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57 ABSTRACT

A process for producing a cycloolefin random copolymer,
which comprises

(1) copolymerizing (a) ethylene or both ethylene and an
alpha-olefin having at least 3 carbon atoms with (b) a
cycloolefin such as octahydronaphthalenes and bicyclo
[2,2,1 ]hept-2-ene in the presence of (c¢) a catalyst
formed from a soluble vanadium compound and an
organoaluminum compound at least one of which has
halogen, in (d) a liquid phase composed of a hydro-
carbon medium to form a solution of a cycloolefin
random copolymer, and

(2) contacting the resulting copolymer solution with () an
adsorbent containing a metal cation.

7 Claims, No Drawings
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PROCESS FOR PRODUCING CYCLOOLEFIN
RANDOM COPOLYMER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This 1nvention relates to a process for producing a
cycloolefinic random copolymer. More specifically, 1t relates
to a process for producing a cycloolefin random copolymer
having excellent transparency, thermal resistance, heat aging
resistance, chemical resistance, solvent resistance, dielectric
properties and mechanical properties and being substantially
free from a by-product containing halogen.

U.S. Pat. No. 2,883,372 discloses a copolymer of ethyl-
ene and 2,3-dihydrodicyclopentadiene. This copolymer
shows an excellent balance between rigidity and
fransparency, but has inferior thermal resistance as shown by
its glass transition temperature of about 100° C. A copoly-
mer of ethylene and 5-ethylidene-2-norbornene has the same
defect.

Japanese Patent Publication No. 14910/1971 proposes a
homopolymer of 1,4,5,6-dimethano-1,2,3,4,4a,5,8,8a-
octahydronaphthalene. This polymer, however, has inferior
thermal resistance or heat aging resistance.

Japanese Laid-Open Patent Publication No. 127728/
1983 proposes a homopolymer of 1,4,5,8-dimethano-1,2,3,
4.,4a,5,8,8a-octahydronaphthalene and a copolymer of 1t
with a norbornene-type comonomer. As can be seen from the
description of this patent document, these polymers are
ring-opened polymers. Ring-opened polymers have poor
thermal resistance and heat aging resistance because they
have an unsaturated bond 1n the main chain.

U.S. Pat. No. 4,614,778 and 1ts corresponding EP-A-
156464 disclose that a cycloolefin random copolymer com-
posed of ethylene with a specific bulky cycloolefin has
transparency and a well-balanced combination of thermal
resistance, heat aging resistance, chemical resistance, sol-
vent resistance, dielectric properties and mechanical
properties, and exhibits excellent performance in optical
material applications such as optical memory discs and
optical fibers.

The present inventors found that when a cycloolefin-type
random copolymer 1s produced by using a halogen-
containing catalyst, 1t contains a halogenation product of the
cycloolefin as a by-product and has a much higher softening
point than ordinary olefinic polymers. Accordingly, when
this copolymer 1s molded under heat, a hydrogen halide such
as hydrogen chloride 1s evolved from even a small amount
of the halogen contained 1n the copolymer, and corrodes the
molding machine. Removal of the halogenated product of
the cycloolefin requires a treatment process which 1s mndus-
trially disadvantageous and comprises putting a large quan-
tity of a poor solvent such as acetone in a copolymer solution
formed by copolymerizing ethylene or ethylene and an
alpha-olefin having at least 3 carbon atoms with a cycloole-
fin thereby to precipitate the copolymer, separating i1t from
the liquid-phase portion, and extract the copolymer with hot
acetone.

It 1s an object of this mvention therefore to provide an
industrially advantageous process for producing a cycloole-
fin random copolymer.

Another object of this 1nvention 1s to provide a process
for producing a cycloolefin random copolymer having excel-
lent transparency, thermal resistance, heat aging resistance,
chemical resistance, solvent resistance, dielectric properties
and mechanical properties with industrial ease and advan-
tage.
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2

Further objects and advantages of this invention will be
apparent from the following description.

According to this invention, these objects and advantages
arec achieved by a process for producing a cycloolefin
random copolymer, which comprises

(1) copolymerizing (a) ethylene or both ethylene and an
alpha-olefin having at least 3 carbon atoms with (b) at least
one cycloolefin selected from the group consisting of unsat-
urated monomers of the following formula (I)

(D

wherein n is 0 or a positive integer, and each of R' to R'"
represents a hydrogen or halogen atom or a hydrocarbon
oroup, and unsaturated monomers of the following formula

(IT)

(1)

R* RS

— 111

wherein m is 0 or a positive integer, and R* to R'® are as
defined above, and 11s an integer of at least 3, 1in the presence
of (¢) a catalyst formed from a soluble vanadium compound
and an organoaluminum compound at least one of which has

halogen, in (d) a liquid phase composed of a hydrocarbon
medium to form a solution of a cycloolefin random
copolymer, and

(2) contacting the resulting copolymer solution with () an
adsorbent containing a metal cation.

