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(57) Abréege/Abstract:

he present invention provides a multilayer molded article with improved appearance, comprising a body of a thermoplastic
resin and a skin material which Is laminated onto the surface thereof. The skin material comprises an olefin thermoplastic
elastomer having a complex viscosity (n*) of from 1.0 x 10% to 5.0 x 10% poises at 200°C, a vibrational angular velocity of 100
rad/sec. and a Newtonean viscosity index (n) of form 0.6 to 0.8 in a vibrational angular velocity range between 50 and 200
rad/sec.
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The present invention provides a multilayer molded
article with improved appearance, comprising a body of a
thermoplastic resin and a skin material which is laminated
onto the surface thereof. The skin material comprises an
olefin thermoplastic elastomer having a complex viscosity (n¥*)
of from 1.0 X 10* to 5.0 x 10* poises at 200°C, a vibrational
angular velocity of 100 rad/sec. and a Newtonean viscosity
index (n) of form 0.6 to 0.8 in a vibrational angular velocity
range between 50 and 200 rad/sec.
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Multilaver Molded Article and Method

For Producing the Same
The present invention relates to a multilayer molded

article and a method for producing the same. In particular,
the present invention relates to a thermoplastic resin molded
article having a skin material layer, which article has good
appearance and is used as an automobile interior panel or an
electric appliance, and a method for producing such molded
article.

The beauty and softness of known high-grade molded
articles can be improved by laminating a skin material
thereon. As the skin material, a film or sheet of soft
polyvinyl chloride or a thermoplastic elastomer can be used.

A method for producing a multilayer molded article having
a skin material, comprises forming a molded article of a
thermoplastic resin by a conventional molding method, such as
injection molding, and then forming the skin material on the
molded article by, for example, vacuum molding, or
simultaneously forming the molded article and the skin
material, laminating the skin material to the article with an
adhesive.

Alternatively, the multilayer molded article can be
produced by placing the skin material in a mold, closing the
mold, then injecting a molten thermoplastic resin in a mold
cavity through a gate of the mold to laminate the resin with
the skin material, cooling the mold and opening the mold to
remove the molded article. In connection with this method, it
is known to use a mold having ornamental designs on its inner
wall so as to transfer such designs to the surface layer of
the skin material comprising the surface layer and a foam
layer and thus improve the appearance of the molded article
(cf. Japanese Patent Kokaili Publication No. 83633/1984).

However, in the method comprising supplying a
thermoplastic resin melt onto the skin material which
comprises the surface layer and the foam layer so as to
transfer the ornamental designs of the mold to the skin

material, since the molding conditions including the mold
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temperature, the temperature of the thermoplastic resin and
the molding pressure are very severe, the foam layer 1s
crushed to a large extent and defective moldings are often

found.
When the skin material having no backing foam layer 1s

used, the skin material is strongly pressed against the mold
by the thermoplastic resin melt at a high temperature and a
high pressure. However, its surface is discoloured and the
designs of the skin material are deformed so that the overall

appearance of the molded article tends to be unsatisfactory.
In trying to solve the above problems, the present

inventors have found that partial thinning or breakage of a

skin material is prevented and the designs of the mold are

precisely transferred to a molded article by using a skin
material made of a thermoplastic elastomer having a specific

melt viscosity.

Accordingly, the present invention provides a method for
producing a multilayer molded article produced by placing,
between unclosed male and female molds, a skin material
comprising an olefin thermoplastic elastomer having a complex
viscosity (n*) of from 1.0 X 10* to 5.0 x 10* poises at 200°C
and a vibrational angular velocity of 100 rad/sec. and a
Newtonean viscosity index (n) of from 0.6 to 0.8 1in a
vibrational angular veloclity range between 50 and 200 rad/sec.

both measured by a dynamic viscoelasticity measurement,
supplying a thermoplastic resin melt between the skin material

and either of the male and female molds, and closing the male
and female molds to integrally bond the skin material and the
thermoplastic resin.

