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1 DESCRIPTION 4-METHYL-1-PENTENE POLYMER, PROCESS FOR
PRODUCING THE SAME AND USE THEREOF TECHNICAL FIELD 5
[00011 The present invention relates to a 4-methyl-lI-pentene polymer
having excellent balance between heat resistance and rigidity, a process
for producing the polymer and uses thereof. TECHNICAL
BACKGROUND 10 [0002; Sirﬂi%esglg in.k ers have excellent
processability, chemical resistance and electrical and mechanical
properties, they are molded inéo extrusion molded articles, injection
molded articles, holfoW tholded aftidies; fiims, Shieets‘and the like and 15
have been agrglied to a wide rangg of uses, for example, convenience

goods: Kitcer utetisils oatkagify fifts, ABEFS Stth &b for-Woven "

___fabrics, etc, household electric appliances, mechanical parts, electric
Thc%@%u obile parts and the like. In particular, olefin polymers
containing 4-methyl-l-pentene have been used as 20 a resin having
[00%xcellent heat resistance together with excellent transparency, gas
permeability and chemical resistance in various fields, for example,
medical iPsfrafTents, ek FesiStarterRERR Wited, HeatTeEigtan dighesene

and the like. [0003] 2
polymer having excellent balance between heat resistance and

rigidity, & process for producing the polymer and uses therecf.
TECHNICAL BACKGROUND
[0002]

Since olefin polymers have excellent processability,
chemical resistance and electrical and mechanical properties,
they are molded into extrusion molded articlies, injéction,molded
articles, hollow molded articles, films, sheets and the like and
have been applied to a wide range of uses, for example, convenience
goods, kitchen utensils, packaging films, fibers such as non-woven
fabrics, etc, household electric appliances, mechanical parts,
electric parts, automobile parts and the like. 1In particular,
olefin polymers containing 4-methyl-l-pentene have been used as
a resin having excellent heat resistance together with excellent
transparency, gas permeability and chemical resistance in variocus
fields, for example, medical Instruments, heat resistant electric
wires, heat resistant dishes and the like.

(00033
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Patent documents 1 and 2 disclose a catalyst, which comprises a solid
titanium catalyst component composged of magnesium, titanium, halogen
and an electron donor, and an organometal compound as a catalyst for
polymerization of olefins 5 containing 4-methyl-I-pentene. These patent
documents also disclose a process for producing a 4-methyl-l-pentene
polymer b Batch polymerizatjon method using_the above-descriped
Gt T ToutTS BOLTETS pefara by YRese FrCbLeas soffumies
have inferior heat resistance for their rigidity depending to uses. 10

Comp[ébéiﬁRécérﬁ?y} ésfaléa?t%&}é’{“fo?%%W&r‘tza‘fi%ﬁ%po%?&u PoRSRS ©of
containing 4-methyl-lI-pentene, a metallocene catalyst has been disclosed

M GTFERRHRA 15 Petent docutfent ) THS Patéht dotttett afd dEclodBs a® "
process for producing an olefin polflmer 15 containing 4-methyl-'-pentene

OrIE5PRBAch %%Wéﬁi%ﬁ% IEfhod ! ¥idweber A& YBSHItRG polnel clefins
sometimes has still insufficient balance between heat resistance and

contyidity: THeréforel the impsibvEment i tHeSFolyimerand polhTérization S ©
methods has been desired. 20 Patent document 1: JP-A-2005-89663

dis Paeft ddetnfeht 2: Trternafioia publr lioh Wi 2006-0526 83 SPafehtmer by
document 3: International publication WO-2005-121192 DISCLOSURE

a Ba O RYENTRONOBIFCTORITHEINVENTION 8Ve0a5]scribed catalyst.

The resulting polymers prepared by these processes sometimes have
inferior heat resistance for their rigidity depending to uses.
[0004]

Recently, as a catalyst for polymerization of olefin
polymers containing 4-methyl-l-pentene, & metallocene catalyst
has been disclosed (referred to Patent document 3). This patent
document also discloses a process for producing an olefin polymer
containing 4-methyl-l-pentene by a Batch polymerization method.
However, the resulting polymer scmetimes hag still insufficient
balance between h@at resistance and rigidity. Therefore, the
improvement 1in the polymers and polymerization methods has been
desired.

Patent document 1: JP-A-2005-89663

Patent document 2: Internaticnal publication WC-2006-054613
Patent document 3: International publication WO~2005-121192
DISCLCSURE OF INVENTION

OBJECT OF THE INVENTION
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The present invention is intended to solve the problems, and itis an
object of the present invention to pravide a 4-methyl-I-pentene polymer
having excellent balance between heat 5 resistance and rigidity, a process
for producing the polymer and uses thereof. MEANS FOR SOLVING
PROBLEM [0006] The 4-methyl-l-pentene polymer of the present
invention 10 comprises: 50 to 100 % by mass of a constituting unit

(000 erived from 4-methyl-lI-pentene and 0 to 50 o by mass of a constituting
unit_derived from at least one of olefins having 2 to 20 carbon atoms

excliding ZEm@ty|+-pentene provided thab tHe total of the 5 Constittitiig =
unit derived from 4-methyl-I-pentene and the constituting unit derived
and fdm-at |65t Ore Hf olétinshsving 23620 carbdh atoms exdiidifig 9¢ @
4-methyl-l-pentene is 100 o by mass, and the 4-methyl-I-pentene polymer
1-nosplainabigbyFeeditg IfmonciePforfoffingthe AehyE pantesen heat
polymer and an organic 20 solvent into a polymerization reactor
resiggntinteusicand exfactng SapoRaerization FeaAbA Migtdreccostaivy and
the resulting 4_-methyl-l-pentene polymer from the polymerization reactor
usescoptinteadly. [0007] 4 Furthermore, the 4-methyl-l-pentene polymer of

the present invention comprises:
MEANS FOR SOLVING PROBLEM

[0006]

The 4d-methyl-l-pentene polymer of the present invention
comprises:

5¢ to 100 % by mass of a constituting unit derived from
4-methyl-1l-pentene and 0 teo 50 % by mass of a constituting unit
derived from at least one of olefins having 2 to 20 carbon atoms
excluding 4-methyl-l-pentene provided that the total of the
constituting unit derived from 4d-methyl-l-pentene and the
constituting unit derived from at least cone of olefins having 2
to 20 carbon atoms excluding 4-methyl~l-pentene is 100 % by mass,
and the 4-methyl=-l-pentene polymer is obtainable by feeding a
monomer for forming the 4-methyl-l-pentene polymer and an organic
solvent into a polymerization reactor continuously and extracting
a polymerization reaction mixture containing the resulting
4-methyl-l-pentene polymer £from the polymerization reactor
continuously.

[0007)
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50 to 100 % by mass of a constituting unit derived from (

4-methyl-lI-pentene and 0 to 50 % by mass of a constituting unit 5 derived

from at least one of olefins having 2%0 20 carbon atoms excluding

4-methyl-lI-pentene provided that the total of the constituting unit derived

from 4-methyl-l-pentene and the constituting unit derived from at least

one of olefins having 2 to 20 carbon atoms excluding, 4-methyl-l-pentene

& TOU o6 RS, 10 nd 1HE Moty FEBBIERE FOMEr batsfieeter = 5o
_ following formulas (1) and (2): 48 x [Y] - 7500 <- [X] :- 48 x [Y] - 7000 ...
1nveR T g S LPHLEEE0C ... (2) provided that in the formulas (1) and (2), [X]

is a modulus in 15 tension (MPa) , as measured in an ASTM D638

methbd: Of the 4imithyREpentenedpdiiiérand i aVicat stttehiiigt ~=°m

point (C) as measured in an ASTM D 1525 method, of the . ‘
4 -nefethyl-I55Entems Folymer tPhe U-methy PR pentenépblyiter iguting unit

preferably obtainable by 20 feeding a monomer for forming the
derizxpsethyRipértehesolyfiet ahd ArfdranidsoNvEst corfthudushy ¥ fe atoms

polymerization reactor and extracting a polymerization reaction mixture
exclaphtaiing tHe TegdltingREmetii--péntehe pdlyer frofmmthe total of the

polymerization reactor continuously. 5 [0008] The 4-methyl-1-pentene
congiohmei ascordivig-to e present Sheantidmisyirefcrablyobtdinable bypd the

further regulating the
constituting unit derived from at least cne of clefins having 2

to 20 carbon atoms excluding 4-methyl-l-pentene 1s 100 % by mass,
and the 4-methyl-l-pentene poclymer satisfies the following

formulas (1} and {(2}:

48 x [Y] - 7500 £ [¥X] £ 48 x [Y] - 700C ... (1)

160°C £ [Y] £ 1980°C ... (2)

provided that in the formulas (1) and (Z), [¥X] i1s a mcdulus in
tension (MPa}, as measured in an ASTM D&38 method, of the

4d-methyl-l-pentene polymer and [Y] is a Vicat softening point (°C),
as measured in an ASTM D 1525 method, of the 4-methyi-I-pentene
polymer.

The 4-methyi-l-pentene polymer is preferably obtainable by
feeding a monomer for forming the 4-methyl-l-pentene polymer and
an organic solvent continuously to the polymerization reactor and
extracting a polymerizaticon reaction mixture containing the
resulting 4-methyl-l-pentene polymer from the polymerization

reactor continucusly.
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amount of a solvent-soluble polymer contained in the 5 polymerization
reaction mixture extracted from the polymerization reactor to be within 15
% by mass. [0009] The 4-methyl-l-pentene polymer preferably comprises:
50 to 99.9 % by mass of a constituting unit derived from 10
4-methyl-lI-pentene and 0. 1 to 50 o by mass of a constituting unit derived

from at least one of olefins having 2 to 20 carbon atoms excluding

{OOO@-}nethyl-l-pentene provided that the total of the constituting unit derived

from 4-methyl-lI-pentene and the constituting unit derived from at least ‘
oné b ol&fifi€ Havihig 'z P51 20 Takbory AfomsPexiddingd o the present
4-methyl-l-pentene is 100 % by mass. 5%%10] The process for producing

invehs ety RpEARRE Doy nter- a¢Eardiy 1 Xhe PraseRt inveftiorr t1ng the
comprises: continuously feeding 4-methyl-l-pentene, or 20 .
amoufiinettid-1-pénteri® aNg AR vlefi BxEluding 4¥methyl-IgseHieéas S tbgeftier the
with an organic solvent to a polymerization reactor, and continuously
pol yearaEtng eopolyméfizdatiohyeactighimixitife cortdinifg-a ¢esultingrom  the
4-methyl-l-pentene polymer from the polymerization reactor. 6 0011] Itis
polypreferead-that thiee 4 ghethyltopé@fteré olymers predareddythe above
process preferably comprise: 50 to 100 % by mass, preferably 50 to 99.9
[000%lby mass of a

The 4-methyl-l-pentene polymer preferably comprises:

50 to 99.9 % by mass of a constituting unit derived from
4-methyl-l-pentene and 0.1 to 50 % by mass of a constituting unit
derived from at least one of olefins having 2 to 20 carben atoms
excluding 4-methyl-l-pentene provided That the teftal of the
constituting unit derived from 4-methyl-l-pentene and the
constituting unit derived from at least one of colefins having 2
to 20 carbon atoms excluding 4-methyl-1-pentene is 100 % by mass.
[C010]