The process of this invention comprises (1) a step of
forming a solution of a cycloolefin random copolymer and
(2) a step of treating the copolymer solution with an adsor-

bent.

The catalyst (c¢) used in step (1) is formed from a soluble
vanadium compound and an organoaluminum compound.
The soluble vanadium compound used as an ingredient of
the catalyst 1s a vanadium compound soluble in a hydrocar-
bon medium 1n the polymerization reaction system.
Examples include vanadium compounds of the general
formula VO(OR)_X, or V(OR)_X, where R is a hydrocar-
bon group, X 1s a halogen atom, 0=a=3, 0=b=3, 2=a+
b=3,0=c=4,0=d=4, and 3=c+d =4, and adducts of these
vanadium compounds with electron donors. Speciiic
examples include VOCl;, VO(OC,H5)Cl,, VO(OC,Hs),Cl,
VO(O-iso-C;H)CL,, VO(O-n-C,H,)Cl,, VO(OC,H;),,
VOBr,, VCl,, VOCl,, VO(O-n-C,Hy);, and VCl;-
20C.H,,OH.
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The electron donors which may be used 1n the preparation
of the soluble vanadium catalyst component include, for
example, oxygen-containing electron donors such as
alcohols, phenols, ketones, aldehydes, carboxylic acids,
organic or mnorganic acid esters, ethers, acid amides, acid
anhydrides and alkoxysilanes, and nitrogen-containing elec-
tron donors such as ammonia, amines, nitriles and 1socyan-
ates. Specific examples include alcohols having 1 to 18
carbon atoms such as methanol, ethanol, propanol, pentanol,
hexanol, octanol, dodecanol, octadecyl alcohol, oleyl
alcohol, benzyl alcohol, phenylethyl alcohol, cumyl alcohol,
1sopropyl alcohol and 1sopropylbenzyl alcohol; phenols hav-
ing 6 to 20 carbon atoms such as phenol, cresol, xylenol,
ethylphenol, propylphenol, nonylphenol, cumylphenol and
naphthol; ketones having 3 to 15 carbon atoms such as
acetone, methyl ethyl ketone, methyl 1sobutyl ketone,
acetophenone, bentzophenone and benzoquinone; aldehydes
having 2 to 15 carbon atoms such as acetaldehyde,
propionaldehyde, octyl aldehyde, benzaldehyde, tolualde-
hyde and naphthaldehyde; organic acid esters having 2 to 30
carbon atoms such as methyl formate, methyl acetate, ethyl
acetate, vinyl acetate, propyl acetate, octyl acetate, cyclo-
hexyl acetate, ethyl propionate, methyl butyrate, ethyl
valerate, methyl chloroacetate, ethyl dichloroacetate, methyl
methacrylate, cthyl crotonate, cthyl
cyclohexanecarboxylate, methyl benzoate, ethyl benzoate,
propyl benzoate, butyl benzoate, octyl benzoate, cyclohexyl
benzoate, phenyl benzoate, benzyl benzoate, methyl toluate,
cthyl toluate, amyl toluate, ethyl ethylbenzoate, methyl
anisate, n-butylmaleate, dusobutyl methylmalonate, di-n-
hexyl cyclohexenecarboxylate, Nadic acid diethyl ester,
diisopropyl tetrahydronaphthalate, diethyl phthalate,
dusobutyl phthalate, di-n-butyl phthalate, di-2-ethylhexyl
phthalate, gamma-butyrolactone, delta-valerolactone,
coumarine, phthalide and ethylene carbonate; acid halides
having 2 to 15 carbon atoms such as acetyl chloride, benzoyl
chloride, toluoyl chloride and anisoyl chloride; ethers hav-
ing 2 to 20 carbon atoms such as methyl ether, ethyl ether,
isopropyl ether, butyl ether, amyl ether, tetrahydrofuran,
anisole and diphenyl ether; acid amides such as acetamide,
benzamide and toluamide; amines such as methylamine,
cthylamine, diethylamine, tributylamine, piperidine,
tribenzylamine, aniline, pyridine, picoline and tetramethyl-
enediamine; nitriles such as acetonitrile, benzonitrile and
tolunitrile; and alkoxysilanes such as ethyl silicate and
diphenyldimethoxysilane. These electron donors may be
used 1n combination.

