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57 ABSTRACT 
Disclosed is a thermoplastic elastomer composition 
excellent in the injection fusion bondability and the 
surface gloss, which comprises (1) an amorphous 
ethylene/a-olefin copolymer (a) and (2) (i) a lowly 
crystalline copolymer (b) of propylene with an a-olefin 
having at least 4 carbon atoms, (ii) a polymer (d) com 
posed mainly of 1-butene or, (iii) a combination of the 
copolymer (b) or the polymer (d) with a crystalline 
polymer (c) composed mainly of propylene, wherein 
the component (1) is present in an amount of 10 to 95% 
by weight based on the total amount of the components 
(1) and (2), the component (2) is present in an amount of 
5 to 90% by weight based on the total amount of the 
components (1) and (2), and the component (1) or the 
components (1) and (2) are partially crosslinked. 
The partial crosslinking is effected by grafting of a 
radical-polymerizable monomer having at least two 
polymerizable groups. 

5 Claims, No Drawings 
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THERMOPLASTC ELASTOMER COMPOSITON 
AND PROCESS FOR PREPARATION THEREOF 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The present invention relates to a thermoplastic elas 

tomer composition excellent in injection fusion bonda 
bility and surface gloss. 

(2) Description of the Prior Art 
An olefin type thermoplastic elastomer, for example, 

a partially crosslinked elastomer (TPE) comprising a 
crystalline polyolefin and an amorphous ethylene/a- 
olefin copolymer, shows an elastomeric property simi 
lar to that of a vulcanized rubber, and also shows a 
moldability equivalent to the moldability of a thermo 
plastic resin such as polyethylene or polypropylene. By 
utilizing these properties, the olefin type thermoplastic 
elastomer is molded in the same manner as ordinary 
resins, and molded article is used in the fields where the 
elastomeric property is required, for example, as a vehi 
cle bumper, an exterior moleskin, a window shield gas 
ket, an emblem, an interior surface sheet or a gasket for 
a construction material. 
This TPE does not possess the surface gloss required 

in the market, and an improvement of the surface gloss 
has been desired especially for exterior moleskins and 
emblems of vehicles where great importance is attached 
to the surface gloss. 
As means for offsetting the poor surface gloss of a 

shaped TPE article, there has been proposed a surface 
treatment such as a urethane coating. However, this 
treatment results in increase of the step number, and 
hence, it is desired to improve the surface gloss of the 
material perse without performing secondary process 
ling. 
An olefin type thermoplastic elastomer to be used for 

window shield gaskets of vehicles or various construc 
tion gaskets, for which properties similar to those of a 
vulcanized rubber are required, is obtained by increas 
ing the content of an ethylene/a-olefin copolymer elas 
tomer component in an ordinary olefin type thermo 
plastic elastomer. 
The so-obtained thermoplastic elastomer rich in the 

softness is poor in the flowability in the fused state, and 
therefore, a window shield gasket for a vehicle or a 
construction gasket, for which a complicated shape is 
required, can hardly be prepared directly by injection 
molding of this thermoplastic elastomer. 

Since this soft thermoplastic elastomer is excellent in 
profile moldability, there may be considered a method 
for forming the above molded article by extrusion 
molding. In this case, it is necessary to bond the ends of 
molded articles formed by profile extrusion. 
This bonding is preferably accomplished according 

to a method in which at least two-extrusion-molded 
articles to be bonded are placed in a split mold and a 
thermoplastic elastomer having good fusion bondability 
is injected between the ends of the molded articles to 
fusion-bond the molded articles through the injected 
thermoplastic elastomer. In this case, it is preferred that 
the split mold should have a structure to which injec 
tion molding is applicable. 

However, even if extrusion-molded articles of ther 
moplastic elastomers are bonded according to the 
above-mentioned method, in many cases, it is difficult to 
obtain bonding having a practical strength. 
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2 
SUMMARY OF THE INVENTION 

It is therefore a primary object of the present inven 
tion to provide an olefin type thermoplastic elastomer 
having excellent heat moldability and excellent elasto 
meric characteristics and high surface gloss of the 
molded article. 
Another object of the present invention is to provide 

an olefin type thermoplastic elastomer having excellent 
injection moldability and high fusion bondability to a 
soft olefin type thermoplastic elastomer placed in an 
injection mold. 

Still another object of the present invention is to 
provide a process for the preparation of an olefin type 
thermoplastic elastomer having the above-mentioned 
excellent properties. 
More specifically, in accordance with the present 

invention, there is provided a thermoplastic elastomer 
composition excellent in injection fusion bondability 
and surface gloss, which comprises (1) an amorphous 
ethylene/a-olefin copolymer (a) and (2) (i) a low crys 
talline copolymer (b) of propylene with an a-olefin 
having at least 4 carbon atoms, (ii) a polymer (d) com 
posed mainly of 1-butene or (iii) a combination of the 
copolymer (b) or the polymer (d) with a crystalline 
polymer (c) composed mainly of propylene, wherein 
the component (1) is present in an amount of 10 to 95% 
by weight based on the total amount of the components 
(1) and (2), the component (2) is present in an amount of 
5 to 90% by weight based on the total amount of the 
components (1) and (2), and the component (1) or the 
components (1) and (2) are partially crosslinked. 

