl
group, n-butyl group, .
and water and the like were removed from the solution part under
reduced pressure by using a rotary evaporator. The yield was 160 g. By
this procedure, the same ether compound as in Example 37 (2) was
obtained from the raw material acetal and the_conversion was 100 %.

The kinematic viscosity was 4.77 at 100°C and 30.27 at 40°C.

‘Example 39

- In the autoclave used in Example 37 (2) in which the catalyst was
remaining,' 200 g of the oligomer prepared in Example 37 (1) was charged
and the reaction was performed by the same method as in Example 37
(2). The yield was 164 g. By this procedure, the same ether compound
was obtained as in Example 37 (2) from the material acetal and the
conversion was 100 %. The _kinematic viscosity was 4.93 at 100°C and
29.13 at 40°C.

Example 40

(1) Preparation of material

_ The reaction was performed by the same method as in Example 37
(1) except that the amount of acetaldehyde was 450 g, the amount of the
boron trifluoride etherate was 4.5 g and the -amount of ethyl vinyl ether
was 2800 g. The yield was 3175 g. ‘The product had the same structure as
that in Example 37 (1). The kinematic viscosity was 6.79 at 100°C and
59.68 at 40°C. The raﬁo of the numbers of molecule was (A"): (B) =8:1
and the average value of u was 6.8.

(2) Into a 1 liter autoclave made of SUS-316L, 200 g of the oligomer

-
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I sobut yl group, sec-butyl group, tert-butyl group, various kinds of pentyl
group, various kinds of hexyl group and various kinds of octyl group,

cycl oal kyl groups, such as cycl opentyl group, cyclohexyl group, various

ki nds”of methyl cycl ohexyl group, various kinds of ethylcycl ohexyl group,
various kinds of dinethylcyclohexyl group and the |ike groups. Anong them
al kyl groups having 8 or |ess carbon atons are preferable. A kyl groups
having 1 to 6 carbon atons are particularly preferable when k is 0, and

PR S R R e L
units clay were charged. Hydrogen was introduced into the autoclave and the
pressure of hydrogen was adjusted to 10 kg/cm2. After stirring for about
30 secoﬁds, the pressure was released. Hydrogen was introduced into
the autoclave again and the pressure of hydro%en was adjusted to 10
kg/cm2. After stirring for about 30 seconds, the pre.ssure was released.
After repeating this operation once more, the pressure of hydrogen was
increased to 30 kg/cm?2 and the temperatﬁre was increased to 150°C in 40
minutes @der stirring. The reaction was conducted at 150°C for 1 hour.
The reaction proceeded during and after the increase in the temperature
and decrease in the pressure was observed. The increase in the pressure
with increase in the temperature and the decrease in the pressure with
the reaction were suitably compensated by decreasing or increasing the
pressure and the pressure of hydrogen was kept at 30 kg/cm2 during the
reaction. Aﬁer finishing the reaction, the reaction mixture was cooled to
room temperature and the pressure was decreased to atmospheric
pressure. The reaction mixture was filtered and water and the like were
removed from the solution part under reduced pressure by using a rotary
evaporator. The yield was 158 g. By this procedure, the same ether
compound as in Example 37 (2) was obtained from the raw material
acetal and the conversion was 100 %. The kinematic viscosity was 7.06

at 100°C and 57.32 at 40°C.

Example 41
Into a 1 liter autoclave made of SUS-316L, 200 g of the oligomer

—_—
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and a plurality of R60 may be the sane or different fromeach other when
the consti.futing unit.contains a plurality of R60. It is necessary that the
pol yvi nyl ether conpound of the invention does not contain any of an

unsat urated bond, an acetal structure and an al dehyde structure in the

nol ecul e. The polyvinyl ether conmpound generally has the structure in which
one end is expressed by the formula (V): [err] wherein Rerr], Rerr] and
Rlerr] are each a hydrogen atomor an al kyl group having 1 to 4 carbon

at 0”’?1 and gaundifed {if ESQHpR 371} HesBlinbd YBo%aCHo g of zeolite and 5.0 g of
Pd/C (supporting 5 % of Pd, a product of Wako Jun-yaku Co., Ltd.) were
charged. Hydrogen was introduced into the autoclave and the pressure
of hydrogen was ;a.djusted to 7 kg/cm2, After stirring for about 30
seconds, the pressure was released. Hydrogen v:as introduced into the
autoclave again and the pressure of hydrogen was adjusted to 7 kg/cm2.
After stirring for about 30 seconds, the pressure was released. After
repeating this operation once more, the pressure of hydrogen was
brought to 7 kg/cm?2 and the temperature was increased to 120°C in 30
minutes. under stirring. The reaction was conducted at 120°C for 7
hours. The reaction p_roceeded during and after the increase in the
temperature and decrease in the pressure was observed. The increase in
the pressure w_'ith increase in the temperature and the decrease in the
pressure with tl;e reaction were suitably compensated by decreasing or.
increasing the pressure and the pressure of hydrogen was kept at 7
kg/cm?2 during the reaction. After finishing the reaction, the reaction
mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. The reaction mixture was filtered
and water and the like were removed from- the solution part under
reduced pressure by using a rotary evaporator. The yield was 167.2 g. By
this procedure, the same ether compound as in Example 37 (2) was
obtained from the raw material acetal and the conversion was 100 %.

The kinematic viscosity was 5.28 at 100°C and 32.93 at 40°C.

Example 42

[
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Dat e: - 47 - other, Rerr] is an al kylene group having 2 to 4 carbon
atons, R12 is an al kyl group having 1 to 10 carbon atons, mis a nunber the
aver age of which is in the range of 0 to 10 and a plurality of R err] O may
be the sane or different fromeach other, and the other end is expressed by
the formula (VI):

Into a 1 liter autoclave made of SUS-316L, 200 g of the oligomer
prepared in (1) described above, 20 g of zeolite and 20 g of Ru/C
(supportfng 5 % of Ru, a product of . Wako Jun-yaku Co., Ltd.) were
charged. Hydrogen was introduced into the autoclave and the pressure
of hydrogen was adjusted to 30 kg/cm2. Aft:r stirring for about 30
seconds, the pressure was released. Hydrogen was introduced into the
autoclave again and the pressure of hydrogen was adjusted to 30 kg/cm2.
After stirring for about 30 secoﬁds, the pressure was released. After
repeating MS operation once more, the pressure of hydrogen was
brought to 30 kg/cm2 and the temperature was increased to 130°C in 30
minutes under stirring. The reaction was conducted at 130°C for 1 hour.
The reaction proceeded during and after the increase in the temperature
and decrease in the pressure was observed; The increase in the pressure
with increase in the temperature and the decrease in the pressure with
the reaction were suitably compensated by decreasing or increasing the
pressure and' the pressure of hydrogen was kept at 30 kg/cm? during the
reaction. After finishing the reaction, the reaction mixture was cooled to
room temperature and the pressure was decreased to atmospheric
pressure. The reaction mixturé was filtered and water and the like were
removed from the solution part under reduced pressure by using a rotary
evaporator. The yield was 156 g. By this procedure, the same ether
compound as in Example 37 (2) was obtained from the raw material
acetal and the conversion was 100 %. The kinematic viscosity was 5.18

at 100°C and 31.53 at 40°C.
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[err] wherein Rlerr], Rlerr] and Rlerr] are each a hydrogen atomor an

al kyl group havi ng 1 to 4 carbon atons, may be the sane or different from
each qther, R16 is an al kyl ene group havi ng 2 to 4 carbon atons, R17 is an
al kyl group having 1 to 10 carbon atons, n is a nunber the average of which
Is in the range of 0 to 10 and a pl urallty of Rlerr]O may be the sanme or
different fromeach other. In the formula (V) descri bed above, R3, RO and
R10 are each a hydrogen atom or an al kyl group having 1 to 4 carbon atons.
Exanpl es OfEﬁﬁﬁpﬂEﬂl group are the sane as those shown as exanples in the

Into a 2 liter autoclave made of SUS-316L, 15 g of Ni-diatomaceous
earth and 350 g of hexane were charged. After replacing the atmosphere
inside of the autoclaﬁe with hydrogen, the pressure of hydrogen was
adjusted to 30 kg/cm2. The tempei'ature was ir:creased to 150°C in 30
minutes under stirring and the activation treatment of the catalyst was
conducted for 30 minutes. After cooling the autoclave, 300 g of the
oligomer prepared in Example 37 (1) described above and 15 g_of zeolite
were charged into the autoclave. Hydrogen was introduced into the
autoclave and the pressure of hydrogen was adjusted to 30 kg/cm2. After
stirring for about 30 seconds, the pressure was released. Hydrogen was
introduced into the autoclave again and the pressure of hydrogen was
adjusted to 30 kg/cm?2. After stirring for about 30 seconds, the pressure
was released. After repeating this operation once more, the pressure of
hydrogen was brought to 30 kg/cm2 and the temperature was increased

~ - to 130°C in 30 minutes under stirring. The reaction was conducted at
130°C for 1 hour. The reaction proceeded during and after the increase

in the temperature and decrease in the pressure was observed. The
increase in the pressure with increase in the temperature and the
decrease in the pressure with thé reaction were suitably compensated by
decreasing or increasing the pressure and the pressure of hydrogen was
 kept at 30 kg/cm? during the reaction. After finishing the reaction, the
reaction mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. The reaction mixture was filtered

and water and the like were removed from the solution part under

Sheet Has Been RTlaced

\\llll\l il =



description of Rlerr] to Rerr] inthe formula (1V). R8, RO and RL0 may be
the sane 6r different fromeach other. Anong them a.hydrogen atom nethyl
group and ethyl group are preferable and it is preferred that at |east one
of R8¥ RO and R10 be a hydrogen atom Rerr] in the formula (V) is an

al kyl ene group having 2 to 4 carbon atons. Exanples of the al kyl ene group
are the sanme as those shown as exanples in the description of R6 in the
formula (1V). Anobng them al kyl ene groups having 2 or 3 carbon atons are

particularly, 4., § I h r hng nunber
of Rerr]o r[eﬁ&x%ég é)?gééue By h@ﬁ:gf 8 rm:ﬂx% év\onrm;o_sr. Qﬁe %ﬁd WS 340 é’
The conversion of the raw material acetal was 100 % like in
Example 37. The kinematic viscosity was 5.38 at 100°C and 33.12 at 40°C.
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- 48 - of which is in the range of 0 to 10, preferably 0 ta 5. _\Vhen a

plurality of Rlerr]O are present, a plurality of Rlerr]O nay be the sane or
different fromeach other. R12 in the formula (V) is an alk m

1 to 10 carbon atons. Exanpl es of the al kyl group are the sﬂmmw ﬂullrm",
shown as ‘exanples in the description of R7 in the fornula (I1V).“Anbnd" t Fem*
. alkyl groups having 8 or less carbon atons are preferable. Al kyl groups

WHAT IS CLAIMED IS:

1. A polyvinyl ether compound which comprises a. homopolymer or a
copolymer of an alkyl vinyl ether comprising the constituting units

expressed by the general formula (I) or (I'):
P
—{om,-cr)- D or
P
—(CIJH—CH R
CHyg a,

wherein R1 is an alkyl group having 1 to 3 carbon atoms, and having a
weight-average molecular weight of 300 to 1200 and one end having the
structure expressed by the general formula (II): |
OR!
—'C]:'Iz(lJHOR2 . (ID -
or the formula (III):
~CH = CHOR= (111),
whergin Rl is as previously defined, R2 is a hydrocarbon group having 1

to 8 carbon atoms and Ra is either one of R! and R2.
2. The polyvinyl ether compound as claimed in Claim 1, wherein the
constituting units expressed by the general formula (I) comprises one

kind of the constituting unit.

3. The polyvinyl ether compound as claimed in Claim 1, wherein the
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having 1 to 6 carbon atons are particularly preferable when mis 0, and

al kyl groups having 1 to 4 carbon atons are particularly preferable when m
is 1 or nore. In the fornmula (VI) described above, R err] ]”mnu Hml]ﬁum”“l
Rlerr]™ are each a hydrogen atom or an al kyl group having

atoms. Exanples of the alkyl group are the same as those shbwf as efanpl eb
in the description of R3to R5 in the formula (1V). Rerr], Rerr] and
Rlerr] may be the sane or different fromeach other. Anmong them a hydrogen

atom et hikhn g i ,rifh{?é g*gr&rsgﬂgbe}agﬁ%%ﬁo‘?ﬂai@r&tﬂﬁqn ohpriiédf &6 B¢ t hat

at | east one o R gen atom
more kinds of the constituting units.

4. The polyvinyl ether compound as claimed in Claim 1, wherein the
ratio of the weight-average molecular weight fo the number-average

molecular weight is in the range of 1.05 to 1.50.

5. A polyvinyl ether compound which comprises the constituting units
expressed by the general formula (IV): t

Rs RS
b
R4 O(R60)kR7 aw,
wherein R3, R4 and R5 are each a hydrogen atom or an alkyl group -
having 1 to 4 carbon atoms, and may be the same or different from each
other, R6 is an alkylene group having 2 to 4 carbon atoms, R7 is an alkyl
—~ . group having 1 to 10 carbon atoms, k is a number the average of which is
in the range of 1 to 10, R3 to R7 may be the same or different among the
constituting units and RS may be the same or different from each other
when the constituting unit contains a plural R6, said compound not
containing any of an unsaturated bond, an acetal structure and an
aldehyde structure in the molecule and having a weight-average

molecular wéight of 300 to 3000.

6. The polyvinyl ether compound as claimed in Claim 5, wherein the one
end has the structure expressed by the general formula (V):
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R16 in-the fornmula (VI) is an al kylene group having 2 to 4 carbon atons.
Exanpl es of the al kyl ene group are the sane as those W
the degcription of R6 in the fornmula (1V). Anmong thenmy Iene gr oups

having 2 or 3 carbon atons are particularly preferable. m,”,"mm
(VI), n shows the repeating nunber of Rerr]O the aver ’gm
the range of 0 to 10, preferably 0 to 5. Wen a plurality o er"r]@are
present, a plurality of Rerr]O my be the sane or different from each

ot her. Rs R1°
HC—C—
(RnO),,,;R12 W),
wherein RS, R and R10 are each a hydrogen atom or an alkyl group
having 1 to 4 carbon atoms, and may be the san:e or different from each
other, R11is an alkylene group having 2 to 4 carbon atoms, R12 is an alkyl
group having 1 to 10 carbon atoms, m is a number the average of which
isin the range of 0 to 10 and a plurality of R110 may be the same or
different ﬁom each other, and the other end has the structure éxpressed

by the general formula VD):

1!\».14 O(RI0), R VD),
wherein R13, R14 and R15 are each a hydrogen atom or an alkyl group
having 1 to 4 carbon atoms, and may be the same or different from each
— - other, R16 is an alkylene group having 2 to 4 carbon atoms, R17 is an alkyl
group having 1 to 10 carbon atoms, n is a number the average of which is
in the range of 0 to 10 and a plurality of R160 may be the same or different

from each other.

7. The polyvinyl ether compound as claimed in Claim 5, wherein the

- constituting units are expressed by the general formula (VII):

o

H OR18 : (VID),

wherein R18 is an alkyl group having 1 to 4 carbon atoms and may the

//
een Re‘)laced 133

\\\\\\\\\\\\\\\\\\\\\ |



- 49 - Rerr] in the formula (VI) Is an al kyl group having 1 to I0 carbon

atoms. Exanpl es of the al kyl group are the sane as. thos
in the description of R7 in the formula (1V). Am)ng themnﬂgmuml I]EHI“F
having 8 or |ess carbon atons are preferable. Al kyl groups Ravengtl €0 *6
carbon atons are particularly preferable when n is 0, and al kyl groups
having 1 to 4 carbon atons are particularly preferable when nis 1 or nore.

The pol yvinyl ether conpound of the invention has a weight-
same or different among the constituting units.

8. The polyvinyl ether compound as claimed in Claim 7, wherein the
polyvinyl ether compound has the structure expressed by the general

*»

formula:

H(-c—c-)p—H

H ORm (VIID)
wherein R18 is an alkyl group having 1 to 4 carbon atoms and may the
same or different among the constituting units and p is the degree of

polymerization.

9. The polyvinyl ether compound as claimed in Claim 5, wherein the

weight-average molecular weight is in the range of 400 to 1,000.

10. The polyvinyl ether compound as claimed in Claim 5, wherein the
ratio of the weight-average molecular weight to the number-average

molecular weight is in the range of 1.05 to 2.00.

11. A method of production of a polyvinyl ether compound comprising the
constituting units expressed by the general formula (X):

R19 R21

b

10 OE=0)E" ),
wherein R19, R20 and R21 are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atoms, and may be the same or different from
I
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aver age nolsecul ar wei ght
2000, more preferably 400 to 1000 and, a degree of pol ynerizati-on
preferably in the range of -5 to 10. The ratio of. the wei
mol ecul ar wei ght to the nunber-average nol ecul ar wei ght

1.05 to 2.00, preferably 1.06 to 1.90. The preferable co _
et her conpounds of the invention are conpounds whi ch have the

pol yvi nyl

in the range of 300 to 3000, preferably 400 to

constituting units expressed by the formula (VII) [err] wherein R err]

an alkyl o gudh "WKEPIRI2 48 &' HIALIRRY K RRaMbh To¥udhiviag 2 to 10 carbon |

S

atoms, R23 is a hydrocarbon group having 1 to 10 carbon atoms, q is a
number the average of which is in the range of 0 to 10 and R220 may be
the same or different from each other when a_plurality of R220 are
present, which method compi'ises polymerizing ﬁa vinyl ether monomer
expressed by the general formula (IX):
R _ C C R
- R om”o)qR (IX),

wherein R19 to R23 and q are the same as those in the formula (X), by
using a combination of a Brgnsted acid, a Lewis acid or an
organometallic compound with water, an alcohol, a phenol, an acetal or

an adduct of a vinyl ether and a carboxylic acid as the initiator.

12. The method of production of a polyvinyl ether compound as claimed

in Claim 11, wherein the vinyl ether monomer expressed by the general
forﬁda (IX) is polymerized in the presence 'O.f a Lewi; ;cid catalyst and
an acetal expressed by the general formula (XI):

R24 st |

HC—C—-O(R”O),R”

R25 O(R”O),R” (XD),
wherein R24, R25 and R26 are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atoms, and may be the same or different from
each other, R27 and R2? are each a bivalent hydrocarbon group having 2

to 10 carbon atoms, and may the same or different from each other, R28

~ and R30 are each a hydrocarbon group having 1 to 10 carbon atoms, and

< TG uﬂin
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sane or different anong the constituting units, do not contain any of an
unsat urat €d bond, an acetal structure and an al dehyde structure and have a

wei ght - aver age nol ecul ar weight in the range of 300 to 300
pref erfabl e conpounds anong them are conpounds having the c m mm‘mu“ul“\
expressed by the formula (VM 11): - 50 - [err] *+ c L M 5 *

may be the same or different from each other, r and s are each a number
the average of which is in the range of 0 to 10, and may be the same or
different from each other, R270 may be the same or different from each
other when a plurality of R270 are present and R290 may be the same or
different from each other when a plurality of R290 are present.

13. The method of production of a polyvinyl ether compound as claimed
in Claim 11, wherein an acetal expressed by the general formula (XIII):
' RI® R21 .
HC—C—ORFO)R®
R® OR®OMR®  * °  (xmm,
wherein R1? to R23 and q are each the same as those described in Claim
11, R31 is a bivalent hydrocarbon group having 2 to 10 carbon atoms, R32
is a hydrocarbon group having 1 to 10 carbon atoms, t is a number the
average of which is in the range of 0 to 10, and R310 may be the same or
= . different from each other when a plurality of R310 are present, is formed
by adding a vinyl ether monomer expressed by the general formula (IX)
to an alcohol expressed by the general formula (XII):
R32(OR31),0H . (XID),
wherein R31, R32 and t are each the same as those in the formula (XIII),
in the presence of a Lewis acid catalyst and thén the vinyl ether
monomer expressed by the general formula (IX) is added further to the
resultant acetal and polymerized.

14. The method of production of a polyvinyl ether compound as claimed

T i



wherein Rlerr] is as previously defined and p is a degree of
pol ynmeri zation, and a wei ght-average nol ecul ar weight in the range of 300

to 300Q, preferably 400 to 1000. The pol yvinyl et hler co_rrppu-_nd of the

i nvention can be produced by (a) the process of polyneri “ﬁ
correspondi ng vinyl ether nononer and (b) the process of H!Ilmm “IH’"MI”IH
acetal s and al dehydes in the pol ymerized product. (a) The’ prbcess *of s *
pol ymeri zati on: As t he net hod of polynerization of the vinyl ether

Compounc, eCtpo Bk O eh) Whathid 1o BAYHALatbAth SRRBAL ot

second object
temperature of 0 to 100°C.

15. The method of production of a polyvinyl ether compound as claimed
in Claim 12 or Claim 13, wherein the Lewisﬁacid catalyst is boron

trifluoride or a complex thereof.

16.. A method of production of an ether compound expressed by the
generai- formula (XV):

CHR3R36
\
/ AN
H R37 (XV)
or by the general formula (XVI):
H CHR35R36
. AN C/
\ .
E R‘“O/ R¥ XvVD), -

wherein R33 and R34 are each a hydrocarbon group or a hydrocarbon
group containing ether oxygens in the main chain, in the side chain or
in both of them, and may be the same or different from each other and
R35, R36 and R37 are each a hydrogen atom, a hydrocarbon group or a
hydrocarbon group containing ether oxygens in the main chain, in the
side chain or in both of them, and may be the same or different from each
other, which comprises bringing an acetal compound or a ketal

compound expressed by the general formula (XIV):

_—
137
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descri bed _above can be adopted. (b) The process of treatnent: In this
process, unsaturated bonds, acetals and al dehydes in the polynerized =~
product are converted into saturated bonds and ethers

bonds ‘Unsat urated bonds formed at the end of the polym“ﬂmmm"m 'lmmll
pol yneri zati on can be converted into saturated bonds in *coffvehtitbnat =+
conditions, such as a reaction tenperature of 20 to 200[err]C, a hydrogen
pressure of 1 to 100 kg/cnferr] and in the presence of a hydrogenation
catalyst. As the hydrtig;gaat i on gﬁiﬁh&st pl ati num cat al ysts, rhodi um

Nl

AN
12340/ R% (X1V),
wherein R33, R34, R35, R36 and R37 are the same as those in the formulae

(XV) and (XVT), into the reaction with hydrogen in the presence of a solid

catalyst having acidic property and hydrogenating ability.

17. The method of production of an ether compound as claimed in Claim
16, wherein the solid catalyst having acidic property and hydrogenating
ability is a catalyst comprising a combination of a hydrogenation catalyst
and a solid acid catalyst or a solid acid catalyst having hydrogenating
ability.

18. The method of production of an ether compound as claimed in Claim
16, wherein the acetal compound or the ketal compound expressed by the

— .  general formula XIV) is a compound expressed by the general formula
(XVII):

OR38 OR?8
H—‘(CH..,(lJ'H)m—CHgéHOR39 (XVID),
wherein R38 and R3? are each a hydrocarbon group having 1 to 20 carbon
atoms or a hydrocarbon group containing ether oxygens, and may be the
same or different from each other, R38 may be the same or different
among the constituting units and u is an integer of 1 to 500, and the ether

compound thus obtained is a compound expressed by the general

formula (VIII):
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catal ysts, ruthenium catal ysts, nickel catalysts, cobalt catalysts and the
li ke are preferabl e. (2) A dehydes - 51 - Aldehydes fornmed by the

hydrol ysis of acetals or esters nade from carboxylic aci: dilﬂ"ﬂ”ﬂﬂ
can be converted to al cohols by the hydrogenation reactio "‘ﬂﬂmﬁ
converted to. ethers by the

Y -
H~(CH,CH),,,-H (XVIII)
or by the general formula (XIX): '
iy "
H~(CH,CH),~CH,CH,0R® (XIX),

wherein R38, R39 and u are each the same as those in the formula

(XVID).

19. The method of production of an ether compound as claimed in Claim
186, V:Qhefein the acetal compound or the ketal compound expressed by the
general formula (XIV) is a compound expressed by the general formula
(XX): o

R40CH(OR41) XxX),
wherein R40 and R41 are each a hydrocarbon group having 1 to 20 carbon

— . atoms, and may the same or different from each other, and the ether

compound thus obtained is a compound expressed by the general
formula (XXI)

R4°CH203-41 - (XXD,

wherein R40 and R41 are the same as those in the formula (XX).

20. A lubricating oil for compression-type refrigerators which comprises
as the main component thereof a polyvinyl ether compound having the

constituting unit expressed by the general formula (XXII):

i i -



W lianson synthesis. Mire specificall y pl ati num cat al ysts, palladium

catal ysts, rutheniumcatal ysts and nickel catalysts are particularly
e

preferabl e as the hydrogenation catal yst and the reaction can

at a reacti-on tenperature of 20 to 200[err]C and a hydrog
to 100 kg/cn2. The reaction for converting to ethers is gjmmﬂml'mﬂ x, E
Clh s

by the nethod in which the hydroxyl group is brought into thecrea

an al kal i

net al

A,

metal such as netallic sodium an alkali netal hydride such as
sodi um hydri de, an al kal 4 oxi de such as sodi um hydroxi de or an al kal i

salt of a |ower aJ qoho uch as sodi um net hoxi de to obtain the al kal i
salt of the polyneriz 'Gn-C—i-

T oants,

R O(RYO),R* (XXID),

wherein R42, R43 and R44 are each a hydrogen atc;;n or a hydrocarbon
group having 1 to 8 carbon atoms, and may be the same or different from
each other, R45 is a bivalent hydrocarbon group having 2 to 10 carbon
atoms, R46 is a hydrocarbon group having 1 to 10 carbon atoms, v is a
number the average of which is in the range of 0 to 10, R42 to R%6 may be
tl;e same or different among the constituting units and R450 may be the
same or different from each other when a plurality of R450 are present.

21. The lubricating oil as claimed in Clam 20, wherein one end of the

polyvinyl ether compound is expressed by the general formula (XXIII):

R# ORVO)R™ (XXIID), .
wherein R47, R48 and R49 are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atoms, and may be the same or different from
each other, R50 is a bivalent hydrocarbon group having 2 tol20 carbon
atoms, RS1 is a hydrocarbon group having 1 to 10 carbon atoms, a is a
number the average of which is in the range of 0 to 10 and R500 may be
the same or different from each other when a plurali‘ty of R500 are

present and the other end is expressed by the general formula (XXIV):

R!'SS (‘)(RSSO)bRSG (XXIV),

" ——
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product and the product is then brought into the reacti

hal ogen conpound or an ester of a sulfonic acid respecti

carbon atons or by the nethod in which the hydroxyl grou Tlm ﬂ%lmum
pol ymeri zati on product is converted to esters of a sulfo

and the product is then brought into reaction with an aliphatic al cohol

having 1 to 10 carbon atons or an alkali netal salt thereof. (3) Acetal
acetal forned at the end by the polynerization fornms al dehydes by the

o2t o S T 0B BRIl oA i B St rocarbon
group having 1 to 8 carbon atoms, and may be the same or different from
each other, R55 is a bivalent hydrocarbon group having 2 to 10 carbon
atoms, R%6 is a hydrocarbon group having 1 to 10 carbon atoms, b is a
number the average of which is in the range of B to 10 and R550 may be
the same or different from each other when a plurality of R550 are
present.

22. The lubricating oil as claimed in Claim 20, wherein one end of the
polyvinyl ether compound is expressed by the general formula (XXIII)
and the other end is expressed by the general formula (XXV):
R57 RS?
—C—C- ORTO)E®
1'158 6(3600) R XXV,

- wherein R57, R58 and R59 are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atoms, and may be the same or different from
each other, R60 and R62 are each a bivalent hydrocarbon group having 2
to 10 carbon atoins, and may be the same or different from each other,
R61 and R63 are each a hydrocarbon group having 1 to 10 carbon atoms,
and may be the éame or different from each other, ¢ and d are each a
number the average of which is in the range of 0 to 10, and may be the
same or different from each other, R600 may be the same or different

from each other when a plurality of R600 are present and R620 may be

the same or different from each other when a plurality of R620 are -

present.

Sheet Has Been Reﬂlaced 141 .

mmmmml

.

The



converted to ethers by the nmethods described above. Exarrpl es of the nethod
of directly converting the acetals to ethers are the method—o6f— - 52
using LiAlH err]-BF[err], LiAlH err]-AlCl[err], Blerr]

H
NaB(CN)H err]-HO or (CH[err]O)AI Herr], the met hod of mm{]ﬂ ' cﬂﬂ””m
reagents and the |ike described in Ji kken Kagaku Koza, 'ts
Vol une 20, Page 202 (published by Maruzen), and the nmethod of reactiod in a
hydr ogen at nosphere in the

23. The lubricating oil as claimed in Claim 20, wherein one end of the
polyvinyl ether compound is expressed by the general formula (XXIII)
and the other end has the structure comprising an olefinically

unsaturated bond.

24. The lubricating oil as claimed in Claim 20, wherein one end of the
polyvinyl ether compound is expressed by the general formula (XXIII)
and the other end is expressed by the general formula (XXVI):

R“ R66

—C—C OH

R65 H (XXVI)
wherein R64, R65 and 366 are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atoms, and ﬁay be the same or different from

each other.

~ . 25. The lubricating oil as claimed in Claim 20, wherein the polyvinyl
ether compound is a mixture of two or more compounds selected from
the group consisting of a compound having the structure in which one
end is expressed by the general formula (XXIII) and the other end is
_expressed by the general formula (XXIV), a compound having the
structure in which one end is expressed by the general formula. (XXIII)
and the other end is expressed by the general formula (XXV), a
compound having the structure in which one end is expressed by the
general formula (XXIII) and the other end comprises an olefinically
unsaturated bond and a compound having the structure in which one

end is expressed by the general formula (XXIII) and the other end is

142 eet Has Been Reﬂlaced

e o i




presence of, a catal yst systemin conbination of platinum oxide and
hydrochl oric acid described in lan T. Harrison and Shuyen—Harrison,
Conpendi um of Organic Synthetic Methods, Page 317 (1971). Further, aceta

can be efficiently converted to ethers by the method of [mlmlm l"ﬁﬂ”ﬂ,
et her conpound as the third object of the invention whic

hydr ogenation in the presence of a solid catalyst having acidic property

- and hydrogenating ability. As the solid catal yst having acidic property and

hydr ogenat i ion and the conditions of the
rgact ?on, I%QF %Bl%'affﬁ‘% %é% ‘Q{"PE‘TEW1 ons of the reaction described

I n the.productlon of the ether

26. The lubricating oil as claimed in Claim 20, wherein the polyvinyl
ether compound is a mixture of a compound having the structure in
which one end is expressed by the general formt:la (XXIII) and the other
end is expressed by the general formula (XXIV) with a compound having
the structure in which one end is expressed by the general formula
(XXIII) and the other end is expressed by the general formula (XXVI).

27. The lubricating oil as claimed in Claim 20, wherein the polyvinyl
ether compound is a mixture of a compound having the structure in
which one end is expreésed by the general formula (XXIII) and the other
end is expressed by the general formula (XXV) with a compound having
* the structure in which one end is expressed by the general formula

(XXIII) and the other end comprises an olefinically unsaturated bond.

28. The lubricating oil as claimed in any one of Claims 20 to 27, wherein
the kinematic viscosity at 40°C is in the range of 5 to 1000 cSt.

29. The lubricating oil as claimed in Claim 20, wherein the
compression-type refrigerator utilizes a hydrofluorocarbon as the

refrigerant.

30. The lubricating oil as claimed in Claim 20, wherein the

compression-type refrigerator utilizes a hydrochlorofluorocarbon as the

R
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conpound can be adopted. The lubricating oil for 'cbﬁﬁre'ssi on-type
refrigerators of the invention has excellent conpatibility wth the
refrigerant, stability, electric insulation and lubricatin

conpression-type refrigerators using Flon 134a as the r

Therefore, it is particularly favorable as the |ubri catm
According to the nethod of production of the polyvinyl

I

the invention, the polyvinyl ether with a desired degree of polyneri. za*t | on
and havi ng Qeﬂ'ig@rmge of applications, such as solvents, |ubricating

oils,

adhesi ves and resins, can be produced reliably,

31. The lubricating oil as claimed in Claim 20, wherein the
compression-type refrigerator utilizes 1,1,1,2-tetrafluoroethane as the

*

refrigerant.

32. The lubricating oil as claimed in Claim 20, wherein the
compression-type refrigerator utilizes a difluoromethane as the

refrigerant.
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safely, efficiently and industrially advantageously wi th sinple processes.
-¥53 - According to the method of production of the ether conpound, the
et her »conpound can be produced fromthe acetal conpound or the ketal
conmpound with a high conversion and a high selectivity and the apparatus
used for ordinary productions can be utilized because the probl em of
corrosi on does not arise. According to the nethod of the

AB.SIBACI_QF_THE.DISQLQSHBE
A polyvinyl ether compound whi_ch comprises the constituting

units expressed by the general formula:

R.3 R"

+¢—¢)- ’

R4 O(R“O),IR" |
(R3, R4 and RS are H or an alkyl group, RS is an alkylene group, R7 is an
alkyl group, and k is 0 to 10) (including a polyvinyl ether .compound
having specific end groups) and a method of production thereof‘
comprising polymerizing a vinyl ether monomer are provided. The
method uses a specific kind of initiator which is a combination of a
Brgnsted acid, a Lewis acid, or an organometallic compounds and an
addition product of water, an alcohol, a phenol, an acetal, or a viny! ether
to a carboxylic acid. The polyvinyl ether compound is useful as lubricant
and the like. A method of production of an ether compound which
comprises bringing an acetal compound or a ketal compound expressed

by the formula:

35R36
\ /CHR R

R340./ \R37

into the reaction with hydrogen in the presence of a solid catalyst having
the acidic property and the hydrogenating ability to convert R330— or
R340~ into H is also provided.

< |TRAT
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i nvention, ,the acetals or the ketals al one are hydrogenated and even when
the raw material acetal or ketal conpound contains hydrocarbon groups
havi ng_ et her oxygens, the part of the ether oxygen remains intact and the
acetal bond is converted to the ether bond. Further, the polyvinyl ether
conpound of the invention conprises a honopol yner or a copol yner of an

al kyl vinyl ether having alkyl group of 1.to 3 carbon atons and having a
relatively | ow nol ecul ar wei ght and a narrower dispersion thereof and a
honmopol ymer or a copol yner of a vinyl ether nonomer having none of

unsat urated bonds, acetal structures and al dehyde structures in the

nol ecul e. The pol yvinyl ether F' G |
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conmpound has excellent conpatibility particularly with hydrogen- contai ning
Fl ons such as Flon 134a, excellent stability and lubricating property and a
volune,intrinsic resistance at 80[err]C of 1012 [err]Jcmor nore and is
favorably used as the lubricating oil for conpression-type refrigerators
The pol yvi nyl ether conpound is useful . also as an electric insulating oi

an organic solvent, a surface active agent and the like. The present
invention is described with reference to exanples in nore detail in the
foll owi ng. However, the invention is not |imted by the exanples.
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- 54 - The.nmethods of neasurenents of the kinematic viscosity, the average
nol ecul ar weight, the conpatibility with Flon and the volune intrinsic
resi stance and the nethod of hydrolysis testing of the polyvinyl ether
conmpound are described in the followng. (1) Kinematic viscosity Kinematic
viscosity was nmeasured according to the method of

=
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2.816 — \ —
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. o —<I
5.141 — .
. k‘<
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Japanese | pdustrial Standard K-2283 (1983) by using a glass capillary

vi sconeter. (2) Average nol ecul ar wei ght (Exanples 8 to 25 and 25A)

Wi ght -"aver age nol ecul ar wei ght and nunber - aver age nol ecul ar wei ght were
measured by using the apparatus and under the conditions shown in the
foll ow ng and di spersion (wei ght-average nol ecul ar wei ght / nunber-average
nol ecul ar wei ght) was obtained fromthese results. Apparatus: a product of
Ni ppon Bunko Kogyo Co., Ltd., 880-PU (punp). Shodex RI SE-61[err]

(det ector)
FIG. 4
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Col um: TSK H8 + 2000 H8 + Gl000 H8 Tenperature: roomtenperature Sol vent:
THF (tetrahydrofuran) Rate of elution: 1.4 m/mnute Standard substance:
pol yet hyl ene glycol (3) Conmpatibility test (a) Flon 134a A sanple of a
speci fied amount adjusted to make 5 weight % or 10 wei ght % based on Fl on
134a (1,1,1, 2-tetrafl uoroet hane) was

PPM
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- 55 - charged into a pressure resistant glass anpoul e and the anmpoul e was:
connected to a vacuumline and the line for Flon 134a gas. The anpoul e was
degassed in vacuum at roomtenperature, cooled with liquid nitrogen and a
speci fied amount of Flon 134a was taken into the anpoul e. The anpoul e was
then seal ed and the tenperature at which the phase separation starts was
neasured as follows: For the neasurenent of the conpatibility at the | ow
tenperature side, the

z
4 alo
| 467.310 — * |
— QN
1816 —
267.790 — L —M
— <
© 9,575 —
—10
o 2465 —_— \
" 2477 — \ )
~©
N
— Q0D
—~
1.000 — » o

-

“‘ﬁﬁ‘iim’iiitﬁmuﬂin ~ |



sanple was,slowy cooled fromroomtenperature to -60[err]C in a thernostat
and, for the neasurenent of the conpatibility at the higher tenperature
side, the sanple was slowy heated fromroomtenperature to +80[err]C. It
is preferable that the phase separation tenperature be lower in the | ower
tenperature side, but be higher in the higher tenperature side. (b) Flon 32
A sanple of a specified anount adjusted to nmake -10 wei ght % or 20 wei ght %
based on Flon 32 (difluoronmethane) was charged into a pressure resistant

gl ass anpoul e and the anpoul e was connected to a

FIG. 7
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vacuum line and the line for Flon 32 gas. The anpoul e was degassed in
vacuum at room tenperature, cooled with liquid nitrogen and a specified
anount ,of Flon 32 was taken into the anpoul e. The anpoul e was t hen seal ed
and the tenperature at which the phase separation starts was neasured as
follows: For the neasurenent of the conpatibility at the | ow tenperature
side, the sanple was slowy cooled fromroomtenperature in a thernostat
and, for the nmeasurenment of the conpatibility at the higher tenperature
side, the sanple was slowy
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- 56 - heated fromroomtenperature to +40[err]C It is preferable that the
phase separation tenperature be lower in the | ower tenperature side, but be
hi gher in the higher tenperature side. (4) Volune intrinsic resistance A
sanpl e*was dried under a reduced pressure (0.3 to 0.8 mrHg) at 100[err]C
for 1 hour and then charged into a liquid cell for the neasurenent of
volume intrinsic resistance which is placed into a thernostat at 80[err]C
After the sanple was kept in the thernostat at 80[err]C
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for 40 mnutes, the volune intrinsic resistance was neasured at an

i npressed*vol tage of 250 V by using an ultrainsulation nmeter R8340[err]
produced by Advantest-Co. (5) Hydrolysis test Into-a 250 m pressure

resi stant glass bottle, 75 g of a sanple, 25 g of water and a pi ece of
copper (13 x 50 mm were placed and the atnosphere in the bottle was
replaced with nitrogen. The sanple was kept in a rotatory thernostat at a
tenperature of 102[err]C for 192 hours. After finishing the test,

appear ance of the sanple and condition of the copper piece were visually
observed and the total acid val ue was
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measured. Rreparation Exanple 1 Into a flask, 100 g (containing water) of
Raney ni ckel (a product of Kawaken Fine Chem cal Co., Ltd., MOOT[err]) was
charged and 100 g of absolute ethanol was added to it with sufficient
stirring. The m xture was |left standing to have Raney nickel precipitated

and the supernat ant - 57 -

FIG. I
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was renoveqd by decantation. The Raney nickel remaining in the flask was
treated in the sane nanner as above 5 tines repeatedly. Raney nickels used
i n exanpl es were those obtained in this preparation exanple which were wet
wi th ethanol. Preparation Exanple 2 Into a 100 m flask of egg-plant type,
20 g of zeolite (a product of Toso Co., Ltd., HSZ330HUA) was pl aced. The
flask was then dipped in an oil bath at 150[err] C and evacuated by an oi
rotary vacuum punp for 1 hour. After cooling to roomtenperature, the flask
was brought to the atnospheric pressure by introducing dry nitrogen. The

zeolites used in , . _
FIG. 12
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exanpl es were those obtained in this preparation exanple. Preparation
Exanple 3 Into a 100 mM flask of egg-plant type, 20 g of activated clay (a
product of Wako Jun-yaku Co., Ltd.) was placed. The flask was then dipped
in an oil bath at 150[err]C and evacuated by an oil rotary vacuum punp for
1 hour. After cooling to roomtenperature, the flask was brought to the

at nospheric pressure by introducing dry nitrogen. The activated cl ays used
i n exanpl es were those obtained in this preparation exanple. Exanple 1
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Into a 5 liter glass flask equipped with a dropping funnel, a cooler and a
stirrer, 600 g of ethyl vinyl ether, 72 g of nethanol and 2400 g of - 58
- hexame wer e charged and cool ed with water under stirring. Wen the
tenperature reached 5[err]C, a soluti-on prepared by dissolving 3.6 g of
boron trifluoride diethyl etherate in 20 g of tetrahydrofuran was added and
the m xture was stirred for 1 hour. During this period, the reaction
started
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and the tenperature of the reaction liquid increased, and refluxing of
ethyl vinyl ether was observed in the cooler. The reaction nixture was
transferred to a washing vessel and washed with 1500 ml of a 3 weight %
aqueous sol ution of sodium hydroxide 3 tines, then with 1500 ml of water 3
times. The product was concentrated by using a rotary evaporator and dried
under reduced pressure (0.2 nmHg) at 50[err]C for 1 hour to obtain 468 g of
the crude product. Into a 5 liter glass flask equi pped with a dropping
funnel, a cooler and a stirrer, #Oﬁ gf ttsgr ude product obtained above,
500 g of acetone, 800 g of water d concentrated hydrochloric
acid (35 weight % ' _
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were charged and stirred at 50 to 60[err]C for 3 hours. After hydrochloric
acid was neutralized with sodi um hydrogencarbonate, acetone and the |ike
were renoved under reduced pressure by using a rotary evaporator and the
remai ni ng product was poured into 400 mM of hexane. After renoving the
aqueous phase, the product was washed with 400 ml of water once. The hexane
phase was transferred to an autoclave and hydrogenated by using 0.8 g of a
pl ati num oxi de as catal yst at a hydrogen pressure of 20 kg/cnierr] at
50[err]C for 1 hour. After renoving the platinum oxide catal yst by
filtration, the product was transferred to a 2 liter glass flask,
incorporated with 40 g of nethanol and 8 g of sodi um borohydri de
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-and stirred for 1 hour at roomtenperature. The product was nade - 59 -
weakly acidic wth an aqueous solution of acetic acid and then acetic acid
was neutralized with sodi um hydrogencarbonate. The product was washed with
400 m of water once and the solvent and water were renoved under reduced
pressure by using a rotary evaporator. The residual product thus obtained
was dissolved in 300 m of
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tetrahydrofuran and the reaction with 12 g of sodi um hydri de was conduct ed
for 1 hour. Ceneration of hydrogen gas was observed during this reaction.
Then, 120 g of nethyl iodide was dropped in 30 mnutes to the reaction

m xture. Generation of heat was observed during this period. After dropping
met hyl iodide, the reaction m xture was stirred for further 1 hour. The

sol vent and unreacted nmaterials were renoved under reduced pressure by
using a rotary evaporator. The residue was transferred to a 2 liter washing
vessel and, after dissolving into 400 m of hexane, washed with 400 m of

water 5 tines. Then, after adding f ap ¢9n exchange resin, the
product was stirred for* 3 hours. Eglﬁ r8
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exchange resin was renoved by filtration and hexane was renoved fromthe

product under reduced pressure by
pol yvi nyl ether thus obtained was
spectrum (herei nafter abbrevi ated
spectrum (herei nafter abbrevi ated
It was proved that one of the end
other was (B): [err]

using a rotary evaporator. The yield of
200 g. The nucl ear magnetic resonance

to NVR) and the infrared absorption

to IR) of the product were neasured and
structures of the polyner was (A) and the
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- 60 - Kinematic viscosity, conpatibility with Flon, volune intrinsic
resistance and stability to hydrolysis of the polymer of ethyl vinyl ether
were nmeasured. The results are shown in Table 1. Exanple 2 Into a 5 liter
gl ass flask equi pped with a dropping funnel, a cooler and a stirrer, 600 g
of ethyl vinyl ether, 60 g of nethanol and 2400 g of hexane were charged
and cooled with water under stirring. When the tenperature reached 5[ err]C,
a solution prepared by dissolving 3.6 g of boron
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trifluoride diethyl etherate in 20 g of tetrahydrofuran was added and the
m xture was stirred for 1 hour. During this period, the reaction started
and the tenperature of the reaction increased, and refluxing of ethyl vinyl
et her was observed in the cooler. The reaction m xture was transferred to a
washi ng vessel and washed with 1500 ml of a 3 weight % aqueous sol ution of
sodi um hydroxide 3 tines, then with 1500 mM of water 3 tinmes. The product
was concentrated by using a rotary evaporator and dried under reduced
pressure (0.2 mmMg) at 50[err]C for 1 hour to obtain 452 g of the crude

product. Into a 5 liter glass fla gpsppe i§h a dropping funnel, a
cool er SF-TG CQM'
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and a stirrer, 400 g of the crude product obtained above, 500 g of acetone,
800 g of water and 10 g of a concentrated hydrochloric acid (35 weight %
were charged and stirred at 50 to 60[err]C for 3 hours. After hydrochloric
acid was neutralized with sodi um hydrogencarbonate, acetone and the |ike
were renoved under reduced pressure by using a rotary evaporator and the
remai ni ng product was poured into 400 m of hexane. After - 61 -

PPM
1
0

T
80

T
100

FIG.22
|50 IéO ' 4b 50 |

I
160

|
180

-
Been Reilaced

- i




removi ng t he aqueous phase,

t he product was washed with 400 m of water
once.