Compounds having one Al-carbon bond at least in the
molecule can be used advantageously as the organoalumi-
num compound catalyst ingredient.

Examples are given below.

(1) Organoaluminum compounds having one Al-carbon
bond at least 1n the molecule, for example organoaluminum
compounds of the general formula

11 12
R, MAI(ORY) H X,

wherein R™ and R may be identical or different, and each
represents a hydrocarbon group usually having 1 to 15
carbon atoms, preferably 1 to 4 carbon atoms, X represents
halogen, O<y =3, 0=z<3, 0=p<3, 0=q<3, and y+z+p+q=3,
and (i1) complex alkylated products of a Group 1 metal and
aluminum represented by the general formula

M!AIR,

wherein M' represents Li, Na or K, and R'' is as defined
above.
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4

Examples of the organoaluminum compounds belonging
to (1) above include compounds of the general formula

R, ""AI(OR™),_,

wherein R™ and R" are as defined above, and vy is prefer-
ably a number represented by 1.5=y<3, compounds of the
general formula

RMAIX,

wherein R' is as defined above, X represents halogen, and
y 1s preferably a number represented by O<y<3, compounds
of the general formula

RMAIH,

wherein R'' is as determined above, and vy is preferably
2=y<3, and compounds of the general formula

R MAI(OR?) X,

wherein R™ and R'? are as defined above, X represents
halogen, O<y=3, 0=2z<3, 0=q<3, and y+z+q=3.

Speciiic examples of the aluminum compounds belonging
to (1) include trialkyl aluminums suchs as triethyl aluminum
and tributyl aluminum; trialkenyl aluminums such as tri1so-
prenyl aluminum; dialkyl aluminum alkoxides such as
diethyl aluminum ethoxide and dibutyl aluminum butoxide;
alkyl aluminum sequialkoxides such as ethyl aluminum
sesquicthoxide and butyl aluminum sesquibutoxide; par-
tially alkoxylated alkyl aluminums having an average com-
position of the formula R, s'AI(OR?), s; partially haloge-
nated alkyl aluminums, for example, dialkyl aluminum
halogenides such as diethyl aluminum chlonde, dibutyl
aluminum chloride and diethyl aluminum bromide, alkyl
aluminum sesquihalogenides such as ethyl aluminum
sesquichloride, butyl aluminum sesquichloride and ethyl
aluminum sesquibromide, and alkyl aluminum dihalides
such as ethyl aluminum dichloride, propyl aluminum dichlo-
ride and butyl aluminum dibromide; partially hydrogenated
alkyl aluminums, for example, dialkyl aluminum hydrides
such as diethyl aluminum hydride and dibutyl aluminum
hydride, and alkyl aluminum dihydrides such as ethyl alu-
minum dihydride and propyl aluminum dihydride; and par-
tially alkoxylated and halogenated alkyl aluminums such as
cthyl aluminum ethoxychloride, butyl aluminum butoxy-
chloride and ethyl aluminum ethoxybromide.

Organoaluminum compounds, similar to (i) above, in
which two or more aluminum atoms are bonded through an
oxygen or nitrogen atom may also be used. Examples are

(C,H5),AlOAI(C,Hs),, (C,Hg),AIOAI(C,Hy),, and

(CoHs),AINAI(C,Hs)o.

CoHs

Examples of the compounds belonging to (i1) above are
LiAl(C,Hy), and LiAI(C,H5),.

Among these, the alkyl aluminum halides, alkyl alumi-
num dihalides, or mixtures of these are especially preferred.

The cycloolefin (b) used as a starting material in step (1)
1s at least one unsaturated monomers selected from com-
pounds of the following formula (I)
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RY RS

— 11

wherein n is 0 or a positive integer and R' to R'® each
represent a hydrogen or halogen atom or a hydrocarbon
group, and compounds of the following formula (II)

(I

Chemical formula

@ o
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in which m is O or a positive integer, R to R™ are as defined
above, and 1 1s an integer of at least 3.

The cycloolefin of general Formula (I) can be easily
produced by condensing a cyclopentadiene with the corre-
sponding olefin 1n accordance with the Diels-Alder reaction.
The cycloolefin of general formula (II) can likewise be

casily produced by condensing a cyclopentadiene with the
corresponding cycloolefin by the Diels-Alder reaction.