In accordance with one preferred embodiment of the 
present invention, there is provided a thermoplastic 
elastomer composition set forth above, wherein a radi 
cal-polymerizable monomer (e) havibng at least two 
polymerizable groups is contained in an amount of 0.05 
to 1% by weight based on total amount of the compo 
nents (1) and (2) and the partial crosslinking is effected 
by grafting of said monomer. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The amorphous ethylene/a-olefin copolymer used as 
the component (a) in the present invention includes a 
binary copolymer of ethylene with an a-olefin and a 
terpolymer or multi-component copolymer comprising 
as a third component an unconjugated diene, for exam 
ple, an aliphatic diene such as 1,4-hexadiene or an ali 
cyclic diene such as dicyclopentadiene, 5-ethylidenen 
orbornene, 5-meethylenenorbornene or 5-vinylnorbor 
nene, and the copolymer (a) has a crystallization degree 
lower than 35%, preferably lower than 20%, as deter 
mined by X-ray diffractometry. 

In case of the binary copolymer, the ethylene unit 
content is ordinarily 30 to 95 mole % and preferably 50 
to 85 mole %, the balance being an a-olefin. The melt 
flow rate (190° C) is ordinarily 0.1 to 120 g/10 min and 
preferably 0.1 to 20 g/10 min, and the melt flow rate 
(230° C) is ordinarily 0.1 to 200 g/10 min and prefera 
bly 0.1 to 50 g/10 min. The iodine value is ordinarily 
smaller than 1. 

In case of the terpolymer, the ethylene unit contentis 
ordinarily 30 to 95 mole % and preferably 50 to 85 mole 
%, the a-olefin unit content is ordinarily 5 to 70 mole % 
and preferably 15 to 50 mole %, and the unconjugated 
diene unit content is ordinarily 1 to 10 mole % and 
preferably 3 to 6 mole % (a iodine value of 1 to 60, 
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preferably 5 to 30.) The Mooney viscosity ML14(100' 
C.) is ordinarily 5 to 200 and preferably 40 to 120, and 
the iodine value is ordinarily 1 to 50 and preferably 5 to 
30. 
An ethylene/propylene copolymer (EPM) and an 

ethylene/1-butene copolymer (EBM) are preferred as 
the binary copolymer, and in these preferred copoly 
mers, the ethylene unit content is 50 to 95 mole %, the 
crystallization degree is lower than 20%, the melt flow 
rate (190° C) is 0.1 to 20 g/10 min and the melt flow 
rate (230 C.) is 0.1 to 50 g/10 min. 
An ethylene/propylene/dicyclopentadiene terpoly 

mer, an ethylene/propylene/2-ethylidene-5-norbornene 
terpolymer (EPDM), ethylene/1-butene/dicyclopen 
tadiene terpolymer and an ethylene/1-butene/2-ethyli 
dene-5-norbornene terpolymer (EBDM) are preferred 
as the terpolymer, and in these preferred terpolymers, 
the ethylene unit content is 50 to 95 mole %, the propy 
lene or 1-butene unit content is 5 to 50 mole %, the 
unconjugated diene unit content is 0.1 to 20 mole % 
(this range corresponds ordinarily to an iodine value of 
1 to 60, preferably 5 to 30), the crystallization degree is 
lower than 20%, the Mooney viscosity ML14(100 
C.) is 40 to 160 and the iodine value is 5 to 30. 
According to the present invention, a lowly crystal 

line copolymer (b) of propylene with an a-olefin having 
at least 4 carbon atoms is incorporated into the above 
mentioned amorphous ethylene/a-olefin copolymer (a). 
The component (b) used in the present invention is 
characterized in that the compatibility with the compo 
nent (a) is higher than that of other olefin resins such as 
polypropylene, and the component (b) is effective for 
prominently improving the surface gloss of a molded 
article and improving the injection moldability and the 
fusion bondability to other elastomers. 

Similar effects can be attained when a polymer (d) 
composed mainly of 1-butene and a crystalline polymer 
(c) composed mainly of propylene are used in combina 
tion instead of the lowly crystalline copolymer (b) of 
propylene with an a-olefin having at least 4 carbon 
atoms. The reason is considered to be that if the poly 
mers (d) and (c) are used in combination, a polymer 
chain or segment chain similar to that formed by the use 
of the copolymer (b) is formed under conditions causing 
partial crosslinking. 
The low crystalline copolymer (b) of propylene with 

an a-olefin having at least 4 carbon atoms is prepared by 
copolymerizing propylene with at least one ot-olefin 
such as 1-butene, 4-methyl-1-pentene, 1-octene or 1 
decene, and the copolymer (b) has a crystallization 
degree lower than 40%, preferably lower than 30%, as 
determined by X-ray diffractometry. 
The propylene unit content is ordinarily 40 to 90 

mole %, the balance being an a-olefin having at least 4 
carbon atoms. When at least two o-olefin are used, the 
total amount is regarded as the a-olefin amount. 
The melt flow rate MFR(230 C.) of the copolymer 

is ordinarily 0.1 to 200 g/10 min and preferably 1 to 40 
g/10 min. 
As the preferred copolymer, there can be mentioned 