The- hexane phase was transferred to an autocl ave and hydrogenated by
using 0.8 g of a platinumoxide as catalyst at the hydrogen pressure of 20
kg/cnm2 at 50[err]C for 1 hour. After renoving the platinum oxide catal yst
by filtration, the product was transferred to a 2 liter glass flask,

i ncorporated with 40 g of nethanol and 8 g of sodi um borohydri de and
stirred for 1 hour at roomtenperature. The product was nade weakly acidic
wi th an aqueous solution of acetic acid and then acetic acid was

neutralized with sodi um hydrogencarbonate. The product was washed with 400
m of water once and the sol vent and water
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were renoved under reduced pressure by using a rotary evaporator. The
resi dual product thus obtai ned was di ssolved in 300 m of tetrahydrofuran
and the reaction with 12 g of sodium hydride was conducted for 1 hour.
Generation of hydrogen gas was observed during this reaction. Then, 120 g
of methyl iodide was dropped in 30 mnutes to the reaction m xture.
Ceneration of heat was observed during this period. After dropping nethyl
i odide, the reaction mxture was stirred for further 1 hour. The sol vent
and unreacted materials were renoved under reduced pressure by using a
rotary evaporator. The residue wasgtran rr a 2 liter washing vesse
and, ;fterpdissolvinginto 400 m E‘1Ge 24) ]
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hexane, washed with 400 ml of water 5 tinmes. Then, after adding 40 g of an
i on exchange resin, the product was stirred for 3 hours. The ion exchange
resin was renoved by filtration and hexane was renoved fromthe product
under’ reduced pressure by using a rotary evaporator. The yield of polyvinyl
et her thus obtained was 208 g. NVR and IR of -t he - 62 - product were
nmeasured and it was proved that one of the end structures
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of the polynmer was (A) and the other was (B). Kinematic viscosity,
conpatibility with Flon, volune intrinsic resistance and stability to
hydrol ysis of the polyner of ethyl vinyl ether were nmeasured. The results
are shown in Table 1. Exanple 3 Into a 5 liter glass flask equipped wth a
dropping funnel, a cooler and a stirrer, 500 g of hexane was charged, a
solution prepared by dissolving 12 g of boron trifluoride diethyl etherate
in 24 g of tetrahydrofuran was added to it and the m xture was cooled to
5[err]Cwith an ice water bath. In a dropping funnel, 2000 g of ethyl vinyl

et her and
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120 g of nethanol were charged and the m xture was dropped in 1 hour and 30
m nutes. During this period, the reaction started and the tenperature of
the reaction liquid increased. The tenperature was kept at about 30[err]C
by cooling with the ice water bath. After finishing the dropping, the
stirring was kept for further 30 mnutes. The reaction m xture was
transferred to a washing vessel and washed with 1500 ml of a 3 weight %
aqueous sol ution of sodium hydroxide 3 tinmes, then with 1500 m of water 3
times. The solvent and unreacted raw materials were renoved under reduced

pressure by using a rotary evap op~to pn 1806 g of the crude
pr oduct . (FHI G . ?70
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Into a 2 liter glass flask equipped wth a dropping funnel, a cooler and a
stirrer, 400 g of the crude product obtained above and 300 g of

t etrahydrofuran were charged and then 15 g of lithium alum num - 63 -
hydri de was added to the m xture, followed by stirring for 30 mnutes. In a
droppi ng funnel, 196 g of boron trifluoride diethyl etherate was charge and
dropped in 1 hour. During the dropping, generation of heat was
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observed and the tenperature was kept at 10 to 20[err]C by cooling with an
ice water bath. The reaction m xture was further stirred for 30 m nutes
after finishing the dropping and then neutralized by addi ng sodi um
hydroxi de. The precipitate thus obtai ned was renoved by filtration and the
i quid phase was treated with a rotary evaporator to renove the al coho
produced, the solvent and water under reduced pressure. The remai ning

.. product was transferred to a 2 liter washing vessel and dissolved into 500
m of hexane. The sol ution was washed with 200 ml of a 5 wei ght % aqueous
solution of sodium hydroxide 10 tines and then with 200 ml of water 3
tinmes. To the solution, 100 g of an ion exchange
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resin was added and the m xture was stirred for 3 hours. After renoving the
I on exchange resin by filtration, hexane was renoved under reduced pressure
by using a rotary evaporator.- The yield of the polyner of ethyl vinyl ether
was 235 g. NWVR and IR of the product were neasured and it was proved that
one of the end structures of the polynmer was (A) and the other was a

m xture of (B) and (C): [err] Kinematic viscosity, conpatibility with Flon,
volune intrinsic resistance and stability to hydrolysis of the polyner of
et hyl vinyl ether were neasured. The results are shown in Table 1.
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- 64 - Exanple 4 Into a 5 liter glass flask equi pped with a dropping
funnel, a cooler and a stirrer, 1000 g of toluene, 500 g of acetal dehyde
di ethyl acetal and 5.0 g of boron trifluoride diethyl etherate were
charged. Into a dropping funnel, 2500 g of ethyl vinyl ether was charged
and dropped in 2 hours and 30 n1nutes During this period, the reaction
started and the
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tenperature of the reaction liquid increased. The tenperature was kept at
about 25[err]C by cooling with an ice water bath. After finishing the
dropping, the solution was further stirred for 5 mnutes. The reaction

m xture was transferred to a washi ng vessel and washed with 1000 m of a 5
wei ght % aqueous sol ution of sodium hydroxide 3 tines and then with 1000 ml
of water 3 tinmes. The solvent and unreacted raw nmaterials were renoved
under reduced pressure by using.-a rotary evaporator to obtain 2833 g of the
crude product. Into an autoclave, 600 g of the crude product, 600 g of
hexane, 60 g of Raney nickel and 60 g of zeolite were charged. Hydrogen was
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introduced into the autoclave and the pressure of hydrogen was adjusted to
20 kg/cnferr]. After stirring for about 30 seconds, the pressure was

rel eased. Hydrogen was introduced into the autoclave again to adjust the
pressure of hydrogen to 20 kg/cnR and, after stirring for about 30 seconds,
the pressure of hydrogen was rel eased. After repeating this operation once
nore, the pressure of hydrogen was increased to 50 kg/cnferr] and the
tenperature was increased to 130[err]Cin 30 mnutes under stirring. The
reacti on was conducted at 130[err]C for 1 hour. The reaction proceeded

during and after the increase in tFp'ttgperESEE§ and decr.ease
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- 65 - in the pressure was observed. The increase in the pressure with

I ncrease in the tenperature and the decrease in the pressure by the
reacti on were suitably conpensated by decreasing or ‘increasing the
pressure, and the pressure of hydrogen was kept at 50 kg/cn® during the
reaction. After finishing the reaction, the reaction m xture was cooled to
roomtenperature and the pressure was decreased to atnospheric pressure.
The catal yst was precipitated by standing for 1 hour and the
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reaction liquid was separated by decantation. The catal yst was washed with
100 mM of hexane twi ce. The washing |iquid was conbined with the reaction
liquid and filtered with a filter paper. The conbined |iquid was then
transferred to a washing vessel and washed with 500 mMl of a 5 weight %
aqueous sol ution of sodium hydroxide 3 tines and then with 500 m of
distilled water 5 tinmes. Hexane, water and the |i ke were renoved under
reduced pressure by using a rotary evaporator. The yield was 468 g. NMR and
| R of the product were neasured and it .was confirnmed that one of the end

structures of the polynmer was (A) and the other was a
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m xture of (C) and (D), in which (C) was the major structure and (D) was
the mnor structure. [err] Kinematic viscosity, conpatibility with Flon,
volune intrinsic resistance and stability to hydrolysis of the polyner of
ethyl vinyl ether were neasured. The results are shown in Table 1. - 66
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Exanple 5 By using the catal yst recovered by decantation in Exanple 4, the
reacti on was conducted with 600 g of the crude product prepared in Exanple
4 by the sanme nmethod as in Exanple 4. The yield was 501 g. It was shown
that the catal yst can be recycled further. NVR and IR of the product were
measured and it was confirnmed that one of the end structures of the pol yrer
was (A) and the other was a mxture of (C and (D), in which (C was the
maj or structure and (D) was the mnor structure. Kinematic viscosity,
.conpatibility with Flon, volune intrinsic

FIG. 37
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resi stance and stability to hydrolysis of the polynmer of ethyl vinyl ether
were nmeasured. The results are shown in Table 1. Exanple 6 Into a 1 liter
gl ass flask equi pped with a dropping funnel, a cooler and a stirrer, 250 g
of toluene, 36.82 g of isopropyl alcohol and 4.35 g of boron trifluoride
di ethyl etherate were charged. Into a dropping funnel, 500 g of isopropyl
vinyl ether was charged and dropped in 30 mnutes. During this period, the
reaction started and the tenperature of the reaction solution increased.
The tenperature was kept at about 30[err]C by cooling with an ice water
bath. After finishing the dropping, the solution
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was further stirred for 5 mnutes. The reaction m xture was transferred to
a washing vessel and washed with 130 ml of a 3 wei.ght % aqueous sol ution of
sodi um hydroxide 3 tines and then with 200 M of water 3 tinmes. The sol vent
and unreacted raw materials were renoved under ~- 67 - reduced pressure
by using a rotary evaporator to obtain 475.3 g of the crude product.
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Into an autocl ave, 380 g of the crude product, 100 g of hexane, 45 g of
Raney nickel and 45 g of zeolite were charged. Hydrogen was introduced into
t he autoclave and the pressure of hydrogen was adjusted to 20 kg/cnferr].
After stirring for about 30 seconds, the pressure was rel eased. Hydrogen
was introduced into the autoclave again to make the pressure of hydrogen 20
kg/cmerr] and, after stirring for about 30 seconds, the pressure of
hydrogen was rel eased. After repeating this operation once nore, the
pressure of hydrogen was increased to 50 kg/cnferr] and the tenperature was

increased to 130[err]Cin 30 ninquEAuqsir q&k“[%ng. The reaction was
conducted at 130[err]C for 1 hour.! THe act i1 bn*proceeded
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during and after the increase in the tenperature and decrease in the
pressure was observed. The increase in the pressure with increase in the
tenperature and the decrease in pressure with reaction were suitably
conpensat ed by decreasing or increasing the pressure and the pressure of
hydrogen was kept at 50 kg/cnferr] during the reaction. After finishing the
reaction, the reaction m xture was cooled to roomtenperature and the
pressure was decreased to atnospheric pressure. The catal yst was
precipitated by standing for 1 hour and the reaction |iquid was separated
by decantation. The catal yst was washed with 100 m of hexane tw ce. The
washing liquid was conbined with the reaction '
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liquid and filtered with a filter paper. The catal yst could be used by
recycling further. The conbined liquid was then transferred to a washi ng
vessel and washed with 200 ml of a 5 wei ght % aqueous sol ution - 68 -
sodi um hydroxide 3 tines and then with 200 mM of distilled water 5 tines.
Hexane, water and the |i ke were renoved under reduced pressure by using a

The yield was 287 g.

of

rotary evaporator.
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NMR and IR of the product were neasured and it was confirned that one of
the end structures of the polynmer was (E) and the other was a m xture of
(F) and (D), in which (F) was the major structure and (D) was the m nor
structure. HH [err] Kinematic viscosity,
conpatibility with Flon, volume intrinsic resistance and stability to
hydrol ysis of the polynmer of isopropyl vinyl ether were neasured. The
results are shown in Table 1. Exanple 7 Into a lliter autoclave, 200 g of
toluene, 5.5 g of nethanol rand 1.2
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of boron trifluoride diethyl etherate wer e charged and the atnosphere

i nside of the autoclave was replaced with nitrogen. Wile the content of
t he autoclave was stirred, 200 g of methyl vinyl ether was pressurized
therein in 4 hours. During this period, the reaction started and the
generation of heat was observed. The reaction was conducted while the
tenperature inside of the autoclave was kept at about 5[err]C by cooling
the autoclave with an ice water bath. After finishing the addition of

met hyl vinyl ether under pressure, the solution was further stirred for 5
m nutes. The reaction mxture was transferred to a washi ng vessel and
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- 69 - washed with 100 ml of a 5 weight % aqueous sol ution of sodium
hydroxide 3 times and then with 100 i of water 3 tines. The solvent and
unreacted raw materials were renoved under reduced pressure by using a
rotary evaporator to obtain 165 g of .the crude product. Into an autocl ave,
165 g of the crude product, 200 g of hexane, 15 g of Raney nickel and 15 g
of zeolite were charged. Hydrogen was introduced into the autoclave and the
pressure of hydrogen was adj usted
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to -20 kg/cnferr]. After stirring for about 30 seconds, the pressure was
rel eased. Hydrogen was introduced into the autoclave again to nmake the
pressure of hydrogen 20 kg/cn2 and, after stirring for about 30 seconds,
the pressure of hydrogen was rel eased. After repeating this operation once .
nore, the pressure of hydrogen was increased to 50 kg/cnferr] and the
tenperature was increased to 130[err]C in 30 mnutes under stirring. The
reaction was conducted at 130[err]C for 1 hour. The reaction proceeded
during and after the increase in the tenperature and decrease in the
pressure was observed. The incre L q{EﬂEEre wWith increase in the
tenperature and the decrease int sure reacti on were
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sui tably conpensated by decreasing or increasing the pressure and the
pressure of hydrogen was kept at 50 kg/cnierr] during the reaction. After
finishing the reaction, the reaction m xture was cooled to roomtenperature
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 50 m of hexane tw ce. The
washing |iquid was conbined with the reaction I|qU|d and filtered with a
filter paper. Hexane was renoved under
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- 70 - reduced pressure by using a rotary evaporator and 300 g of

chl orof orm was added. The liquid was then transferred to a washi ng vessel
and washed with 100 ml of a 5 wei ght % aqueous sol ution of sodi um hydroxi de
3 tines and then with 100 ml of distilled water 5 tinmes. Chloroform water
and the |li ke were renoved under reduced pressure by using a rotary
evaporator. The yield was 150 g. NMR and IR of the product were neasured
and it was confirmed that one of the end structures of the polyner was (G
and the other was a-

' O
3402 — £
\_ ¢
Y
13.263 —
— N
—<

FIG. 48
6

[}

This Sheet Has Been Reﬂlaced

)




m xture of (B) and (D), in which (B) was the major structure and (D) was
the mnor structure. [err] Kinematic viscosity, conpatibility with Flon,
volune intrinsic resistance and stability to hydrolysis of the polyner of
met hyl vinyl ether were neasured. The results are shown in Table 1. Exanple
7A Into a 5 liter glass flask equipped with a dropping funnel, a cooler and
a stirrer, 1000 g of toluene, 500 g of acetal dehyde diethyl acetal and 5.0
g of boron trifluoride diethyl etherate were charged. Into a dropping

FIG.49

0.00 _ %T : 100.00
4600.0 ; T

4000.0

.3000.0 -

—

——

1000.0

4000
[em-1]

R

as Been Replaced

T



funnel, 2500 g of ethyl vinyl ether was charged and dropped in 2 hours and
30 mnutes. During this period, the reaction started and the tenperature of
the reaction solution increased. The tenperature was kept at about 25[err]C
by cooling with an ice water bath. After -finishing the - 71 - dropping,
the solution was further stirred for 5 mnutes. The reaction m xture was
transferred to a washing vessel and washed with 1000 m of
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a 5 weight % aqueous solution of sodium hydroxide 3 tine and then with 1000
~m of water 3 tinmes. The solvent and unreacted materials were renoved under
reduced pressure by using a rotary evaporator to obtain 2833 g of the crude
product. As the results of NVMR and IR of the product, one of the end
structures of the polynmer was (A) and the other was a m xture of (H and
(1) in which the ratio (H/(l) was 1/4.5. - CH = CHOCH err] CH err] (H

[err] Exanple 7B
FIG.5 |
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Into a 2 liter autoclave made of SUS-316L, 700 g of the polymer of ethyl
vinyl ether obtained in Exanple 7A, 35 g of Raney nickel, 35 g of zeolite
and 1.5 g of water were charged. Hydrogen was introduced into the autoclave
and the pressure of hydrogen was adjusted to 10 kg/cnferr]. After stirring
for about 30 seconds, the pressure was rel eased. Hydrogen was introduced
into the autoclave again to nake the pressure of hydrogen 10 kg/cnR and,
after stirring for about 30 seconds, the pressure of hydrogen was rel eased.
After repeating this operation once nore, the pressure of hydrogen was
increased to 35 kg/cnferr] and the tenperature was increased to 140[err]C
in 30 mnutes under stirring. The reaction was
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- 72 - conducted at 140[err]C for 2 hours. The reaction proceeded during .
and after the increase in the tenperature and decrease in the pressure was
observed. The increase in the pressure with increase in the tenperature and
the decrease in the pressure with 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 finishihg
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A POLYVINYL ETHER COMPOUND AND A LUBRICATING OIL

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a novel lubricating oil for
' compression-type refrigerators, a.novel method of production of polyvinyl
ether compounds and ether compounds and a novel polyvinyl ether
compound. More particularly, the present invention relates to (1) a
lubricating oil for compression-type refrigerators which comprises as
the main component thereof a polyvinyl ethera compound having
excellent compatibility with hydrogen-containing .Flon compounds ["a
Flon compound” means a chlorofluorocarbon (CFC), a hy_droﬂuoro-
carbon (HFC) and a hydrochlorofluorocarbon (HCFQC) in éeneral], such
as 1,1,'1,2-tetraﬂuoro'ethane (referred to as Flon 134a, hereinafter) and
the like, which can be used as the refrigéfant to replace compounds
causing environmental pollution, such as dichlorofluoroethane (referred
to as Flon 12, hereinafter) and the like, and having an excellent
lubricating property; (2) a method of -efficiently and industrially
‘advantageously producing a polyvinyl ether compound having a wide
_range of apblications' as solvent, lubricating oil, adhesive, resin and the
like; (3) a method of efficiently and industrially advantageously
producing a useful ether compound having a wide range of applications
as solvent, lubricating oil and. the like by hydrogenation of an acetal

compound or a ketal compound; and (4) a novel poiyvinyl ether-
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Exanple 7C Into a 500 ml glass flask equi pped with a dropping funnel, a
cooler and a stirrer, 50 g of toluene, 17.7 g of acetal dehyde di et hyl

acetal and 1.5 g of boron trifluoride diethyl etherate were charged. Into a
dropping funnel, 43 g of ethyl vinyl ether and 65 g of isopropyl vinyl

et her were charged and dropped in 50 qigu[es. The tenperature of the
reaction solution increased by the heat “of reaction and the tenperature was
kept at about 30[err]C by cooling with an ice water bath. After finishing

t he

compound useful as lubricating oil for compression-type refrigerators,

electric insulation oil, organic solvent, surface active agent and the like.

2. Description of the Related Arts |

Compression-type refrigerators are generally constituted of a
compressor, a condenser, an expansion valve and an evaporator and has
a structure that mixed fluid of a refrigerant and a lubricating oil is
circulated in the closed system. Depending on the type of machinery, in
the compression-type refrigerator generally the temperature is high in
the compreésor and low in the refrigeratin_g chamber and it is generally
required that the refrigerant and the lubricating oil be circulated in the
system without causing phase separation in the wide. range of
temperature. When the phase separation occurs during the operation of
the refrigerator, the life and the efficiency of the apparatus are adversely
affected to a great extent. For example, when the phase separation of the
refrigerant and the lubricating oil occurs in the part of the compressor,
the lubrication of_ the moving parts is deteriorated and the seizure occurs
to cause decrease in the life of the apparatus to a great extent. When the
phase separation occurs in the evaporator, the efficiency of heat
exchange is decreased because of the presence of the lubricating oil of
high viscosity.

Because the lubricating oil for refrigerators is used for the purpose
of lubricating moving parts in refrigerators, the lubricating property is
naturally important. Particularly, because the temperature in the

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

|
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- 73 - dropping, the solution was further stirred for 5 mnutes. The
reaction mxture was transferred to a washing vessel and washed with 100 i
of a 5 weight % aqueous sol ution of sodium hydroxide 3 tinmes and then with
150 m of water 3 tinmes. The solvent and unreacted raw nmaterials were
renoved under reduced pressure by usingsa_rotary evaporator to obtain 120 g
of the crude product. The crude product had the kinenmatic viscosity of 48.8
cSt at 40[err]C. As the results of NVR and IR of the product, one of the
end structures of the polynmer was a m xture of (A) and (E)

for the lubrication is important. The required viscosity is different
depending on the kind of the compressor used and the working
conditions and it is generally preferable that the viscosity (kinematic
. viscosity) of the lubricating oil before mixing with the refrigerant be 5 to
1000 cSt at 40°C. When the viscosity is lower than this range, the oil film
becomes thin to cause insufficient lubrication, and, when the viscosity is
higher than this range, the 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 them is required to have a high
degree of electric insulating property. In general, a volume intrinsic
resistance of 1012 Q-cm or more at 80°C is required. When the resistance
is lower than this value, tl_-1e possibility of the leak of electricity arises.
As the refrigerant for compressor-type refrigerators, mainly Flon
12 has heretofore been used and, as the lubricating oil, various kinds of
mineral oils and synthetic oils satisfying the required properties
| described above have been used. However, chlorofliofocarbons (CFC)
including Flon 12 are being more rigorously res_tricfed world-wide
_ because they bring environmental pollution such as the destruction of
the ozone layer. By this reason, hydrogen-containing Flon compounds
such as hydrofluorocarbons (HFC) and hydrochlorofluorocarbons
(HCFC) are attracting attention as the novel kinds of the refrigerant.
The hydrogen-containing fluorocarbons, particularly hydrofluoro-
carbons (HFC), typified by Flox; 134a, are preferred as the refrigerant for
compression-type refrigerators because they have little possibility of

causing the destruction of the ozone layer and can replace Flon 12 with
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and the other was a m xture of (H), (I) with structures in which the
oxyethyl groups in (H) and (1) were replaced by an oxyi sopropyl group,
respectively. Exanple 7D Into a 1 liter autoclave nmade of SUS--316L, 110 g
of the copolyner of ethyl vinyl ether and isopropyl vinyl ether obtained in
Exampl e 7C, 300 g of hexane, 5.5.g of_ Raney nickel and 5.5 g of zeolite
were charged. Hydrogen was introduced i'nto the autoclave and the pressure
of hydrogen was adjusted to 20 kg/cnferr]. After stirring for about 30
seconds, the pressure was rel eased. Hydrogen was introduced into the

aut ocl ave -

little change in the structure of refrigerators which have heretofore been
used. ’

When a hydrogen-containing Flon compound described above,
such as Flon 134a, Flon 32, Flon 125, Flon 22 and the like, is adopted as
the refrigerant for compression-type refrigerators to replace Flon 12, a
lubricating oil having good compatibility with the hydrogen-containing
Flon compound, such_ as-Flon 134a, Flori 32, Flon 125, Flon 22 and the
like, and good lubricating property satisfying the requirements described
above is naturally required. However, because the lubricating oils which
have heretofore been used in combination with Flon 12 do not have good
compatibility with the hydrogen-containing Flon, such as Flon 134a, Flon
32, Flon 125 and the like, a new lubricating oil suited for these
compounds is required. When a new lubricating 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, polyoxyalkylene glycols have been known. Such lubricating
oils are disclosed, for exém‘ple, in Research Disclosure No. 17463
(October, 1978), the specification of the United States Patent No. 4755316,
Japanese Patent Application Laid-Open No. 1989-256594, Japanese
_Patent Application Laid-Open No. 1989-259093, Japanese Patent
Application Laid-Open No. 1989-259094, Japanese Patent Application
Laid-Open No. 1989-271491, Japanese Patent Application Laid-Open No.
1990-43290, Japanese Patent Application Laid-Open No. 1990-84491,
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again to make the pressure of hydrogen 20 kg/cnferr] and, after stirring
for about 30 seconds, the pressure of hydrogen was rel eased. After
repeating this operation once nore, the pressure of hydrogen was i ncreased
to 50 kg/cnferr] and the tenperature was increased to 140[err]C in 30

m nutes under stirring. The reaction _wgs_conducted at 140[err]C for 2
hours. The reaction proceeded during and after increase in the Dato:

Japanese Patent Applications Laid-Open No. 1990-132176 teo 132178,
Japanese Patent Application Laid-Open No. 1990-132179, Japanese
Patent Application Laid-Ope;l No. 1990-173195, Japanese Patent
Applications Laid-Open No. 1990-180986 to 180987, Japanese Patent
Applications Laid-Open No. 1990-182780 to 182781, Japanese Patent
Application Laid-Open No. 1990-242888, Japanese Patent Application
Laid-Open No. 1990-258895, Japanese Patent Application Laid-Open No.
1990-269195, Japanese Patent Application Laid-Open No. 1990-272097,
Japanese Patent Application Laid-Open No. 1990-305893, Japanese
Patent Application Laid-Open No. 1991-28296, Japanese Patent
Application Laid-Open No. 1991-33193, J apanese Patent Applications
Laid-Open No. 1991-103496 to 103497, Japanese Patent Application Laid-
Open No. 1991-50297, Japanese Patent Application Laid-Open No. 1991-
52995, Japanese Patent Applications Laid-Open No. 1991-70794 to 70795,
Japanese Patent Application Laid-Open No. 1991-79696, Japanese Patent
Application Laid-Open No. 1991-106992, Japanese Patent Application
Laid-Open No. 1991-109492, Japanese Patent Application Laid-Open No.
1991-121195, Japanese Patent Application Laid-Open No. 1991-205492,
Japanese Patent Application Laid-Open No. 1991-231992, Japanese
Patent Application Laid-Open No. 1991-231994, Japanese Patent
Application i’..aid-Open No. 1992-15295, Japanese Patent Application
‘Laid-Open No. 1992-39394 and Japanese Patent Applications Laid-Open
No. 1992-41591 to 41592. However, the lubricating oils from the
polyoxyalkylene glycols generally have low volume intrinsic resistances

and no example satisfying the value of 1012 Q-cm or more at 80°C has
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- 74 - tenperature and decrease in the pressure was observed. The increase
In the pressure with increasein the tenperature and the decrease in the
pressure with reaction were suitably conpensated by decreasing or

i ncreasing the pressure and the pressure of hydrogen was kept at 50
kg/cnferr] during the reaction. Afteg1g ni shing the reaction, the reaction
m xture was cooled to roomtenperature and the pressure was decreased to
at nospheric pressure. The reaction product was filtered with a filter
paper. The reaction product was then transferred to a washi ng vessel and
washed with 100 m of a 5 wei ght % aqueous sol ution

been disclosed yet.

As the compound having compatibility with Flon 134a in addition
to the lubricating oils from polyoxyalkylene glycols, lubricating oils of
esters are disclosed in British Patent Laid-Open No. 2216541, WO No.
6979 (1990), Japanese -Patent Applications Laid-Open No. 1990-276894,
Japanese Patent Applications Laid-Open No. 1991-128992, Japanese
Patent Applications Laid-Open No. 1991-88892, Japanese Patent
Applications Laid-Open No. 1991-179091, Japanese Patent Applications
Laid-Open No. 1991-252497, Japanese Patent Applications Laid-Open No.
1991-275799, Japanese Patent Applications Laid-Open No. 1992-4294,
Japaneée Patent Applications Laid-Open No. 1992-20597 and the
specification of the United States Patent No. 5021179. However, the
lubricating oils from the esters do not have sufficient compatibility
because the phase separation occurs when viscosity of the lubricating
oils is high at lower températures even though they show good
compatibility at higher temperatures.

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

- 134a, excellent stability and lubricating property and a volumé intrinsic
resistance at 80°C of 1012 Q-cr or more has not been discovered yet. The
development of such a lubricant is strongly desired.

Polyvinyl ether compounds are important compounds having a
wide range of applicatiohs, such as solvents, lubricating oils, adhesives,
resins and the like and, as the methods of production of polyvinyl ether

compounds, the methods of polymerizing vinyl ether monomers with a
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of sodi um hydroxide 3 tinmes and then with 150 ml of distilled water 5
times. Hexane, water and the |ike were renoved under reduced pressure by
using a rotary evaporator. The yield was 97 g. As the results of NVR and IR
of the product, one of the end structures of the polymer was a m xture of
(A) and (E) and the other was a mxtweg of (C, (F) and (D), in which (Q
and (F) were the mgjor structures and (D) was the mnor structure. Exanple
7E Into a 500 m gl ass flask equi pped with a dropping funnel, a cooler and
a stirrer, 80 g of toluene, 40 g of propional dehyde diethyl acetal and

radical, a cation or an irradiation are known ("Gosei Kobunshi III",

edited by Shunsuke Murahashi, Minoru Imoto and Hisashi Tani,

published by Asakura Shoten). However, these conventional methods

are not always satisfactory because of the problems that a compound

having the desired degree of polymerization is not easily obtained, that

the process is complicated, that control of the reaction is difficult, that a

large amount of solvent is required and the like problems. Thus,

development of the method of production of polyvinyl ether compound

free from the aforesaid problems is strongly desired.

Asa meﬁhod of producing an ether cdmpound having a wide range
of applications as solvents and lubricants from acetal compounds or
ketal compounds, for example, a method -of using a combination of an
acid and an alkali metal hydﬁde, a method of using a silicon reagent

- and a method of using diborane or the like are known (“Jikken Kagaku
Koza", Volume 20, the 4th edition, published by Maruzen).

However, these reactions use stoichiometric amounts of very
expensive materials such as the alkali metal hydride, diborane and the
silicon reagent as the hydrogenafing reagent and are not preferable as
the method of industrial production.

A method of a combination of an acid catalyst and catalytic
hydrogenation is known. W. L. Howard [J. Org. Chem. Volume 26, Page
1026 (1961)] reported the formation of an ether by catalﬁc hydrocracking
of a ketal by using a catalyst in which rhodium is supported on alumina

in the presence of hydrochloric acid. In the specification of the United

States Patent No. 4088700, a method of production of an ether compound
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0.4 g of boron trifluoride diethyl etherate were charged. Into a dropping
funnel, 116 g of 1-ethoxy-1-propene was charged and dropped in 60 m nutes.
The tenperature of the reaction solution increased by thée heat of reaction
and the tenperature was kept at about 30[err]C by cooling with an ice water
bath. After finishing the dropping, theg solution was further - 75 -

- stirred for 40 mnutes. The reaction m xture was transferred to a

by catalytic hydrocracking of 1,3-dioxoranés which are cyclic acetals by
using a platinum catalyst or a rhodium ca_talyst in the presence of a
Lewis acid such as boron triﬂm;ride, aluminum trichloride and the like

"is shown. However, because these methods of production use
hydrochloric acid, boron trifluoride, aluininum trichloride or the like,
corrosion of the apparatus becomes the problem when the ordinary
apparatus is used and a special treatment is necessary, making the
methodé unfavorable.

. As a method without using acids, for example, a method of
producing an ether compound by hydrocracking of acetals by using a
palladium cata.ly"st supported on carbon is proposed in Japanese Patent
Application Laid-Open No. 1983-4739 and Japanese Patent Application
Laid-Open No. 1983-177929. Though the method is free from the
corrosion problem because an acid is not used, conversion of the raw
material acetal is not satisfactory.

Thus, a method of production of the ether compound from an
acetal compound or a ketal compound which has sufficient reaction
- activity, shows good selectivity and does not cause corrosion of the
apparatus is not discovered yet and the development of such a method is
strongly desired.
On thé other hand, for the applications as lubricating oils, electric
insulating oils and solvents, fluidity is necessary and a polymer having a
. lower degree of polymerization is desired. Concerning generally known
polyalkyl vinyl ethers, examples of synthesis of various kinds of alkyl
polyvinyl ethers are described in "Jikken Kagaku Koza®, Volume 18,
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washi ng vessel and washed with 150 ml of a 5 weight % aqueous sol ution of
sodi um hydroxide 3 tinmes and then with 200 m of water 3 tines. The sol vent
and unreacted raw materials were renoved under reduced pressure by using a
rotary evaporator to obtain 140 g of the crude product. The crude product
had a kinematic viscosity of 34.4 ¢St at, 40[err]C. Into a 1 liter autoclave
made of SUS-316L, 120 g of the crude ﬁ?éhdbt, 300 g of hexane, 6 g of Raney
nickel and 6 g of zeolite were charged. Hydrogen was introduced into the
autocl ave and the pressure of hydrogen was adjusted to 20 kg/cnierr]. After
stirring for about 30 seconds, the pressure was rel eased. Hydrogen was

I ntroduced into the

"Reaction of organic compounds II(A)", edited by Chemical Society of
Japan (published by Maruzen). ’ In the cases of alkyl vinyl ethers having
a low molecular weight and an alkyl group of 3 or less carbon atoms
among these examples, examples of the lowest molecular weight of a
polymef are 2545 for the polymer of methyl vinyl ether, 4000 for the
polymer of ethyl vinyl ether, 4830 for the polymer of n-propyl vinyl ether
and 4580 for the polymer of isopropyl vinyl ether. A polymer of methyl
vinyl ether having a molecular weight of 3000 is described in
Macromolecules, Volume 17, Page 2228 (1984) and a polymer of ethyl
vinyl ether having a. molecular weight of 2600 is described in
Macromolecules, Volume 18, Page 2 (1985). Howevér, the values of
molecular weight suggest that these polymers have very low fluidity and
are in the form of semi-solid at room temperature.

In the cases of the compounds having an alkyl group of 4 or more
carbon atoms, an example in which a dimer is isolated and an example
in which a polymer having a molecular weight of 600 is obtained are

.found. However, polymers of alkyl vinyl ethers having an alkyl group of
4 or more carbon atoms do not satisfy the required property because they
- are not compatible with the hydrofluorocarbons such as Flon 134a.

As desqribed in the above, a polymer of alkyl vinyl ether having an
alkyl group of 3 or less carbon atoms which has a molecular weight of
1200 or less has not been known heretofore.

Ends of these polymers are olefins in the case of the acid catalysts
and acetals when an alcohol is present and, when water is present, ends

of acetal and ends of aldehyde are also formed. The end of olefin

' t
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autocl ave again to make the pressure of hydrogen 20 kg/cnierr] and, after
stirring for about 30 seconds, the pressure of hydrogen was rel eased. After
repeating this operation once nore, the pressure of hydrogen was increased
to 50 kg/cnferr] and the tenperature was increased to 130[err]C in 30

m nutes under stirring. The reaction_mﬁg conducted at 130[err]C for 2

hours. The reaction proceeded during a after the increase in the
tenperature and decrease in the pressure was observed. The increase in the
pressure with increase in the tenperature and the decrease in the pressure
with the reaction were suitably conpensated by decreasing or increasing the-

pressure angcctag?on%ﬁ? 24iSed I:olr&i‘ﬂ{go 460 HAFes&Pin %s&gity in the presence of
an acid and the end of aldehyde also occasionally causes coloring.
Acetals. are decomposed to olefins and alcohols in the presence of an
acid. The olefins react with each other to cause coloring and increase in
viscosity and, whefx water is present additionally, aldehydes are formed,
also occasionally causing coloring. However, a polyvinyl ether
compound free from the structures of acetals, aldehydes and olefins
causing degradation at the ends of the molecule and has an excellent

stability has not been reported yet.

- SUMMARY OF THE INVENTION

The présent invention was undertaken under the situation
described above with the objects of providing (1) a lubricating oil for
compression-type refrigerators having excellent i:ompatibility with
hydrogen-containing Flon compounds, such as Flon 134a, Flon 32, Flon
125 and the like, which can replace the refrigerant of Flon 12 or other
Flon compounds that are hardly decomposed and, particularly, cause
the problem on environmental pollution, in the 'whole range of the
working temperatures, has excellent stability and lubricating property
and has a volume intrinsic resistance at 80°C of 1012 Q.cm or more; (2)
an industrially advantageous method of production of a polyvinyl ether
compound having a desired degree of polymerization with a simple
process, reliably, safely and gﬁ'iciently; (3) a method of efficiently
producing an ether compound by hydrogenation of an acetal compound

or a ketal compound by using a catalyst having a sufficient reaction
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kg/ cn2 during the reaction. After finishing the reaction, the reaction
m xture was cooled to roomtenperature and the pressure was decreased to
at nospheri c pressure. The catal yst was precipitated by standing for 1 hour

and the reaction liquid was separated by decantati on. - 76 - The
catal yst was washed with 50 m of hex twice. The washing |iquid was
conbined with the reaction liquid and TTltered with a filter paper.

activity and excellent selectivity and causing no corrosion of the
apparatus; and (4) a novel polyvinyl ether compound favorably utilized
particularly as the lubricating oil for compression-type refrigerators
described above.

As the result of the intensive studies by the present inventors for
achieving the objects described above, it was discovered (1) that the first
object described above can be achieved by a lubricating oil comprising a
polyvinyl ether compound having a specific structure as the main
component thereof, (2) that the second object described above can be
achieved by adding dropwise a vinyl ether monomer to a specific initiator
in the presence of a catalyst and polymerizing the monomer, (3) that the
third object described above can be achieved by using a solid catalyst
haan acidic property and ﬁydrogenating ability as the catalyst and (4)
that the fourth object described above can be achieved by (a) a polyvinyl
ether compound which is a homopolymer or a copolymer of an alkyl vinyl
ether having an alkyl group of 1 to 3 carbon atoms, has 4 weight-average
molecular weight in the range of 300 to 1200 and has ends of sbeciﬁc
structures and (b) a polymer of an alkyl vinyl ether of a specific structure
which does not contain any of an unsaturated bond, an acetal structure
and an aldehyde structure and has the weight-average n_mlecular weight
in a specific range. The present invention was completed on the basis of
the aforesaid discovery.

Thus, the lubricating oil for compression-type refrigerators which
is provided according to the first object of the invention comprises as the

main component thereof a polyvinyl ether compound having the
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The conbined liquid was then transferred to a 1 liter washing vessel and
washed with 150 mM of a 5 weight % aqueous sol ution of sodi um hydroxide 3
times and then with 200 m of distilled water 5 tines. Hexane, water and
the li ke were renoved under reduced pressure by using a rotary evaporator.
The yield was 95 g. As the results of f8R and IR of the product, one of the
end structures of the polyner was (J) and the other was a m xture of (K)
and (L), in which (K) was the major structure and (L) was the m nor
structure. [err] Exanple 7F

constituting units expressed by the general formula (XXII):
R42 R44 |

-

R43 O(R‘“‘O) R (XXID),
wherein R42, R43 and R44 are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atoms, and may be the same or different from
each other, R49 is a bivalent hydrocarbon group having 2 to 10 carbon
atoms, R46 is a hydrocarbon group having 1 to 10 carbon atoms, v is a
number the average of which is in the range of 0 to 10, and R450 may be
the same.or different from each other when a plural R450 are present.

