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THERMOPLASTIC ELASTOMER COMPOSITION AND ETHYLENE- O -QLEFIN
COPOLYMER

BACKGROUND dF THE INVENTION
Field of the Invention

The present'invention relates to a thermoplastic
elastomer composition, a molded article obtained by using the
thermoplastic elastomer composition and an ethylene-a-
olefin copolymer. More specifically, the present invention
relates to a-thermoplastic elasfomer composition which has
excellent Flexibility and processability, manifests no bleed
of low molecular weight.components, and particularly
excellent in extrusion prodess;bility and calender
ptocessability, an extrusion molded article ébtained by
extrusion molding the thertﬁqplastic elastomer composition or
a calender molded article obtained by;calender molding the

thermoplastic elastomer composition, and an ethylene- O -

olefin copolymer.

Description of Related Art

Soft vinyl chloride materials having good balance
between mechanical strength and flexibility are a material
excellent in processability and cost performance. However,

the use thereof 1s restricted due to recent environmental

problems. On the other hand, an ethylene- & -olefin copolymer



rubber can'_ be 1iste<i as the polyoléfin-baéed material
excellent 1n recycling prpperty._ l. The ethylene-C -olefin
copolymer i:ubber 1s used w_idely as an autoinobile material,
construction matefial, wire__matérial and polyolefin-
modifying material, together with etﬁylenef @ -olefin-non-
conjugated diene rubber such as EPDM and the like. In these
ﬁses, excellent processability, parti:culé\rly excellent roll
processability and excellent extrusion processability are
reguired in addition to excellent vulcanization property.
From this sfandpoint, an ethylene- @ -olefin-non-conjugated
diene rubber such as EPDM and the like having excellent
processability by inclusion of a diene component is used more
widely than ethylene- ®-0lefin copolymer rubber. As the
conventional technology for further improving
processability, there is a method in which ethylene-a-
oiefin—non-conjugated diene rubber having wider molecular
welght distrxibution is produced by ﬁsing a special catalyst
such as a vanadate of secondary alcohol and the like as
disclosed, for example, in Japanese Patent Application |
_La.:::d-()p—en(JP-l.&) mN'o. 61-4708. Further, Japanese Patent
Application Publication (JP-B) No. 6-18942 discloses a
rubber composition obtained by compounding a vulcanized
rubber compounding agent into ethylene- & -olefin-non-
conjugated diene copolymer rubber having wide molecular

weight distribution. The rubber containing a diene component



haé eﬁ:cell_ent proceséability, but may cause a problem of
: rgmaining of odor in the final product since this rubber
contains a diene monomer odor as compared with rubber
' containing no diene c‘oinponent. |

Further, JP-A No. 9-241325 discloses an ethylene- @
-olefin copolymer rubber which has exqellent processability.
heat-resistance and 1;19!1. tensile stiength, causes ﬁo bleed
in low molecular weight parts, and has a specific composition,
molecular weight and molecular weight distribution, However,
in view of recent further strict quality reguirements, this
method include éroblems ‘that prevention of bleed is
insufficient, the surface appearance of the final product
using the above-mentioned coyolytnér is degraded, further,
pellets of the copolymer adhere each other under a slight ioad
and small block form can not be maintained for a long period
of time, workability and handling such as transportation and

measurement in compounding into a polyolefin-based resin are

insufficient.

SUMMARY OF THE INVENTION

The present inventors have intensively studied a
thermoplastic elastomer composition having no above-
mentioned problems. and found that a thermoplastic elastomer
compoéition comprising a specific ethylene-a-olefin

copolymer and a specific‘pquolefinfbased resin is excellent



in extrﬁs'iqn process'ability aﬁd calender processability, and
gives exéellent flexibility and processability, and "
manifests no bleed of low molecular weight components when
made into an extrusion molded article or calender-molded
articl;é, and have completed the present inveation.

Namelf, the present inventi.oxi- relates to. a
thermopla.stic elasfomer éomposition comprising 5 to 95 wts
of the following (A) and 5 to 95 wt% of the follbwing (B),
wherein the flowability index I according to a test for flow
properties with a capillary rheometer is 1.35 or more:

(A) an ethylené- 0 -olefin copolymer having a tensile
stress Mg0 measured according to JIS-K-6251 of 2.5 MPa or
less,

(B) a polyblefin—-based resin having a tensile stress

Mioo measured according to JIS-K-6251 of 2.5 MPa or more.

BRIEF BXPLANATION OF THE DRAWING

Fig. 1 1s a plot diagram of a ratio of shear viscosity

versus shear viscosity in calculating flowability index.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Tbe present invention will be described below.

The present invention relates to a thermoplastic
elastomer composition cox;lprising 5 to 95 wt% of the following

(a) and 5 to 95 wt% of the following (B), wherein the



flowﬁbility index I according to a test for flow properties
with a capillary rheometer is 1.35 or more:

(A) an ethylene- ¢ -olefin copolymer having a tensile
stress My ineésured according.to.JIS-K-6251 of 2.5 MPa or
less, |

(B) a.polyolefin-ba#ed resin having a tensile stress
Migo measured according to JIS-K-6251 of 2.5 MPa or more.

The component (A) in the present invention is an
ethylene- & -olefin copolymer having a tensile stress Moo
measured according to JIS-K—6251.of 2.5 MPa or less. The
component (A) should has a tensile stress M;;0 measured
according to JIS-K-6251 of 2.5 MPa or less, preferably of 2.0
MPa or- less. When this value is excess, a-molded article
obtained by molding the resulting thermoplastic elastomer
composition is poor in flexibility.

The component (A) is preferably an ethylene- @ -olefin
copolymer satisfying the following éohditions (a) to (c).
more preferably ah'ethyleﬂe-a-plefin_cbpolymér
additionally satisfying the followiné condition (d), further
preferably an ethylene- & -olefin cOpoiymer further
additionally satisfying the following conditions (e) to (g).

(a) @-olefin content is from S to 95 wt$,

(b) Mooney viscosity: ML;,(100C is from 5 to 70,

(c) @ value (weightFaverage molecular chain

1ength/number—a#erage molecular chain length) in GPC



measurement is 4 or more,

(dl) "a molecular weight distribution curve is bimodal,

{e) a rét:i.o (H=x1/x2).of high molecular weight peak
height X1 to low molecular Weighf peak height X2 in a
molecular weight d:!.stribution curve :Ls from 2.0 to 7.0,

{f£f) an area of low molecu].ar welght parts hav:l.ng chain
lengths of 100 A or less in a molecular weight distributi'on
curve ls 3% or less, | |

{g) heat of fuslon of é crystal at temperature of from
50 to 100TC 1s 5 mJ/mg or more when measured by a differential
scanning calorimeter (DSC).