a propylene/1-butene copolymer having a propylene 
unit content of 55 to 85 mole %, a crystallization degree 
of 10 to 30% and a melt flow rate of 1 to 40 g/10 min. 
Copolymers of this type are described in, for example, 
Japanese Patent Publications No. 11322/82 and No. 
36859/82. 
The component (b) alone may be incorporated into 

the component (a), but it is preferred that the compo 
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4. 
nent (b) be incorporated in combination with a crystal 
line polyolefin (c) composed mainly of an a-olefin hav 
ing at least 3 carbon atoms into component (a). 
The component (c) is preferably radical-decomposa 

ble. Ordinarily, the component (c) is a homopolymer or 
copolymer of an a-olefin having at least 3 carbon atoms 
or a mixture thereof, and the crystallization degree is 
ordinarily higher than 40% and preferably higher than 
50%, as determined by X-ray diffractometry. Compo 
nent (c) may contain ethylene as a comonomer, but the 
ethylene unit content is ordinarily lower than 40 mole 
% and preferably lower than 20%. 
The copolymer may be prepared by either block 

polymerization or random polymerization. In order to 
attain a crystallization degree higher than the above 
mentioned lower limit, in case of random copolymeriza 
tion, the content of the monomer of a smaller amount is 
adjusted to lower than 15 mole %, preferably lower 
than 10 mole %, and in case of block copolymerization, 
the content of the monomer of a smaller amount is 
adjusted to lower than 40 mole %, preferably lower 
than 20 mole %. 

Polypropylene having a crystallization degree higher 
than 50% is most preferred. 
As the 1-butene polymer (d) used instead of the con 

ponent (b) in the present invention, there can be men 
tioned (i) a crystalline homopolymer of 1-butene, (ii) a 
crystalline copolymer of 1-butene with other a-olefin or 
diolefin ordinarily in an amount smaller than 10 mole 
%, (iii) a crystalline copolymer of 1-butene with a co 
polymerizable vinyl monomer such as vinyl acetate, 
acrylic acid or a derivative thereof ordinarily in an 
amount smaller than 10 mole %, (iv) a mixture of at 
least two members selected from the above-mentioned 
polymers (i), (ii) and (iii), and (v) a crystalline modified 
polymer obtained by grafting styrene, a derivative 
thereof, an unsaturated carboxylic acid or a derivative 
thereof to a member selected from the above-mentioned 
polymers (i) through (iv) or a polymer obtained by 
partially halogenating a member selected from the 
above-mentioned polymers (i) through (iv). 
This 1-butene polymer (d) is combined with the 

above-mentioned crystalline propylene polymer (c). 
Supposing that the total amount of the components 

(a), (b) and (c) is 100 parts by weight, in the present 
invention, the amorphous ethylene/a-olefin copolymer 
(a) is used in an amount of 10 to 95 parts by weight, 
preferably 10 to 60 parts by weight, and the lowly crys 
talline copolymer (b) of propylene with an a-olefin 
having at least 4 carbon atoms or the combination of the 
crystalline polyolefin (c) and the 1-butene polymer (d) is 
used in an amount of 5 to 90 parts by weight, preferably 
10 to 60 parts by weight. When the amount of the com 
ponent (b) or the combination of the components (c) 
and (d) is too small and is below the above-mentioned 
range, the surface gloss of a molded article, the injection 
fusion bondability and the bonding strength of a bonded 
article are degraded as compared with these properties 
attained when the amount is within the range specified 
in the present invention. 

If the amount of the component (a) is too small and 
below the above-mentioned range, the elastomeric 
property is degraded as compared with the elastomeric 
property attained when the amount of the component 
(a) is within the range specified in the present invention. 
When the combination of the components (d) and (c) 

is used instead of the component (b), it is preferred that 
the components (d) and (c) be used in such amounts that 
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the weight ratio of component (d)/component (c) be in 
the range of from 100/0 to 10/90, especially from 80/20 
to 20/80. 
When the component (b) is used in combination with 

the component (c), it is preferred that they be used in 
such amounts that the weight ratio of component 
(b)/component (c) is in the range of from 100/0 to 
90/10, especially from 80/20 to 20/80. 

In the present invention, various methods may be 
adopted for forming a partially crosslinked elastomer 
composition from the above-mentioned components. 

In accordance with one embodiment of the present 
invention, there is provided a process for the prepara 
tion of a thermoplastic elastomer composition excellent 
in injection fusion moldability and surface gloss, which 
comprises heating and kneading a composition compris 
ing an amorphous ethylene/a-olefin copolymer (a) and 
a radical-decomposable crystalline polyolefin (c), espe 
cially polypropylene, under a radical-forming condition 
to obtain a partially crosslinked thermoplastic elasto 
mer, and fusion-kneading the partially crosslinked ther 
moplastic elastomer and a lowly crystalline copolymer 
(b) of propylene with an a-olefin having at least 4 car 
bon atoms or a 1-butene polymer (d). 