The process for producing the 4-methyl-l-pentene polymer
according to the present invention comprises:

continuously feeding d-methyl-l-pentene, cr
4d-methyl-1-pentene and an olefin excluding 4-methyl-l-pentene,
together with an organic solvent to a polymerization reactor, and

continucusly extracting a polymerization reaction mixture

containing a resulting 4-methyl-l-pentene polymer from the

polymerization reactor.
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5 constituting unit derived from 4-methyl-l-pentene and 0 to 50 % by
mass, preferably 0.1 to 50 % by mass of a constituting unit derived from
at least one of olefins having 2 to 28 carbon atoms excluding
4-methyl-lI-pentene provided that the total of the constituting unit derived
from 4-methyl-l-pentene 10 and the constituting unit derived from at least

one of olefins having 2 to 20 carbon atoms excluding 4-methyl-lI-pentene
[00%dh00 % by mass. [0012] In the above process, it is preferred to regulate

the amount 15 of a solvent-soluble polymer contained in the

polyrmerization® FeaelioR Mixtdté to bemithfii PS5 046 By THadS 06GIS] T 1 ymer

film of the present invention is obtainable from the above-described
PreRRERANYIN-pette & PO iR 026 F00 124 THRIED Mdla™? thefresent

invention is obtainable from the above-described 4-methyl-I-pentene

polyfet CEERECT BF TREINVENTRONCD015P7tAcESIdihgtdthenass of a

present invention, the 4-methyl-lI-pentene polymer has excellent balance
conyiehesh heat Pedistafed and rigidity andds Buitably Bsad forfilmsdLED

molds and the like. BRIEF DESCRIPTION OF THE DRAWING 5 [0016]
0 te 50 % by mass, preferably 0.1 to 50 % by mass of a

constituting unit derived from at least one of clefins having 2
to 20 carbon atoms excluding 4-methyl-1-pentene provided that the
total of the constituting unit derived from 4-methyl~l-pentene
and the constituting unit derived from at least one of olefinsgs
having 2 to 20 carbon atoms excluding 4-methyl-1-pentene is 100 %
by mass.

[0012]

In the above process, it is preferred to regulate the amount
0of a solvent-soluble polymer contained in the polymerization
reaction mixture to be within 15 % by mass.

[0013]

The film of the present invention is cbtainable from the
above~-described 4-methyl-l-pentene polymer.
[0014]

The LED mold of the present invention ig obtainable frém
the above-described 4-methyl-1-pentene polymer.
EFFECT OF THE INVENTION

[0015]
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Figure 1 is a graph showing a relation between a modulus in tension
(MPa) and a Vicat softening point (C) of a 4-methyl-I-pentene polymer in
each of Examples 1 to 10 and Comzarative Examples 1 to 5. 10 BEST
EMBODIMENT FOR CARRYING OUT THE INVENTION [0017] The
4-methyl-lI-pentene polymer and the process for producing the polymer
will_ be described in detail hereinafter. [0018] 15 [4-methyl-I-pentene

polymer e 4-friethy I DERTEHR polyiiiet acerding to thepredent ! ~pentense
invention is obt@inabLe by continuously feeding a monomer for forming

rol Hew rstRyidehtdiesolfiner aiimiT 6lyaRid soRenfiorace and rigidity
polymerization reactor, and continuously extracting a 20 polymerization

and rbactioh ritktbre BSRAINING tHe: ¥aRetHyiRpBhtete FolymeFfromithe-
polymerization reactor. (0019] The monomer for forming the

BRI m&thyli-pentetie polyhier ESmMprises 4-methyl-l-pentene singly, or
“4-methyl-l-pentene and 8 at least one of olefins excluding

[0014methyl-l-pentene in combination. The 4-methyl-1-pentene polymer
produced by such a continuous polymerization method has heat
resiStaicecand Figidityd Similltaieouslyd 540020)atHecordamicissivent usedlus
in the production process according

in tensien (MPa) and a Vicat scitening point (°C) of a

d-methyl-l-pentene polymer in each of Examples 1 toe 10 and

Ceomparative Examples 1 to 5.

BEST EMBODIMENT FCR CARRYING OUT THE INVENTION

[0017]

The 4-methyl-l-pentene polymer and the process for
producing the polymer will ke described in detail hereinafter.
(0018l
{4-methyl-l-pentene polymer!

The 4-methyl-l-pentene polymer according to the present
invention is obtainable by continuvously feeding a monomer for
forming the 4-methyl-l-pentene pelymer and an organic solvent to
a polymerization reactor, and continuously extracting a
polymerization reaction mixture containing the
4-methyl-l-pentene polymer from the polymerization reactor.
[0019]

The monomer for forming the 4-methyl-l-pentene polymer

comprises 4d-methyl-l-pentene singly, or 4-methyl-l-pentensg and
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to the present invention is not particularly limited as far as it can feed
4-methyl-lI-pentene to the polymerization reactor continuously. and can
feed a transition metal catalyst com&)nent 10 and a co-catalyst
component to the polymerization reactor continuously. Specific examples
of the organic solvent are aliphatic hydrocarbons, alicyclic hydrocarbons,
aromatic hydrocarbons, halogenated hydrocarbons and mixture thereof,
at  grefethblec@amples dtedfiphdtic Ayidroeaidons, AnBRerd 5 pleteraples  in
examples are a saturated aliphatic hydrocarbon and 4-methyl-1-pentene.
comy@pt]iThe polifeizafon ieachoR PIXETRE used i fHe present GAventisrch 2
is a mixture of the resulting polymer and the organic 20 solvent in a
contsghnivisskite OReT AZtspensist- (siiryy states (0022} Thance and rigidity
4-methyl-lI-pentene polymer of the present invention is a
s imuylrretiyi-pentene homopolymer or a copolymer of 4-methyl-I-pentene
and an olefin other than 4-methyl-I-pentene, 9 which is a comonomer,
[ 00 4garticularly, an a-olefin. Examples of the other olefin are a-olefins having
2 to 20 carbon atoms such as ethylene, propylene, 1-butene, 1-hexene,
1-ottene apdritdesehe s mone preferable examples are gpotefinshaving 3iing
to 20 carbon atoms, 5 furthermore preferable example are a-olefins
to thaving 6te20 catbentatomsianchparticalarly préteralle lexamples are far as
a-olefins having 8 to 20 carbon atoms. These olefins may be used singly
it OEfWCdeed 4-methyl-l-pentene Lo the polymerizaticn reactor

continuously and can feed a transition metal catalyst component
and a co-catalyst compenent to the polymerization reactoer
continuously. Specific examples of the organic solvent are
aliphatic  hydrocarbons, alicyclic hydrocarbons, aromatic
hydrocarbons, halogenated hydrocarbons and mixture thereof,
preferable exampies are aliphatic hydrcocarbons, and more
preferable examples are a saturated aliphatic hydrocarbon and
4~methyl~1-pentene.

[0021]

The polymerization reaction mixture used in tThe present
invention is a mixture of the resulting polymer and the organic
solvent in a solution state or in a suspension (slurry) state.
[G022]

The 4-methyl-l-pentene polymer of the present invention is
a 4d-methyl-l-pentene homopolymear or a copclymer of

4-methyl~l-~pentene and an olefin other than 4-methyl~l-pentene,
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or more may be used in combination. The content of the constituting unit
derived from 4-methyl-l-pentene in the 10 4-methyl-lI-pentene polymer is
50 to 100 % by mass, preferably 50 %0 99.9 % by mass, more preferably
80 to 99.9 % by mass, particularly preferably 90 to 99.9 % by mass based
on 100 % by mass of the total of the constituting unit of
4-methyl-I-pentene and the constituting unit derived from olefins having 2
whiqp 26 15 CaFsoIPRRMSEXEREMY-A-téthyih perteife On thédte Hehe T the
the content of the constituting unit derived from the other olefins in the
othegniethyiliperitené poleddris 0ew0% By fass? prafekably 0 016 5006k as
by mass, more preferably 0.1 to 20 % by mass, particularly preferably O.
ethyI ®E0 B BYHass BasedOR-FITY by Mass 20 of ifotalfofithe 1 -decene,
constituting unit of 4-methyl-l-pentene and the constituting unit derived
morefronedlefind havirg 21020 cachoncdtoms exckidingd3rethyl-Gpehtene toms,
The contents of the constituting unit derived from 4-methyl-l-pentene and
furtthe reanstituting endldesivedch fromeother alefins atendetermingdbyclD0 carbon
13C-NMR. [0023] The 4-methyl-I-pentene polymer of the present invention
atonrmsiald mtrnsicviseesity frile s meédstred dmpéealizat185€C1lef f5usually ing
0.1 to 10 dl/g, preferably 1 to 10 dl/g. [0024] The 4-methyl-l-pentene
8 topadlymerotihe presast.invéntior simultaneously satisfiesdhie fallawingor two
formulas (1) and (2):
cr more may be used in combination. The content of the

constituting unit derived from 4-methyli-l-pentene 1in the
4-methyl-1l-pentene pelymer is 50 to 100 % by mass, preferably 50
to 99.9 % by mass, more preferably 80 to 99.9%9 % by mass,
particularly preferably 90 to 99.9 % by mass based on 100 % by
mass of the total of the constituting unit of 4-methyl-1-pentene
and the constituting unit derived from olefins having 2 to 20
carbon atoms excluding 4-methyl-l-pentene. On the other hand,
the content of the constitutingunit derived from the other olefins
in the 4-methyl-l-pentene polymer is 0 to 50 % by mass, preferably
0.1 te 50 % by mass, more preferably 0.1 to 20 % by mass,
particularly preferably 0.1 to 10 % by mass based on 100 % by mass
of the total of the constituting unit of 4-methyl-1-pentene and
the constituting unit derived from clefing having 2 to 20 carbon
atoms excluding 4-methyl-l-pentene. The contents of the
constituting unit derived from 4-methyl-l-pentene and the

constituting unit derived from other olefins are determined by
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48 x [Y] - 7500 :- [X] <48 x [Y] - 7000 ... (1) 10 160C < [Y] <- 190C ... (2)
In the formulas (1) and (2), [X] is a modulus in tension (MPa), as
measured in an ASTM D638 methojd(,J of the 4-methyl-I-pentene polymer
and [Y] is a Vicat softening point (C), as measured in an ASTM D 1525
method, of the 4-methyl-I-pentene 15 polymer. [0025] Figure 1 shows a
relation of [X] and [Y] in the case that the modulus in tension [X] is plotted
9#fa vertical axis and the Vicat softening point [Y] is plotted on a
horizontal axis. 20 [0026] The graph of Figure 1 that intersections of [X]
[0028nd [Y] are plotted shows that among polymers having the same modulus
in tension [X', when a polymer has [Y] plotted in a higher region, it has
hig“ﬁéﬁrﬁeawéﬁsténﬂwaﬁm@%@m@ﬂgmmﬁ@aﬁw@ﬁ@i%aﬁﬂﬁ@%’cwn has
having the same Vicat softening point [Y] when a polymer has [X] plotted
an lintarlower regionsit has youtigidieys (flexibilityy dithrkebping heagt 135°C of
resistance. [0027] 5 That is to say, the polymer having an intersection of
usuaX] varit Y]t the redidi showa byahk formulas (1) arst (2 means a

polymer having high heat resistance and low rigidity (flexibility). [00281
(00241

13m.