The method of production of a polﬁinyl ether compound
comprising the constituting units expressed by the general formula (X):

R19 R21

i)

R® O(R®O)R? X,

wherein R19, R20 and R2! are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon afoms, and may be the same or different from
each other, R22 is a bivalent hydrocarbon group having 2 to 10 carbon
atoms, R23 is a hydrocarbon group having 1 to 10 carbon atoms, q is a
number the average of which is in the range of 0 to 10 and R220 may be
‘the same or different from each other when a plural of R220 are present,
which is provided according to the second object of the invention

comprises polymerizing a vinyl ether monomer having the general

formula (IX):
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Into a 5 liter glass flask equipped wth a dropping funnel, a cooler and a
stirrer, 1000 g of toluene, 304 g of ethanol and 7.8 g of boron trifluoride
diethyl etherate were charged. Into a dropping funnel, 3284 ¢ of ethyl

vinyl ether was charged and dropped in 4 hours and 30 mnutes. During this
period, the tenperature of the reactioggsolution increased by the heat of
reaction and the tenperature was kept at about 25[err]C by cooling with an
ice water bath. After finishing the dropping, the solution was further
stirred for 5 mnutes. The reaction mxture was transferred to a washing
vessel and washed with 1100 ml of a 5 weight % aqueous sol ution of sodium
hydroxide 3 tinmes and then with 1100 mM of water 3

R®_C = C-R%
R® (I)(R”O)qR” (IX),
wherein R19 to R23 and q are as previously defined, by using a
combination of a Brgnsted acid, a Lewis acid or an organometallic
compound with water, an alcohol, a phenol, an acetal or an adduct of a
vinyl ether é.nd a carboxylic acid as the initiator. _
The method of production of an ether compound expressed by the
general formula (XV):

R330 CHR35R36
p 4
H R37 (XV)

or bf the general formula (XVI):

H_ CHR3%R%®
AN e

' \
R340/ R37 (XVI),

wherein R33 and R34 are each a hydrocarbon grou;; or a hydrocarbon
group containing ether oxygens in the main chain, in the side chain or
in the both of them, and may be the same or different from each other
and R35, R36 and R37 are each a hydrogen atom, a hydrocarbon group or
a hydrocarbon group containing ethereal oxygens in the main chain, in
the side chain or in the both of them, and may be the same or different
from each other, which is provided according to the third object of the

invention comprises bringing an acetal compound or a ketal compound

expressed by the general formula (XIV): This is the replacement shest
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- 77 - times. The solvent and unreacted raw nmaterials were renoved under
reduced pressure by using a rotary evaporator to obtain 3397 g of the crude
product. Into a 2 liter autoclave made of SUS-316L, 600 g of the crude
product, 600 g of hexane, 18 g of Raney nickel and 18 g of zeolite were
charged. Hydrogen was introduced intQ tRe _autoclave and the pressure

R3O CHR35R36
AN C/

| rio” BT (XIV), |
wherein R33, R34, R35, R36 and R37 are as previously defined, into the
reaction with hydrogen in the presence of a solid catalyst having acidic
property and hydrogenating ability.
- The polyvinyl ether compound which is provided according to the
foln'th object of the invention comprises a homopolymer or a copolymér of
an alkyl vinyl ether comprising the constituting units expressed by the

general formula (I) or (I'):

"

_ ?Rl
—(cI:H-CH SR
 CH, ),

“wherein R1 is an alkyl group having 1 to 3 carbon atoms, and having a
weight-average molecular weight of 300 to 1200 and one end having the
structure expressed by the general formula (II):

OR!
-—CHzf!‘.HORz (1)
or the general formula (III):
| ~-CH=CHOR® (IID,

wherein R1 is as previously defined, R2 is a hydrocarbon group having 1

to 8 carbon atoms and R2 is either one of Rl and R2; and the polyvinyl

ether compound which is provided also according to the fourth object of
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of hydrogen was adjusted to 20 kg/cnferr]. After stirring for about 30
seconds, the pressure was rel eased. Hydrogen was introduced into the

aut ocl ave again to nmake the pressure of hydrogen 20 kg/cn2 and, after
stirring for about 30 seconds, the pressure of hydrogen was rel eased. After
repeating this operation once nore, thggpressure of hydrogen was increased
to 50 kg/cnferr] and the tenperature was increased to 140[err]C in 30

m nut es under stirring. The reaction was conducted at 140[err]C for 2
hours. The reaction proceeded during and after the increase in the

t enperature and decrease in the pressure was observed. The increase in the

pressure with i,ncregse in the t%}r;rgerat yre .and the decrease_in the
e invention comprises constituting units expressed by the general

formula (IV):

I'I{a Ilys

CcC—C

_(_f"‘ 62‘:0)@’ aw,
wherein R3, Rt and R5 are each a hydrogen atom or an alkyl group
having 1 to 4 carbon atoms, and may be the same or different from each
~ other, RS is an alkylene group having 2 to 4 carbon atoms, R7 is an alkyl

group having 1 to 10 carbon atoms, k is a number the average of which is
in the range of 1 to 10, R3 to R7 may be the same or different among the
consﬁtuting units and RS may be the same or different from each other
when the constituting unit contains a plural RS, said compound not
containing any of an unsaturated bond, an acetal structure and an
aldehyde structure in the molecule and having a weight-average

molecular weight of 300 to 3000.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1, Figure 4, Figure 7, Figure 8, Figure 11, Figure 12, Figure
15, Figure 18, Figure 21, Figure 24, Figure 27, Figure 30, Figure 33,
Figure 36, Figure 37, Figure 40, Figure 43, Figure 46 and Figure 49 are
each the infrared absorption spectra of the polyvinyl ether compounds
dbtained in Examples 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25 and 254, respectively; Figure 2, Figure 5, Figure 9, Figure 13,
Figure 16, Figure 19, Figure 22, Figure 25, Figure 28, Figure 31, Figure
34, Figure 38, Figure 41, Figure 44, Figure 47 and Figure 50 are each the
13C-NMR charts of the polyvinyl ether compounds obtained in Examples
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pressure with the reaction were suitably conpensated by decreasing or
I ncreasing the pressure and the pressure of hydrogen was kept at 50
kg/cnferr] during the reaction. After finishing the reaction, the reaction
m xture was cooled to roomtenperature and the pressure was decreased to
at nospheric pressure. The catal yst \A@s]bpr_eci pitated by standing for 1 hour
and the reaction liquid was separated by decantation. The catal yst was
washed with 100 m of hexane twi ce. The washing |iquid was conbi ned with
the reaction liquid and filtered with a filter paper. The conbined lIiquid
was then transferred to a washi ng vessel .

8,9, 11, 13, 14, 15, 16, 17, 18, 19, 20, 22, 23, 24, 25 and 25A, respectively;

Figure 3, Figure 6, Figure 10, Figure 14, Figure 17, Figure 20, Figure 23,

Figure 26, Figure 29, Figure 32, Figure 35, Figure 39, Figure 42, Figure

45, Figure 48 and Figure 51 are each the 1H-NMR charts of the polyvinyl

ether compounds obtained in Examples 8, 9, 11, 13, 14, 15, 16, 17, 18, 19,

20, 22, 23, 24, 25 and 25A, respectively; and Figure 52 and Figure 53 are

each 1H-NMR charts of the acetal oligomer prepared in Example 37 (1)

and the ether compound prépared in Example 37 (2), respectively.

DESCRIPTION OF PREFERRED EMBODIMENTS

The lubricating oil for compression-type refrigerators of the first
object of the invention is. described first.

The lubricating oil for compression-type refrigerators of the
invention comprises as the main component thereof a polyvinyl ether
compound having the constituting units expressed by the general
formula (XXII):

1'342 1?‘44

C—C

_(-Ili‘a (')(1%—)“-“0)#1“-6 | (XXID),

wherein R42, R43 and R44 are each a hydrogen atom or a hydrocarbon
group having 1 to 8 éarbon atoms, and may be the same or different from
each other, R45 is a bivalent hydrocarbon group having 2 to 10 carbon
atoms, R46 is a hydrocarbon group having 1 to 10 carbon atoms, v is a
number the average of which is in the range of 0 to 10, R42 to R46 may the
“same or different from each other among the constituting units and R450

may be the same or different from each other when a plural R450 are
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- 78 - and washed with 500 M of a 5 weight % aqueous solution of sodium
hydroxide 3 tinmes and then with 500 mMl of distilled water 5 tines. Hexane,
wat er and the |ike were renoved under reduced pressure by using a rotary
evaporator. The yield was 492 g. As the results of NVR and IR of the
product, one of the end structures of_t{y polyner was (A) and the other was
a mxture of (C) and (D), in which (C was the major structure and (D) was
the m nor structure.

present.

In the formula (XXII), R42, R43 and R44 are each a hydrogen atom
or a hydrocarbon group having 1 to 8 carbon atoms, and may be the same
or different from each other. Specific examples of the hydrocarbon group
described above include an alkyl group, such as methyl group, ethyl
group, n-propyl group, isopropyl group, n-butyl group, isobutyl group,
sec-butyl group, tert-butyl group, various kinds of pentyl group, various
kinds of hexyl group, various kinds of heptyl group and various kinds of
octyl group; a cycloalkyl group, such as cyclopentyl group, cyclohexyl
group, various kinds of methylcyclohexyl group, various kinds of
effhylcyclohexyl group, various kinds of dimethylcyclohekyl group and
the like; an aryl group, such as phenyl group, various kinds of
methylphenyl group, various kinds of ethylphenyl group and various
kinds of dimethylphenyl group; or an arylalkyl group, such as benzyl
group, various kinds of phenylethyl group and various kinds of
methylbenzyl group. R42, R43 and R44 are preferably a hydrogen atom or
.an aliphétic hydrocarbon group- having 5 or less carbon atoms,
respéctively, and more preferably a hydrogen atom or a hydrocarbon
group having 3 or less carbon atoms, respectively.

R45 in the formula (XXII) is a bivalent hydrocarbon group having 2
to 10 carbon'aﬁoms, which is exemplified by a bivalent aliphatic group,

~such as ethylene group, phenylethylene group, 1,2-propylene group, 2-
phenyl-1,2-propylene group, 1,3-propylene group, various kinds of
butylene group, various kinds of pentylene group, various kinds of

hexylene group, various kinds of heptylene group, various kinds of
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Exanple 7G.Into a 5 liter glass flask equi pped with a dropping funnel, a
cooler and a stirrer, 1000 g of toluene, 500 g of acetal dehyde di et hyl
acetal and 5.0 g of boron trifluoride diethyl etherate were charged. Into a
droppi ng funnel, 2700 g of ethyl vinyl ether was charged and dropped in 3
hours. The tenperature of the reactionjgolution increased by the heat of
reaction and the tenperature was kept at about 25[err]C by cooling with an
ice water bath. After finishing the dropping, the solution was further
stirred for 5 mnutes. The reaction mxture was transferred to a washing
vessel and washed with 1000 mMl of a 5 wei ght % aqueous sol ution of sodi um

octylene group, various kinds of nonylene group and various kinds of
decylene group; an alicyclic group having two bon&ing positions on an
alicyclic hydrocarbon, such:-as cyclohexane, methylcyclohexane,
ethylcyclohexane, dimethylcyclohexane, propylcyclohexane and the like;
a bivalent aromatic hydrocarbon, such as various kinds of phenylene
group, various kinds of methylphenylene group, various kinds of
ethylphen&lene group, various kinds of dimethylphenylene group,
various kinds of naphthylene group and the like; an alkylaromatic group
having one univalent bonding position on each of the alkyl group part
and the aromatic part of an alkylaromatic hydrocarbon, such as toluene,
xylene, ethylbenzene and the like; or an alkylaromatic group having
bonding positions on the parts of alkyl groups of a polyalkylaromatic
hydrocarbon, such as xylene, diethylbenzene and the like. The aliphatic
group having 2 to 4 carbon atoms is pafticularly preferable among them.
A plurality of R460 may be the same or different from each other.

In the formula (XXII), k shows the number of repeating and the
average of k is in the range of 0 to 10 and preferably in the range of 0 to 5.

In the formula (XXII), R46 is a hydrocarbon group having 1 to 10
carbon atoms, which group is exemplified by an alkyl group, such as
methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl
| group, isobutyl group, sec-butyl group, tert-butyl group, various kinds of
pentyl group, various kinds of hexyl group, various kinds of heptyl
group, various i&inds of octyl group, various kinds of nonyl group and
various kinds of decyl group; a cycloalkyl group, such as cyclopentyl
group, cyclohexyl group, various kinds of methylcyclohexyl group,
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hydroxide 3 tines and then with 1000 ml of water 3 tinmes. The sol vent and
unreacted raw materials. were renoved under reduced pressure by using a
rotary evaporator to obtain 3040 g of the crude product. The crude product
had a kinematic viscosity of 42.1 ¢St at 40[err]C. Into a 2 liter autoclave
made of SUS-316L, 600 g of the crude_pggduct, 600 g of hexane, 18 g of
Raney nickel and 18 g of zeolite were charged. Hydrogen was introduced into
t he autocl ave and the pressure

various kinds of ethylcyclohexyl group, various kinds of propylcyclohexyl
group, various kinds of dimethylcyclohexyl group and the like; an aryl
group, such as phenyl group, various kinds of methylphenyl group,
various kinds of ethylphenyl group, various kinds of dimethylphenyl
group, various kinds of propylphenyl group, various kinds of
trimethylphenyl group, various kinds of butylphenyl group, various
kinds of naphthyl group and the like; or an arylalkyl group, sucﬂ as
benzyl group, various kinds of phenylethyl group, various kinds of
methylbenzyl group, various kinds of phenylpropyl group and various
kinds of butylphenyl group. The hydrocarbons having 8 or less carbon
atoms are preferable among them. When v is 0, an alkyl group having 1
to 6 carbon atoms is particularly preferable and, when v is 1 or more, an
alkyl group having 1 to 4 carbon atoms is particularly preferable.

The number of repeating of the polyvinyl ether compound
expressed by the formula (XXII) which corresponds to the degree of
polymerization can be selected suitably "according ‘to the desired
kinematic viscosity and is generally in the range of 5 to 1000 ¢St at 40°C
and preferably in the range of 5 to 800 ¢St at 40°C.

The polyvinyl ether ‘compound can be produced by the

" polymerization of the corresponding vinyl ether monomer and the
method of the production of a polyvinyl ether compound described below
which is the second objebt of the invention can be adopted as the method
of polymerization.

The ends of the polyvinyl ether_compdund’ obtained can be

converted to the desired structure by the method disclosed in the
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- 79 - of hydrogen was adjusted to 20 kg/cnferr]. After stirring for about
30 seconds, the pressure was rel eased. Hydrogen was introduced into the

aut ocl ave again to make the pressure of hydrogen 20 kg/cnierr] and, after
stirring for about 30 seconds, the pressure of hydrogen was rel eased. After
repeating this operation once nore, the pressure of hydrogen was increased
to 50 kg/cnferr] and the tenperature was increased to 140[err]Cin 30

m nut es under stirring. The reaction was conducted at 140[err]C for 2
hours. The reaction proceeded during and after the increase in the
tenperature and decrease in the pressure was observed. The increase in

examples of the invention or by the conventional methods. The group to
be converted to is a saturated hydrocarbon, an ether, an alcohol, a
ketone, an amide, an imide, a nitrile or the like.

As the polyvinyl ether compound which is the main component of
the lubricating oil of the invention, the compounds having the end
strﬁctu,res shown in the following are preferably utilized:

(1) The structure in which one end is expressed by the formula

(XXTII):

R® ORO)R" (XXIID),
wherein R47, R48 and R49 are each a hydrogen atom or a hydrocarbon.
group having 1 to 8 carbon atoms, and may be the same or different from
each other, R50 is a bivalent hydrocarbon group having 2 to 20 carbon
atomé, RS51 ig a hydrocarbon group having 1 to 10 carbon atoms, a is a
number the average of which is in the range of 0 to 10-and R500 may be
the same or different from each other when a plural R500 are present,
and the other end is expressed by (XXIV):
R52 R54 |
L .
| R53 O(R55Q) R56 (XXIV),
wherein R52, R53 and R54 are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atoms, and may be the same or different from
each other, R55 is a bivalént hy&rocarbon group having 2 to 10 carbon
atoms, R56 is a hydrocarbon group having 1 to 10 carbon atoms, b is a
" number the average of which is in the range of 0 to 10 and R550 may be
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the pressure with increase in the tenperature and the decrease in the
pressure with the reaction were suitably conpensated by decreasing or

i ncreasing the pressure and the pressure of hydrogen was kept at 50
kg/cnierr] during the reaction. After finishing the reaction, the reaction
m xture was cool ed to room tenperaturesgnd the pressure was decreased to
at nospheric 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 ml of hexane twi ce. The washing |liquid was conbined with
the reaction liquid and filtered with a filter paper. The conbined liquid

was then transferred to a washi ng vessel
the same or different from each other when a plurality of R550 are

present;

(2) The structure in which one end is expressed by the formula

(XXIII) and the other end is expressed by the formula (XXV):

R57 R5®

_(:3_'(:;_0(R6’0)dR“

R% OR*0)R* (XXV),
wherein R57, R58 and R59 are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atoms, and may be the same or different from
each other, RS0 and R62 are a bivalent hydrocarbon group having 2 to 10
carbon atoms, respectively, and may be the same or different from each
other, R®1 and R53 are each a hydrocarbon group having 1 to 10 carbon
atoms, and may be the same or different from each other, ¢ and d are
each a number the average of which is in the range of 0 to 10, and may be
the same or different from each other, R600 may be the same or different
from each other when a plurality of R600 are present and R620 may be
the same or différent from each other when a plurality of R620 are’
present;

(8) The structure in which one end is expressed by the formula
(XXIII) and the other end comprises an olefinically unsaturated bond;
and '

(4) The structure in which one end is expressed by the formula

(XXTII) and the other end is expressed by the formula (XXVI):

RS+ RS
L
—"(IJ-—(IJ-OH | .
RS H (XXVI) This is the replacement shest
19 0CT 19%
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and washed with 500 m of a 5 weight % aqueous solution of sodi um hydroxide
3 tinmes and then with 500 m of distilled water 5 tines. Hexane, water and
the like were renoved under reduced pressure by using a rotary evaporator.
The yield was 495 g. The polyner had the sane end structures as those in
Exanpl e 4. - 80 - Exanple 7H - 22 - '

wherein R64, R65 and R56 are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atoms, and may be the same or different from
each other.

The polyvinyl ether compound may be a mixture of two or more
compounds having the end structures selected from the group consisting
of the structures (1) to (4). The preferable examples of such mixture are
a mixture of the compound having the structure (1) and the compound
having the structure (4) and a mixture of the compound having the
structure (2) and the coxhpound having the structure (3).

The lubricating oil of the invention comprisles the polyvinyl ether
compound described above as the main component thereof. Because the
kinematic viscosity of the lubricating oil before mixing with the
refrigerant is preferably in the range of 5 to 1000 ¢St at 40°C, the starting
materials described above, the initiator and the conditions of the reaction
are preferably selected in such a manner that the polyvinyl ether
compound having a kinematic viscosity in the aforesaid range is formed.
The average molecular weight of this polymer is generally in the range
of 150 to 2000 and preferably in the range of 150 to 4000. When kinematic
viscosity of a polymer is outside of the spéciﬁed range, the kinematic

" viscosity can be adjusted to the specified range by mixing with another
polymer having a suitable kinematic viscosity.

In the lubricating oil for refrigerators of the invention, the
polyvinyl ether compound expressed by the formula (XXII) described
above may be utilized singly or as a combination of two or more kinds. It

may be utilized by mixing with other kinds of lubricating oils as well.
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Into a 5 liter glass flask equipped wth a dropping funnel, a cooler and a
stirrer, 1000 g of toluene, 450 g of acetal dehyde diethyl acetal and 4.5 g
of boron trifluoride diethyl etherate were charged. Into a dropping funnel,
3200 g of ethyl vinyl ether was charged and dropped in 4 hours and 10

m nutes. The tenperature of the reacgti,gn _solution increased by the heat of
reaction and the tenperature was kept at about 25[err]C by cooling with an
ice water bath. After finishing the dropping, the solution was further
stirred for 5 mnutes. The reaction mxture was transferred to a washing
vessel and washed with 1000 mMl of a 5 wei ght % aqueous sol ution of sodi um
hydroxide 3 tinmes and then with 1000 mM of water 3

In the lubricating oil for refrigerators of the invention, various
_kinds of additives utilized in copvention.al lubricating oils, such as load
resistant additives, chlorine scavengers, antioxidants, metal |
deactivators, defoaming agents, detergent-dispersants, viscosity-index
improvers, oiliness agents, anti-wear additives, extreme pressure
agents, rust preventives, corrosion inhibitors, pour point depressants
and the like, may be added according to desire.

- Examples of the load resistant additives described above are:
organosulfur compound additives, such as monosulfides, polysuiﬁdes,
sulfoxides, sulfones, thiosulfinates, sulfurized oils and fats,
thiocarbonates, thiophenes, thiazoles, methanesulfonic acid esters and
the like; phosphoric ester additives, such as phosphoric monoesters,
phosphoric diesters, phosphoric triesiers (tricresyl phosphate) and the
like; phosphorous ester additives, such as phosphorous monoesters, |
phosphorous diesters, phosphorous triesters and the like; thiophosphoric
ester additives, such as thiophosphoric triesters; fatty acid ester
additives, such as higher fatty acids, hydroxylaryl fatty acids, esters of
polyhydric alcohols containing carboxylic acids, acrylic esters and the
like; organic chlorine additives, such as chlorinated hydrocarbons,
chlorinated carboxylic acid derivatives and the like; organic fluorine
additives, such as fluorinated aliphatic carboxylic acids, ﬂubroethylene
resins, fluoroalkyl polysiloxanes, fluorinated graphite and the like;
alcohol additives, such as higﬁer alcohols and the like; and metallic
compound additives, such as salts of naphtheni¢ acid (lead

naphthenate), salts of fatty acids (lead salts of fatty acids), salts of
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times. The solvent and unreacted raw materials were renoved under reduced
pressure by using a rotary evaporator to obtain 3466 g of the crude
product. The crude product had a kinematic viscosity of 76.1 cSt at
40[err]C.  Into a 2 liter autoclave made of SUS-316L, 600 g of the crude
product, 600 g of hexane, 18 g of Rapeysgnickel and 18 g of zeolite were
charged. Hydrogen was introduced into the autoclave and the pressure of
hydrogen was adjusted to 20 kg/cnferr]. After stirring for about 30
seconds, the pressure was rel eased. Hydrogen was introduced into the
autocl ave again to make the pressure of hydrogen 20 kg/cnierr] and, after

thiophosphates (zinc dialkyl dithiophosphates), salts of thiocarbamic
acid, organomolybdenum compounds, organotin compounds, organo-
germanium compounds, boric acid esters and the like.

Examples of the chlorine scavenger are compounds having
glycidyl ethex; group, epoxyfatty acid monoesters, epoxidized fats and oils,

| compounds having epoxycycloalkyl group and the like. Examples of the
antioxidants are phenols (2,G-di-tert-butyl-p-cresdl), aromatic amines (o-

~ naphthylamine) and the like. Examples of the metal deactivators are
benzotriazole derivatives and the like. Examples of the defoaming agents
are silicone oil (dimethylpolysiloxane), polymethacrylates and the like.
_Examples of the detergent dispersants are sulfonates, phenates,
succinimides and the like. Examples of the viscosity index improvers
are polymethacrylates, polyisobutylene, ethylene-propylene copolymers,
hydrogenated styrene-diene copolymers and the like. _

The lubricating oil of the invention is utilized as the lubricating oil
for compression-type refrigerators because of the excellent compa‘tibility
with the refrigerants and the excelleht lubricating properi:y. Unlike the
conventional lubricating oils, the lubricating oil of the invention has
excellent compatibility with hydrogen-containing Flon compounds, such
as Flon 134a and the like, which are more specifically 1,1-dichloro-2,2,2-
trifluoroethane (Flon 123), 1-chloro-1,1-difluoroethane (Flon 142b), 1,1-
difluoroethane (Flon 152a), chlorodifluoromethane (Flon 22), trifluoro-
methane (Flon 23), difluoromethane (Flon 32), pentafluorcethane (Flon
125) and the like in addition to Flon 134a described above. '

The lubricating oil of the invention can be utilized by mixing with
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stirring for about 30 seconds, the pressure of hydrogen was rel eased. After
repeating this operation once nore, the pressure of hydrogen was increased
to 50 kg/cnferr] and the tenperature was increased to 140[err]C in 30

m nutes under stirring. The reaction was conducted at 140[err]C for 2 -
81 - hours. The reaction proceeded duramg-and after the increase in the
tenperature and decrease in the pressure was observed. The increase in

another lubricating oil for compression-type refrigerators for the purpose
of improving the compatibility with the refrigerant.

The method of productic;n of a polyvinyl ether compound of the
second object of the invention is described next.

In the method of production of a polyvinyl ether compound of the
invention, the compound expressed by the formula (IX):

| R¥Y_C = C~R2
1'320 .(‘)(R”O) R (%)

is utilized as the raw material vinyl ether monomer.

| In the formula described above, R1%, R20 and R21 are each a
hydrogen atom or a hydrocarbon having 1 to 8 carbon atoms, and may be
the same or different from .each other. Exainples of the hydrocarbon
group are the same as those shown as the examples in the description of
R42 to R44 in the formula (XXII). R19, R20 and R21 are each preferably a
hydrogen atom or an aliphatic hydrocarbon group having 5 or less
carbon atoms, and more preferably a hydrogen atom or a hydrocarbon
group having 3 or less carbon atoms.

In the formula (IX), R22‘ is a bivalent hydrocarbon group having 2
to 10 carbon atoms and examples of the bivalent hydrocarbon group are
the same as those shown as the examples in the description of R45 in the
formula (XXII). R22 is preferably an aliphatic group having 2 to 4 carbon
atoms and R220 Ihay be the same or different from each other. _

In the formula (IX), q shows the number of repeating and the
average of q is in the range of 0 to 10 and preferably in the range of O to 5.

R23 in the formula (IX) is a hydrocarbon group having 1 to 10
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the pressure with increase in the tenperature and the decrease in the
pressure with the reaction were suitably conpensated by decreasing or

i ncreasing the pressure and the pressure of hydrogen was kept at 50
kg/cnferr] during the reaction. After finishing the reaction, the reaction
m xture was cooled to roomtenperaturegand the pressure was decreased to
at nospheric 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 ml of hexane twi ce. The washing |liquid was conbined with
the reaction liquid and filtered with a filter paper. The conbined lIiquid

was then trafhohr a&ink Al Waatiplds \GTSER! hydrocarbon group are the same as
those shown as the examples in the description of R46 in the formula
(XXII). R23 is preferably a hydrocarbon group having 8 or less carbon
atoms. When q is 0, an alkyl group having 1 to 6 carbon atoms is
particularly preferable and, when q is 1 or more, an alkyl group having 1
to 4 carbon atoms is particularly preferable.
Examples of the vinyl ether monomer expressed by the formula
(IX) are: 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-xﬁethoxy-1-
methylethyl ether, vinyl 2-methoxypropyl ether, vinyl 3,6-dioxaheptyl
ether, vinyl 3,6,9-trioxadecyl ether, vinyl 1,4-dimethyl-3,6-dioxaheptyl
ether, vinyl 1,4,7-trimethyl-3,6,9-trioxadecyl ether, 1-methoxypropene, 1- |
ethoxypropene, 1-n-propoxypropene, 1l-isopropoxypropene, 1l-n-butoxy-
propene, l-isobutoxypropene, 1-sec-butoxypropene, 1-tert-butoxypropene,
2-methoxypropene, 2-ethoxypropene, 2-n-propoxypropene, 2-isopropoxy-
propene, 2-n-butoxypropene, 2-isobutoxypropene, 2-sec-butoxypropene, 2-
tert-butoxypropene, 1-methoxy-1-butene, 1-ethoxy-1-butene, 1-n-propoxy-
1-bu_tene, l-isopropoxy-1-butene, 1-n-butoxy-1l-butene, 1l-isobutoxy-1-
butene, 1-sec-butoxy-1l-butene, 1-tert-butyoxy-1-butene, 2-methoxy-1-
butene, 2-ethoxy-1-butene, 2-n-propoxy-1-buten.e, 2-isopropoxy-1-butene, 2-
n-butoxy-1-butene, 2-isdbutoxy—1-butene, 2-sec-butoxy-1-butene, 2-tert-
butoxy-1-butene, 2-methoxy-2-butene, 2-ethoxy-2-butene, 2-n-propoxy-2-

butene, 2-isoporpoxy-2-butene, 2-n-butoxy-2-butene, 2-isoButoxy-2-butene,
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and washed with 500 m of a 5 weight % aqueous solution of sodi um hydroxide
3 tinmes and then with 500 m of distilled water 5 tines. Hexane, water and
the |like were renoved under reduced pressure by using a rotary’ evaporator.
The yield was 498 g. The polynmer had the sane end structures as those in
Exanpl e 4. Kinematic viscosity, conpatphility with Flon (Flon 134a), volune
intrinsic resistance and stability to hydrolysis of the polyners obtained
in Exanples 7A to 7H were neasured. The results are shown in Tabl.e 1A
Conpatibility of the polynmers obtained in Exanples 7G and 7H with Flon 32
was al so neasured and the results are shown in Table 1B.

2-sec-butoxy-2-butene, 2-tert-butoxy-2-butene and the like. These vinyl
ethers can be produced by any of the conventional methods.

In the method of the invention, a combination of a Brgnsted acid, a
Lewis acid or an organometallic compound and ‘water, an alcohol, a
phenol, an acetal or an addition product of a vinyl ether and a carboxylic
acid can be used as the initiator.

Examples of the Brgnsted acid are hydrofluoric acid, hydrochloric
acid, hydrobromic acid, nitric acid, sulfuric acid, trichloroacétic acid,
trifluoroacetic acid and the liké. Examples of the Lewis acid are boron
trifluoride, aluminum trichloride, aluminum tribroi:nide, tin
tetrachloride, zinc dichloride, ferric chloride and the like. Among these
Lewis acids, boron trifluoride and complexes thereof are particularly
preferable. Examples of the organometallic compound are diethyl
aluminum chloride, ethyl aluminum chloride, diethylzinc and the like.

A suitable compound may be selected from water, an alcohol, a
phenol, an acetal and an adduct of a vinyl ether with a carboxylic acid
and utilized in combination with a Bignsted acid, a Lewis acid or an
organometallic compound.

Examples of the alcohol described above are: satufated aliphatic
alcohols having 1 to 10 carbon atoms, such as methanol, ethanol,
propanol, isopropanol, butanol, isobutanol, sec-butancl, tert-butanol,
véﬁous kinds of pentanol, various kinds of hexanol, various kinds of
octanol and the like;' alcohols containing oxygen bonded as the ether
bond, such as ethylene glycol monoalkyl ethers, ethylene glycol monoaryl
ethers, propylene glycol monoalkyl ethers, propylene glycol monoaryl
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Conpar ati ve Exanple 1 - 82 - Kinematic viscosity, conpatibility with

Fl on, volune intrinsic resistance and stability to hydrolysis were neasured
by using a commercial paraffinic mineral oil (VG&2). The results are shown
in Table 1A Conparative Exanple 2 : :

- 28 -

ethers, polyethyle.ne glycol monoalkyl ethers, polyethylene glycol
monoaryl ethers, polypropylene glycol monoalkyl ethers, polypropylene
glycol monoaryl ef:hers, 1,3-dimethoxy-2-propanol, 1-ethoxy-3-methoxy-2-
propanol, 1,3-diethoxy-2-propanol and the like; and the like compounds.
Among these compounds, aliphatic alcchols having 3 or less carbon
atoms are preferable as the aliphatic alcohols, and methanol and ethanol
are particularly preferable. As the, alcohol containing oxygen bonded as
the ether bond, compounds of this structure having 14 or less carbon
atoms are preferable.

Examples of the phenol are phenol, various kinds of cresol and the
like compounds.

Examples of the acetal are acetaldehyde dimethyl acetal,
acetaldehyde diethyl acetal, acetaldehyde methyl ethyl acetal,
acetaldehyde di-n-propyl acetal, acetaldehyde methyl n-propyl acetaﬂ,
acetaldehyde ethyl n-propyl acetal, acetaldehyﬂe dii;s,opropyl acetal,
acetaldehyde methyl isopropyl acetal, acetaldehyde ethyl isopropyl acetal,
acetalldehyde n-propyl isopropyl acetal, acetaldehyde di-n-butyl acetal,
acetaldehyde methyl n-butyl acetal, acetaldehyde ethyl n-butyl acetal,

- acetaldehydé n-propyl n-butyl acetal, acetaldehyde isopropyl n-butyl
acetal, acetaldehyde diisobutyl acetal, acetaldehyde methyl isobutyl
acetal, acetaldehyde ethyl isobutyl acetal, acetaldehyde n-propyl isobutyl
acetal, acetaldehyde isopropyl isobutyl acetal, acetaldehyde n—butyl
isobutyl acetal, acetaldehyde di-sec-butyl acetal, acetaldehyde methyl
sec-butyl acetal, acetaldehyde ethyl sec-butyl acetal, acetaldehyde n-
propyl sec-butyl acetal, acetaldehyde isopropyl sec-butyl acetal,
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Ki nematic viscosity, conpatibility with Flon, volume intrinsic resistance
and stability to hydrolysis were neasured by using pol ypropyl ene gl ycol
Unilub MBl1l[err] (a product of N ppon Yushi Co., Ltd.). The results are
shown in Table 1A Conparative Exanple 3 Into a 5 liter glass flask

equi pped with a Dean and Stark tube, ajgoqQler and a stirrer, 1091 g of
pentaerythritol and 3909 g of n-hexanoic acid were charged and the m xture
was heated under stirring. Wien the tenperature of the solution reached to
200[err]C, the tenperature was kept constant for 3 hours. Then the
tenperature was increased to 220[err]C

acetaldehyde n-butyl sec-butyl acetal, acetaldehyde isobutyl sec-butyl
acetal, acetaldehyde di-tert-bui_'.yl acetal, acetaldehyde methyl tert-butyl
acetal, acetaldehyde ethyl tert-butyl acetal, acetaldehyde n-propyl tert-
butyl acetal, acetaldehyde isopropyl tert-butyl acetal, acetaldehyde n-butyl
tert-butyl acetal, acetaldehyde isobutyl tert-butyl acetal, acetaldehyde sec-
butyl tert-butyl acetal, acetaldehyde di(B-methoxyethyl) acetal,
acetaldehyde (B-methoxyisopropyl) acetal, propionaldehyde dimethyl
acetal, propionaldehyde diethyl acetal, propionaldehydé methyl ethyl
acetal, propionaldehyde di-n-propyl acetal, propionaldehyde methyl n-
propyl acetal, propioné.ldehyde ethyl n-propyl acetal, propionaldehyde
diisopropyl acetal, propionaldehyde methyl isopropyl acetal,
propionaldehyde ethyl isopropyl acetal, propionaldehyde n-propyl
isopropyl acetal, propionaldehyde di-n-butyl acetal, propionaldehyde
methyl n-butyl acetal, propionaldehyde ethyl n-butyl acetal,
propionaldehyde n-propyl n-butyl acetal, propionaldehyde isopropyl n-
butyl acetal, propionaldehyde diisobutyl acetal, propionaldehyde methyl
isobutyl acetal, propionaldehyde ethyl isocbutyl acetal, propionaldehyde n-
propyl isobutyl acetal, propionaldehyde isopropyl isobutyl acetal,
propionaldehyde n-butyl isobxityl acetal, propionaldehyde di-sec-butyl
ac_:etal, propipnaldéhyde methyl sec-butyl acetal, propionaldehyde ethyl
sec-butyl acetal, propionaldehyde n-propyl sec-butyl acetal,
propionaldehyde isopropyl sec-butyl acetal, propionaldehyde n-buty! sec-
butyl acetal, propionaldehyde isobutyl sec-butyl acetal, propionaldehyde
di-tert-butyl acetal, propionaldehyde methyl tert-butyl acetal,
propionaldehyde ethyl tert-butyl acetal, propionaldehyde n-propyl tert-
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and kept at this tenperature for 10 hours. During this period, the reaction
started and water was forned. After the reaction was finished, the reaction
solution was cooled to 150[ert]C and the major part of the unreacted
hexanoi ¢ acid was recovered under reduced pressure. The renaining sol ution
was transferred to a washing vessel amgh after being dissolved in 2 liter
of hexane, washed with 1500 ml of a 3 weight % aqueous sol ution of sodium
hydroxide 3 times and with 1500 ml of water 3 tinmes. Further, 800 g of an

i on exchange resin was added and the

butyl acetal, propionaldehyde isopropyl tert-butyl acetal, propionaldehyde
n-butyl tert-butyl acetal, propionaldehyde isobutyl tert-butyl acetal,
propionaldehyde sec-butyl te;-t-butyl acetal, propionaldehyde di(B-
methoxyethyl) acetal, propionaldehyde di(B-methoxyisopropyl) acetal, n-
butyraldehyde dimethyl acetal, n—butyraidehyde diethyl acetal, n-
butyraldehyde methyl ethyl acetal, n-butyraldehyde di-n-propyl acetal, n-
butyraldehyde methyl n-propyl acetal, n-butyraldehyde ethyl n-propyl
acetal, n-butyraldehyde diisopropyl acetal, n-butﬁaldehyde methyl
isopropyl acetal, n-butyrg.ldehyde ethyl isopropyl acetal, n-butyraldehyde
n-propyl isopropyl acetal, n-butyraldehyde di-n-butyl acetal, n-
butyraldehyde methyl ﬁ-butyl acetal, n-butyraldehyde ethyl n-butyl
acetal, n-butyraldehyde n-propyl n-butyl acetal, n-butyraldehyde
isopropyi n-butyl acetal, n-butyraldehyde diisobutyl acetal, n-
butyraldehyde methyl isobutyl acetal, n-butyraldehyde ethyl iscbutyl
acetal, n-butyraldehyde n-propyl isobutyl acetal, n—bﬁtyraldehyde
isopropyl isobutyl acetal, n-butyraldehyde n-butyl isobutyl acetal, n-
butyraldehyde di-sec-butyl acetal, n-butyraldehyde methyl sec-butyl
acetal, n-butyraldehyde ethyl sec-butyl acetal, n-butyraldehyde n-propyl
sec-butyll acetal, n-butyraldehyde isopropyl sec-butyl acetal, n-
butyraldehyde n-butyl sec-butyl acetal, n-butyraldehyde isobutyl sec-butyl
acetal, n-butﬁddehyde di-tert-butyl acetal, n-butyraldehyde methyl tert-
butyl acetal, n-butyraldehyde ethyl tert-butyl acetal, n-butyraldehyde n-
propyl tert-butyl acetal, n-butyraldehyde isopropyl tert-butyl acetal, n-
butyraldehyde n-butyl tert-butyl acetal, n-butyraldehyde isobutyl tert-
butyl acetal, n-butyraldehyde sec-butyl tert-butyl acetal, n-butyraldehyde
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- 83 - mxture was stirred for 3 hours. The ion exchange resin was renoved
by filtration and hexane was renoved under reduced pressure by using a
rotary evaporator. The yield of the polyol ester was 3390 g. Kinenmatic
viscosity, conpatibility with Flon, volune intrinsic resistance and
stability to hydrolysis of the pol yner3pbtai ned above were neasured. The
results are shown in Table 1A

di(B-methoxyethyl) acetal, n-butyraldehyde di(B-methoxyisopropyl) acetal
and the like.

Examples of the carboxylic acid utilized for forming the adduct
with a vinyl ether are acetic acid, propionic aci'd, n-butyric acid,
isobutyric acid, n-valeric acid, isovaleric acid, 2-methylbutyric acid,
pivalic acid, n-caproic acid, 2,2-dimehylbutyric 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. | ]

The vinyl ether may be the same as or different from those utilized
for the polymerization and the specific examples are the same
compounds as those mentioned as examples in the description of the
vinyl ether monomers expressed by the formula (IX). The adduct of the
vinyl ether and the carboxylic acid can be obtained by mixing these
compounds and conducting the reaction at a temperature around 0 to
100°C. The adduct may be utilized for the reaction after isolation with
distillation or as such without isolation.

To the initiated end of the polymer, hydrogen is attached when
water, the alcohol or the phenol is used and, when the acetal is used, the
group formed by elimination of one of the alkoi:y groups from the used
acetal is attached. When the adduct of a vinyl ether with a carboxylic
acid is used, the group formed. by elimination of the alkylcarbonyloxy
group derived. from the carboxylic acid from the adduct of the vinyl ether

with the carboxylic acid is attached.
' This is the replacement sheet
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- 84 - Table 1 A (Part 1) kinematic compatibility with Flon

134a viscosity t enper at ure of tenperature of separation at |ow
separation at high (cSt) tenperature ([err] Q) tenper at ure
([err]C) 40[err]C 100C 5% 10% 5% 10% Exanple 1
17.8 3. 68 -60.0> -60.0> . 380.-0< 80. 0< Exanple 2 49. 8

6. 55 -60.0> -60.0> 80. 0< 80. 0<

On the other hand, to the terminated end of the polymer, an acetal,
an oleﬁﬁ 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 estér of hemiacetal is formed. When the
carboxylic acid ester of hemiacetal is hydrolyzed in the presence of an
acid, an aldehyde is formed.

Polymerization temperah:ré of the vinyl ether monomer expressed
by the formulg (IX) is generally in the range of —80 to 150°C and
preferably 0 to 100°C although the temperature is varied depending on
the kinds of the raw materials and the initiator. The polymerization
reaction is finished in d'reaction time of about 10 seconds to 10 hours.

For adjusting the molecular weight in the polymerization -
reaction, the molecular weight of the polymer can be decreased by
increasing the amount of water, the alcohol, the phenol, the acetal or the
adduct of the vinyl ester with the carboxylic acid relative to the amount of
the vinyl ether monomer expressed by the formula (IX), and also by
increasing the amount of the Brgnsted acid or the Lewis acid.

The polymerization can be performed without a solvent but a
solvent which is inert under ‘the reaction condition may be used. The
kind of the solvent is not particularly limited. Preferable examples of the
solvent are hydrocarbon solvents, such as hexane, benzene, ﬁoluene and
the like, and ether solvents such as ethyl ether, 1,2-dimethoxyethane,
tetrahydrofuran and the like. The polymerization reaction can be .
terminated by adding an alkali.

By the methods described above, there is obtained the polyvinyl
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Exanpl e 3 51.0 6. 57 -60.0> -60.0> 80. 0< 80. 0<
Exanpl e 4 41. 2 6. 24 -60. 0> -60. 0> 80. 0< 80. 0<
Exanpl e 5 37.9 6. 07 -60. 0> - 60. 0> 80. 0< 80. 0<
Exanpl e 6 22. 8 3.77 -60.0> -60.0> 80. 0< 80. 0<
Exanpl e 7 631.0 26. 30 -G038>_ -60.0> 80. 0< 80. 0<
Exanpl e 7A 38.1 5.18 -60.0> -60.0> 80. 0< 80. 0<
Exanpl e 7B 37.9 5. 67 " -60.0> - 60. 0> 80. 0< 80. 0<
Example 7C 48.8 6 05 - 60. 0> -60. 0> 80.0<  80.0<
Exanpl e 7D -60.0> -60.0> 80. 0< 80. 0<
Exanpl e 7E etherzgoﬁpound%%g the coggtxgutmg 83 expres% d%y the 9ilc))rmula
(X):
R19 R”
-(-c—c—)—
R0 O(R”O)qR” x),

wherein R19 to R23 and q are as previously defined.

Among the methods of production of the polyvinyl ether
compounds, the two methods shown in the following are preferable.

The. first of the preferable methods is the method of polymerizing
the vinyl ether monomer in the presence of a Lewis acid catalyst and an
acetal expressed by the formula (XI):

Rg;;pm

I-IC—C———O(R”O).Rm

R25 ()(].:\’."‘WO),.'R28 (XI).
In the acetal compound expressed by the formula (XI) used in the
method described above, R24, R25 and R26 are each a hydrogen atom or a
hydrocarbon group having 1 to 8 carbon atoms, and may be the same or
different from each other. Examples of the hydrocarbon group are the
same as those shown as examples in the description of R42 and R44 in the
formula (XXII). R27 and R29 are each a bivalent hydrocarbon group
having 2 to 10 carbon atoms, and méy the same or different from each
other. Examples of the bivalent hydrocarbon group are the same as those
shown as examples in the dest_:ription of R4S in the formula (XXII). A
plurality of R270 and R290 may bé the same or different from each other,
respectively. Further, r and s are each a number of repeating the

average of which is in the range of 1 to 10, preferably in the range of 0 to
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Exanpl e 7F 16.5 3.41 - 60. 0> - 60. 0> 80. 0< 80. 0<

Exanmple 7G 31.6 5.15 -60. 0> - 60. 0> 80. 0<~ 80. 0<
Exanpl e 7H 55.2 7.32 -60. 0> - 60. 0> 80.0<  80.0<
Conmparative 37.7 4.6 not di ssol ved not di ssol ved

Exanmpl e 1 Conparative 56.1 10.8 34 . -60.0> -60.0> 55.5
51.5 Exanple 2 Conparative 17.9 3 0 -60. 0> -45.0 80. 0<
80. 0< Exanpl e 3 (Table 1A continued)

5, and may be the same or different from each other. R28.and R30 are
each a hydrocarbon group having 1 to 10 carbon atoms, and may be the
same or different from each other. Examples of the hydrocarbon group
having 1 to 10 carbon atoms are the same as those shown as examplés in
the description of R46 in the formula (XXII). As R28, an alkyl group
having 1 to 6 carbon atoms is particularly preferable when r is 0, and an
alkyl group having 1 to 4 carbon atoms is particularly pfeferable when r
is_1 or more. As R30, an alkyl group having 1 to 6 carbon atoms is
particularly preferable when s is 0, and an alkyl group having 1 to 4
carbon atoms is particularly preferable when s is 1 or more.

Examples of the acetal expressed by the formula (XI) are the same
as those shown as examples in the description of the acetals in the above.

The second of fhe preferable methods is the method in which an
acetal having the formula (XI11): |

R R21 .
- H(:j—-(:J—O(Rle) R

R® OR™0)R™ (XIID),
wherein R19 to R23, R31, R32, q and t are as previously defined, is formed
by adding the vinyl ether monomer expressed by the formula (IX) to an
alcohol expressed by the formula (XII):

R32(0OR31),0H (XII), _
in the presence of a Lewis acid catalyst and then the vinyl ether
monomer expressed by the f01.-mu1a (IX) is added further to the acetal
and polymerized.
In the alcohol expressed by the formula (XII), R3! is a bivalent

hydrocarbon group having 2 fo 10 carbon atoms, which is exemplified by
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- 8 - Table 1 A (Part 2) volune intrinsic _ result of hydrolysis

test resistance at 80C sanpl e oil appearance ([err]cm
appearance total acid value of piece of (ng KCOH Q) copper Exanpl e
1 1.5x10[err] good 0. 5> good

- 35 -

those shown as examples in the description of R45 in the formula (XXII).
A plurality of R310 may be the same or different from each other.
Further, t is the number of repeating and the average thereof is in the
range of 0 to 10 and preferably in the range of 0 to 5. R32 is a hydrocarbon
group having 1 to 10 carbon atoms, which is exemplified by those shown
as examples in the description of R45 in the formula (XXII). As R32, an
alkyl group having 1 to 6 carbon atoms is particularly preferable when t
is-0, and an alkyl group having 1 to 4 carbon atoms is particularly
preferable .when tis 1 or more.