Specific¢ exaﬁples of the &-olefin in the component
(A) include propylene, l-butene,‘ 3-methyl-l-butene, 4-
methyl-l-pentene, l-hexene, l-octene, l-decene, 1-dodecene,
l-hexadecene, l-elcosene and the like. Among them, an <
-olefin having 3 to 8 carbon .atoms is preferable. When the
carbon number of the @ -olefin 18 9 or more, the monomer cost
of the @ -olefin bgcomes high, and lmay _induce disadvantage
from the viewpoint §f industrial production. These -
olefins may be used alone or in combination thereof. The @
~0lefin content in the copolymer of the present invention is
preférably from 5 to 95 wt%, more preferably from 20 to 90
ﬁt%,. further preferably from 20 tb .40 wt¥, most preferably
from 25 to 40 wt%. When the @ -olefin content is too low,

bleed may occur on the surface of a molded article obtained



by molding the'resulting thermoplastic elastomer composition.
- On the otﬁer hand, when.the a-oléfin content is too high,
a molded article obtained by molding the resulting

themoplastic elastomér compos:l.ti;m may bé poor in strength.

The Mooney'viscbsify: ML,,4100TC of the component (A)
is preferably from 5 to 70, more preferably from 15 to 70,
and further preférably from 20 to 60. When the Mooney
viscosity is too low, é molded article obtained by molding
_the resulting thermoplastic elastomer composition may be
poor in strength. 'On the other hand; when the Mooney
viscosity is too high, g,molded-article obtained by molding
the resulting thermoplastic elastomer composition may has
deteriorated extrusion processability.

The Q value (weight-average mblecular chain
length/number-average molecular chain length) in GPC
measurement of the component (A) is préférably 4 oxr more, more
preferably 6 or more. When the Q value is too low. a molded
.article obtained by molding the resulting thermoplastio
eiastomer composiﬁion may has deteriorated extrusion
processability and calender processability. Higher Q value
is preferable from the standpoints of extrusion
Processability and calender processability, providing the
consatitution donditions of the present invention are
satisfiled. Measurément of the Q value is conducted by a gel

Dermeation chromatography (GPC) method (for example,



15OC/GPC apparatus, manufactured by Wa_t.ers Co.). The elution
temperature isl140°C , the column used is, for exampls, Shodex
Packed Column A-aoﬁ manuf'actured by Showa Denko K.K., and as
the molecular weight réference material, polystyrene (for
example, manufactured by Tosoh cérp., molecular weight:
8,400,000) is used. Tﬁe resuited.weight—average molecular
weight in terms of polyétyrene'is repiesented by Mw, the
resulted number-average molécular weight in terms of
polystyrene is represented by Mn, and the ratio of them (Q
value = Mw/Mn) is molecular weight distribution. As the
measuring sample, about 5 mg of a polymer 1s dissolved in 5
ml of o-dichlorobenzene so as to obtain a concentration of
about 1 mg/ml. The resulted sample solution (400 I 1) was
injected, and dqetection was conducted by a refractive index
detector at an elution solvent flow rate of 1.0 ml/min.

The component (A) preferably manifests a bimodal
molecular weight distribution curve. When the molecular
weight distribution has single peak, spreading of the
molecular weight distribution is ihsufficient, and a molded
article obtained by molding the resulting thermoplastic
elastomer composition may has deteriorated extrusion
processability, particularly, deteriorated extruded surface,
and deteriorated calender processability.

The ratio (H=X1/X2) of high molecular weight peak

height X1l to low molecular weight peak height X2 in a



molecular weight digtribution curve of the component (A) is
preferably from 2.0 to 7.0, further preferably from 2.2 to
6.0, When H 1# too low, bleed may occur on the surface of
a molded article obtained by molding the resulting
‘thermoplastic elastomer coxﬁpositién. On the other hand, when
H is too high, extrusion processability, particularly |
extruded surface may deteriorate, and the extrusion_amount
may decrease. _

In the molecular weight dilstribution curve of the
component (A), the area of low molecular weight parts having
chain lengths of 100 A or less is preferably 3% or less, more
breferably 2% or less. ' When this area 1s too large, bleed
may occur on the surface of the final product of the
above-mentioned copolymer or a pellet of the copolymer.

Heat of fuslon of a crystal of the component at
temperature of from 50 to 100C is preferably 5 mJ/mg or more,
more preferably 8 mJ/mg or more. when measured by a
differential scanning caloxrimeter (DSC). When this value is
too small, extrusion processablility, particularly shape
retaining property of the copolymer may deterjiorate. As the
differential scanning calorimeter, there is used, for
exanple, DSC220 manufactured by Seiko Instruments Inc., and
the measurement is conducted at a rate of 10T/min. in

temperature rising process.

" The component (A) can be produced by polymerizing
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ethyleng and ¢ -olefin using a single reactor or twin reactor
in the presence of a catalyst system obtained by combining
the following compqnenfs (CT) to (E). A three or more reactor
may also be used, 'providing the _constitution conditions of
the present invention are sétisfied.

| As the component (C), a vanadium compound represented
by the general formulé. VO(OR).,X;;-,. {wherein, R is a
hydrocarbon group, X is halogeﬁ, 0=n<3) can be used, and
examples thereof include VOCl;, VO(OCH3;)Cl,, VO(OCH;).Cl,
VO(OCH; )1, VO(OCzHs)CL,, VO(OC2Hs)2C1, VO(OC:Hs)3, VO(OC;3H7)Cl,
VO(OC3H,)2C1, VO(OC3H;)3, VO(O-is0-C3H,)Cl,, VO(0-1i80-CaH,),C1,
VO(0-is0-C3Hy)3, VO(O-n~C.H;)Cl,, VO(O-n-CHs)2Cl, VO(O-n-
CsHp)a or mixtures thereof. Among them, those other than VOCl,
can be obtained easily by reacting VOCl; with alcohol or
reacting VOC1, with VO(OR)j.

As the component (D), an.'organoa'lluminum compound
represented by the general forniula R'A1Xa (wherein, R' is
a hydrocarbon group, X is halogen, 0§n§3) can be used, and
examples thereof include (CzHs5),AlCl, (C,Hs),AlCl,
(CsH13)2A1CL, (C2Hs)1.5A1C1y 5, (C4Ho)1.5A1C1, 5, (CGH'I:))I.SA]-C]-LS'
C,HsAlCl,, CH,A1Cl;, C¢H 3A1Cl; and the like.

Though the copolymer of the present invention can be
obtained by using a catalyst system consisting essentially
of the component (C) and the component (D), the following

component (E) may also be combined for the purpose of further
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reducing the amount of low molecular weight components which
is a main factor of bleed.
As the component (E), a halogenated ester compound

represented by the follbwing general formula can be used.