The present invention further provides a multilayer
molded article comprising a body of a thermoplastic resin and
a skin material which is laminated on a surface of said body

and comprises an olefin thermoplastic elastomer having a
complex viscosity (n*) of from 1.0 x 10* to 5.0 x 10* poises at

200°C and a vibrational angular velocity of 100 rad/sec. and a
Newtonean viscosity index (n) of from 0.6 to 0.8 1in a

vibrational angular velocity range between 50 and 200 rad/sec.
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both measured by a dynamic viscoelasticity measurement.
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The invention is described in greater detail below with
reference to the accompanying drawings, in which:

Figs. 1 to 3 are cross sections of the apparatus 1in
various steps of the method of the present invention.

The thermoplastic elastomer to be used as the skin
material has flow characteristics such as a complex viscosity
(n*) of from 1.0 X 10* to 5.0 x 10* poises, preferably from
1.3 X 10* to 2.5 x 10* poises at 200°C and a vibrational
angular velocity of 100 rad/sec., and a Newtonean viscosity
index (n) of from 0.6 to 0.8, preferably from 0.65 to 0.75 1n

a vibrational angular velocity range between 50 and 200

rad/sec., both measured by a dynamic viscoelasticity
measurement.

When the dynamic viscosity (n*) 1s less than 1.0 x 10%
poises, the degree of shear deformation due to the heat and
flow of the thermoplastic resin melt 1s large, to the extent
that the skin material tends to be broken. When it 1s larger
than 5.0 x 10* poises, it is difficult to produce the skin
material of the thermoplastic elastomer by a T-die extruder.

When the Newtonean viscosity index (n) 1is less than 0.6,

since the flow characteristics are close to a Newtonean fluid,
the skin material easily flows only by the influence of heat,
rendering it easily broken. When the Newtonean viscosity
index is larger than 0.8, the viscosity of the elastomer in a
low shear range increases so that the sheet processing by the
extruder becomes difficult.

Exanmples of the olefin thermoplastic elastomer to be used
as the skin material in the present invention are a dynamic
cross—-linked material of an olefin rubber such as an ethylene-
propylene rubber, an ethylene-propylene-diene terpolymer, and
the like, and an olefin resin, or a blend of such dynamic
cross-linked materials and an olefin resin such as
polyethylene, polypropylene and the like. A composition of
such material or blend optionally containing various '

additives, compounding agents, pigments, softeners and the

like is formed in a sheet by calendering or extrusion molding.
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To improve the flaw resistance of slip property, a £ilm
of an abrasion resistant resin such as a polyurethane or
acrylic resin and engineering plastics is laminated onto the
sheet surface through bonding or with an adhesive, or a
coating agent is applied to the sheet surface. The coating
agent may be applied to the surface of the article after
molding.

As the thermoplastic resin in the present invention, any
thermoplastic resin which can be fusion bonded with the olefin
thermoplastic elastomer to be used as the skin material and 1is
conventionally used in compression molding, injection molding
or extrusion may be used. Examples of the thermoplastic resin
are polyethylene resins such as high density polyethylene,
polypropylene, copolymers comprising propylene, or mixtures
thereof.

To the thermoplastic resin, various fillers such as
organic fillers or glass fibres, and various additives such as
pigments, lubricants, antistatic agents or stabilizers may be
added, if desired.

Referring to the accompanying drawings, the invention
comprises:

(1) A thermoplastic elastomer sheet as a skin material
in a continuous sheet form or after cut to a suitable size 1is
placed on a skin material-fixing frame 4 (Fig. 1).

(2) Then, a female mold 3 is lowered, and the
thermoplastic elastomer sheet 6 is held between the skin
material-fixing frame 4 and the female mold 3 with a suitable
clamping force. Thereafter, a resin melt 7 is supplied
between the thermoplastic elastomer sheet 6 and a male mold 2
through a resin melt passage formed in the male mold 2 while
the female mold 3 and the male mold 2 are still unclosed.

(Fig. 2).

(3) When the female mold 3 and the skin material-fixing
frame 4 are lowered, the resin melt 7 flows to press the
thermoplastic elastomer sheet 6 against the female mold 3,
whereby the thermoplastic elastomer sheet 6 1s tugged 1in

concaves of the female mold while a peripheral part of the
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thermoplastic elastomer 6 slides between the skin material-
fixing frame 4 and the female mold 3 and the thermoplastic
elastomer sheet 1s expanded.