The 4-methyl-l-pentene polymer of the present invention

simultanecously satisfies the follewing formulas (1) and (Z2):

48 » Y] — 7500 £ [¥] £ 48 x (Y] -~ 7000 ... (1}
160°C £ [Y] £ 180°C ... (2)
In the formulas (1) and (2), [¥X] is a modulus in tension

{(MPa), as measured 1In an ASTM D638 method, of the
4—methyl—l—pentenepolymerand Y] is a Vicat softening point (°C),
as measured in an ASTM D 1525 method, ©f the 4-methyl-l-pentene
polymer.
(0625

Figure 1 shows a relaticn of [X] and [Y] in the case that
the modulus in tension [X] is plotted on a vertical axis and the
Vicat scftening point {¥Y] is plotted on a horizontal axis.
[0C29]

The graph of Figure 1 that intersections of [X] and [Y] are
plotted shows that among polymers having the same modulus in
tension [X], when a polymer has [Y] plotted in a higher region,

it has higher heat resistant with keeping rigidity, while among
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10 The 4-methyl-lI-pentene polymer of the present invention satisfies the
formulas (1) and (2), and has excel&eft balance between heat resistance
and rigidity. On the other hand, 4-méthyl-i-pentene polymers not
satisfying the formulas (1) and (2) sometimes have insufficient decrease
of wrinkles and shape 15 following properties when used in a
mold-releasing film. Although the definite reason wh tt&e :
POLYRPSHYRE B tetﬁbepﬁﬁiﬁ?e?%o?i‘ﬁesp%%&ﬂliﬁ\%ﬁt%ﬁy atisfied & 6rRaRE >
(1) and (2) is not revealed, it is supposed as one reason that the o
has cdmbosition” bftribdtion Bf cOMBHomERY whith are-oletms oth8F than 26+ &Y
_ 4-methyl-lI-pentene, is uniformed. Although the means for equalizing the
(f Legohbhomer cohpodtisiPdiRtiditidh i< REE Particifarly limited, it is
necessary to regulate the comonomer composition distribution by
1:OOQ(,:h]anging the amount of the comonomer fed during the polymerization
reaction in the production by a Batch 12 polymerization method because

oth&f &ésmohohferséompbhentaharee Righer YBactivity thagrsection of [X]
4-methyl-1-pentene and the comonomer content in the resulting polymer
and dhanges Witk tinks 19 the produbtion by of €ottintdBs polymeéfization means &
method, it is supposed 5 that the comonomer content in the resulting
polypelymertdoes ot chandge withaime 456 HiE éGmBnoMECcomsositionl g1dity
distribution is equalized. Although the process for producing the
(T 1ekpiethyldspentene polymer satisfying the formulas (1) and (2) is not
particularly limited, the continuous polymerization method is preferable.
c002E01[0029]

The 4-methyl-~l-pentene polymer of the present invention
satisfies the formulas (1) and (2), and has excellent balance
between heat resistance and rigidity. Cn the other hand,
4-methyl-1-pentene polymers not satisfying the formulas (1) and
(2) sometimes have insufficient decrease of wrinkles and shape
following properties when used in a mold-releasing film.
Elthough the definite reason why the 4-methyl-l-pentene polymer
of the present invention satisfies the formulas (1) and (2) is
not revealed, it is supposed as cne reason that the compesition
distribution of comenomers, which are olefins other than
d-methyl-l-pentene, 1s uniformed. Although the means for
equalizing the co-monomer composition distribution 1s not
particularly limited, 1t is necessary Lo regulate the comonomer

composition distribution by changing the amount of the comonomer

fedduring the polymerization reaction in the production by a Batch
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The 4-methyl-l-pentene polymer of the present invention is obtainable by
feeding the monomer for forming the 4-methyl-l-pentene polymer and the
organic solvent continuously into tHEZponmerization reactor and
extracting a polymerization 15 reaction mixture from the polymerization
reactor continuously. In the preparation, it is preferred that the amount of
a solvent-soluble golymer contained in the polymerization reaction

PO L HRdre e e listed 46 nBERTOTE thatt 25 56 b HAsST BreferdBRP T to 20 Nave
. % by mass, more preferably 0 to 15 % by mass. The amount 20 of the
bigh&iivehta6luble palyrherfontailed ity e poImefizatioR Ffeallich mkkfreoMe
is preferably in the above range, because the continuous extraction of the
contsdlfmeérization rédction miture ok the poIyREtization-reactofis stabfe. the
[0030] 13 The solvent-soluble polymer is a polymer component having a
prodeirmeleciifaP wegitdneca fowsterepkdgianity nwrchizddisseled s sed
organic solvent and obtainable by evaporating the slurry filtrate, of the
thathethyklqsentenesolmer dontairedSinlthe ipolymerizatiohaeadtion change
mixture in the polymerization reactor in the suspension polymerization
withethedafstutdre poymarzetion smethed . The aiount 6ty massyafithel zed.
solvent-soluble polymer is determined by the following formula. Amount
Altrofsplventspiubte polymerdOos Resultdritarhount-ofSolemt=solale polymer
polymer / (Resultant amount of Polymer + Resultant amount of
sat iSdyemssaluble potymiexpx 100 and (2) is not particularly limited,
the continuous polymerization method 1s preferable.
(00293
The 4-methyl-1l-pentene polymer of the present invention is
obtainable by feeding the monomer for forming the
4-methyl-1-pentene polymer and the organic solvent continuously
intc the polymerization reactor and extracting a polymerization
reaction mixture from the polymerization reactor continuously.
In the preparation, 1t 1s preferred that the amcunt of a
solvent-soluble polymer contained in the polymerization reaction
mixture be regulated tc not more than 25 % by mass, preferably
C to 20 % by mass, more preferably C £to 15 % by mass. The amount
c¢f the solvent-soluble polymer contained in the polymerization
reaction mixture is preferably in the above range, because the
continucous extraction of the polymerization reactionmixture from

the pelymerization reactor is stable.

[0030]
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For decreasing the resultant amount of the solvent-soluble polymer, it is
effective to add the electron donor contained in the transition metal
catalyst components as described later to 15 the polymerization reactor
because the stereoregularity of the polymer is improved and the solubility
in the solvent is decreased. [0031] (Process for producing the
4-methyl-I-pentene polymer] The process for producing the

4-methyPRpEfitenePolyiNer 20 acBotding totHe préSent mveRfent having

comprises continuously feeding the monomer for forming the ' ‘

2 lamBthyREpehtend pbfimeribgetier ®ith ﬁﬁceegt%%ﬁ?cgébl?@é?ﬁtiéf the?hich 1s

_ polymerization reactor, and continuously extracting the polymerization

di s yRhEfoh Mixihe Coritaming ﬁ@%&%amn@rﬁn@ﬁﬁﬁ%ﬁ&é@ﬁo@m%ﬁﬁmg
the 14 polymerization reactor. [00321 In the process for producing the

the ziHeathyl-pEhiciepoRmeP accdrdihg o The prISERE Mshtishetheontained
polymerization catalyst 5 containing the transition metal catalyst

in gefnponentand tid é6atalist EbAipofientis £ontnuotBfy fedtommrization
polymerization reactor in addition to the organic solvent and the monomer

readopforming théd-methyhkpentene pohiiise J0033] 110 Examplesiof thelurry
transition metal catalyst for constituting the transition metal catalyst

polomporent enay inchideda solid fitamiumreatalyst diid abvetallegene of the
catalyst, which comprise
solvent-scluble polymer is determined by the following formula.

Amcunt of solvent-soluble polymer
= Resultant amount of Solvent-soluble polymer / (Resultant amount
of Polymer + Resultant amount of Solvent-scluble polymer) x 100

For decreasing the resultant amount of the solvent-soluble
polymer, 1t is effective to add the electron doncor contained in
the transition metal catalyst components as described later to
the polymerization reactor because the steresoregularity of the
polymer is improved and the solubility in the solvent is decreased.
[0031]

[Process for producing the 4-methyl-l-pentene polymer]

The process for producing the 4-methyl-l-pentene polymer
according to the present invention comprises continucusly feeding
the monomer for forming the 4-methyl-l-pentene polymer together
with the organic solvent to the pelymerization reactor, and
continucusly extracting the polymerization reaction mixture

containing the resulting 4-methyl-l-pentene polymer from the
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magnesium, titanium, halogen and an electron donor. Of these, the solid
titanium catalyst is preferred. Particularly, the 15 titanium catalyst
containing titanium, magnesium, ha%en and a compound having plural
ether bonds, which catalyst is obtainable by allowing a magnesium
compound suspended in an inert hydrocarbon solvent to contact with a
compound having at least two ether bonds through plural atoms as an
po L eledticiideRer dfdia titdnium compound 20 in a liquid state. Examples of
the inert hydrocarbon solvent are hexane, decane and dodecene.
[00 Fdamples of the electron donor may include
2-isobutyl-2-isopropyl-l,3-dimethoxypropane and
2-isbpénityl2risepropyid 3 dlimdthokypropane witich ale conspdufids polymer
having at least two ether bonds through plural atoms. 15 Examples of the
acconggnasiom sompotndcare anhyendusmagresium Lehloride ahd snethoxg lvst
magnesium chloride. The above solid titanium catalyst has an atomic
contratiobh halogen to titamiami ¢halogend titamiim)lgfsusuallyrfrome2:to 100; the
preferably 4 to 5 90, a molar ratio of the compound containing at least two
co~atherl bendsdotitarsum (tke compouncucantaifwty atledst twoletherrization
bonds titanium) of usually from 0.01 to 100, preferably 0.2 to 10, and an
rea@tomic ratiodefimagnesivm:toditamigan (magresiamy/ tHanium)sofiusuallyr for
from 2 to 100, preferably 4 to 50. 10 [0034] Examples of the co-catalyst
forreompornent {organnmetal-compaing patalyst eomponent) may include
organoaluminum compounds, for examples, organoaluminum compounds
ro0xepresented by Ra"AIX3_,,. In

Examples of the transition metal catalyst for constituting
the transition metal catalyst component may include a solid
titanium catalyst and a metallocene catalyst, which comprise
magnesium, titanium, halogen and an electron donor. ©f these,
the solid titanium catalyst i1s preferred. Particularly, the
titanium catalyst containing titanium, magnesium, halogen and a
compound having plural ether bonds, which catalyvst is obtainable
by allowing a magnesium compound suspended in an inert hydrocarbon
solvent to contact with a compeound having at least two ether bonds
through plural atoms as an electron donor and a titanium compound
in a i1iguid state. Examples of the inert hydrocarbon scolvent are
hexane, decane and dodecene. Examples of the electron donor may
include Z-isobutyl-Z2-isopropyl-1, 3-dimethoxypropane and
2—iscpentyl-Z-iscopropyl-1,3-dimethoxypropane which =~ are

compounds having at least two ether bonds through plural atoms.
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RanA1X3_n, Ra is a hydrocarbon group having 1 to 12 carbon atoms, 15
for example, an alkyl group, a cycloalkyl group or an aryl group,
specifically, methyl group, ethyl gro&pf’, n-propyl group, isopropyl group,
isobutyl group, pentyl group, hexyl group, octyl group, cyclopentyl group,
cyclohexyl group, phenyl group and tolyl group. X is halogen or hydrogen.
N is any one of 1 to 3. 20 [0035] Specific examples of the