R” -C=0
l (E)
OR’!O

(ﬁherein, R’'' is an oxrganic group having 1 to 20 carbon atoms,
parfially or completely substituted by halogen atoms, and
R''' 1s a hydrocarbon group having 1 to 20 carbon atoms.).
A compound in which the substituent R'' is completely
substituted by chlorine atoms is preferable, and a
.perchlorocrotonate is further preferable. Examples thereof
include ethyldichloroécetate, methyltrichloroacetate,
ethyltrichlordacetate, methyldichlorophenylacetate,
ethyldichlorophenylacetate, methylpérchlorocrotonate,
ethylperchlorocronate.'prOpylperchlofocrotonate.
isoﬁropylperchlo;ocrotonate, butylperchlorocrotonate,
cyclopropylpexrchlorocrotonats, phenylperéhlorocrotonate
and the like. N

It is preferable th#t the molar ratio of fhe

organoaluminum compound (D) to the vanadium compound (C) is
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2.5 or more and the.molar :atio of thelhalogenated ester
compound (E) to the'vangdium cohpound‘(C) is 1.5 or more, in
the polymerization reaction. |

The component (A) in the present 1nvention can be
produced by u51ng one gr more of known Zieglex-Natta
catalysts or known single site catalysts and using a 51ngle
reactor or two or more reactor. A known snxgle gite catalyst
is preferable from the standpoint of the uniformity of the
composition distribution of the resulting polymer, and
examples of such a single site catalyst include, for example,
metallocene-based catalysts described in JP-A Nos. 58-19309,
60-35005, 60-35006, 60-35007, 60~-35008, 61-130314, 3-163088,
4-268307, 9-12790, 9-87313, 10-508055, 11-80233, Japanese
Patent Kohyo Publication No. 10-508055 and the like, non-
metallocene-based complex cétalysts described in JP-A Nos.
10-316710, 11-100394, 11-80228, 11-80227, Japanese Patent
Kohyo Publication No. 10-513489, JP-A Nos. 10-338706 and
11-71420. Among them, a metallocene-based catalysts are
generally used. As the suitable matallocene catalyst of them,
a complex of a IIT to XII transition metal in periodic table
which has at least one cyclopentadiene type anion skeleton
and has a C;, symmetrical structure is preferable from the
standpoint of the flexibility of the resulting polymer.
Further, as the example of a suitable production method using

a metallocene catalyst in obtaining a polymer having high
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moledular-weight, a.ﬁethod is exemplified in which ethylene
and a-olefin are copolymerized in the presence of an olefin
polymerization catalyst comprising the following (2), (B)
and/or (7).

(a): at least J one of transition metal complexes

represented by the following general formulae [I] to [ITI],

HG\ /Cp1\ 1/x1
R A
_ [I]
[I1]
[III]
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-(:‘Ln each of the aboﬁe-described general formulae [I] to [IIII] ’
M* represents a IV group transition metal atom in periodic
table of element, A represents a XVI group atom in periodic
table of element, and J represents 'a X1v gi:oup atom in
periodic table of element. Cp' represents a group having a
cyclopentadiene type ani_bfx skeleton. Each of X*, X*, R, R?,
| R?, R', R® and R® independently represents a hydrogen atom,
halogen atom, alkyl gi‘oup, aralkyl group, aryl group,
substituted silyl group, alkoxy group, aralkyloxy group,
aryloxy group or disubstituted amino group. X® represents
a XVI group atom in periodic table of element. R!, RZ, R®,
R¢, R® and R may optionally bond to form a ring. Two of M}, .
a. J, cpl, xt, X2, X%, r!, R%, R®, R, R® and R® may be the same
or different, respectively.).

({ B): One or more aluminum compounds selected £from the
following (B 1) to ('B 3):

(B 1): organoaluminum compound represented by the

general formula E',A1Z;...

(8 2): Aluminoxane having a structure represented‘by
the general formula {-AL({E?)}-0-}p, °

(B 3): Aluminoxane having a structure represented by
the general formula E*{-Al(E?)-0-):A1E%;:
(wherein, B!, E? and E® represent hydrocarbon groups

respectively, and all of E', all of E? and all of E® may be
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the same or different. Z represents a hydrogen atom or
halogen atom, and all of 2 may be the same or different. "a”
represents a number satisfying 0<a=3, "b" represents an

integer of 2 or more and “¢" represents an integer of 1 or

‘more.).

("r ) : Boron compound of any of the following (7 1) to
(7 3). .

(7 1): Boron compound represented by the general
formula BQ'Q*Q*.

(7T 2): Boron compound represented by the general
formula G'(BQ'Q°Q°0%).

(7 3): Boron' compound represented by the general
formula (L-H)*(BQ'Q%Q’0%).

(wherein, B is a boron ‘atom in atomic trivalent, Q' to Q* may
be the same or different and représent a halogen atom,
hydrocarbon grohp. halogenated hydrocarbon group,
substituted gilyl group, alkoxy group or disubstituted amino
group. G' is an inorganic or organic cation, L is a neutral
Lewls acid, and (t.-l-l)" is a Broensted écid.).

Specific examples of the inactive hydrocarbon medium
used in preparing a catalyst include aliphatic hydrocarbous
such as propane, butane, pentane, hexane, heptane, octane,
decane, dodecane, kerosene and the like, alicyclic
hydrocarbons such as cyclopent.ane, cyclohexane,

methyleyclopentane and the like, aromatic hydrocarbons such
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as benzene, toluene, xylene and the like, halogenated
hydrocarbons such as ethylene chloxide, chlorobenzene,
dichloroﬁiethane and the like, oxr mixtures thereof. The
preparation temperature is preferably in the range of from
'j—lOO‘C to 250C, and pressure and time can be set in any
ranges. | | |

Polymerization of. thé component .(A) is conducfed in
a hydrocarbon solvent. Examples of the hydi:ocarbon solvent
include aliphatic hydrocarbons such. as pentane, hexane,
heptane, octane, decane, dodecane, kerosene and the like,
alicyc'lic hydrocarbons such as cyclohexane,
methylcyclopentane, methylcyclohexane and the like, and
aromatic hydrocarboné such as benzene, tolueane, xylene and
the' like. Also, @ -olefins such as propylene, 1l-butene,
1-pentene, l-hexene and the like can be used as a part of all
of the solvent. The polymerization temperature is preferably
from 40 to 166T, and further preferably from 40 to 80C from
the standpoints of productivity and control of molecular
weight.

The polymerization is co'nducted under pressure or
atmospheric pressure using a single reactor or a two reactor
in line, and preferably. carried out at 0.1 to 5 MPa,
particularly preferably at 0.1 to 2 MPa. The average
retention time of the reaction liquid per one polymerization

bath is preferably £rom 2 to 180 minutes, further preferably
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from 20 to 120 minutes, and thé_pélymer c¢oncentration is
preferably. 15 wt% or less, further preferably 12 wtt or less
from the standpoint of reduction of the viscosity of the
reaction liquid. | |
| As a material use;'l to control the molecular weight of
t'h.e component (A), hydrogen., diethylamine, arylchloride
pyridine-N-oxide and thé ‘1like are exemplified, and hydrogen
is partidularly preferable.‘ |

When two reactors are usgd, the temperatures of the
first reactor and the second reactor can be set arbitrary and
the molecular weight cqntrolling agent can be arbitrary set,
and it is preferable that a polymer having high molecular
weight is produced in.the first reactor and a polymer having_
low molecular weight ;I.s produced in the second reactor, and
it is preferable that the polymerization temperature of the
£irst reactor is from 40 to 60C, and the polymerization

temperature of the second reactor is from 50 to 80C. When

the polymerization temperature of the first reactor is too
high, the moleculaf weight of a polymer having high molecﬁlar
weight may become insufficient. When the polymerization
tempegature of the second reactor is too low, it may be
necessary to use a molecular weight controlling agent in
large amount.

On the otherx fxand, the molecular weight controlling

agent can be added to either the first reactor or the sacond
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reactor or to both of them. If the use amount in the first
réactor ié decreased and the use amount in the second reactor
is increased, it is preferable that sufficient amount of high

molecular weight polymer and low molecular weight polymer can

be polymerized.

The ratio of the production amounts of copolymers in

the £irst reactor to the éecond reactor is preferably within
the range £from 2.0/0.05 to 1/2.5. Further, a more preferable
result is obtained when the copolymerization is conducted in
the range from 2.0/0.1 to 2/1.5.