(4) As the female mold 3 and the skin material-fixing
frame are further lowered, the male and female molds 2, 3 are
completely closed, the thermoplastic elastomer sheet 6 and the
thermoplastic resin 8 are integrated together, and the molding
is finished (Fig. 3).

(5) After cooling, the female mold 3 is lifted, and the
multilayer molded article comprising the skin material 6 and

thermoplastic resin 8 which are integrally laminated 1is

removed.
In the present invention, usually, the skin material

having a thickness of 0.3 to 1.2 mm is placed between the
unclosed male and female molds at a temperature of 20 to
120°C, the melt of the thermoplastic resin heated at a
temperature of 180 to 230°C is supplied on the foam layer side
of the skin material, the molds are closed, and the resin and
the skin materials are molded under a pressing pressure of 20

to 150 kg/cm®. Thereby, the laminated molded article having

exactly transferred ornamental designs of the mold such as
emboss, satin or hairlines 1s produced.
The above description illustrates an example of the

molding method of the present invention, and preheating of the
skin material, presence or absence of premolding, positions of
the male and female molds, presence or absence of the skin
material-fixing frame, a manner for supplying the resin melt
or a mold design for treating edge parts can be freely
selected within the scope of the present invention.

To explain the present invention further in detail,
Examples will be presented. In the Examples, the properties
are measured by the following methods:

(1) Tensile properties

Modulus at 100% elongation (M100), tensile strength at
break (Tg) and elongation at break (E;) are measured accordihg

to JIS K 6301.
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(2) Flow characteristics

Using a parallel plate type dynamic viscoelasticity
measurement apparatus (manufactured by Rheometrix), dependency
of a complex viscosity (n*) on the vibrational angular

velocity is measured.
A Newtonean viscosity index (n) 1s calculated from the

results of the above measurement.
Vibrational angular velocity: 1 - 200 rad/sec.

(rotational speed)

Rotational displacement: 5%
Atmospheric temperature: 200°C or 250°C
Example 1

In a Mixtron BB-16* (manufactured by Kobe Steel, Ltd.),
70 parts by weight of an oil-extended EPDM rubber (Mooney
viscosity (ML,,, 100°C) = 78) which consisted of 100 parts by
weight of an ethylene-propylene-ethylidenenorbornene copolymer
rubber (propylene content: 28% by weight, iodine value: 12)
and 100 parts by weight of a mineral o0il base softener
(Dynaprocess* PW 380 manufactured by Idemitsu Kosan), 30 parts
by weight of random polypropylene (ethylene content: 4.5% by
weight, MFR (230°C, 2.16 kg) - 1.3 g/10 min.) and 0.4 part by
weight of a cross-linking aid (Sumifine BM*, manufactured by
Sumitomo Chemical Co., Ltd.) were mixed for 10 minutes and
extruded to produce a particulate composition. To 100 parts
by weight of the composition, 0.04 part by weight of 2,5-
dimethyl-2,5-di-tert.~butylperoxyhexane was added and
dynamically cross-linked at 220°C for one minute with a twin-
screw kneader (TEX-44* manufactured by Nippon Seikosho) to
prepare a thermoplastic elastomer. The properties of the
thermoplastic elastomer were as follows:

Tensile properties

M100 = 33 kg/cm2
T, = 145 kg/cm2

E, = 730%

* Trademark
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Flow characteristics (at 200°C) ”

n*x = 1.3 x 10* poises

n = 0.72

The thermoplastic elastomer was T-die extruded with an
extruder of 40 mm in diameter at 220°C to form a sheet having
a thickness of 0.6 mm.

As the skin material, this sheet was placed in the
unclosed mold consisting of a female mold having engraved
designs on its inner wall, and polypropylene (Sumitomo Noblen
AZ 564* manufactured by Sumitomo Chemical Co., Ltd.) which had
been molten and plasticized at 200°C through a resin passage
provided in the lower male mold. Thereafter, the mold was
closed to effect molding of the resin. The molded article had
clearly transferred designs of the female mold and no breakage
of the skin layer foam layer, and a multilayer article with
good appearance was obtalned.