Specidic examples of the cycloolefins of general formula
(I) include octahydronaphthalenes such as 1,4,5,8-
dimethano-1,2,3,4,4a,5,8,8a-octahydronapthalene,
2-methyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-
octahydronaphthalene, 2-ethyl-1,4,5,8-dimethano-1,2,3,4,
4a,5,8,8a-octahydronaphthalene, 2-propyl-1,4,5,8-
dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene,
2-hexyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-
octahydronaphthalene, 2-stearyl-1,4,5,8-dimethano-1,2,3,4,
4a,5,8,8a-octahydronaphthalene, 2,3-dimethyl-1,4,5,8-
dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene,
2-methyl-3-ethyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-
octahydronaphthalene, 2-chloro-1,4,5,8-diemthano-1,2,3,4,
4a,5,8,8a-octahydronaphthalene, 2-bromo-1,4,5,8-
dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene,
2-fluoro-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-
octahydronaphthalene, 2,3-dichloro-1,4,5,8-dimethano-1,2,
3,4,4a,5,8,8a-octahydronaphthalene, 2-cyclohexyl-1,4,5,8-
dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene, 2-n-
butyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-
octahydronaphthalene, and 2-1sobutyl-1,4,5,8-dimethano-1,
2,3,4,4a,5,8,8a-octahydronaphthalene; and the compounds
orven 1n Table 1 below.

TABLE 1

Compound name

bicyclo| 2,2,1 [hept-2-ene

6-methylbicyclo| 2,2,1 Jhept-2-ene

5,6-dimethylbicyclo| 2,2,1 |hept-2-ene

1-methylbicyclo| 2,2,1 Jhept-2-ene

6-ethylbicyclo| 2,2,1 Jhept-2-ene
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TABLE 1-continued

Chemical formula Compound name

6-n-butylbicyclo| 2,2,1 |hept-2-ene

HC4H9

6-i-butylbicyclo[2,2,1 |hept-2-ene

iC,Ho

7-methylbicyclo[2,2,1 [hept-2-ene

CH,

5,10-dimethyltetracyclo-
[4,4,0,1->,17-1"]-3-dodecene

2,10-dimethyltetracyclo-
[4,4,0,1->,17-1"]-3-dodecene

11,12-dimethyltetracyclo-
[4,4,0,1->,17-1"]-3-dodecene

CHj
CHj; 2,7,9-trimethyltetracyclo-
[4,4,0,1->,17-1"]-3-dodecene
CH
e
CH;
CH, 9-ethyl-2,7-dimethyltetracyclo-

[4,4,0,1->,17-1"]-3-dodecene
CoHs

CH,



Chemical formula

CH,
CH,CH(CH,),
CH,
CH,
CHax
CH,
CHa,
CH
0
\CH3
CH,

CH,

C,H;

TABLE 1-continued

CH,

CH,

CH,

CH-CH(CH
P (CHj),

CH,

Re. 36,406

Compound name

9-1sobutyl-2,7-dimethyltetracyclo-
[4,4,0,1->,17-1"]-3-dodecene

9,11,12-trimethyltetracyclo-
[4,4,0,1->,17-1"]-3-dodecene

9-ethyl-11,12-dimethyltetracyclo-
[4,4,0,17°,17'"]-3-dodecene

9-1sobutyl-11,12-dimethyl-3-tetracyclo-
[4,4,0,1%>,17-1"]-3-dodecene

5,8,9,10-tetramethyltetracyclo-
[4,4,0,1%>,17-1"]-3-dodecene

hexacyclo[6,6,1,1°-°,11%12,0°7 071
4-heptadecene

12-methylhexacyclo-
[6,6,1,156,110-1% 2.7 99141,
4-heptadecene

12-ethylhexacyclo-
[6,6,1,136,11013 2.7 9141,
4-heptadecene

10
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TABLE 1-continued

Chemical formula Compound name

12-1sobutylhexacvyclo-
/CH2CH(CH3)2 [6:6,1:13-%11[113:3;2-?509-14]'

4-heptadecene

1,6,10-trimethyl-12-1sobutylhexacyclo-

e [6,6,1,136,110-13 2.7 49141,
CH-CH(CH 4-heptadecene
m/ CH(CH);
CHj;

octacyclo-

2.9 14.7 111.18 113.16 [ 3.8 (12171
[8.8,17,1*" 1 .1 ,0,0°-°,0 ]
5-dococene

CHj

CHs; 15-methyloctacyclo-
[8,8,129,147 11i-18 113.16 () (3.8 (412.17].
| 5-dococene

Ol 15-ethyloctacyclo-
25115 [8 8 12_9 14_? 111_18 113.16 U 03.8 012.1?]_
| 5-dococene

Specific examples of the cycloolefins of general formula
(IT) are shown in Table 2 below.

