TI TLE OF THE | NVENTI ON Process for Produci ng Copol yner Rubber BACKGROUND OF
THE 4. NVENTI ON Field of the Invention The present invention relates to a
nové?\process for producing an ethyl ene-a-ol efin copol yner rubber or an

et hyl ene-[err]-ol efin-nonconj ugated di ene terpol yner rubber. Rel ated
Background Art The ethyl ene-a-ol efin copolynmer and the ethylene-[err]-
ol.efi n-nonconj ugat ed di ene terpolyner, respectively known as EPM and EPDM
are rwubber naterials w dely used as nodifier for various resins,
el.ectric-wire coating material, water proof sHeet material, belts, various
hoses, and material for autonobile parts. Al so, when necessary, sulfur,
per oxi des, or the NITHE OF T8Ed INVENTIIONN ze t hese copol yners so as to

i nprove their rubber characteristics for use. In general, vanadi um
cat al ysts have convenPrefgssy fIpEeRrgdugingr CapRLFger hRubbeye- nent i oned
rubbers. Al so, song ca : ef.i.n polymerization have already
been known. For exarpRe—J - 8H Pat ent Appl i cati on( KOKAI)

No. 19309/ 1983( Sh03421593%%knd $aL28850R Process for producing olefins in
which a netalIocene—cunpuung—oé-a—transition metal and an al um noxane are

used as catal ysts. Wirhe pkesent invention relates to a novel process

for producing an ethylene-a-oclefin copolymer rubber or
an ethylene-a-olefin-nonconjugated diene terpolymer
rubber.

Related Background Art

The ethylene-¢-olefin copolymer and the ethylene-o-
olefin-nonconjugated diene terpolymer, respectively
known as EPM and EPDM, are rubber materials widely used
as modifier for various resins, electric-wire coating
material, waterproof sheet material, belts, various
hoses, and material for automobile parts. Also, when
necessary, sulfur, peroxides, or the liké is used to
vulcanize these copolymers so as to improve their |
rubber characteristics for use.

In general, vanadium catalysts have conventionally

- been use&"for making the above-mentioned rubbers.

Also, some catalysts used for olefin polymerization
have already been known. For example, Japanese Laid-
open Patent Application(KOKAI) No.19309/1983(Sho58-
19309) discloses a process for producing olefins in
which a metallocene compound of a transition metal and

an aluminoxane are used as catalysts. While these

o,
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2 catalysts are highly active and excellent in their copolynerizing
capahjlity, there is a problemthat a |arge quantity of an al um noxane,
whi ch i s expensive, is necessary. Further, Japanese Lai d-open Patent
Appl i cation No.262823/1993( Hei 5- 262823) and No. 43618/ 1993( Hei 5- 43618)
di scl ose a process for polynerizing olefins in which a transition netal
conpl ex, a boron conplex, and a snmall anount _,of an al um num conpound are
used as catal ysts. However, this process has 2a problemthat the resulting
ol efin has such a high [err]-olefin content and a | ow density, and that the
ai med obj ect of making a copol ynmer or terpolynmer rubber having a high
mol ecul ar vei ght catuliysis fdred eriighlpadcdive red eXcellent i EReAt 0612768
di scl oses a process for copolynerizing ethylene and an a-olefin in which a
transition netal cwygslyneniziorpcapahillaty artdiexesrisl 2 probdemofthat a
al um num conpound are used as catal ysts; this process has _ a problemthat a
hi gh-t enper at ure rERIS ERAVHER iHh 3 Wﬁé’é‘é&i‘ef'orwhéﬁ?‘ailﬁi F¥PENFILYR-
nol ecul ar pol yrer ., SUMVARY. THE | NVENTI ON An obj ect of the present

invention is to pFﬁ%flézﬁfg' ss for produci ng EPM and EPDM rubbers, which

have ' Further, Japanese Laid-open Patent Application
No.262823/1993(Hei5-262823) and No.43618/1993(Hei5-
43618) disclose a process for polymerizing olefins in
which a transition metal complex, .a boron complex, and
2 small amount of an aluminum compound are used as
catalysts. However, this process has a problém  that
the resulting olefin has such a high a-olefin content
and a low density, and that the aimed object of making
a copolymer or terpolymer rubber having a high
molecular weight cannot sufficiently be attained.

Also, while EP-A1-0612768 discloses a process for

copolymerizing ethylene and an a-olefin in which a
transition metal complex; a boron complex, and a small
‘amount of an -aluminum compound are used as catalysts;
this process has a problem that a high-temperature
reaction condition is necessary for obtaining a high-

molecular polymer.

SUMMARY OF - THE INVENTION

An object of the present invention is to provide
process for producing EPFM and EPDM rubbers, which have
desirable characteristics as mentioned above, more

efficiently and more economically. Namely, the objéct



desirabl e characteristics as nentioned above, nore efficiently and nore
economi cally. Namely, the object 3 of the present invention is, by
devel opi ng a catal yst systemhaving a higher catalytic activity, to reduce
the tine required for manufacture and thereby to provide a process of

manuf acture in which inproved efficiency and advant ageous cost can be
realized in the manufacture. Further, an object of the present invention
is, by using a catal yst systemhaving a high catalytic activity, to provide
a process of manufacture in which the amount of catal yst used during the
manuf acture can greatly be reduced and accordingly the processes such as to
renove residual cafathetpresenheimeentieruted wd%%mlminmea gatahegted, so
that the cost of the final product, can be reﬁuced and. the qual i t her eof

i nproved. As the FPESEPR RRV ?i@eﬂ%gg?ﬁd?%ga_%ﬁb%r?ﬁ?&?}ﬁXmﬂt?négéﬂﬁﬁf(N
PrOdUC, 19, EPM a0, EE TGP iPEed UPOF aliBYAsB e A g o1 ot 05
e e anuon (BESF S5k kosang o bambt aieade indon, Ul dugrelad ons hen
nonconj ugat ed di esffattency and advantageous cost can be realized in the
| manufacture. Further, an object of the present
invention is, by using a catalyst system having a high
catalytic activity, to provide a process of manufacture
in which the amount of catalyst used during the
manufacture can greatly be reduced and accordingly the
processes such as to remove residual catalysts in the
manufactured product can be eliminated, so that the
cost of the final product can be reduced and the
quality thereof improved.

As the resﬁlt of diligent studies concerning novel
process for producing EPM and EPDM copolymer rubbers
having desirable characteristics, the inventors have
found that a high—molecular EPM or EPDM copolymer
rubber héving desirable characteristics can be obtained
under mild conditions when ethylene and an a-olefin of
ethylene, an «-olefin, and a nonconjugated diene are
copolymerized in the presence of a catalyst system
containing constitutional compbnents (A)-(C) listed
below. Thus, the present invention has been
accomplished.

More in detail, in a process of producing an EPM
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copolynerized in the presence of a catal yst system containing
constitutional conponents (A)-(C) |isted below. Thus, the present invention
has ‘been acconplished. More in detail, in a process of producing an EPM

4. copol yner rubber, the present invention provides a process of producing
an ethylene-[err]-olefin copolymer rubber conprising the step of -

pol yneri zing ethylene and an a-olefin in the, presence of the catal yst
system not ed bel ow so that a copol yner rubbe? havi ng such characteristics
as an ethylene content of 30-90% by weight and a density (d) of 0.840-0.900
[err] can be prepared. Mire specifically, the present invention provides a
process of producicagod yimero lryubderr, Ukther phresent anvehbybanproenaest aof
30-90% by weight and a density (d) of 0.840-0.900 [err] from ethylene and
an [err]-olefin, @rrmpifzmoﬂnctmst an exbhylppe-gyolefiinonerdhyngr
constitutional co nents A) -, ted bel ow i s_used; Conponent (A),
transition metal & s éHﬂé& 8y SESPNREPPiYTEFigiRg ethylene and

z an a-olefin in the presence of the catalyst system
noted below so that a copolymer rubber having such-
characteristics as an ethylene content of 30-90% by
weight and a density (d) of 0.840-0.900 g/cm’ can be
prepared. '

More specifically, the present invention provides a
process of producing a copolymer rubber having an
ethylene content of 30-90% by weight and a density (d)
of 0.840-0.900 g/cm3 from ethylene and an e¢-olefin,
characterized in that a catalyst system containing
constitutional components (A)-(C) listed below is used:

Component (A), a transition metal complex

represented by formula (1) or (2):

(1) z
e
Cp1 ™~ Ve
\‘ _—
VRN
Xl X2
(2)

| VA
~
Cpl \sz

.\H f/
VRS :
xl X2



5 wherein Mis a transition netal of the group I'VB in the periodic table;
[err] and [err] are cyclopentadi enyl groups or derivatives thereof which
can ‘be bonded to Mor H by [err]-bond; [err] and [err] are anionic |igands
or neutral Lewis basic ligands; Y is a ligand having at | east one nenber
selected fromthe group consisting of nitrogen atom phosphorus atom _
oxygen atom and sulfur atom and Z is a |ligand having at | east one nenber
sel ected fromthe group consisting of oxygen atom sulfur atom boron atom
and an atom of the group-IVA in the periodic table. Y and Z may be united
together to forma condensed ring. Conponent (B), a borate conpound.

Corponent (C), a ”Eth%h@k%&hnﬁxigeaOErEBsQEQBH'ﬁe%hﬂ”bﬁuﬁhéoéPﬁﬁngvs in

cont ai ning an al kyl group which has at |east one branched al roup.

Al so, the present theveetriiodipr @abdes a process characterized in that, in
particular, the conponent (A) is (tertiary

but yl ami do) di net hyl - ppﬁanbﬂhg arPeFNFlo@FoﬂegéﬂnxdlGnyupslbanetltanlum

o chi o} e or"et g 20gel 5 198y ) ' 0L SLEH 1 ke, SAPEIRE

n-bond;

x' and X’ are anionic ligands or neutral Lewis basic
ligands;

Y is a ligand having at least one member selected
from the group consisting of nitrogen atom, phosphorus
atom, oxygen atom, and sulfur atom; and

Z is a ligahd having at least one member selected
from the group consisting of oxygen atom, sulfur atom,
boron atom, and an atomfof‘the group IVA in the
periodic table. V¥ and Z may be united together to form
a condensed ring.

Component (B), a borate compound.

Component (C), a methylaluminoxane or an organic
aluminum compound contaiﬁing an alkyl group which has
at least one branched alkyl group.

Also, the present invention provides a process
characterized in that, in particular, the component (A)
is (tertiary bﬁtylamido)dimethyl—(tetramethyl-ns—
cyclopentadienyl)silanetitanium dichloride or
éthylenebis(indenyl)hafnium dichloride; the component
(B) is triphenylcarbenium tetrakis(pentafluorophenyl)

borate or N,N-dimethylanilinium



7 -
(B) is triphenyl carbeniumtetraki s(pentafluorophenyl) borate or

N, N: di et hyl ani I'i ni um 6 tetrakis(pentafluorophenyl) borate, and the
conponent (C) is nethylalum noxane or triisobutylalumnumin the catalyst
system Further, the present invention provides a process characterized in
that the ratio (nolar ratio) of used anobunts of conponent (A)/conponent (B)
Is 1/(0.01-100) and the ratio (nmolar ratiqg) of used anmounts of conponent
(A)/ conmponent (C) is 1/(1-1000). Al so, th% present invention provides a
process characterized in that polynerization is effected at a tenperature
not lower than [err] but lower than [err] Further, the present invention
provi des a pr ocesge Ol bt en il wdrdpiadny e Yerate Olarid rthes qumpoylenite or
1- butene. The present invention also relates to the copol ynmer rubbers

obt ai ned by t hese(®) ot®Isaichy Jd Buningrane rax cesi igortahadiomi namn HpDihe: he
present invention provides a process of producing a terpolymer rubber
havi ng such char 23&21%%% S¥YskeBn et hyl ene content of 30-90% by wei ght, a

consi (9 0T O 210 R S AR, BRI Y5 acbeP i
characterized_in that the ratio (molar ratio) of used
amounts of component (A)/component (B) is 1/(0.01-100)
and the ratio (molar ratio) of used amounts of
component (A)/component (C) is 1/(1-1000).
| Also, the present invention provides a process
characterized in that polymerization is effected at a
temperature not lower than -20°C but lower than 120°C.

Further, . the present invention provides a process
characterized in that the «-olefin is propylene or 1-
butene. The present invention also relates to the
copolymer rubbers obtéined by these processes.

Also, in a process of producing an EPDM, the
present invention provides a process of producing a
terpolymer rubber having such characteristics as an
ethylene content of 30-90% by weight, a density (d) of
0.840-0.900 g/cm?, and an iodine vélue of 0.5-40 from
ethylene, an a«-olefin, and a nonconjugated diene,
characterized in that a catalyst system containing
constitutional components (A)-(C) listed below is used:

Component (A), a transition metal complex

represented by formula (1) or (2):

(1)



13
characterized in that a catal yst system containing constitutional
conponents (A)-(C listed belowis used: Conponent (A), a transition netal
conpl ex represented by formula (1) or (2): 7 (2) [err] wherein Mis a
transition nmetal of the group IVB in the periodic table; [err] and [err]
are cycl opent adi enyl groups or derivatives thereof which can be bonded to M
or H by [err]-bond; [err] and [err] are gnionic ligands or neutral Lew s
basic ligands; Y is a ligand having at |east one nenber selected fromthe
group consi sting of nitrogen atom phosphorus atom oxygen atom and sul fur
atom and Z is a ligand having at | east one nmenber selected fromthe group
consi sting of oxygen atom sulfur ato Zaqron atom and an atom of the -
group VA in the periodic table. é Z may~\be_united together to forma
condensed ring. Conponent (B), a B®ate conpouﬂa. Component (C), a
met hyl al um noxane or an organic M

J

7N\
x1 X2

Z
~
\H f/ |
7 N
Xl X2

(2)

wherein M is a transition metal of the grbup IVB
in the periodic table;

Cp1 and sz are cyclopentadienyl groups or
derivatives thereof which can be bonded to M or Hf by
n-bond;

x''and X* are ahionic ligands or neutral Lewis basic
ligands;

Y is a ligand having at least one member selected
from the group consisting of nitrogen atom, phosphorus
‘atom, oxygen atom, and sulfur atom; and

Z is a ligand having at least one member selected
from the group consisting of oxygen atom, sulfur atom,
boron atom, and an atom of the group IVA in the
periodic t&ble. Y and 2 may be united together to form
a condensed ring.