'l‘he'component _(A) can be obtained by blending two or
more kinds of polymers.

Herein, a polymer having high molecular weight and a
polymer havi'ng low molecular weight lcém be polymerized and
blended simultaneously by use of a catalyst system of the
known Ziegler-Natta catalyst or by co-use of known single
site catalysts described above, and thig is a method also
suitable for mass production. In thls case, a plurality of
polymerization reactor are not necessarily required, anad
only one reactor may be used without problem.

When the component (A) is used as a polyolef-in—based
resin modifier, J.t is preferably made into a pellet.

As the form of this pellet, sphere, cylinder, lens and
cube are exemplified. These can be produced by a known pellet

forming method, and for example, when the component (A) is
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melt-mixed and extruded through an extruder and subjected to
hot cut or strand cut, a pellet in the form'of sphere, cyl_inder
or lens is obtained. In this case, cut may be conducted in
any flow such as water flovi, alr £low and the like. A pellet
in the férm of cube is obtained by mixing the raw material
uniformly, then, molding it into a sheet by a roll and the
like. and subjected the molded one to a sheet pelletizer .
Regarding the size, the longest part of a pellet is preferably
3 cm or less. In the case of a pellet_having larger size than
3 cm, measuring error may increase.

A peliet of the component (A) is preferably dusted
with one or n;ore of calcium stearate, calcium carbonate,
barium sulfate, silica, talé, stearic acid and polyolefin
powder, £from the standpo'ints of further suppression of mutual
adhesion, or suppression of bridging phenomenon of a pellet
in removing out of a silo and the like. The dusting amount
may be controlled depending'on the size and form of a pellet
according to demanq; | In general, it is ﬁreferably added in
an amount of 0.05 to 3 parts by weight based on the pellet.
When the addition amount is too low, tlié effect for further
suppressing mutual adhesion may not be manifested. When the
addition amount is too high, it may be a cause for decrease
in physical property and the like and increase in production
cost. In particular, when the transparency' of the fina.‘l.

product is important, a polyolefin powder is preferably used.
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As fhe polyolefin powdgr, polyethylene-based resins and
polypropylene-based résiﬁs areliisted.

The average pafticle size of a polyolefin powder is
preferably 500 4 m or less, particularly preferably 300 i
m or less. When the particle size is large:f; adhesion on the
surface of a pellet may not be occu_rred and th_e mutual
adhesion property-improving effect may not be obtained.

The component (B) in the present invention is a
polyolefin-based resin having a tensilé stress M;o0 measured
according to JIS-K-6251 of 2.5 MPa or more. The component
(B) should has a tensile stress M,,, measured according to
JIS-K-6251 of 2.5 MPa or more, preferably 3.0 MPa or more.
When thisg value is too low, a molded article obtained by
molding the resuiting thermoplastic elastomer composition
may be poor in strength

Examples of the component (B) include
polyethylene—basgd resins such as high density polyethylene,
middle density polyethylene, low density polyethylene, LLDPE
(linear low density polyethylene): polypropylene-based
resins, polybutene-based resins; poly-4-methyl-pentene-1,
ethylene-vinyl acetate copolymer resin, ethylene—methy{t
ﬁethacrylate copoiymer resin, éthy1ene-methacrylate
copolymer resin, ethylene-acrylate copolymer resin,
ethylene-methacrylic acid copolyemr resin, ethylene-acrylic

acid copolymer resin, ethylene-styrene copolymer resin and
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the like, .Fuither, two or more components (B) may also be
co—used. | |

The Q value (welght-average moleculér chain
length/number-average molecular chaih length) of the
'component (B) in GPC measurement is preferably 3 or more, more
preferably 3.5 or more. from the sta:idpc;int of impz_-ovement
of the extrusion processﬁbili-t’y of a molded article obtained
by molding the resulting thermoplastic elastomer composition,
For measuring the Q value, the method described in the column
of the component (A) may advantageously be used.

The thermoplastic elastomer composition of the
present invention comprises 5 to 95 wt%t of the component (A)
and 5 to 95 wtt of the component (B), preferably comprises
10 to 90 wt% of the component (A) and 10 to 90 wt% of the
component (B), more preferably comprises 20 to 80 wt% of the
coiuponent (A) and 20 to 80 wt% of the component (B). When
the amount of the component (A) is too low (that is, the amount
of the component (B) is too high). a molded article obtained
bf molding the resulting thermoplastic elastomer composition
is poor in flexibility and extrusion processability,
parficularly, shape retaining property, while when the
amount Qf the component (A) is too high (that is, the amount

of the component (B) is too low), a molded article obtalned
by molding the resulting thermoplastic elastomer composition

is poor in strength.
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The thermoplastic elastorhér composition of the
present invention should has a flowability index I according
to a test for flow propertie_s with a capillary rheometer of
1.35 or more, preferabl}} of 1.40 .or more, more preferably of
1.50 or more. When this index is too iow. the non-Newtonian
property of melt flowabiiity is ingufficlent, and a
sufficlent effect for ifmproving extfusion processability is
not obtained. l{igher flowability index is preferable from
the standpoint ¢of extrusion processability, providing the
constitution conditions of the preseﬁt invention are
satisfied.

A test for flow properties with a capillary rheometex
and calculation of flowability index are conducted according
to the following methods.

Measuring apparatus: Capirograph 1C, manufactured by
Toyo Seikl Seisaku-Sho, Ltd. |

Dle: capillary diameter of 1 mm, capillary length of
10 mm |

Temperature: 190TC

Shear rate: 12, 37, 61, 122, 365, 608 (s%)

The shear viscosity was measured at each shear rate.

The flowability index, I=A/B, was calculated from the
shear viscosity ratio {shear viscosity at a shear rate of 12

(s”')/ shear viscosity at a shear rate of 365 (s7})) and plot
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(see, Fig. 1) of the. shear viscpsity at a shear rate of 12
(87'). The solid iine in the figure is a master cuxrve of EPM
which has a Q va]_.ue by GPC measurement of 1.8 and has no long
chain branching, and represented by the formula ¥Y=0.5917
X1073X+1.2640. ﬁhen the plot lof a 'therm'oplastic elastomer
composition shiftis tow&rd positive direction of Y axis (shear
viscosity ratio), the ho'n-Newto‘riiain property of tha
composition is higher, and it is related to extrusion
processability, for examp;é;-ﬁéif'fiaw,phenomenon of
eﬁ:iru_ded surface an.d the like.

In the present invention, there may be appropriately
compounded, as the additional component, additives such as
an antioxidant, antistatic agent, anti-weathering agent,
ultraviolet absorber, stripping agent, disbersing agent and
the like, coloring agents such as carbon black and the like.
fillers such as glass fiber, carbon fiber, metal f_iber,
aramide fiber, glass bead, asbestos, mica, calcium carbonate,
potassium titanate whisker, talc, barium sulfate, glass
flake and the like, or other rubber-like polymers or
themoblastic résins and the like, in addition to the
above-mentioned components.