TABLE 2
Chemical formula Compound name
2 tricyclo[4,3,0,1*]-3-decene
3 1 9
4 6 8
5 7
CH, 2-methyl-tricyclo[4,3,0,1%°]-3-decene
5-methyl-tricyclo[4,3,0,1*]-3-decene
CHj
2 10 tricyclo[ 4,4,0,1°°]-3-decene
3 1 9
il 6 8



Chemical formula

CH,

CH,

CH,

CHj;

CH,

CH,

o W

CH;

CH,

13

TABLE 2-continued

CH,

CH,

TN
N~
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Compound name

10-methyl-tricyclo[4,4,0,1°” J-decene

1,3-dimethylpentacyclo-
[6,6,1,1°°,0°7,0” "] 4-hexadecene

1,6-dimethylpentacyclo-
[6,6,1.1°-°,0%7,0%1*]-4-hexadecene

15,16-dimethylpentacyclo-
[6,6,1.1°-°,0=7,0%-'*]-4-hexadecene

pentacyclo-
6,5,1,1°-°,0%7,0%1°]-4-pentadecene
p

1,3-dimethylpentacyclo-
[6,5,1,1°°,0%7,0” " ]-4-pentadecene

1,6-dimethylpentacyclo-
[6,5,1,1°°,0%7,0” " ]-4-pentadecene

14,15-dimethylpentacyclo-
[6,5,1,1°°,0%7,0” " ]-4-pentadecene

14
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TABLE 2-continued

Chemical formula

16

Compound name

pentacyclo-
[6,6,1,1°-°,0%7,07'*]-4-hexadecene

6 ol 10
4 2 17 heptacyclo-
2.9 4.7 41117 A 3.3 A12.16
5 3 1 16 15 [8,7,1,1-7,1%' 1 ,0,07°,0 ]-
| \) 5-eicosene
6 g N 12 14
7 Q 11 13
4 3 18 16 pentacyclo-
2.9 44.7 111.18 A 3.8 A12.17
5 3 1 IV\ 15 [8:8:1:1 :1 :1 :U:U :U ]_
| 5-heneicosene
6 8 10 1;\/ 14
7 Q 11 13

The other starting material used in step (1) 1s ethylene or
both ethylene and an alpha-olefin having at least 3 carbon
atoms. In step (1), ethylene, or both ethylene and an alpha-
olefin having at least 3 carbon atoms, are copolymerized
with the cycloolefin. Examples of the alpha-olefin are those
having 3 to 20 carbon atoms, such as propylene, 1-butene,
4-methyl-1-pentene, 1-hexene, 1-octene, 1-decene,
1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene and
1-e1cocene.

In the polymerization step (1) of the invention, another
copolymerizable unsaturated monomer may be copolymer-
1zed further 1n an amount which does not impair the objects
of this invention. Specific examples of the other unsaturated
monomer are cycloolefins such as cyclopentene,
cyclohexene, 3-methylcyclohexene, cyclooctene and 3a,5,6,
Ja-tetrahydro-4,7-methano-1H-indene and nonconjugated
dienes such as 1,4-hexadiene, 4-methyl-1,4-hexadiene,
5-methyl-1,4-hexadiene, 1,7-octadiene, dicyclopentadiene,
5-cthylidene-2-norbornene and 5-vinyl-2-norbornene.

The other unsaturated monomer may be mcluded 1n an
amount of less than 1 mole, preferably less than 0.9 mole,
per mole of the cycloolefin units in the resulting random
copolymer.

The copolymerization reaction 1n the polymerization step
(1) of the process of the invention is carried out in the
presence of a hydrocarbon medium (d). Examples of the
hydrocarbon medium (d) include aliphatic hydrocarbons
such as hexane, heptane, octane and kerosene, alicyclic
hydrocarbons such as cyclohexane and methylcyclohexane,
aromatic hydrocarbons such as benzene, toluene and xylene,
and the aforesaid polymerizable unsaturated monomers.
Mixtures of two or more of these may also be used.