In accordance with another embodiment of the pres 
ent invention, there is provided a process for the prepa 
ration of a thermoplastic elastomer composition excel 
lent in surface gloss, which comprises adding an organic 
peroxide (f) and a radical-polymerizable monomer (e) 
having at least two polymerizable groups to a composi 
tion comprising an amorphous ethylene/a-olefin co 
polymer (a), a lowly crystalline copolymer (b) of propy 
lene with an a-olefin having at least 4 carbon atoms and 
optionally a crystalline polyolefin (c) composed mainly 
of an a-olefin having at least 3 carbon atoms, and dy 
namically heat-treating the resulting mixture. 

In accordance with still another embodiment of the 
present invention, there is provided a thermoplastic 
elastomer composition excellent in surface gloss, which 
comprises dynamically heat-treating a composition 
comprising a crystalline polyolefin (c) composed 
mainly of an a-olefin having at least 3 carbon atoms, an 
amorphous ethylene/a-olefin copolymer (a), an organic 
peroxide (f) and a radical-polymerizable monomer (e) 
having at least two polymerizable groups, adding a low 
crystalline copolymer (b) of propylene with an a-olefin 
having at least 4 carbon atoms or a 1-butene polymer (d) 
and fusion-kneading the resulting mixture, or adding the 
low crystalline copolymer (b) to said composition when 
said composition is fusion-kneaded. 

In the present invention, by the term "radical-form 
ing condition' is meant not only a condition forming 
radicals by decomposition of an added radical forming 
agent but also a condition forming radicals by irradia 
tion with ionizing radiations or electron beams. 
By the term "dynamic heat treatment' is meant aheat 

treatment conducted under a shearing force. The ap 
plied shearing force is 10 to 10 sec-1, preferably 102 to 
103 sec-1, expressed as the shear rate, the heat treat 
ment temperature is 150 to 280 C., preferably 170 to 
240 C., and the heat treatment time is 1 to 20 minutes, 
preferably 3 to 10 minutes. 
The partial crosslinking is effected by the action of 

the free radical on the tertiary carbon atom, which is 
generated in the polymer chain of the above-mentioned 
components. Generally, the above component (a) and 
the above component (b) or the combination of the 
components (d) and (c) are partially crosslinked 
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6 
through the chain of an a-olefin such as propylene to 
form a partially crosslinked elastomer. 

This partial crosslinking structure can be accom 
plished very assuredly by incorporating and grafting a 
radical-polymerizable monomer (e) having at least two 
polymerizable groups in the molecule, and the degree of 
the partial crosslinking attained by this method is such 
that excellent injection fusion moldability and surface 
gloss are obtained. 
As examples of the radical-polymerizable monomer 

(e) having at least two polymerizable groups, to be used 
in combination with the radical-forming agent, the fol 
lowing compounds can be mentioned. 

(e-1) Aromatic compounds such as divinylbenzene 
(DVB), isopropenylstyrene and diisopropenylben 
Zee, 

(e-2) Aliphatic compounds such as ethylene glycol 
dimethacrylate, polyethylene glycol dimethacry 
late, trimethylol propane trimethacrylate and allyl 
methacrylate. 

(e-3) Heterocyclic compounds such as triallyl isocy 
anurate. 

Among these compounds, p-divinylbenzene and p 
diisopropenylbenzene are preferred. 
The typical instance of the radical-forming agent to 

be used for the production of the composition of the 
present invention is an organic peroxide, and any of 
organic peroxides decomposable at a temperature 
higher than the softening point of the polymer compo 
nent which is most difficultly softened among the con 
ponents of the composition can be used in the present 
invention. 
As the organic peroxide (f) to be used in the present 

invention, there can be mentioned, for example, aro 
matic compounds such as dibenzoyl peroxide, dicumyl 
peroxide and 1,3-bis(t-butylperoxyisopropyl)benzene 
(marketed under the tradename of "Parkadox 14”), 
aliphatic compounds such as di-t-butyl peroxide, dilaur 
oyl peroxide, 2,5-dimethyl-2,5-bis(t-butylperoxy)hexane 
(marketed under the tradename of "Perhexa 25B'), 
2,5-dimethyl-2,5-bis(t-butylperoxy)hexene-3 and 2,5- 
dimethyl-2,5-bis(t-butylperoxy)hexyne-3 (marketed 
under the tradename of "Perhexyne'), aromatic-ali 
phatic compounds such as di(t-butylperoxy)perbenzo 
ate, and alicyclic compounds such as p-menthane perox 
ide. Bis-peroxide type compounds are preferred among 
these compounds. 
A crosslinking assistant may be used for the partial 

crosslinking treatment. As the crosslinking assistant, 
there can be mentioned, for example, p-quinone oxime, 
pp'-dibenzoylquinone dioxime, N-methyl-N,N-dini 
trosoaniline, nitrobenzene, diphenylguanidine and 
trimethylolpropane-N,N'-m-phenylene dimaleimide. 

Each of the amounts added of the radical-polymeriza 
ble monomer (e) having at least two polymerizable 
groups and the organic peroxide (f) as a typical instance 
of the radical initiator is ordinarily 0.05 to 3 parts and 
preferably 0.1 to 1 part by weight per 100 parts by 
weight of the total amount of the polymer components. 