Examples of the alcohol expressed by the formula (XII) are the
same as those shown as examples in the description of the alcohols in
the above.

| Examples of the Lewis acid catalyst utilized in the first and in the
second of the preferable | methdds are the same as those shown as
éxamples in the description of the Lewis acid catalyst in the above.
Among these compounds, boron trifluoride and complexes thereof are
particularly preferable.

The polymerization of the vinyl ether monomer in the first and in
the second of the preferable methods can be performed at a temperature
generally in the range of -80 to +150°C, preferably in the range of 0 to
100°C, although the temperature is varied depending on kinds of the raw
materials and the initiator. When an acetal is utilized, generation of
heat by the heat of polymeriz#tion is observed without an induction
period and, when an alcohol is utilized, generation of heat by the heat of

polymerization is observed without an induction period after the
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Exanpl e 2 3.9x10[ err] good 0. 5> good
Exanple 3 1.5x10[ err] good 0. 5> good
Exanpl e 4 2.0x10[ err] good 0. 5> good -
Exanpl e 5 1.6x10[ err] good 0. 5> good
Exampl e 6 6. 1x10[ err] - 3goad 0. 5> good
Exanple 7 1.3x10[ err] good 0. 5> good
Exanpl e 7A 1.5x10[err] _ _ _
Exanple 7B 1.9x10[err] good 0. 5> good
Example 7C 1.4x10[err] - Exanple 7D 1.9x10[ err]
good 0. 5> good

formation of the acetal. Thus, the control of the temperature during the
reaction can easily be performed by adding the vinyl ether monomer with
a rate which balances with the ability of the apparatus to eliminate the
heat. The polymerization is finished generally in the time of 10 seconds
to 10 hours after the start of the reaction.

After the polymerization is performed as described in the above,
the desired polyvinyl ether compound can be obtained by separation and
purification by any of the conventional methods according to necessity.

The method of production of an ether compound as .the third object
of the invention is described in the following. | |

In the method of production of an ether compound of the invention,

an acetal compound or a ketal compound expressed by the formula
(XIV):

R®0_  CHR®R%®
\_/

C

roio” R &)
is used as the starting material. In the formula (XIV), R33 and R34 are
each a hydrocarbon group such as methyl group, ethyl group, n-propyl
group, isopropyl group and thé like, or a hydrocarbon group containing
ether oxygens in the main chain, in the side chain or in the both of them,
such as the groups expressed by the formulae:

—(CH2CH20)}w—R

_(CHzcle )W-H
OR and
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Exampl e 7E 6. 5x10[ err] good 0. 5> good

Exanpl e 7F 2.3x10[ err] good 0. 5> good
Exanmple 7G 1. 5x10[ err] good 0. 5> good
Exanmpl e 7H 5. 8x10[ err] good . - 0.5> good
Conpar ative 2. 0x10[ err] - $pod 0. 5> good
Exanpl e 1 Conparative 5.8x10[err] good 0. 5>
good Exanple 2 Conparative 4. 0x10[ err] poor 2.5

poor Exanple 3

~(CH,CHO),-R
CH,

wherein R is a hydrocarbon group having 1 to 10 carbon atoms and w is
an integer of 1 to 500. R33 and R34 may be the same or different from each
other, R35, R36 and R37 are each a hydrogen atom, a hydrocarbon group
or a hydrocarbon group containing ether oxygens in the main chain, in
the side chain or in the both of them. Examples of the hydrocarbon group
or the hydrocarbon group containing ether oxygens are the same groups
as those shown as examples in the description of R33 and R34, groups
expressed by the formula: |
—((IJHCHz)w—H
OR

wherein R is a hydrocarbon group having 1 to 10 carbon atoms and w is
an integer of 1 to 500, and the like groups. R35, R36 and R37 may be the
same or different from each other.

In the invention, an ether compbtind~ expressed by the formula

XV):

R¥0Q CHRI5R36 .
P
H R37 (XV )

or the formula (XVI):

H CHRasRss
AN c/
\ )
3340/ R (XVI),
‘wherein R33, R34 R35, R36 and R37 are as previously defined, is obtained
by the reaction of the acetal c'on;pound or the ketal compound expressed
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(End of Table 1A) - 86 - Table 1 B conpatibility with Flon 32
tenperature of separation tenperature of separation at | ow tenperature
([err]C at high tenperature ([err]C) Flon/sanmple (Wm.%
Fl on/ sanple (Ww.%

- 38 -

by the formula (XIV) with hydrogen in the presence of a solid catalyst
having acidic property and hydrogenating ability. |

As the acetal compound or the ketal compound expressed by the
formula (XIV), is preferable a compound expressed by the formula
(XVII):

OR3® OR®
H—(CHz(!‘,H)u--CH2(|3HOR39 (XVID),

wherein R38 and R3? are each a hydrocarbon group having 1 to 20 carbon
atoms or a hydrocarbon group containing ether oxygens, and may be the
same or different from each other, R38 is the same or different between
the constituting units and u is an integer of 1 to 500. In this case, there is

obtained as the ether compound, a compound expressed by the formula

(VIII):
-
H—(CH,CH),,~-H . (XVIII)
or the formula (XIX):
OR?®
I
H~(CH,CH),~CH,CH,OR® (XIX),

wherein R38, R39 and u are as previously defined.
In the compound expressed by the formula (XVII), a compound
expressed by the formula (XXVII):

OR38
]
H-(CH,CH),~ CH = CHOR™® (XXVID),

wherein R38 and u are as previously defined, is occasionally contained
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90/ 10 80/ 20 90/ 10 80/ 20 Example 7G -20

-15 40< 40< Exanple 7H -5 0

40< . 40< Exanple 8 Into a 5 liter glass flask equipped with a
dropping funnel, a cooler and a stirrer, 1000 g of toluene, 234 g of

ethanol and 6.0 g of boron trifluoridegliethyl etherate were charged. Into
the dropping funnel, 2526 g of ethyl vinyl ether was charged and dropped in
3 hours and 20 minutes. During this period, increase in the tenperature of
the reaction solution by the heat of reaction was- observed and the

t enperature was

and, in this case, the ether compound obtained is the compound
expressed by the formula (XVIII) described above or a mixture of the
compound expressed by the formula (XVIII) and the compound
expressed by the formula (XIX).

As the acetal compound and the ketal compound expressed-by the
formula (XIV), 2 compound expressed by the formulé XX):

R40CH(OR41), (XX),
wherein R40 and R41 are each a' hydrocarbon group having 1 to 20 carbon
atoms, and may the same or different from each other, is also favorably
used. In this case, a compbund expressed by the formula (XXI):
R40CH20R41 (XXT)

wherein R40 and R41 are as previously defined, is obtained as the ether
compound. .

In the method of the invention, a .sq.olid catalyst having acidic
property and hydrogenating ability is utilized. As the solid catalyst
having acidic property and hydrogenating ability, a combination of two
kinds of catalyst which are a hydrogenation catalyst and a solid acid
catalyst or a solid acid catalyst having hydrogenating ability is utilized.

The hydrogenation catalyst is not particularly limited but various
kinds of generally used hydrogenation catalyst can be utilized. Examples
of particularly effective catalyst include (1) metals such as nickel,
palladium, rhodium and ruthenium alone or as the main component, (2)
catalysts having the metal catalyst component of (1) supported on
activated charcoal,. alumina, diatomaceous eé:th or the like and (3)

Raney catalysts such as Raney nickel and Raney cobalt.
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kept at about 25[err]C by cooling with an ice water bath. Until the anount

of the nononer reached the equival ent anobunt to ethanol,

dropped sl owly because there was an induction period for the heat
After finishing the dropping, the solution was further stirred

generati on.

for 5 mnutes. The reaction mxture wag,transferred to a washing vessel
washed with 870 mM of a 5 weight % aquéous sol ution of sodi um hydroxide 3
times and then with 870 ml of water 3 tines. The

The solid acid catalyst is not particularly limited but various kinds
of generally used solid acid catalyst can be used. For example, activated
clay, acidic clay, various kinds of zeolite, ion exchange resins, silica-
alumina and heteropolyacids are particularly effective.

The solid acid cat.:alyst having hydrogenating ability is not
particularly limited but various kinds of generally used solid acid
catalyst having hydrogenating ability can be used. For example,
catalysts in which nickel, palladium, platinum, ruthenium or the like is
supported on various kinds of zeolite are particularly effective.

| The amount of the catalyst preferable for performing the method of
the invention is as follows. When the combined catalyst is used, the
amount of the hydroge_nation catalyst is 0.1 to 50 weight % and the
amount of the solid catalyst is 0.1 to 50 weight % based on the amount of
the reacting materials, respectively. When the solid acid catalyst having
hydrogenating ability is used, the amount is 0.1 to 50 weight % based on
the amount of the reacting materials. When the amount is less than 0.1
weight %, the reaction does not proceed sufficiently and, when the
amount is more than 50 weight %, the amount of the catalyst based on
the amount of the reacting materials is too much, causing the problem of

decrease in the productivity.

In the present invention, the acetal compound or the ketal

compour}d expressed by the formula (XIV) reacts with hydrogen in the
presence of the catalyst described above. It is preferable that hydrogen
gas and the acetal compound or the ketal compound be brought into

contact with each other in a molar ratio of 1 : 10 to 200 : 1. When the

t he npbnoner was

and
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- 87 - solvent and unreacted raw materials were renoved under reduced
pressure by using a rotary evaporator to obtain 2622 g of the polymer of
et hyl ‘vinyl ether. The product had light yellow color. Kinematic viscosity,
aver age nol ecul ar wei ghts, dispersion of -nolecul ar weight, conpatibility
with Flon and volume intrinsic resi stgngg of the polymer of ethyl vinyl
et her obtained in the above were neasured. The results are shown in Table
2. - The infrared absorption spectrum the [err]C-NMVMR chart and the
[err]H NWR chart are shown in Figure 1, Figure 2 and Figure 3,
respectively.
molar ratio is less than the specified range, the reaction does not proceed
sufficiently and, when it is more than the specified range, the problem of
decrease in the productivity arises.

The preferred reaction conditions for performing the reaction by
the method of the invention are: a reaction temperature of 10 to 250°C; a
partial pressure of hydrogen of 1 to 200 kg/cm2; a reaction time in the

- case of the batch reaction of 0.1 to 10 hours; and in the case of the reaction
in-the liquid flow system, a weight hourly space velocity (WHSV) of the
reacting fluid of 0.01 to 100 /hour; and a gaé hourly space velocity (GHSV)
of hydrogen gas of 100 to 10000 /hour.

The reaction can be performed without a solvent but a solvent may
be used, provided it is stable under the reaction conditions. Examples of
the usable solvents are hydrocarbon solvents, such as hexane, petane
and octane. . |

By the reaction described above, —-OR33 group or ~OR34 group
which constitutes a paﬁ: of the acetal compound or the ketal compound
expressed by the formula (XIV) is eliminated from the acetal compound
or the ketal compound and replaced with a hydrogen to form the ether
compound expressed by the formula (XV) or the formula (XVI). It was
made clear .in this reaction that, even when any of R33 to R37 is a
hydrocarbon group containing ether oxygens, hydrogen does not react
with the ether oxygen but reacts with the oxygen in the part of the acetal
or the ketal alone.

After the reaction is finished, the reaction product can be

separated from the catalyst by the ordinary filtration or decantation. The
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In Figure 2, the peaks at 101 ppm 129 ppm and 134 ppm are peaks assi gned
to the carbon atomunderlined in the follow ng fornul ae, respectively: -
CHerr] - CHOJerr]Herr])[err] -CH=CHOerr]Herr] -CH =
CHOCerr]Herr]. In Figure 3, the peaks at 4.7 ppm 5.35 ppmand 5.6 ppm
are peaks assigned to the hydrogen atomyginderlined in the follow ng
formul ae, respectively: - CHerr] -CH Oerr]H[err]

catalyst separated here can be used again without particular treatment.

The reaction product may be formed into the product through
processes such as distillation, extraction, washing and drying according
to necessity. |

The novel polyvinyl ether compound as the fourth object of the
invention is described in the following.

In 1_;he present. invention, two kinds of the compounds are provided
as_the nov_'el polyvinyl ether compound.

The. first of the novel polyvinyl ether compounds comprises a
homopolymer or a copolymer of an alkyl vinyl ether having an alkyl
group of 1 to 3 carbon atoms. It is necessary that the weight-average
molecular weight of the polymer be in the range of 300 to 1200, preferably
in the range of 400 to 1000. The ratio of the weight-average molecular
weight to the number-airerage molecuiar weight is generally in the
range of 1.05 to 1.50, preferably in the range of 1.06 to 1.40.

The polyvinyl ether compound of the invention can be produced by
polymerization of the corresponding vinyl ether monomer. Examples of
the vinyl ether monomer are vinyl methyl ether, vinyl ethyl ether, vinyl
n-propyl ether, vinyl isopropyl ether, 1-methoxy-1-propene, 1l-ethoxy-1-
propene and 1-propo_xy-1—propene. The vinyl ether ﬁonomer can be used
singly or as a combination of two or more kinds.

As the method of polymerizing the vinyl ethez" monomer, the
method of production of the l;olyvinyl ether compound as the second
object of the invention described above can be adopted. In this method,

the polyvinyl ether compound of the invention is obtained by polymerizing
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-CH=CH- Oerr]Herr] - CH=CH OCerr]Herr]. Therefore, the end of
the conmpound was a m xture of the formula (11) and the formula (111) and
the ratio of the nunbers of nolecule obtained fromthe ratio of proton was:
(rey: (rer)y =5.1: 1. - 88 - Exanple 9

- 43 -

the vinyl ether monomer by using a combination of a Brgnsted acid, a
Lewis acid or an organometallic compound with an alcohol or an acetal
as the initiator. As the Brgnsted acid, there are usable the Lewis acid,
the organometallic compound .and the acetal, the compounds shown as
examples in the description of the method of production of the polyvinyl
ether compound as the second object of the invention.

Examples of the alcohol are methanol, ethanol, propanol,
isopropanol, butanol, isobﬁtanol, sec—butanol, tert-butanol, various kinds
of pentanol, various kinds of hexanol and the like. Among these
compounds, alcohols having 3 or less carbon atoms are preferable.
Particularly, methanol and ethanol are preferred.

The polyvinyl efher compound of the invention thus obtained

- comprises a homopolymer or é. copolymer of an alkyl vinyl ether
comprising one or more kinds of the constituting units expressed by the

formula (I) or (I'):

pF
;AR D or

o
—(?H-CH-)-
- CHs I,

wherein Rl is an alkyl group having 1 to 3 carbon atoms and one end
having the structure expressed by the forxﬁula an:
. ?Rl :
—CH,CHOR? (In
or the formula (III):
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Into a 5 liter glass flask equipped wth a dropping funnel, a cooler and a
stirrer, 1000 g of toluene, 195 g of ethanol and 5.0 g of boron trifluoride
di ethyl etherate were charged. Into a dropping funnel, 3005 g of ethyl

vinyl ether was charged and dropped in 3 hours and 50 mnutes. During this
period, increase in the tenperature of jhe_reaction solution by the heat of
reacti on was observed and the tenperaturé was kept at about 25[err]C by
cooling with an ice water bath. Until the anount of the nononer reached the
equi val ent anount to ethanol, the nononer was dropped sl.owy because there
was an induction period for the heat generation. After finishing the
droppi ng, the solution was further

—CH = CHOR» (I1ID),
wherein Rl is as previously defined, R2 is a hydrocarbon group having 1
to 8 carbon atoms and R is either one of Rl and R2,

"In the formula (II), R2 is derived from the residual group formed
by eliminating the hydroxyl group from the alcohol or from the residual
group formed by éliminaf.ing the oxygen atom from the alkoxy group in
the acetal, both used for the initiation of the polymerization.

When the alcohol is used, a hydrogen is attached to the initiated
end of the polymer and, when the acetal is used, the residual group
formed by eliminating one of the alkoxy groups from the acetal is
attached to the initiated end. To the terminated end, the acetal group

| expressed by the formula (II) described above or the olefin group
expressed by the formula (IIT) described above is attached.

The homopolymer or the copolymer of the alkyl vinyl ether may
comprise the terminatéd end expressed by the formula (II) alone, the
terminated end expressed by the formula (III) alone or the terminated
end having a mixed structure of them.

The polymerization can be performed at a temperature in the
range of —-80 to 150°C, preferai)ly 0 to 100°C, although it varies depending
on the kinds of the starting materials and the initiator. The
polymerization reaction is finished generally in a time of 10 seconds to 10
hours after the start of the reaction.

For adjusting the molecular weight in “the polymerization
reaction, the molecular weight of the polymer is decreased by an

increased amount of the alcohol or the acetal.

t
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stirred for 5 mnutes.
vessel and washed with 1000 m of a 5 weight
hydroxide 3 times and then with 1000 m of water 3 tines.

unreacted raw materials were renoved under reduced pressure by using a
rotary evaporator to obtain 3008 g of. tg#e _pol yner of ethyl vinyl ether.
product had light yellow color. Kinematic viscosity, average nol ecul ar

wei ght s,

di spersi on of nol ecul ar wei ght,

above were neasured. The results are shown in Table 2.

The polymerization can be performed without a solvent but a
solvent may be used provided it is stable under the reaction condition.
The solvent is not particularl'y limited. Preferable'examples of the
solvent are hydrocarbon solvents, such as hexane, benzene and toluene
and' ether solvents, such as ethyl ether, 1,2-dimethoxyethanem and
tetrahydrofuran. The polymerization reaction can be terminated by
addition of an alkali.

The second of the polyvinyl ether compounds of the invention
comprises the constitutiﬁg units expressed by the formula (IV):

?3 ?5
c—C
*f <'><_12“—0>kR7 .

In the formula (IV) described above, R3, R4 and R5 afe each a hydrogen
atom or an alkyl group having 1 to 4 carbon atoms. Examples of the alkyl
group are methyl group, ethyl group, n-propyl group, isopropyl group, n-
butyl group, isobutyl group, sec-butyl group and tert-butyl group. R3, R4
and RS may be the same or different from each other. Among hydrogen
and the groups described above, hydrogen, methyl group and ethyl group
are preferable and it is preferred that at least one of R3, R4 and RS be
hydrogen atom.
| RS in the formula (IV) is an alkylene group having 2 to 4 carbon
atoms and, more specifically, ethylene group, frimethylene group,
methylethylene group, tetramethylene group, 1,1-dimethylethylene
group or 1,2-dimethylethylene group. Among them, alkylene groups
having 2 or 3 carbon atoms are particularly preferable. In the formula

(IV), k is the number of repeating of R60, the average of which is in the
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The infrared absorption spectrum the [err] CNWR chart and the 1H NWR
chart are shown in Figure 4, Figure 5 and Figure 6, respectively. The end
structure of the conpound was a m xture of the forrmula (I1) and the fornul a
(I'11) and the ratio of the nunbers of nolecule obtained =~ - 89 - by the
same nmethod as in Exanple 8 was: (11) 46 1L1) = 3.9: 1. Exanple 10

range of 0 to 10, preferably 0 to 5.

R7 in the formula (IV) is an alkyl group having 1 to 10 carbon
atoms. Examples of the alkyl group are alkyl groups, such as methyl
group, ethyl group, n-propyl group, isopropyl group, n-butyl group,
isobutyl group, sec-butyl group, tert-butyl group, various kinds of pentyl
group, various kinds of hexyl group and various kinds of octyl group,
cycloalkyl groups, such as cyclopentyl group, cyclohexyl group, various
kinds of methylcyclohexyl group, various kinds of ethylcyclohexyl group,
various kinds of dimethylcyclohexyl group and the like groups. Among
them, alkyl groups having 8 or less carbon atoms are preferable. Alkyl
groups having 1 to 6 carbon atoms are particularly preferable when k is
0, and alkyl groups having 1 to 4 carbon atoms are particularly
preferable when k is 1 or more.

R3 to R7 may be the same or different among the constituting units
and a plurality of RS0 may be the same or different from each other

" when the constituting unit contains a plurality of R6O.

It is necessary that the polyvinyl ether compound of the invention
does not contain any of an unéaturated bond, an acetal structure and an
aldehyde structure in the molecule. The polyvinyl ether compound
generally has the structure in which one end is expressed by the formula
(V)

R? O(Rllo) nrRu ),
wherein R8, R9 and R10 are each a hydrogen atom or an alkyl group
having 1 to 4 carbon atoms, and may be the same or different from each
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Into a 5 liter glass flask equipped wth a dropping funnel, a cooler and a
stirrer, 1000 g of toluene, 450 g of acetal dehyde diethyl acetal and 4.5 g
of boron trifluoride diethyl etherate were charged. Into a dropping funnel,
3200 g of ethyl vinyl ether was charged and dropped in 4 hours and 10
m nutes. During this period, increase.igpthe tenperature of the reaction
solution by the heat of reaction was observed and the tenperature was kept
at about 25[err]C by cooling with an ice water bath. After finishing the
dropping, the solution was further stirred for 5 mnutes. The reaction
m xture was transferred to a washi ng vessel and washed with 1000 m of a 5
wei ght % aqueous_sol uti on of sodi um
other, R1! is an alkylene group having 2 to 4 carbon atoms, R12 is an alkyl
group having 1 to 10 carbon atoms, m is a number the average of which
is in the range of 0 to 10 and a plurality of R110 may be the same or
different from each other, and the other end is expressed by the formula

(VI):

R O(RY¥0),RY VD),
wherein R13, R14 and R15 are each a hydrogen atom or an alkyl group
having 1 to 4 carbon atoms, may be the same or different from each
other, R16 is an alkylene group having 2 to 4 carbon atoms, R17 is an alkyl
group having 1 to 10 carbon atoms, n is a number the average of which is
in the range of 0 to 10 and a plurality of R160 may be the same or different
from each other. _ |

In the formula (V) descﬁbed above, R8, R? and R10 are each a
hydrogen atom or an alkyl group having 1 to 4 carbon atoms. Examples
of the alkyl group are the same as those shown as examples in the
description of R3 to R3 in the formula (IV). RS, R? and R10 may be the
same or different from each other. Among them, a hydrogen atom,
methyl group and ethyl group are preferable and it is preferred that at
least one of R8, R9 and R10 be a hydrogen atom. -

R1l in the formula (V) is an alkylene group having 2 to 4 carbon
atoms. Examples of the alkylene group are the same as those shown as
examples in the description of RS in the formula (IV). Among them,
alkylene groups having 2 or 3 carbon atoms are particularly preferable.
In the formula (V), m shows the repeating number of R110, the average
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hydroxide 3 tines and then with 1000 ml of water 3 tines.

unreacted raw materials were renoved under reduced pressure by using a
rotary evaporator to obtain 3466 g of the polyner of ethyl vinyl ether.
product had light yellow color. Kinematic viscosity, average nol ecul ar

wei ght s,

above were neasured. The results are shown in Table 2. The infrared
absorption spectrumis shown in Figure 7. Exanple 11

of which is in the range of 0 to 10, preferably 0 to 5. When a plurality of
R110 are present, a plurality of R110 may be the same or different from
each other. . _

R12 in thé formula (V) is an alkyl group having 1 to 10 carboiz
atoms. Examples of the alkyl group are the same as those shown as
examples in the description of R7 in the formula (IV). Among them,
alkyl groups having 8 or less carbon atoms are preferable. Alkyl groups
having 1 to 6 carbon atoms are particularly preferable when m is 0, and
alkyl groups having 1 to 4 carbon atoms are particularly preferable when
m is 1 or more. |

In the formula (VI) described above, R13, R14 and R15 are each a
hydrogen atom or an alkyl group having 1 to 4 carbon atoms. Examples
of the alkyl group are the same as those shown as examplés in the
description of R3 to RS in the formula (IV). R13, R14 and R15 ﬁnay be the
same or different from each other. Among them, a hydrogen atom,

methyl group and ethyl group are preferable and it iS preferred that at

. least one of R13, R14 and R15 be a hydrogen atom.

R16 in the formula (VI) is an alkylene group having 2 to 4 carbon
atoms. Examples of the alkylene group are the same as those shown as
examples in the description of RS in the formula (IV). Among them,
alkylene groups having 2 or 3 carbon atoms are particularly preferable.
In the formula (VI), n shows the repeating number of R16Q, the average
of which is in the range of 0 to 10, preferably 0 to 5. When a plurahty of
R160 are present, a plurality of R160 may be the same or different from

each other.
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Into a 5 liter glass flask equipped wth a dropping funnel, a cooler -
90 - and a stirrer, 1000.g of toluene, 195 g of ethanol and 4.5 g of boron
trifluoride diethyl etherate were charged. Into a dropping funnel, 3875 g
of ethyl vinyl ether was charged and dropped in 4 hours and 40 m nutes.
During this period, increase in the te rature of the reaction solution by
the heat of reaction was observed and the.tenperature was kept at

R17 in the formula (VI) is an alkyl group having 1 to 10 carbon
atoms. Examples of the alkyl group are the same as those shown as
examples in the'&escription of R7 in the formula (IV). Among them,
alkyl groups haﬁng 8 or less carbon atoms are preferable. Alkyl groups
having 1 to 6 carbon atoms are particularly preferable when n is 0, and
alkyl groups having 1 to 4 carbon atoms are particularly preferable when
n is 1 or more.

The polyvinyl ether compound of the invention has a weight-
average molecular weight in the range of 300 to 3000, preferably 400 to
2000, more preferably 400 to 1000 and, a degree of polymerization
preferably in the range of 5 to 10. The ratio of the weight-average
molecular weight to the number-average molecular weight is in the
range of 1.05 to 2.00, preferably 1.06 to 1.90. |

The preferable compounds among the polyvinyl ether compounds

- of the invention are compounds which have the constituting units

expressed by the formula (VII):

- H H

ddy

H OR® (VID),

wherein R18 is an alkyl group having 1 to 4 carbon atoms and may be the
same or different among the constituting units, do not contain any of an
unsaturated bond, an acetal structure and an aldehyde structure and
have a weight-average molecula_f weight in the range of 300 to 3000. The
more preferable combounds among them are compounds having the

constituting units expressed by the formula (VIII):
' This is the replacement sheet
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about 25[err]C by cooling with an ice water bath. Until the anmpbunt of the
nononmer reached the equival ent anount to ethanol, the nononer was dropped
slow y because there was an induction period for the heat generation. After
finishing the dropping, the solution was further stirred for 5 minutes. The
reaction mxture was transferred to a wgshi ng vessel and washed with 1100
m of a 5 weight % aqueous sol ution of sodium hydroxide 3 tines and then
with 1100 mM of water 3 tines. The solvent and unreacted raw materials were
removed under reduced pressure by using a rotary evaporator to obtain 3867
g of the polyner of ethyl vinyl ether. The product had |ight yellow color.

il
H{-C—C-)—H
H OR® _ (VIID,

wherein R18 is as prgviously defined and p is a degree of polymerization,
and a ﬁreight-avérage molecular weight in the range of 300 to 3000,
preferably 400 to 1000.

The polyvinyl ether compound of the invention can be produced by
(a) the process of polymerizing the corresponding vinyl ether monomer
and (b). the process of treating olefins, acetals and aldehydes in the
polymerized product.

(a) The process of polymerization: As the method of
polymerization of the vinyl ether compound, the method of production of
the polyvinyl ether compound as the second object of the invention
described above can be adopted.

| (b) The prdcess of treatment: In this process, unsaturated bonds,
acetals and aldehydes in the polymerized product are converted into
saturated bonds and ethers.

(1) Unsaturated bonds

Unsaturated bonds formed at the end of the polymer by the
polymerization can be c'onverted into saturated bonds in conventional
conditions, such as a reaction temperature of 20 to 200°C, a hydrogen
pressure of 1 to 100 kg/cm? and in the pfesence of a hydrogenation
catalyst. As the hydrogenation catalyst, platinum catalysts, rhodium
catalysts, ruthenium catalysts, hickel catalysts, cobalt catalysts and the
like are preferable.

(2) Aldehydes
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Ki nematic viscosity, average nol ecul ar wei ghts, dispersion of nol ecul ar

wei ght, conpatibility with Flon and volune intrinsic resistance of the

pol ynmer of ethyl vinyl ether obtained in the above were neasured. The
results are shown in Table 2. The infrared absorption spectrum the 13C NWR
chart and the 1H NWR chart are shown isq Eigure 8 Figure 9 and Figure 10,
respectively. The ratio of the nunbers of nolecule of the formula (11) and
the formula (I11) obtained by the same nethod as in Exanple 8 was: (I1):
(rrr)y =2.9: 1.

Aldehydes formed by the hydrolysis of acetals or esters made
from carboxylic acids and hemiacetals can be converted to alcohols by the
hydrogenétion reaction and then further converted ‘to_ ethers by the
Williamson synthesis.. More specificélly, platinum catalysts, balladjum
cétalysts, ruthenium catalysts and nickel catalysts are particularly
preferable as thé hydrogenation catalyst and the reaction can.be
pe_rformed at a reaction temperature of 20 to 200°C and a hydrogen
pressure of 1 to 100 kg/cm2., The reaction for co_nvertiné to ethers is
generally performed by the method in which the hydroxyl group is
brought into the reaction with an alkali metal such as metallic sodium,
an alkali metal hydride such as sodium hydride, an alkali hydroxide
such as sodium hydroxide or an alkali metal salt of a lower alcohol such

~ as sodium methoxide_ to obtain the alkali salf of the polymerization
product and the product is then brought into the reaction with an alkyl
halogen compound or an ester of a sulfonic acid respectively having 1 to
10 carbon atoms or by the method in whichi the hyd’ro‘:‘:yl group in the
polymerization product is converted to esters of a sulfonic acid or halides
and the product is then brought into reaction with an aliphatic alcohol
having 1 to 10 carbon atoms or an alkali metal salt thereof.

(3) Acetal | |

The acetal formed at the end by the polymerization forms
aldehydes by the reaction with wéter in the presence of an acid catalyst
such as hydrochloric acid, sulfuric acid and sulfonic acid can be
converted to ethers by the methods described above. Examples of the

method of directly converting the acetals to ethers are the method of
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Exanple 12 Into a 500 m glass flask equi'pped with a dropping funnel, a
cooler and a stirrer, 125 g of toluene, 19.4 g of isopropyl alcohol and 2.3
g of boron trifluoride diethyl etherate were charged. Into a dropping
funnel, 250 g of isopropyl vinyl ether was charged and dropped in 30

m nutes. During this period, increase.igethe tenperature of the reaction
solution by the heat of reaction was observed and the tenperature was kept
at about 25[err]C by cooling with an ice water bath. After finishing the

using LiAlH4-BF3, LiAlH4-AlCl3, BoHg, NaB(CN)H3-HCI or (CH30)AIH,,
the method of using silicon reagents and the like described in Jikken
Kagaku Koza, the 4th edition, Volume 20, Page 202 (published by
Maruzen), and the method of reaction in a hydrogen atmosphere in the
presence of a cétalyst system in combination of platinum oxide and
hydrochloric acid described in Ian T Harrison and Shuyen Harrison,
Compendium of Organic SynthetiéMefhods, Page 317 (1971).

Further, acetals can be efficiently converted to ethers by the
method of the production of ether compound as the third object of the
invention which éompﬁses hydrogenation in the presence of a solid
catalyst having acidic property and hydrogenating ability. As the solid
catalyst having acidic property and hydrogenating ability utilized for the
reaction and the conditions of the reaction, the solid catalysts and the
conditions of the reaction described in the production of the ether
compound can be adopted.

The lubricating oil for .compressioii-type refrigerators of the
invention has excellent compatibility with the refrigerant, stability,
electric insulation and lubﬁcaﬁng property. Therefore, it is particularly
favorable as the lubricating oil for compression-type refrigerators using
Flon 134a as the refrigerant.

According to the method of production of the polyvinyl ether
compound of the invention, the polyvinyl ether with a desired degree of
polymerization and having a wide range of applications, such as
solvents, lubricating oils, adhesives and resins, cah be produced reliably,

safely, efficiently and industrially advantageously with simple processes.
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dropping, the solution was further stirred for 5 mnutes. The reaction

m xture was transferred to a washi ng vessel and washed with 80 ml of a 5
wei ght % aqueous sol ution of sodium hydroxide 3 tines and then with 80 m
of water 3 tines. The solvent and unreacted raw materials were renoved
under reduced pressure by using a rotarggevaporator to obtain 238 g of the
pol ymer of isopropyl vinyl ether. The product had |ight yellow color.

Ki nemati c viscosity, average nol ecul ar wei ghts, dispersion of nol ecul ar
wei ght, conpatibility with Flon and volune intrinsic resistance of the

pol ynmer of isopropyl vinyl ether obtained in the above

According to the method of production of the ether compound, the
ether compound can be produced from the acetal compound or the ketal
compound with a high conversion and a high selectivity and the
apparatus used for ordinary productions can be utilized because the
problem of corrosion does not arise. According to the method of the
invention, the acetals or the ketals alone are hydrogenated and even
when the raw material acetal or ketal compound contains hydrocarbon
groups having ether oxygens, the part of the ether oxygen remains intact
and the acetal bond is converted to the ether bond.

Further, the polyvinyl ether compdund of the invention comprises
a homopolymer or a copdlymer of an alkyl vinyl ether having alkyl group
of 1 to 3 carbon atoms and having a relatively low molecular w;ei_ght and a
narrower dispersion thereof and a homopolymer or a copolymer of a
vinyl ether monomer having none of unsaturated bonds, acetal
structures and aldehyde structures in the molecule. The polyvinyl ether
compound .has excellent compatibility particularly with hydrogen-
containing Flons such as Flon 1345, excellent stability and lubricating
property and a volume intrinsic resistance at 80°C of 1012 Q-cm or more
and is favorably used as the lubricating oil for compression-type
refrigerators.

The polyvinyl ether compound is useful also as an electric
insulating oil, an organic solvent, a surface active agent and the like.

The present invention is described with reference to examples in
more detail in the following. However, the invention is not limited by the

examples.
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were neasured. The results are shown in Table 2. The infrared absorption
spectrumis-shown in Figure 11. Exanple 13 Into a 500 m gl ass flask

equi pped with a dropping funnel, a cooler and a stirrer, 125 g of toluene,
17.4 g of isopropyl alcohol and 2.1 g of boron trifluoride diethyl etherate
were charged. Into a dropping funnel . gg4 = 92 - '

The methods of measurements of the kinematic viscosity, the
average molecular weight, the compatibility with Flon and the volume
intrinsic resistance and the method of hydrolysis testing of the polyvinyl
ether compound are described in the following.

(1) Kinematic viscosity -

Kinematic viscosity was measured according to the method of
Japanese Industrial Standard K-2283 (1983) by using a glass capillary
viscometer.

(2) Average molecular weight (Examples 8 to 25 and 25A)

Weight-average mplecular weight and number-average molecular
weight were measured by using the apparatus and under the conditions
shown in the following and dispersion (weight-average molecular weight
/ number-average molecuiar weight) was obtained from these results.

" Apparatus: a product of Nippon Bunkg Kogyo Co., Ltd., 880-PU®
(pump).
Shodex RI SE-61® (detector)

Column: TSK H8 + G2000 H8 + G1000 H8

Temperature: room temperature

Solvent: THF (tetrahydrofuran)

Rate of elution: 1.4 ml/minute

Standard substance: polyethyléne glycol
(3) Compatibility test o

(a) Flon 134a

A sample of a specified amount adjusted to make 5 weight %
or 10 weight % based on Fion _1:_34a (1,1,.1,2-tetraﬂuoroethane) was
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250 g of isopropyl vinyl ether was charged and dropped in 30 m nutes.
During this period, increase in the tenperature of the reaction solution by
t he heat of reaction was observed and the tenperature was kept at about
25[err]C by cooling with an ice water bath. After finishing the dropping, .
the solution was further stirred for_.5sgi nutes. The reaction m xture was
transferred to a washing vessel and washed with 80 m of a 5 weight %
aqueous sol ution of sodium hydroxide 3 tines and then with 8Q m of water 3
times. The solvent and unreacted raw materials were renoved under reduced
pressure by using a rotary evaporator to obtain 236 g of the polyner of

| sopropyl vinyl ether. The product had |ight yell ow

charged into a pressure resistant glass ampoule and the ampoule was
connected to a 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 starts was measured as follows: For the
measurement of the compatibi.lit.y. at the low temperature side, the
sample was slowly cooled from room temperature to —60°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 +80°C. It is preferable that the phase separation temperature be lower
in the lower temperature side, but be higher in the higher temperature
_side.
(b) Flon 32

A sample of a specified amount adjusted to make 10 weight
% or 20 weight % based on Flon 32 (difluoromethane) was charged into a
pressure resistant glass ampoule and the ampoule was connected to a
vacuum line and the line for Flon 32 gas. The ampoule was degassed in
vacuum at room tempe.rature, cooled with liquid nitrogen and a specified
amount of Flon 32 was taken into the ampoule. The ampoule was then
gealed and the temperature at which the phase separation starts was
measured as follows: For the gieasurement of the compatibility at the
low temperature side, the sample was slowly cooled from room
temperature in a thermostat and, for the measurement of the

compatibility at the higher tempelrature side, the sample was slowly
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color. Kinematic viscosity, average nol ecul ar wei ghts, dispersion of

nol ecul ar wei ght, conpatibility wwth Flon and volunme intrinsic resistance
of the polymer of isopropyl vinyl ether obtained in the above were
measured. The results are shown in Tabl-e 2. The infrared absorption
spectrum the [err]CG-NMR chart and thesgerr]H NWVR chart are shown in
Figure 12, Figure 13 and Figure 14, respectively. The ratio of the nunbers
of nolecule of the formula (11) and the formula (111) obtained by the sane
method as in Exanple 8 was: (I1):

heated from room temperature to +40°C. It is preferable that the phase
separation temperature be lower in the lower temperature side, but be
higher in the higher temperature side.
(4) Volume intrinsic resgistance

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 resisténce which is 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 an
impressed voltage of 250 V by using an ultrainsulation meter R8340®
produced by Advantest Co.
(5) Hydrolysis test

Into a 250 ml pressure resistant glass bottle, 75 g of a sample, 25 g
of water and a piece of copper (13 x 50 mm) were placed a:qd the
atmosphere in tﬁe bottle was replaced with nitrogen. The sample was
kept in a rotatory thermostat at a temberature 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.

Preparation Example 1 _ .
Into a flask, 100 g (containing water) of Raney nickel (a product of
- Kawaken Fine Chemical Co., Ltd., M300T®) was charged and 100 g of
absolute ethanol was added to it with sufficient stirring. The mixture

was left standing to have Raney nickel precipitated and the supernatant
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(rrr) =3.8: 1. Exanple 14 Into a 200 m stainless steel autoclave equi pped
wth a stirrer, 40 g of toluene, 2.5 g of nethanol and 0.18 g of boron

trifluoride diethyl - 93 - etherate were charged. After sealing the
aut ocl ave, the atnosphere inside of the autoclave was replaced with
nitrogen. Into the autoclave, 47 - 57 -

was removed by decantation. The Raney nickel remaining in the flask
was treated in the same manner as above 5 times repeatedly. Raney
nickels used in examples were those obtained in this preparation

example which were wet with ethanol.

Preparation Example 2

Into a 100 ml flask of egg-plant type, 20 g of zeolite (a product of
Toso Co., Ltd., HSZ330HUA®) was placed. The flask was then dipped in
an oil bath at 150°C and evacuated by an oil rotary vacuum pump for 1
hour. After cooling to room temperature, the flask was brought to fhe
atmospheric pressure by introducing dry nitrogen. The zeoﬁtes used in

examples were those obtained in this preparation example.

Preparation Example 3

Into a 100 ml flask of egg-plant type, 20 g of activated clay (a
product of Wako Jun-yaku Co., Ltd.) was placed. The flask was then
dipped in an oil bath at 150°C and evacuated by an oil rotary vacuum
pump for 1 hour. After cooling to room temperature, the flask was
brought to the atmospheric pressure by introducing dry nitrogen. The
activated clays used in examples were those obtained in this preparation

example.

Example 1
Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 600 g of ethyl vinyl ether, 72 g of methanol and 2400 g of
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g of methyl vinyl ether was added froma bonb by the pressure of the .
conpound in 5 hours. During this period, increase in the tenperature of the
reaction solution by the heat of reaction was observed and the tenperature
was kept at about 25[err]C by cooling with an ice water bath. After
finishing the addition, the solution_wgg turther stirred for 5 mnutes. The
reaction mxture was transferred to a washing vessel and washed with 50 ni
of a 5 weight % aqueous sol ution of sodium hydroxide 3 tinmes and then with
100 m of water 3 tines. The solvent and unreacted raw nmaterials were
renmoved under reduced pressure by using a rotary evaporator to obtain 42 g
of the polyner of nethyl vinyl

hexane were charged and coocled with water under stirring. When the
temperature reached 5°C, a solution prepared by dissolving 3.6 g of boron
trifluoride diethyl etherate in 20' g of tetrahydrofuran was added and the
mixture was stirred for 1 hour. During this period, the reaction started
and the temperature of the reaction liquid increased, and refluxing of
ethyl vinyl ether was observed in the cooler. The reaction mixture was
transferred to a washing vessel and washed with 1500 ml of a 3 weight %
aqueous solution of sodium hydroxide 3 times, then with 1500 ml of water
3 times. The product was concentrated by using a rotary evaporator and
dried under reduced pressure (0.2 mmHg) at 50°C for 1 hour to obtain 468
g of the crude product. - .

Into a 5 liter glass flask equipped vﬁth a dropping funnel, a cooler
and a stirrer, 400 g of the crude product obtained above, 500 g of acetone;
800 g of water and 10 g of a concentrated hydrochloric acid (35 weight %)
were charged and stirred at 50 to 60°C for 3 hours. After hydrochloric
acid was neutralized with sodium hydrogenéarbonaté,‘ acetone and the
like were removed under reduced pressure by using a rotary evaporator
and the remaining product was poured into 400 ml of hexane. After
removing the aqueous phase, the product was washed with 400 ml of
water once. The hexane phase was transferred to an autoclave and
hydrogenated by using 0.8 g of a platinum oxide as catalyst at a hydrogen
pressure of 20 kg/cm?2 at 50°C for 1 hour. After removing the platiﬁum
oxide catalyst by filtration, the product was transferred to a 2 liter glass
flask, incorporated with 40 g of methanol and 8 g of sodium borohydride

and stirred for 1 hour at room temperature. The product was made
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ether. The product had light yellow color. Kinematic viscosity, average

nol ecul ar wei ghts, dispersion of nolecular weight, conpatibility with Flon
and volune intrinsic resistance of the polynmer of nmethyl vinyl ether
obtained in the above were neasured. The results are shown in Table 2. The
infrared absorption spectrum the 13G MyR_chart and the 1H NMWR chart are
shown in Figure 15, Figure 16 and Figure 17, respectively. The ratio of the
nunbers of nolecule of the formula (I11) and the fornmula (111) obtained by
the sanme nmethod as in Example 8 was: (I1) : (Ill) = 8.9: 1.

weakly acidic with an aqueous solution of acetic acid and then acetic acid
was neutralized with sodium hydrogencarbon‘ate. The product was
washed with 400 ml of water once and the solvent and water were
removed under reduced pressure by using a rotary evaporator.