The thermoplastic elastomer composition of the
present invention can also be subjected to cross-linking si:l.ch
as sulfur cross-linking, peroxide éross-linking, metal ion

cross-linking, silane cross-’linki'ng', water cross-linking
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and the lil;é, by conventibnally known mefhods, if neces.gary.
For obtaining the therﬁ\oplastid elastomer
coinposition of the present :thentioré, the components (A) and
(B) and additional compohents épyrbpfiately used may
advantﬁgeous.ly be knéaded by a usual kheading machine, for
example, a rubber. mill, brabender iniil. Banbury mixer,
pressure kneadiﬁg. twin screw extruder and the like. The
kneading machine may be any of closed type machine or open
type machine, and a cldsed type ma.chine which can be
substituted with an inert gas is preferable. The kneading
temperature is a temperaturg at which all of the mixed
components are melted, ‘and usually from 160 to 250TC,
preferably from 180 to 240T, ’l'he: kneading time is usually
from about 3 to 10 minutes when a kneading machine,_ such as
a pressure kneader, Banbury mixer and the like is used, though
the kneading time is not detérmined since it depends on the
kind and amount of the component mixed and the kind of the
kneading machine. ~In the kneading process, components may
be kneaded at one time, alternatively, there may also be
adopted a multi-stlep division kneading method in which a part
of constituents compoﬁents are kneaded, and then the
remaining components are added and the kneading is continued.
The thermoplastic elastomer composition and ethylene |
— & —olefin copolymer of the present invention are excellent

particularly as a material for extrusion molding, and can be
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melt—extru_ded through an extruder equipped wii:h a mold in the
form éf the molded article, at the tip of the extruder, and
cooled and cut to obtain a hetéromorphic extrusion-molded
article. |

Further., the thermdpiastic elastomer composition and
ethylene— @ —olefin copoiymer of the present invention are
excel;.ent particularly.as' amaterial of calender molding, and
a - calender molded art:l..cle can be obtained by a sheeting
process in which a smooth sheet having higher thickness
accuracy is produced continuously, a doubling process in
which a sheet having higher thickness accuracy containing no
pin hole is produced continuously :Lri laminating the same or
different thermoplastic elastomer compositions and
thermoplastic ;‘esin conpositions, a topping process in which
a composite is cont:l.nuously. produced Sy laminating cloth and
the like onto a sheet, a: friction process in which a
thermoplastlic elastomer comp-osition lis imprinted into cloth
for the purpose of improving adhesion, or a profiling process
in which a carved pattern is made on the surface of a roll

and this pattern is transcribed continuously onto the surface

of a sheet.

The thermoplastic elastomer composition and ethylene
— a—olefin copolymex of the present invention can be used
in parts such as a packing, housing and the like of automobile

interior or exterior parts and weak electric parts,
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industrial;parts,.watér-proof parts and.the like, in steéd
of the conventional soft vinyl chioi:‘ide-based resins. Among
ﬁhem, due to flexibilitf ,l excellent extrusion processability.
further, the absence of bleed, they can be used in a hose,
'tﬁbe. gasket and packing. Regarding.use examples thereof,
as the hose and tube use, there are listed an air hose, water
hose, reinforcing agent-containing air hose, reinforcing

agent-containing water hose ahd.medical tube, as the gasket
use, there are listed an aluminum sash sealing gasket and
gasket around doors of an automobile, an& as the packing use,

there is listed a packing qf a refrigeratox door.

EXAMPLES

The following examples furthei‘ i'llustrate the present
invention specifically, but do not limit the scope of the
present invention. In the present invention, the term
excellent extrusion processability means that the surface
skin of the extrusion-molded article is smooth and the
appearance of the resulting final product does not
deteriorate. In the present inveni:ib,n, the term excellent
calender processability means that sheet removal from the
roll surface can be conducted easily. |
[I] Production and evaluation of copolymer

Measurements were conducted as desgscribed below.
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(1) Measurement by differential scanning calorimeter (DSC)

Measurements were conduced at a rate of 10C/min. in
any of temperature rising prgcessiand constant temperature
process, using a differeﬁtial scanning calorimete;' (Dsc22o0cC,
manufactured by Seiko Instruments Inc.).
(2) Measurement by GPC

The GPC measurement was conductéd at an elution
temperature of 140C using 150C manufactured by Waters,
' Shodex Packed ColumnA-80 M (manufactured by Showa Denko K.K.)
as a column, and polystyrene {manufactured by Tosoh Corp.,
molecular weight: 68 — 8,400,000} as a molecular weight
reference material. The resulted weight-average molecular
weight in terms of poiystyrene was represented by Mw, the
resulted number-average ﬁolecular welght in terms of
polystyrene was represented by Mn, and the ratio of them (Q
value) was molecular weight distribution, and the higher
molecular weight peak height (X1), lower molecular weight
peak height (X2) in a molecular weight distribution curve and
the ratio (H=X1/X2) of them were measured. For preparing a
measuring sample, about 5 mg of a polymer was'dissolved in
5 ml of o-dichlorobenzene so as to obtain a concentration of
about 1 mg/ml. The resulted sample solution (400 X 1) was
‘injected, and detection was conducted by a refractive index

detector at an elution solvent flow rate of 1.0 ml/min.

(3) Flexibility
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The hardness of a copolymér was measured according to

JIS-K-6253.

{4) Tensile streés

A copolymer was pfess-molded at 150C to obtain a sheet
of 2=mm t:hickneés, then, the tensile stre.ss Moo of the
_copoly’mer was measured according to JIS-XK-6251. A gpecimen
was -made by using No. 3 dumbbell.

{5) Preparation and evaiuation of copolymer pellet

A copolymer was heated for 30 minutes in a Geer oven
at 100TC, then, a sheet of 4 mm thickness was molded by 10
inch open rolls. This sheet was ground by a sheet pelletizer
to obtai:n a pellet in the form of cube. This pellet was dusted
with 0.18 g of calcium stearate and 0.18 g of Irganox 1076
(antioxidant, ménufactured by Chiba Specialty Chemicals) per
150 g of the pellet, and this was filled in a glass beaker
(diameter: 8.6 cm), charged with a_lo_ad‘of 1900 g, left for

14 hours under atmosphere of 40T, then, the mutual adhesion

of the pellet was .ev_aluated.
Judge of mutual adhesion of pellet
. 1: The form of a pellet i1s completely kept, and no adhesion

is found between pellets at all.

2; Though the form of a pellet is kept, and adhesion is found

between pelleis.

3: The form of a pellet is not kept, and adhesion is found

between pellets,
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(6) Evaluation of bleeding property

a éopolymer was éress—moided at 150C to obtain a sheet
.6f 2 mm thickness, then, left for 48 hours, and the bleedlng
property of the surface of the sheet was evaluated.

Judge of bleeding property.

O: The surface of a sheet is clean, and no stickiness is found

by finger touch.

/A : The surface of a sheet is somewhat cloudy, and stickiness
is found by finger touch.
X3 An oil Film 15 observed on the surface of a sheet.
(7) Evaluation of extrusion processability

The pellet obtained in the method of (5) was
e:xtrusion—molded using a 40 mm ¢ single screw extruder (full
flight screw L/D28) through a flaf die of 70 num width, and

the extruded surface and appearance of the resulted molded

article were observed.
Judge of extruﬁed surface
O: Extruded surface is smooth.
X : Extruded surface is not smooth, but rough.
Judge of appearance
O: Extrusion-molded article keeps edge in the form of a die
even after molding..
X3 Moldéd article causes.disintegration after extrusion-
molding, and edge in the.form of a.die is not kept.