Kneading is carried out in the molten state of the 
above-mentioned composition at a temperature within 
the above-mentioned range, especially at a temperature 
at which the half-value period of the organic peroxide 
used is within 1 minute. It is preferred that kneading be 
carried out in a non-opened type apparatus in an atmo 
sphere of an inert gas such as nitrogen or carbon dioxide 
gaS. 
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As the kneading apparatus, there may be used a mix 
ing roll, an intensive mixer such as a Benbury mixer, a 
kneader or a monoaxial or biaxial extruder. A kneading 
apparatus of the non-opened type is preferred. 
The composition of the present invention may further 5 

comprise a softener (spreading oil or plasticizer), a small 
amount of other elastomer such as butyl rubber (IIR) or 
polyisobutylene, carbon black, white carbon, other 
modifier, a filler, an antioxidant, an oxidation stabilizer, 
a weathering stability, a photostabilizer, a processing 10 
assistant, an antistatic agent, a pigment and the like 
according to intended uses. 
The present invention will now be described in detail 

with reference to the following examples that by no 
means limit the scope of the invention. Incidentally, in 15 
these examples, all of "parts' and "%" are by weight 
unless otherwise indicated. Furthermore, the surface 
gloss of the molded article was determined at an inci 
dent angle of 60' according to the method of JIS Z 
8741. 20 

REFERENTIAL EXAMPLE 1 
In a Banbury mixer, 70 parts of an ethylene/- 

propylene/2-ethylidene-5-norbornene copolymer rub 
ber having an ethylene unit content of 78 mole %, a 25 
Mooney viscosity ML14(100 C.) of 70 and an iodine 
value of 15 (hereinafter referred to as “EDPM'), 30 
parts of polypropylene having a melt flow rate (230 C., 
21.6 Kg) of 11 g/10 min and a density of 0.91 g/cc 
(hereinafter referred to as “PP”) and 0.3 part of tet- 30 
rakismethylene(3,5-di-t-butyl-4-hydroxy)hydrocyn 
namatelmethane as the antioxidant were kneaded at 
180° C. for 5 minutes in a nitrogen atmosphere, and the 
kneaded composition was shaped into a sheet bypassing 
it through rolls and was pelletized by a sheet cutter. 35 
Then, 100 parts of the pelletized composition was mixed 
for 1 minute by a Henschel mixer with a liquid formed 
by dispersing 0.3 part of 1,3-bis(t-butylperoxyiso 
propyl)benzene as the organic peroxide in 0.5 part of 
divinylbenzene to stick the solution of the peroxide 40 

m t uniformly on the surface of the pelletized composition. 
Then, the pellet was charged into an extruder and was 
then extruded while dynamically heat-treating the coin 
position at 210 C. in a nitrogen atmosphere for a resi 
dence time of 5 minutes to obtain athermoplastic elasto- 45 
mer pellet. 
The pellet was molded into a rectangular plate hav 

ing a size of 150 mm x 120 mmX3 mm by an injection 
molding machine (Dina-Melter supplied by Meiki 
Seisakusho). The gloss was measured to obtain the re- 50 
sults shown in Table 1. 

EXAMPLE 

By a Henschel mixer, 70 parts of the thermoplastic 
elastomer pellet obtained in Referential Example 1 was 55 
mixed with 30 parts of a lowly crystalline propylene/1- 
butene copolymer pellet having a propylene unit con 
tent of 70 mole % and a melt flow rate (230° C) of 7 
g/10 min (hereinafter referred to as "PBR'), and the 
mixture was charged in an extruder and was extruded at 

8 
210 C. in a nitrogen atmosphere for a residence time of 
5 minutes to obtain an intended composition. 
By using the same molding machine as used in Refer 

ential Example I, the composition was injection-molded 
in a rectangular plate having the same size as that of the 
rectangular plate prepared in Referential Example 1, 
and the surface gloss was measured to obtain the results 
shown in Table i. 

COMPARATIVE EXAMPLE 1 

A rectangular plate having the same size as that of the 
rectangular plate prepared in Example 1 was molded by 
using the same injection molding as used in Example 
in the same manner as described in Example 1 except 
that an ethylene/vinyl acetate copolymer having a 
vinyl acetate unit content of 14 mole % and a melt flow 
rate (190° C) of 15 g/min. The surface gloss was mea 
sured. The obtained results are shown in Table 1. 

EXAMPLE 2 

The same EPDM, PP, PBR and antioxidant as used in 
Example i were charged in a Banbury mixer in amounts 
of 50 parts, 20 parts, 30 parts and 0.3 part, respectively, 
and the mixture was kneaded at 180° C. in a nitrogen 
atmosphere for 5 minutes. The kneaded mixture was 
passed through rolls to form a sheet and the sheet was 
pelletized by a sheet cutter. Then, 100 parts of the pellet 
was contacted with a liquid formed by dispersing 0.3 
part of the same organic peroxide as used in Example 1 
in 0.5 part of divinylbenzene by a Henschel mixer to 
stick the solution unformly on the surface of the pellet. 
Then, the pellet was charged into an extruder and was 
extruded while dynamically heat-treating the pellet at 
210 C. in a nitrogen atmosphere for a residence time of 
5 minutes to obtain a pellet of a thermoplastic elastomer 
composition. 
By the same injection molding machine as used in 

Referential Example 1, a rectangular plate having the 
same size as that of the rectangular plate prepared in 
Referential Example 1 was prepared from this composi 
tion, and the surface gloss was measured. The obtained 
results are shown in Table 1. 