The residual product thus obtained was dissolved in 300 ml of
tetrahydrofuran and the reaction with 12 g of sodium hydride was
conducted for 1 hour. Generation of hydrogen gas was observed during
this reaction. Then, 120 g of methyl iodide was dropped in 30 minutes to
the reactien mixture. Generation of heat was observed during this
period. After dropping methyl iodide, the reaction mixture was stirred

. for further 1 hour The solvent and unreacted materials were removed
under reduced pressure by using a rotary evaporator The residue was
transferred to a 2 liter washing vessel and, after dissolving into 400 ml of
hexane, washed with 400 ml of water 5 times. Then, after adding 40 g of
an ion exchange resin, the product was stirred for 3 hours. The ion
exchange resin was removed by filtration and hexane was removed from
the product under reduced pressure by using a rotary evaporator. The
yield of polyvinyl ether thus obtained was 200 g.

The nuclear magnetic resonance spectrum (hereinafter
abbreviated to NMR) and the infrared absorption spectrum (hereinafter
abbreviated to IR) of the product were measured and it was proved that

one of the end structures of the polymer was (A) and the other was (B):

i 7 ¥
HC C - - (I: - ICH
B OCH20H3 (A), H OCHj (p)
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Exanpl e 15 Average nol ecul ar wei ghts and di spersion of nol ecul ar wei ght of
- 94 - the ethyl vinyl ether/isopropyl vinyl ether copolynmer obtained in
Exanpl e 7C descri bed above were neasured. The results of the neasurenents
are shown in Table 2 together with the results of neasurenents of kinematic
viscosity, conpatibility with Flon and gglune intrinsic

Kinematic viscosity, compatibility with Flon, volume intrinsic
resistance and stability to hydrolysis of the polymer of ethyl vinyl ether

were measured. The results are- shown in Table 1.

Example 2

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 600 g of gthyl vinyl ether, 60 g of methanol and 2400 g of
hexane were charged and cooled with water under stirring. When the
temperature reached 5°C, a solution prepared by dissolving 3.6 g of boron
trifluoride diethyl etherate in 20 g of tetrahydrofuran was added and the

| mixture was stirred for 1 hour. During this period, the reaction started
and the temperature of the reaction increased, and refluxing of ethyl
vinyl ether was observed in the cooler. The reaction mixture was
transferred to a washing vessel and washed with 1500 ml of a 3 weight %
aqueous solution of sodium hydroxide 3 timés, then with 1500 ml of water
3 times. The product was concentrated by using a rotary evapoi-ator and
dried under reduced pressure (0.2 mmHg) at 50°C for 1 hour to obtain 452
g of the crude product.

Into a 5 liter glasé flask equipped with a dropping funnel, a cooler
and a stirrer, 400 g of the crude product obtained above, 500 g of acetone,
800 g of watér and 10 g of a concentrated hydrochloric écid (35 weight %)
were charged and stirred at 50 to 60°C for 3 hours. After hydrochloric
acid was neutralized with sodium hydrogencarbonate, acetone and the
like were removed under reduced pressure by using a rotary evaporator

and the remaining product was poured into 400 ml of hexane. After
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resi stance. The infrared absorption spectrum the [err]C-NWVR chart and the
1H NMWMR chart are shown in Figure 18, Figure 19 and Figure 20,
respectively. The ratio of the nunbers of nolecule of the fornmula (11) and
the formula (111) obtained by the sane nmethod as in Exanple 8 was: (I1):
(Irr)y =3.1: 1. Exanple 16 Into a 500 gy glass flask equipped with a
dropping funnel, a cooler and a stirrer, 50 g of toluene, 4.6 g of ethyl

al cohol and 0.2 g of boron

removing the aqueous phase, the product was washed with 400 ml of
water once. The hexane phase was transferred to an autoclave and
hydrogexiated by using 0.8 g of a platinum oxide as catalyst at the
hydrogen pressure of 20 kg/cm?2 at 50°C for 1 hour. After removing the
platinum oxide catalyst by ﬁitration, the product was transferred to a 2
liter glass flask, incorporated with 40 g of methanol and 8 g of sodium
borohydride and stirred for 1 hour at room temperature. The product
was made weakly acidic with an aqueous solution of acetic acid and then
acetic acid was neutralized with sodium hydrogencarbonate. The
product was washed with 400 ml of water once and the solvent and water
were removed under reduced pressure by using a rotary evaporator.
The residual product thus obtained was dissolved in 300 ml of
‘tetrahydrofuran and the reaction with 12 g of sodium hydride was
conducted for 1 hour. Gene-ration of hydrogen gas was observed during
this reaction. Then, 120 g of methyl iodide was dropped in 30 minutes to
the reaction mixture. Generation of heat was dbserved during this
period. After dropping methyl iodide, the reactibn mixture was stirred
for further 1 hour. The solvent and unreacted materials were removed
under reduced pressure by using a rotary evaporator. The residue was
transferred to a 2 liter v;rashing vessel and, after dissolving into 400 ml of
hexane, washed with 400 ml of water 5 times. Then, after adding 40 g of
an ion exchange resin,. the product was stirred for 3 hours. The ion
exchange resin was removed by filtration and hexane was removed from
the product under reduced pressure by using a rotary evaporator. The

yield of polyvinyl ether thus obtained was 208 g. NMR and IR of the
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trifluoride diethyl etherate were charged. Into a dropping funnel, 86 g of
1- et hoxy- 1- propene was charged and dropped in 50 mnutes. During this
period, increase in the tenperature of the reaction solution by the heat of
reacti on was observed and the tenperature was kept at about 30[err]C by
cooling with an ice water bath. After_ fdonishing the dropping, the solution
was further stirred for 30 mnutes. The reaction m xture was transferred
to a washi ng vessel and washed with 100 ml of a 5 wei ght % agueous sol ution
of sodi um hydroxide 3 tinmes and then with 150 ml of water 3 tines. The

sol vent .and unreacted raw materi als were renoved under reduced pressure by
using a rotary evaporator to obtain 84 g of the

product were measured and it was proved that one of the end structures
of the polymer was (A) and the other was (B).

. Kinematic viscoéity, compatibility with Flon, volume intrinsic
resistance and stability to hydrolysis of the polymer of ethyl vinyl ether

were measured. The results are shown in Table 1.

Example 3
- . Into a 5 liter glass flask equipped with a droppipg funnel, a cooler
and a stirrer, 500 g of hexane was charged, a solution prepared by
dissolving 12 g of boron trifluoride diethyl etherate in 24 g of
tetrahydrofuran was added to it and the mixture was cooled to 5°C with
an ice water bath. In a dropping funnel, 2000 g of ethyl vinyl ether and
120 g of methanol were charged and the mixture was dropped in 1 hour
and 30 minutes. During this period, the reaction startéd and the
temperature of the reaction liquid increased. The temperature was kept
at about 30°C by cooling with the ice water bath. After finishing the
dropping, the stirring was kept for further 30 minutes. The reaction
mixture was transferred to a washing vessel and washed with 1500 ml of
a 3 weight % aqueous solution of sodium hydroxide 3 times, then with
1500 ml of water 3 times. The solvent and unreacted raw materials were
removed under reduced pressure by using a rotary evaporator to obtain
1806 g of the crude product. | |

Into a 2 liter glass flask équipped with a dropping .funnel, a cooler
and a stirrer, 400 g of the crude product obtained above and 300 g of

tetrahydrofuran were charged and then 15 g of lithium aluminum
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- 95 - polynmer of 1-ethoxy-1-propene. Kinematic viscosity, average

nol ecul ar wei ghts, dispersion of nolecular weight, conpatibility with Flon
and volune intrinsic resistance of the pol yner of 1-ethoxy-1-propene

obtai ned in the above were neasured. The results are shown in Table 2. The
I nfrared absorption spectrum the [eLrkg- NVR chart and the 1H

hydri&e was added to the mixture, followed by stirring for 30 minutes. In
a dropping funnel, 196 g of boron trifluoride diethyl etherate was charge
and dropped in 1 hour. Duriné the dropping, generation of heat was
observed and the temperature was kept at 10 to 20°C by cooling with an
ice water bath. The reaction mixture was further stirred for 30 minutes
after finishing the dropping and then neutralized by adding sodium
hydroxide. The precipitate thus obtained was removed by filtration and
the liquid phase was treated with a rotary evaporator to remove the
alcohol pr;)duced, the solvent and water under reduced pressure. The
remaining product was transferred to a 2 liter washing vessel and
dissolved into 500 ml of hexane. The solution was washed with 200 ml of
a 5 weight % aqueous solution of sodium hydroxide 10 times and then
with 200 ml of water 3 times. To the solution, 100 g of an ion'exchange
resin was added and the mixture was stirred for 3 hours. After
removing the ion exchange resin by filtration, hexane was removed
under reduced pressure by using a rotary evaporator. The yield of the
polymer of ethyl vinyl ether was 235 g. NMR and IR of the pro&uct were
measured and it was proved that one of the end.structures of the polymer

was (A) and the other was a mixture of (B) and (C):
H H
1L
H OCH;CH, ()
Kinematic viscosity, compatibility with Flon, volume intrinsic

resistance and stability to hydrolysis of the polymer of ethyl vinyl ether

were measured. The results are shown in Table 1.
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NMR chart are shown in Figure 21, Figure 22 and Figure 23, respectively.

- 96 - Table 2 (Part 1) kinematic viscosity (cSt) ol ecul ar
wei ght 40[err]C 100[err]C wei ght nunber di sper si on
aver age aver age .
- 64 -
Example 4

_Into a 5 liter glaés flask equipped with a dropping funnel, a cooler
ahdﬁ stirrer, 1000 g of toluene, 500 g of acetaldehyde diethyl acetal and
5.0 g of boron trifluoride diethyl etherate were charged. Into a dropping
funnel, 2500 g of ethyl vinyl ether was charged and di'opped in 2 hours
and 30 minutes. During this period, the reaction started and the
temperature of the reaction liquid increased. The temperaturé was kept
at_about 25°C by cooling with an ice water bath. After finishing the
dropping, the solution was further stirred for 5 minutes. The reaction
mixture was transferred to a washing veésel and washed with 1000 ml of
a 5 weight % aqueous solution of sodium hydroxide 3 times and theﬁ with
1000 ml of water 3 times. The solvent and unreacted raw materials were
removed under reduced pressure by using a rotary evaporator to obtain
2833 g of the crude product.

Into an autoclave, 600 g of the crude product, 600 g of hexane, 60 g
of Raney nickel and 60 g of zeolite were charged. ~ Hydrogen was
introduced into the autoclave and the pressure of hydrogen was adjusted
to 20 kg/em2. After stin_'ing for about 30 seconds, the pressure was
released. Hydrogen was introduced into the autoclave again to adjust the
pressure of hydrogen "to 20 kg/cm?2 and, after stirring for about 30
secon&'s, the pressure of hydrogen was released. After repeating this
operation once more, the pressure of .hydrogen was increased to 50
kg/cm?2 and the temperature was increased to 130°C in 30 minutes under
stirring. The reaction was conducted at 130°C for 1 hour. The reaction
proceeded during and after the increase in the temperature and decrease
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Exanpl e 8

Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e

9

10
11
12
13
14
15
16

19.5 3. 56 481 443
44. 3 5. 83 639 548

76. 1 8. 29 769 640

109. 5 10. 30 848 703 1
28.9 4.41 _ g5 . 576 490

36. 9 4. 85 609 513

91.9 8. 53 581 418

48. 8 6. 05 722 547

25. 6 3. 88 425 384

(Tabl e 2 conti nued)

in the pressure was observed. The increase in the pressure with
increase in the temperature and the decrease in the pressuré by the
reaction were suitably comperisated by decreasing or increasing the
pressure, and the pressure of hydrogen was kept at 50 kg/cm?2 during the
reaction. After finishing the reaction, the reaction mixture was cooled to
room temperature and the pressure was decreased to atmospheric
pressure. The catalyst was precipitated by standing for 1 hour and the
reaction liquid was separated by decantation. The catalyst ivas washed
with 100 ml of hexane twice. The washifxg 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
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 under reduced pressure by using a rotary evaporator. The yield
was 468 g.
NMR and IR of the product were measured and it was confirmed
that one of the end structures of the polymer was (A) and the other was a
mixture of (C) and (D), in which (C) was the major structure and (D) was
the miﬁor structure. |
H H
L

|
H OH o)

Kinematic viscosity, coinpatibility with Flon, volume intrinsic

1.08
1.17
1.20
s21

1.18
1.19

1.39

1.33
1.11

resistance and stability? to hydrolysis of the polymer of ethyl vinyl ether

were measured. The results are shown in Table 1.
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- 97 - Table 2 (Part 2) conpatibility wth Flon 134a vol unme

intripsic tenperature of separation tenperature of separation resi stance

at low tenperature ([err]Q at high tenperature ([err]C) at 80[err]C 5%

10% 5% 10% ([err]cm) Exanple 8 -60.0> -60.0>

80. 0< 80. 0< 2.0x10[err] _ gg - -
Example 5

By using the catalyst recovered by decantation in Example 4, the
reaction was conducted with 600 g of the crude product prepared in
Example 4 by the same method as in Example 4. The yield was 501 g. It
was shown that the catalyst can be recycled further.

NMR and IR of the product were measured and it waé confirmed
that one of the end structures of the polymer was (A) and the other was a
mixture of (C) and (D), in which (C) was the major structure and (D) was
the minor structure.

Kinematic viscosity, compatibility with Flon, volume intrinsic
resistance and stability to hydrolysis of the polymer of ethyl vinyl ether

were measured. The results are shown in Table 1.

Example 6

Into a 1 liter giass flask equipped with a dropping funnel, a cooler
and a stirrer, 250 g of toluene, 36.82 g of isopropyl alcohol and 4.35 g of
boron trifluoride diethyl etherate were charged. Ini:o a dropping funnel,
500 g of isopropyl vinjrl ether was charged and dropped in 30 minutes.
During this period, the reaction started and the temperature of the
reaction solution increased. The temperature was kept at about 30°C by
cooling with an ice water bath. After finishing the dropping, the solution
was further stirred for 5 minutes. The reaction mixture was transferred
to a washing vessel and washed with 130 ml- of a 3 weight % aqueous
solution of sodium hydroxide 3 times and then with 200 ml of water 3

times. The solvent and unreacted raw materials were removed under
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Exanpl e 9 -60. 0> -60.0> 80. 0< 80. 0< 3.2x10[ err]

Exanpl e 10 -60.0> -60.0> 80. 0< 80. 0< 2. 7x10[ err]

Exanmpl e 11 -60.0> -60.0> 80. 0< 80. 0< 2.2x10[ err]
Exanpl e 12 -60. 0> -60.0> 80. 0< 80. 0< 4.5x10[ err]
Exanpl e 13 -60. 0> " -60.0> ~8670< 80. 0< 3.8x10[ err]
Exanpl e 14 -60.0> -60.0> - 80. 0< 80. 0< 2.5x10[ err]
Exanmpl e 15 -60.0> -60.0> 80. 0< 80. 0< 1. 4x10[ err]
Exanmpl e 16 -40.0> -40.0> 80. 0< 80. 0< 1.2x10[err]

(End of Table 2) Exanple 17

reduced pi'essure by using a rotary evaporator to obtain 475.3 g of the
crude product. ’

Into an autoclave, 380 g of the crude product, 100 g of hexane, 45 g
of Raney nickel and 45 g of zeolite were charged. Hydrogen was
introduced into the autoclave and the pressure of hydrogen was adjusted
to 20 kg/'cmz.' After stirring for about 30 seconds, the pressure was
releaséd. Hydrogen was introduced into the autoclave again to make the
pressure of hydrogen 20 kg/cm?2 and, é.ﬂ:er stirring for about 30 seconds,
the pressure of hydrogén was released. After repeating this operation
once more, the pressure of hydrogen was increased to 50 kg/cm?2 and the
temperature was increased to 130°C in 30 minutes under stirring. The
reaction was conducted at 130°C for 1 hour. The reaction proceeded
during and after the increase in the temperatﬁr’e and decrease in the
pressure was observed. The increase in the pressure with increase in
the temperature and the decrease in pressure with reaction were
suitably compensated by decreasing or increasing the pressure and the
pressure of hydrogen was kept at 50 kg/cm2 during the reaction. After
finishing the reaci.:ion, the reaction mixture was cooled to room
temperature and the pfessure' was decreaséd to atmospheric pressure.
The catalyst was precipitated by standing for 1 hour and the 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 catalyst could be used by
recycling further. The combined liquid was then transferred to a

washing vessel and washed with 200 ml of a 5 weight. % aqueous solution
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Into a 5 liter glass flask equipped wth a dropping funnel, a cooler and a
stirrer, 1000 g of toluene, 304 g of ethanol and 7.8 g of boron trifluoride
di ethyl etherate were charged. Into a dropping funnel, 3284 g of ethyl

vinyl ether was charged and dropped in 4 hours and 30 mi nutes. The
tenperature of the reaction solution.iggreased by the heat of reaction and
the tenperature was kept at about 25[err]C by cooling with an ice water
bath. After finishing the dropping, the solution was further stirred for 5
m nutes. The reaction mxture was transferred to a washing vessel and
washed with 1100 M of a 5 wei'ght % aqueous sol ution of sodi.um

of sodium hydroxide 3 _t;.imes and then with 200 ml of distilled water 5
times. Hexane, water and the like were removed under reduced
pressure by using a rotary evaporator. The yield was 287 g.

NMR and IR of the product were measured and it was confirmed
that one of the end structures of the polymer was (E) and the other was a
mixture of (F) and (D), in which (F) was the major structure and (D) was

the minor structure.

TE i
HG-g- ~¢-5
H OCH(CHy: (B) H OCHCHy); (®

Kinematic viscosity, compatibility with Flon, volume intrinsic
resistance and stability to hydrolysis of the polymer of isopropyl vinyl

ether were measured. The results are shown in Table 1.

Example 7
Into a 1 liter autoclave, 200 g of toluene, 5.5 g of methanol and 1.2 g
of boron trifluoride diethyl etherate were charged and the atmosphere
inside of the autoclave was replaced with nitrogeh. While the content of
‘the autoclave was stirred, 200 g of methyl vinyl ether was pressurized
therein in 4 hours. During this period, the reaction started and the
generation of heat was observed. The reaction was conducted while the
temperature inside of the autoclave was kept at about 5°C by cooling the
autoclave with an ice water bath. After finishing the addition of methyl
vinyl ether under pressure, the solution was further stirred for 5

minutes. The reaction mixture was transferred to a washing vessel and
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- 98 - hydroxide 3 tines and then with 1100 ml of water 3 tinmes. The

sol vent and unreacted raw materials were renoved under reduced pressure by
using a rotary evaporator to obtain 3397 g of the crude product. 1H NVR and
[err] CG-NMR of the crude product were neasured. The [err] H NVR showed peaks
at 4.7 ppm 5.35 ppmand 5.6 ppm and { hge 13C- NVR showed peaks at 101 ppm
129 ppm and 134 ppm The crude product had a kinematic viscosity of 17.8
cSt at 40[err]C

washed with 100 ml of a 5 weight % aqueous solution of sodium
hydroxide 3 times and then with 100 ml of water 3 times. The solvent and
unreacted raw materials were removed under reduced pressure by
using a rotary evaporator to obtain 165 g of the crude product. |
Into an aﬁtoclave, 165 g of the crude product, 200 g of hexane, 15 g

of Raney nickel and 15 g of zeolite were charged. Hydrogen was
introduced into the autoclave and the pressure of hydrogen was adjusted
to 20 kg/cm2. After stirring for about 30 seconds, the pressure was
released. -Hydrogen was introduced into the autoclave again to make the
pressure of hydrogen 20 kg/em? and, after stirring for abqut 30 seconds,
the pressure of hydrogen was released. After repeating this operation
once more, the pressure of hydrogen was increased to 50 kg/cm?2 and the
température was increased to 130°C in 30 minutes under stirring. The
reaction was conducted at 130°C for 1 hour. The reaction proceeded
during and after the increase in'the ‘temperature and decrease in the
pressure was observed.. The increase in the pressure with increase in
the temperature and the decrease in the pressure with reaction were
suitably compensated by decreasing or increasing the pressure and the
pressﬁré of hydrogen was kept at 50 kg/cm? during the reaction. After
finishing the reaction, the reaction mixture was cooled to room
temperature and the pressure was decreased to atmospheric pressure.
The catalyst was precipitated by standing for 1 hour and the reaction
liquid was separated by decantation. The catalyst was washed with 50
ml of hexane twice.. The washing liquid was combined with the reaction

liquid and filtered with a filter paper. Hexane was removed under
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By treating the crude product further by the sanme nmethod as in Exanple 7F,
492 g of a polynmer of ethyl vinyl ether was obtained. Average nol ecul ar

wei ghts and di spersion of nolecul ar weight of the ethyl vinyl ether polyner
obt ai ned above were neasured. The results of the measurenments are shown in
Table 3 together with the results of mepsurements of kinematic viscosity,
conpatibility with Flon and volune intrinsic resistance. The infrared
absorption spectrum the [err]CGNVWR chart and the [err]H NMR chart are
shown in Figure 24, Figure 25 and Figure 26, respectively.

reduced pressure by using .a' rotary evaporator and 300 g of chloroform
was added. The liquid was then transferred to a washing vessel and
washed with 100 ml of a 5§ weight % aqueous solution of sodium
hydroxide 3 times and then with 100 ml of distilled water 5 times.
Chloroform, water and the like were removed under reduced pressure by
using a rotai'y evaporator. The yield was 150 g.

NMR and IR of the produict were measured and it was confirmed
that one of the end structures of the polymer was (G) and the other was a
mixture of (B) and (D), in which (B) was the major structure and (D) was

the minor structure.

|

Kinematic viscosity, compatibility with Flon, volume intrinsic
resistance and stability to hydrolysis of the polymer of methyl vinyl ether

were measured. The results are shown in Table 1.

Example 7A

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 1000 g of toluene, 500 g of acetaldehyde diethyl acetal and
5.0 g of boron trifluoride diethyl etherat;e were charged. Into a dropping
funnel, 2500 g of ethyl vinyl ether was charged and dropped in 2 hours
and 30 minutes. Durihg this period, the 1;eaction started and the
temperature of the reaction solution increased. The temperature was

kept at about 25°C by cooling with an ice water bath. After finishing the
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In the [err] HNWR chart of this polymer, the peaks at 4.7 ppm 5.35 ppm and
5.6 ppm observed in the chart of the crude product described above were not
found. In the [err]CGNWR chart of this polyner, the peaks at 101 ppm 129
ppm and 134 ppm were not found either. Furthernore, the 1H NVR peak
assigned to the hydrogen of al dehyde is;generally found in the area of 9.7
ppm and the [err] CNWR peak assigned to the carbon of al dehyde is generally
found in the area of 200 ppm None of these peaks were found in the spectra
of the pol yner obtained above.

dropping, the solution was further stirred for 5 minutes. The reaction
mixture was transferred to a washing vessel and washed with 1000 ml of
a 5 weight % aqueous solution of sodium hydroxide 3 time and then with
1000 ml of water 3 times. The solvent and unreacted materials were
removed under reduced pressure by using a rotary evaporator to obtam
2833 g of the crude product
As the results of NMR and IR of the product, one of the end
stj;:zctures of the polymer was (A) and the other was a mixture of (H) and
(D) in which the ratio (EDAD) was 1/4.5.
-CH=CHOCH2CHz (H)
H H
—CIJ (I'}OCH2CH3
H OCH20H3 (D

Example 7B

Into a 2 liter autoclave made of SUS-316L, 700 g of the polymer of
ethyl vinyl ether obtained in Example 7A, 35 g of_ Raney nickel, 35 g of
zeolite and 1.5 g of water were charged. Hydrogen was introduced into
th‘e autoclave and the pressure of hydrogen was adjusted to 10 kg/cm?2.
After stirﬁng for about 30 seconds, the pressure was released. Hydrogen
was introduced into the autoclave again to make the pressure of
hydrogen 10 kg/cm?2 and, after stirring for about 30 seconds, the pressure
of hydrogen was released. After repeating this operation once more, the
pressure of hydrogen was increased to 35 kg/cm2 and the temperature

was increased to 140°C in 30 minutes under stirring. The reaction was
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From t hese fi ndings,

did not contain any of an unsaturated bond, an acetal structure and an

al dehyde structure.

It can be found that the pol yner obtained above

Exanpl e 18 Average nol ecul ar wei ghts and di spersi on of
nol ecul ar wei ght of the ethyl vinyl ether polyner obtained in Exanple 7G

descri bed above were neasured. The resuyps.of the neasurenents are shown in

Table 3 together with the results of nmeasurenents of kinematic viscosity,

conducted at 140°C for 2 hours. The reaction proceeded ciuring and after
the increase in the te_mperature and decrease in the pressure was
observed. The increase in the pressure with increase iﬁ the temperature
and the decrease in the pressure with reaction were suitably
compensated by deci'easing or increasing the pressure and the pressure
of hydrogen was kept at 35 kg/cm_2 during the reaction. After finishing
the reaction, the reaction ﬁxture was cooled to room temperature and
the pressure was decreased i;o atmospheric pressure. The reaction
product was filtered with a filter paper. The reaction product was then
transferred to a 2 liter washing vessel, diluted with 300 g of hexane and
washed with 250 ml of a 5 weight % aqueous solution of sodium
hydroxide 3 times and then with 250 ml of distilled water 5 times.
Hexane, water and the like were removed under reduced pressure by
using a rotary evaporatbr. The yield was 550 g. As the results of NMR
and IR of t_he product, one of the end structures of the polymer was (A)

and the other was a mixture of (C) and (D).

Example 7C o o

Into a 500 ml glass flask equipped with a dropping funnel, a cooler
and a stirrer, 50 g of toluene, 1.7.7 g of acetaldehyde diethyl acetal and 1.5
g of boron trifluoride diethyl etherate were charged. Into a dropping
funnel, 43 g of ethyl vinyl ether and 65 g of isopropyl vinyl ether were
charged and dropped in 50 minutes. The temperature of the reaction
solution increased by the heat of reaction and the temperature was kept
at about 30°C by cooling with an ice water bath. After finishing the
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conpatibility with Flon and volune intrinsic resistance. The infrared
absorption spectrum the [err] CGNWR chart and the 1H NMR chart are shown
in Figure 27, Figure 28 and Figure 29, respectively. By the sane reason as
in Exanple 17, the pol yner obtained above did not contain any of an
unsaturated bond, an acetal structure d_an al dehyde structure. Exanple 19
Aver age nol ecul ar wei ghts and di spersi on of nol ecul ar wei ght of the ethyl

vi nyl ether polymer obtained in Exanple 7H descri bed above

dropping, the solution was further stirred for 5 .minutes. The reaction
mixture was transferred to a washing vessel and washed with 100 ml of
a 5 weight % aqueous solution of sodium hydroxide 3 times and then with
150 ml of water 3 times. The solvent and unreacted raw materials were
removed under reduced pressure by using a rotary evaporator to obtain
120 g of the crude product. The crude product had the kinematic
viscbsity of 48.8 ¢St at 40°C. As th;.results of NMR and IR of the product,
one of the end structures of the polymer was a mixture of (A) and (E),
. and the other was a mixture of (H), (I) with structures in which the
oxyethyl groups in (H) and (I) were replaced. by an oxyisopropyl group,

respeétively.

Example 7D |
Into a 1 liter autoclave made of SUS-316L, 110 g of the copolymer of
ethyl vinyl ether and isopropyl vinyl ether obtained in Example 7C, 300 g
of hexane, 5.5 g of Raney nickel and 5.5 g of zeolite were charged.
Hydrogen was introduced into the autoclave and the pressure of
hydrogen was adjusted to 20 kg/cm2. After stirring for about 30 seconds,
‘the pressure was released. Hj}drogen was introduced into the autoclave
again to make the pressure of hydrogen 20 kg/cm2 and, after stirring for
about 30 seconds, the pressure of hydtogen was released. After
repeating this operation once more, the preséure of hydrogen was
increased to 50 kg/cm?2 and the temperature was increased to 140°C in 30
minutes under stirring. The reaction was conducted at 140°C for 2

hours. The reaction proceeded during and after increase in the
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were neasured. The results of the nmeasurenents are shown in Table 3
together with the results of neasurenents of kinematic viscosity,
conpatibility with Flon and volune intrinsic resistance. The infrared
absorption spectrum the [err]CGNWR chart and the 1H NWR chart are shown
in Figure 30, Figure 31 and Figure 32,74 .- 100 - respectively.

temperature and decrease in the pressure was observed. The increase in
the pressure with increase in the temperature and the decrease in the
pressure with reaction were suitably compensated by decreasing or
increasing the pressure and the pressure of hydrogen was kept at 50
kg/cm?2 during the reaction. After finishing the reaction, the reaction
mixture was cooled to room temperature and the pressure was
decreased to atmds‘pheric pfeséuz:;: .The reaction product was filtered
with a filter paper. The reaction product was then transferred to a
washing vessel and washed with 100 ml of a 5 weight % aqueous solution
of sodium hydroxide 3 times and then with 150 ml of distilled water 5 -
times. Hexane, water and the like were removed under reduced
pressure by using a rotary evaporator. The yield was 97 g. As the results
of NMR and IR of the product, one of the end structures of the polymer
was a mixture of (A) and (E) and the other was a mixture of (C), (F) and
(D), in which (C) and fF) were the major structures and (D) was the

minor structure.

Example 7E
Into a 500 ml glass flask equipped with a dropping funnel, a cooler.
- and a stirrer, 80 g of toluene, 40 g of propionaldehyde diethyl _acetal and
- 0.4 g of boron trifluoride diethyl etherate were charged. Into a dropping
funnel, 116 g of l-ethoxy-l-propene was charged and dropped in 60
minutes. The temperature of the reaction solution increased by the heat
| of reaction and the temperature was kept at about 30°C by cooling with an

ice water bath. After finishing the dropping, the solution was further
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By the sane reason as in Exanple 17, the pol ynmer obtained above did not
contain any of an unsaturated bond, an acetal structure and an al dehyde
structure. Exanmple 20 Into a 500 m glass flask equi pped with a dropping
funnel, a cooler and a stirrer, 95 g of toluene, 14.7 g of isopropyl

al cohol and 1.8 g of boron trifluorige7gi§thyl etherate were charged. Into
a dropping funnel, 190 g-of isopropyl vinyl ether was charged and dropped
in 30 mnutes. The tenperature of the reaction solution increased by the
heat of reaction and the tenperature was kept at about 25[err]C by cooling
with an ice water bath.

stirred for 40 minutes. The reaction mixture was transferred to a
washing vessel and washed with 150 ml of a 5 weight % aqueous solution
of sodium hydroxide 3 times and then with 200 ml of water 3 times. The
solvent and unreacted raw materials were removed under reduced
pressure by using a rotary evaporator to obtain 140 g of the crude product.
The crude product had a kinematic viscosity of 34.4 cSt at 40°C.

Into a 1 liter autoclave made of SUS-316L, 120 g of the crude
product, 300 g of hexane, 6 g of Raney nickel and 6 g of zeolite were
charged. Hydrogen was introduced into the autoclave and the pressure
of hydrogen was adjusted to 20 kg/cm2. After stirring for about 30
seconds, the pressure was released. Hydrogen was introduced into the
autoclave again to make the pressure of hydrogen 20 kg/cm?2 gnd, after
stirring for about 30 seconds, the pressure of hydrogen was released.
After repeating this operation once more, the pressure of hydrogen was
increased to 50 kg/cm?2 and the temperature was increased to 130°C in 30
minutes under stirring. The reaction was conductéd at 130°C for 2
hours. The reaction procee&ed. during and after the increase in the
temperature and decrea_sé in the pressure was observed. The increase in
the pressure with increase in the temperature and the decrease in the

' pressure with the reaction were suitably compensated by decreasing or
increasing the pressure and the pressure of hydrogen-was kept at 50
kg'/t:m2 during the i‘eaction. After finishing the reaction, the reaction
mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. The catalyst was precipitated by

standing for 1 hour and the reaction liquid was separated by decantation.
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After finishing the dropping, the solution was further stirred for 5

m nutes. The reaction mxture was transferred to a washing vessel and
washed with 70 ml of a 5 wei ght % aqueous sol uti on of sodi-um hydroxi de 3
times and then with 70 ml of water 3 tinmes. The solvent and unreacted raw
materials were renoved under reduced_p$g§§yre by using a rotary evaporator
to obtain 179 g of the crude product. e crude product had a kinematic
viscosity of 27.0 cSt at 40[err]C ‘Into a 1 liter autoclave nmade of
SUS-316L, 171 g of the crude product, 130 g of hexane, 20 g of Raney nickel
and 20 g of zeolite were charged. Hydrogen was introduced into the

autocl ave and the pressure of hydrogen was adjusted to 20 kg/cnferr].

The catalyst was washed with 50 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 1 liter washing vessel and
washed with 150 ml of a 5 weight % aqueous solution of sodium
hydroxide 3 times and then with 200 ml of distilled water 5 times.
Hexane, water and the like were removed under reduced pressure by
using a rotary evaporator. The.yield was 95 g. As the results of NMR
and IR of the product, one of the end structures of the polymer was (J)
and the other was a mixture of (K) and (L), in which (K) was the major

structure and (L_) was the minor structure.

g i T
HC—C— ' —C—CH _(';_éH

I | |

Example 7F
_ Into a § liter glass ﬂa.sk equipped with a dropping funnel, a cooler
and a stirrer, 1000 g Qf toluene, 304 g of ethanoi and 7.8 g of boron
trifluoride diethyl etherate were charged. Into a dropping funnel, 3284 g
of ethyl vinyl ether was charged and dropped in 4 hours and 30 minutes.
_ During this period, the temperature of the reaction solution increased by
the heat of reaction and the temperature was kept at about 25°C by
cooling with an ice water bath. After finishing the dropping, the solution
was further stirred for 5§ minutes. The reaction mixture was transferred
to a washing vessel and washed with 1100 ml of a 5 weight % aqueous
solution of sodium hydroxide 3 times and then with 1100 ml of water 3
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After stirring for about 30 seconds, the pressure was rel eased. Hydrogen
was i ntroduced into the autoclave again to make the pressure of hydrogen 20
kg/cn2 and, after stirring for about 30 seconds, the pressure - 101 - of
hydrogen was rel eased. After repeating this operation once nore, the
pressure of hydrogen was increased ta. 56 kg/cnferr] and the tenperature was
i ncreased to 130[err]C in 30 mnutes under stirring. The reaction was

times. The solvent and unreacted raw materials were removed under
reduced pressure by using a rotary evaporator to obtain 3397 g of the
crude product. -

Into a 2 liter autoclave made of SUS-316L, 600 'g of the crude
product, 600 g of hexane, 18 g 6f Raney nickel and 18 g of zeolite were
charged. . Hydrogen was introduced into the autoclave and the pressure
of hydrogen was adjusted to 20 kg/cm?2. .A&er stirring for about 30
seconds, the pressure was released. Hydrogen was introduced into the
autoclave again to make the pressure of hydrogen 20 kg/cm?2 and, after
stirring for about 30 séconds, the pressure of hydrogen was released.
After repeating this operation once more, the pressure of hydrogen was
increased to 50 kg/cm2 and the témperature was increased to 140°C in 30
minﬁtes under stirring. The reaction was conducted at 140°C for 2
hours. The reaction proceeded during and after the increase in the
temperature and decrease in the pressure was observed. The increase in
the pressure with increase in the temperature and the decrease in the
pressure with the reaction were suitably compensated by decreasir;g or
increasing the pressure and the préssure of hydrogen was kept at 50
kg/cm2 during the reaction. After finishing the reaction, the reaction

. mixture was cooléd to room temperature and the pressure was
decreased td atmospheric preséure. The catailyst was precipitated by
standing for 1 hour and the 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
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conducted at 130[err]C for 1 hour. The reaction proceeded during and after
the increase in the tenperature and decrease in the pressure was observed.
The increase in the pressure with increase in the tenperature and the
decrease in the pressure with the reaction were suitably conpensated by
decreasing or increasing the pressure ajg the pressure of hydrogen was kept
at 50 kg/cnferr] during the reaction. After.finishing the reaction, the
reaction m xture was cooled to roomtenperature 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 decantati on.
The catal yst was washed with 100 m of hexane tw ce.

and washed with 500 ml of a 5§ weight % aqueous solution of sodium
hydroxide 3 times and then with 500 ml of distilled water § times.
' Hexane, water and thé like were removed under reduced pressure by
usiﬁg a rotary evéporator. The. yield was 492 g. As the results of NMR
and IR of the product, one of the end structures of the polymer was (A)
and the other was a mixture of (C) and (D), in which (C) was the major

sﬁmcture and (D) was the minor structure.

Example 7G
Into a' 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 1000 g of toluene, 500 g of acetaldehyde diethyl acetal and
5.0 g of boron trifluoride diethyl -etherate were charged. Into a dropping
funnel, 2700 g of ethyl vinyl ether was charged and dropped in 3 hours.
The temperature of the reaction solution increased by the heat of reaction
and the temperature was kept at about 25°C by cooling with an ice water
bath. After finishing the dropping, the solution was further stirred for 5
minutes. The reaction mixture was fransferred to a washing vessel and
washed with 1000 ml of a 5 weight % aQueous sol_ution of sodium
hydroxide 3 times and then with 1000 ml of water 3 times. The solvent
and unreacted raw maferials were removed under reduced pressure by
. using a rotéfy evaporator to obtain 3040 g of the crude product. The
crude product had a kinematic viscosity of 42.1 cSt at 40°C.
Into a 2 liter autoclave made of SUS-316L, 600 g of the crude
product, 600 g of hexane, 18 g of Raney nickel and 18 g of zeolite were

charged. Hydrogen was introduced into the autoclave and the pressure
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The washing liquid was conbined with the reaction liquid and filtered with
a filter paper. The conmbined liquid was then transferred to a 2 liter
washi ng vessel and washed with 50 m of a 5 wei ght % aqueous sol ution of
sodi um hydroxide 3 tines and then with 50 m of distilled water 5 tines.
Hexane, water and the |ike were renDyququer reduced pressure by using a
rotary evaporator. The yield was 131 g. "Kinematic vi scosity, average

nol ecul ar wei ghts, dispersion of the nol ecular weight, conpatibility with
Flon, volume intrinsic resistance and stability to hydrolysis of the

pol ynmer of isopropyl vinyl ether obtained above were neasured. The results
are shown in Table 3. : :

of hydrogen was adjusted to 20 kg/em2. After stirring for about 30
seconds, the pressure was released. Hydrogen was introduced into the
autoclave agaix_l to make the pressure of hydrogen 20 kg/cm?2 and, after
stirring for about 30 seconds, the pressure of hydrogen was released.
After repeating this operation once more, the pressure of hydrbgen was
increased to 50 kg/cm2 and the temperature was increased to 140°C in 30
minutes under stirring. The macﬁon was conducted at 140°C for 2
hours. The reaction proceeded during and after the increase in the
temperature and decrease in the pressure was observed. The increase in
the pressure with increase in the temperature and the decrease in the
pressure with the reaction were suitably compensated by decréasing or
increasing the pressﬁre and the pressure of hydrogen was kept at 50
kg/cm?2 during the reaction. After finishing the reaction, the reaétion
mixture was .coolea to room temperature and the pressure was
decreased to atmospheric pressure. The catalyst was precipitated by
standing for 1 hour and the 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 § 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 under reduced pressure by
using a rotary evaporatbr. The yield was 495 g. The polymer had the

same end structures as those in Example 4.
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The infrared absorption spectrum the [err]C-NWR chart and the [err]H NWR
chart are shown in Figure 33, Figure 34 and Figure 35, Date: - 102 -
respectively. By the sanme reason as in Exanple 17, the pol ymer obtained
above did not contain any of an unsaturated bond, an acetal structure and

an - 80 -~

Example 7TH |

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 1000 g of toluene, -450 g of acetaldehyde diethyl acetal and
4.5 g of boron trifluoride diethyl etherate were charged. Into a dropping
funnel, 3200 g of ethyl ﬁnyl ether was charged and dropped in 4 hours
and 10 minutes. The temperature of the reaction solution increased by
the heat of reaction and the temperature was kept at about 25°C by
cooling with an ice water bath. After finishing the dropping, the solution
was further stirred for 5 minutes. The reaction mixture was transferred
to a washing vessel and washed with 1000 ml of a 5 weight % aqueous
solution of sodium hydroxide 3 times and then with 1000 ml of water 3
times. The solvent and unreacted raw materials were removed under
reduced pressure by using a rotary evaporafor to obtain 3466 g of the
crude product. The crude product had a kinematic viscosity of 76.1 ¢St at
40°C.

Inf.o a 2 liter autoclave made of SUS-316L, 600 g of the crude
product, 600 g of hexane, 18 g of Raney nickel and 18 g of zeolite were
charged. Hydrogen ‘was introduced into the autoclave and the preséure
of hydrogen was adjusted to 20 kg/cm2. After stirring for about 30
seconds, the pressure was released. Hydrogen was introduced into the
autoclave agﬁin to mai:e the préssure of hydrogen 20 kg/cm? and, after
stirring for about 30 seconds, the pressure of hydrogen was released.
After repeating this operation once more, the pressure of hydrogen was
increased to 50 kg/cm? and the temperature was increased to 140°C in 30

. minutes under stirring. The reaction was conducted at 140°C for 2
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al dehyde structure. Exanple 21 Average nol ecul ar wei ghts and di spersion of
nol ecul ar wei ght of the isopropyl vinyl ether polynmer obtained in Exanple 6
descri bed above were measured. The results of the neasurenents are shown in
Table 3 together with the results of neasurenents of kinematic viscosity,
conmpatibility with Flon and volunme intrgqnsi c resistance. The infrared
absorption spectrumis shown in Figure 36. By the sane reason as in Exanple
17, the polynmer obtained above did not contain any of an unsaturated bond,
an acetal structure and an _

hours. The reaction proceeded during and after the increase in thé
temperature and decrease in the pressure was observed. The increase in
the pressﬁre with increase in tfxe temperature and the decrease in the
pressure with the reaction were suitably compensated by decreasing or
increasing the pressure and the pressure of hydrogen was kept at 50
kg/cm?2 during the reaction. After finishing the reaction, the reaction
mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. The catalyst was precipitated by
standing for 1 hour and the 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 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 under reduced pressure by
using a rotary evaporator. The yield was 498 g. The polymer had the

same end structures as those in Example 4.

Kinematic viscosi_ty, coxﬁpatibility with Flon (Flon 134a), volume
intrinsic resi;tance and stability to hydrolysis of the polymers obtained in
Examples "7A to 7TH were measured. The results are shown in Table 1A.
Compatibili_ty of the polymers obtained in Examples 7G and 7H with Flon

32 was also measured and the results are shown in Table 1B.

Comparative Example 1
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al dehyde structure. Exanple 22 Into a 200 ml stainless steel autoclave

equi pped with a stirrer, 40 g of toluene, 6.4 g of nethanol and 0.45 g of
boron trifluoride diethyl etherate were charged. The autoclave was tightly
cl osed and the atnosphere inside of the autoclave was replaced with
nitrogen. Into the autoclave, 107 g Qf ggethyl vinyl ether was added froma
bonmb by the pressure of the conmpound in 5 hours. The tenperature of the
reaction solution increased by the heat of reaction and the tenperature was
kept at about 25[err]C by cooling with an'ice water bath. After finishing

t he

Kinematic viscosity, compatibility with Flon, volume intrinsic
resistance and stability to hydrolysis were measured by using a
commercial paraffinic minera} oil (VG32). The results are shown in

Table 1A.

Cdmparative Example 2

Kinematic viscosity, compatibility with Flon, volume intrinsic
resistance and stability to hydrolysis were measured by using
polypropyl-ene glyédl Unilub MB11® (a product of Nippon Yushi Co.,
Ltd.). The results are shown in Table 1A.