The copolymerization reaction in the process of this
invention may be carried out by a continuous method or a
batchwise method. In the case of the continuous method, the
starting materials for polymerization (ethylene, cycloolefin
and optionally other polymerizable components), the cata-
lyst components (the soluble vanadium compound and the
organoaluminum compound) and the hydrocarbon medium
are continuously fed into the polymerization reaction
system, and the polymerization reaction mixture 1s continu-
ously withdrawn from the polymerization reaction system.
The concentration of the soluble vanadium compound fed
into the polymerization reaction system 1s usually not more
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than 10 times, preferably 7 to 1 times, more preferably 5 to
1 times, the concentration of the soluble vanadium com-
pound 1n the polymerization reaction system. The ratio of
the aluminum atom to the vanadium atom in the polymer-
1zation reaction system, Al/V, 1s at least 2, preferably from
2 to 50, especially preferably from 3 to 20. Usually, each of
the soluble vanadium compound and the organoaluminum
compound 1s fed as diluted with the aforesaid hydrocarbon
medium. It 1s desirable to dilute the soluble vanadium
compound to the concentration range mentioned above. The
organoaluminum compound 1s prepared 1n a concentration
corresponding, for example, to not more than 50 times its
concentration 1n the polymerization system. In the process
of this invention, the concentration of the soluble vanadium
compound 1n the copolymerization reaction system, as the
vanadium atom, 1s usually 0.01 to 5 g-atoms/liter, preferably
0.05 to 3 g-atoms/liter.

The copolymerization reaction i1n the process of the
invention 1s carried out at a temperature of =50° to 100° C.,
preferably -30° to 80° C., more preferably -20° to 60° C.

The average residence time 1n the copolymerization reac-
tion varies depending upon the types of the starting
materials, the concentrations of the catalyst components, and
the reaction temperature. Usually, 1t 1s 5 minutes to 5 hours,
preferably 10 minutes to 3 hours. The pressure at the time of
the copolymerization reaction i1s usually more than 0 to 50
ke/cm?, preferably more than O to 20 kg/cm?. If desired, an
inert gas such as nitrogen or argon may be present in the
reaction system. Furthermore, a molecular weight control-
ling agent such as hydrogen may be present to adjust the
molecular weight of the copolymer.

The product obtained by the polymerization step (1) of the
process of this invention 1s a solution of the resulting
cycloolefin random copolymer in the hydrocarbon medium.
The concentration of the cycloolefin random copolymer
contained in the solution 1s usually 2.0 to 10.0% by weight,
preferably 4.0 to 6.0% by weight. The resulting copolymer
solution further contains the soluble vanadium compound
and the organoaluminum compound used as the catalyst
components and a halogenation product of the cycloolelin.

In the adsorbent treatment step (2) of the process of this
invention, the copolymer solution formed in the polymer-
ization step (1), with or without a deashing treatment to
remove the catalyst residue, 1s contacted with an adsorbent
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(e) containing a metal cation. The adsorbent contains a metal
cation such as an alkali metal or an alkaline earth metal,
preferably the former. For example, the adsorbent contains
at least 5% (in a state free from water of crystallization),
preferably at least 10% by weight, of the alkali metal. The
adsorbent (¢) has many pores having a maximum pore
diameter of at least 0.5 nm, preferably at least 0.7 nm. The
maximum pore diameter 1s calculated by assuming that the
diameter of an oxygen atom 1s 0.28 nm.

Zeolite 1s an especially preferred adsorbent (¢) used in the
process of this invention.

Advantageously, the adsorbent (e) has a specific surface
area of 100 to 1,000 m~/g, preferably 200 to 1,000 m~/g.

Contacting of the copolymer solution with the adsorbent
may be elfected by, for example, suspending the adsorbent
in the copolymer solution (contacting-filtration method) or
passing the copolymer solution through a layer filled with
the adsorbent (fixed layer method).

The copolymer may be isolated from the copolymer
solution from which the halogenation product of the
cycloolefin has been removed. This can be effected, for
example, by evaporating the solvent from the copolymer
solution or placing the copolymer solution under a high
temperature and a high pressure and then flushing it under
atmospheric pressure, thereby to precipitate and recover the
polymer. It 1s also possible to put the copolymer solution
from which the above halogenation product has been
removed 1nto a polar solvent such as acetone whereby the
copolymer 1s precipitated and separated.

The process of this invention gives a cycloolefin random
copolymer containing the halogenation product of the
cycloolefin which has a halogen content of below 200 ppm,
for example, not more than 100 ppm, and 1n many cases not
more than 50 ppm.

According to the process of this invention, the halogena-
tion product of the cycloolefin formed as a by-product by the
reaction of the cycloolefin and the polymerization catalyst
can be removed efficiently by a simple operation. This offers
the advantage that when the resulting cycloolefin random
copolymer 1s molded at high temperatures, the corrosion of
the molding machine can be circumvented.