Component (B), a borate compound.

Component (C), a methylaluminoxane or an organic



8 al um num conpound cont ai ni ng an al kyl group which has at |east one

branched al kyl

group. Also, the present invention provides a process

characterized in that, in particular, the conponent (A) is (tertiary

but yl am do) di met hyl - (tetramethyl -[err]- cycl opentadi enyl)silanetitanium
di chl ori de or ethyl enebi s(indenyl)hafnium dichloride, the conponent (B)
tri phenyl carbeni um tetraki s(pentafl uorophegyl) borate or

N, N-di et hyl ani | i ni um t et raki s(pent afl uorophenyl) borate, and the conpon
i s met hyl al um noxane. or- triisobutylalum numin the catal yst system

(O

Furt her,
ratio (nmol ar rati elusfinugsedonpountds cohtednpngean &Akyiogpoapnihith has
1/ (0. 01-100) and the ratlo (rmol ar ratio) _of used anobunts of conponent
(A)/ conponent (C) 3ts LeAEE- PB80Praprbed pREYAr g56HP- i nvention provides a

process characterized

| ower than [err] F°ro§prPﬁ§ﬁeP r FRVEAF R PTRYH
provides a proceSénaBaE%ekﬁﬁbaeﬁn'Eh&batﬁ£h6aL€£EL%Q£?f££b'éb&ﬁ&ﬁ&ﬂ@“ﬁa?r

The present invention also re

not

1-

but ene.

t he present

zation s effectgd at a tenperatur

%?e§e?ﬁ°? ntion

ates t
is (tertiary butylamldo)dlmethyl—(tetramethyl—na—

cyclopentadienyl)silanetitanium dichloride or
ethylenebis(indenyl)hafnium dichloride, the component
(B) is triphenylcarbenium tetrakis(pentafluorophenyl)
borate or N,N-dimethylanilinium
tetrakis(pentafluorophenyl) borate, and the component

(C) is methylaluminoxane or triisobutylaluminum in the

.catalyst system.

Further, the present invention provides a proéess
characterized in that the ratio (molar ratio) of used
amounts of component (A)/component (B) is 1/(0.01-100)
and the ratio (molar ratio) of used amounts of
component (A)/component (C) is 1/(1—1006).

Also, the present invention provides a process
characterized in that polymerization is effected'at a
temperature not lower than -20°C but lower than 120°C.

- Further, the present invention provides a process |
characterized in that the we-olefin is propylene or 1-
butene. The present invention also relates to the
copolymef rubbers obtained by these processes.

Also, in particular, the present invention provides

a process of producing a terpolymer rubber having an

i's

ent

I nvention provides a process characterized in that the

e



copol ymer rubbers obtai ned by these processes. Also, in particular, the
present invention provides a process of producing a terpolynmer rubber
havi'ng an 9 ethylene content of 30-90% by weight, a density (d) of
0.840-0.900 [err], and an iodine value of 0.5-40 from et hyl ene, propyl ene,
and 5-ethylidene-2-norbornene, characterized in that .a catal yst system
containing (tertiary [err] cyclopentadi enyl)silanetitaniumdichloride as

t he conponent (A), triphenyl carbeniumtetraki s(pentafluorophenyl) borate as
t he conponent (B), and methyl al um noxane or triisobutylalum num as the
conponent (C) is used and polynerization is effected at a tenperature of

[err] and a pressdify®bné 38AtahkDSENGD-O0Br BgSHeeght)r&h@énsityped)isal ar,
t he present |nvent|on provi des a Srocess of produ0|ng a terpolymer rubber

havi ng an et hyl ene.ednt0nd00f gZemd0 %y ameug:td:,r'ea\cteinm tof (@)5-af0 from
0. 840-0.900 g/cnB, and an iodine_val ue of 5-40_from et hyl ene, grop yl ene,
and 5- et hyl i dene- Ethﬁéﬁb§ﬁnEﬁ@DYéHQPaCPEﬂl§éﬂthﬁl%ﬂ%Pea2c%?§P9§? R$stem

cont ai ni ng et hyl en blsgkgggggd)hafnhug1dl Lai&gg g§s£g§ 88HP£f§fﬁg(ﬁ0

tri phenyl carbeni u
(tertiary butylamido)dimethyl—(tetramethyl-ns—

cyclopentadienyl)silanetitanium dichloride as the
compdnent (a), triphenylcarbenium
tetrakis(pentafluorophenyl) borate as the component
(8), and methylaluminoxane or triisocbutylaluminum as '
the component (C) is used and polymerization is
effected at a temperature of 20-80°C and a pressure of
1-300 atmospheric pressure.

Further, in particular, the present invention
provides a process of froducing a terpolymer rubber
having an ethylene content of 30-90% by weight, a
density (d) of 0.840-0.900 g/cm3, and an iodine value of
0.5-40 from ethylene, propylene, and 5-ethylidene-2-
norbornene, characterized in that a catalyst system
containing ethylenebis(indenyl)hafnium dichloride as
the component (A), triphenylcarbenium
tetrakis(pentafluorophenyl) borate as the component
(B), and triisobutylaluminum as the component (C) is
used and polymerization is effected at a temperature of
20-80°C and a pressure of i—300 atﬁospheric pressure.
The preéent invention also relates to the terpolymer

rubbers obtained by these processes.
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tetraki s(pentafl uorophenyl) borate as the conponent (B), and
triisobutylalum numas the conponent (C) is used and pol ynerization is
effécted at a tenperature of [err] and a pressure of 1-300 atnospheric
pressure. The préesent invention also relates to the terpolymer rubbers
obt ai ned by these processes. 10 DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Material (Ethylene, [err]-ol efighe, and Nonconjugated Di ene)
Though the a-olefins usable in the present invention are not specifically
restricted, those with a.[err] having a carbon nunber(n) of about 3-10 nmay
preferably be used in particular. For exanple, propylene, 1-butene,

3- met hyl - 1- but eneppsaneiby bescrrenene orl Thex erReFERREDCENBOD EMENTEE | i ke
may be used. Thes& [err]J-olefiins may DE USed separately as well as in
conbi nati on as a Metemiel (Etbydeherr k-—olefine, napdbNonebrjugadted Diene)
appropriately such that the resulting_copol yner rubber has optinmum
characteristics. For &Renghethenhgyodgfips EEPQ&FeHnsEBﬂ PR@%eRt desirabl e
physical characteristic.will be _obtained_when.the co r r
cont ai ni ng the copdl” H%}°Psa6ﬁ|88 ?88°1£F§8E1¥nr§3 ¥£§ gﬁ°v3?%§£g &
[err]-olefins nOtSlenes,CJhn having a carbon number(n) of about 3-10

may preferably be used in particular. For example,
propylene, l-butene, 3-methyl-l-butene, 4-methyl-1-
pentene, l-hexene, l-decene, and the like'may be used.
These a-olefins may be used separately as well as in
coﬁbination as a mixture. These w-olefins may be
selected approériately such that the resulting
copolymer rubber has optimum characteristics. For
example, they may be selected such that a desirable
physical characteristic will be obtained when the
copolymer or a mixture containing the copolymer is
vulcanized.

Also, in general, when various e-olefins noted
above are used, it is unnecessary for conditions in the
polymerizing process in accordance with the present
invention to change substantially. When the
quantitative ratios 6f catalyét constitutional
components, reéction temperature, reaction pressure,
and the like disclosed in the present invention are
optimized, a copolymer rubber having désirable
characteristics can be obtained. Slight adjustment of

these reaction conditions can easily be effected by one



above are used, it is unnecessary for conditions in the polynerizing
process in accordance with the present invention to change substantially.
Wheh the quantitative ratios of catalyst constitutional conponents,
reaction tenperature, reaction pressure, and the |ike disclosed in the
present invention are optim zed, a copolyner rubber having desirable
characteristics can be obtained. Slight adﬂustnent of these.reaction
conditions can easily be effected by one skilled in the art. For
exanpl e, when the quanti-tative ratios of catalyst constitutional conponents
are changed within the scope disclosed in the present invention,

pol ynmeri zati on cogkiliedsifhothebastni NEor exqmblerwieayithe dpentiliative
characteristics can be found. Further, the nonconjugated di enes usable in
t he produci ng of EPDA$ncf heabalbyehtcopshtubional RAPHRNLT ia%8 |y

Lgstricted. Vhriogﬁgtygg of diengs such as gggh%g%gr_lnﬂﬁgr di ene conpounds
By preferably bechanged Spethin tRgaATARS Ats¢ ctt - HoRSH Wat ed
cenes, 1l uds ol XGLOPEIN S e PIUELIUA Cops COURPT AP BBintng &
norbornene, 5- et byhENGnEr MAPORGCHEs i PAlL é Nehdd&teristics can be

found. |

Further, the nonconjugated dienes usable in the
ﬁroducing of EPDM in the present invention are noct
specifically restricted. Various type of dienes such
‘as cyclic or linear diene cdmpoﬁnds may preferably be
used. Specific examples of the cyclic nonconjugated
dienes include dicycldpentadiene, 2-methyl-2,5-
norbornadiene, S5-ethylidene-2-norbornene, 5-
isopropylidene-2-norbornene, S5-isopropenyl-2-
norbornene, 5-methylene-2-norbornene, and the like.
Specific examples of the linear nonconjugated dienes
include 1,4-hexadiene, 1,6—octadiene; 6-methyl-1,5-
heptadiene, and the like.

In the producing of an ethylene-a-olefin-
nonconjugated diene terpolymer having desirable
characteristics in accordance with the present
invention, the nonconjugated dienes may be selected
appropriately such that the resulting terpolymer rubber
has optimum characteristics. For example, they may be
selected such that a desirable physical characteristic

will be obtained when the terpolymer or a mixture



Speci fic exanpl es of the |inear nonconjugated di enes include 1, 4-hexadi ene,
1, 6-octadi ene, 6-nethyl-1,5- heptadiene, and the like. In the producing of
an ethylene-[err]-ol efin- nonconjugated di ene terpolynmer having desirable
characteristics in accordance with the present invention, the nonconjugated
di enes may be sel ected appropriately such that the resulting terpolyner
rubber has optimum characteristics. For e |l e, they nmay be sel ected such
that a desirabl e physical characteristic | be obtained when the
terpolynmer or a mxture - 12 containing the terpolyner is vul canized.

Al so, in general, when various dienes noted above are used, it is
unnecessary for ceddithiaihg theheeppblymerzasi onlpanieed.i n accordance with
the present invention to change substantially. Wen the quantitative ratios
of catalyst constitutAdsel, éongenerned, whebt VarieBfpliarnescnotedcabeve
pressure, and the |ike discl.gsed in the %rese inveaigon are ogﬁinized, an

EPDM t er pol ymer r @86 PSESyi &Esppgﬁng.ﬁ§¥a£%5ngP 528 H2 oBTai ned.
R Y e o N L
invention to change substantially. When the
quantitative ratios of catalyst constitutional
.coﬁponents, reaction temperature, reaction pressure,
and the like disclosed in the present invention are
optimized, an EPDM terpolymer rubber having desirable
characteristics can be obtained. Slight adjustment of
! these reaction conditions can easily be effected by one
! . skilled in the art. For example, when the quantitative
ratios of catalyst constitutional components are
changed within the scope disclosed in the present
invention, polymerization conditions for obtaining a

terpolymer having desirable characteristics can be

found.

Catalyst System

In the éonstitution of the'éatalyst system usable
in the process of producing a copolymer(and terpolymer)
having desirable characteristics in accordance with the
present invention, the following catalyst component (2)
and co-catalyst constitutional components (B) and (C)
are essential. The substances which can preferably be
used in thelpresent invention as the catalyst component

(A) are a group of transitional metal complexes



rati os of catalyst constitutional conponents are changed within the scope

di sclosed in the present invention, polynerization conditions for obtaining
a terpol ymer having desirable characteristics can be found. Catal yst System
In the constitution of the catal yst systemusable in the process of
produci ng a copol yner (and terpol ynmer) havi desirabl e characteristics in
accordance with the present invention, théﬂgollomﬁng cat al yst conponent (A
and co-catal yst constitutional conmponents (B) and (C) are essential. The
substances which can preferably be used in the present invention as the
catal yst conponent (A) are a group of transitional metal conpl exes 13 -
represented by theepihesentedtbpntk favord-andri)ianed Harnula Hdse dor(fil.as, M
is a transition netal of the group IVB in the periodic table, [err] and
[err] are cycl opekr aethess | ToFmulas oM dky | & ransition agtadiah the woup
bonded to Mor Hf_b err]-bond, lerr d [enr re_anionic |igands or
neutral Lewis bast¥P|+yariR, 1@§%FI4?§31' ﬁgﬂikﬁ atPl 35T one genber
selected fromthe S8 St L t QSR ;

oxygen atom and %ﬁ'%}r&e ator%ért%gg%@‘éﬁ% (flﬁgér} h'-:{e;&vglvnégfﬂI HUOHS WA

; can be bonded to M or Hf by n-bond, X and x’ are

anionic ligands or neutral Lewis basic ligands, Y is a

'ligand having at least one member selected from the

group consisting of nitrogen atom, phosphorus atom,
oxygen atom, and sulfur atom, and Z is a ligand having

' at least one member selected from the group consisting
of oxygen atom, sulfur atom, boron atom, and an atom
belonging to group IVA in the periodic table. Y and Z
may be united together in the same molecule by bonding
or the like to form a condensed ring.