Comparative Example 3 | _

Into a 5 liter glass flask -equipped with a Dean and Stark tube, a
cooler and a stirrer, 1091 g of pentaerythritol and 3909 g of n-hexanoic
acid were charged and the mixture was heated uﬁder stirring. When
the temperature of the solution reached to 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 hexanoic acid was recovered under reduced pressuré. The
remaining solution was transferred to a washing vessel and, after being
dissolved in 2 liter of hexane, washed with 1500 ml of a 3 weight %
aqueous solution of sodium hydroxide 3 times and with 1500 ml of water 3

times. Further, 800 g of an ion exchange resin was added and the
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- 103 - addition, the solution was further stirred for 10 m nutes. The
reaction mxture was transferred to a washing vessel and washed with 100 ni
of a 5 weight % aqueous sol ution of sodium hydroxide 3 times and then with
150 M of water 3 times. The solvent and unreacted raw materials were
renoved under reduced pressure by usiggsﬁ rotary evaporator to obtain 95 g
of the crude product. The crude product had a kinematic viscosity of

mixture was stirred for 3 hours. The ion exchange resin was removed by
filtration and hexane was removed uhder reduced pressure by using a
rotary evaporator. The yield of the polyolester was 3390 g.

Kinematic viscosity, compatibility with Flon, volume intrinsic
resistance and stability to hydrolysis of the polymer obtained above were

measured. The results are shown 1n Table 1A.
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56.9 cSt at 40[err]C Into a 1 liter autoclave nade of SUS-316L, 90 g of
the crude product, 300 g of hexane, 4.5 g of Raney nickel and 4.5 g of
zeolite were charged. Hydrogen was introduced into the autoclave and the
pressure of hydrogen was adjusted to 20 kg/cnferr]. After stirring for
about 30 seconds, the pressure was rel ggsed. Hydrogen was introduced into
the autoclave again to nake the pressure of hydrogen 20 kg/cnferr] and,
after stirring for about 30 seconds, the pressure of hydrogen was rel eased.
After repeating this operation once nore, the pressure of hydrogen was
I ncreased to 50 kg/cnferr] and the tenperature was increased to 130[err]C
in 30

Table 1A (Part 1)

kinematic ) compatibility with Flon 134a
viscosity temperature of temperature of
separation at low separation at high
(cSt) temperature (°C) temperature (°C)
40°C 100°C 5% 10% 5% 10%
Example 1 178 3.68 +=60.0>  -60.0> 80.0< 80.0<
Ext_lmple 2 49.8 - 6.55 -60.0> -60.0> 80.0< 80.0<
Example3 =~  5L0 6.57 -60.0> —60.0> 80.0¢<  80.0<
Example 4 412 6.24 -60.0> -60.0> 80.0< 80.0<
Example 5 37.9 6.07 -60.0> -60.0> 80.0< 80.0<
Example 6 22.8 3.77 ~60.0> -60.0> 80.0< 80.0<
Example 7 . 6310 . "_26.30 -60.0> -60.0> 80.0< 80.0<
Example 7A 38.1 .5.18 -60.0> -60.0> 80.0< 80.0<
Example 7B 379 5.67 -60.0> -60.0> 80.0< 80.0<
Example 7C 48.8 6.06 ~60.0> -60.0> 80.0< 80.0<
Example 7D 40.0 5.85 -60.0> -60.0> 80.0< 80.0<
Example 7E 26.8 4.20 -60.0> -60.0> 80.0< 80.0<
Example 7F 165 3.41 -60.0> -60.0>  80.0<  80.0<
Example 7G 316 5.15 ~60.0> -60.0> 80.0<  80.0<
‘Example 7H 55.2 7.32 ~60.0> -80.0> 80.0< 80.0<
Comparative 37.7 4.6 - not dissolved not dissolved
Example 1
Comparative  56.1 10.8 -60.0> -60.0> 55.5 515
Example 2 )
Comparative 17.9 4.0 -60.0> —-45.0 - 80.0< 80.0<
Example 3

(TablelA continued)

t
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m nutes under stirring. The reaction was conducted at 130[err]C for 1 hour.
The reaction proceeded during and after the increase in the tenperature and
decrease in the pressure was observed. The increase in the pressure with
increase in the tenperature and the decrease in the pressure with the
reaction were suitably conpensated-by_d?greasing or increasing the pressure
and the pressure of hydrogen was kept at-50 kg/cnferr] 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 Dato:

Table 1A (Part2)

volume intrinsic result of hydrolysis test
resistance at 80°C sample oil appearance
(Q-cm) appearance total acid value of piece of
. {mg KOH/g) copper

Example 1 1.5x1012 good 0.5> good
Example 2 3.9x1012 good 0.5> good
Example 3 - 1.5x1012 good 05> good
Example 4 2.0x1013 good 0.5> good
Example 5 1.6x1013 good 0.5> good
Example 6 6.1x1012 good 0.5> good
Example 7 1.3x1012 good 0.5> good
Example TA 1.5x1012 - - ' -
Example 7B 1.9x1012 _good. 0.5> good
Example 7C 1.4x1012 - - -
Example 7D 1.9x1013 good 0.5> good
Example 7E 6.5x1013 good ' 0.5> . good
Example 7F 2.3x1013 good o 0.5> °~ . good
Example 7G 1.5x1014 good 0.5> good
Example TH 5.8x1013 good 0.5> good
Comparative 2.0x1014 good - 0.5> good
Example 1 ‘
Comparative 5.8x108 good 0.5> good
Example 2
Comparative © 4.0x1012 poor 2.5 poor
Example 3

(End of Table 1A)
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- 104 - reaction liquid was separated by decantation. The catal yst was
washed with 30 ml of hexane tw ce. The washing |liquid was conbined with the
reaction liquid and filtered with a filter paper. After hexane was renoved
under reduced pressure by using a rotary evaporator, 100 m of toluene was
added to the residual product and the. pg@duct was then transferred to a
washi ng vessel and washed with 100 m .of a 5 weight %

Table 1 B

compatibility with Flon 32

temperature of separation temperature of separation
at low temperature (°C) at high temperature (°C)
Flon/sample (wt.%) . Flon/sample (wt.%)
90/10 80/20 90/10 80/20
Ex:ample G -20 -15" 40< | 40<
Example 7H'_ -5 0 40< 40<

Example 8

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 1000 g of toluene, 234 g of ethanol and 6.0 g of boron
trifluoride diethyl etherate were charged. Into the droppmg funnel, 2526
g of ethyl vinyl ether was charged and dropped in 3 hours and 20
minutes. During this period, increase in the temperature of the reaction
solution by the heat of reaction was observed and the temperature was
kept at about 25°C by cooling with an ice water bath. Until the amount of
the monomer reached the equivalent amount to ethanol, the monomer
was dropped slowly because there was an induction period for the heat
generation. After finishing the dropping, the solution was further
stirred for 5 minutes. The reaction mixture was transferred to a
washing vessel and washed with 870 ml of a 5 weight % équeous solution

of sodium hydroxide 3 times and then with 870 ml of water 3 times. The
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aqueous sol ution of sodium hydroxide 3 tines and then with 150 m of
distilled water 5 tinmes. Toluene, water and the |ike were renoved under
reduced pressure by using a rotary evaporator. The yield was 80.5 g.

Ki nemati c viscosity, average nol ecul ar wei ghts, dispersion of the nol ecul ar
wei ght, conpatibility with Flon, volumg Jntrinsic resistance and stability
to hydrolysis of the polyner of nethyl Vinyl ether obtained above were
nmeasured. The results are shown in Table 3. The infrared absorption
spectrum the 13C-NWR chart and the 1H NWR chart are shown in Figure 37,
Fi gure 38 andofvent eartd, ummsgntedi vawy materials were removed under reduced

pressure by using a rotary evaporator to obtain 2622 g of the polymer of
ethyl vinyl ether. The product had light yellow color.
Kinematic viscosity, average molecular weights, dispersion of
molecular weight, compatibility with Flon and volume intrinsic
- resistance of the polymer of ethyl vinyl ether obtained in the above were
measured. The results are shown in Table 2.
- The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 1, Figure 2 and Figure 3, respectively.
In Figure 2, the peaks at 101 ppm, 129 ppm and 134 ppm are peaks
assigned to the carbon atom underlined in the following formulae,
respectively:
— CHg - CH(OC2Hp)2
~CH = CH - OC2H35
- CH =CH - OC2Hs.
In Figure 3, the peaks at 4.7 ppm, 5.35 ppm and 5.6 ppm are peaks
é.ssigned to the hydrogen atom underlined in the following formulae,
respectively:
— CHz — CH(OC2Hs)2
—CH =CH - 0C2Hs
- CH = CH - OCqHs3.
Therefore, the end of the compound was a mixture of the formula (II)
and the formula (III) and the ratio of the numbers of molecule obtained
from the ratio of proton was: (II) : (III) = 5.1 : 1. |
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By the sanme reason as in Exanple 17, the pol yner obtained above did not
contain any of an unsaturated bond, an acetal structure and an al dehyde
structure. Exanple 23 Average nol ecul ar wei ghts and di spersi on of nol ecul ar
wei ght of the ethyl vinyl ether/isopropyl vinyl ether copolynmer obtained in
Exanpl e 7D descri bed above were neasureg. The results of the neasurenents
are shown in Table 3 together with thé 8sllts of nmeasurenments of

Example 9
Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 1000 g of tolue;le, 195 g of ethanol and 5.0 g of boron
trifluoride diethyl etherate were charged. Into a dropping funnel, 3005 g
of ethyl vinyl ether was charged and dropped in 3 hours and 50 minutes.
During this period, increase in the temperature of the reaction solution
by the heat of reaction was observed and the temperature was kept at_
about 25°C by cooling with an ice water bath. Until the amount of the
monomer reached the equi_valent amount to ethanol, the monomer was
dr_opped slowly because there was an induction period for the heat
generation. After finishing the dropping, the solution was further
stirred for 5 minutes. The reaction mixture was transferred to a
washing vessel and washed with 1000 ml of a 5 weight % aqueous
solution of sodium hydroxide 3 times and then with 1000 ml of water 3
times. The solvent and unreacted raw materials were removed under
reduced pressure by using a rotary evaporator to obfain 3608 g of the
_polymer of ethyl vinyl ether. The produét had light yellow color. |
Kinematic viscosity, average molecular weights, dispersion of
molecular weight, compatibility with Flon and volume intrinsic
resistance of the polymer of ethyl vinyl ether obtained in the above were
measured. ’f‘h.e results are shown in Table 2. |
The infrared absorption spectrum, the 13C-NMR chart and the 'H-
NMR chart are shown in Figure 4, Figure 5 and Figure 6, respectively.
The end_structure -of the compound was a mixture of the formula (II)

and the formula (IIT) and the ratio of the numbers of molecule obtained
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- 105 - kinematic viscosity, conmpatibility with Flon and volune intrinsic
resi stance. The infrared absorption spectrum the [err]CGNWR chart and the
[err]H NWMR chart are shown in Figure 40, Figure 41 and Figure 42,
respectively. By the sane reason as in Exanple 17, the polymer obtained
above did not contain any of an unsat urgf ed bond, an acetal structure and
an al dehyde structure. '

by the same method as in Example 8 was: (II): (II) =3.9: 1.

Exﬁmple 10

Into a 5 liter glass flask equipped with a dropping funnel, a‘cooler.
and a stirrer, 1000 g of toluene, 450 g of acetaldehyde diethyl acetal and
4.5 g of boron trifluoride diethyl etherate were charged. Into a dropping
funnel, 3200 g of ethyl vinyl ether was charged and dropped in 4 hours
and 10 minutes. During this perit;\d., increase in the temperature of the
reaction solution by thé, heat of reaction wés observed and the
temperature was kept at about 25°C by cooling with an ice water bath.
After finishing the dropping, the solution was further stirred for 5
minutes. The reaction mixture was transferred to a washing vessel and
washed with 1000 ml of a 5 weight % aqueous solution of sodium
hydroxide 3 times and then with 1000 ml of wé.ter 3 times. The solvent
and unreacted raw materials were removed under reduced pressure by
using a rotary evaporator to obtain 3466 g of the polymer of ethyl vinyl
ether. The product had iight yellow color.

Kinematic viscosity, average molecular weights, dispersion of
molecular weighf, compatibiiity with Flon and volume intrinsic
regigstance of the polymer of ethyl vinyl ether obtained in the above were
measured. The results are shown in Table 2.

The infrared absorption spectrum is shown in Figure 7.

Example 11 _
Into a 5 liter glass flask equipped with a dropping funnel, a cooler
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Exanple 24 Into a 500 m glass flask equi pped with a dropping funnel, a
cooler and a stirrer, 50 g of toluene, 11 g of isobutyl alcohol and 0.5 g
of boron trifluoride diethyl etherate were charged. Into a dropping funnel,
100 g of isobutyl.vinyl ether was charged and dropped in 55 mnutes. The
tenperature of the reaction solution.ipggreased by the heat of reaction and
the tenperature was kept at about 30[err]C by cooling with-an ice water
bath. After finishing the dropping, the solution was further stirred for 5
m nutes. The reaction mxture was transferred to a washing vessel and
washed with 100 ml of a 5 weight % aqueous sol ution of sodium

and a stirrer, 1000 g of tolueng, 195 g of ethanol and 4.5 g of boron
trifluoride diethyl etherate were charged. Into a dropping fumiel, 3875 g
of ethyl vinyl ether was charged and dropped in 4 hours and 40 minutes.
During this period, increase in the temperature of the reaction solution
by the heat of reaction was observed and the temperature was kept at
about 25°C by cooling with an ice water bath. Until the amount of the
monomer reached the equivalent amount to ethanol, the monomer was
dropped slowly because there was an induction period for the heat
generation. After ﬁpishing the dropping, the solution was further
stirred for 5 minutes. The reaction mixture was transferred to a
washing vessel and washed with 1100 ml of a § weight % aquecus
solution of sodium hydroxide 3 times _and then with 1100 ml of water 3
times. The solvent and unreacted raw materials were removed under
reduced pressuré by using a rotary evaporator to obtain 3867 g of the
polymer of ethyl vinyl ether. The produpt had light yellow color.

Kinematic viscosity, average molecular weighté, dispersion of
molecular weight, compatibility with Flon and volume intrinsic
resistance of the polymer of ethyl vinyl ether obtained in the above were
measured. The results are shown in Table 2.

The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 8, Figure 9 and Figure 10, respectively.

The ratio of the numbers of molecule of the formula (II) and the
formula (III) obtained by the same method as in Example 8 was: (II) :
(Im=29:1.
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hydroxide 3 tines and then wwth 150 ml of water 3 tinmes. The sol vent and
unreacted raw materials were renoved under reduced pressure by using a
rotary evaporator to obtain 107 g of the crude product. The crude product
had ‘a kinematic viscosity of 52.4 ¢St at 40[err]C. Into a 1 liter autoclave
made of SUS-316L, 90 g of the crude proghict, 300 g of hexane, 4.8 g of
Raney nickel and 4.8 g of zeolite were’ - 106 -

Example 12

Into a 500 ml glass flask equipped with a dropping funnel, a cooler
and a stirrer, 125 g of toluene, 19.4 g of isopropyl alcohol and 2.3 g of
boron trifluoride diethyl etherate were charged. Into a dropping funnel,
250 g of isopropyl vinyl etHer was charged and dropped in 30 minutes.
During this period, increase in the temperature of the reaction solution
by the heat of reaction was observed and the temperature was kept at
abaut 25°C by cooling with an ice water bath. After finishing the
dropping, the solution was further stirred for 5 minutes. The reaction

| mixture was transferred to a washing vessel and washed with 80 ml of a
5 weight % aqueous solution of sodium hydroxide 3 times and then with
80 ml of water 3 times. The solvent and unreacted raw materials were
removed under reduced pressure b)t using a rotary evaporator to obtain
238 g of the polymer of isopropyl vinyl ether. The product had light yellow
color.

Kinematic viscosity, average molecular weigﬁts, dispersion of
molecular weight, compatibility with Flon and volume intrinsic
resistance of the polymer of isopropyl vinyl ether obtained in the above
were measured. The results are shown in Table 2.

The infrared absorption spectrum is shown in Figure 11.

Example 13 _ _
Into a 500 ml glass flask equipped with a dropping funnel, a cooler
~and a stirrer, 125 g of toluene, 17.4 g of isopropyl alcohol and 2.1 g of
boron trifluoride diethyl etherate were charged. Into a dropping funnel,
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charged. Hydrogen was introduced into the autoclave and the pressure of
hydr ogen was adjusted to 20 kg/cnR2. After stirring for about 30 seconds,
the pressure was rel eased. Hydrogen was introduced into the autoclave again
to make the pressure of hydrogen 20 kg/cnferr] and, after stirring for
about 30 seconds, the pressure of hydroggn_was rel eased. After repeating
this operation once nore, the pressure of hydrogen was increased to 50
kg/cnferr] and the tenperature was increased to 140[err]C in 30 m nutes
under stirring. The reaction was conducted at 140[err]C for 2 hours. The
reaction proceeded during and after the increase in the tenperature and
decrease in the pressure was observed. The increase in

250 g .of isopropyl vinyl ether was charged and dropped in 30 minutes.
Duripg this period, increase in the temperature of the reaction solution
by the heat of reaction was observed and the temperature was kept at
about 25°C by cooling with an ice water bath. After finishing the
&r_opping, the solution was further stirred for 5 minutes. The reaction
mixture was transferred to a washing vessel and washed with 80 ml of a
5 weight % aqueous solution of sodium hydroxide 3 times and then with
8Q ml of water 3 times. The solvent and unreacted raw materials were
removed under reduced pressure by using a rotary evaporator to obtain
236 g of the polymer of isopropyl vinyl ether. The product had light yellow
color.

N Kinematic viscosity, average molecular weights, dispersion of
molecular iveight, compatibility with Flon and volume intrinsic
resisfancé of the polymer of isopropyl vinyl ether obtained in the aﬁdve
were measured. The results are shown in Tab.le 2. |

The infrared absorption spectrum, the 13C-NMR chart and the 1H-

NMR chart are shown in Figure 12, Figure 13 and Figure 14,
respecti%rely.

. The ratio of the numbers of molecule of the formula (II) and the

formula (III) obtained by thé same method as in Example 8 was: (II) :
(I =3.8: 1.

Exaraple 14
Into a 200 ml stainless steel autoclave equipped with a stirrer, 40 g
of toluene, 2.5 g of methanol and 0.18 g of boron trifluoride diethyl
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the pressure with increase in the tenperature and the decrease in the
pressure with the reaction were suitably conpensated by decreasing or

i ncreasing the pressure and thé pressure of hydrogen was kept at 50 _
kg/cnferr] during the reaction. After finishing the reaction, the reaction
m xture was cooled to roomtenperature gyid the pressure was decreased to

at mospheric 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 30 m of hexane tw ce. The washing |liquid was conbined with the
reaction liquid and filtered with a filter paper. The conbined |iquid was
then transferred to a 1 liter washing vessel and

_etherate were charged. After sealing the autoclave, the atmosphere
inside of the autoclave was replaced with nitrogen. Into the autoclave, 47
g of methyl vinyl ether was added from a bomb by the pressure of the
compound in 5 hours. During this period, increase in the temperature of
the reaction solﬁtion by the heat of reaction was observed and the
temperature was kept at about 25?(? by cooling with an ice water bath.
After finishing the addition, the solution was further stirred for 5
minutes. The reaction mixture was transferred to a washing vessel and
| .. washed with 50 ml of a 5 weight % aqueous solution of éodium hydroxide
3 times and then with 100 ml of water 3 times. The solvent and
unreacted raw materials were removed under reduced pressure by
using a rotary evaporator to obtain 42 g of the polymer of methyl vinyl
ether. The product had light yellow color.
| Kinematic viscosity, average molecular weights, dispersion of
molecular .Qeight, compatibility with Flon and volume intrinsic
resistance of the polymer of methyl vinyl ether obtained in the above were
measured. The results are shown in Table 2.
The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in i?‘igure 15, Figure 16 and Figure 17,
- respectively.  The ratio of the numbers of molecule of the formula (II)
and the formula (III) obtained by the same method as in Example 8 was:
(ID:(I)=8.9:1.

Example 15
Average molecular weights and dispersion of molecular weight of

This is the replacement sheet

Date: 19 OCT 1995



washed with 100 ml of a 5 weight % aqueous sol ution of sodi um hydroxi de 3
times and then with 150 ml of distilled water 5 tines. Hexane, water and
the li ke were renoved under reduced pressure by using a rotary evaporator. .
The yield was 80.5 g. Kinematic viscosity, average nol ecul ar wei ghts,

di spersion of the Date: - 107 - _ 94 -

the ethyl vinyl ether/isopropyl vinyl ether copolymer obtained in Example
7C described above were measured. The results of the measurements
are shown in Table 2 together with the results of measurements of
kinematic viscosity, compatibility with Flon and volume intrinsic
resistance. .

The infrared absorption spectrum, the 1.3C-NMR chart and the 1H-
NMR chart are shown in Figure 18, Figure 19 and Figure 20,
respectively.

The ratio of the numbers of molecule of the formula (II) and the -
formula (III) obtained by the same method as in Example 8 was: (II) :
(D =3.1:1. | |

Example 16

Into a 500 ml glass flask equipped with a dropping funnel, a cooler
and a stirrer, 50 g of toluene, 4.6 g of ethyl alcohol and 0.2 g of boron
trifluoride diethyl etherate were charged. Into a dropping funnel, 86 g of
i—ethoxy—l—propene was charged and dropped in 50 minutes. During this
period, increase in the temperature of the reaction solution by the heat of
reaction was observed and the temperature was kept at about 30°C by
cooling with an ice water bath. After finishing the dropping, the solution
was further stirred for 30 minutes. The reaction mixture was
transferred to a washing vessel and washed with 100 ml of a 5 weight %
aqueous solution of sodium hydroxide 3 times and then with 150 ml of
water 3 times. The solvent and unreacted raw materials were removed

under reduced pressure by using a rotary evaporator to obtain 84 g of the

| it
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nmol ecul ar wei ght, conpatibility with Flon, volunme intrinsic resistance and
stability to hydrolysis of the polyner of isobutyl vinyl ether obtained
above were neasured. The results are shown in Table 3. The infrared
absorption spectrum the 13C-NWR chart and the 1H NWVR chart are shown in
Figure 43, Figure 44 and Figure 45, Leggeqtively. By the sane reason as in
Exanpl e 17, the polyner obtained above did not contain any of an
unsaturated bond, an acetal structure and an’al dehyde structure. Exanple 25

polymer of 1-ethoxy-1-propene.

Kinematic viscosity, average molecular weights, dispersion of
molecular weight, compatibility with Flon and volume intrinsic
resistance of the polymer of 1-ethoxy-1-propene obtained in the above
were measured. The results are shown in Table 2.

The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 21, Figure 22 and Figure 23,
respectively.
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Aver age nol ecul ar wei ghts and di spersion of nol ecul ar wei ght of the

1- et hoxy- 1- propene pol ynmer obtained in Exanple 7E descri bed above were
nmeasured. The results of the neasurenents are shown in. Table 3 together
with the results of measurements of kinematic viscosity, conpatibility with
Flon and volune intrinsic resistance. The infrared absorption spectrum the
[err] G NWMR chart and the [err]H NWVR chart are shown in Figure 46, Figure
47 and Figure 48, respectively. By the sane reason as in Exanple 17, the
pol yner obtai ned above did not contain any of an unsaturated bond, an
acetal structure and an

Table 2 (Part 1)

kinematic viscosity (cSt) molecular weight
40°C 100°C weight number  dispersion
average  average
‘Example 8 19.5 3.56 481 443 1.08
Example 9 44.3 5.83 639 548 1.17
Example 10 76.1 829 769 640 1.20
Example 11 1095  10.30 848 703 121
Example 12 289 441 576 490 1.18
Example 13 36.9 485 609 513 1.19
Example 14 919 8.53 581 418 1.39
Example 15 48.8 6.05 T2 547 1.33
Example 16 25.6 3.88 425 384 111

(Table 2 continued)
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al dehyde structure. Exanple 25A Into a 500 ml glass flask equi pped wt
droppi ng funnel, a cooler - 108 - and a stirrer, 100 g of tol uene,
g of acetal dehyde di met hoxyet hyl acetal and 0.45 g of boron trifluorid

di et hyl

etherate were charged. Into a dropping funnel, 112 g of

met hoxyet hyl vinyl ether was charged_agq _

Table 2 (Part 2)

compatibility with Flon 134a : volume intrinsic
temperature of separation temperature of separation registance
at low temperature (°C)  at high temperature (°C) at 80°C
5% 10% 5% 10% (Q-cm)
Example 8 —60.0> -60.0> 80.0< 80.0< 2.0x1012
Example 9 - -60.0> -60.0> 80.0< 80.0< 3.2x1012
Example 10 -60.0> -60.0> 80.0< 80.0< 2.7x1012
Example 11 -60.0> -60.0> 80.0< 80.0< 2.2x1012
Example 12 -60.0> -60.0> 80.0< 80.0< 4.5x1012
Example 13 —60.0> —60.0> 80.0< 80.0< 3.8x1012
Example 14 -60.0> -60.0> 80.0< 80.0< 2.5x1012
Example 15 -60.0> -60.0> " 80.0< 80.0< 1.4x1012
Example 16 -40.0> —40.0> 80.0< 80.0< 1.2x1011
(End of Table 2)

Example 17

Into a 5 liter glass ﬂésk equipped with a dropping funnel, a cooler
and a stirrer, 1000 g of toluene, 304 g of ethanol and 7.8 g of boron
trifluoride diethyl etherate were charged. Into a dropping funnel, 3284 g
of ethyl vinyl ether was charged and dropped in 4 hours and 30 minutes.
The temperature of the reaction solution increased by the heat of reaction
and the temperature was kept at about 25°C by cooling with an ice water
bath. After finishing the dropping, the solution was further stirred for 5
minutes. The reaction mixture was transferred to a v;.rashing vessel and

washed with 1100 ml of a 5 weight % aqueous solution of sodium

h a
21.3
e
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dropped in 50 minutes. The tenperature of the reaction solution increased
by the heat of reaction and the tenperature was kept at about 25[err]C by
cooling with an ice water bath. After finishing the dropping, the solution
was further stirred for 5 mnutes. The reaction m xture was transferred to
a washing vessel and 200 m of chlorofgymwere added to it. The product was
washed with 100 mM of a 5 weight % aqueous sol ution of sodi um hydroxide 3
times and then with 150 ml of water 3 tines. The solvent and unreacted raw
materials were renoved under reduced pressure by using a rotary evaporator
to obtain 129 g of the crude product. The crude product had a kinematic
viscosity of 33.3 cSt at 40[err]C

hydroxide 3 times and then with 1100 ml of water 3 times. The solvent
and unreacted raw materials were removed under reduced pressure by
using a rotary evaporatér to obtain 3397 g of the crude product. 1H-NMR
and 13C-NMR of the crude product were measured. The 1H-NMR
showed peaks at 4.7 ppm, 5.35 ppm and 5.6 ppm and the 13C-NMR
showed peaks at 101 ppm, 129 ppm and 134 ppm.

The crude product had a kinematic viscosity of 17.8 ¢St at 40°C.

By treating the crude product further by the same method as in
Example 7F, 492 g of a polymer of ethyl vinyl ethef was obtained.

Average molecular weights and dispersion of molecular weight of
the ethyl vinyl ether polymer obtained above were measured. The results
of the measurements are shown in Table 3 together with the results of
measurements of kinematic viscosity, compatibility'_with Flon and
volume intrinsic resistance. .

The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 24, Figure 25 dnd Figure 26,
respectively.

In the 1H-NMR chart of this polymer, the peaks at 4.7 ppm, 5.35
ppm and 5.6 ppm observed in"the chart of the crude product described
above were not found. In the 13C-NMR chart of this polymer, the peaks
at 101 ppm, 129 ppm and 134 ppm were not found either. Furthermore,
the 1H-NMR peak assigned to the hydrogen of aldehyde is generally
found in the area of 9.7 ppm and the 13C-NMR peak aséigned to the
carbon of aldehyde is generally found in the area of 200 ppm.‘ None of
these peaks were found in the spectra of the polymer obtained above.
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Into a 1 liter autoclave nmade of SUS-316L, 110 g of the crude product, 300
g of hexane, 5.5 g of Raney nickel and 5.5 g of zeolite were charged.
Hydrogen was introduced into the autoclave and the pressure of hydrogen was
adjusted to 20 kg/cnferr]. After stirring for about 30 seconds, the
pressure was rel eased. Hydrogen was intggduced into the autoclave again to
make the pressure of hydrogen 20 kg/cnferr] and, after stirring for about
30 seconds, the pressure of hydrogen was rel eased. After repeating this
operation once nore, the pressure of hydrogen was increased to 50
kg/cnferr] and the tenperature was increased to 130[err]C in 30 m nutes
under stirring. The reaction was conducted at 130[err]C for 2

From these findings, it can be found that the polymer obtained above did
not contain any of an unsaturated bond, an acetal structure and an

aldehyde structure.

Example 18 |

Average molecular weights and dispersion of molecular weight of
the ethyl vinyl ether polymer obtained in Example 7G described above
were measured. The results of the measurements are shown in Table 3
together with the results of measurements of kinematic ﬁscosity,
compatibility with Flon and volume intrinsic resistance.

The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 27, Figure 28 and Figure 29,
respectively.

By the same reason as in Example 17, the polymer obfained above
did not contain any of an unsaturated bond, an acetal structure and an

aldehyde structure.

Example 19

Average molecular weights and dispersion of molecular weight of
the ethyl vinyl ether polymer obtained in Example 7H described above
were measured. The results of the measurements are shown in Table 3
together with the results of measurements of kinematic viscosity,
compatibility with Flon and volume intrinsic resistance.

The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 30, Figure 31 and Figure 32,
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hours. The reaction proceeded during and after the increase in the
tenperature and decrease in the pressure was observed. The increase in

Dat e: - 109 - the pressure with increase in the tenperature and the
decrease in the pressure with the reaction were suitably conpensated by
decreasing or increasing the pressure f@g the pressure of hydrogen was kept
at 50

respectively.
By the same reason as in Exainple 17, the polymer obtained above
did not contain any of an unsaturated bond, an acetal structure and an

aldehyde structure.

Example 20
Into a 500 ml glass flask equipped with a dropping funnel, a cooler
“and a stirrer, 95 g of toluene, 14.7 g of isopropyl alcohol and 1.8 g of boron
trifluoride diethyl etherate were charged. Into a dropping funnel, 190 g
of isopropyl vinyl ether was charged and dropped in 30 minutes. The -
temperature of the reaction solution increased by the heat of reaction and
the temperature was kept at about 25°C by cooling with an ice water bath.
After finishing the dropping, the solution was further stirred for 5
minutes.. The reaction mixture was transferred to a washing vessel and
washed with 70 ml of a 5 weight % aqueous solution of sodium hydroxide
3 times and then with 70 ml of water 3 times. The solvent and unreacted
raw materials were removed under reduced pressure by using a rotary
evaporator to obtain 179 g of the crude product. The crude product had a
kinematic viscosity of 27.0 ¢St at 40°C. Into a 1 liter autoclave made of
SUS-316L, 171 g of the crude product, 130 g of hexane, 20 g of Raney
nickel and 20 g of zeolite were charged. Hydrogen was introduced into
- the autdclave and the pressure of hydrogen was adjusted to 20 kg/cm?.
After stirring for about 30 seconds, the préssure was released. Hydrogen
was introduced into the autoclave again to make the pressure of

hydrogen 20 kg/cm?2 and, after stirring for about 30 seconds, the pressure
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kg/ cn2 during the reaction. After finishing the reaction, the reaction

m xture was cooled to roomtenperature and the pressure was decreased to

at nospheri c 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 30 m of hexane tw ce. Thg ashing liquid was conbined with the
reaction liquid and filtered wwth a filter paper. Hexane was renoved from

t he conbi ned |iquid under reduced pressure by using a rotary evaporator and
200 m of chloroformwas added to the renaining product. The product was
then transferred to a washing vessel and washed with 100 mMl of a 5 weight %
aqueous sol ution of

of hydrogen was released. After repeating this operation once more, the
pressure of hydrogen was increased to 50 kg/cm2 and the temperature
was increased to 130°C in 30 minutes under stirring. The reaction was
conducted at 130°C for 1 hour. The reaction proceeded during and after
the increase in the temperature and decrease in the pressure was
observed. The increase in the pressure with increase in the temperature
and the decrease in the pressure with the reaction were suitably
compensated by decreasing or increasing the pressure and the pressure
of hydrogen was kept at 50 kg/cm2 during the reaction. After finishing
the reaction, the reaction mixture was cooled to room temperature and
the préssure was decreased to atmospheric pressure. The catalyst was
precipitated by standing for 1 hour and the 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 2 liter
washing vessel and washed with 50 ml of a 5 weight % aqueous solution
of sodium hydroxide 3 times and then with 50 ml of distilled water 5
times. Hexane, water and the like were removed under reduced
pressure by using a rotary evaporator. The ﬁeld was 131 g

Kinematic viscosity,- average molecular weights, dispersion of the
molecular weight, compatibility with Flon, volume intrinsic resistance
and stability to hydrolysis of the polymer of isopropyl vinyl ether obtained
above were measured. The results are shown in Table 3. | |

The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 33, Figure 34 and Figure 35,
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sodi um hydroxide 3 tines and then with 150 m of distilled water 5 tines.
The solvent, water and the |ike were renoved under reduced pressure by
using a rotary evaporator. The yield was 94 g. Kinematic viscosity,
conpatibility with Flon and stability to hydrolysis of the polymer of

met hoxyet hyl vinyl ether obtained abovq%ﬁere measured. The results are

shown in Table 3. The infrared absor'pt]l spectrum the [err] CG-NWR chart

and the 1H NMR chart are shown in Figure 49, Figure 50 and Figure 51
respectively. By the sanme reason as in Exanple 17, the polymer obtained
above :

respectively.
By the same reason as in Example 17, the polymer obtained above
did not contain any of an unsaturated bond, an acetal structure and an

aldehyde structure.

Example 21

Average molecular weights and dispersion of molecular weight of
the isopropyl vinyl ether polymer obtained in Example 6 described above
were measured. The results of the measurements are shown in Table 3
together with the results of measurements of kinematic viscosity,
compatibility with Flon and volume intrinsic resistance.

The infrared absorption spectrum is shown in Figure 36.

By the same reason as in Example 17, the polymer obtained above
did not .contain any of an unsaturated bond, an acetal structure and an

aldehyde structure.

Example 22

Into a 200 ml stainless steel autoclave equipped with a stirrer, 40 g
of toluene, 6.4 g of methanol’ and 0.45 g of boron trifluoride diethyl
etherate were charged. The autoclave fvas tightly closed and the
atmosphere inside of the autoclave was replaced with nitrogen. Into the
autoclave, 107 g of methyl vinyl ether was added from a bomb by the
pressure of the compound in 5 hours. The temperature of the reaction
solution increased by the heat of reaction and the temperature was kept
at about 25°C by cooling with an ice water bath. After finishing the
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did not contain any of an unsaturated bond, an acetal structure and an

al dehyde structure. - 110 - Table 3 (Part 1) kinematic viscosity

nmol ecul ar wei ght volune intrinsic (cSt)

resi stance 40[err]C 100[err]C wei ght nunber di spersion at
80[err]C - 103 -

addition, the solution was further stirred for 10 minutes. The reaction
mixture was transferred to a wa_zshing vessel and washed with 100 ml of
a 5 weight % aqueous solution of sodium hydroxide 3 times and then with
150 ml of water 3 times. The solvent and unreacted raw materials were
removed under reduced pressure by using a rotary evaporator to obtain
95 g of the crude product. The crude product had a kinematic viscosity of
56.9 ¢St at 40°C. | |
Into a 1 liter autoclave mad_e of SUS-316L, 90 g of the crude
product, 300 g of hexane, 4.5 g of Raney nickel and 4.5 g of zeolite were
charged. Hydrogen was introduced into the gutoclave and the pressure
of hydrogen was adjusted to 20 kg/@z. After stirring for about 30
seconds, the pressure was released. Hydrogen was introduced into  the
autoclave again to make the pressure of hydrogen 20 kg/crt.l2 and, after
stirring for about 30 seconds, the pressure of hydrogen was released.
After repeating this operation once more, the pressure of hydrogen was
increased to 50 kg/em?2 and the temperature_ﬁ'ras increased to 130°C in 30
| minutes under stirring. The reaction was conducted at 130°C for 1 hour.
The reaction proceeded during and after the increase in the temperature
and decrease in the preésure was observed. The increase in the pressure
with increase in the temperature and the decrease in the pressure with
the reaction were suitably compensated by decreasing or increasing the
pressure and the pressure of hydrogen was kept at 50 kg/cm?2 during the
reaction. After ﬁnishing the reaction, the reaction mixture was cooled to
room temperature and the pressure was decreased to atmospheri_c

pressure. The catalyst was precipitated by standing for 1 hour and the
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aver age average ([errcm Exanple 17 16.5 3.41

492
615
722
570
547
798
706
996
436

439 1.12 2.3x10[err] Exanple 18 31.6

529 1.16 1.5x10[err] Exanple 19 55.2

608 1.19 5.8x10[ err] Exanple 20 28.3

462 1.23 5.3x1 r] Exanple 21 22.8

470 1.16 6. 1x10[err] Exanple 22 74. 4
488 1.6 4.4x1012 Exanple 23 40.0 ~5.85
525 1.35 1.9x10[err] Exanple 24 59.0

524 1.90 1.4x10[err] Example 25 26. 8 4
396 1.10 6. 5x10[ err]

reaction liquid was separated by decantation. The catalyst was washed
with 30 ml of hexane twice. The washing liquid was combined with the
reaction liquid and filtered with a filter paper. After hexane was
removed under reduced pressure by using a rotary evaporator, 100 ml of
toluene was added to the residual product and the product was then
transferred to a washing vessel and washed with 100 ml of a 5 weight %
aqueous solution of sodium hydroxide 3 times and then with 150 ml of
distilled water 5 times. Toluene, water and the like were re_moved under
reduced pressure by using a rotary evaporator. The yield was 80.5 g.

Kinematic viscosity, average molecular weights, dispersibn of the
molecular weight, compatibility with Flon, volume intrinsic resistance
and stability to hydrolysis of the polymer of methyl vinyl ether obtained
above were measured. The results are shown in Table 3. |

The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 37, Figure 38 and Figure 39,
respectively. _

By the same reason as in Example 17, the polymer obtained above
did not contain any of an unsaturated bond, an acetal structure and an

aldehyde structure.

Example 23

Average molecular weights and dispersion of molecular weight of
fhe ethyl vinyl etherfisopropyl vinyl ether copolymexj obtained in Example
7D described above were measured. The results of the measurements

are shown in Table 3 together with the results of measurements of

5.15
7.32
4.37
3.77
8. 60

7. 05
. 20

This is the replacement shest

Date: 19 OCT 19%



Exampl e 25A  30.4 6. 29 - - - - (Table
3 conti nued) Table 3 (Part 2) conpatibility wwth Flon 134a tenperature

of separation tenperature of separation at |ow tenperature ([err]C
at high tenperature ([err]C 5% 10% 5% 10%
- 105 -

kinematic viscosity, compatibility with Flon and volume intrinsic
resistance.

The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 40, Figure 41 and Figure 42,
respectively; _

By the same reason as in Example 17, the polymer obtained above
did not contain any of an unsaturated bond, an acetal structure and an

aldehyde structure.

Example 24

Into a 500 ml glaés flask equipped with a dropping funnel, a cooler
and a stirrer, 50 g qf toluene, 11 g of isobutyl alcohol and 0.5 g of boron
trifluoride diethyl etherate were charged. Into a dropping funnel, 100 g
of isobutyl vinyl ether was charged and dropped in 55 minutes. The
temperature of the reaction solution increased by the heat of reaction and
the temi:erature was kept at about 30°C by cooling with-an ice water bath.
After finishing the dropping, the solution was further stirred for 5
minutes. The reaction mixture was transferred to a washing vessel and
washed with 100 ml of a 5 weight % aqueous solution of sodium
hydroxide 3 tixﬁes and then with 150 ml of water 3 times. The solvent and
unreacted raw materials were removed under reduced pressure by
ixsing a rotary evaporator to obtain 107 g of the crude product. The crude
product had a kinematic viscosity of 52.4 ¢St at 40°C.

Into a 1 liter autoclave made of SUS-316L, 90 g of the crude
product, 300 g of hexane, 4.8 g of Raney nickel and 4.8 g of zeolite were
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Exampl e 17 - 60. 0> - 60. 0> 80. 0< 80. 0< Exampl e

18 - 60. 0> - 60. 0> 80. 0< _ 80. 0< Exanple 19

- 60. 0> - 60. 0> 80. 0< 80. 0< Exanpl e 20 - 60. 0>
-60. 0> 80. 0< 80. 0< Exanple 21 -60. 0> -60. 0>
80. 0< 80. 0< Exanpl e 22 - 1@ . 0> -60. 0> 80. 0<
80. 0< Exanpl e 23 -60. 0> -60. 0> 80. 0< 80. 0<
Exanpl e 24 i nsol ubl e i nsol ubl e i nsol ubl e i nsol ubl e
Exampl e 25 - 60. 0> - 60. 0> 80. 0< 80. 0< Exanpl e
25A - 60. 0> - 60. 0> 80. 0< 80. 0<

charged. Hydrogen was introduced into the autoclave and the pressure
of hydrogen was adjusted to 20 kg/cm2. After stirring for about 30
seconds, the pressure ivas released. Hydrogen was introduced into the
autoclave again to make the pressure of hydrogen 20 kg/cm?2 and, after
stirring for about 30 seconds, the pressure of hydrogen was released.
After repeating this operation once more, the pressure of hydrogen was
increased to 50 kg/cm2 and the température was increased to 140°C in 36
minutes under stirring. The reaction was conducted at 140°C for 2
hours. The reaction proceeded during and after the increase in the
temperature and decrease in the pressure was observed. The increase in
the pressure with increase in the temperature and the decrease in the
pressure with the reaction were suitably compensated by decreasing or
increasing the pressure and the pressure. of hydrog.en was kept at 50
kg/cm2 during the reaction. After finishing the reaction, the reaction
mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. The catalyst was precipitated by
standing for 1 hour and the reaction liquid was separated by decantation.
The catélyst was washed with 30 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 td a 1 liter washing vessel and
washed with 100 ml of a 5§ weight % aqueous solution of sodium
hydroxide 3 times and then with 150 ml of distilled water 5 times.
Hexane, water and the like Wt;re removed under reduced pressure by
using a rotary evaporator. The yield was 80.5 g. |

Kinematic viscosity, average molecular weights, dispersion of the
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(Tabl e 3 conti nued) - 112 - Table 3 (Part 3) result of hydrolysis test
sanpl e oil appear ance appearance total acid value of

pi ece of copper (mg KOH Q)

- 107 -

molecular weight, compatibility with Flon, volume intrinsic resistance
and stability to hydrolysis of the polymer of isobutyl vinyl ether obtained
above were measured. The resuits are shown in Table 3.
The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 43, Figure 44 and Figure 45,
respectively.
| By the same reason as in Example 17, the polymer obtained above
did not contain any of an unsaturated bond, an acetal structure and an

aldehyde structure.

Example 25

Average molecular weights and dispersion of molecular weight of
the 1-ethoxy-1-propene polymer obtained in Example 7E described above
were measured. The results of the measurements are shown in Table 3
together with the results of measurements of kinematic viscosity,
compatibility with Flon and volume intrinsic resistance."

The infrared absorption spectrum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 46, Figure 47 and Figure 48,
respectively.

By the_ same reason as in Example 17, the polymer obtained above
did not contain any of an unsaturated bond, an acetal structure and an

aldehyde structure.

Example 25A i
Into a 500 ml glass flask equipped with a dropping funnel, a cooler
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Exampl e 17 good 0. 5> good Exanple 18

good 0. 5> good Exanple 19 good
0. 5> good Exanple 20 good 0. 5>
good Exanple 21 good 0. 5> good
Exanpl e 22 good - 108 9.5> good Exanpl e 23
good - 0. 5> i good Exanple 24 good
0. 5> good Exanpl e 25 good 0. 5>
good Exanpl e 25A good 0. 5> good

and é. stirrer, 100 g of toluene, 21.3 g of acetaldehyde dimethoxyethyl
acetal and 0.45 g of boron trifluoride diethyl etherate were charged. Into
a dropping funnel, 112 g of me;thoxyethyl vinyl ether was charged and
dropped in 50 minutes. The temperature of the reaction solution
increased by the heat of reaction and the temperature was kept at about
25°C by cooling with an ice water bath. After finishing the dropping, the

| solution was further stirred for 5 minutes. The reaction mixture was
transferred to a washing vessel and 200 ml of chloroform were added to
it. The product was washed with 100 ml of a 5 weight % aqueous solution 4
of sodium hydroxide 3 times and then with 150 ml of water 3 times. The
solvent and unreacted raw materials were removed under reduced
pressure by using a rotary evaporator to obtain 129 g of the crude product.
The crude product had a kinematic viscosity of 33.8 ¢St at 40°C.