The chlorine content of the random copolymer ascribable
to the chlorination product in the following examples was
measured by the following method.

About 10 mg of the random copolymer was burnt with
oxyegen 1n a flask to convert 1ts chlorine moiety ascribed to
the chlorination product mto hydrogen chloride which was
then caused to be absorbed by water. The resulting hydrogen
chloride solution was measured by an 1on chromatographic
method, and the chlorine content (ppm) of the copolymer
ascribed to the chlorination product in the copolymer was
determined. [See, for example, H. Saito and K. Oikawa,

“Bunseki Kagaku” (Analytical Chemistry), 31, E 375,
1982.]

The following Examples illustrate the process of this
invention more specifically.

EXAMPLE 1

Catalyst Preparation

As a vanadium compound catalyst component,
VO(OC,H;)Cl, was diluted with hexane to adjust the con-
centration of vanadium to 6.7 mmoles/liter-hexane.

As an organoaluminum compound catalyst component,
ethyl aluminum sesquichloride [Al(C,Hjs), Cl, 5] was
diluted with hexane to adjust the concentration of aluminum
to 107 mmoles/liter-hexane.
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Polymerization

Ethylene and tetracyclododecene were copolymerized
continuously 1n a polymerization vessel having an inside
diameter of 500 mm and a reaction capacity of 100 liters and
being equipped with a sfirrer.

Specifically, the vanadium catalyst component was
diluted with cyclohexane (polymerization solvent) so that
the concentration of vanadium was not more than two times
its concentration (0.6 mmole) in the cyclohexane in the
polymerization vessel. The vanadium catalyst component so
diluted was fed into the polymerization vessel. The ethyl
aluminum sesquichloride was fed so that the Al/V atomic
ratio was 8.0. Cyclohexane used as the polymerization
solvent was fed at such a rate that the residence time of the
reaction mixture became one hour. Ethylene and H, as a
molecular weight controlling agent were fed into the
gaseous-phase portion in the polymerization vessel, and
[tetracyclodecene] retracyclododecene, into the liquid-phase
portion 1n the polymerization vessel. Continuous solution-
polymerization of ethylene and tetracyclododecene was car-
ried out at 11° C. under 1.8 kg/cm®-G. To maintain this
polymerization pressure, N, gas was introduced into the
polymerization vessel. The polymerization temperature was
controlled by circulating a coolant through a jacket fitted to
the outside of the polymerization vessel. Under the above
conditions, an ethylene/tetracyclododecene copolymer was
obtained.

Deashing

Methanol, boiler water, and 25% NaOH solution as a pH
adjusting agent were added to the polymer solution with-
drawn from the bottom of the polymerization vessel. Thus,
the polymerization reaction was stopped and the catalyst
residue remaining in the polymer was removed.

Treatment with an adsorbent

One hundred mulliliters of the polymer solution after
deashing, and as an adsorbent, 30 g of X-type zeolite
containing 15% by weight of Na and having a maximum
pore diameter of 7.4 nm from which the water of crystalli-
zation was eliminated by heating 1in an ordinary manner
were taken mto a 500 ml reactor equipped with a stirrer. The
mixture was stirred for 2 hours at 50° C. to treat the polymer
solution with the adsorbent. The temperature was then
returned to room temperature, and the mixture was filtered
to separate 1t 1nto the adsorbent and the polymer solution.

The polymer solution separated was concentrated by a
rotary evaporator, and dried for 24 hours in a vacuum dryer

kept at 100° C. to give a final product.

The chlorine content of the final product 1s shown 1n Table
3. The basic properties of the copolymer obtained as the final
product are shown 1n Table 4.

EXAMPLES 2-4 AND COMPARAITVE
EXAMPLES 2-5

Example 1 was repeated except that each of the adsor-
bents mndicated 1n Table 3 was used mstead of the X-type
zeolite.

The results are shown 1n Table 3.

COMPARAITTVE EXAMPLE 1

Example 1 was carried out except that the treatment with
the adsorbent was not performed.
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The results are shown 1n Table 3.