Exargrg&foaiminitf coimpbrds tepresetited by paREAIXI EfE iafkylmagnesium
aluminums such as trimethyl aluminum, triethyl aluminum, triisopropyl

chlgiiamumltiisbbiyPamihaen edéci 16halamisem andtre2-ethylrexysolid
aluminum; alkenyl aluminums such as isoprenyl aluminum and the like;

it gyl afahins halides stich aisdidhethyalueindm ichiorgen disthylitanicm
aluminum chloride, diisopropyl aluminum chloride, 5 diisobutyl aluminum

(ha bhiptide/and iméthyl alamimsmabromide;calkyl damifém sesgbinatidéy 4 to
such as methyl aluminum sesquichloride, ethyl aluminum sesquichloride,

90, isopropyl aterninum Sesheichiorite; bdtyt @imihnimsgesduitklordetand ether
ethyl aluminum sesquibromide; 10 alkyl aluminum dihalides such as

bondasethykdluaninum didMoridep ethyd alomirum dichloridedsopropykther bonds
aluminum dichloride and ethyl aluminum dibromide; and alkyl aluminum

/ thydridesisuclt asdiethylalominur Hydride and diisekutykalbminum?2 to 10,
hydride. Of these, alkyl aluminums such

and an atomicratiocf magnesiumto titanium (magnesium / titanium)

of usually from 2 to 100, preferably 4 to 50.
[0034]

Examples of the co~catalyst component (organometal compound
catalyst component) may include organocaluminum compounds, for
examples, organcaluminum compounds represented by R*%.AlX3.,. In
R*A1¥5.,, R® is a hydrocarbon group having 1 to 12 carbon atoms,
Tor example, an alkyl group, a cycloalkyl group or an arvl group,
specifically, methyl group, ethyl group, n-propyl group,
isopropyl group, isobutyl group, pentyl group, hexyl group, octyl
group, cyclopentyl group, cyclohexyl group, phenyl group and tolyl
group. X is halogen or hydrogen. N is any one of 1 to 3.
[0035]

Specific examples of the organcaluminum compounds
represented by R,Al¥., are

trialkyl aluminums such as trimethyl aluminum, triethyl

aluminum, triisopropyl aluminum, triisobutyl aluminum, trioctyl
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15 as triethyl aluminum and triisobutyl aluminum are preferred. [0036]
When the transition metal catalyst component is a solid titanium catalyst
component, the co-catalyst comporﬂ%@lt (organometal compound catalyst
component) may be used in an amount 20 such that the polymer is
produced in an amount of usually from 0.1 to 1,000,000 g, preferably 100
to 1,000,000 per 1 g of the solid titanium catalyst component, and it is
al unygalefin Afarhsunt of bsyaliFe vt ta3 1 "0U0 HiBI, preferably about 0. 5 to
500 mol, more preferably 1 to 200 mol per 1 mol of titanium atom in the
soliIE tivdniakiEatalyss coniporént. fO0Z 7 The fransitionmetaficafayst ke’
component is preferably fed in a state suspended in an inert organic
solverit {pieferadbly 15 satrmted aiphate Mplidearion)y todtheminum chloride,
polymerization reactor. [0038] The transition metal catalyst component is
dietdrgferablyuseduin a solid cathlyst componentstate thatirisnum  chloride,
pre-polymerized with an a olefin such as 3 methyl | pentene or 10
dii ghimethyl-lpentene.in the pre-pelymetizdtion; tthe abaveratolefin fsromide;
polymerized in an amount of usually 0.1 to 1000 g, preferably 0.3 to 500
g, mareypreferabty. him 20C:g per Hagl ofithe transitiona metakcatalysta luminum
component. The pre-polymerization, moreover, can 15 be carried out in a
sesqatalystccohgentration-h2igher than thercatalystouichloride,  iscopropyl

aluminum sesquichloride, butyl aluminum sesquichloride and ethyl
aluminum sesguibromide;

alkyl aluminum dihalides such as methyl aluminum dichloride,
ethyl aluminum dichloride, isopropyl aluminum dichloride and
ethyl aluminum dibromide; and

alkyl aluminum hydrides such as diethyl aluminum hydride
and diiscbutyl aluminum hydride. Of these, alkyl aluminums such
as triethyl aluminum and triiscobutyl aluminum are preferred.
[0038]

When the transition metal catalyst component is a solild
titanium catalyst component, the c¢o-catalyst component
(organometal compound catalyst component) may be used in an amount
such that the polymer is produced in an amcunt of usually from
¢.1 to 1,000,000 g, preferably 100 to 1,000,000 per 1 g of the
solid titanium catalyst compeonent, and it is used in an amount
of usually 0.1 to 1,000 mol, preferably about 0.5 to 500 mol, more

preferably 1 tc 200 mol per 1 mol of titanium atcm in the solid
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concentration of the reaction system in the polymerization of
4-methyl-l-pentene. 0039] In the praduction of the 4-methyl-I-pentene
polymer 20 according to the preseHTTinvention, a liquid phase
polymerization process such as solution polymerization or suspension
polymerization (slurry polymerization) is employed. It is preferred to
employ the suspension polymerization (slurry polymerization). 18 0040]

Citapden RathyE penteRBINTTEr of the present invention is produced by

continuously polymerizing the monomer for forming 4-methyl-lI-pentene
ioogﬂdlymer. 5[00411 In the continuous polymerization, the polymer
concentration in the liquid phase is usually from 10 to 300 g/L, preferably

50 TOBOOFGILS 00421 MDRthesontinious PoRMmsHatibh, RAE Eatafyrst Y fed
concentration in the liquid phase as the transition metal catalyst
in goffporentisUstiafy8.00002 o 1fbl/ELsreferably D 060 to(Rreferably
mmol/L. [00431 15 In the continuous polymerization, the polymerization
satuspipetatubé 15 asdally rémr o 3 BOC prefeihlslyrZ0-t6"80C 2ZWhepn reactor.

[0038]

The transition metal catalyst component i1s preferably used
in a solid catalvst component state that it 1s pre~polymerized
with an g-olefin such as 3-methyl-~l-pentene or
4-methyl-1l-pentene.

In the pre-polymerization, the above o-clefin 1is
polymerized in an amount of usually 0.1 to 1000 g, preferably 0.3
to 500 g, more preferably 1 tc 200 g per 1_g ¢f the transition
metal catalyst component. The pre-polymerization, moreover, can
be carried out ina catalyst concentration higher than the catalyst
concentration of the reaction system in the polymerization of
4-methyl-l-pentene.

[0039]

In the preoduction of the 4d-methyl-Il-pentene polymer
according to the present invention, a liguld phase polymerization
process such as  scolution polymerization or suspension
polymerization {slurry polymerizatitwm is employed. It 1is
preferred to employ the suspension polymerization (slurry

polymerization) .
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the polymerization temperature is higher than the above range, the
solubility is increased and thereby the resultant amount of the
solvent-soluble polymer is too muc}}%creased. In results, 20 the
continuous extraction of the polymerization reaction mixture from the
polymerization reactor becomes instable and the product yield is
accasionally lowered. On the other hand, when the polymerization
[00 %l]nperature is lower than the above range, the progress of the
pol¥merization reaction occasionally becomes 19 insufficient. [0044] In _
the ContiUsTs polymeRZ&tIdH ThB prédstrett theTas Hiae part fitheen 19
olymerization reactor is usually 1 to 10 kg/cm2. 5 [0045] In the ,
pLo inuBYs PERMEHZANSR YhytitogBIT iy He confindouskiintroduted fiteL "9
the polymerization reactor. The continuous introduction of hydrogen to
4-methbpolymedratRmteaetor & regulate the molecular weight of the
polymer, and thereby for 10 example, a 4-methyl-1-pentene polymer
[004%8ving a low intrinsic viscosity [11j can be prepared. [00461 As the
polymerization reactor, a loop type polymerization reactor or a stirring
vesse| ) seqsoljrherzationTeaEor isasdd 1 Stn i preferet fusetieation
stirring vessel type one. Furthermore, the polymerization reactors are
in telassifigd imtoca Hg@difilling type antrayasiidquid $epagation typeftigbly 50
preferred to use the
to 300 g/L.

[0042]

In the continucus polymerization, the catalyst
concentration in the liquid phase as the transitionmetal catalyst
component is usually 0.00001 tce 1 mmol/L, preferably 0.0001 to
1 mmol /L.

[C043]

In the continucus polymerization, the polymerization
temperature is usually from 0 to 80°C, preferably 20 to 80°C. When
the polymerization temperature 1s higher than the zbove range,
the solubility is increased and thereby the resultant amount of
the solvent-soluble polymer 1s too much increased. In results,
the continuous extraction of the polymerization reaction mixture
from the polymerization reactor becomes instable and the product
vield is coccasionally lowered., On The other hand, when the
polymerization temperature is lower than the above range, the

progress of the polymerization reaction occasionally becomes
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gas-liquid separation type on the point of molecular weight control. 20
[0047] As a method for removing heat in the polymerization reactor, there
are a sensible heat removing type a gas latent heat removing type. It
is preferred to use the sensible heat removing type. 20 [0048] As a
method for continuously extracting the polymerization reaction mixture
~ from the polymerization reactor, there are pressure extracting and pump
1nsuddrdetifig ™5 [0049] The polymerization reaction mixture is extracted
~_continuously from the lower part of the polymerization reactor. The
EOO’"’Jéééracting is regulated in such a rate that the average retention time is
usually from 0.1 to 10 hr, preferably 0.1 to 10 8 hr. [0050] [Use] The film
forrmBdFFEMIAE Yl methii-| pehtaife pélyfier Acchiting 16 fife presentthe gas
invention has more excellent heat 15 resistance and rigidity
pha ssinndEndousiyeas ebipared withaiinis F6fmed frorsad lhgthyl-Ppehtendon’ .

polymer produced by a conventional batch method. [0051]
[0045]

In the <continucus polymerization, hydrocgen may be
continuously introduced into the polymerization reactor. The
continuous introducticn of hydrogen to the polymerization reactor
can regulate the molecular weight of the polymer, and thereby for
examplie, a 4-methyi-l-pentene polymer having a low intrinsic
viscosity [n] can be prepared.

[004¢6]

As the polymerization reactor, a loop type polymerization
reactor or a stirring vessel type polymerization reactor is used.
It is preferred to use the stirring vessel type one. Furthermore,
the polymerization reactors are classified into a liguid filling
type and a gas-liquid separation type. It is preferred to use the
gas-liguid separation type on tThe pcint of molecular weight
control.

(0047

As ametheod for remeving heat in the polymerization reactor,
there are a sensgible heat removing type and a gas latent heat
removing type. It is preferred to use the sensible heat removing

Lype.

M
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The film can be produced by known methods such as an 20 extrusion
molding method using a T die device, a heat press method or a solvent
casting method. The extrusion moloﬁng method using the T die device is
excellent because it can easily produce films uniformly and can produce
films of great width. For example, when a single layer film of the
4-methyl-lI-pentene polymer is produced 21 using an extrusion molding
[004%4chine equipped with a single layer T die, extrusion molding is carried
out by setting the temperatures of the extrusion machine and the T die in

theYarfg&'BF 266! t6 BBOC [0052 5Tk Aihe iy --pentdife PohFisoraRs Lon

present invention, moreover, is suitably used for LED molds (molded
reaGhéfibeFora HgRt dmrfing diBde) EXAMPEE (DO53] -0 Thepredertre are
invention will be described with reference to the following examples in
Pregfpieedetall tieréihafier but R'$ABURN hoEBE lifited by these examples.
[0054] [Methods for evaluating the 4-methyl-I-pentene polymer] 15 With
[0048spect to the 4-methyl-l-pentene polymer of the present invention, the
modulus in tension and the Vicat softening point were measured in the
folldWwing nyethyds: 1) Femsilentest M) L ASTMIDB38 (Fest piece Bxracted
mm thick) (ii) Vicat softening point (C): ASTM Di525 (Test piece; 3 mm
continuously from the lower part of the polymerization reactor.
The extracting 1s regulated in such a rate that the average
retention time is usually from 0.1 to 10 hr, preferably 0.1 to
g hr.
{0050]
[Use]

The film formed from the 4-methyl-l-pentense polymer
according to the present invention has more excellent heat
resistance and rigidity simultaneously as compared with films
formed from a 4-methyl-l-pentens polymer produced by a
conventional batch method.