Into a 1 liter autoclave made of SUS-316L, 110 g of the crude
product, 300 g of hexane, 5.5 g of Raney nickel and 5.5 g pf zeolite were
charged. Hydrogen was introduced into the autoclave and the pressure
of hydrogen was adjusted to 20 kg/cm2. After stirring for about 30
seconds, the pressure was released. Hydrogen was introduced into the
autoclave again to make the pressure of hydrogen 20 kg/cm?2 and, after
stirring for about 30 seconds, the pressure of hydrogen was released.
After repeaﬁhg this operation once more, the pressure of hydrogen was
ipcreaéed_ to 50 kg/ecm? and the temperature was increased to 130°C in 30
minutes under stirring. The reaction was conducted at 130°C for 2
hours. The reaction proceeded during and after the increase in the

temperature and decrease in the pressure was observed. The increase in
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(End of Table 3) Exanple 26 Into a 5 liter glass flask equipped with a
droppi ng funnel, a cooler and a stirrer, 1000 g of toluene, 195 g of

et hanol -and 5.0 g of boron trifluoride diethyl etherate were charged. The
tenperature of the solution was 14[err]C. To the solution, 102 g of ethyl
vinyl ether was added. The tenperatuw gy .the reaction solution increased
by the heat of reaction and the reaction solution was kept stirring while
it was cooled with an ice water bath. (The tenperature of the solution
reached the maxi mum of 21[err]C 3 minutes after the addition of ethyl vinyl
ether. The reaction was

the pressure with increase in the temperature and the decrease in the
pressure with the. reaction weré suitably compensated by decreasing or
increasing the pressure and the pressure of hydrogen was kept at 50’
kg/cm?2 during the reaction. After finishing the reaction, the reactmn
mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. The catalyst was precipitated by
standing for 1 hour and the reaction liquid was separated by decantation.
The ca_talyst was washed with 30 ml of hezane twice. The washing liquid
was combined with the reaction liquid and filtered with a filter paper.
Hexane was removed from the combined liquid under reduced pressure
by using a rotary evaporatof and 200 ml of chloroform was added to the
remaining product. The product was then transfefred. to a washing
vessel and washed with ‘100 ml of a 5 weight % aqueous solution of
sodium hydroxide 3 times and then with 150 ml of distilled water 5 times.
The solvent, water and the like were removed under reduced pressure by
using a rotary evaporator. The yield was 94 g.

Kinematic viscosity, compai:ibility with Flon and stability to
hydrolysis of the polymer of methoxyethyl vinyl ether obtained above were
measured. The results are shown in Table 3.

The infrared absorption spectfum, the 13C-NMR chart and the 1H-
NMR chart are shown in Figure 49, Figure 50 and Figure 51,
respectnrely

By the same reason as in Example 17, the polymer obtained above
did not contain any of an unsaturated bond, an acetal structure and an
aldehyde structure.

t
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- 113 - conducted by cooling with the ice water bath in all the follow ng
procedures.) \Wen the tenperature decreased to 15[ err]C, 102 g of ethyl
The generation of heat was observed agai n and
the tenperature increased. Wien the tenperature decreased to 15[ err]C, 102
g of ethyl vinyl ether was added further., The generation of heat was

vi nyl ether was added agai n.

observed again and the tenperature of t

Table 3 (Part. 1)

e solution was al so

kinematic viscosity

molecular weight

volume intrinsic

(cSt) resistance

40°C 100°C weight number dispersion at80°C

average average (Q-cm)
Example 17 16.5 3.41 492 439 1.12 2.3x1013
Example 18 316 5.15 615 529 1.16 1.5x1014
Example 19 55.2 7.32 2 608 1.19 5.8x1013
Example 20 28.3 4.37 570 462 123 5.3x1013
Example21° 228 3.77 547 470 116 6.1x1012
Example 22 744 8.60 798 488 164 4.4x1012
Example 23 40.0 5.85 706 525 1.35 1.9x1013
Example 24 59.0 7.05 996 524 1.90 1.4x1013
Example 25 26.8 420 436 9 1.10 6.5x1013
Example 25A 6.29 - - - - '

304

(Table 3 continued)
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I ncreased. \Wen decrease in the tenperature of the solution was observed,
ethyl vinyl ether was dropped and the generation of heat was observed

i mMedi ately in response to the addition. Thereafter, 2700 g of ethyl vinyt
et her was dropped into the solution at about constant speed (about 20
cc/mnute) in such a manner that the_t erature of the reaction solution
was kept constant at 25[err]C. After finishing the dropping, the reaction
m xture was transferred to a washing vessel and washed with 1000 m of a 3
wei ght” % aqueous sol ution of sodi um hydroxide 3 tinmes and then with 1000 n
of water 3. tinmes. The solvent and | ow boiling conponents were renoved under
reduced pressure by

Table 3 (Part 2)

compatibility with Flon 134a

temperature of separation temperature of separation
at low temperature (°C) at high temperature (°C)
5% 10% 5% 10%

Example 17 ~80.0> ~-60.0> 80.0< 80.0<
Example 18 * —60.0> -60.0> 80.0< 80.0<
Exa_mple 19 -60.0> -60.0> 80.0< 80.0<
Example 20 -60.0> —60.0> 80.0< 80.0<
Example 21 -60.0> -60.0> 80.0< 80.0<
Example 22 -60.0> -60.0> 80.0< 80.0<
Example 23 -60.0> —-60.0> 80.0< 80.0<
Example 24 insoluble insoluble insoluble insoluble
Example 25 -60.0> ~60.0> 80.0< 80.0<
Example 25A -60.0> -60.0> 80.0< 80.0<

(Tabie 3 continued)
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using a rotary evaporator to obtain 3040 g of the product. The product had
| ight yellow color. The product had a kinematic viscosity of 44.3 cSt at
40[err]C and 5.90 cSt at 100[err]C. Exanple 27 Into a 500 m glass flask
equi pped with a dropping funnel, a cooler and a stirrer, 36 g of
acet al dehyde diethyl acetal, 80 g of §phuene and 0.36 g of boron
trifluoride diethyl etherate were charged. The tenperature of

Table 3 (Part3)

result of hydrolysis test
sample oil appearance
appearance " total acid value of piece of copper
(mg KOH/g)
Example 17 good 0.5> - good
Example 18 good 0.5> good
Example 19 good 0.5> good
Example 20 good 0.5> good
Example 21 good 0.5> good
Example 22 good 0.5> good
Example 23 good 0.5> good
Example 24 good 0.5> good
Example 25 ' good 0.5> good
Example 25A good 0.5> good

(End of Table 3)

Example 26 _

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a stirrer, 1000 g of toluene, 195 g of ethanol and 5.0 g of boron
trifluoride diethyl etherate were charged. The temperature of the
solution was 14°C. To the solution, 102 g of ethyl vinyl ether was added.
The temperature of the reaction solution increased by the heat of reaction
and the reaction solution was képt stirring while it was cooled with an
ice water bath. (The temperature of the solution reached the maximum

of 21°C 3 minutes after the addition of ethyl vinyl ether. The reaction was
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- 114 - the solution was 15[ err]C. Wien ethyl vinyl ether was dropped into
the solution, generation of heat was observed inmmediately in response to
the addition of ethyl vinyl ether and 256 g of ethyl vinyl ether was
dropped at about constant speed (about 5 cc/mnute) in such a manner that
the tenperature of the reaction solutyey was kept constant at 25[err]C
while the reaction solution was cooled with an ice water bath. After
finishing the dropping, the reaction nmxture was transferred to a washing
vessel and washed with 100 ml of a 3 wei ght % aqueous solution of sodium

conducted by cooling with the ice water bath in all the following
procedures.) When the temperature decreased to 15°C, 102 g of ethyl
vinyl ether was added again. The generation of heat was observed again
and the temperature increased. When the temperature decreased to
15°C, 102 g of ethyl vinyl ether was added further. The generation of heat
was observed again and the temperature of the solution was also
increased. When decrease in the temperature of the solution was
observed, ethyl vinyl ether was dropped and the generation of heat was
observed immediately in response to the addition. Thereafter, 2700 g of
ethyl vinyl ether was dropped into the solution at about constant speed
(about 20 cc/minute) in such a manner that the temperature of the
reaction solution was kept constant at 25°C. After finishing the
dropping, the reaction mixture was transferred to a washing vessel and
washed with 1000 ml of a 3 weight % aqueous solution of sodium
hydroxide 3 times and then with 1000 ml of water 3 times. The solvent
and low boiling components were removed under reduced pressure by
using a rotary evaporator to obtain 3040 g of the product. The product
had light yellow color.

The product had é. kinematic viscosity of 44.3 ¢St at 40°C and 5.90
cSt at 100°C.

Example 27
Into a 500 ml glass flask equipped with a dropping funnel, a cooler
and a stirrer, 36 g of acetaldehyde diethyl acetal, 80 g of toluene and 0.36

g of boron triﬂuoridé diethyl etherate were charged. The temperature of
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hydroxide 3 tines and then wwth 100 ml of water 3 tinmes. The sol vent and
| ow boi |l i ng conponents were renoved under reduced pressure by using a
rotary evaporator to obtain 277 g of the product. The product had |ight
yel l ow col or. The product had the kinematic viscosity of 130.7 cSt at
40[err]C and 11.8 cSt at 100[err]C Ex gglg 28 Into a 500 mM gl ass flask
equi pped with a dropping funnel, a coo and a stirrer, 18 g of
acet al dehyde di ethyl acetal, 80 g of toluene and 0.18 g of boron
trifluoride diethyl etherate were charged. The tenperature of

‘the solution was 15°C. When ethyl vinyl ether was dropped into the
solution, generation of heat was. observed immediately in response to the
addition of ethyl vinyl ether and 256 g of ethyl vinyl ether was dropped at
about constant speed (about 5 cc/minute) in such a manner that the
temperature of the reaction solution was kept constant at 25°C while the
reaction solution was cooled with an ice water ba.th. After ﬁnishing the
dropping, the reaction mixture was transferred to a washing vessel and
washed vc{ith 100 ml of a 3 weight % aqueous solution of sodium
hydroxide 3 times and then with 100 ml of water 3 times. The solvent and
low boiling components were removed under reduced pressure by using
a rotary evaporator to obtain 277 g of the product. The product had light
yellow color. .

The product had the kinematic viscosit;.y of 130.7 ¢St at 40°C and
11.8 ¢St at 100°C.

Example 28

Into a 500 ml glass flask equipped with a dropping funnel, a cooler
and a stirrer, 18 g of acetaldehyde diethyl acetal, 80 g of toluene and 0.18
g of boron trifluoride diethyl etherate were charged. The temperature of
the solution. was 15°C. When ethyl vinyl ether was dropped into the
solution, generation of heat was observed immediately in response to the
addition of ethyl vinyl ether and 256 g of ethyl vinyl ether was dropped at
about constant speed (about 5' cc/minute) in such a manner that the
temperature of the reaction solution was kept constant at 25°C while the .

reaction solution was cooled with an ice water bath. After finishing the
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the solution was 15[ err] C. When ethyl vinyl ether was dropped into the

sol ution, generation of heat was observed immediately in response to the
addition of ethyl vinyl ether and 256 g of ethyl vinyl ether was dropped at
about constant speed (about 5 cc/mnute) in such a manner that the
tenperature of the reaction solution_ waggkept constant at 25[err]C while
the reaction solution was cooled with an ice water bath. After finishing

t he - 115 - )

dropping, the reaction mixture was transferred to a washing vessel and
washed with 100 ml of a 3 weight % aqueous solution of sodium .
hydroxide 3 times and then with 100 ml of water 3 times. The solvent and
low boiling components were removed under reduced pressure by using
a rotary evaporator to obtain 261 g of the prbdﬁct. The product had light
yellow color. The product had a kinematic viscosity of 993.1 ¢St at 40°C
and 44.7 ¢St at 100°C. '

Example 29

Into a 500 ml glass ﬂ.ask equipped with a dropping funnel, a cooler
and a stirrer, 9 g of acetaldehyde diethyl acetal, 80 g of toluene and 0.09 g
of boron trifluoride diethyl etherate were charged. The temperature of
the solution was 15°C. When ethyl vinyl ether was dropped into the
solution, generation of heat was observed immediately in response to the
addition of ethyl vinyl ether and 256 g of ethyl vinyl ether was dropped at
about constant speed (about 5 cc/minute) in such a manner that the
temperature of the reaction solution was kept constant at 25°C while the
reaction solution was cooled with an ice water bath. After finishing the
dropping, the reaction mixture was transferred to a washing vessel and
washed with 100 ml of a 3 weight % aqueous solution of sodium
hydroxide 3 times and then with 100 ml of water 3 times. The solvent and
low boiling components were removed under reduced pressure by using
a rotary evaporator to obtain 255 g of the product. The product had light
yellow color.

‘The product had a kinematic viscosity of 9356 ¢St at 40°C and 225.5
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dropping, the reaction m xture was transferred to a washi ng vessel and
washed with 100 mM of a 3 weight % aqueous sol ution of sodi um hydroxide 3
times and then with 100 mM of water 3 times. The solvent and | ow boiling
conponents were renoved under reduced pressure by using a rotary evaporator
to obtain 261 g of the product. The_pipguct had |light yellow color. The
product had a kinematic viscosity of 993.1 cSt at 40[err]C and 44.7 cSt at
100[err] C. Exanple 29 Into a 500 ml glass flask equi pped with a dropping
funnel, a cooler and a stirrer, 9 g of acetal dehyde diethyl acetal, 80 g of
toluene and 0.09 g

¢St at 100°C.

Example 30

Into a 500 ml glass flask equipped with a dropping funnel, a cooler

and a stirrer, 4 g of acetaldehyde diethyl acetal, 80 g of toluene and 0.04 g

. of boron trifluoride diethyl etherate were charged. The temperature of
the solution was 15°C. When ethyl vinyl ether was dropped into the
solution, generation of heat was observed immediately in response to the
addition of ethyl vinyl ether and 256 g of ethyl vinyl ether was dropped at
about constant speed (about 5 cc/minute) in such a manmer that the
tempei'ature of the reaction solution was kept constant at 25°C while the
reaction solution was cooled with an ice water bath. After finishing the
dropping, the reaction mixture was transferred to a washing vessel and
washed with 100 ml of a 3 weight % aqueous solution of sodium
hydroxide 3 times and then with 100 ml of water 3 times. The solvent and
low boiling components were removed under reduced_pi-'essure_ by using
a rotary evaporator to obtain 252 g of the product. The product had light
yellow color.

The product had a weight-average molecular weight of 2079 and a
number-average molecular weight of 6750.

The average molecular weights were obtained by GPC
measurement under the following conditions (These conditions were
used in this Example only.):

Apparatus: a product by Nippon Bunko Co., Ltd. (pump)

SHODEX RI SE-61 (detector)
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of boron trifluoride diethyl etherate were charged. The tenperature of the
solution was 15[err]C. Wen ethyl vinyl ether was dropped into the
solution, generation of heat was observed imediately in response to the
addi tion of ethyl vinyl ether and 256 g of ethyl vinyl ether was dropped at
about constant speed (about 5 cc/mpuyey Ln such a manner that the :
tenperature of the reaction solution was kept constant at 25[err]C while
the reaction solution was cooled with an ice water bath. After finishing
the dropping, the reaction mxture was transferred to a washing vessel and
washed with 100 ml of a 3 weight % aqueous sol ution of sodi um hydroxi de 3
times and then with 100 ml of water 3 tinmes. The sol vent and

Column: TSK HM+GMH6x2+G2000H8
Temperature: room temperature
Solvent: THF

Speed of elution: 1.4 ml/minute
Standard substance: polystyrene

Example 31

Into a 500 ml glass flask equipped with a dropping funnel, a cooler
and a stirrer, 16 g of acetaldehyde diethyl acetal, 80 g of toluene and 0.16
g of boron trifluoride diethyl etherate were charged. The temperature of
the solution was 15°C. When ethyl vinyl ether was dropped into the
solution, generation of heat was observed immediately in response to the
addition of ethyl vinyl ether and 256 g of ethyl vinyl ether was dropped at
about constant speed (about 5 cc/minute) in such a manner that the
temperature of the reaction solution was kept constant at 25°C while the
reaction solution was cooled with an ice water bath. After finishing the
dropping, the reaction mixture was transferréd to a washing vessel and
washed with 100 ml of a 3 weight % aqueous solution of sodium
hydroxide 3 times and then witix 100 ml of water 3 times. The solvent and
low boiling components were removed under reduced pressure by using
a rotary evaporator to obtain 262 g of the product. The product had light
yellow color. | '

The product had a kinemé.tic viscosity of 1746 ¢St at 40°C and 64.6
cSt at 100°C. | | |
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| ow boiling conponents were renoved under reduced pressure by using a
rotary evaporator to obtain 255 g of the product. The product had |ight

yel | ow col or. The product had a kinematic viscosity of 9356 cSt at 40[err]C
and 225.5 - 116 - cSt at 100[err]C. Exanple 30

- 118 -

Example 32

Into a 500 ml glass flask equipped with a dropping funnel, a cooler
and a st_irrer, 15 g of acetaldehyde diethyl acetal, 80 g of toluene and 0.15
g of bo;o;l trifluoride diethyl etherate were charged. The temperature of
the solution was 15°C. When ethyl vinyl ether was dropped into the
solution, generation of heat was observed immediately in response to the
addition of ethyl vinyl ether and 256 g of ethyl vinyl ether was dropped at
about constant speed (about 5 cc/minute) in such a manner that the
temperature of the reaction solution was kept constant at 25°C while the
reaction solution was cooled with an ice water bath. After finishing the
dropping, the reaction mixture was transferred to a washing vessel and
washed with 100 ml of a 3 weight % aqueous solution of sodium
hydroxide 3 times and then with 100 ml of water 3 times. The solvent and
low boiling componenté were removed ﬁnder reduced pressure by using
a rotary evaporator to obtain 260 g of the product. The product had light
yellow color. h o

The product had a kinematic viscosity of 1903 ¢St at 40°C and 68.1
¢St at 100°C.

Example 33

Into a 500 ml glass flask equipped with a dropping funnel, a cooler
and a stirrer, 4 g of acetaldehyde diethyl acetal, 30 g of toluene and 0.4 g
of FeClz-6H20 were charged. The temperature of the solution was 10°C.
When ethyl vinyl ether was dropped into the solution, generation of heat

was observed immediately in response to the addition of ethyl vinyl ether
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Into a 500 mM gl ass flask equi pped with a dropping funnel, a cooler and a
stirrer, 4 g of acetal dehyde diethyl acetal, 80 g of toluene and 0.04 g of
boron trifluoride diethyl etherate were charged. The tenperature of the
solution was 15[err]C. Wen ethyl vinyl ether was dropped into the

sol ution, generation of heat was obserjqgl i mediately in response to the
addition of ethyl vinyl ether and 256 g of ethyl vinyl ether was dropped at
about constant speed (about 5 cc/minute) in such a manner that the
tenperature of the reaction solution was kept constant at 25[err]C while
the reaction solution was cooled with an ice water bath. After finishing
the dropping, the reaction mxture was transferred to a washing vessel and

and 30 g of ethyl vinyl ether was dropped at about constant speed in such
a manner that the temperature of the reaction solution was kept constant
at 10°C while the reaction solution was cooled with an ice water bath.
After finishing the dropping, the reaction mixture was transferred to a
washing vessel and washed with 15 ml of a 3 weight % aqueous solution
of sodium hydroxide 3 times and then with 15 ml of water 3 times. The
solvent and low boiling components were removed under reduced
pressure by using a rotary evapofator to obtain 30.6 g of thé product. The
product had dark ye110§v color.

The product had a kinematic viscosity of 21.86 cSt at 40°C and 3.94
¢St at 100°C.

Example 34

Into a 500 ml glass flask equipped with a dropping funnel, a cooler
and a stirrer, 3 g of acetaldehyde diethyl acetal, 30 g of toluene and 0.18 g
of FeCl3 were charged. The temperature of the solution was 15°C. When
ethyl vinyl ether was dropped into the .solution, generation of heat was
observed immediately in response to the addition of ethyl vinyl ether and
30 g of ethyl vinyl ether was dropped at about constant speed in such a
manner that the temperature of the reaction sélution was kept constanﬁ
'at'30°C while the reaction solution was cooled with an ice water bath.
After finishing the dropping, the reaction mixture was transferred to a
washing vessel and washed with 15 ml of a 3 weight % aqueous solution
of sodium hydroxide 3 times and then with 15 ml of water 3 times. The

solvent and low boiling componehts were removed under reduced
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washed with 100 ml of a 3 weight % aqueous sol ution of sodi um hydroxi de 3
times and then with 100 mM of water 3 tinmes. The solvent and | ow boiling
conponents were renoved under reduced pressure by using a rotary evaporator
to obtain 252 g of the product. The product had |ight yellow color. The
product had a wei ght-average nol ecularpagpeight of 2079 and a nunber-average
nol ecul ar wei ght of 6750. The average nol ecul ar wei ghts were obtai ned by
GPC neasurenent under the follow ng conditions (These conditions were used

in this Exanple only.):

pressure by using a rotary evaporator to obtain 29.4 g of the product. The
product had dark yellow color. |

The product had a kinematic viscosity of 326.7 ¢St at 40°C and 25.69
¢St at 100°C.

Example 35

Into a 1 liter autoclave made of SUS-316L, 100 g of acetaldehyde
diethyl acetal, 100 g of n—heptane, 3.0 g of Raney nickel and 3.0 g of zeolite
were charged. Hydrogen was introduced into ﬁhe 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 make the pressure of hydrogen 10 kg/cm?2 and,
aﬁz_ar stirring for about 30 seconds, the pressure of hydrogen was
released. Then, the pressure of hydrogen was increased to 30 kg/cm?2
and the temperature was increased to 130°C in 30 minutes under
stirring. The reaction was conducted at 130°C for 2 hours and 30
minutes. The reactidn proceeded during and after the increase in the
temperature and decrease in the pressure was observed. The inérease in
the pressure with increase in’the temperature and the decrease in the
pressure with the reaction were suitably compensated by decreasing or
increasing the pressure and the pressure of hydfogen was kept at 30
kg/em? during the reaction. After finishing the reaction, the reaction
mixture was cooled to 20°C and the pressure was decreased to
atmospheric pressure. Qualitative analysis and quantitative analysis

were made with the reaction product by gas chromatography. . The
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conversion of acetaldehyde diethyl acetal was 94.9 % and the selectivity to
diethyl ether was 68.3 %.

Example 36
| Into a 1 liter autoclave made of SUS-316L, 100 g of propionaldehyde
diethyl acetal, 100 g of n-octane, 6.0 g of Raney nickel and 6.0 g of zeolite
were- charged. 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 agaiﬁ to make the pressure of hydrogen 10 kg/cm?2 and,
after stirring for about 30 seconds, the pressure of hydrogen was
released. Then, the pressure of hydrogen was increased to 30 kg/cm?2
a_nd the temperature was increased to 130°C in 30 minutes under
stirring. The reaction was conducted at 130°C for 1 hour and 30 minutes.
The reaction proceeded during and after the increase in the temperature
and decrease in the pressure was observed. The increésé in the pressure
with increase in the temperature and the decrease in the pressure with
- the reaction were suitably compensated by decreasing or increasing the
pressure and the pressux;e of hydrogen was kept at 30 kg/cm?2 during the
reaction. After finishing the reaction, the reactibn mixture was cooled to
20°C and the pressure was decreased to at‘xﬁbsphez‘ic pressure.
‘Qualitative analysis and qﬁantitative analysis weré'conducted with the
' reaction product by gas chromatography. The conversion of
propionaldehyde diethyl acetal was 97.0 % and the selectivity to ethyl n-

propyl ether was 72.0 %.
| ‘This is the replacement sheet
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Speed of elution: 1.4 m/mnute Standard substance: pol ystyrene Exanpl e
31 Into a 500 m. glass flask equipped with a dropping funnel, a cooler and
a stirrer, 16 g of acetal dehyde diethyl acetal, 80 g of toluene and 0.16 g
of boron trifluoride diethyl etherate were charged. The tenperature of the
solution was 15[err] C. \Wen et hyl vithzgther was dropped into the

sol ution, generation of heat was observéd i mediately in response to the
addition of ethyl vinyl ether and 256 g of ethyl vinyl ether was dropped at
about constant speed (about 5 cc/mnute) in such a manner that the

Example 37
(1) Preparation of material ‘

Into a 5 liter glass flask equipped with a dropping funnel, a cooler
and a sﬁrrer, 1000 g of toluene, 500 g of acetaldehyde diethyl acetal and
5.0 g of boron trifluoride diethyl etherate were charged. Into a dropping
funnel, 2500 g of ethyl vinyl ether was charged and dropped in 2 hours
and 30 minutes. During this period, the reaction started and the
temperature of the reaction solution increased. The temperature was
kept at about 25°C by cooling with an ice water bath. After finishing the
dropping, the solution was further stirred for 5 minutes. The reaction -
mixture was transferred to a washing vessel and washed with 1000 ml of
a 5 weight % aqueous solution of sodium hydroxide 3 times and then with
1000 ml of water 3 times. The solvent and unreacted raw materials were
removed under reduced pressure by using a rotary evaporator to obtain
2833 g of the product. The H-NMR chart of this product is shown in
Figure 52. From this figure, the product was found to have the
structures of the following formulae (A') and (B"). The product had a
kinematic viscosity of 5.18 ¢St at 100°C and 38.12 ¢St at 40°C. |

?Et ?Et
(')Et | |
H—~(CH,CH), - CH = CHOEt B"

The ratio of numbers of molecule was (A") : (B) = 4.5 : 1 and the
éverage value of u was 5.6.

(2) Into a 1 liter autoclave made of SUS-316L, 200 g of the oligomer
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tenperature of the reaction solution was kept constant at 25[err]C while
the reaction solution was cooled with an ice water bath. After finishing
the dropping, the reaction mxture was transferred to a washing vessel and
washed with 100 m of a 3 weight % aqueous sol ution of sodi um hydroxide 3
times and then with 100 M of water 3 44g4ms. The solvent and | ow boiling
conponents were renoved under reduced pressure by using a rotary evaporator
to obtain 262 g of the product. The product had |ight yellow color. The
product had a kinematic viscosity of 1746 cSt at 40[err]C and 64.6 cSt at
100[err] C

’

prepared in (1) described above, 6.0 g of Raney nickel and 6.0 g of zeolite
were charged. 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 make the pressure of hydrogen 10 kg/cm? and,
. after stirring for about 30 seconds, the pressure of hydrogen was
released. After repee.ting this operation once more, the pressure of
hydrogen was increased to 25 kg/cm2 and the temperature was increased
to 140°C in 30 minutes under stirring. The reaction was conducted at _
140°C for 2 hours. The reaction proceeded during and after the increase
in the temperature and decrease in the pressure was observed. The
increase in the pressure with increase in the temperature and the
decrease in the pressure with the reaction were suitably compensated by
decreasing or increasing the pressure and the pressure of hydrogen was
kept at 25 kg/cm? during the reaction. After finishing the reaction, the
reaction mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. To the reaction mixture, 100 ml of
hexane was added. The catalyst was precipitated by standing for 30
minutes and the reaction solution was separated by decantation. The
hexane solution was combined with the re.action solution and filtered
with a filter paper. The catalyst was reused in Example 39. Hexane,
water and the like were removed under reduced pressure by using a
rotary evaporator. The yield was 162 g.
The 1H-NMR chart of this product is shown in Figure 53. From

this chart, the raw material acetal was found to have been converted to
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-118- Exanple 32 Into a 500 mM glass flask equi pped with a dropping funnel,
a cooler and a stirrer, 15 g of acetal dehyde diethyl acetal, 80 g of
toluene and 0.15 g of boron trifluoride diethyl etherate were charged. The
tenperature of the solution was 15[ err] C. When ethyl vinyl ether was
dropped into the solution, generatiqnigfy heat was observed i mediately in
response to the

the ether compound shown by the formula (C'):
OEt
H—-(CHzclH),, - CH,CH,0Et (C"
wherein Et is an ethyl group. The conversion was 100 %. The kinematic
viscosity was 4.90 at 100°C and 29.50 at 40°C. The oligomer of ethyl vinyl
ether having the formula (B') described above was also converted to the

ether compound having the formula (C') described above.

Example 38

Into a 1 liter autoclave made of SUS-316L, 200 g of the oligomer
prepared in Example 37 (1) described above, 20 g of Raney nickel and 20 g
of zeolite were charged.' Hydrogen was introduced into the autoclave and
the pressure of hydrogen was adjusted to 7 kg/cm2. After stirring for
about 30 seconds, the pressure was released. After repeating this
operation once more, the pressure of hydrogen was brought to 7 kg/cm?
and the temperature was increased to 1-3.0‘_’C in 30 minutes under
stirring. The reaction was conducted at 130°C for 2 hours and 30
minutes. The reaction proceeded during and after the increase in the
temperature and decrease in the pressure was observed. The increase in
the pressure with increase in the temperature and the decrease in the
pressure with the reaction were suitably compensated by decreasing or
increasing the pfessure and the pressure of hydrogen was kept at 7
kg/cm? during the reaction. After finishing the reaction, the reaction
mixture was cooled to room temperature and the pressure was

decreased to atmospheric pressure. The reaction mixture was filtered
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addition of ethyl vinyl ether and 256 g of ethyl vinyl ether was dropped at
about constant speed (about 5 cc/mnute) in such a manner that the
tenperature of the reaction solution was kept constant at 25[err]C while
the reaction solution was cooled with an ice water bath. After finishing
the dropping, the reaction mxture wagqdg ansferred to a washing vessel and
washed with 100 ml of a 3 weight % aqueous solution of sodium hydroxide 3
times and then with 100 mM of water 3 times. The solvent and | ow boiling
conponents were renoved under reduced pressure by using a rotary evaporator
to obtain 260 g of the product. The product had |ight yellow col or. '

and water and the like were removed from the solution part under
reduced pressure by using a rotary evaporator. The yield was 160 g. By
this procedure, the same ether compound as in Example 37 (2) was
obtained from the raw material acetal and the conversion was 100 %.

The kinematic viscosity was 4.77 at 100°C and 30.27 at 40°C.

Example 39 _

In the autoclave used in Example 37 (2) in which the catalyst was
remaining,. 200 g of the oligomer prepared in Example 37 (1)’was charged
and the reaction was performed by the same method as in Example 37
(2). The yield was 164 g. By this procedure, the same ether compound
was obtained as in Example 37 (2) from the material acetal and the
conversion was 100 %. The kinematic viscosity was 4.93 at 100°C and

29.13 at 40°C.

Example 40
(1) Preparation of material

The reaction was performed by the same method as in Example 37
(1) except that the amount of acetaldehyde was 450 g, the amount of the
boron trifluoride etherate was 4.5 g and the -amount of ethyl vinyl ether
was 2800 g. The yield was 3175 g. .The product had the same structure as
that in Example 37 (1). The kinematic viscosity was 6.79 at 100°C and
59.68 at 40°C. The ratio of the numbers of molecule was (A0 : (B) =8:1
and the average valué of u was 6.8.

(2) Into a 1 liter autoclave made of SUS-316L, 200 g of the oligomer
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The product had a kinematic viscosity of 1903 cSt at 40[err]C and 68.1 cSt
at 100[err]C Exanple 33 Into a 500 m glass flask equi pped with a dropping
funnel, a cooler and a stirrer, 4 g of acetal dehyde diethyl acetal, 30 g of
toluene and 0.4 g of FeC[err]-6H err] O were charged. The tenperature of
the solution was 10[err] C. \Wen ethyl yhgylL ether was dropped into the

sol ution, generation of heat was observed imedi-ately in response to the
addi tion of ethyl vinyl ether

prepared in (1) described above, 10 g of Raney nickel and 15 g of activated
clay were charged. Hydrogen was introduced into the autoclave and the
pressure of hydrogen was adjusted to 10 kg/cm2. After stirring for about
30 secoﬁds, the lpressure was released. Hydrogen was introduced into
the autoclave again and the pressure of hydrogen was adjusted to 10
kg/cm2. After stirring for about 30 seconds, the pressure was released.
After repeating this operation once more, the pressure of hydrogen was
increased to 30 kg/cm? and the temperatﬁre- was increased to 150°C in 40
minutes uﬁder stirring. The reaction was conducted at 150°C for 1 hour.
The reactidn proceeded during and after the increase in the temperature
and decrease in the pressure was observed. The incféase in the pressure
with increase in the temperature and the decrease in the pressure with
the reaction were suitably compensated by decreasing or increasing the
pressure and the pressure of hydrogen was kept at 30 kg/cm2 during the
reaction. After finishing the reaction, the reaction mixture was cooled to
room temperature and the pressure was’ decreased to atmospheric
pressure. The reaction mixture was filtered and water and the like were
removed from the solution part under reduced pressure by using a rotary
evaporator. The yield was 158 g. By this procedure, the same ether
compound as in Example 37 (2) was obtained from the raw material
acetal and the con_version was 100 %. The kinematic viscosity was 7.06

at 100°C and 57.32 at 40°C.

Example 41
Into a 1 liter autoclave made of SUS-316L, 200 g of the oligomer
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- 119 - and 30 g of ethyl vinyl ether was dropped at about constant speed

i n such a manner that the tenperature of the reaction solution was kept
constant at 10[err]C while the reaction solution was cooled with an ice

wat er bath. After finishing the dropping, the reaction m xture was
transferred to a washing vessel and washed with 15 m of a 3 weight %
aqueous solution of sodium hydroxide 3 {ines and then with 15 mM of water 3
times. The solvent and | ow boiling conponents were renoved under reduced
pressure by using a rotary evaporator to obtain 30.6 g of the product. The

prepared in Example 37 (1) described above, 10 g of zeolite and 5.0 g of
Pd/C (supporting 5 % of Pd, a product of Wako Jun-yaku Co., Ltd.) were
charged. Hydrogen was introduced into the autoclave and the pressure
of hydrogen was édjusted to 7 kg/em2, After stirring for about 30
seconds, the pressure was released. Hydrogen was introduced into the
autoclave again and the pressure of hydrogen was adjusted to 7 kg/cm?2.
After stirring for about 30 seconds, the pressure was released. After
repeating this operation once more, the pressure of hydrogen was
brought to 7 kg/cm? and the temperature was increased to 120°C in 30 |
minutes under stirring. The reaction was conducted at 120°C for 7
hours. The reaction p_roceeded during and after the increase in the
temperature and decreaée in the pressure was observed. The increase in
the pressure with increase in the temperature and the decrease in the
pressure with the reaction were suitably compensated by decreasing or.
increasing the pressure and the pressure of hydrogen was kept at 7
kg/cm2 during the reaction. After finishing the reaction, the reaction
ﬁlixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. The reaction mixture was filtered
and water and the like were removed from the solution part under
reduced pressure by using a rotary evaporator. The yield was 167.2 g. By
this procedure, the same ether compound as in Example 37 (2) was
obtained from the raw material acetal and the conversion was 100 %.

The kinematic viscosity was 5.28 at 100°C and 32.93 at 40°C.

Example 42
This is the replacement sheet

pate: 19 0CT 19%6



product had dark yellow col or. The product had a kinematic viscosity of
21.86 cSt at 40[err]C and 3.94 cSt at 100[err]C. Exanple 34 Into a 500 m

gl ass flask equi pped with a dropping funnel, a cooler and a stirrer, 3 g of
acet al dehyde di ethyl acetal, 30 g of toluene and 0.18 g of FeC [err] were
charged. The tenperature of the solutjgog was 15[err]C. Wien ethyl vinyl

et her was dropped into the solution, generation of heat was observed

i mmedi ately in response to the addition of ethyl vinyl ether and 30 g -of

et hyl vinyl ether was dropped at about constant speed in such a

Into a 1 liter autoclave made of SUS-316L, 200 g of the oligomer
prepared in (1) described above, 20 g of zedlite and 20 g of RwC
(supporting 5 % of Ru, a product of Wako Jun-yaku Co., Ltd.) were
charged. Hydrogen was introduced into the autoclave and the pressure
of hydrogen was adjusted to 30 kg/cm2. After stirring for about 30
seconds, the pressure was released. Hydrogen was introduced into the
autoclave again and the pressure of hydrogen was adjusted to 30 kg/cm?2.
After stirring for about 30 seconds, the pressure was released. After
repeating this operation once more, the pressure of hydrogen was
Brought to 30 kg/cm?2 and the temperature was increased to 130°C in 30
minutes under stirring. The reaction was conducted at 130°C for 1 hour.
The reaction proceeded during and after the increase in the temperaturé
and decrease in the pressure was observed. The increase in the pressure
with increase in the temperature and the decrease in the pressure with
the reaction were suitably compensated. by decreasing or increasing the
pressure and the pressure of hydrogen was kept at 30 kg/cm? during the
reaction. After finishing the reaction, the reaction mixture was cooled to
room temperature and the pressure was decreased to atmospheric
pressure. The reaction mixturé was filtered and water and the like were
removed from the solution part under reduced pressure by using a rotary
evaporator. The yield was 156 g. By this procedure, the same ether
compound as in Example 37 (2) was obtained from the raw material
acetal and the conversion was 160 %. The kinematic viscosity was 5.18

at 100°C and 31.53 at 40°C.
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manner that the tenperature of the reaction solution was kept constant at
30[err]C while the reaction solution was cooled with an ice water bath.
After finishing the dropping, the reaction mxture was transferred to a
washi ng vessel ‘and washed with 15 m of a 3 weight % aqueous sol ution of
sodi um hydroxide 3 tines and then with p m of water 3 tinmes. The sol vent
and | ow boiling conponents were renoved under reduced - 120 -

Example 43

Into a 2 liter autoclave made of SUS-316L, 15 g of Ni-diatomaceous
earth and 350 g of hexane were charged. After replacing the atmosphere
inside of the autoclave with hydrogen, the pressure of hydrogen was
adiusted to 30 kg/cm2. The temperature was increased to 150°C in 30
minutes under stirring and the activation treatment of the catalyst was
conducted for 30 minutes. After cooling the autoclave, 300 g of the
oligomer prepared in Example 37 (1) described above and 15 g of zeolite
were charged into the autoclave. Hydrogen was introduced into the
autoclave and the pressure of hydrogen v'ias adjusted to 30 kg/cm?2. After
stirring for about 30 seconds, the pressure was released. Hydrogen was
introduced into the autoclave again and the pressure of hydrogen was
adjusted to 30 kg/em?2. After stirring for about 30 seconds, the pressure
was released. After repeating this operation once more, the pressure of
hydrogen was brought to 30 kg/cm2 and the temperature was increased
to 130°C in 30 minutes under stirring. The reaction was conducted at
130°C for 1 hour. The reaction proceeded during and after the increase
in the temperature and decrease in the pressure was observed. The
increase in the pressure with increase in the temperature and the
decrease in the pressure with the reaction were suitably compensated by
deci'easing or increasing the pressure and the pressure of hydrogen was
kept at 30 kg/cm? during the reaction. After finishing the reaction, the
reaction mixture was cooled to room temperature and the pressure was
decreased to atmospheric pressure. The reaction mixture was filtered

and water and the like were removed from the solution part under

This is %
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pressure by using a rotary evaporator to obtain 29.4 g of the product. The
product had dark yellow color. The product had a kinematic viscosity of
326.7 cSt at 40[err]C and 25.69 cSt at 100[err]C. Exanple 35 Into a 1 liter
aut ocl ave made of SUS-316L, 100 g of acetal dehyde diethyl acetal, 100 g of
n-heptane, 3.0 g of Raney nickel and 3.9 of zeolite were charged.

Hydr ogen 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

reduced pressure by using a rotary evaporator. The yield was 240 g.
The conversion of the raw material acetal was 100 % like in

Example 37. The kinematic viscosity was 5.38 at 100°C and 33.12 at 40°C.
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the autocl ave again to nmake the pressure of hydrogen 10 kg/cnR2 and, after
stirring for about 30 seconds, the pressure of hydrogen was rel eased. Then,
the pressure of hydrogen was increased to 30 kg/cnjerr] and the tenperature
was increased to 130[err]C in 30 mnutes under stirring. The reaction was
conducted at 130[err]C for 2 hours and,3Q m nutes. m‘l ! m!mm'HMEceeded
during and after the increase in the teémperature 6‘ mmt e :
pressure was observed. The increase in the pressure* withti nfrease in the
tenperature and the decrease in the pressure with the reaction were

sui tably conpensated by decreasing or increasing the pressure and the
pressure of hydrogen was kept at 30

WHAT IS CLAIMED IS:

1. A polyvinyl ether compound which comprises a homopolymer or a
copolymer of an alkyl vinyl ether comprising the constituting units

expressed by the general formula (I) or (I):
OR!

—<CH2"(|JH_)—' T .(D_ or

P
.——((!)I-I—CH +
CH3 (I') ,

wherein Rl is an alkyl group having 1 to 3 carbon atoms, and having a
weight-average molecular weight of 300 to 1200 and one end having the
structure expressed .by the general formula (II): |
ou

—CH,CHOR? . aID
or the formula (III): |

—CH = CHORa (IID,
wherein Rl is as previously defined, R? is a hydrocarbon group having 1

to 8 carbon atoms and R2 is either one of R1 and R2.

2. The polyvinyl ether compound as claimed in Claim 1, wherein the
constituting units expressed by the general formula (I) comprises one

kind of the constituting unit.

3. The polyvinyl ether compound as claimed in Claim 1, wherein the
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kg/ cn2 during the reaction. After finishing the reaction, the reaction
m xture was cooled to 20[err]C and the pressure was decreaset—+t+6——

at nospheric pressure. Qualitative analysis and quantl I S were
made with the reaction product by gas chronat ography a'jm,"ﬁ mﬁl “',
conversion of acetal dehyde diethyl acegtgl was 94.9 % ct I ty to
di ethyl ether was 68.3 %

constituting units expressed by the general formula (I) comprises two or

more kinds of the constituting units.

4. The polyvinyl ether compound as claimed in Claim 1, wherein the
ratio of the weight-average molecular weight to th_e number-average

molecular weight is in the range of 1.05 to 1.50.

5. A polyvinyl ether compound which comprises the constituting units
expressed by the general formula (IV):

R3 R5

by

R4 O(RGO),‘R" (Iv),
wherein R3, R4 and RS are each a hydrogen atom or an alkyl group -
having 1 to 4 carbon atoms, and may be the same or different from each
other, R6 is an alkyler;e group having 2 to 4 carbon atoms, R7 is an alkyl
group having 1 to 10 carbon atoms, k is a number the average of which is
in the range of 1 to 10, R3 to R7 may be the same or different among the
constituting units and R may be the same or different from each other
when .the constituting unit contains a plural RS, said compound not
containing any of an unsaturated bond, an acetal structure and an
aldehyde stl;ucture in the molecule and having a weight-average

molecular wéight of 300 to 3000.