Example 1 (Synthesis of component (A)-l)
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Into the ldwér portion of a 100 L reactor made of
sfainless steel equ'ipped-wlith a stirref were continuously fed |
62;8 k§ of hexané as a polymeriizati.ox'z solvent and ethylene
énd propylene at rafes of 5.§D'kg and 22.44 kg per hour,
-re#péctively. VO(0-180~C;H7); and ethylaluminum
éesqnichloride (EASC) wexrs fed continuoluslyl as a catalyst,
at ratios of 2.22 g and 7.79 ¢ per hour, respectively. and
the temperature of the polymerization chamber was kept at 50TC.
A part of the polymerization liquid in the first reactor was
extracted, and a pblymer was allowed to deposit and dried by
‘steam stripping. A copolymer was thus obtained at a rate of
4.6 kg per hour. The control of the molecular weight was
conducted by using hydrogen. The results are shown in Table
1.

Example 2 (Synthesis'o'f com‘pbnent (A)-2)

According to the same manne-r“as in Exampie 1, hexane
was fed at a rate of 62.8 kg per hour and ethylene and
propylene were fed at rates of 5.44 kg and 23.39 kg per hour,
respectively, continuously. VO(O-iso-~Cs3;H,;); and
ethylaluminum sesquichloride (EASC) were fed continuously as
a catalyst, at ratios of 0.70 g and 2.49 g per hour,
respectively, and the temperature of the polymerization'
chamber was kept at 50°C. A part of the polymerization liquid
in the first reactor was extracted, and a polymer was allowed

to deposit and dried by steam'stripping. A copolymer was thus
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obtained at a rate of 2.6 kg per pour. The control of the
molecular weight was c‘:ond.uctled by using hydrogen. The
results are shown in fablell.

Example 3 (Synthesis of component (A}-3)

According to the game manner as in'Example 1, hexane
was fed at a rate of 62.8 kg per hour and ethylene and
propylene were fed at ratés of 5.44 kg and 25.78 kg per hour,
respectively, continuously. VO(O-1is0-C;Hy): and
ethylaluminum sesquichloride (EASC) were fed continuously as
a catalyst, at ratios of 0.64 ¢g and 2.24 g per hour,
respectively, and the temperature of the polymérization
chamber was kept at 50C. A part of the polymerization liquid
in the first reactor wfas extracted, and a polymer was allowed
to deposit and dried by steam stripping. A copolymer was thus
obtained at a rate of 2.0 kg per hour. The control of the
molecular weight was conducted by using hydrogen. The
results are shown in Table 1.

Example 4 (Synthesis of component (A)-4)

According to the same manner as in Example 1, hexane
was fed at a rate of 62.8 kg éer hour and ethylene and
pfopylene were fed at rates of 5.44 kg and 23,39 kg per hour,
respectively, continuously. VO{(O-iso-C3H,;)3 and
ethylaluminum sesquichloride (EASC) were fed continuously as
a catalyst, at ratios of 0.78 g and 2.72 g per hour,

.respécti-vely, and the temperature of the polymerizatioh
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lchamber was kept at 50C. A §art of fhe polymerization liquid
in the first reactor was eitracted, and a polymer was allowed
.to déposit and dried by steaﬁ\ stfipping. A copolymer was thus
obtained at a rate of 2.2 kg per hour. ‘fhe control of the
hmlecular waight was conducted by .using hydrogen. .The
resnlts are shown in Table 3.
Comparative Example 1

A&cording to the same manher aé in Example 1, hexane .
was fed at a rate of 62.8 kg per hour and ethylene and
propylene were fed at rates of 5.44 kg and 23.39 kg per hour,
respectively, continuously. Additic;nally, 5-ethylidene-
2-norbornene as the third component was fed at a rate of 0.81
kg per hour. V0O(O-iso-C;3Hy); and ethylaluminum
sesquichloride (EASC) were fed continuously as a catalyst,
at ratios of 6.95 g and 24.33 g per hour, respeci::l.vely, and
the temperature of the polymerization chamber was kept at 50 .
A part of the polymerization liguid in the first reactor was
extracted, and a polymer was allowed to deposit and dried by
steam stripping. A copolymer was thus obtained at a rate of
4.9 kg per hour. The control of the molecular welght was.

conducted by using hydrogen. The results are shown in Table
2.

Comparative Example 2

According to the same manner as in Example 1, hexane

was fed at a rate of 120.3 kg per hour and ethylene and
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prbpylene vwere fed a1_:. rates of 4.34 kg and 8.69 kg per hour,
respectively, continuously. VO(O-iso-c;,H,.h and
ethylaluminum sesquichloride (BASC) were fed continuously as
a 6ata1yst, at ratios qf 2.27 g and 4.?7 g per hour,
'respecti.Vely, and the temperature of the pdlymerization
chamber was kept at 55C. A part of the polymerization liquigd
in the firgt reactor was éxtracted, and a poiymer was allowed
to 'deposit and dried by steam stripping. A copolymexr was thus
obtained at a rate of 4.0 kg per hour. The control of the
molecular weight was conducted by using hydrogen. The
results are shown in Table 2.

. Comparative Example 3

According to fhe same manner és in Example 1, hexane
was fed at a rate of 108.4 kg per hour and ethylene and
propylene were fed at rates of 6.45 kg and 15.1 kg per hour,
respectively, continuously. VOCl,;., ethanol and
ethylaluminum sesquichloride (EASC) were fed continuous ly as
a cata.lyét, at ratios of 2.9 g, 1.4 g and 17.1 g per hour,
respectively, and the temperature of the polymerization
chamber was kept at 52°C . A part of the polymerizatioxi liquid
in the First reactor was extracted, and a polymer was allowed
to deposit and dried by steam stripping. A copolymer was thus
obtained at a rate of 6.5 kg per hour. The control of the
molecular weight was conducted by using hydrogen. The

results are shown in Table 3.
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The results in Tébles_l to 3 teach the following
matters. The ethylene;propylene copolﬁeré of Examples 1 to
4 satisfying the condifiqns Qf thq present invention do noat
cause bleeding of lower molecular weight components, and
manifest excellent flexibilify, extrusion processabiiity,
and handling property.ofla.pellet. |
{II] Production and evaiuatidn of thermoplastic elastomer
composition

The compositions shown in Tables 4 to 8 were kneaded
' £for 5 minutes at a temperatur."e of 130T and a screw revolution
of 100'rpm using a Plasti-Corder with a roller mixer
{(manufactured by Brabender OHG). The compositions were
press-molded at 150C, and subjected to the following tests.
They were evaluated in the same manner except that the
kneading temperature was 200C and the press-molding

temperature was 200C in Brabender Plastli-Corder in example

8 and Comparative Example 3,
Tensile test: The tensile stress (Mye). tensile

strength at break (TB) and elongation at break (EB) were

measured according to JIS-K-6251.

Hardness: The hardness by Duro type A hardener was

measured according to JIS-K-6253,

Flowability: The melt f£low rate at 190 or 230 was

measured according to JIS-K-7210.