Specific examples of the compounds represented by
formula (1) which can preferably be used in the present
invention.include'such'metal coordination complexes as
(tertiary butylamido)(tetramethyl—nﬁ—cyclopentadienyl)-
-1,2-ethanediylzirconium dichloride, (tertiary '
butylamido)(tetramethyl—ns—cyclopentadienyl)—1,2—
ethanediyltitanium dichloride,
(methylamido)(tetramethyl—nﬁ-cyclopentadiényl)—1,2-
ethanediylzirconium dichloride,
(methylamido)(tetramethyl—nﬁ-éyclopentadienyi)?1,2—
ethanediyltitanium dichloride,

(ethylamido)(tetramethyl-n5—cyclopentadienyl)—



at | east one nenber selected fromthe group consisting of oxygen atom

sul fur atom boron atom and an atom bel onging to group IVAin the periodic
tabFe. Y and Z may be united together in the sanme nol ecul e by bondi ng or
the like to forma condensed ring. Specific exanples of the conpounds
represented by fornmula (1) which can preferably be used in the present

I nvention include such netal coordination conplexes as (tertiary

but yl am do) (tetranethyl-[err]-cyclopentad?%nyl) - 1, 2-et hanedi yl zi r coni um
dichloride, (tertiary butylam do) (tetramethyl-[err]-cycl opentadienyl)
-1, 2- ethanediyltitanium dichloride, (nethylan do)

(tetranmethyl - [ err heghg1epetiddndin Fithdor@deangdeykibigoni um di chl ori de,
(et hyl ami do) (tetranmethyl-[err]-cycl opentadienyl)-1, 2- ethanediyltitanium

di chl ori de, (ethyham&dapi@beﬁﬁm&&h&ﬂKtp¢mahe¢yyﬂep%ﬂtadienyl)- 14
met hyl enetitaniumdichloride, (tertiary ) ) ) .
but yl ami do) di net hfYclepearatipnyldsillanefdtapinmadichy Py ifeanbt e¥ bR T
o chlor e, (1o gt NS AR T L - o]

(benzyl am do) di mrelRyhhehtadiey1)s815hezirconium dibenzyl,
(benzylamido)dimethyl(tetramethyl-ns-
cyclopenfadienyl)silanetitanium dichloride, and
(phenylphosphido)dimethyl(tetramethyl-ns-
cyclopentadienyl)silanezirconium dibenzyl.

‘Specific examples of the compound represented by
formula (2) include ethylenebis(indenyl)hafnium
dichloride, dimethylsilylbis(2,4,5~
trimethylcyclopentadienyl)hafnium dichloride,
dimethylsilylbis(3-methylcyclopentadienyl)hafnium
dichloride, dimethylsilylbis(4-t-butyl-2-
methylcyclopentadienyl)hafnium dichloride, |
diethylsilylbis(2,4,5-trimethylcyclopentadienyl)hafnium
dichloride, diethylsilylbis(2,4-
dimethylcyclopentadienyl)hafnium dichloride,
diethylsilylbis(3-methylcyclopentadienyl)hafnium
dichloride, diethylsilylbis(4-t-butyl-2-
methylcyclopentadienyl)hafnium dichloride,
isopropyl(cyclopentadienyl) (fluorenyl)hafnium
dichloride, |
diphenylmethylene(cyclopentadienyl) (fluorenyl)hafnium

dichloride,



cycl opent adi enyl )sil anetitani.um di chl oride, and (phenyl phosphi do)
dimethyl (tetranethyl-[err]- cycl opentadi enyl)sil anezirconi um di benzyl .
Speei fic exanpl es of the conpound represented by forrmula (2) include

et hyl enebi s(i ndenyl ) haf ni um di chl ori de, di methylsilylbis(2,4,5-

tri met hyl cycl opent adi enyl ) haf ni um di chl ori de,

di met hyl si | yl bi s(3- et hyl cycl opent adi enyl ) haf ni um di chl ori de,

di met hyl silyl bi s(4-t-butyl-2- nethyl cycl ogent adi enyl ) haf ni um di chl ori de,
di et hyl silyl bis(2, 4,5-trd met hyl cycl opent adi enyl ) haf ni um di chl ori de,

di et hyl si |yl bi s(2, 4- di net hyl cycl opent adi enyl ) haf ni um di chl ori de,

di et hyl si |yl bi s( 3mmh91bﬁ¥ﬁymeeh§déﬁarbi;a%ﬁé#ﬂ&diéﬂyp; { #Puorenyl
di et hyl silyl bis(4-t-butyl-2- nethyl cycl opentadi enyl) hafnium di ch orlde

|sopropyl(cyclopehhaduamyaichnunideyl1hepnopy1dcpblﬁpemkadlenyl)(2 7-di-
diphenylnethylene(cgclo entadiené é(fluoren yl' ) haf ni um di chl ori de, 15
met hyl pheny! net hykehutyyéLopeannd) ayn}qmléac h9¥}dﬂafn|un1d|chlor|de

isopropyl(Cyclopeg&gggggxmé£gyze (cyc? ZnLéggéggfizgfglﬁiﬁnfhChlorlde’
butylfluorenyl)hafnium dichloride,
methylphenylmethylene(cyclopentadienyl) (2, 7-di-t-
butylfluorenyl)hafnium dichlioride,
isopropylidenebis(cyclopentadienyl)hafnium dichloride;
diphenylmethylenebis(cyclopentadienyl)hafnium
dichloride,
methylphenylmetﬁylenebis(cyclopentadienyl)hafnium
dichloride, isopropylidene(cyclopentadienyl)
(tetramethylcyclopentadienyl)hafnium dichloride,
diphenylmethylene(cyclopentadienyl)
(tetramethylcyclopentadienyl)hafnium dichloride,
isopropylidene(indenyl)hafnium dichloride,
diphenylmethylenebis(indenyl)}hafnium dichloride,
methylphenylmethylenebis(indenyl)hafnium dichloride,
dimethylsilylenebis(indenyl)hafniuﬁ dichloride,
dimethylsilylenebis(4,5,6,7-tetrahydroindenyl)hafnium
dichloride, diphenylsilylenebis(indenyl)hafnium
diéhloride, ﬁethylphenylsilylenebis(indenyl)hafnium
dichlo:ide,-ethylenebis(4,5,6,7-
tetrahydroindenyl)hafnium dichloride and the like.
Also, the above-mentioned catalysts may be used

separately as well as in combination of two or more.



di phenyl net hyl ene(cycl opent adi enyl ) (2, 7-di -t- butyl fluorenyl)haf ni um
di chl ori de, nethyl phenyl net hyl ene(cycl opent adi enyl ) (2, 7-di -t -

but yl f 1 uor enyl ) haf ni um di chl ori de,

I sopropyl i denebi s(cycl opent adi enyl ) haf ni um di chl ori de,

di phenyl net hyl enebi s(cycl opent adi enyl ) haf ni um di chl ori de,

nmet hyl phenyl net hyl enebi s(cycl opent adi enyl ) haf ni um di chl ori de,

i sopropyl i dene(cycl opent adi enyl ) (tetranetoIcycIopentadlenyl)hafnlum
di chl ori de, dlphenylnethylene(cyc1opentad|enyl)

(tetranet hyl cycl opent adi enyl ) haf ni um di chl ori de,

i sopropyl i dene(i ndenyFhpatatadydchboppdent (A) represented by the

diphenylnethyleneblsélnden Iéhafnlun1d|chlor|de
met hyl pheny! met hy F@REFPLPENE ﬁfoHSf REBRP4PENFBR Be, selected without

i ot iyl 51 11 encbrepaeanpal i BhHFkehe Bk Bonat rions ofer Fpnpbeing the
dlphenyISIIylenebp%égeﬁ%nxh»eﬁtﬂbﬁnaﬁgembeéadﬁereln Slight adjustment
met hyl phenyl si | yl enebi s(i ndenyl ) haf ni um di chl ori de, ethylenebis(4,5,6,7-
t et rahydr oi ndenyl| thetrebfincdncheomade whdnt 47 bpkémudl selecbion is
above-nentioned catal ysts nmay be used separately as well as in conbination
of two or nore. effgcted according to a method (e.g., design of
experiment) known to one skilled in the art with
reference to desirable characteristics of the
copolymer(terpolymer), conditions for the
po;ymerization reaction (e.g., solvent, temperature,
pressure, concentration, etc, in solution
polymerization), and the like.
The co-catalyst component (B) constituting the
catalyst system in the present invention may be a
borate compound which reacts with the transition metal
"in the above-mentioned component (A) to form an ionic
complex. Namely, the component (B) is a compound which
can make the above-mentioned metal complex cationic.
Also, it is a borate cémpound which rather weakly
coordinates or coacts with the resulting cationic
compound, without reacting therewith, and provides a
' counter anion. Specific examples which can preferably
be used in the present invention include those
containing an active'proton, such as ammonium salts,

sulfonium salts, phosphonium salts, and the like of

tetrakisphenyl borate and tetrakis(pentafluorophenyl)



The catal yst conponent (A) represented by the foregoing specific exanples
can be selected without substantially changing the conditions for realizing
the present invention disclosed herein. Slight adjustnment thereof can be
made when an optimum selection is effected according to a nethod (e.qg.,
design of experinment) known to one skilled in the art with reference to
desirabl e characteristics of the copol ynern erpol yner), conditions for the
pol ymeri zation reaction (e.g., solvent, tenperature, pressure,
concentration, etc, in solution polynerization), and the like. The
co-cat al yst conponent (B) constituting the catalyst systemin the present
invention may be BopataleasowpdUndsWihéeBer 8fitaiMiny hdeadtinsipiaronet al
in the above-nentioned conponent (A) to forman ionic conplex. Nanely, the
conponent (B) is hutoapbewidswaci@ suchnakecahbonbeveiomnte ohed ienid
conplex cationic. Also, it is a borate conpound_which rather_weakly,

coordi nates or coSeTBOWNER E¥RiIFRLLYt FRABresenbR cP¥ ohhiRhrRnY 163 ium

reacting theremﬁtQetggﬂﬁgEg%%ggi%gggggﬂésg%?nﬁgpatémecific exanpl es whi ch

can preferably be-use _ ion I'Acl ude those cont ai ning an
active proton, such agsafyPei §PeEPFiée . eRampPes UNMKE {énid iiadad ts,

and the like of tetrakisphenyl” borate and tetrakis(pentafl uorophenyl)
Lewis acidic compounds having an ion pair indicated by
ﬁhe following formula (3) may be listed.

[D"1[E"] (3)

Specific examples of [D'] indicated in formula (3)
include compounds conﬁaining an active protonp} such as
trimehylammonium, triethylammonium, tripropylammonium,
tr-ibutylammonium, N,N-dimethylanilinium, N,N- |
diethylanilinium, N,N,2,4,6-pentamethylanilinium,
triphenylphosphonium, tri(o-tolyl)phosphonium, tri(p-
tolyl)phosphonium, and tri(mesityl)phosphonium as well
as the ions containing no active protons, such as
triphenylcarbenium ién and tropylium ion. Specific
examples of [E] include tetraphenyl borate,
tetra(pentafluorophenyl) borate, tetra(o—fluorophenyl)
borate, tetra(p-fluorophenyl) borate, tetra(m- |
fluorophenyl) boraté, tetra(3,5-difluorophenyl) borate,
tetra(2,5-difluorophenyl) borate, tetra(2,6-
difluorophenyl) borate, tetra(o-tolyl) borate, tetra(p-
tolyl) borate, tetra(2,5-dimethylphenyl) borate,
tetra(3,5-dimethylphenyl) borate, octadecaborate,

dodecaborate, l-carbaundecaborate, l-carbadodecaborate,



17 borate, as well as those containing no active proton but a Lewis acid
such as carboniumion, e.g., ionic conpounds typically represented by

tri phenyl carbeni um tetraki s(pentafl uorophenyl) borate. As nore specific
exanpl es, the ionic conpounds and Lew.s acidic conmpounds having an ion pair
i ndi cated by the following fornula (3) may be listed. [err] Specific
exanpl es of [err] indicated in formula (3)18nclude conpounds containing an
active proton, such as trinmehylanmoni um triethylammoni um

tripropyl amoni um tributylammonium N, N-di methyl anilinium N, N
diethylanilinium NN, 2,4, 6-pentanethylanilinium triphenyl phosphoni um
tri(o-tolyl)phosplamd ume tlilkien- Thleylcpplcatpiigsitucpmaoddent (B)
tri(mesityl)phosphoniumas well as the ions containing no active protons,
such as triphenyl geresenhadPyardie fOFpOcinG specsfici eRampiaapras be

Lerr] o ude !t Lonleins Bk LehRRERtal UaaRIEEH! LnBOL3LE cioms
[Lonemnenil), o 2, gl oK bpRICA! Sysciopes herein.
tetra(o-tolyl) borslight! edjtisRmen® ¥hereefatan bet e#fdcbedi wREhyaRhenyl)
bPrate’ optimum selection is made according to a method (e.g.,
design.of experiment) known to one skilled in the art
with reference to desirable characteristics of the
copolymer (terpolymer), conditions for the
polymerization reaction [e.g., solvent, temperature,
pressure, concentration, etc, in solution
polymerization as well as the selection of the catalyst
constitutional components (A)], and the like.

The co-catalyst component (C) constituting the

. catalyst system in the present invention is a
methylaluminoxane or aﬁ organic aluminum compound
containing an alkyl group which has at least one
branch. Preferably, as the methylaluminoxane sﬁch as
linear R,A10(Al(R)-0),AlR, or cyclic (A1(R)-0)n+2, where
R is methyl, that having a degree of polymerization(n)
of about 0-50, preferably 5-40 is used.