COMPARATIVE EXAMPLE 2 

A thermoplastic elastomer was obtained in the same 
manner as described in Example 2 except that the same 
PP as used in Referential Example 1 was used instead of 
30 parts of PBR, and a rectangular plate was prepared 
by injection molding and the surface gloss of the rectan 
gular plate was measured. The obtained results are 
shown in Table 1. 
From the results shown in Table 1, it will readily be 

understood that molded articles prepared by injecting 
molding of the compositions of the present invention 
are excellent over molded articles prepared from com 
parative compositions in the surface gloss, and that the 
molded articles of the present invention are comparable 
to the comparative molded articles in the basic physical 
properties. 

TABLE 
Referential Example Comparative Example Comparative 
Example 1 1 Example 2 Example 2 

Composition (parts by weight) 
EPDM 70 70 70 50 50 
PP 30 30 30 20 50 
PBR re- 43 30 
EVA 43 O- OM 
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TABLE 1-continued 

Referential Example Comparative Example Comparative 
Example l Example 1 2 Example 2 

POXO 0.3 0.3 0.3 0.3 0.3 
DVB 0.5 0.5 0.5 0.5 0.5 
Surface Gloss (%) O 50 22 40 20 
Basic Physical Properties 

Stress (kg/cm) at 100% 49 60 55 50 90 
% elongation 
Tensile strength (kg/cm) 100 30 10 160 70 
Elongation (%) at 500 560 550 700 600 
tensile break 
Spring hardness 88 93 86 94 97 
"The value per 100 parts, which was converted from 30 parts per 70 parts of the composition obtained by dynamically 
heat-treating EPDM/PP/POXD/DVB (=70/30/0.3/0.5). 

REFERENTIAL EXAMPLE 2 
In a Banbury mixer, 75 parts of an ethylene/- 

propylene/2-ethylidene-5-norbornene copolymer rub 
ber having an ethylene content of 78 mole %, an iodine 
value of 15 and a Mooney viscosity ML14(100 C.) of 
70 (hereinafter referred to as “EPDM'), 15 parts of 
crystalline polypropylene having a melt flow rate (230 
C., 2.16 kg) of 11 and a density of 0.91 g/cc (hereinafter 
referred to as “PP”), 10 parts of an isobutene/isoprene 
copolymer rubber (hereinafter referred to as "IIR”) and 
0.3 part of tetrakismethylene(3,5-di-t-butyl-4-hydroxy 
phenyl)propionatemethane as the antioxidant were 
kneaded at 180 C. for 5 minutes in a nitrogen atmo 
sphere. The kneaded mixture was passed through rolls 
and pelletized by a sheet cutter. Then, the pellet was 
mixed with a liquid prepared by dispersing 0.3 part of 
1,3-bis-(t-butylperoxyisopropyl)benzene in 0.5 part of 
divinylbenzene in a Henschel mixer to stick the solution 
uniformly on the surface of the pellet. Then, the pellet 
was extruded through an extruder at 210°C. in a nitro 
gen atmosphere for a residence time of 5 minutes to 
effect a dynamic heat treatment and obtain a thermo 
plastic elastomer. 
A sheet having a size of 120 mmX 100 mmx2 mm 

was molded from the thermoplastic elastomer by using 
an injection molding machine. A test piece having a 
width of 25 mm was cut from the sheet, and the test 
piece was pulled in the longitudinal direction and the 
stress at break was measured. It was found that the 
stress at break was 40 kg/cm2. The surface gloss was 
8%. 

EXAMPLE 3 

In a Banbury mixer, 70 parts of EPDM of an 
ethylene/propylene/2-ethylidene-5-norbornene CO 
polymer having an ethylene content of 78 mole %, an 
iodine value of 15 and a Mooney viscosity ML14(100 
C.) of 70, 30 parts of a pellet of a lowly crystalline 
propylene/1-butene copolymer having a propylene unit 
content of 70 mole % and a melt flow rate (230 C.) of 
7 g/10 min and 0.3 part of tetrakismethylene(3,5-di-t- 
butyl-4-hydroxyphenyl)propionatelmethane Were 
kneaded at 180. C. for 5 minutes in a nitrogen atmo 
sphere. The kneaded mixture was passed through rolls 
and pelletized by a sheet cutter. By a Henschel mixer, 
100 parts of the pellet was mixed with a solution formed 
by dispersing 0.3 part of 1,3-bis(t-butylperoxyiso 
propyl)benzene in 0.5 part of divinylbenzene to stick the 
solution uniformly on the surface of the pellet. Then, 
the pellet was extruded through an extruder at 210°C. 
for a residence time of 5 minutes in a nitrogen atmo 
sphere to effect a dynamic heat treatment and a thermo 
plastic elastomer. The strength at break of the thermo 
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plastic elastomer was measured according to the 
method described in Referential Example 2. It was 
found that the strength at break was 90 kg/cm2. 
The injection-molded sheet obtained in Referential 

Example 2 was cut into two parts and placed in the split 
mold used for formation of the sheet, and the thermo 
plastic elastomer obtained in Example 3 was injection 
fused to bond the cut parts of the sheet. The bonding 
strength was measured and the surface gloss of the 
fusion-bonded portion was measured according to JIS 
Z-8741. The obtained results are shown in Table 2. 