[0051]

The film can be produced by known methods such as an
extrusion molding method using a T die device, a heat press method
or a solvent casting method. The extrusion molding method using
The T die device 18 excellent because it can easily produce f£ilms

uniformly and can produce f£iims of great width. For example, when

a single layer £film of the 4-methyl-l-pentene polymer i1s produced
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20 thick) (i) 13C-NMR measurement NMR measuring device: Mercury
400 type manufactured by Varian Solvent: deuterated
benzenel/ortho-dichlorobenzene mixed solvent Sample concentration: 50
to 100 g/1-solvent 22 Measuring conditions: Pulse repeating time; 5.5
sec, number of scans; 16000 times and measuring temperature; 120C
The integral value of each peak in the 13C-NMR spectrum measured in
us e db e EorditihS'Ras dete fifiRB A En 8 e EORENY B-{mdIos) BA the taver
basis of mole of the constituting unit derived from each a-olefin except for
T dig.nfethydsdehiterelif the Lsntathylligserten® paiginet Was HeteAfinedyres
the following formula. Furthermore, the resultant content on the basis of
of thmplexhnd tHe nbrellar veight ota bIefs, Whichds eaetcoristtbfing103C°C.
unit, the content (o by mass) on the basis of mass was determined. P1
[00XAéar 46 ppm) : Methylene in the side chain of 4-methyl-l-pentene P2
(near 35 ppm) : Methylene carbon in the side chain of a-olefin except for
4-nmigthyld-pertene direpiynbendedtolthrecmainichdin metnderie 15vention,
Content (% by mole) of a-olefin except for 4-methyl-I-pentene _ [P2/ (P1
moreoR2) X 100:(v)tatringic visdosity [FI]N(1B85C) ddoalind Fhenmtrirsicof a Light
viscosity [q] is a value measured at 135C in a decalin solvent. That is to
emitsayngbaouit2ing of a polymer 20 was dissolved in 15 ml of decalin and
the specific viscosity rl
EXAMPLE

[C053]

The present invention will be descriked with reference to
the fellowing examples in more detall hereinafter, but it should
not be limited by these examples.

[C054]
IMethods for evaiuating the 4-methyl-l-pentene polymer]

With respect to the 4-methyl-l-pentene polymer of the
present invention, the modulus in tension and the Vicat seftening
point were measured in the following methods.

(i) Tensile test (MPa): ASTM D638 (Test plece IV; 2 mm thick)
(i1} Vicat softening point (°C): ASTM D1525 {Test piece; 3 mm
thick)

(1ii) “C-NMR measurement

NMR measuring device: Mercury 400 type manufactured by Varian
Solvent: deuterated benzene/ortho-dichlorokbenzene mixed solvent

Sample concentration: 50 to 100 g/l-solvent
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sp was measured in an oil bath at 135C. To this decalin solution, 5 ml of
the decalin solvent was added and dissolved, and then the specific
viscosity r) sp was measured in thesame manner. This dilution procedure
was further repeated twice and the r) sp / C 23 value determined by the
extrapolation of the concentration (C) to 0 was taken as the intrinsic
viscosity ([ii] = lim(ij sp / C) (C 0)). [0055] 5 [Preparation Example 1]

Mea sppepatation 6F Sofid ftantui tataiftedhpohent After 757 fanhydreag s ©f
magnesium chloride, 280.3 g of decane and 308.3 g of 2-ethylhexyl

s cargléoHdt Yete réactedavith Reatat 130T 679 AF - prchare aH Uniform
solution, 22.2 ml of 10 2-isobutyl-2-isopropyl-1,3-dimethox /propane was
addéto thise gsktion ahtixdd ®RAStiRTmYat 100€T6r 1 k- fO056]REfErrum
cooling the resultant uniform solution to room temperature, 30 ml of this

meahifornisoltiorawas dropped- all with WSsstiFfitig 16.809Al oftitdniym content
tetrachloride kept at -20C over 45 min. After completion of the dropping,

(mo the mixedisohpiohavas heatedto 116G overtdis b iWhemthe derived from
temperature reached 110C, 0.52 ml of

each2-isobutyleZ-isopropy<k s4ddimethoxyprdpanetwas atldedrtosthe mixéd  the
solution and then stirred at the same temperature 20 for 2 hr. After

4 ~mecomypletiemehthetwotolyreactions @ sdlid part iwas cdllectéd by Hotl Lowing
filtration. The solid part was suspended

formula. Furthermore, the resultant content on the basis of mole

and the molecular weight of a-olefin, which is each constituting
unit, the content (% by mass) on the basis of mass was determined.
Pl (near 4¢ ppm): Methylene in the side chain of 4-methyl-1l-pentene
P2 {near 35 ppm): Methylene carbon in the side chain of a-olefin
except for 4-methyl-l-pentene directly bonded to the main chain
methylene

Content (% by mole) of o-olefin except for 4-methyi-l-pentene
= [P2 / (PL + P2)1 = 100

{iv) Intrinsic wviscosity [n] {135°C, decalin)

The intrinsic viscosity [n] is a value measured at 135°C
in a decalin solvent. That is to say, about 20 mg cof a poliymer
was dissolved in 15 ml of decalin and the specific viscosity m
sp was measured in an oil bath at 135°C. To this decalin solution,
5 ml of the decalin solvent was added and dissolved, and then the
specific viscosity n sp was measured in the same manner. This

dilution procedure was further repeated twice and the n sp / C
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again in 100 ml of titanium tetrachloride and reacted with heat at 110C for
2 hr. After completion of the reaction, a solid part was collected again by
hot filtration. The solid part was washed 24 sufficiently by decane and
hexane at 90C until liberated titanium compounds were not detected. The
resultant solid titanium catalyst component was kept as a decane slurry.
[0057] 5 A part of the decane slurry of the solid titanium catalyst _

valiGmiforiemtwasidAdd Aha SEntfined ofthetatallytconmsostior: Tifthe (C)
regard to the catalyst composition of the solid titanium catalyst

to (componeritetitanfurh Was 30U i mass SmagaésiumWas =1 2.0m4hyse / C)
mass, chlorine was 57 % by mass, 10

(C —2-i5bbutyl-2-isopropyl-l,3-dimethoxypropane was 18.8 % by mass and
2-ethylhexyl alcohol was 1.3 % by mass. [0058] [Preparation Example 2]

[ 00 Pre-polymerization of Solid titanium catalyst component 15 To 200 ml
four-neck glass reactor equipped with a stirrer, 8.36 ml of dried decane

L Pregmic 66| @@l inlterms of aluminum atom) of a decane solution of
triethyl aluminum were fed under a dried nitrogen stream. Subsequently,

Prepe:s pilq0.83miAvol i térAms of titanitah atom tecontaipimge 28 g in terms of
mass of the 20 solid titanium catalyst component) of the decane slurry of
theAddlttitaniumifcatdlyst conspopgntsprepared Ire Prejzaratioh.BExampleckane
and 4.98 ml (3.3 g) of 3-methyl-l-pentene were added with

and 208.3 g of Z~ethylhexy]l alcohel were reacted with heat at 130°C

for 3 hr to prepare an uniform solution, 22.2 ml of
Z2-isckutyl-2-isopropyl-1, 3-dimethoxypropane was added to this
soluticn and mixed with stirring at 100°C for 1 hr.

[00586]

After cooling the resultant uniform solution to room
temperature, 3C ml of this uniform scluticn was dropped all with
stirring to 80 ml of titanium tetrachloride kept at -20°C over
45 min. After completion of the dropping, the mixed solution was
heated to 110°C over 4.5 hr. When the temperature reached 110°C,
0.52ml of Z-isobutyl-2-isopropyl-1l, 3-dimethoxypropane was added
to the mixed solution and then stirred at the same tTemperature
for 2 hr. After completion of the two-hour reaction, a solid part
was collected by hot filtration. The solid part was suspended
again in 100 ml of titanium tetrachloride and reacted with heat
at 110°C for 2 hr. After completion of the reaction, a solid part

was collected again by hot filtration. The sclid part was washed
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stirring at 20C. Thereafter, the mixture was kept with stirring at 20C for 45
min to prepare the pre-polymerization catalyst. 25 0059] in the
pre-polymerization catalyst, 2.5 g of'the polymer was contained per 1 g of
the solid titanium catalyst component. [0060] 5 [Example 1] Using a 200 L
internal volume stainless steel polymerization reactor equipped with a
stirrer, polymerization of 4-methyl-I-pentene was carried out continuously.

sut f[{ﬂ)%?]f1 10V Sy merisatic Féxctol, Atmetiyii Jp}ellrté}i%%q A %%déh%@ﬁtl i
of 50 L/hr, 1-decene as other a-olefin in an amount of 0.3 L/hr,

CompFiBtHyfaluffihGm e An mMeBRT 8100 mAI/hFSRydroges inSan sEmobnt e um
50 NL/hr, the decane slurry of the pre-polymerization catalyst prepared in

cataprgparaigirRXaEnple 2 h & amount i &em3S Gflasehd titanium
catalyst component of 2 g/hr and

[ 90 PLisobutyl-2-isopropyl-l,3-dimethoxypropane in an amount of 50 mmol/hr
were added and continuous polymerization of 4-methyl-1--pentene was
carfiedaout atfa pblymerizatiore temperatiire be46-C for ahtaverage catalyst
retention time of about 2 hours. 20 The polymerization slurry was

comppomtinbously eftraetédHfram therrldwerdpart of-the polymerizationorgactor-ion.
filtered off, dried and then granulated by an extruder. [0062]

With regard to the catalyst composition of the solid titanium

=]

catalyst component, titanium was 3.0 % by mass, magnesium was

e

17.0 % by mass, chlorine was 57 by mass,
2-iscobutyl-2-isopropyl-1, 3-dimethoxypropane was 18.8 % by mass
and Z-ethylhexyl alcchol was 1.3 % by mass.