The organic aluminum compound which can preferably
be used in the present invention is typically
represented by formula (4):

AIR'R"R” (4)

wherein RP, RV, and R” may be the same or different



tetra(3, 5-di met hyl phenyl ) borate, octadecaborate, dodecaborate,

1- car baundecabor at e, 1-carbadodecaborate, 18 and the |ike. The
co-cat al yst conponent (B) represented by the foregoing specific exanples
can be selected wthout substantially changing.the conditions for realizing
t he present invention disclosed herein. Slight adjustnment thereof can be
ef fected when an optinum sel ection is madel ccording to a nethod (e.g.,
design of experinent) known to one skilled in the art with reference to
desirabl e characteristics of the copolyner(terpolyner), conditions for the
polynerlzatlon reaction [e.g., solvent, tenmperature, pressure,
concentration, et (fa:'ohnne%@hubtﬁ@rpohétﬁﬁ?ébéﬁi:hﬁg B?d%bé‘xaﬁtéBQ SghesgeRn Of
t he catal yst constitutional conponents (A)], and the’like. The co- catal yst
conponent (O conambmsnlaglﬂbegmaupbysalkyxyéngroubhe prehpdrocarhomlon S
a; met hyl al um noxane or an organlc al um num conpound cont ai ni ng an al kyl
group which has agrpé§§b Wha BréﬁcﬁeaPFePéﬁanytha@ hag h%th?l%lhﬁ@@%&%@e

such as |inear clic é rrj ghe efR S ? @é havi
dearce of pol ymer PYHEPEAERPRORTREB! BPSBLEprcrERERLEe sohofhe B8
represented by formula (4) include
triisopropylaluminum, diisopropylaluminum chloride,
isopropylaluminum dichloride, triisobutylaluminum,
| ' diisobutylaluminum chloride, isobutylaluminum

dichloride, tri-t-butylaluminum, di-t—butylaluﬁinum

chloride, t-butylaluminum dichloride, and the like. 1In
.particuiar, triisobutylaluminum is preferably used in
the present invention.

While the catalyst system cbmposed of the three
kinds of the constitutional cdmponents explained in the
foregoing may be selected without substantially
changing the conditions from those disclosed herein, it
is easy for one skilled in the art fo optimize and
select the combination of kinds.of the above-mentioned
catalyst system in order to cobtain desirable
characteristics in the copolymer(terpolymer) product.
For example, with reference to the desirable
characteristics in the copolymer(terpolymer) rubber
product, it is easy for one skilled in the art to find
out, on the basis of a known designing method for
experiment or the like, optimum manufacturing

conditions by selecting the kinds, concentrations, and



The organi ¢ al um num conpound whi ch can preferably be used in the present

i nvention is typically represented by formula (4): [err] wherein [err] and
[err] may be the same or different 19 from each other, representing

hydr ogen at ons, hal ogen atons, am do groups, al koxyl groups, or hydrocarbon
groups, while at |east one of themhas to be a branched hydrocarbon group.
Speci fic exanples of the conpound represented by fornmula (4) include
triisopropylalum num diisopropylal um numaghl ori de, i sopropyl al um num
dichloride, triisobutylalumnum diisobutylalum num chloride,

| sobutyl al um num di chloride, tri-t-butylalumnum di-t-butylal um num
chloride, t-butylghantibbatiivehtatide, ofindptivuni éLtalystpaddmponart (A)
triisobutylalumnumis preferably used in the present invention. Wile the
cat al yst system canfooptimemt te-catalyst ncdempdnemnes cohltandit (Ghauitable
conponents explained in the fghggoin may be selected w thout substantially

changi ng the condF®FobRerkind NORQAREHT S PR NG, thely plymenigatipn

skilled in the ar | 0L Z 84 el ect the conbination of kinds of the
above- nent i oned bed Qe £8h' A1 AIns

The catalyst system used in the present invention
is mainly composed of the constitutional components
(a), (B), and (C). While the quantitative ratios of
these constitutional components depend on their kinds,
desirable characteristics of the product, and the like
and are not restricted, in general, the ratio (mdlar
ratio) of compohent (A) :component (B) is preferably at

1:0.01 to 1:100, more preferably within the range of

=

:0.5 to 1:10, or particularly preferably within the
range of 1:1 to 1:5. With respect to 1 mol of the
component (A), usually 1-1000 mol, preferably 1-500
mol, 6r more preferably 1-300 mpol of the component (C)
is used. Since methylaluminoxanes are particularly
expensive, it is preferable in terms of cost that the
used amount thereof be as low as possible.

The abovg—mentioned'ratios of constitutional
components are generic. One skilled in the art can
select and decide optimum conditions for producing a
copolymer(terpolymer) rubber having desirable
characteristics on the basis of a desigh of experiment.

Polymerization Reaction

Polymerization methods for producing a



catal yst systemin order to obtain desirable characteristics in the

copol yner (terpol yner) product. For exanple, with reference to the desirable
characteristics in the copolyner(terpolyner) rubber product, it is easy for
one skilled in the art to find out, on the basis of a known designing
met hod for experinment or the |ike, optinmm manufacturing conditions by

sel ecting the kinds, concentrations, and 21 20 quantitative ratios of

opti mum cat al yst conponent (A) and optinum co-catal yst conponents (B) and
(C) suitable for the kinds of nononmers used and their polynerization
reaction conditions. The catal yst systemused in the present invention is
nai nly conposed otopbeymensterpblloner)coupbaenhaviny, déSjravhe (C). Wile
the quantitative ratios of these constitutional conponents depend on their
ki nds, desirabl e characteristics &n apeopdaneetwitihdtheepresentand are not

SRR At ERONERE NG EHETOREC) - At

oot o iREFREPUEAE o PEEASL Pl b Sebpretanterdlyiers Lo S

1-500 the like with a Ziegler-Natta catalyst system or
Kaminsky catalyst system may preferably be used. For
example} any of bulk polymerization methods using a
monomer as a solvent, solution polymerization methods
in an appropriate solvent, suspension polymerization
methods in an appropriate inactive solvent, and vapor
phase polYmeriZation methods under various pressures
may be used as long as a copolymer(terpolymer) having
desirable characteristics in accordance with the
present invention can be prepared thereby. Also, the
copolymer(terpolymer) may be prepared in a batch
process as well-as in a continuous process. While the
constitution disclosed herein is not substantially .
changed in the process of producing a copolymer having
desirable characteristics in accordance with the
present invention, specific control conditions
necessary for each polymerization technique may be
optimized by selection of the catalyst system in
accordance with the present invention or, if necessary,
by addition of an appropriate supporting agent to the
catalyst system in accordance with the present

invention. Also, adjustment of concentrations of



nol, or nore preferably 1-300 nol of the conponent (C) is used. Since

met hyl al umi noxanes are particularly expensive, it is preferable in terms of
cost that the used amount thereof be as | ow as possible. The
above-nentioned ratios of constitutional conponents are generic. One
skilled in the art can select and decide opti num conditions for producing a
copol yner (terpol yner) rubber having desirable characteristics on the basis
of a design of experiment. Polynerization,Reaction Polynerization nethods
for producing a 21 copokyner(terpolyne?? rubber having desirable
characteristics in accordance with the present invention are not restricted

in particular. GepslyhePDZINEES i o £0Nskt 110116y feund@EidIEmye aduitienite,
or the like with a Ziegler-Natta catalyst system or Kam nsky cat al yst
system may pr ef erabl yedet e dcerperakang) ctechniamfesh fide meEpanating itdre

met hods using a nononer as a solvent, solution polynerization nethods in an

appropriate sol ve?@DO%Z@%'érBKQﬁP‘E)%J V3R i the |30H‘qré‘ﬁ‘¥o&%e 9Pt igss (Pﬁr i%at e

e ony o R SPRnY 5 S IF A S e o
Polymer Manufacturing Process", K.K. Kogyo Chosakai).

While Examples of the present invention disclose

polymerizatioh effected by a solution polymerization
method, it is needless to state that the process of
producing a copolymer(terpolymer) rubber having
desirable characteristics in accordance with the
present invention is not restricted thereto. 1In crder
.to optimize the éontrolling conditions for the abbve—
mentiohed various polymerization reactions, the
knowledge in the solution polymerization technique may
be utilized. Accordingly, an optimum embodiment of the
present invention will be explained with reference to
the solution polymerization technique in the following.

Solution Polymerization Technique

In the present invention, the order of mixing of
catalyst constitutional components for preparation of
_the catalyst system is not restricted in particular and

may be selected according to the polymerization
methods, or conditions used, the kinds of monomers
used, the conditions for addition, and the like. For
exampie, the components (A) and (B) may be mixed with

each other beforehand and then used as they are. Also,



desirabl e characteristics in accordance with the present invention can be
prepared thereby. Al so, the copolyner(terpolyner) may be prepared in a
bateh process as well as in a continuous process. Wile the constitution

di scl osed herein is not substantially changed in the process of producing a
copol ymer having desirable characteristics in accordance with the present

i nvention, specific control conditions necessary for each polymerization
techni que may be optim zed by sel ection of23t he catal yst systemin
accordance with the present invention or, if necessary, by addition of an
appropriate supporting agent to the catalyst systemin accordance wth the
present inventionghdl sgrod@bysEBPRbdObyCERECBbRBONGSEs Ofa) arR® (B) mixed

pol yrmeri zabl e nononers, stirring conditions, adjustment of reaction
tenperature, techwigheeathroshparmaynpget hepavpbednevasgheducand akken he |i ke
may be optim zed by a known process (cf. Koji Saeki and Shinzo 1, " New
Pol ymer Manuf act upBag. pr Bessher, kthe R5@96C£h6§ak%?)¢°W@94%Pf§a§gié?‘ f the

ol ymer i zat on moéRbaney: beCRkER teas, BoLTarECtREISY 1 ifeecs o

producing a copol ymer &}, & RGhYSRENt" Y8 PChaPaM¥e NHixed with the component
(A), the componeﬁt-(B), or the product of the
components (A) and (B) for use.

These constitutional components may be contacted
with each other and adjusted outside of the
polymerization reaction system beforehand as well as in
the polymerization reaction system. The catalyst
constitutional components may be added to monomers and
polymerization solvents beforehand as well as directly
to the polymerization system. When necessary, the
catalyst constitutional components may.be used as being
carried by an inorganic (e.g., zeolite) or organic
support (e.g., polymer beads). Though not restricted

- in particular, inactive hydrocarbon solvents used for
preparing the catalyst beforehand may spécifically
include aliphatic hydrocarbons such as propane, butane,
pentane, hexane, heptane, octane, decane, dodecane, and
kerosene; alicyclic hydrocarboné such as cyclopentane,
cyclohexane, and methylcyclopentane; aromatic
hydrocarbons such as benzene, toluene, and xylene;
halogenic hydrocarbons such as ethylene chloride,

chlorobenzene, and dichloromethane; and a mixture



desirabl e characteristics in accordance with the present invention is not
restricted thereto. In order to optim ze the controlling conditions for the
above- nentioned various polynerization reactions, the know edge in the

sol ution polynerization technique nmay be utilized. Accordingly, an optinm
enbodi nent of the present invention will be explained wth reference to the
sol ution polynerization technique in the follow ng. Solution Polynerization
Technique In the present invention, the ordér of mixing of catalyst
constitutional conponents for preparation of the catal yst systemis not
restricted in particular and nay be sel ected according to the:

pol ymeri zati on methegdeefQr @RAJpEEE868rdSefld &BRokpRéte dduimipneies used, the
conditions for addition, and the like. For exanple, .the conponents (A) and

(B) may be m xed préparathont apd bbéoprépadatibon t bime usayl ks setey are.
Al so, 23 the product forned bg t he confonents_(A) and (B) mxed with
each other may beabBpEFArddy-walheds wp@aihynpreteraile tHat $HR product of

Lhe companent s () andeBlof ¥ oS EhiS et ey PPRITCHE At 28 g 5,

the product of th?so'c. A longer preparation time may be necessary when
the temperature is too low, while the catalytic
activity may be decreased due to the decomposing
reaction in the catalyst system or the like when the
preparation temperature exceeds the above-mentioned
range. Préferably, the catalyst is prepared at a
temperature in the order of the temperature for the
polymerizatioh reaction condition. For example, a
temperature in the order of 0-100°C is preferable. 3

Solvents for solution polymerization in the present

invention are not restricted in particular. For
exampie, aromatic hydrocarbons such as benzene,
toluene, xylene, and ethylbenzene; alicyclic
hydrocarbons such as cyclopentane, cyclohexane, and
methylcyclohexane; aliphatic hydrocarbons such as
pentane, hexane, heptane, and octane; and halogenic
hydrocarbons such as chloroform and dichloromethane may
be used. These solvents may be used separately as well
as in a combination of two 6r more. Also, a monomer
such as an «-olefin may be used as a solvent or a part
thereof.

In order to make a copolymer(terpolymer) rubber



conponents (A) and (B) for use. These constitutional conponents may be
contacted with each other and adjusted outside of the polynerization
reaetion system beforehand as ell as in the polynerization reaction system
The catal yst constitutional conponents nay be added to nononers and

pol yneri zati on sol vents beforehand as well as directly to the

pol yneri zati on system Wen necessary, the catal yst constitutional
conponents may be used as being carried by an inorganic (e.g., zeolite) or
organi ¢ support (e.g., polymer beads). Théﬁbh not restricted in particular,
I nactive hydrocarbon solvents used for preparing the catal yst beforehand

may specifically haghHgdeaakipaBibCchyfhecarPoPScSULh aife PoAdader but ane,
pent ane, hexane, heptane, octane, decane, dodecane, and Kerosene; alicyclic

hydrocarbons suchiaseaytbnpebiraetheysédeekior, ofinthertdya kyst opestiame;
aromati c hydrocarbons such as benzene, toluene, and xyl ene; hal ogenic
hydr ocar bons suchthe sehgrtihencafothgepolymer bzrhienctenpRI 3FETR o¥Hnet hane;

Pt eparat | on and  KBPRFERFat| S OFHBEED BOCLBELLY BPTart |y, 1T is usually

preferable that tQSpolymer(t;erpolymer) having desirable characteristics
in accordance with the present invention, the
polymerization temperature may be optimized by various
methods known to one skilled in the art, e.g., a design
of experiment. In general, in the present invention, a
temperature of hot lower than -20°C but lower than
120'C is preferéble. The temperature is more .
preferably at about 0-100°C, particularly preferably at
about 0-60°C, or most preferably at about 20-60°C.
When the polymefization temperature is too low, the
reaction activity may become so low that the reaction
practically stops proceeding. When the temperature is
too high, on the other hand, the catalyst system may be
inactivated by decomposition or the like so that an
undesiréble side reaction may proceed in parallel or
the polymerization reaction itself may stop.
Accordingly, a preferable reaction temperature is
defined so as to maintain a high catalytic aétivity in
accordance with the present invention and to obtain a
practicallspeed in the polymerization feaction.