6. The polyvinyl ether compound as claimed in Claim 5, wherein the one

end has the structure expressed by the general formula (V):

This is the replacement sheet
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Exanple 36 Into a 1 liter autoclave made of SUS-316L, 100 g of .
pr opi onal dehyde di ethyl acetal, 100 g of n-octane, 6.0 g of Raney ni ckel
and 6.0 g of zeolite were charged. Hydrogen was introduced into the

autocl ave and the pressure of hydrogen was adjusted to 10 Kg/cnerr]. After

stirring for about 30 seconds, the pressyre was rel . S
I ntroduced into the autoclave again toiééke t he preamﬂmwnmﬁmamlo
kg/cnm2 and, after stirring for about 30 seconds, the presswre®ofs hydrogen

was rel eased. Then, the pressure of hydrogen was increased to 30 kg/cnferr]
and the tenperature was. increased to 130[err]C in 30 m nutes under

R ORUOLRE (v,

wherein R8, R9 and R10 are each a hydrogen atom or an alkyl group
‘having 1 to 4 carbon atoms, and may be the same or different from each
other, R11 is an alkylene group having 2 to 4 carbon atoms, R12 is an alkyl
group having 1 to 10 carbon atoms, m is .a number the average of which
is_in the range of 0 to 10 and a plurality of R110 may be the same or
diﬁ'eregt ﬁ'om each other, and the other end has the structure éxpressed
by the general formula (VI):

1'314 (l)(RmO)nRr’ VD),
wherein R13, R14 and RS are each a hydrogen atom or an alkyl group
having 1 to 4 carbon atoms, and may be the same or different from each
other, R16 is an alkylene group having 2 to 4 carbon atoms, R17 is an alkyl
group having 1 to 10 carbon atoms, n is a number the average of which is
in the range of 0 to 10 and a plurality of R160 may be the same or different
from each other. |

7. The pol};vinyl ether compound as claimed in Claim 5, wherein the
constituting units are expressed by the general formula (VII):
% n
~+C—C- |

wherein R18 is an alkyl group having 1 to 4 carbon atoms and may the
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stirring. The reaction was conducted at 130[err]C for 1 hour and 30

m nutes. The reaction proceeded during and after thW
tenperature and decrease in the pressure was observ he inc t he
pressure with increase in the tenperature and the dec }m\?“ﬁ ure
with the reaction were suitably corrpenag ted by decrea easi*ng t he
pressure and the pressure of hydrogen kept at 30 Kof crff err] during the
reaction. After finishing the reaction, the reaction mxture was cooled to
20[err] C and the pressure was decreased to atnospheric pressure,

Qualitative analysis and quantitative analysis were conducted with the
reacti on product by gas chromatography. The conversion of

same or different among the constituting units.

8. The polyvinyl ether compound as claimed in Claim 7, wherein the
polyvinyl ether compound has the structure expressed by the general

formula:

. H(—C—CAF—H

()R18 (VIII)
wherein R18 is an alkyl group having 1 to 4 carbon atoms and may the "
same or different among the constituting units and p is the degree of

polymerization.

9. The polyvinyl ether compound as claimed in Claim 5, wherein the

weight-average molecular weight is in the range of 400 to 1,000.

10. The polyvinyl ether compound as claimed in Claim 5, wherein the
ratio of the weight-average molecular weight to the number-average

molecular weight is in the range of 1.05 to 2.00.

11. A method of production of a polyvinyl ether compound comprising the
constituting units expressed by the general formula (X): '

R19 R21

£e—49-

Rzo 0(1-‘\'-22(.'3)qu3 X),
wherein R19, R20 and R2! are each a hydrogen atom or a hydrocarbon

group having 1 to 8 carbon atoms, and may be the same or different from
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propi onal dehyde di ethyl acetal was 97.0 % and the selectivity to ethyl n-

propyl ether was 72.0 % - 122 - Exanple 37 (1) Preparation of materi al
Into a 5 liter glass flask equipped with a dropping funnel, a cooler and a
stirrer, 1000 g of toluene, 500 g of acetal dehyde diethyt—acetatand

R T

each other, R22 is a bivalent hydrocarbon group having 2 to 10 carbon
atoms, R23 is a hydrocarboh group having 1 to 10 carbon atoms, q is a
number the average of which is in the range of 0 to 10 and R22Q may be
the same or different from each other when a plurality of R220 are
present, which method comprises polymerizing a vinyl ether monomer

expressed by the general formula (IX):

R19 C C R21
20
R O(Rm())qR (IX),
wherein R19 to R23 and q are the same as those in the formula (X), by
using a combination of a Brgnsted acid, a Lewis acid or an
organometallic compound with water, an alcohol, a phenol, an acetal or

an adduct of a vinyl ether and a carboxylic acid as the initiator.

12. The method of production of a polyvinyl ether compound as claimed
in Claim 11, wherein the vinyl ether monomer éxpressed by the general |
formﬁla (IX) is polymerized in the presence of a Lewis acid catalyst and
an acetal expressed by the general formula (XI):

R24 st |

I-IC—C—-O(R”O),R‘”

st O(R”O) R XD),
whereiﬁ R24, R25 and R26 are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atoms, and may be the same or different from
each other, R27 and R29 are each a bivalent hydrocarbon group having 2
to 10 carbon atoms, and may the same or different from each other, R28

and R30 are each a hydrocarbon group having 1 to 10 carbon atoms, and

t
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5.0 g of boron trifluoride diethyl etherate were charged. Into a dropping
funnel, 2500 g of ethyl vinyl ether was charged and dropped in 2 hours and
30 mnutes. During this period, the reaction started and the tenperature of

the reaction solution increased. The tenperature was—kept—at—abeut—25ferr]C

by cooling with an ice water bath. Aftﬁ,% finishing th
solution was further stirred for 5 mn % The reactiL mﬂlg BII
transferred to a washing vessel and washed with 1000 A)

aqueous sol ution of sodium hydroxide 3 tinmes and then W|th 1000 m of water
3 tinmes. The solvent and unreacted raw materials were renoved under reduced
pressure by using a rotary evaporator to obtain

may be the same or different from each other, r and s are each a number
the average of which is in the range of 0 to 10, and may be the same or
different from each other, R270 may be the same or different from each
other when a plurality of R270 are present and R290 may be the same or
different from each other when a plurality of R220 are present. |

13. The method of production of a polyvinyl ether compound as claimed
in Claim 11, wherein an acetal expressed by the general formula (XIII):
' R19 R21 _
HC—C OR30)R*
RO ORPOR® - xr,

wherein R19 to R23 and q are each the same as those described in Claim
11, R31 is a bivalent hydrocarbon group having 2 to 10 carbon atoms, R32
is a hydrocarbon group having 1 to 10 carbon atoms, t is a number the
average of which is in the range of 0 to 10, and R310 may be the same or
different from each other when a plurality of R310 are present, is formed
by adding a vinyl ether monomer expressed by the general formula (IX)
to an alcohol expressed by the general formulé (XII):

R32(0OR31),0H (X1ID),
wherein R31, R32 and t are each the same as those in the formula (XIII),
in the presence of a Lewis acid catalyst and then the vinyl ether
monomer expressed by the general formula (IX) is added further to the
resultant acetal and polymerize;i.

14. The method of production of a polyvinyl ether o mpound as claimed
This is the replacement sheet
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2833 g of the product. The [err]H NVR chart of this product is shown in
Figure 52. Fromthis figure, the product was found to have the structures
of the following formulae (A') and (B'). The product™had a kimematie
viscosity of 5.18 ¢St at 100[err]C and 38.12 cSt at : ] e
rati o of nunbers of nolecule was (A') §'7)_: 4.5 1 gminﬂm*!ggﬂg#ﬁl ue
of uwas 5.6. (2) Into a 1 liter autoclave nmade of SUS- 3k6L . t he
ol i goner Dateé&.

in Claim 12 or Claim 13, wherein the polymerization is conducted at a

temperature of 0 to 100°C.

15. The method of production of a polyvinyl ether compound as claiined
in Claim 12 or Claim 13, wherein the Lewis acid catalyst is boron

trifluoride or a complex thereof.

16._ A method of production of an ether compound expressed by the
generai formula (XV):

R%Q FHR35R36
AN

- C

C/
/7 N\

H R37 (XV)

or by the general formula (XVI):

H CHRS3SR3®
AN C/

R340/ Nger (XVI),
wherein R33 and R34 are each a hydrocarbon group or a hydrocarbon
group containing ether oxygens in the main chain, in the side chain or
in both of them, and may be the same or different from each other and
R35, R36 and R37 are each a hydrogen atom, a hydrocarbon group or a
hydrocarbon group containing ether oxygens in the main chain, in the
side chain or in both of them, and may be the same or different from each

other, which comprises bringing an acetal compound or a ketal

compound expressed by the general formula (XIV):
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- 123 - prepared in (1) described above, 6.0 g of Raney nickel and 6.0 g of
zeolite were charged. Hydrogen was introduced into the autoclave and the
pressure of hydrogen was adjusted to 10 kg/cnferr]. After stirring for

about 30 seconds, the pressure was rel eased. Hydrogen—was-introduced into
the autoclave again to make the pressufggof hydrogen 10 kﬁ/cn{ err] and,

after stirring for about 30 seconds, the pressure ofJ m m/ﬂﬁ 'eased.
L

After repeating this operation once nore, the pressu

R330 CHR35R36
AN C/

AN
R340/ R¥ (XIV),
wherein R33, R34, R35, R36 and R37 are the same as those in the formulae
(XV) and (XVI), into the reaction with hydrogen in the presence of a solid

catalyst having acidic property and hydrogenating ability.

17. The method of production of an ether compound as claimed in Claim
16, wherein the solid catalyst having acidic property and hydrogenating
| ability is a catalyst comprising a combination of a hydrogenation catalyst
and a solid acid catalyst or a solid acid catalyst having hydrogenating
ability.

18. The method of production of an ether compound as claimed in Claim
16, wherein the acetal compound or the ketal compound expressed by the
general formula XIV) is a compound expressed by the general formula
XVII):
OR38 OR38
H—(CHz(I:H)u—CHchHOR” . (XVID,

ﬁherein R38 and R39 are each a hydrocarbon group having 1 to 20 carbon
atoms or a hydrocarbon group containing ether oxygens, and may be the
same or different from each other, R38 may be the same or different
among the constituting ugits and u is an integer of 1 to 500, and the ether

compound thus obtained is a compound expressed by the general

formula (VIII):
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hydrogen was increased to 25 kg/cnferr] and the tenperature was increased
to 140[err]Cin 30 mnutes under stirring. The reaction was conducted at
140[err]C for 2 hours. The reaction proceeded during and after the increase
in the tenperature and decrease in the pressure was_observed. The |ncrease
in the pressure with increase in the_tgggercature and the decrease in the
pressure with the reaction were suitably conpensat eﬂlﬂm:“ﬂﬂlmﬂm

i ncreasing the pressure and the pressure of hydroge '

kg/cnferr] during the reaction. After finishing the r'eacti on, "t h& reaction

m xture was cooled to roomtenperature and the pressure was decreased to
at nospheric pressure. To the reaction m xture, 100 m of

OR38
| _
H—-(CH,CH),,,—H (XVIID)
or by the general formula (XIX):
g
H—(CH,CH),-CH,CH,0R*® (XIX),

wherein R38, R39 and u are each the same as those in the formula

(XVID).

19. The method of production of an ether compound as claimed in Claim
16, evherein the acetal compound or the ketal compound expressed by the
general formula (XIV) is a compound expressed by the general formula
(XX): o
R40CH(ORAL) (XX),
wherein R40 and R41 are each a hydrocarbon group having 1 to 20 carbon
atoms, and may the same or different from each other, and the ether
compound thus obtained is a compound expressed by the general
formula (XXI): | |
~ R40CH0R4! (XXD),

wherein R40 and R41 are the same as those in the formula (XX).

20. A lubz'iéating oil for compression-type refrigerators which comprises
as the main component thereof a polyvinyl ether compound having the

constituting unit expressed by the general formula (XXII):

Thig is the replacement sheet
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hexane was added. The catal yst was precipitated by standing for 30 m nutes
and the reaction solution was separated by decantati on. The hexane sol ution
was conbined with the reaction solution and filtered with a filter paper.
The catal yst was reused in Exanple 39. Hexane, watér and the tikewere
renoved under reduced pressure by usi nql%ausrot ary .e | d was
162 g. The 1H-NMR chart of this product ‘shown |\r1mlluf]]|| Iw u}",lethi S

chart, the raw material acetal was found to have been conv

R42 R44

by

R# O(R“O)\,R“ - (XXID),

wherein R42, R43 and R44 are each a hydrogen atom or a hydrocarbc;n
group having 1 to 8 carbon atoms, and may be the same or different from
each other, R45 is a bivalent hydrocarbon group having 2 to 10 carbon
atoms, R46 is a hydrocarbon group .having 1 to 10 carbon atoms, v is a
number the average of which is in the range of 0 to 10, R42 to R46 may be
tl';e same or different among the constituting units and R450 may be the
same or different from each other when a plurality of R450 are present.

21. The lubricating oil as claimed in Clam 20, wherein one end of the
polyvinyl ether compound is expressed by the general formula (XXTIT):

R® OBYOLRY (xx1m),
wherein R47, R48 and R49 are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atoms, and may be the same or different from
each other, R50 is a bivalent hydrocarbon group having 2 to 20 carbon
atoms, R51 ig a hydrocarbon group having 1 to 10 carbon atoms, a is a
number the éverage of which is in the range of 0 to 10 and R500 may be
the same or different from each other when a plurali.ty of R500 aré

present and the other end is expressed by the general formula (XXIV):

| .
R% OR™O)R* (XXIV),
This is the replacement sheet

1 9 0CT 1936

Datez



- 124 - the ether conpound shown by the formula (C): [err] wherein Et is
an ethyl group. The conversion was 100 % The kinematic viscosity was 4.90
at 100[err]C and 29.50 at 40[err]C. The oligomer of ethyl vinyl ether
having the formula (B') described above was al so conm“rﬂu[n“%ﬁ“’e_r
conmpound having the fornula (C) describggd above. Exa i liter
aut ocl ave nade of SUS-316L, 200 g of the oligoner =~ * ¢ L M S

wherein R52, R53 and R54 are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atoms, and may be the same or different from
each other, R55 is a bivalent hydrocarbon group having 2 to 10 carbon
atoms, R56 is a hydrocarbon group having 1 to‘ 10 carbon atoms, b is a
ﬁumber the average of which is in the range of 0 to 10 and R550 may be
the same or different from each other when a plurality of RS550 are

present.

22. The lubricating oil as claimed in Claim 20, wherein one end of the
polyvinyl ether compound is e;:pressed by the general formula (XXIII)
and the other end is expressed by the general formula (XXV):

R57 RS9

— G—(G— OR™0),R

R ORVO)R" xxXV),
wherein R57, R58 and R59 are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atoms, and may be the same or different from
each other, R0 and R62 are each a bivalent hydrocarbon group having 2
to 10 carbon atoms, and may be the same or different from each other,
R61 and R63 are each a hyciroéarbon group having 1 to 10 carbon atoms,
and may be _the same or different from each other, ¢ and d are each a
number the average of which is in the range of 0 to 10, and may be the
same or different from each other, R600 may be the same or different
from each other when a plurality of R600 are present and R620 may be
the same or different from each other when a plurality of R620 are

present.
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prepared in Exanple 37 (1) described above, 20 g of Raney nickel and 20 g
of zeolite were charged. Hydrogen was introduced .into the_autoclave and the
pressure of hydrogen was adjusted to 7 kg/cnferr]. After stirring for about
30 seconds, the pressufre was rel eased. After repea]m]m llﬂﬂmmmllon once
nore, the pressure of hydrogen was bropght_to 7 kg

tenperature was increased to 130[err]C i1n 30 m nut es uhdet stirri fig ~The
reaction was conducted at 130[err]C for 2 hours and 30 minutes. The
reacti on proceeded during and after the increase in the tenperature and

decrease in the pressure was observed. The increase in the pressure with
I ncrease in the tenperature and the decrease in the

23. The lubricating oil as claimed in Claim 20, wherein one end of the

polyvinyl ether compound is expressed by the general formula (XXIII)
and the other end has the structure comprising an olefinically

unsaturated bond.

24. The lubricating oil és claimed in Claim 20, wherein one end of the
polyvinyl ether compound is expressed by the general formula (XXIII)
and the other end is expressed by the general formula (XXVI): |

RS RS6

- Fon

R% H XXVI)
wherein R64, R65 and 366 are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atoms, and ﬁay be the same or different from
each other.

25. The lubricating oil as claimed in Claim 20, wherein the polyvinyl
ether compound is a mixture of two or more’ éompounds selected from
the group consis{:ing' of a compound having the structure in which one
end is expressed by the general formula (XXIII) and the other end is
_expressed by the general formula (XXIV), a compound having the
structure in which one end is expressed by the general formula- (XXIII)
and the other end is expressed by the general formula (XXV), a
compound having the structure in which one end is expressed by the
general formula (XXIII) and the other end comprises an olefinically
unsaturated bond and a compound having the structure in which one

end is expressed by the general formula (XXIII) and the other end is’
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pressure with the reaction were suitably conpensated by decreasing or
increasing the pressure and the pressure of hydrogen was kept at 7

kg/cnferr] during the reaction. After finishing
m xture was cooled to roon1tenperature and the ressure was decreased to

at nospheric pressure. The reaction ni L_g‘re was f|“ Hﬂljlrllm“m HIH and
wat er and the |Iike were renoved from € solution

eaction

expressed by the general formula (XXVI).

26. The lubricating oil as claimed in Claim 20, wherein the polyvinyl
ether compound is a mixture of a compound havihg the structure in
which one end is expressed by the general formula (XXIII) and the other
end is expressed by the general formula (XXIV) with a compound having
the structure in which one end is expressed by the general formula

(XXIII) and the other end is expressed by the general formula (XXVI).

27. The lubricating oil as claimed in Claim 20, wherein the ponvfnyl
ether compound is a mixture of a compound having the structure in
which one end is expressed by the general formula (XXIII) and the other
end is expreesed by the general formula (XXV) with a compound having
the structure in which one end is expressed by the general formula

(XXIII) and the other end comprises an olefinically unsaturated bond.

28. The lubricating oil as claimed in any one of Claims 20 to 27, wherein
the kinematic viscosity at 40°C is in the range of 5 to 1000 cSt.

29. The lubricating oil as claimed in Claim 20, wherein the
compression-type refrigerator utilizes a hydrofluorocarbon as the

refrigerant.

30. The lubricating oil as claimed in Claim 20, wherein the

compression-type refrigerator utilizes a hydrochlorofluorocarbon as the
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reduced pressure by using a rotary evaporator. The yield was 160 g. By this
procedure, the sane ether conpound as in Exanple 37 (2) was obtained from
the raw naterial acetal and the conversion was 100 % The ki nematic
viscosity was 4.77 at 100[err] C and 30.27 at 40[err]C

autocl ave used in Exanple 37 (2) in Wiisgh the catal yst was I’EITB.I 0g
of the oligoner prepared in Exanple 37 (1) was char m\“ﬂﬂ\u %g‘ on was
performed by the same nethod as in Exanple 37 (2).; g. By

this procedure, the sane ether conpound was obt ai ned Bs 9n Exarrpl e 37 (2)
fromthe material acetal and the

refrigerant.

31. The lubricating oil as claimed in Claim 20, wherein the
compression-type refrigerator utilizes 1,1,1,2-tetrafluoroethane as the

refrigerant.

32. The lubricating oil as claimed in Claim 20, wherein the
compression-type refrigerator utilizes a difluoromethane as the

refrigerant.
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conversion was 100 % The kinematic viscosity was 4.93 at 100[err] C and
29.13 at 40[err]C Exanple 40 (1) Preparation of material The reaction was
perfornmed by the sane nethod as in Exanple 37 (1) except that the anount -of
acet al dehyde was 450 g, the anmount of the boron trifluoride etherate was
4.5 g and the anobunt of ethyl vinyl et was 2800 .g. The yield was 3175 g.
The product had-the sanme structure as that in Exanple 37 (1). The kinematic
viscosity was 6.79 at 100[err]C and 59.68 at 40[err]C. The ratio of the
nunbers of nolecule was (A): (B') =8: 1

A POLYVINYL ETHER COMPOUND 'AND A LUBRICATING OIL

ABSTRACT OF THE DISCLOSURE

A polyvinyl ether compound which comprises the constituting

units expressed by the general formula:

Ra R!S

~+¢—c¢

R4 O(R“O)kR’ .
(R3, R4 and R5 are H or an alkyl group, RS is an alkylene group, R7 is an
alkyl group, and k is 0 to 10) (including a polyvinyl ether compound
having specific end groups) and a method of production thereof
comprising polymerizing a vinyl ether monomer are provided. The
method uses a specific kind of initiator which is a combination of a
Brgnsted acid, a Lewis acid, or an organometallic compounds and an
addition product of water, an alcohol, a phenol, an acetal, or a vinyl ether
to a carboxylic acid. The polyvinyl ether compound is useful as lubricant
and the like. A method of production of an ether compound which
comprises bringing an acetal compound or a ketal compound expressed

by the formula:

HR35R38
\ N

R“O/ \R37

into the reaction with hydrogen in the presence of a solid catalyst having

the acidic property and the hydrogenating ability to convert R330- or
R340-into H is also provided.
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and the average value of u was 6.8. (2) Into a 1 liter autoclave made of
SUS- 316L, 200 g of the oligomner - 126 - prepared in (1) described above,
10 g of Raney nickel and 15 g of activated clay were charged. Hydrogen was
i ntroduced into the autoclave and the pressure of hydrogen was adjusted to
10 kg/cnferr]. After stirring for about,30 seconds, the pressure was

rel eased. Hydrogen was introduced into '
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t he “aut ocl ave again and the pressure of hydrogen was adjusted to 10
kg/cmerr]. After stirring for about 30 seconds, the pressure was rel eased.
After repeating this operation once nore, the pressure of hydrogen was
increased to 30 kg/cnferr] and the tenperature was increased to 150[err]C
in 40 mnutes under stirring. The reactjion was conducted at 150[err]C for 1
hour. The reaction proceeded during and“after the increase in the
tenperature and decrease in the pressure was observed. The increase in the
pressure with 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 30 kg/cnferr] during the

PPM

FIG. 2

X 10
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reaction. After finishing the reaction, the reaction m xture was cooled to
roomtenperature and the pressure was decreased to atnospheric pressure.
The reaction mxture was filtered and water and the |ike were renoved from
the solution part under reduced pressure by using a rotary evaporator. The
yield was 158 g. By this procedure, thessanme ether conpound as in Exanple
37 (2) was obtained fromthe raw materi al acetal and the conversion was 100
% The kinematic viscosity was 7.06 at 100[err]C and 57.32 at 40[err]C
Exanple 41 Into a 1 liter autoclave made of SUS-316L, 200-g of the oligoner
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- 127 - prepared in Exanple 37 (1) described above, 10 g of zeolite and 5.0
g of Pd/C (supporting 5 % of Pd, a product of Wako Jun-yaku Co., Ltd.) were
charged. Hydrogen was introduced into the autoclave and the pressure of
hydrogen was adjusted to 7 kg/cnferr]. After stirring for about 30 seconds,
the pressure was rel eased. Hydrogen was jntroduced into the autoclave again
and the pressure of hydrogen was adjusted to 7 kg/cnierr].
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After stirring for about 30 seconds, the pressure was rel eased. After
repeating this operation once nore, the pressure of hydrogen was brought to
7 kg/cnferr] and the tenperature was increased to 120[err]C in 30 m nutes
under stirring. The reaction was conducted at 120[err]C for 7 hours. The
reacti on proceeded during and after thgf%nprease in the tenperature and
decrease i'n the pressure was observed. e increase in the pressure with
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 7 kg/cnR during the reaction.
After finishing the reaction, the reaction
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m xture was cooled to roomtenperature and the pressure was decreased to

at nospheric pressure. The reaction mxture was filtered and water and the
li ke were renoved fromthe solution part under reduced pressure by using a
rotary evaporator. The yield was 167.2 g. By this procedure, the sane ether
conpound as in Exanple 37 (2) was obgakngd fromthe raw material acetal and
the conversion was 100 % The kinemati C viscosity was 5.28 at 100[err]C and
32.93 at 40[err]C. Exanple 42
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- 128 - Into a 1 liter autoclave nmade of SUS-316L, 200 g of the oligoner
prepared in (1) described above, 20 g of zeolite and 20 g of Ru/C
(supporting 5 % of Ru, a product of Wako Jun-yaku Co., Ltd.) were charged.
Hydrogen was introduced into the autoclave and the pressure of hydrogen was
adjusted to 30 kg/cnferr]. After stirrigng for about 30 seconds, the
pressure was rel eased. Hydrogen was introduced into the autoclave again and
the pressure of hydrogen was adjusted to 30 kg/cnferr]. After stirring for
about 30 seconds, the pressure was rel eased. After
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repeating this operation once nore, the pressure of hydrogen was brought to
30 kg/cnferr] and the tenperature was increased to 130[err]C in 30 m nutes
under stirring. The reaction was conducted at 130[err]C for 1 hour. The
reacti on proceeded during and after the increase in the tenperature and
decrease in the pressure was observed_ ghe increase in the pressure with
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 30 kg/cnferr] during the reaction.
After finishing the reaction, the reaction m xture was cooled to room
tenperature and the pressure was decreased to atnospheric
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pressure. The reaction mxture was filtered and water and the |ike were
renoved fromthe solution part under reduced pressure by using a rotary
evaporator. The yield was 156 g. By this procedure, the sane ether conpound
as in Exanple 37 (2) was obtained fromthe raw material acetal and the
conversion was 100 % The kinematic visgosity was 5.18 at 100[err]C and
31.53 at 40[err]C. Dat'r
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- 129 - Exanple 43 Into a 2 liter autoclave made of SUS-316L, 15 g of

Ni - di at omaceous earth and 350 g of hexane were charged. After replacing the
at nosphere inside of the autoclave with hydrogen, the pressure of hydrogen
was adjusted to 30 kg/cnferr]. The tenperature was increased to 150[err]C
in 30 mnutes under stirring and the_ #iyation treatnment of the catal yst
was conducted for 30 mnutes. After cooling the autoclave, 300 g of the

ol i goner prepared in Exanple 37 (1) described above and 15 g of zeolite
were charged into the autoclave. Hydrogen was introduced into the
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autocl ave and the pressure of hydrogen was adjusted to 30 kg/cnferr]. After
stirring for about 30 'seconds, the pressure was rel eased. Hydrogen was

i ntroduced into the autoclave again and the pressure of hydrogen was
adjusted to 30 kg/cnferr]. After stirring for about 30 seconds, the
pressure was rel eased. After repeating #Pi§ operation once nore, the
pressure of hydrogen was brought to 30 Kg/cnierr] and the tenperature was
increased to 130[err]Cin 30 m nutes under stirring. The reaction was
conducted at 130[err]C for 1 hour. The reaction proceeded during and after
the increase in the tenperature and decrease in the pressure was observed.
The increase in the pressure with increase in the tenperature and the
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decrease in the pressure with the reaction were suitably conpensated by
decreasing or increasing the pressure and the pressure of hydrogen was kept
at 30 kg/cnR during the reaction. After finishing the reaction, the
reaction m xture was cooled to roomtenperature and the pressure was
decreased to atnospheric pressure. Theﬁﬁegction m xture was filtered and

e

water and the like were removed fromt sol ution part under - 130 -
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reduced pressure by using a rotary evaporator. The yield was 240 g. The
conversion of the raw material acetal was 100 % li ke in Exanple 37. The

ki nematic viscosity was 5.38 at 100[err]C and 33.12 at 40[err]C VWHAT | S
CLAIMED I S: 1. A polyvinyl ether conmpound which conprises a honopol ynmer or
a copolyner of an al kyl vinyl ether conapri-sing the constituting units
expressed by the general formula (1) or (I"):
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[err] wherein Rlerr] is an alkyl group having 1 to 3 carbon atons, and
havi ng a wei ght -average nol ecul ar wei ght of 300 to 1200 and one end havi ng:
the structure expressed by the general forrmula (11): [err] or the fornula
(rrr): -CH = CHOR[ err] (I'11), wherein RL is as previously
defined, R2 is a hydrocarbon group hawgg. 1 to 8 carbon atons and Rlerr] is

either one of Rl and R2. 2. The polyvinyl ether conpound as clained in
Claim1, wherein the
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constituting units expressed by the general fornmula (1) conprises one kind
of the constituting unit. 3. The pol yvinyl ether conpound as clained in
Claim 1, wherein the - 132 - constituting units expressed by the
general formula (lI) conprises two or nore kinds of the constituting units.
4. The polyvinyl ether conpound as claipgd in Caiml, wherein the
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rati o of the weight-average nol ecul ar wei ght to the nunber-average

nol ecul ar weight is in the range of 1.05 to 1.50. 5. A polyvinyl ether
conmpound whi ch conprises the constituting units expressed by the general
formula (1V): [err] wherein Rerr], Rerr] and R err] are each a hydrogen
atomor an al kyl group having 1 to 4 cafdan atons, and nmay be the sanme or
different fromeach other, R6 is an al kyl ene group having 2 to 4 carbon
atons, R7 is an alkyl group having 1 to 10 carbon atons, k is a nunber the
average of which is in the range of 1 to 10, R3 to R7 nay be the sane or
di fferent anong the
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constituting units and R6 may be the sanme or different from each ot her when
the constituting unit contains a plural R6, said conpound not cont.ai ning
any of an unsaturated bond, an acetal structure and an al dehyde structure
in the nol ecul e and having a wei ght-average nol ecul ar weight of 300 to
3000. 6. The polyvinyl ether conmpound g% clained in daim5, wherein the
one end has the structure expressed by the general forrmula (V): Date:
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[err] wherein Rlerr], Rerr] and R err] are each a hydrogen atom or an

al kyl group having 1 to 4 carbon atons, and may be the sane or different
fromeach other, R err] is an al kylene group having 2 to 4 carbon atons,
Rlerr] is an alkyl group having 1 to 10 carbon atons, mis a nunber the
average of which is in the range of Q g 10 and a plurality of Rerr]O may
be the sane or different fromeach other, and the other end has the
structure expressed by the general formula (M): [err]
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wherein R err], Rerr] and Rl err] are each a hydrogen atom or an al kyl
group having 1 to 4 carbon atons, and may be the sane or different from
each other, R16 is an al kyl ene group having 2 to 4 carbon atonms, Rlerr] is
an al kyl group having 1 to 10 carbon atons, n is a nunber the average of
which is in the range of 0 to 10 and aqgurality of Rlerr]O may be the sane
or different fromeach other. 7. The polyvinyl ether conpound as clainmed in
Claim5, wherein the constituting units are expressed by the general
formula (M1): [err] wherein Rlerr] is an alkyl group having 1 to 4 carbon
atons and may the
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- 134 - sane or different anong the constituting units. 8. The pol yvinyl

et her conpound as clainmed in Claim?7, wherein the polyvinyl ether conpound
has the structure expressed by the general formula: [err] wherein Rerr] is
an al kyl group having 1 to 4 carbon atons and nmay the
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sanme or different anong the constituting units and p is the degree of

pol yneri zation. 9. The pol yvinyl ether conpound as clained in daimb5,
wherein the wei ght-average nol ecul ar weight is in the range of 400 to
1,000. 10. The polyvinyl ether conpound as clained in Claimb5, wherein the
rati o of the wei ght-average nol ecul ar %ghght to the nunber-average

nol ecul ar weight is in the range of 1. to 2.00. 11. A nethod of
production of a polyvinyl ether conpound conprising the constituting units
expressed by the general formula (X): [err]

FIG. 21
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wherein Rlerr], Rerr] and Rlerr] are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atons, and may be the sane or different from

- 135 - each other, Rerr] is a bivalent hydrocarbon group having 2 to
10 carbon atons, R23 is a hydrocarbon group having 1 to 10 carbon atons,
is a nunber the average of which is i_nvé]zhe_ range of 0 to 10 and R220 may be
the sanme or different from each other en a plurality of R220 are
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present, which nmethod conprises polynerizing a vinyl ether nononer
expressed by the general formula (1 X): [err] wherein Rerr] to Rerr] and q
are the sane as those in the fornula (X), by using a conbination of a
Bronsted acid, a Lewis acid or an organonetal lic conpound with water, an

al cohol, a phenol, an acetal or an addugd§ of a vinyl ether and a carboxylic
acid as the initiator. 12. The method of production of a polyvinyl ether
conpound as clainmed in Claim1ll, wherein the vinyl ether nononmer expressed
by the general fornula (1 X) is polynmerized in the presence of a Lewis acid
catal yst and
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an acetal expressed by the general fornmula (XI): [err] wherein Rerr},
Rlerr] and R err] are each a hydrogen atom or a hydrocarbon group having 1
to 8 carbon atons, and nmay be the same or different fromeach other, R err]
and R[err] are each a bival ent hydrocarbon group having 2 to 10 carbon
atonms, and may the same or different frggmeach other, R28 and Rlerr] are
each a hydrocarbon group having 1 to 10 carbon atons, and
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- 136 - may be the sane or different fromeach other, r and s are each a
nunber the average of which is in the range of 0 to 10, and nay be the sane
or different fromeach other, R270 may be the sanme or different from each
ot her when a plurality of R270 are present and R290 may be the sane or
different fromeach other when a plurakisty of R290 are present. 13. The

met hod of production of a polyvinyl ether conpound as clainmed in Caimll,
wherein an acetal expressed by the general fornula (XI11): [err] wherein
Rlerr] to Rlerr] and g are each the sane as those described in Caim
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11, Rerr] is a bivalent hydrocarbon group having 2 to 10 carbon atons, R32
is a hydrocarbon group having 1 to 10 carbon atons, t is a nunber the
average of which is in the range of 0 to 10, and R310 nay be the sane or
different fromeach other when a plurality of Rerr]O are present, is
formed by adding a vinyl ether nononer ,gxpressed by the general formila
(I'X) to an al cohol expressed by the general forrmula (X I):
Rlerr](ORlerr])[err]OH (XI'l), wherein R31, R32 and t are each
the sane as those in the fornmula (XIIl), in the presence of a Lewis acid
catal yst and then the vinyl ether nononmer expressed by the general formula
(I'X) is added further to the :

PPM

—_—
_ —

1.OOO —_
¥ o

FIG. 26

Thﬁistheremacementshcnt

Date: 4 g OCT 0%



resul tant acetal and polynerized. 14. The nethod of production of a

pol yvi nyl ether conmpound as cl ai ned - 137 - in Caim11l2 or Caiml3,
wherein the polynerization is conducted at a tenperature of 0 to 100[err]C.
15. The method of production of a polyvinyl ether conmpound as clained in
Claim12 or Caim13, wherein the Lew g7acid catalyst is boron

FIG. 27
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trifluoride or a conplex thereof. 16. A nethod of production of an ether
conpound expressed by the general formula (XV): [err] or by the general
formula (XVI): [err] wherein R err] and Rerr] are each a hydrocarbon group
or a hydrocarbon group containing ether oxygens in the main chain, in the
side chain or in both of them and may ¢ 1he sane or different from each
other and R err], Rerr] and R err] are each a hydrogen atom a hydrocarbon
group or a
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hydr ocar bon group containing ether oxygens in the main chain, in the side
chain or in both of them and nmay be the sanme or different fromeach other,’
whi ch conprises bringing an acetal conpound or a ketal conpound expressed
by the general fornmula (XIV): - 138 - [err] wherein Rerr], Rerr],
Rlerr], Rerr] and Rlerr] are the sanesas.those in the formul ae
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(XV) and (XVl), into the reaction with hydrogen in the presence of a solid
catal yst having acidic property and hydrogenating ability. 17. The met hod
of production of an ether conpound as clainmed in Claim 16, wherein the
solid catal yst having acidic property and hydrogenating ability is a

catal yst conprising a conbination of _asjgydrogenation catalyst and a solid
acid catalyst or a solid acid catal yst having hydrogenating ability. 18.
The nmethod of production of an ether conpound as clainmed in C aim 16,
wherein the acetal compound or the ketal compound expressed by the general

formula (XIV) is a conpound express&jlbéthegeéeral formul a
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(XVI1): [err] wherein Rerr] and R err] are each a hydrocarbon group havi ng
1 to 20 carbon atons or a hydrocarbon group containing ether oxygens, and
may be the sane or different fromeach other, R38 may be the sane or

di fferent anong the constituting units and u is an integer of 1 to 500, and
the ether conpound thus obtained is a cgympound expressed by the general
formula (VII1):
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- 139 - [err] or by the general formula (XIX): [err] wherein Rerr],
Rlerr] and u are each the sane as those in the formula (XVI1). 19. The

met hod of production of an ether conpound as clainmed in Claim 16, wherein
the acetal conpound or the ketal conpound expressed by the general formula
(XI'V) is a conpound expressed by the_gggeral fornula
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(XX): Rerr]CHORerr]) (XX), wherein Rerr] and R err] are
each a hydrocarbon group having 1 to 20 carbon atons, and may the sane or
different fromeach other, and the ether conpound thus obtained is a
conmpound expressed by the general forrmula (XXI): Rerr]CHerr]ORerr]
(XXI'), wherein Rlerr] and Rlerr] are_thg sanme as those in the fornula (XX).
20. A lubricating oil for conpression-type refrigerators which conprises as
the mai n conponent thereof a polyvinyl ether compound having the
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constituting unit expressed by the general formula (X): - 140 - [err]
wherein Rlerr], Rerr] and Rlerr] are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atons, and nay be the sanme or different from
each other, R45 is a bival ent hydrocarbon group having 2 to 10 carbon
atons, R46 is a hydrocarbon group having 1 to 10 carbon atoms, v is a
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nunber the average of which is in the range of 0 to 10, R42 to R46 may be
the sanme or different anong the constituting units and R450 may be the sane
or different fromeach other when a plurality of R450 are present. 21. The
| ubricating oil as clainmed in Cam 20, wherein one end of the polyvinyl

et her compound is expressed by the genegal_formula (XXII1): [err] wherein
Rlerr], Rerr] and Rlerr] are each a hydrogen atom or a hydrocarbon group
having 1 to 8 carbon atons, and may be the sanme or different from each
other, R50 is a bival ent hydrocarbon group having 2 to 20 carbon atons,
Rlerr] is a hydrocarbon group having 1 to 10 carbon atons, a is a
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nunber the average of which is in the range of 0 to 10 and R500 nay be the
sane or different fromeach other when a plurality of R err]O are present
and the other end is expressed by the general fornmula (XXIV): [err] -
141 - wherein Rerr], Rerr] and Rerr] are each a hydrogen atomor a
hydrocarbon group having 1 to 8 carbon g§ons, and nay be the same or
different from

FIG. 36
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each other, R err] is a bivalent hydrocarbon group having 2 to 10 carbon
atons, R err] is a hydrocarbon group having 1 to 10 carbon atons, b is a
nunber the average of which is in the range of 0 to 10 and R550 may be the
same or different fromeach other when a plurality of R550 are present. 22.
The lubricating oil as clainmed in d ai g42Q, wherein one end of the

pol yvi nyl ether compound is expressed by the general forrmula (XXI'l1) and
the other end is expressed by the general formula (XXV): [err] wherein
Rlerr], Rerr] and R err] are each a hydrogen atom or a hydrocarbon

FIG. 37
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group having 1 to 8 carbon atons, and nmay be the same or different from
each other, Rlerr] and R err] are each a bival ent hydrocarbon group havi ng
2 to 10 carbon atons, and may be the same or different from each ot her,
Rlerr] and Rl err] are each a hydrocarbon group having 1 to 10 carbon atons,
and may be the sane or different froq1?§ch other, ¢ and d are each a nunber
the average of which is in the range of 0 to 10, and nay be the sane or
different fromeach other, R600 may be the sane or different from each

- other when a plurality of Rerr]O are present and R620 may be the sane or
different fromeach other when a plurality of R620 are present.
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- 142 - 23. The lubricating oil as clainmed in O aim20, wherein one end
of the polyvinyl ether conpound is expressed by the general formula (XXI11)
and the other end has the structure conprising an ol efinically unsaturated
bond. 24. The lubricating oil as clainmed in C aim20, wherein one end of

t he pol yvinyl ether conpound is expre_ss;gl by the general formula (XXII1)

PPM
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and the other end is expressed by the general formula (XXVI): [err] wherein

Rlerr], Rerr] and Rlerr] are each a hydrogen atom or a hydrocarbon group
having 1 to 8 carbon atons, and may be the sanme or different from each
other. 25. The lubricating oil as clained in Caim20, wherein the

pol yvinyl ether compound is a mxture gf, two or nore conpounds sel ected
fromthe group consisting of a conpound having the structure in which one
end is expressed by the general forrmula (XXIl11) and the other end is
expressed by the general formula (XXIV), a conpound having the

FIG.40
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structure in which one end is expressed by the general formula (XXI11) and
the other end is expressed by the general formula (XXV), a conpound havi ng
the structure in which one end is expressed by the general formula (XXI11)
and the other end conprises an olefinically unsaturated bond and a conpound
having the structure in which one end g expressed by the general formla
(XXI'I'l) and the other end is - 143 -

PPM

FIG. 41

-8

——

This is the replacement shoet

pae: 19 OCT 1906



expressed by the general formula (XXVI). 26. The lubricating oil as clainmed
in Caim20, wherein the polyvinyl ether conpound is a mxture of a
conmpound having the structure in which one end is expressed by the general
formula (XIl11) and the other end is expressed by the general fornmula (XXIV)
with a conpound having the structure ingghich one end is expressed by the
general fornmula (XXII1) and the other end is expressed by the general
formula (XXVI). 27. The lubricating oil as claimed in C aim 20, wherein the
pol yvi nyl ether conpound is a m xture of a conpound having the structure in
whi ch one end is expressed by the general formula (XXI1l) and the other

PPM
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end is expressed by the general fornmula (XXV) wth a conmpound having the
structure in which one end is expressed by the general formula (XXI11) and
the other end conprises an olefinically unsaturated bond. 28. The

| ubricating oil as clainmed in any one of Clains 20 to 27, wherein the

ki nematic viscosity at 40[err]Cis in.t4m range of 5 to 1000 cSt. 29. The
| ubrircating oil as clainmed in Caim20, wherein the conpression-type
refrigerator utilizes a hydrofluorocarbon as the refrigerant. 30. The

| ubricating oil as clainmed in Caim20, wherein the conpression-type

refrigerator utilizes a hydrochl (?Ofll lér oca&)% as the
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- 144 - refrigerant. 31. The lubricating oil as clainmed in O aim 20,
wherein the conpression-type refrigerator utilizes

1,1,1,2-tetrafl uoroethane as the refrigerant. 32. The lubricating oil as
claimed in aim 20, wherein the conpression-type refrigerator utilizes a

di fl uoronet hane as the - 44 -
O
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refrigerant.
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FIG.DB2

t32. 350

- 52 =

PPM

647.390

26.839

5.877
5.927

(Rolele)

This is the replacement sheet

~ Date: 19 0CT 19%



FIG.53

- 53 -

PPM

~

This is the e

Date:

1 9 OCT 1996

—QJ

-1

p\acement shoet



REPLACENE%HTSHEETS SG

;. W} Cla:m(s) ‘o vu’i ..... 10 naced .....
S o Drawm"(s) pn.w el . 1O paged .....
- 145 - | JAbstract :paged WSto paged .= -

13 FEB 1997

DATE OF RECEIPT .....cccccevernnsa

A POLYVINYL ETHER COMPOUND AND A LUBRICATING OIL

ABSTRACT OF THE DISCLOSURE
A polyvinyl ether compound which comprises the constituting

units expressed by the general formula:

R3 R‘s

o0

(R“O)kR" |
(R3, R4 and RS are H or an alkyl group, RS is an alkylene group, R is an
alkyl group, and k is 0 to 10) (including a polyvinyl ether compound
having specific end groups) and a method of production thereof
oombrising polymerizing a vinyl ether monomer are provided. The
- method uses a specific kind of initiator which is a combination of a
Brgnsted acid, a Lewis acid, or an organometallic compounds and an
addition product of water, an alcohol, a phenol, an acetal, or a vinyl ether
to a carboxylic acid. The polyviﬁyl ether compound is useful as Iubr_icar_lt
and the like. A method of production of an ether compouﬁd which
comprises bringing an acetal compound or a ketal compound expressed

by the formula:

35136
\/HRR

R“O/ \R37

into the reaction with hydrogen in the presence of a solid catalyst having
the acidic property and the hydrogenatmg ablhty to convert R330- or
RM0-into H is also prov1ded |

. FIGURE -1