TABLE 3
Chlorine
Adsorbent content of
Maximum the final
Metal cation pore copolymer
Content diameter  product
Run Type Type (wt. %) (nm) (ppm)
FExample 1 X-type zeolite Na 15 0.74 5
2 Y-type zeolite Na 10 0.74 10
3 L-type zeolite K 9 0.71 200
4 offretite-type K, Ca 11 0.69 35
zeolite (total)
Compa- 1 — — — — 1100
rative 2 activated charcoal — 8 800
Example 3 activated alumina — 0 30 1000
4 activated alumina — 0 10 700
5 silica-gel — 0 7 900
TABLE 4
Measurement
Properties Measured values method
MFR 32-42 g/10 min. 200" C., load
2160 g
[ntrinsic 0.44-0.47 dl/g in decalin at
viscosity 135° C.
Ethylene 57-62 mole % [nfrared
content spectroscopy
We claim:

1. A process for producing a cycloolefin random

copolymer, which comprises

(1) copolymerizing (a) ethylene or both ethylene and an
alpha-olefin having at least 3 carbon atoms with (b) at
least one cycloolefin selected from the group consisting
of unsaturated monomers of the following formula (I)

wherein n is O or a positive integer, and each of R* to
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and unsaturated monomers of the following formula
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(1)

(R*—C—R"),

wherein m is O or a positive integer, and R' and R'® are as
defined above, and [1] / is an integer of at least 3, in the
presence of (c) a catalyst formed from a soluble vanadium
compound and an organoaluminum compound at least one
of which has halogen, in (d) a liquid phase composed of a
hydrocarbon medium to form a solution of cycloolefin
random copolymer containing a halogenated by-product of
the cycloolefin, and

(2) subjecting the solution from step (d) to deashing
freatment to remove catalyst residues remaining in the
cycloolefin random copolymer, and

(3) contacting the resulting copolymer solution from step
(2) with (e) [an] a zeolite adsorbent containing a metal
cation to remove the halogenated by-product from said
solution.

[2. The process of claim 1 in which after step (1) but
before step (2), the random copolymer solution formed in
step (1) is subjected to a deashing treatment.]

3. The process of claim 1 1in which the zeolite adsorbent
containing a metal cation 1s an adsorbent containing at least
one cation selected from alkali metal cations and alkaline
carth metal cations.

4. [The] A process [of claim 1 in which the adsorbent] for

producing a cycloolefin random copolymer, which com-
prises

(1) copolymerizing (a) ethylene or both ethylene and an
alpha-olefin having at least 3 carbon atoms with (b) at
least one cycloolefin selected from the group consisting
of unsaturated monomers of the following formula (I)

(D

wherein n is 0 or a positive integer, and each of R ro
R represents halogen atom or a hydrocarbon group,
and unsaturated monomers of the following formula

)
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(1)

(R*—C—R"),

wherein m is 0 or a positive integer, and R* fo R™ are
as defined above, and lis an integer of at least 3, in the
presence of (¢) a catalyst formed from a soluble vana-
dium compound and an organoaluminum compound at
least one of which has halogen, in (d) a liquid phase
composed of a hydrocarbon medium to form a solution
of cycloolefin random copolymer containing a haloge-
nated by-product of the cycloolefin and

(2) contacting the resulting copolymer solution with (e) an
adsorbent which contains at least 5% by weight, 1n a
condition free from water of crystallization, of an alkali
metal cation fo remove the halogenated by-product
from said solution.

5. The process of claim 1 1n which the zeolite adsorbent
contains many pores and has a maximum pore diameter of
at least 0.5 nm.

6. The process of claim 1 in which the zeolite adsorbent
has a specific surface area of 100 to 1,000 m>/g.

7. The process of claim 1 which produces a random
copolymer having a halogen content of not more than 200
ppm.

8. [The] A process Jof claim 1 in which the] for producing
a cycloolefin random copolymer, which comprises

(1) copolymerizing (a) ethylene or both ethylene and an
alpha-olefin having at least 3 carbon atoms with (b) at
least one cycloolefin selected from the group consisting
of unsaturated monomers of the following formula (I)
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R* RS

— —in

wherein n is 0 or a positive integer, and each of R fo
R'® represents halogen atom or a hydrocarbon group,
and unsaturated monomers of the following formula

)

()

R* RS

— —m

wherein m is 0 or a positive integer, and R* fo R™ are
as defined above, and lis an integer of at least 3, in the
presence of (¢) a catalyst formed from a soluble vana-
dium compound and an organoaluminum compound at
least one of which has halogen, in (d) a liquid phase
composed of a hydrocarbon medium to form a solution
of cycloolefin random copolymer containing a haloge-
nated by-product of the cycloolefin and

(2) contacting the resulting copolymer solution with (e) an
adsorbent which 1s a zeolite containing alkali metal
cation fo remove the halogenated by-product from said
solution.
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