In order to monitor the proceeding of the reaction

in the present invention, various type of analytical



preparation tenperature be within the range of -100 to [err]. A |longer
preparation tinme may be necessary when the tenperature is too low, while
the-catal ytic activity may be decreased due to the deconposing reaction in
the catal yst systemor the |like when the preparation tenperature exceeds

t he above-nentioned range. Preferably, the catalyst is prepared at a
tenperature in the order of the tenperature for the polynerization reaction
condition. For exanple, a tenperature in @ﬁe order of [err] is preferable.
Sol vents for solution polymnerization in the present invention are not
restricted in particular. For exanple, aromatic hydrocarbons such as
benzene, tol uene, meyhedse, £oi dordgdryiderampeunds imasc|be dnedt.ocatens such as
cycl opent ane, cycl ohexane, and net hyl cycl ohexane; aliphatic hydrocarbons
such as pentane, pexbiel sepplirg isded areonifer ing qpshieashid &Sar bons
such as chl orof orm and di chl or onpet hane .may be used. These sol vent y be
used separately RITRFTEQPY VariQDi FRETOIPIAOR THEES A %gﬂannoner

such as an [err]-9 e;in may be used as a solvent or a part thereof. In
order to make a copo ymer (terpol ynmer) rubber 25

The separation of the polymerization reaction
product in accordance with the present invention from
the reaction solution is not restricted in particular
and may be effected by a method by which the solvent is
eliminated by distillation, a method by which steam is
added so as to remove the solvent, a method by which a
poor solvent such as methanol is added so as to form a
precipitate, or the like. The product may be separated
and collected from the polymerization solution and then
dried to yield a solid copolymer(terpolymer) rubber.

In general, the copolymer(terpolymer) rubber which
may be obtained by the method (e.g., the solution
polymerization technique explained in the foregoing) in
accordance with the present invention has tne following
characteristics. Namely, it has an ethylene content
within the range of 30-90% by weight, preferably of 32-
88% by weight, or more preferably of 35-85% by weight.
Also, it has a glass transition temperature (Tg) of not
higher than -20°C, preferably not higher than -30°C, or
more preferably not higher than -40°C. The density
(d), which is one of thé desirable characteristics of

the copolymer(terpolymer) rubber in accordance with the



havi ng desirabl e characteristics in the present invention, |ike the

sel ection of the catalyst system the selection of the polynerization
tenperature is inmportant. In order to optimally nake a

copol ymer (terpol ynmer) having desirable characteristics in accordance wth
the present invention, the polynerization tenperature nmay be optim zed by
various nethods known to one skilled in the art, e.g., a design of
experinment. In general, in the present invention, a tenperature of not

| ower than [err] but Iomer than [err] is preferable. The tenperature is
nmore preferably at about [err], particularly preferably at about [err], or

most preferably aprevewt iﬁ#éitl&%?nléh&eﬁﬁiﬁﬂﬁﬁdzﬁ¥sﬁﬁbtéBH¥§¥HéHﬁidﬁéd(“)
|l ow, the reaction activity may becone so | ow t hat e reaction practically

st ops proceedi ng.mywEkox ey tnebhods Lae beingorithin the ttengs lodi th@4d~ t he
cat al yst systen1q$y be |nacg|vated by .decaq SItIOﬂ or the like so that an
undesi rabl e sj de .9 e2%9 | $Chay BRedCEEP LY within dheorange p| YnBAD78: POA

eretion Lt sel B b SRERALLy BN S.ERAR. LAD LREREIBEY ¢, LS
present invention agghi®, @é)éag/br? PRASH, C%eﬁp%ﬁﬁ 'tBrbBE ﬁ@kyf‘ﬁﬁbéf‘t ign
reaction. In order to nonitor the proceedi ng of the reac¥|on I n the present
i nvention, vari ousn tetiey Dénervtgléfim-nonconjugated diene-terpolymer
rubber, its iodine value, which is one of the desirable
characteristics in the terpolymer rubber in accordance
with the present invention, is within the range of 0.5~

40, preferably within the range of 1-30, or %
particularly preferably within the range of 2-25.

The copolymer(terpolymer) manufactured by thé
process in accordance with the present invention may
have a high molecular weight. For example, it may have
a limiting viscosity [n] determined in 70°C xylene,
which is one of the desirable characteristics, within
the range of 1.0 dl/g < [n] < 8 d1/g. Also, a
copolymer(terpolymer) having a limiting viscosity of
1.0 d1l/g < [n] < 6 d1/g may be obtained. In
particular, a copolymer(terpolymer) having a 1imiting
viscosity of 1.0 d1/g < [n] < 5 dl1/g may be obtained.

When thé molecular weight of the
copolymer(terpolymer) rubber which can be manufactured
by the present invention is expressed by the molecular
weight (calculated on the basis of polystyrene)

determined by gel permeation chromatography (GPC), its



26 net hods for organic conpounds may be used. Wen partial sanpling is
used, nonitoring can easily be effected by vari ous spectroscopy techni ques
(IR NWR etc). The separation of the polynerization reaction product in
accordance with the present invention fromthe reaction solution is not
restricted in particular and may be effected by a nethod by which the
solvent is elimnated by distillation, a nethod by which steamis added so
as to renove the solvent, a nethod by whi ch8a poor sol vent such as met hanol
is added so as to forn1a-preC|p|tate or the 1ike. The product nmay be
separated and collected fromthe pol ynerization solution and then dried to

yield a solid copelaimt avicaelgeiolecullaer welighgesg! ist ABout 100,000~
copol yner (terpol yner) rubber which may be obtained by the nethod (e g., the

sol ution pol ymeri 2,000 086N paurdt iexdlaailye dbomtt R80f, 608gdi AGP, PAO0acoDr dance
with the present invention has the follomnn% characteristics.

has an et hyl ene c&orenPagtiedamy sy 30V38990% BOOWRPENt |, Ab?@feggﬁly of
52 00 by el 0N VRS, BRSLET 210l BBl g e A B ahl oS 2
higher than [err] ﬁﬂﬁéﬂ%&%npﬁﬁge%a%bhb@QtaQbQQ@E hBaBcheat] welgRtdEMA) tYE
about 50,000-5,000,000; particularly about 80,000-
500,000; or more particulariy about 100,000-500,000.
Further, ité molecular weight distribution (Mw/Mn) is
about 1.3-4.5 or, in particular, about 1.3-3.8,

in more particularly, about 1.3-3.0. Therefore, in the
process in accordance with the present invention, a
copolymer(terpolymer) having a weight average molecular
weight Mw of not less than 40,000 or, in particular,

not less than 100,000 may be obtained. Further, a
copolymer(terpolymer) having a weight average molecular
weight Mw of 200,000 or more may be obtained.

The copolymer(terpolymer) rubber obtained by the
-process.in accordance with the present invention having
the characteristic parameters explained in the
foregoing have substantially the same rubber material
characteristics as those of EPM and EPDM which are used
in general. For example, (1) its Mooney viscosity
(ML,,, at 121°C) is not less than 5, which corresponds
to the limiting viscosity [n] disclosed herein of abcut
1. Aiso, (2) MFR (190°C) yields a positi#e number of

not more than 18.



(d), which is one of the desirable characteristics of the

copol ymer (terpol ymer) rubber in accordance with the 27 present

i nvention, is determ ned by the above-nentioned nonitoring nethods as being
W t hin the range of 0.840- 0.900 [err], preferably within the range of
0.845-0.900 [err], or particularly preferably Wi thin the range of
0.850-0.898 [err] Also, when the terpolyner rubber is an. . _
ethylene [err]-ol efin-nonconjugated di ene-2®rpol yner rubber, its iodine
val ue, which is one of the desirable characteristics in the terpolyner
rubber in accordance with the present invention, is within the range of

0. 5- 40, preferably wiuHile tihe rcongecdf oF e mle&nuaeulwa&bntpﬁ.eferabl y
within the range of 2-25. The copol yner (terpol yner)- manufactured by the
process in accordéﬁ%@thﬂQlﬂnlﬁeqmn&naﬂn romg dirempyelferebdehi gh nol ecul ar
wei ght. For exa | t have a limtin VIS osity [err] determned in
[er?] xyl ene, np %?9§ﬁgl Q§E% cEOFPYLLRY, Wit RRR PRe

- f 1.0 |/
inting vi scéif[ lofpddidd ny Il S deidn B 3%“‘@3%%%2?&% Bh)  Bag' "9 2
particular, a copuHyefiai wferthéw%t%sao&l ik eangltaea%awaﬁf 1 0d/g
< [err] < 5 dl /g may be obtai ned

! components, and the optimization of the nolymerlzatlon
temperature in the process in accordance with the
present invention, thereby producing it possible to

manufacture a copolymer having a wide range of the

molecular weight explained in the foregoing. 1In
particular, when selecting the catalyst svstem, the
influence of the selected component (C) which is an
essential constituent of the present invention, i.e., a
methylaluminoxane of an organic aluminuﬁ_compound
coﬁtaining an alkyl group having at least one branched
alkyl group, is significant. In particular, the
organic aluminum compound having isobutyl group is
significant.

In the catalyst system in accordance with the
present invention, rather than a nonbranched compound
such as triethylaluminum, an organic aluminum having a
branched alkyl group (e.g., TIBA) is preferably
selected, in particular, for the purpose of producing
the above-mentioned desirable copolymer(terpolymer)
rubber. This is supposed to be a result of the fact

that the branched organic aluminum can coordinate such



When t he nol ecul ar wei ght of the copol yner(terpol yner) rubber which can be
manuf actured by the present invention is expressed by the nol ecul ar wei ght
(cakcul ated on the basis of polystyrene) determ ned by gel perneation
chromat ography (GPC), its 28 wei ght average nol ecul ar weight [err] is
about 100, 000- 10, 000, 000; particularly about 150, 000-1, 000, 000; or nore
particul arly about 200, 000-1, 000, 000. Al so, the copol yner which can be -
manuf actured by the present invention has @onunber average nol ecul ar wei ght
(M1) of about 50, 000-5, 000, 000; particularly about 80,000- 500,000; or nore
particul arly about 100, 000-500, 000. Further, its nol ecul ar wei ght

di stribution [errlthHat fbbﬁblétrgllﬁ. Ta¥al trldO%rcttlﬁliw isaRAYhtdided 8¢ I N
nore particularly, about 1 There ore, in the process in accordance

with the present itineemtataly td o ajoddipee dentierolater rellavivgly melght average
mol ecul ar wei ght Mv of not |ess than 40,000 or, in particular, not less
than 100, 000 may B@3asHtiomdempeyatpse of @@mwﬁéepﬁenp@myﬁ@pp aadi ng a

Sopol ymer (1 or pol y S SEb e SN AFeEd 2By LoRo B5POUELs L ELCBOEASNER i th ¢ he
present inventionpiaydiOmolecular weight.

As clearly indicated by Example 1 and Comparative
Example 1, the use of TIBA yields a catalytic activity
several times as high as that obtained when TEA is
used. The limiting viscosity of thus obtained EPM
copolymer rubber and its averdge molecular weight based
on GPC are at léast ten times as high as those obtained
when TEA is used. Also, as clearly indicated by
Example 5 and Comparative Example 3, the use of TIBA
yields a catalytic activity several ten times as high
as that obtained when TEA is used. The limiting
.viscosity of thus obtained EPDM terpolymer rubber and
its average molecular weight based on GPC are at least
ten times as high as those obtained when TEA is used.
These remarkable differences are also noticeable, as
clearly indicated by Example 7 and Comparative Example
4, when the metal of the'component (A) is changed.

That is, it is recognized that, in order to obtain
an EPM or EPDM rubber having desirable characteristics
in the present invention, TiBA is used-as a co-catalyst
which is ﬁuch more effective than TEA. Also, the

catalytic activity obtained when TIBA is used appears



the characteristic paranmeters explained in the foregoing have substantially
the sane rubber material characteristics as those of EPM and EPDM whi ch are
used in general. For exanple, (1) its Money viscosity [err] at [err] is
not less than 5, which corresponds to the limting viscosity [err]

di scl osed herein of about 1. Also, (2) MFR [err] yields a positive nunber

of not nore than 18. 29 While the control of the nolecular weight is
particularly inportant anong the preferabl3 characteristics explained in
the foregoing, it can be effected by the selection of the catal yst system
the optim zation of the ratios of its constitutional conponents, and the
optim zation of the bel snbstantiahlyethpersime eas nthéve gbteiassd ivhadc dAaglance
with the present invention, thereby producing it possible to nmanufacture a
copol yner havi ng 2SwrEed, fhgamplesht apdc2ul Branplemts oyl A ndikanplese 7
foregoing. In parti uégr, when sel ecting the catal yst system the influence
of the selected c%ﬂ%o ht (C which is an essential constituent of the

present invention, i.g@n; ' S [5G ' .
conpound cont ai ni ng a‘%‘%}i‘y %%%@%ﬁﬁ?@%%&“ﬁe rlén?r?\e%?ar}%@we

Examples disclose an embodiment of producing a

copolymer(terpolymer) rubber having desirable
characteristics under the conditions for solution
polymérization using a solvent, which is one aspect of
embodying the process in accordance with the present
invention, the present invention should not be
restricted thereto as long as the gist thereof is not
su;passed.

The characteristics of the copolymer(terpolymer)
rubbers in accordance with the present invention were
measured by the methods explainéd in the following.