A test for flow properties with a capillary rheometer
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and calculation of flowability index: Each Shear viscosity
was mea#ured using Capirograph 1C (manufactured by Toyo Seiki
Seisaku-Sho, Ltd.) at a furnace body temperature of 190C,
a capillary diameter of 1 mm and a cépillary length of 10 mm,
at a shear rate of 12, 37, 61, 122, 365, 608 (s’l)'.

The flowability index was calculated from the shear
viscosity ratio (shear viscos;ty at a shear rate of'lz (s
~1y/ shear viscosity at a'shear rate of 365 (s~')) and plot
(see, Fig. 1) of the shéar viscosity at a shear rate of 12
(s™'), providing the flowability index I=A/B.

Bxtrusion processabllity: A thermoplastic elastomer
composition was allowed to flow under condition of a shear
rate of 122 (s~ ')) in the above-describéd test for flow
propertles with a capiliary rheometer, and the extruded
surface of the composition was observed.

Judge of extrusion processability
O: Extruded surface is smooth.

A: Extruded surface reveals slight roughness.
X : Extruded surface is not smooth, but rough.

‘Bleeding property:

Evaluation of bleeding property

A copolymer was press-molded at 150C or 200T to
obtain a sheet of 2 mm thickness, then, left for 48 hours,

and the bleeding property of the surface of the sheet was

evaluated.
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Judge of bleeding property
O: The surface of a sheet is clean, and nd stickiness is found
by finger touch. | |
A: The surface of a sheet 1s gomewhat cloudy, and stickiness
'is found by finger touéh.
X: An 0il f£ilm is observed on the surface of a sheet.
Examples 5 to 13, 15 to 17 and Comparatix.re Examples 4 to 8,
10 to 12

The results in Tables 4 to 8 teach the following
matters. The thermoplastic elastou_\er compositions obtained
by using the ethylene-propylene copolymer, component (A)-~
1 satisfying the conditions of the present invention are
excellent in flex:l.bi'l_ity and extrusion processability.
. Example 14 and Comparative Example 9:
The compositions shown in Table 9 were melt-kneaded

for 10 minutes at a rotor revolution of 50 rpm using a 16 L

.. sealed type mixer. Then, a sheet of 4 mm thickness was molded

by 8 inch open rolls, and was ground by a sheet pelletizer
to obtain a pellet in the form of cube. This pellet was dusted
with 0.12 g of calcium stearate and 0.12 g of Irganox 1076
(antioxidant, manufactured by Chiba Specialty Chemicals) per-
100 g of the pellet, then, this was processed into a tube
having an outer diameter of 12 mm and a thickness of 1.5 mm,
using a 50 mm ¢ single screw extruder (screw L/D=24), at a

screw revolution of 30 rpm, a die temperature of 160TC, an
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adapter temperature of 160C and a cylinder temperatures from

130 to 160, a drawing rate of 3.5 m/min., and the extruded

surface of the resulted tube was observed.
Judge of extrusion processability

Q: BExtruded surface is smooth.

X: Extruded surface is not smooth, but rough.
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Example 1 | Example 2 | Example 3
Ethyiene contant wti 73.1 76.3 66.3
Propylene content wig 26.9 23.7 33.7
1 ENB contgnt wid 0 0 0
ML,,,100C 42.3 40.4 55.3
GPC measurement result
Q Mw/Mn 7.7 9.0 10.1
Mn 4.1X10* 3.5X10¢ 4.1X104
Mw 31,8X10* 31.4X10* | 41.4%120¢
H X1/X2 2.4 2,0 2.6
:Z::g:tzzizziggzm Bimodal Bimodal Bimodal
Area of lower molacular
:ﬁiﬁtﬁ:ﬁ:ﬁ:ﬁﬁ& A : 1.0 0.6 0.4
or less '
DSC measurement result
Fusion heat of crystal
in the range from 50 to nd /mg 9.2 17,5 11.7
200T
Ms00 MPa 1.3 1.8 1.3
Hardness -(Duro A) 57 68 59
Mutual adhesion of 1 1 1
pallet
Bleeding property O A O
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Table 2
Comparative Comparative
example 1 example 2
£thylene content wts 61.9 80.2
Piopylene content wtd 30.8 19.8
ENB content wtd 7.3 0
1M1, 200C 30.0 36.0
GPC measurement result
Q Mw/Mn 8.0 4.5
Mn 2.8X10! 5.0X10*
Mw 22.6X10* 22.5X10*
H X1 / X2 1.6
aolemsiar veighe Bmotsl | Bimodsl
Arsa of iower molecular-
weight parts having chain 3 1.3 0.5
lengths of 100 A or less
DSC measurement resuit
russonpeatotervotalinene symg |1
Mipe MPa 0.8 1,9
Hardnegs (Duro A) 43 70
Hutﬁal adhesion of pellet 2 2
Bleeding property @) X
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Table 3
Comparative
E;:ample 4 example 3

Ethylene content wts 71.0 73.0

Propylene content wtg 29.0 27.0

ML,;,100C 40 52

GPC measurement result
(+) Mw/Mn 10.3 1.8
Mn 3.3X10¢ 16.2X10*
Mw 34.5X10¢ 29.6X10*

H X1/x%2 2,0

Holecula.r. weight

distribution form Bimodal Honomodal

Area 0of lower molecular

weight parts having chain % 0.6 0.0

1engths of 100 A or less

DSC measurement result .

Pusion heat of crystal in the

range from 50 to 100C nd/mg 122 0.7

Myno MPa 1.3 1.4

Extrusion processing

condition

Screw revolution rpm 40 45

Die temperature T 200 180

Cylinder tempsrature C 50~130 110~180

Extruded surface O X

Appearanae @) X
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Table 4
Unit Example Examplp Example Example
5 (] 7 8
(a) -1 wtg 70 60 50 30
(8) -1 wtd 30 40 .50 70
Antiloxidant wti 0.12 0.12 0.12 0.12
'M100 MPa 1.8 2.1 2.4 2.9
B MPa 2.7 4.6 6.4 7.0
EB % 740 930 870 840
MFR190C g/10 1.0 1.2 2.4 3.8
minute | 470 1.96 2.21 2.77

Flowability index I {A/B . g - .
Extrusion O O @ O
procesaszabllity

Bleeding property @) O O @]
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Table 5
Unit Exatple | gxample 10 | Example 11

(A) -1 wtd 70 60 50
(B) =2 Wtk 30 40 50
Antlioxidant wts 0.12 0.12 0.12
M100 MPa 1.7 2.1 2.3
TR MPa 2.8 7.4 11.6
EB i 740 830 810
Hardness ggig A 69 71 74
MFR].BQ'C 0.6 0.8 1.1
Flowability 1lndex I ';‘}g““ 1.67 1.65 1.94
Extrusion O O O
processability

Bleeding propexty @) @) O
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Table 6
unit | EXample | Example Example | Example | Example
12 13 15 16 17
(&) -1 wth 70 50 49 60 80
(B) -2 wté 20
(B) -3 wts 30
(B) -4 wtd 50 :
(B) -5 wig 30
(B) -6 wts 21 20
(B) -7 wtd 20
Antioxidant wtt 0.12 0.12 0.12 0.12 0,12
1M100 MPa 3.2 2.1 2.7 2.0 2.4
TB HPa 302 9-7 11:5 9-2 2-5
EB % 300 940 1065 1045 320
anute .52 2.38 1.52 1.35 1.38
Flowability index I |A/B . p . . -
Extrugion O O O O A
processability ,
Bleeding property O O O O O
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Table 7