[CO58]

[Preparation Example 2]

Pre-~polymerization of Solid titanium catalyst component

To 200 ml feour-neck glass reactor equipped with a stirrer,
8.36 ml of dried decane and 1.66 ml {(1.0mol/l in terms of aluminum
atom) of a decane solution of triethyl aluminum were fed under
a dried nitrogen stream. Subsequently, 26.5 ml {(0.83 mmol in
terms of titanium atom, containing 1.3 g in terms of mass of the
solid titanium catalyst component} of the decane slurry of the
solid titanium catalyst component prepared in Preparation Example
1 and 4.98 ml (3.3 g) of 3-methyl-l-pentene were added with

stirring at 20°C. Thereafter, the mixture was kept with stirring

at 20°C for 45 min to prepare the pre-polymerization catalyst.
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A 4-methyl-I-pentene polymer was prepared in an amount of 26 9.2 kg/hr.
[0063] The evaluation results on the 4-methyl-l-pentene polymer are
shown in Table 1. 5 [0064] [Examp?eSZ] The procedure of Example 1 was
repeated except that the other a-olefin was added in an amount of 0.6
L/hr in place of 0.3 L/hr, to carry out continuous polymerization. 10 [0065]
The results are shown in Table 1. [0066] [Example 3] The procedure of
[00%Bample 1 was repeated except that the other 15 a-olefin was not used,
to carry out continuous polymerization. [0067] The results are shown in
TaBlé Lho0B8E[B@MPle 4] 2OUTHE pfotedlbis 6 EXample 3vdsie polymer
repeated except that the polymerization temperature was changed to 30
was Cam pleidesst 46 1C ltodcarfy Ot contingblis: felpmearizatibn .0069]crhgconent .
results are shown in Table 1.
[0060]

[Example 1]

Using a 200 L internal volume stainless steel polymerization
reactor equipped with a stirrer, polymerization of
d-methyl-1-pentene was carried out continucusly.

[00e1]

To the polymerization reactor, 4-methyl-l-pentens in an
aﬁount of 50 L/hr, l-decene as other a—-clefin in an amount of 0.3
L/hr , triethylaluminum in an amount of 100 mmol/hr, hydrogen in
an amount of 50 NL/hr, the decane slurry of the pre-polymerization
catalyst prepared in Preparation Exemple 2 in an amount in terms
of a solid titanium catalyst component of 2 g/hr and
Z-isobutyl-Z-isopropyl-1,3-dimethoxypropane in an amount of 50
mmol/hy  were added and continuous polymerization  of
4-methyl-l-pentene was carried out at a peolymerization
temperature of 40 C for an average retention time of about 2 hours.
The peclymerization slurry was continuously extracted from the
lower part of the pclymerization reactor, filteréd,off, dried and
then granulated by an extruder.

[0082]

A 4-methyl-Ii-pentene polymer was prepared in an amount of



27 [0070] [Example 5] The procedure of Example 1 was repeated except
that 1l-octadecene was used as other a-olefin in place of 1-decene, the 5
other a-olefin was used in an amoufif of 0.7 L/hr in place of 0.3 L/hr and
the polymerization temperature was changed to 30' C in place of 40' C, to
carry out continuous polymerization. [0071] The results are shown in
Table 1. 10 [0072] [Example 6] The procedure of Example 5 was

9.2 Hé?)é%t%d except that the other a-olefin was used in an amount of 1.0 L/hr
in place of 0.7 L/hr, to carry out continuous polymerization. 15 [0073] The

100%@sults are shown in Table 2. [0074] [Example 7] The procedure of
Example 5 was repeated except that the other 20 a-olefin was used in an
ambbft 68 BUFRL M PIEES & DT PIhrti6 cAmpoul Eontinuigtistene polymer

polymerization. [0075] The results are shown in Table 2. [0076] 28
are shown in Table 1.

5 [00&64]
[Example 2]
TheprocedumaofExampl@E.wasrep@atedaxceptthatthecﬁher
g-olefin was added in an amount of .6 L/hr in place of 0.3 L/hr,
to carry out continuous polymerization.
10 [0085]
The results are shown in Table 1.
[000%]
[Example 3]
The procedure of Example 1 was repeated except that the other
15  woa-clefin was not used, to carry out continuous pelymerization.
[0067]
The results are shown in Table 1.
10068]
[Example 4]
20 The procedure of Example 3 was repeated except that the
polymerization temperature was changed to 30 C in place of 40°
C, to carry out continuous polymerization.
[0069]

The results are shown in Table 1.



[Example 8] The procedure of Example 1 was repeated except that
1-octadecene was used as the other a-olefin in place of 1-decene and the
other a-olefin was used in an amoufit of 0.7 L/hr in place 5 of 0.3 L/hr, to
carry out continuous polymerization. [0077] The results are shown in
Table 2. [0078] [Example 9] 10 The procedure of Example 8 was
repeated except that the other a-olefin was used in an amount of 1.0 L/hr
[007R place of 0.7 L/hr, to carry out continuous polymerization. 0079] The
results are shown in Table 2. 15 [0080] [Example 10] The procedure of
{Exa%rﬁp}réb was repeated except that the other a-olefin was used in an
amount of 1.3 L/hr in place of 0.7 L/hr, to carry out continuous
polyfrizations 20 J08 T Theesitits aré shtiwn iff Faprizo=foospf that

Table 1 Exam le Unit 1 2 34 5 Polymerization condition
l-octadecens was used as other a-olefin in place of 1-decene, the

5 other a-clefin was used in an amount of 0.7 L/hr in place of 0.3
L/hr and the polymerization temperature was changed to 30° C in
place of 40 ¢, to carry out continuous polymerization.

[0071]

The results are shown in Table 1.

10 [0072]

[Example 6]

The procedure of Examplie 5 was repeated except that the other
o-clefin was used in an amount cof 1.0 L/hr in place of 0.7 L/hr,
to carry out continuous polymerization.

15 [0073]

The results are shown in Table 2.

[0074]
[Example 7]

The procedure of Example 5 was repeated except that the octher

20 o-olefin was used in an amount of 1.3 L/hr in place of 0.7 L/hr,
to carry out continuocous polymerization.

(0075]
The results are shown in Table 2.

[CO76]



Polymerization Conti- Conti- Conti- Conti- Conti- method nuous nuous
nuous nuous nuous 4-methyl- L/h 3% 50 50 50 50 1 entene Other Kind 1-
1- None None l1-octa a-olefin decene decene decene L/h 0.3 0.6 0.7
Solid Kind Pre- Pre- Pre- Pre- Pre- titanium polymeri- polymeri- polymeri-
polymeri- polymeri- zation ration ration zation nation catal st catalyst
[Exa%%tgl%/st cjlatalyst | catalyst component G/h 22 2 2 2 Triethyl mmol 100
08 00 100 aluminum /h Electron Kind donor mmol 50 50 50 50 50

/h Hydrogen NL/h 50 50 50 50 50 Polymerization C 40 40 40 30 30 .
ten%b@ratﬁr‘éoﬁ%iﬁéﬁ% h2%2 3% Tetention e POt ZatonesER™ that

Amount of kg/h 9.2 9.5 8.8 8.8 9.2 polymer generated
l~octadecene was used as the other a-colefin in place of 1-decene

and the other a-olefin was used in an amount of 0.7 L/hr in place
5 of 0.2 L/hr, to carry out continuous polymerization.
100777
The results are shown in Table 2.
(00781

[Example 9]

10 Theprocedureofi&ampleEBwasrepeatedexcéptthattheother
ag-olefin was used in an amount of 1.0 L/hr in place of 0.7 L/hr,
to carry out continuocus polymerization.

(6079}
The results are shown in Table 2.

15 [0080]

[Example 107}

The procedures of Example 8 was repeated except that the other
g-olefin was used in an amount of 1.3 L/hr in place of 0.7 L/hr,
to carry out continucus polymerization.

20 [0081]

The results are shown in Table 2.



Amount of Mass 1.8 2.3 1.6i 0.1 2.0 solvent-soluble % polymer Content

of other Mass 2.1 3.5 2.2 a-olefin %
Modulus in MPa 1670 1180 1750 23

T]] DL/a3.13.13.03.0311
0 1160 tension [X] Vicat softening C

182 171 189 188 178 point [Y] 48x[Y]- 7000 1736 1208 2072 2024 1544
48x[Y]- 7500 1236 708 1572 1524 1044
2-isobutyl-2-isopropyl-1,3-dimethoxypropane 30 [0083] Table 2 Example
L008%4it6 78 9 10 Polymerization condition Polymerization Conti- Conti-
Conti- Conti- Conti- method nuous nuous nuous nuous nuous 4-methyl-
L/h 50 50 50 50 50 1- entene O
1-octa a-olefin decene decene decene decene decene L/h1.01.30.7
1.0 1.3 Solid Kind Pre- Pre- Pre- Pre- Pre-

1-octa 1-octa 1-octa 1-octa

Example | Unit | 1 | 2 3 4 5

Polymerization conditicn

Polymerization Conti~ | Conti- | Conti- | Conti- | Conti-

method NUuous nuous nuous nuous nuous

4-methyl- L/h 50 50 50 50 50

l-pentene

Other Kind 1- 1- Norne None l-octa

a-olefin decene | decane decene
L/h 0.3 0.6 0.7

Solid Kind Pre— Fre- Pre- Fre- Pre-

+itanium polymeri- | polymeri-— | polymeri- | polymeri- | polymeri-

zation zation zation zaticn zation

catalyst ) catalyst catalyst catalyst catalyst catalyst

component o / H 2 2 o ) )

Triethyl mmo L 100 100 100 100 100

aluminum /h

Electron Kind * * * * *

donor mmo L 50 50 50 50 50
/h

Hydrogen NL/h 50 50 50 50 50

Polymerization °C 40 40 40 30 30

temperature

Average h 2 2 2 2 2

retention time

Polymerization result

Amount of | kg/h 9.2 9.5 8.8 8.8 9.2

polymer

generated

Amount of | Mass 1.8 2.3 1.9 0.1 2.0

sclvent~scluble %

polymer

Content of other | Mass 2.1 3.5 2.2

a-olefin %

[n] DL/g 3.1 3.1 3.0 3.0 3.1

Modulus in| MPa 1670 118¢C 1750 2000 1160

tension [X]

Vicat scftening| °C 182 171 189 188 178

point [Y]

48x[¥1- 7000 1734 1208 2072 2024 1544

48x[¥1= 7500 1236 708 1572 1524 1044

*oe

Z=isobutyl-2-isopropyl~1, 3~dimethoxypropane




titanium polymcri- polymeri- polymeri- pclymeri- polymeri- catalyst nation
nation nation nation nation catal st catalyst catal. st cata]. st catalyst
component /h 2 2 2 2 2 Triethyl mmidl 100 100 100 100 100 aluminum /h
Electron Kind donor mmol 50 50 50 50 50 /h Hydrogen NL/h 50 50 50 50
50 Polymerization C 30 30 40 40 40 temperature Averageh 22222
retention time Polymerization result Amount of kg/h 9.59.39.59.7 9.5

[OOS&H

lymer enerated Amount of mass 1.0 9.7 2.5 4.3 7.9 solvent-soluble %

01 mer Content of other mass 2.8 4.4 2.2 3.0 3.8 a-olefino I'll dL/ 3.4 3.2
3.4 3.3 3.7 Modulus in MPa 91

01220 1100 tension [X]

Example  Unit | 6 7 8 g 10
Polymerization condition
Polymerization Conti- | Conti- | Conti- | Conti- | Conti-
method nuous nuous nuous nuous nueus
4d-methyl- L/h 50 50 50 50 50
l-pentene
Other Kind | i~octa | 1~octa | 1~octa | 1-octa | 1-octa
a-olefin decene | decene | decene | decene | decene
L/h 1.0 1.3 0.7 1.0 1.3
Solid Kind Pre- Pra- Pre- Pre— Pre—
titanium polymeri- | polymeri~ | polymeri- | polymeri- | polymeri-
zation zation zation zation zation
catalyst catalyst catalyst catalyst catalvyst catalyst
component a /n ) 2 2 2 2
Triethyl mmcel 100 100 100 100 100
aluminum /h
Electron Kind * * * * *
donor mmo L 50 50 50 50 50
/h
Hydrogen NL/h 50 50 50 50 50
Polymerization °C 30 30 40 40 40
temperature
Average h 2 2 2 2 2
retention time
Polvmerizaticon result
Amount of | kg/h 9.5 8.3 5.5 9.7 9.5
polymer
generated
Amount of | mass 1.0 8.7 2.5 4.3 7.9
solvent-soluble %
polymer
Content of other | mass 2.8 4.4 2.2 3.0 3.8
g-olefin %
[n] dL/g 3.4 3.2 3.4 3.3 3.7
Modulus in| MPa 510 650 1600 1220 1100
tension [X]
Vicat softening| °C 171 160 183 179 175
point [Y]
48x[Y]- 7000 1208 680 1784 1592 1400
48x[Y]~ 7500 708 180 1284 1092 900

* .