The limiting viscosity [n] was measured by an
Ubbelohde's viscometer in xylene at 70°C.
Specifically, the following procedure was used. From
each sample, 300 mg was dissolved into 100 ml of xylene
to prepare a soluﬁion of about 3 mg/ml. This solution
was diluted into about 1/2, 1/3, and 1/5. These
diluted solutions were measured by the Ubbelohde's
viscometer in a thermostatic water bath at
70°C(+0.1°C). For each concentration, the measurement
was repeated at least three times and an average was

calculated from thus measured values.



al kyl group, is significant. In particular, the organic alum num conpound
havi ng 1 sobutyl group is significant. In the catalyst systemin accordance
with the present invention, rather than a nonbranched compound such as
triethylalum num an organic alum num having a branched al kyl group (e.g.,
TIBA) is preferably selected, in particular, for the purpose of producing.
t he above-nenti oned desirabl e copol yner(terpol yner) rubber. This is
supposed to be a result of the fact that tRe branched organic al um num can
coordi nate such 30 that a very high catalytic activity is maintained at
the catalytic active center at a relatively mld reaction tenperature of
the present inventionThadmblecabyrt weight yaestEabhOlom skl GhedSuPdPmy ed to
a higher nol ecular weight. As clearly Indicated by Exanple 1 and
Conpar ati ve ExanpgellpermneatienothFoBatggradky a(GRC hl yeckhn hque v{150s®ver al
times as high as that obtained when TEA is used. The limting viscosity of
thus obtai ned EPMEBHSPGNBPPREAEEF BARufactured Ao Waters G- herith dmsed

s Caar e bl c2BhchiBrbhEfsens B ohn 8100058 SOIALAET ARl Hindn e

: temperature of 140°C, a Shodex Packed COlumn A-80M
manufactured by Showa Denko Co., and polystyrene
(having a molecular weight in the range of 68-8,400,000
manufactured by TOSOH Co.) as a molecular weight
standard material. Thus, the weight average molecular
weight (Mw) calculated on the basis of polystyrene and
the number average molecular weight (Mn) were obtained
and then the ratio of these.values {(Mw/Mn) were
determined as the molecular weight distribution. As a
sample for the measurement, about 5 mg of the copolymer
was dissolved in 5 ml of o-dichiorobenzene to attain a
concentration of about 1 mg/l ml. From thus obtained
sample soiution, 400 um was injected. At an elution
solvent flow rate of 1.0 ml/min, a refractive-index
detector was used for the measurement.

The density (d) was measured by an underwater
substitution technique. Specifically, the following
procedure was used. An automatic hydrometer -
manufactured by Toyo Seiki Co. was used to measure the
density at 23°C by an underwater substitution
technique. As the sample, three sheets of 25 x 25 x 2

mm press-mold articles were used and an average was



Exanpl e 5 and Conparative Exanple 3, the use of TIBA yields a catalytic
activity several ten tinmes as high as that obtained when TEA is used. The
linmsting viscosity of thus obtained EPDK terpol yner rubber and its average
nol ecul ar wei ght based on GPC are at least ten tinmes as high as those
obt ai ned when TEA is used. These remarkable differences are also

noti ceable, as clearly indicated by Exanple 7 and Conparative Exanple 4,
when the netal of the conponent (A) is chaijed. That is, it is recognized
that, in order to obtainr an EPM or EPDM rubber havi ng desirable
characteristics in the present invention, TIBA is used as a co-catal yst

which is much noreagthbatedeftomnti&d obtaned et CRéRd ¥ tifra€ tmeddired
obt ai ned when TIBA is used appears 31 to be substantially the same as

t hat obt ai ned whevialM€si s TheddéEsityl eas IcahculateX dompl B5(AHRNK 6,
Exanples 7 and 8). Wiile the foll ow ng Exanples and their_Conparative
Exanpl es di scl ose(@pneibBdPievieter 3k oddickhg Breebt viend & pirdarate r ubber

havi ng desirable ﬁﬂaract s,.under the conditions for salution

ool ynor i zat on usERD BSLGRbEE G cRemalE £ a1 i iy e
process in accordpggledtifeipe present

The giass transition temperature (T,) was measured
by a DSC200 differential scanning calorimetér
manufactured by Seiko Denshi Co. From each sample,
about 10 mg was placed like a pellet in a sample cell
made of aluminum and the temperature was raised from

-150°C to 150°C, with a rate of 10°C/min. The Tg

was as an thus measured value.

The propylene content of the obtained
copolymer(terpolymer) rubber was measured by an
infrared absorption spectrum (IR spectrum) in which
polypropylene, polyethylene, and éthylene—propylene
copolymer (50:50) were used as standards. The sample
used for the measurement was hot-pressed into a film of
about 0.1 mm. The measurement was based on the
literature [e.g., Takayama and Usami, "Characterization
of Polyethylene by Ihfrared Absorption Spectrum" or
McRae, M.A., Madams, W.F., et al., Die Makromolekulare
Chemie, 177, 461 (1976)] and conducted three times
while an absorption peak of 1155 cm ' (assigned to a

branched methyl) was used as a marker. Also, when



I nvention, the present invention should not be restricted thereto as |ong
as the gist thereof is not surpassed. The characteristics of the
copel ynmer (terpol ymer) rubbers in accordance with the present invention were
nmeasured by the nethods explained in the following. The limting viscosity
[err] was neasured by an Ubbel ohde's visconeter in xylene at [err].
Specifically, the follow ng procedure was used. From each sanple, 300 ny
was di ssolved into 100 m of xylene to preyare a solution of about 3 ng/mn .
This solution was diluted into about 1/2, 1/3, and 1/5. These dil uted

sol utions were neasured by the Ubbel ohde's visconeter in a thernostatic

wat er bath at [ er hecebsarggcle' tongrn iy ahieleat hfa§lRes1E EF@Sinakse r epeat ed
at least three tinmes and an average was cal cul ated fromthus neasured

val ues. 32 Thespecéral weraemghsudiedt rtbd0p08 wasondishierobsnzene)

per meat i on chromat ography (GPC) technique [err] ALC/ GPC appar at us
manuf act ured by \Wat er $2C8. FRELAToMABNERK 0 BBeh?@h%e acahne PEt MM SRS ent |

o ressureront, TRECALLR, B bR ShrsdsSiolBipEREte Splutnd BBV
spectrum) in which poly-5-ethylidene-2-norbornene (poly
ENB) was used as a standard. The measurement was
repeated three times while an absorption peak at 1688
cm™? (ENB double bond) was used as a marker.

In order to calculate the catalytic activity, the
amouht (g) of the copolymer({terpolymer) rubber yielded
after the polymerization time of 30 minutes on the
basis of the reaction conditions disclqsed in Example 1
was divided by the millimole value of the catalyst
{component (A)] used and then converted into a value
per an hour, i.e., P—g/cat—mmolrh wherein P-g is the
weight (g) of the obtained copolymer.

Example 1

A 2-liter separable flask having a stirrer, a
thermometer, a dropping funnel, and a reflux condenser
was vacuumed and then nitrogen gas was introduced
thefein so that the inside of the flask was substituted
by nitrogen gas. As a polymerization solvent, 1 L of
dried n-hexane waé introduced into the flask. Then, a
mixed gas of ethylene and propylene (with a flow rate
of ethylene:propylene=8:2 NL/min) was continuously fed

at atmospheric pressure while the temperature of the



(having a .nol ecul ar weight in the range of 68-8, 400,000 manufactured by
TOSOH Co.) as a nol ecul ar wei ght standard material. Thus, the weight
average nol ecul ar wei ght (Mwy) cal cul ated on the basis of polystyrene and

t he nunber average nol ecul ar wei ght (M) were obtained and then the ratio
of these values [err] were determ ned as the nol ecul ar weight distribution.
As a sanple for the neasurenent, about 5 gg%of t he copol ynmer was di ssol ved
in 5 mM of o-dichiorobenzene to attain a centration of about 1 ng/1l nm.
From t hus obtai ned sanple solution, 400 pmwas injected. At an elution
solvent flowrate of 1.0 m/mn, a refractive-index detector was used for

the nmeasurement. EhevearsSthy feineasnERasyr 8d* 8Yb#Na UBHEFMES €4t S&IbSaEL 4T 1 ON
techni que. Specifically, the follow ng procedure was used. An automatic

hydr omet er manuf abathed BheFewnftée) ktrChsobasylstaminumeésefertdd tenssty
at [err] by an underwater substitution techniqu As the sanple, three
sheets of 25 x 25"%I§Aﬁnipr§b§ ﬁﬁﬂ&oﬂiﬂgcléslaér@mgkbdwéﬁda & VEQ akhe was
33 calculated fromthus o at | east three neasured val ues. The
density was cal cuPg 8895§z?gF?? RCtUBRsrty of water at [err]), wherein A

and R indicate To the above-mentioned polymerization solvent,
(tertiary butylamido)dimethyl(tetramethyl—qs-
cyclopentddienyl)silanetitanium dichloride (0.0047
mmol, preﬁared by the method disclosed in'Japanese
Laid-open Patent Application'No.163088/1991(Hei3;
163088) was added. Then, a solution in which
triphenylcarbenium tetrakis(pentafluorophenyl).borate
(0.0236 mmol) had been dissolved in 10 ml of toluene
was added thereto. The resulting mixture was stirred
for 30 minutes to effect a polymerization reaction.
Thereafter, when the solvent was removed from the
reaction mixture by a rotary evaporator, 16 g of an
ethylene~-propylene copolymer rubber was obtained. The
characteristics of thus obtained copolymer rubber are
shown in Table-l.
Example 2 |

The same conditions as those of Example 1 were used

except that 1.175 mmol of a toluene solution of a
methylaluminoxane having a degree of oligomerization of
not less than 7 (referred to as "MAO" in the following,
manufactured by Tosoh Akzo Corp., 2 ml/l toluene

solution) was used in lieu of TIB2 to yield 11 g of an



the weights of the sanple in the air and water, respectively. The gl ass
transition tenperature (Tg) was neasured by a DSC200 differential scanning
cal ori meter manufactured by Sei ko Denshi Co. From each sanple, about 10 ny
was placed like a pellet in a sanple cell made of al um num and the
tenperature was raised from[err] to [err], with a rate of [err]. The Tg
was as an thus neasured val ue. The propylea content of the obtained

copol ynmer (terpol ymer) rubber was neasured ; an infrared absorption
spectrum (I R spectrum ia which pol ypropyl ene, polyethyl ene, and

et hyl ene- propyl ene copol yner (50:50) were used as standards. The sanple
used for the neasethydenewpropylepecespdlivhee gubbki. of taRBout 0.1 mm The
measur enent was based on the literature [e.g., Takayana and Usam ,
"CharacterlzatlonCbﬁrP6W§§@ﬁVF§ﬁe°§ythh$rapﬁdlnbdocppobﬁmépenubhef are
McRae, M A., Muda L D e Makronol ekul are Chem e, 177, 461
(1976)] and conduggeﬂntﬁPega Fﬁe% ‘whi | e an absorption peak of 1155 [err]
(assigned to a brapgh g ngthyl) was used as a marker. Al so, when 34
necessary, [err] = r]-nucl ear nmagneti c resonance

The same conditions as those of Example 1 were used
except that N,N-dimethylanilinium
tetrakis(pentafluorophenyl) borate (0.0236 mmol) was
used in lieu of triphenylcarbenium
tetrakis(pentafluorophenyl) borate to yield 69 g of an
ethylene-propylene copolymer rubber. The
characteristics of thus obtained cbpolymer rubber are
shown in Table 1.

Comparative Example 1

The same conditions as those of Example 1 were used
except that, while (tertiary
butylamido)dimethyl(tetramethyl-ni-
cyclopentadienyl)silanetitanium dichloride (0.0052
mmol) - and triphenylcarbenium
tetrakis(pentafluorophehyl) borate (0.026 mmol) were
used as in the case of Example 1, 1.300 mmol of
triethylaluminum (referred to as "TEA" in the
following, 1 mol/l) was used in lieu of TIBA (and that
the polymerization time was 1 hour) to yield 7.6 g of
an ethylene-propylene copolymer rubber. The
ch&racteristics of thus obtained copolymer rubber are

shown in Table 1.



spectra were neasured at [err] in o-dichlorobenzene. In a simlar manner,
the i odi ne val ue of EPDM was neasured by an infrared absorption spectrum

(I Respectrum in which poly-5-ethylidene-2-norbornene (poly ENB) was used
as a standard. The neasurenent was repeated three tinmes while an absorption
peak at 1688 [err] (ENB double bond) was used as a nmarker. In order to
calculate the catalytic activity, the amount (g) of the

copol ymer (terpol yner) rubber yielded after3ghe polynerizatien tinme of 30

m nutes on the basis of .the reaction conditions disclosed in Exanple 1 was
divided by the mllinole value of the catal yst [conponent (A)] used and

t hen converted i ngEgampyal 4e per an hour, i.e., P-g/cat-nmol-h wherein P-g
is the weight (g)~0 € obtai ned copolynmer. Exanple 1 A 2-liter separable
flask having a stirreTheasaher conditiona dsophosg 6firEredmpbadl arewss |used
condenser was vacuuned and then nitrogen gas was introduced therein so that
the inside of the®RFgBk ﬁh§tsub§t1%9Fe§fb8tﬁrti®§ﬁn gas. As a

I i zat i 1.L.qf drj - ' j ntrod dintoth
Prask: Then a m RuEPautar) SinsEhrl (ERHEARBROYERR T wi tn a 1 ow rate of
et hyl ene: propy! engzgs Zobht A inPe5sE ORhLELRMTL N §fciioptdsPer i C pressure

while the tenperat
ethylenebis(indenyl)hafnium dichloride (0.0047 mmol),

N,N-dimethylanilinium tetrakis(pentafluorophenyl)
borate (0.0236 mmol), and 1.175 mmol of TIBA (1 mol/l
hexane solution) were used to yield 4.3 g of an

ethylene—propylene copolymer rubber. The v

characteristics of thus obtained copolymer rubber are
shown in Table 1.