COMPARATIVE EXAMPLE 3 
The procedures of Example 3 were repeated in the 

same manner except that the thermoplastic elastomer 
obtained in Referential Example 2 was injection-fused, 
and the bonding strength was measured. The obtained 
results are shown in Table 2. 

EXAMPLE 4 

In a Henschel mixer, 80 parts of the thermoplastic 
elastomer obtained in Referential Example 2 was mixed 
with 20 parts of a lowly crystalline propylene/1-butene 
copolymer having a propylene unit content of 70 mole 
% and a melt flow rate (230 C.) of 7 g/10 min (herein 
after referred to as “PBR'), and a pellet of the mixture 
was extruded through an extruder at 210 C. for a resi 
dence time of 5 minutes in a nitrogen atmosphere to 
obtain an intended composition. The injection-molded 
sheet obtained in Referential Example 2 was cut into 
two parts and placed in the split mold used for forma 
tion of the sheet, and the thermoplastic elastomer com 
position obtained in Example 4 was injection-fused to 
bond the cut parts of the sheet. The bonding strength 
was measured and the surface gloss of the fusion 
bonded portion was measured according to JISZ-8741. 
The obtained results are shown in Table 2. 

COMPARATIVE EXAMPLE 4 

A thermoplastic elastomer was prepared in the same 
manner as described in Example 4 except that 20 parts 
of an ethylene/vinyl acetate copolymer resin having a 
melt flow rate (190° C., 2.16 kg) of 15, a density of 0.93 
g/cc and a vinyl acetate content of 14% by weight 
(hereinafter referred to as "EVA') was used instead of 
20 parts of PBR. The injection-molded sheet obtained in 
Referential Example 3 was cut into two parts and 
placed in the split mold used for formation of the sheet, 
and the thermoplastic elastomer composition obtained 
in Comparative Example 4 was injection-fused. The 
bonding strength was measured. The obtained results 
are shown in Table 2. 
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TABLE 2 
Comparative Comparative 

Example 3 Example 3 Example 4 Example 4 
Resin Referential Referential Referential Referential 
Bonded Example 2 Example 2 Example 2 Example 2 
Adhesive Example 3 Referential Example 4 Comparative 
Resin Example 2 Example 4 
Strength 28 10 32 15 
(kg/cm) 
at Break 
State of partial peeling partial peeling 
Fracture material material 

fracture fracture 
Gloss 40 8 45 20 
(60) 

From the results shown in Table 2, it will readily be 1 
understood that the composition of the present inven 
tion can be tightly injection-fusion-bonded to a molded 
article composed of a thermoplastic elastomer. 
More specifically, the bonding strengths at break of 

the sheets of Examples 3 and 4 are 28 and 32 kg/cm, 
respectively, which are about 2 times the strengths at 
break of the sheets of Comparative Examples, which 
are 10 and 15 kg/cm2, respectively. Moreover, the state 
of fracture is only a partial material fracture. Accord 
ingly, it is seen that bonding is not mere adhesion but 
can be regarded as fusion of both the materials. 

Incidentally, the strength at break in Referential Ex 
ample 2 is 40 kg/cm2 but it is a strength of a single plate. 
The fact that the strengths at break of the sheets ob 
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and the bonding strength was measured. The obtained 
results are shown in Table 3. 

EXAMPLE 6 

In a Henschel mixer, 80 parts of the thermoplastic 
elastomer was mixed with 20 parts of lowly crystalline 
PB-1 having a melt flow rate (190° C.) of 20, and the 
pellet was extruded through an extruder at 210°C. for a 
residence time of 5 minutes in a nitrogen atmosphere to 
obtain an intended composition. The injection-molded 
sheet obtained in Referential Example 2 was cut into 
two parts and placed in the split mold used for forma 
tion of the sheet, and the thermoplastic elastomer com 
position of Example 6 was injection-fused. The bonding 
strength was measured. The obtained results are shown 
in Table 3. 

COMPARATIVE EXAMPLE 6 

A thermoplastic elastomer was prepared in the same 
manner as described in Example 6 except that 20 parts 
of an ethylene/vinyl acetate copolymer resin having a 
melt flow rate (190 C., 2.16 kg) of 15, a density of 0.93 
g/cc and a vinyl acetate content of 14% by weight 
(hereinafter referred to as "EVA') was used instead of 
20 parts of PB-1. The injection-molded sheet obtained 
in Referential Example 2 was cut into two parts and 
placed in the split mold used for formation of the sheet, 
and the thermoplastic elastomer composition of Com 
parative Example 6 was injection-fused and the bonding 

tained in Examples 3 and 4 correspond to 70 and 80% of strength was measured. The obtained results are shown 
the strength attained in Referential Example 2 indicates 
that surprisingly high fusion bonding can be formed 
between different materials when the composition of 
the present invention is used. 