(00847

[Comparative Example 1]

Z=-isobutyl-2-iscpropyl-1,3-dimethoxypropane

Usinga 200 L internal volume stainless steel polymerization
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Vicat softening C 171 160 183 179 175 point [Y] 48x[Y]- 7000 1208 680
1784 1592 1400 48x[Y]- 7500 708 ?0 1284 1092 900 *:
2-isobutyl-2-isopropyl-1,3-dimethoxypropane 5 [0084] [Comparative
Example 1] Using a 200 L internal volume stainless steel polymerization
31 reactor equipped with a stirrer, batch polymerization of
4-methyl-1-pentene was carried ou,t.610085] To the polymerization reactor,

T e2CL fifeth§A4deHiERe i Ah"'5 dmotiht-6f f00 L, Paleciness dther aZiétin ©F
an amount of 1.0 L, triethylaluminum in an amount of 200 mmol,

4-m ogen PEArT Bfouft Sof BOFNE StheTExane slurry of the

re-polymerization catalyst prepared in Preparation Example 2 in an
L ount in terms of a solid titanium catalyst component of 2 g and 10
2-isobutyl-2-isopropyl-1,3-dimethoxypropane in an amount of 50 mmol

werePadded & BBRR Fo Rz AR CF A metiyld LheHiene ARAS Bafiedn an
out at a polymerization temperature of 40 C. After 4 hours from the start
amowfithe feaétion, the polymaerkdzatiorrsluey was extrastedfréom thecunt of 1.0
polymerization reactor, filtered off, dried 15 and then granulated by an
L, tekedder! 0086} AU ethyldperithe polymetivas prepaeddn an ancurpunt
of
of 50 NL, the hexane slurry of the pre-polymerization catalyst
prepared in Preparation Example 2 in an amount in terms of a solid
Titanium catalyst component of 2 g and
2-isobutyl-2-isopropyl-1, 3~dimethoxypropane in an amcunt of 50
mmol were added and batch polymerization c¢f 4-methyl-l1-pentene
was carried cut at a polymerization temperature of 40° C. After
4 hours from the start of the reaction, the polymerization slurry
was extracted fromthe polymerization reactor, filtered off, dried
and then granulated by an extruder.

[00B6]

L 4-methyl-l-pentene polymer was prepared in an amcunt of

The polymerization conditions and the evaluation results
on the 4-methvl-l-pentene polymer are shown in Table 3.

[0088]
[Comparative Example 2]

The procedure of Comparative Example 1 was repeated except



15.0 kg. [0087] 20 The polymerization conditions and the evaluation
results on the 4-methyl-lI-pentene polymer are shown in Table 3. [0088]
[Comparative Example 2] The procédure of Comparative Example 1 was
repeated except 32 that the other a-olefin was not used, to carry out
batch polymerization. [0089] The results are shown in Table 3. 5 [0090]
[Comparative Example 3] The procedure of Comparative Example 1 was

thatefdttedbiteht that 1Sdctadetafie WaS used®s thé Btherdolefin it ©atch

place of 1-decene and the other a-olefin was used in an amount of 1.6 L

PolYIF i 5iate B7 1.0 L, to carry out batch polymerization. [0091] The results
are shown in Table 3. [0092] [Comparative Example 4] 15 The procedure

L'[)[38<§5|:1C0mparative Example 3 was repeated except that the other a-olefin
was used in an amount of 4.5 L in place of 1.6 L, to carry out batch
polyrHeriz&ion 6F 4dnéthylrpénténe . §6093] = -

5  [0630]

[Comparative Example 3]

The procedure of Comparative Example 1 was repeated except
that l-octadecene was used as the other o-clefin in place of
l-decene and the other vu-clefin was used in an amount of 1.6 L

10  in place of 1.0 L, to carry out batch polymerization.
[GO91]
The resulfs are shown in Tabkle 3.
[00%2]
[Comparative Example 4]
15 The procedure of Comparative Example 3 was repeated except

that the other o-olefin was used in an amount cof 4.5 L in place
of 1.6 L, tocarry out batchpolymerization of d-methyl-1-pentene.
[0093]

The results are shown in Table 3.

20 [0054]

[Comparative Example 5]

The procedure of Comparative Example 3 was repeated except
that the other a-olefin was used in an amount of 9.1 L in place

of 1.6L, tocarry cut batch polymerization of 4-methyl-1-pentene.



The results are shown in Table 3. 20 [0094] [Comparative Example 5]
The procedure of Comparative Exagntijle 3 was repeated except that the
other a-olefin was used in an amountof 9.1 L in glace of 1.6 L, to carry
out batch polymerization of 4-methyl-I-pentene. 33 0095] The results are
shown in Table 3. [0096] The 4-methyl-lI-pentene polymers prepared by
(00 9t e batch 5 polymerization in Comparative Examples 1 to 5 do not satisfy
the formulas (1) and (2) simultaneously and it is found that they have
inferior balance between heat resistance and rigidity as compared with
the A-ethy4-Pentéde pSiyRiBts prepar8d By the continuous
olymerization in Examples 1 to 10. 10 [0097] [Comparative Example 6]
{ gEI)@He procedure of Example 10 was repeated except that the
polymerization was 45 C in place of 40 ' C, to carry out continuous
polé
an amount of 9.3 kg/hr and the amount of a solvent-soluble polymer was

FieriZtIBAC 15 J0508] 5 ASnBthyIdoaifee poliRer®as prépared ibatch

5 polyﬁﬁg@%q&}ﬁ%§§w§@g%arative Examples 1 to 5 do not satisfy the

formulas (1) and (Z2) simultaneously and it is found that they have

inferior balance between heat resistance and rigidity as compared

with the 4~methyl=l-pentene polymers prepared by the continucus

polymerization in Examples 1 to 10.
10 (0097}

[Comparative Example 6]

The procedure of Example 10 was repesated except that the

polymerization was 45 C inplace of 40 C, to carry out continuous

polymerization.

15 [0098]

A d-methyl-l-pentene pelymer was prepared in an amcount of

9.3 kg/hr and the amount of a solvent-soluble polymer was 16.4
by mass.

[0099]

20 [Comparative Example 7]

The procedure of Example 10 was repeated except that an

electron doner was not used, to carry out continuous

polymerization.

[0100]



20 [Comparative Example 7] The procedure of Example 10 was repeated
except that an electron donor was t used, to carry out continuous
polymerization. [0100] 34 A 4-methyl-lI-pentene polymer was prepared in

an amount of 9.2 kg/hr and the amount of a solvent-soluble polymer was

16.9 % by mass. [0101] 5 In Comparative Examples 6 and 7, continuous
extra%ti_on of the__%c_)_l%merization rgaction mixture from th§ polymerization ¢
reactdr Boiid ot be Cahied Gub Sabiy® o107) 35° Fabie’s Comparafiet ©
Uni# 12345 Exam le Polymerization condition Polymerization Batch i
Ba{ch Balth BARCTBAIER" metHd P e-miehyI-IS L 160 fos 16800 Y66 1°-° *
pentene Other Kind 1- None 1-octa 1-octa 1-octa a-olefin decene decene

DY MGetene decene L1.0-1.64.59.1

9.2

(01011
In Comparative Examples & and 7, continuocus extraction of
the polymerization reaction mixture from the polymerization

reactor could not be carried ocut stably.

[0102]



Solid Kind Pre- Pre- Pre- Pre- Pro- titanium polymeri- nolyrreri- polymeri-
polymers polymeri- catalyst zation zation zation zation nation canal st
catalyst catalyst catalyst catalyst component2 2 2 2 2 Triethyl mmol 100
100 100 100 100 aluminum Electron Kind donor mmol 50 50 50 50 50 /h
Hydrogen NL 50 50 50 50 50 Polymerization C 40 40 40 40 40
temperature Polymerization h 4 4 4 4 4 time Polymerization result
Amount of kg 15.0 14.5 14.8 15@—?4’—.%-fpolymer generated Amount of
Mass 4.2 0.1 2.7 2.8 16.1 solvent-soluble % polymer Content of other
Mass 3.4-1.4.3.66.1 la-olefin % 1 T11 dL/ 3.2 3.0 3.0 3.0 3.0 Modulus

candMiPa 648 189046101190 680 2 3 4 5
Example
Polvmerization condition
Polymerization Batch Batch Batch Batch Batch
method
4-methyl-1~ L 100 100 100 100 100
pentene
Other Kind 1- None l-octa | 1-octa | 1~octa
a~olefin decene decene | decene | decene
L 1.0 - 1.6 4.5 9.1
Solid Kind Pre- Pre— Pre— Pre— Pre-
ritanium polymeri- | polymeri— | polymeri- | polyneri- | polymeri-
zation zation zation zation zation
catalyst catalyst catalyst catalyst catalyst catalyst
component g 5 > 5 > >
Triethvyl o 1 100 100 100 1C0 100
aluminum
Electron Kind * * * * *
donor mmo L 50 50 50 50 50
/h
Hydrogen NL 50 50 50 50 50
Polymerization °C 40 40 4G 49 40
temperature
Polymerization h 4 4 4 4 4
time
Polymerization result
Amcount of kg i5.0 14.5 14.8 15.0 14.5
polymer
generated
Amount of | Mass 4.2 0.3 2.7 Z.8 16.1
golvent-soluble %
polymer
Content of other i Mass 3.4 - 1.4 3.6 6.1
o-clefin %
[n] dL/g 3.2 3.0 3.0 3.0 3.0
Modulus in{ MPa 1540 18590 1610 1190 680
tension [X]
Vicat softening °C 168 174 179 167 147
point [Y]
48%[Y]1- 7000 1064 1352 1592 1016 56
48x[Y]- 7500 564 852 1092 516 -444

*: 2-iscbutyl-2-isopropyl-1, 3~-dimethoxypropane
(01031

[Example 11]

Using a T die extrusion molding machine (30 mm @, L/D = 26,
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tension [X] Vicat softening C 168 174 179 167 147 point [Y] 48x[Y]- 7000
1064 1352 1592 1016 56 48x[Y]- 7? 0564 852 1092 516 -444 *:
2-isobutyl-2-isopropyl-l,3-dimethoxyprfopane [0103] 5 [Example 11] Using
a T die extrusion molding machine (30 mm O, L/D = 26, 36
Cl/02/C3/C4/Al/A2/D1./02 = 300/310/310/310/310/310/310/310, screw

rotating speed of 60 rpm) manufactured by Thermao-Plastics Industries

1/ B G ek THA having 2t b 130 Tt 4t Ko B 210
50 m was prepared using the 4-methyl-l-pentene 5 polymer prepared in