Comparative Example 2

The same conditions as those of Example 1 were used
except that, in lieu of (tertiary |
butylamido)dimethyl(tetramethyl-na—
cyclopentadienyl)silanetitanium dichloride, 0.0047 mmol
of ethylenebis(indenyl)hafnium dichloride, 0.0236 mmol
of triphenylcarbenium tetrakis(pentafluorophenyl)
borate, and 1.175 mmol of TEA were used and that the
polymerization was effected for 1.hour. As a result,
5.3 g of an ethylene-propylene copolymer rubber was
obtained. The characteristics of thus obtained

. copolymer rubber are shown in Table 1.

Example 5

The same conditions as those of Example 1 were used’



35 solvent was maintained at [err] by a thernostatic water bath.

Thereafter, triisobutylalumnum (referred to as "TIBA" in the foll ow ng,
1.175 mol ) was added to the pol ynerization solvent. To the above-nentioned
pol ymeri zati on solvent, (tertiary butylam do)dinethyl (tetramethyl-[err]-
cycl opent adi enyl )sil anetitani umdi chloride (0.0047 mmol, prepared by the
met hod di scl osed in Japanese Lai d-open Patent Application

No. 163088/ 1991( Hei 3- 163088) was added. Th¥#h, a solution in which

tri phenyl carbeni um tetraki s(pentafl uorophenyl) borate (0.0236 mol ) had
been dissolved in 10 m of toluene was added thereto. The resulting mxture
was stirred for 3QiAdpd ahdtO Al oF BHIRIIiGRhe? -hB2bbrABne Ther eaf ter,
when the sol vent was renoved fromthe reacti on m xture by a rotary
evaporator, 16 g dfrefferdddy|tenasp@iEerin cheolfpldowinh)ewasasupbharned.
The characteristics of thus obt.ained copol yner rubber are shown in Table 1.
Exanpl e 2 The san@déaddbefore e peddtionEednthe cakal@stisedA8xdept that

1. 175 | of t ol |ut i f hyl al um havi d f
ol i gomer | zati on oF S iacd Chat PR PEFEAAS PEORY IRROAIFRe! RETPOLYBRF g,
n?nufactured'by T%%@%eék%%éowﬂ%ain%dqi/Ehgohﬂgggcteristics of thus

obtained copolymer rubber are shown in Table 1.

Example 6

The same conditions as those of Example 1 were used

except that ENB (8 mmol) was further added before the
addition of the catalyst and that MAO (1.175 mmol) was
used in lieu of TIBA. As a result, 20 g of an
ethylene-propylene-diene terpolymer rubber was
obtained. The characteristics of thus obtained
copolymer rubber are shown in Table 1.

Comparative Example 3

The same conditions as those of Example 1 were uséd
except that ENB (8 mmol) was further added before the
addition of the catalyst and that TEA (1.175 mmol) was
used in lieu of TIBA. As a result, 1.8 g of an
ethylene-propylene~diene terpolymer rubber was
obtained. The characteristics of thus obtained
copolymer rubber are shown in Table 1.

Example 7

The same conditions as those of Example 1 were used

except that, in lieu of (tertiary

butylamido)dimethyl(tetramethyl-n5-



solution) was used in lieu of TIBAto yield 11 g of an 36

et hyl ene- propyl ene copol yner rubber. The characteristics of thus obtained
copel ymer rubber are shown in Table 1. Exanple 3 The sane conditions as
those of Exanple 1 were used except that N, N-di nethyl anilinium

tetraki s(pentafl uorophenyl) borate (0.0236 nmol) was used in |ieu of

tri phenyl car beni um t etraki s(pentafl uorophenyl) borate to yield 69 g of an
et hyl ene- propyl ene copol yner rubber. The characteristics of thus obtained
copol ymer rubber are shown in Table 1. Conparative Exanple 1 The sane
conditions as those of Exanple 1 were used except that, while (tertiary

but yl am do) di net hy Ayl < b = q [ rlLanetitani um
di chl ori de (0.005§&$%§F%ﬁgﬁgg%?¥%zé%¥Fg§¥%gﬁﬁgﬁ$?§%§§¥+% %%htafluorophenyl)
borate (0.026 mmpkihykefebigdin8enpl)hafasemn aichxerpie {(0.00890mmdD) , Of

triethylalumnum (referred to as "TEA" in the following, 1 nol/l) was used
in lieu of TIBA (&mdpheaylcarbenium tetrakis(pentafluorophenyl) borate
- (0.0236 mmol), and TIBA (1.175 mmol) were used and that
ENB (8 mmol) was further added before the addition of
the éatalyst. As a result, 1.1 g of an ethylene-
propylene-diene terpolymer rubber was obtained. The
characteristics of thus obtained copolymer rubber are
shown in Table 1.
Examéle 8
The same conditions as those of Example 1 were used
except that, in lieu of (tertiary
butylamido)dimethyl (tetramethyl—4°-
cyclopentadienyl)silanetitanium dichloride,
ethylenebis(indenyl)hafnium dichloride (0.0047 mmol),
triphenylcarbenium tetrakis(pentafluorophenyl) borate
(0.0236 mmol), and MAO (1.175 mmol) were used and that
ENB (4 mmol) was further added before the addition of
~ the catalyst. As a result, 2.1 g of an ethylene-
propylene-diene terpolymer rubber was obtained. The
characteristics of thus obtained copolymer rubber are
shown in Table 1. |

Comparative Example 4

The same conditions as those of Example 1 were used
except that, in lieu of (tertiary

butylamido)dimethyl(tetramethyl-ns—



the polynerization tinme was 1 hour) to yield 7.6 g of an ethyl ene-propyl ene
copol yner rubber. The characteristics of thus obtained copol yner rubber are
shown in Table 1. 37 Exanple 4 The sane conditions as those of Exanple 1
were used except that, in lieu of (tertiary

butyl am do) di met hyl (tetramethyl -[err]- cycl opentadi enyl)silanetitani um

di chl oride, ethyl enebis(indenyl)hafnium dichloride (0.0047 nmol),
N,N—dinethylanlllnlun1tetrak|s(pentafluorﬁﬁhenyl) borate (0.0236 mmol ), and
1.175 mmol of TIBA (1 nol/l hexane soluti®h) were used to yield 4.3 g of an
et hyl ene- propyl ene copol yner rubber. The characteristics of thus obtained
copol yner rubber are shown in Table_ 1. Conparative Exanple 2 The sane
conditions as th@?élépeEﬁéﬁﬁﬁéYi)ﬁéién8§é§aE%B@pﬂthé9rlﬂﬁ lieu of
(tertiary butyla

cyclopentadienylf§g Xthg iﬁﬁﬁ?%ﬁ@ke %Bﬁ?rﬁﬂﬁl(8f°°47 mmol),
fé?{;ﬁ?g?b:g;gffg%b%ﬂﬁkgipgkﬂbﬁﬁhﬂrhgﬁraﬁlg?ﬁénEHPiu8£oﬁﬁéHPfPyﬁ&?é@&”'“”1
(0.022 mmol), and TEA (1.100 mmol) were used and that
ENB (4 mmol) was further added before the addition of
the catalyst. As a result, O.Zlg of an ethylene-
propylene-diene terpolymer rubber was cbtained. The
characteristics of thus obtained copolymer rubber are

shown in Table 1.



borate, and 1.175 mmol of TEA were used and that the polynerization was
effected for 1 hour. As a result, 5.3 g of an ethyl ene-propyl ene copol yner
rubber was obtai ned. The characteristics of thus obtained copol yner rubber
are shown in Table 1. Exanple 5 The sanme conditions as those of Exanple 1
wer e used 38 except that 8 mml of 5-ethylidene-2-norbornene (referred
to as "ENB" in the follow ng) was further &tdded before the addition of the
catalyst. As a result, 53 g of an ethyl ene-propyl ene-di ene terpol yner
rubber was obtai ned. The-characteristics of thus obtained copol yner rubber
are shown in Table 1. Exanple 6 The sanme conditions as those of Exanple 1
were used except that ENB (8 mmol) was further added before the addition of
the catal yst and that MAO (1.175 mml) was used in lieu of TIBA As a
result, 20 g of an etgylene propyl ene-di ene terpol.ymer rubber was obtai ned.
The characterlstlcs dE_thu& obt @b ned o€ 0poky ner «5 ubber ar e shown !n Tabl e 1.
Conpar ati ve Exanpl e 3ZThe s.an'e edndi + ONS caSt hose of &xanpte—iL yvere used
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except that ENB (8 mml) was further added before the addition of the
catalyst and that TEA (1.175 mmol) was used in lieu of TIBA. As a result,
1.8+«g of an ethyl ene-propyl ene-di ene terpol yner rubber was obtai ned. The
characteristics of thus obtained copol ynmer rubber are shown in Table 1.
Exanpl e 7 The sane conditions as those of Exanple 1 were used except that,
inlieu of (tertiary butylam do)dinethyl (tetranethyl-[err]- 39

cycl opent adi enyl ) sil anetitani um di chl ori dé2 et hyl enebi s(i ndenyl ) haf ni um
di chl oride (0.0047 mol ). triphenyl carbenium tetrakis(pentafl uorophenyl)
borate (0.0236 mmol ), and TIBA (1.175 mmwol) were used and that ENB (8 mmol)
was further added before the addition of the catalyst. As a result, 1.1 g
of an ethyl ene- pr opyA ¥ "d'feer'i‘é“"teé‘rtﬁ&’y s (eer iRed, oitamiidd. behe

characteristic t d g ner rubber are own in Table 1
' The' sanbiitiEs (A G SaRe NFAYPE PARIEE d2c BB BB St hat |

Exanpl e 8 The sane condi tT6hs

in lieu of (tertigjoh Q#Eﬂﬁ.aﬁﬁ‘dé@ Cﬂf"éeh@(:l ot q%g@fhehe 55l 3 departure

from the spirit and scope of the invention, and all
- such modifications as would be obvious to one skilled
in the art are intended to be included within the scope
of the following claims.

The basic Japanese Application No.238837/1994 filed

on October 3, 1994 is hereby incorporated by reference.
. ‘ -



cycl opent adi enyl ) si | aneti tani um di chl ori de, ethyl enebi s(inde yﬂﬂﬁéfﬁEﬂHASBEEN
di chl ori de (0.0047 mol ), triphenyl carbeni um tetrakis(pentaffluor ofHEHAGED

borate (0.0236 mol ), and MAO (1.175 mmol ) were used and t hat tNB‘(4 nnul)
was further added before the addition of the catal yst.

of an ethyl ene- propyl ene-di ene terpolynmer rubber was obtalned The a
characteristics of thus obtained copol yner rubber are shownThiaS$ h“
Conpar ati ve Exanple 4 The.sanme conditions,bas those of Exanple

except that, in lieu of .(tertiary butylanﬁgo)dlnethyl(tetrane

40 cycl opent adi enyl ) si |l anetitani um dichl ori de, ethylenebls(lndenyl)hafnlum
di chloridée (0.0047 mml ), triphenyl carbeni umtetrakis(pentafl uorophenyl)
borate (0.022 nm#HAT di§d CLAAMED. I86 nmol ) were used and that ENB (4 nmmol)
was further added before_the additign of .t he catal As a result, 0.2 g

of an ethyl ene- propﬁlené HF@H@SFePgoP§HQPCFBSb€r“&BEIKBFﬁlHBH eThe

characteristics qf Jiys 0PL3hg3dneoRBRYIRE HEPELoBECHE"ALEGhE TAR' g L

density (d) of 0.840-0.900 g/cm from ethylene and an a-

. 0lefin, said process comprising the step of using a
catalyst system containing constitutional cbmponents
(a)-(c):

said component (A) being a transition metal complex

represented by formula (1) or (2):

(1) -z
e
Cp1 \\\\'y
\\\1 e
/N
X1 X2
(2)

wherein M is a transition metal of the group IVB in
the periodic table;

Cp1 and sz are cyclopentadienyl'groups or
derivatives thereof which can be bonded to M or Hf by
n-bond;

X' and ¥’ are anionic ligands or neutral Lewis basic

A I||\\ \\I\I \\ \II\



41 [err] 42 Fromthe invention thus described, it will be obyious .Eé
the invention nay be varied in many ways. Such variations are

THIS 8

HAS BEE
CED

regarded as a departure fromthe spirit and scope of the inveﬁTTﬁﬁT"ahd_aff—‘;—

such nodifications as woul d be obvious to one skilled in the aks

i ntended to be included within the scope of the follow ng clai
Japanese Application No.238837/1994 filed on Cctober 3, 1994 i

Lis H
-
i ncor porated by reference. 43 WHAT IS CLAIMED IS 1. A proces

produci ng a copol yner rubber

and a density (d) of 0.840-0.900 [err] from ethyl ene and anot her

al pha-ol efi n,

sai d,

and the other al andsin under

Y is a ligand having at least one member selected
from the group consisting of nitrogen atom, phosphorus
atom, oxygen atom, and sulfur atom; and

Z is a ligand having at least one-member selected
from the group consisting of oxygen atom, sulfur atom,
boron atom, and an atom belonging to group IVA in the
periodic table, in which said Y and Z may be united
together to férm a condensed ring;

_s;id component (B) being a borate compound; and

said component (C) being a methylaluminoxane or an
organic aluminum compound containing an alkyl group
which hés at least one branched alkyl group.

2. A process according to claim 1, wherein said
catalyst system contains:

(tertiary butylamido)dimethyl—(tetramethyl-n{-
cyclopentadienyl)silanetitanium dichloride or
ethylenebis(indenyl)hafnium dichloride as said
component (A); .

triphenylcarbenium tetrakis(pentafluorophenyl)
borate or N,N-dimethylanilinium
tetrakis(pentéfluorophenyl) borate as said component
(B); and |

methylaluminoxane or triisobutylaluminum as said
component (C).