EXAMPLE 5 

In a Banbury mixer, 70 parts of EPDM having an 
ethylene content of 78 mole %, an iodine value of 15 
and a Mooney viscosity ML14(100° C) of 70, 10 parts 

35 

of crystalline PP having a melt flow rate (230 C, 2.16 0 (kg/cm) 
kg) of 11 and a density of 0.91 g/cc, 20 parts of a poly-1- 
butene resin having a melt flow rate (190° C., 2.16 kg) of 
2.0 (hereinafter referred to as “PB-1') were kneaded at 
180° C. for 5 minutes in a nitrogen atmosphere, and the 
kneaded mixture was passed through rolls and pellet 
ized by a sheet cutter. Then, in a Henschel mixer, the 
pellet was mixed with a solution obtained by dispersing 
0.3 part of 1,3-bis(t-butylperoxyisopropyl)benzene in 
0.5 part of divinylbenzene to stick the solution uni 
formly on the surface of the pellet. Then, the pellet was 
extruded through an extruder at 210° C. for a residence 
time of 5 minutes in a nitrogen atmosphere to effect a 
dynamic heat treatment and obtain a thermoplastic 
elastomer. When the strength at break was measured 
according to the method described in Referential Exam 
ple 2, it was found that the strength at break was 73.5 
kg/cm2. 
The injection-molded sheet obtained in Referential 

Example 2 was cut into two parts and placed in the split 
mold used for formation of the sheet, and the thermo 
plastic elastomer of Example 5 was injection-fused. The 
bonding strength was measured. The obtained results 
are shown in Table 3. 

COMPARATIVE EXAMPLE 5 

The procedures of Example 5 were repeated in the 
same manner except that the thermoplastic elastomer 
obtained in Referential Example 2 was injection-fused, 
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in Table 3. 

TABLE 3 
Comparative Comparative 

Example 5 Example 5 Example 6 Example 6 
Resin Referential Referential Referential Referential 
Bonded Example 2 Example 2 Example 2 Example 2 
Adhesive Example 5 Referential Example 6 Comparative 
Resin Example 2 Example 6 
Strength 35 O 30 15 

at Break 
State of partial peeling partial peeling 
Fracture material material 

fracture fracture 

From the results shown in Table 3, it will readily be 
understood that the composition of the present inven 
tion can be tightly injection-fusion-bonded to a molded 
article composed of a thermoplastic elastomer. 
More specifically, the bonding strengths at break of 

the sheets of Examples 5 and 6 are 35 and 30 kg/cm2, 
respectively, which are about 2 times the strengths at 
break of the sheets of Comparative Examples 5 and 6, 
which are 10 and 15 kg/cm2, respectively. Moreover, 
the state of fracture is only a partial material fracture. 
Accordingly, it is seen that bonding is not mere adhe 
sion but can be regarded as fusion of both the materials. 

Incidentally, the strength at break in Referential Ex 
ample 2 is 40 kg/cm2 but it is a strength of a single plate. 
The fact that the strengths at break of the sheets ob 
tained in Examples 5 and 6 correspond to 90 and 75% of 
the strength at break attained in Referential Example 2 
indicates that surprisingly high fusion bonding can be 
formed between different materials when the composi 
tion of the present invention is used. 
We claim: 
1. A thermoplastic elastomer composition having 

excellent injection fusion bondability and surface gloss, 
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which comprises an amorphous ethylene/a-olefin co 
polymer (a) and a propylene/1-butene copolymer hav 
ing a propylene unit content of 55 to 85 mole %, a 
crystallization degree of 10 to 30% and a melt flow rate 
of 1 to 40 g/10 min (b) wherein component (a) is present 
in an amount of 10 to 95% by weight based on the total 
amount of components (a) and (b), and component (a) 
or components (a) and (b) are partially crosslinked, and 
which further comprises a radical-polymerizable mono 
mer (c) having at least two polymerizable groups in an 
amount of 0.05 to 1% by weight based on the total 
amount of components (a) and (b), wherein the partial 
crosslinking is effected by grafting of said monomer. 

2. The composition as set forth in claim 1, wherein 
the copolymer (a) is an ethylene/propylene copolymer 
or ethylene/1-butene copolymer having an ethylene 
unit content of 50 to 95 mole % and a crystallization 
degree lower than 20%. 

3. The composition as set forth in claim 1, wherein 
the copolymer (a) is a terpolymer having an ethylene 
unit content of 50 to 95 mole %, a propylene or 1 
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14 
butene unit content of 5 to 50 mole %, an unconjugated 
diene unit content of 0.1 to 20 mole % and a Mooney 
viscosity ML14 (100° C.) of 40 to 160. 

4. The composition as set forth in claim 1, wherein 
the copolymer (b) is a propylene/1-butene copolymer 
having a propylene unit content of 55 to 85 mole %, a 
crystallization degree of 10 to 30% and a melt flow rate 
of 1 to 40 g/10 min. 

5. A process for the preparation of a thermoplastic 
elastomer composition having excellent surface gloss, 
which comprises adding an organic peroxide (f) and a 
radical-polymerizable monomer (e) having at least two 
polymerizable groups to a composition comprising an 
amorphous ethylene/a-olefin copolymer (a), a propyle 
ne/1-butene copolymer having a propylene unit content 
of 55 to 85 mole %, a crystallization degree of 10 to 
30% and a melt flow rate of 1 to 40 g/10 min (b) and 
optionally a polypropylene having a crystallization 
degree higher than 50% (c), and dynamically heat-treat 
ing the resultant mixture. 

as 