SCram bt i th@préduGion’of thaEing IRy e fitht Whs dart et it in e t 15
conditions that the chill roll temperature was 60' C and the film drawin

Indygterwas Fhvntind [0F0A1THe il Prépared Fad eXcélrit Hé]a‘f“fé]sigf%\géo i
and softness 10 simultaneously and also had excellent transparency.

and INDUSTRENS ARPLIOABHATYP[0ID8] FHe 4 hiethy L Epentsrie pelyap o tene
the present invention has excellent balance between heat resistance and

2o L iefidity BREE IS mero\ER &S excellBRt processabifity thémfcalingle layer

resistance and electric and mechanical properties. Therefore, it is
filmprotesse@rried out in the conditions that the chill roll

temperature was 60 C and the film drawing rate was 7 m/min.
[0104)

The filmprepared had excellent heat resistance and softness
simultaneously and alsc had excellent transparency.
INDUSTRIAL APPLICABILITY
[0105]

The 4~methyl~l~pentene polymer of the present invention has
excellent balance between heat resistance and rigidity and,
moreover, has excellent processability, chemical resistance and
electric and mechanical properties. Therefore, it is processed
into extrusionmolded articles, injection molded articles, hollow
molded articles, films and sheets and then favorably applied to
varicus uses, for example, convenlence goods, kitchen utensils,
packaging films, fibers such as non-woven fabrics and the like,
household electric appliances, mechanical parts, electric parts,

automobile parts and the like.
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into extrusion molded articles, injection molded articles, hollow molded
articles, films and sheets and then fayorably applied to various uses, for
example, convenience goods, kitchen utensils, 20 packaging films, fibers
such as non-woven fabrics and the like, household electric appliances,
mechanical parts, electric parts, automobile parts and the like. 37
CLAIMS 1. A 4-methyl-l-pentene polymer comprising: 50 to 100 % by
mass of a constituting unit derive 4-methyl-I-pentene and 0 to 50 %
by mass of a constituting unit 5 derived from at least one of olefins having

2 td 20°cafbBIF Afohs exdGHngEnRIHy e EHESrbYidEd that the total
of the constituting unit derived from 4-methyl-I-pentene and the
condtituting dHit derRieFiroih of feadt 6A8 BF diefihs HaviHy's- 162D cHiFork T o
atoms excluding 4-methyl-l-pentene is 100 % by mass, 10 wherein the _
4 -mef ety 138 HESRE pblymér %%&Qin@ﬁ?&b@%&ntﬁﬁ@s@?%ﬁ?@lamg unit
monomer for forming the 4-methyl-lI-pentene polymer and an organic
derisehierittora polymiézatiorfreattoradd tontintidtislyextfactihgaroon atoms
polymerization reaction mixture containing the resulting
exc laipiensy |- peatahelpolymerreRrthe rry pelymefizationFégctdro2a A of the
4-methyl-lI-pentene polymer comprising: 50 to 100 % by mass of a
congonstituting unitdérived frore 4-mietioy-|-demtend and B0 9By mass the
of a constituting unit 20 derived from at least one of olefins having 2 to 20
conghibortatomenit derived from at least one of olefins having 2
to 20 carbon atoms excluding 4-methyl-l-pentene is 100 % by mass,
wherein the 4-methyl-I-pentene polymer 1s obtainable by
continucusly feeding a monomer for forming the 4-methyl-l1-pentene
polymer and an organic solvent to a polymerization reactor and
continuously extracting a polymerization reaction mixture

containing the resulting 4-methyl-l-pentene polymer from the

pelymerization reactor.

2. A 4-methyl-1l-pentene polymer comprising:

50 to 100 % by mass of a constituting unit derived from
4d-methyl-l-pentene and 0 to 50 % by mass of a constituting unit
derived from at least one of olefins having 2 to 20 carbon atoms
excluding 4-methyi~l-~pentene provided that the total of the
constituting unit derived from 4-methyl-l-pentene and the
constituting unit derived from at least cone of clefins having 2

to 20 carbon atoms excluding 4-methyl~1-pentene is 100 % by mass,
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excluding 4-methyl-l-pentene provided that the total of the constituting

unit derived from 4-methy|-|-pentenze§$nd the constituting unit derived

from at least one of olefins having 2" to 20 carbon atoms excluding

4-methyl-lI-pentene is 100 % by mass, 38 wherein the 4-methyl-I-pentene

polymer satisfies the following formulas (1) and (2): 48 x [Y] - 7500 <- [X]

<-.48 x [Y] - 7000 ... (1) 160C <-éY] <-190C A:%')FS in Which_g(%is a .
WhennhRuldsSn 1eASIoR {MPR) L 38 Midased T ah ASTM® D638 rhathod” of ©"' 19

the 4-methyl-I-pentene polymer and [Y] is a Vicat softening point (‘C), as
formydasurédin %%dAéﬁ/I:D 1525 method, of the 4-methyl-I-pentene

polymer. 10 3. Th<eo-metoI-I- entene polymer accordinrﬁl]to claim 2 which
48 3g phtaifablé by contihtotsl§ Fe&ding & mokdMer forforming the

A-methyl-l-pentene polymer and an organic solvent to a polymerization

160 reattof Ahdcohtiflubusly extracting a polymerization reaction mixture
containing the resulting 15 4-methyl-I-pentene polymer from the

in wpaljindrizatioh PFeBEBR4S THe Banéthyhl-péhRtehe pélyifiécaccdidiry fot A5TH
claim 1 or 3 which is obtainable by further regulating the amount of a

D63 &elpamosbluble polyrhciahichlis Eohtdiied i el pslgmerisation! 2o a Vicat
reaction mixture to be within 15 % by mass. 5. The 4-methyl-I-pentene

sof tpolimer acdoring’tolanyeen@ ek elaime It 4 cofpkiding: 504 9:gihed, of
by mass of a constituting unit derived from

the 4-methyl-l-pentene polymer.

3. The d—methyl-l-pentene polymer according to claim 2 which
is obtainable by continucusly feeding a monomer for forming the
4-methyl-l-pentene polymer and an organic sclvent to a
polymerization reactor and continuously extracting a
polymerization reaction mixture containing the resulting

4-methyl-l-pentene polymer from the polymerization reactor.

4, The 4-methyl-l-pentene polymer according to claim 1 or
3 which is obtainable by further regulating the amount of &
solvent-soluble polymer which is contained in the polymerization

reaction mixture to be within 15 % by mass.

5. The 4-methyl-1-pentene polymer according to any one of

claims 1 to 4 comprising:

50 to 99.9% % by mass of a constituting unit derived from
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39 4-methyl-lI-pentene and 0.1 to 50 % by mass of a constituting unit
derived from at least one of olefinsdlg%vingz to 20 carbon atoms
excluding 4-methyl-lI-pentene provided that the total of the constituting
unit derived from 4-methyl-lI-pentene and the 5 constituting unit derived
from at least one of olefins having 2 to 20 carbon atoms excluding
4-methyl-lI-pentene is 100 % b)émass. 6. Argrocess for producin

a . .
e ety 5Bt ERE polymer whitty Brocéds Eafiiprised fé’@&ﬁt?n%b%%%fg unit
,feedinﬁg 4-methyl-lI-pentene, or _4-methyl-lI-pentene and an glefin excludin%
der I FrethyCEpariten? Togetifertith Bhiorganit soivéntto™& polymefizatior? -om™s
reactor, and continuously extracting a polymerization reaction mixture _
exclayitaifing FYesliting 4-rfetillpentend ptiymertfom thes 150tal of the
polymerization reactor, 7. The process for producing a 4-methyl-l-pentene
consiohhér-Hecording totddint 6 Whérefiithe 2 eéthyt-Jerteré pofymend the
comprises: 20 50 to 100 % by mass of a constituting unit derived from
const.fiethyilpetidie AREI7RI50 6 ByThass dFa comstittiting-ariit aérived ing 2
from at least one of olefins having 2 to 20 carbon atoms excluding
to 2B-metiyin pehtdiie Provided tisat thestotal bf tereoristifting 400 Yinit oy mass.
derived from 4-methyl-I-pentene and the constituting unit derived from at
least one of olefins having 2 to 20 carbon atoms
6. A process for producing a 4d-methyl-l-pentene polymer
which process comprises:
continuously feeding 4-methyl-1l-pentene, or
4~methyl-1-pentene and an olefin excluding 4-methyl-l-pentene,
together with an organic sclvent to a polymerization reactor, and
continuously extracting a polymerization reaction mixture

containing a resulting 4-methyl-l-pentene polymer from the

polymerizaticon reactor.

7. The process for producing a 4-methyl-l-pentene pceclymer
according to claim ¢ wherein the 4-methyl-l-pentene pclymer
comprises:

50 to 100 % by mass of a constituting unit derived from
d-methyli~l-pentene and

0 to 530 % by mass of a constituting unit derived from at
least one of olefins having 2 to 20 carbon atoms excluding

4d-methyl-1l-pentene provided that the total of the constituting
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_excluding 4-methyl-I-pentene is 100 % by mass. 5 8. The process for
producing a 4-methyl-l-pentene polxr@er according to claim 6 or 7 wherein
the 4-methyl-I-pentene polymer comprises: 50 to 99.9 % by mass of a
constituting unit derived from 4-methyl-1-pentene and 10 0.1 to 50 % by
mass of a constituting unit derived from at least one of olefins having 2 to

.. 20 carbon atoms excluding 4-methyl-I-pentene proyided that the total of .
un S EohSBRtinG Tt JETivE From HaMeUE - BEmens ar e cortitating ™+
.unit_derived from at least one of olefins having 2 to 20 carbon atoms 15
derigedudihgy-frethf R eARRe s T096 By miss 89 The ProcessToron atoms
producing a 4-methyl-I-pentene polymer_according to any one of claims 6

exc%B%%igﬁﬂﬁm@ftbﬁﬁﬁ%‘égeF@gtﬁétirﬂgot%efarﬁguﬁ‘tao?%’solvent-soluble
polymer, which is 20 contained in the polymerization reaction mixture to
be within 15 % by mass. 10. A film comprising the 4-methyl-l-pentene
polymer according to any one of claims 1to 5. 41 11. An LED mold
corprising the A=fmethyldiperiters poliiner AcEsaihg tolarmFone B cRfmg™er
1to 5.

according to claim 6 or 7 wherein the 4-methyl-l-pentene polymer

comprises:

50 to 99.9 % by mass of a constituting unit derived from
d-methyl-l-pentene and

0.1 to 50 % by mass of a constituting unit derived from at
least one of olefins having 2 to 20 carbon atoms excluding
4-methyl-l-pentene provided that the total of the constituting
unit derived from 4-methyli-l-pentene and the constituting unit
derived from at least one ¢f olefins having 2 to 20 carbon atoms

excluding 4-methvyl-1l-pentene is 100 % by mass.

9. The process for producing a 4-methyl-l-pentene polymer
according to any one of claims 6 to 8, which further comprises
regulating the amount of a sclvent-soluble polymer, which 1s
contained in the pelymerization reaction mixture to be within 15 %

by mass.

10. A film comprising the 4-methyl-l-pentene polymer

according to any one of claims 1 to 5.
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il. An LED mold comprising the 4-methyl-l-pentens polymer

according to any one of claims 1 to 5.