3. A.process according to claim 1 , wherein said

LR O |

M

rocess conprising the step of copol ynerizing ethyl ene

Been Reﬁlaced

Il

havi ng an et iyl ene content of 30-90% by wei ght



ef fective copol ynerization conditions using a catal yst system cgnTiS8HEET HAs BE!
the constitutional conponents (A) (tertiary ' REPLACED
but yl am do) di met hyl - (tetramet hyl -[err]- cycl opent adi enyl ) si | anet =

di chloride; (B) triphenylcarbeniumtetraki s(pentafl uorophenyl)borate or

N, N- di net hyl aniliniumtetrakis(pentafluorophenyl)borate; and (O

met hyl al um noxane or triisobutylalum num 2. A process according to claim
1, wherein (C) is triisobutylalumnum 3. process according to claim1l ,
wherein (C) is nethylalum noxane. 4. A process according to claim1,
wherein (B) is triphenylcarbeniumtetraki s(pentafluorophenyl)borate. 5. A
process according to claiml1l , wherein (B) is NN di nethylanilinium

t et raki s(pent af | UBREPRERY| FYBtemechas. a Arptizetuolar matihicioR) wsddr pol yner

rubber having an eth ﬂllfne ont egt of 30-90% by wei ght and a densitel (d) of
0. 840- 0. 900 [err]2TPYRTRt Ay 1 BXES FRIRERRMer -‘af//fﬁmnmrmi‘n,(%cﬁta 1/(o.01- .

nonconj ugated di e SAl r I si.ng the ste f_prepari saj
t er pol yner by pol %/lgn%?i%%ggef%ﬁ%n@%# aiﬁ oejrq oaf[ﬂgggcglaé%q{&%rﬁﬁgéaléj
nonconj ugat ed di eé&npmte(iﬁfédﬁﬁorg‘é}ﬁ?'o@?ragaﬂjﬁﬂ.l itions using a

cat al yst system contai ning constitutional conponénts (A)-('C), wherein (A)

is (tertiary butyl ani4lo) di matdudss( taicorddnyy lto @18lim 1, wherein
cycl opent adi enyl ) si | anetitanj um di chl oride; (B) is triphenylcarbenium
t et r aki s( pent af | (RRBFMIIZHamIE Gffected wh oy tempenstne not lower

tetrakis(pentaf | ygrophepyld gerate, and (9 120c.

5. A process according to claim 1, wherein said «-
olefin is propylene or l-butene.

6. A copolymer obtained by a process according to
claim 1.

7. A process of producing a terpolymer rubber
having én ethylene content of 30-90% by weight, a
denéity (d) of 0.840—0;900 g/cm3, and an iodine value of
0.5-40 from ethylene, an e¢-olefin, and a nonconjugated
diene, said process comprising the step of using a
catalyst system containing constitutionai components
(a)-(c): |

said component (A) being a transition metal complex

represented by formula (1) or (2):

(1) Z
NG
Cp1 Y
\\\; ///’
/N
X1 X2
(2)

I



I s met hyl al um noxane or triisobutylalumnum 7. A process accoldﬂﬁﬁ&ﬂEETHASBEEP
claim6, wherein said terpolyner produced has an iodi ne nunber 0. BERACED

40. 8. A process according to claim6 , wherein (C) is triisobutylalumum

9- A process according to claim6, wherein (C is nethylal um noxane. 10. A

process for producing a copolynmer rubber according 44 to claim1,wherein
said ethylene content is 35-85% by weight, and said density (d) is .
0.850-0.898 [err]. THI'S SHEET HAS BEEN 45 catal yst systemhas a ratio

(molar ratio) of used ampunts of said conpohent (A)/conponent (B) at
1/(0.01- 100) and a ratio (nolar ratio) of used ampunts of said conponent
(A)/ component (C) at 1/(1-1000). 4. A process according to claiml1, wherein
pol ynmeri zation is effected at a te rattkg not lower than [err] but |ower
than [err]. 5. A process accordQng*to clai t;pﬂhereln said a-

e
xl  x2

wherein M is a transition metal of the group IVB in
the-periodic table;

Cpl and sz are cyclopentadienyl group or
derivatives thereof which can be bonded to M or Hf by
n-bond; |

x' and X’ are anionic ligands or neutral Lewis basic
ligands;

Y is a ligand having at least ore member selected
from the group consisting of nitrogen atom, phosphorus
atom, oxygen atom, and sulfur atom; and

Z is a ligand having at least one member selected
from thé group consisting of oxygen atom, sulfur atom,
boron atom, and an atom belbnging to group IVA in the
periodic table, in which said Y and Z may be united
togethér to form a condensed ring;

said éompdnent (B) being a borate cémpoﬁnd; and

said component (C) being a methylaluminoxane or an
organic aluminum compound containing an alkyl group
which has at least one branched alkyl group.

8. A process according to claim 7, wherein said
catalyst system contains:

(tertiary butylamido)dimethyl-(tetramethyl—na—

- cyclopentadienyl)silanetitanium dichloride or

-

R



olefin is propylene or 1-butene. 6. A copolyner obtained by a fqﬂ&§SHEErHA§BEE
according to claim1l. 7. A process of producing a terpolyner.rupber MEHLAQED
an et hyl ene content of 30-90% by weight, a density (d) of 0.840=G798F==""-=
[err], and an iodine value of 0.5-40 fromethylene, an [err]-olefin, and a
nonconj ugat ed di ene, said process conprising the step of using a catal yst
system cont ai ni ng constitutional conponents (A)-(C: said conmponent (A)
being a transition netal conplex represent&ﬂ by formula (1) or (2): [err]

(1) 46 [err] wherein Mis a transition tal of the group IVB in the.
periodic table; [err] and [err] are cyclopentadlenyl group or derivatives

t hereof which can be bonded to Mor Hf by [err]-bond; [err] and [err] are
ani oni ¢ |igands ofthelerebistindenygt)hafhiumddichlonside |agasatidaving at

| ect ed
| east one menber sel ected, (a);

triphenylcarbenium tetrakis(pentafluorophenyl)
borate or N,N-dimethylanilinium
tetrakis(pentafluorbphenyl) borate as said component
{B); and

methylaluminoxan or triisobutylaluminum as said
component (C).

9. A process according to claim 7 , whereln said
catalyst system has a ratio (molar ratio) of used
amounts of said component (A)/component (B) at 1/(0.01-
100) and a ratio (molar ratio)"of used amounts of said
COmponeht (A)/component (C) at 1/(1—1000).'

-10. A process according to claim 7, wherein
polymerization is effected at a temperature not lower
than -20°C but lower than 120°cC.

- 11. A process according to claim 7, wherein said «-
olefin is propylene or l-butene.

12. A terpolymer obtained by a prbcess according to
claim 7. .

13. A process according to claim 8, wherein a
terpolymer rubber having an ethylene content of 30-90%

- by weight, a density (d) of 0.840-0.900 g/cm®, and an
iodine value of 0.5~40 is made from ethylene,
propylene, and 5-ethylidene-2-norbornene, said process
comprising the steps of using a catalyst system

-
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" . | [ TriS SHER
fromthe group consisting of nitrogen atom phosphorus atom oxyéen agégﬁﬂ‘Hég

and sulfur atom and Z is a |ligand having at |east one nenber sel
theigroup consisting of oxygen atom sulfur atom boron atom and an atom
bel onging to group IVA in the periodic table, in which said Y and Z nay be
united together to forma condensed ring; said conponent (B) being a borate
conpound; and said conponent (C) being a nethylal um noxane or an organic
al um num conpound cont ai ni ng an al kyl grougsmhich has at |east one branched
al kyl group. 8. A process according to claim7, wherein said catalyst
system contains: (tertiary butylam do)di nmethyl-(tetramethyl-[err]-
cycl opent adi enyl ) sil anetitanjumdi chl qride or, TH S_SHEET HAS BEEN 47
et hyl enebi s(i nder§? AR G%ﬁ’(ﬁ"l’%g’% IfDSime e ((Aptramethyl-
triphenylcarbeniqﬁlh ﬁ%?hﬁ@ a8k %P : P? age . .
N, N-di met hyl anilihiumte rak?s?pg 2??359%%%%%? &béfﬁgéoﬁédga?ﬁ Eﬁﬁﬁonent
(B); and net hyl al¢otigeneit ofa ), [drS@hdn 1-dsBenimmas said
tetrakis(pentafluorophenyl) borate as said component
(B), and triisobutylaluminum as said component (C) and
effecting polymerization at a temperature of 20-80°C
and a pressure of 1-300 atmospheric pressure.
- 14. A process according to claim 8, wherein a
terpolymer rubber having an ethylene content of 30-90%
by weight, a density (d) of 0.840-0.900 g/cnﬁ,uénd an
iodiné value of 0.5-40 is made from ethylene,
propylene, and 5-ethylidene~2-norbornene, said process
comprising the steps. of using a catalyst system
containing ethylenebis(indenyl)hafnium dichloride as
said component (A), triphenylcarbenium
tetrakis(pentafluorophenyl) borate as said component
(B), and triisobutylaluminumhas said component (C) and
effecting polymerization at a temperature of 20-80°C |
and a pressure of 1-300 atmospheric pressure.
15. A terpolymer rubber obtained by the process
according to claim 13. |

16. A terpolymer rubber obtained by the process

according to claim 14.
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conponent (C). 9. A process according to claim7 , wherein said catalyst
systemhas a ratio (nolar ratio) of used anounts of said conponent
(AW conmponent (B) at 1/(0.01- 100) and a ratio (nolar ratio) of used
anounts of said conponent (A)/conponent (C) at 1/(1-1000). 10. A process
according to claim7, wherein polynerization is effected at a tenperature
not lower than [err] but lower than [err]. 11. A process according to claim

Sbt ained by a process FROCHSS: KoR SrOPUCANG. cOUbERpR RuBBEhCCo / ng (o

claim8, wherein a terpolynmer rubber having an ethyl ene content of 30-90%

by Teight, a densit d) of gh840-0.900u£err],_and an iod[n? val ue of

0.5-40 is nade fE&EﬁEgEQLEEe__§L85§EEﬁ§, Bnd 5- et hyl i dene- 2- nor bor nene,

A R IR S ST IO S

o oy Lorent aepByiey! ssbufopymmariaLey 6 ggcn. soranscaie (AL
ec—-olefin are polymerized in the presence of a catalyst
system containing catalyst constitutional components
(a), (B), and (C), to form a copolymer rubber having
such characteristics as an ethylene content of 30-90%
by weight and a density (d) of 0.840-0.900 g/cm3. Also,
a process of froducing an ethylene-«-clefin- '
‘nonconjugated terpolymer rubber is provided, in which
ethylene, an e¢-olefin, and a nonconjugated diene are
polymerized in the presence of the same catalyst
system;.to form a terpolymer rubber having such
characteristics as an ethylene content of 30-90% by

weight, a density (d4) of 0.840-0.900 g/cma, and an

jodine value of 0.5-40.



(B)z and triisobutylalum numas said conponent (C) and effecting

pol yneri zation at a tenperature of [err] and a pressure of 1-300

at nospheric pressure. 14. A process according to claim@8, wherein a

t er pol yner rubber having an ethylene content. of 30-90% by weight, a density

(d) of 0.840-0.900 g/cnB, and an iodine valgge of 0.5-40 is ( '

et hyl ene, propyl ene, and 5-ethylidene-2-norbornene, sai &WM&I{@%@I ng

the steps of using a catal yst system containing ethyl enebi s(i ndenyl) hafni um

di chl ori de as said conponent (A), triphenyl carbenium -

tetraki s( peWiHT U8 (PIRIMED I®rate as said conponent (B), and

triisobutylalunigrn1%§ sai d conponent (C) and effecting polynerization at a

tenperature of [ekr] RFCeF®sEor epoddde at phenes pubbenrRavih

ter pol yner refguerenshiaanfantpof h@ﬁ@)tebpsggjsqhg?ggdt?g claim13. 16. A &n

terpol yner Rt R, by84hed p? B8 egécmic Emori leghiyd exleniandl £nother
alpha-olefin, said process comprising the step of
copoly@erLZLng ethylene and the other alpha-olefin under
effective copolymerization conditions using a catalyst system
containing the constitutional components (A) (tertiary
butylamldo)dimethyl—(tetramethyl—nt.
cyclopentadienyl)silanetitanium dichloride; (B)
t;;phenylcgryegium tetrakis(pentafluorophenyl)borate or N,N-
dimethylanilinium tetrakis(pentafluorophenyl)borate; and (C)
methylaluminoxane or triiscbutylaluminum.

.. 2. A process according to claim 1, wherein (C) is
triisobutylaluminum.

3. A process according to claim 1 , wherein (C) is
methylaluminoxane. ‘ :

_ .. 4. A process according to claim 1, wherein (B) is
trlphenylcarbgnlum tetrakis(pentafluorophenyl)borate.

. 5. A process according to claim 1., wherein (B) is N,N-
dimethylanilinium tetrakis(pentafluorophenyl)borate.

6. A process for producing a terpolymer rubber having an
ethylene content:of 30-90% by weight and a density (d) of
0.840-9.900 g/cm’ from ethylene and another alpha-olefin, and a
nonconjugated diene, said process comprising the step of :
preparing said terpolymer by polymerizing ethylene and another
alpha—olegln,_and a nonconjugated diene under effective
copolymer;zatlon conditions using a catalyst system containing
constltgtlonal components (A)-(C), wherein (A) is (tertiary
butylamido)dimethyl-(tetramethyl-n‘-
cyclopentadienyl)silanetitanium dichloride; (B) is .
t;lphenylcgrPegium tetrakis(pentafluorophenyl)borate or N,N-
dimethylanilinium tetrakis(pentafluorophenyl)borate; and (C)
is methylaluminoxane or triisobutylaluminum. |

7. A process éccording to claim &4, wherein said
terpolymer produced has an iodine number of 0.5 to 40.

.. 8. A process according to claim 6, wherein (C) is
triisobutylaluminum. '

9-'A.process according to claim 6%, wherein (C) is
methylaluminoxane.

10.a process for producing a copolymer rubber according

W
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to claim 1""..",whef"éin said éth lene cont i :
and said density (d) is 0-8510’-0.89808/2;}:. is 35-85% by weight,
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