Com~ Com-~ Com- Com-

Unit paravive | paravive | paravive | paravive
: example example example example
4 3 6 7
{(B) -1 wtd 100
{(B) -2 wtt 1o0
(B} -3 wt$ 100
(B) -4 wts 100
M1aQ0 MPa 4.0 3.8 3.2
TS MPa 9.0 17.9 10.5
EB s 800 750 860
Haxdness Duro A . 84 85 100 81
MFR190C g/10 5.6 2.3 8.0 5.4
minute

Flowability index I |A/B 3.44 2.69 4.53 1.57
Extrusion O O 'e) O
processability
Bleeding property O @) 0O O
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Table 8

Com-~ Com- Com- Com-

Unit - paravive aravive aravive vive
example parav P para
3 exanple 10 | example 11 | example 12
(C) wtd 70
{B) -1 wtt 30
{B) -5 wt§ 100
.(B) -6 wtd 100
(B) -7 wtd 100
Antioxidant wti 0.12
4100 MPa 1.8 5.9 4.2
T8 MPa 2.7 13.0 32.1 27.5
EB M 660 760 720 50
Hardness puro A 68 94 a5 100
MFR190°C g/10 6.0 5.1 5.1
minute

‘Plowability index I |A/B 1.13 3.36 1.27 2.04
Bxtrusion X O X @]
processability ‘
Bleeding property O O O O
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Table 9
Comparative

Unit Example 14 example 9
(p) -1 wtd 60
(B) -2 wts 40 40
(C) wt¥ 60
Flowahility index I A/B 1.34
Extrusion ’
processability O b4
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(B)~1: Ethylene-methyl methacrylate copolymer resin (methyl
methacrylate content: 25 wt$, MFR 190C=5.6 under a load of
2.16 kyg) ' |
(B)~2:Ethylene-viqylacetatécopolymerresin(vinylacetate
'coxﬁ:ent: 26 wt%¥, MFR 190C=2.3 under a load of 2.16 kg)
(B)-3: Random polypropylene (MFR 230T=8.5 under a load of
2.16 kg) | ‘

(Bf—4= Ethylene-~butene-1 copolymer*resih {butene-1 content:
19 wtd, density=0.882 g/cm’, MFR 190T=5.4 under a load of
2.16 kg)

{(B)-5: Ethylene-vinyl acetate copolymeﬁ: resin (vinyl acetate
content: 10 wt¥, MFR 190C=6.0 under a load of 2.16 kg)
(B)-6: Ethylene-hexene-1 copolymer resin (hexane-1 content:

17 wtd, density=0.885 g/cm®, MFR 190C=5.1 under a load of
2.16 kg)

(B)-7: High density polyethyiene 230J (manufactured by
Idemitsu Petrochemical Co., Ltd.)

(C): Ethylene-propylene copolymer (propylene content: 27.0
wt%, Mooney viscosity: ML,,100T=52, Q value in QPC
measurement=1.8, tensile stress M100=1.4 Mpa, revealing a
monomodal molecﬁlar weight distribution curve)

Antioxidant: Irganox 1076 (antioxidant, manufactured by

Chiba Specialty Chemicals)

As described above, according to the present
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invention, there are obtained a thermoplastic elastomer
composition whiqh has excellent flexibility and
processability, manifests no bleeding of lower molecular
weight component, and is exceilent particular in extrusion
processability and calender processability, and an
extrusion-molded article obtained by extrusion-molding this
thermoplastic elastomer composition., or a calender-molded
article obtained by calender-molding this thermoplastic

elastomer composition, and an ethylene- & -olefin copolymer.
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What is claimed is:

1. A thermoplastic elastomer composition comprising
5 to 95 wt% of the following (A) and 5 to 95 wt% of the
following (B), wherein the flowability index I according to

a test for £flow properties with a capillary rheometer is 1.35

or more:

(&) an ethylene- ¢ -olefin copolymer having a tensile
stresas Moo measured according to JIS-K-6251 of 2.5 MPa or

less,

(B) a polydlefin-based resin having a tensile stress
Mo measured according to JIS-K-6251 of 2.5 MPa or more.

2. The thermoplastic elastomer cbmposition according -
to Claim 1, wherein (A) is an ethylene- ¢ -olefin copolymer
satisfying the following conditions (a) to (c):

(a) @-olefin content ' is from 5 to 95 wt¥%,

(b) Mooney viscosity: ML,;,4100T is f£rom 5 to 70,

(c) Q value (weight-average molecular chain
length/number-average molecular chain length) according to
GPC measurement is 4 or more.

3. The thermoplastic elastomer composition according
to Claim 2, wherein (A) satisfies the conditions (a) to (c)
and the following condition (d4):

(d) a-molecular weight distribution curve is bimodal.

4. The thermopléstic elastomer composition according

to Claim 3, wherein (A) satisfies the conditions {a) to (4)
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and the follom.ng cénditions (e) to (g):

(e) a ratio (H=X1/X2) of high molecular weight peak
height X1 to J.Qw molecular weight peak height X2 in a
molecular weight distribution curve is from 2.0 to 7.0,

(£f) an area of low molecular weight parts having chain
lengths of 100 A or less in a molecular weight distribution
curve is 3% or less,

(g) heat of fusion of a crystal at temperature of from

'50 to 100C is 5 m3/mg or more when measured by a differential
scanning c.alorimei:er {bsC).

S. The thermoplastic elastomer composition according
to Claim 4, wherein l(A) has an @ -olefin contént of from 20
to 40 wt¥ and has a Mooney viscosity: ML,.100C of from 15
to 70.

6. An extrusion molded article obtained by extrusion
molding the thermoplastic elastomer composition according to

Claim 1.

7. A hose obtained £rom the molded article according

to Claim 6.

8. A tube obtained from the molded article according

to Claim 6.

9. A gasket obtailned from the molded article according
to Claim 6.

10. A packing obtained from the molded article

according to Claim 6. —_— T

AR
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11. .A calender molded article obtained by calender
molding the thermoplastic elastomer composition according to
Claim 1.

12. An ethylene- @ -olefin copolymer which comprises
ethylene and an @-olefin having 3 to 8 carbon atoms, wherein
the copolymer has an ®-olefin content of from 20 to 40 wt%,
has a Mooney viscosity: -ML1,4100°C of frcl'om 15 to 70, and
éatisfies the conditions (c¢) to (g) according to Claim 4.

13. The ethylene- @-olefin copolymer according to
Claim 12, wherein the € -olefin content is from 25 to 40 wt%.

14. A pellet made of the ethylene- @ -olefin copolymer

according to Claim 12.

15. An extrusion molded article obtained by extrusion

mold:l.xig of the ethylene- ¢ -olefin copolymer according to
Claim 12,

16. A hoge obtained from the molded article according

to Claim 15.

17. A tube obtained from the molded article according
to Claim 15. |

18 A gasket obtained from the molded article

according to Claim 15.

19. A packing obtained@ from the molded article
according to Claim 15.

20. A calender molded article obtained by calender

mold:l.ng the thermoplastic elastomer composition according to

~
* [ L ] s *
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Claim 12.
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