Example 2

In a Mixtron BB-16 (manufactured by Kobe Steel, Ltd.), 40
parts by weight of an oil-extended EPDM rubber (Mooney
viscosity (ML,, 100°C) = 78) which consisted of 100 parts by
weight of an ethylene-propylene-ethylidenenorbornene copolymer
rubber (propylene content: 30% by weight, iodine value: 10)
and 40 parts by weight of a mineral oil base softener
(Dynaprocess* PW 380 manufactured by Idemitsu Kosan), 40 parts
by weight of an ethylenepropylene copolymer (propylene
content: 53%, Mooney viscosity (ML,,, 100°C) = 43), 20 parts by
weight of random polypropylene (ethylene content: 4.5% by
weight, MFR (230°C, 2.16 kg) = 1.3 g/10 min.) and 0.4 part by
weight of a cross-linking aid (Sumifine BM manufactured by
Sumitomo Chemical Co., Ltd.) were mixed for 10 minutes and
extruded to produce a particulate composition. To 100 parts
by weight of the composition, 0.04 part by weight of 2,5-
dimethyl-2,5-di-tert.-butylperoxyhexane was added and
dynamically cross-linked at 220°C for one minute with a twin-

screw kneader (TEX-44* manufactured by Nippon Seikosho) to

*Trade Mark
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prepare a thermoplastic elastomer. The properties of the
thermoplastic elastomer were as follows:

Tensile properties

M100 = 17 kg/cm?

T, = 44 kg/cm®
E, = 620%

8

Flow characteristics (at 200°C)

n* = 1.75 x 10* poises

n = 0.66

The thermoplastic elastomer was T-die extruded with an
extruder of 40 mm in diameter at 220°C to form a sheet having
a thickness of 0.6 mm.

In the same molding manner as in Example 1 but using this
skin material, molding was carried out.

The molded article had clearly transferred designs of the
female mold and no breakage of the skin layer foam layer, and
a multilayer article with good appearance was obtailned.

Example 3

In a Mixtron BB-16 (manufactured by Kobe Steel, Ltd.),

70 parts by weight of an oil-extended EPDM rubber (Mooney
viscosity (ML,,, 100°C) = 78) which consisted of 100 parts by
weight of an ethylene-propylene-ethylidenenorbornene copolymer
rubber (propylene content: 30% by weight, iodine value: 10)
and 40 parts by weight of a mineral oilil base softener
(Dynaprocess* PW 380 manufactured by Idemitsu Kosan), 30 parts
by weight of random polypropylene (ethylene content: 4.5% by
weight, MFR (230°C, 2.16 kg) = 1.3g/10 min.) and 0.4 part by
weight of a cross-linking aid (Sumifine BM* manufactured by
Sumitomo Chemical Co., Ltd.) were mixed for 10 minutes and

extruded to produce a particulate composition. To 100 parts
by weight of the composition, 0.04 part by weight of 2,5-
dimethyl-2,5-di-tert.-butylperoxyhexane was added and
dynamically cross-linked at 220°C for one minute with a twin-
screw kneader (TEX-44* manufactured by Nippon Seikosho) to

* Trademark
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prepare a thermoplastic elastomer. The properties of the
thermoplastic elastomer were as follows:
Tensile properties
M100 = 32 kg/cm®
T, = 146 kg/cm’
Eg 800%
Flow characteristics (at 200°C)

n* = 2.0 x 10* poises

n = 0.74

Flow characteristics (at 250°C)

n* = 1.6 x 10* poises

n = 0.74

The thermoplastic elastomer was T-die extruded with an
extruder of 40 mm in diameter at 220°C to form a sheet having
a thickness of 0.6 mm.

As a skin material, this sheet was placed in the unclosed
mold consisting of a female mold having engraved designs on
its inner wall, and polypropylene (Sumitomo Noblen AZ 564%
manufactured by Sumitomo Chemical Co., Ltd.) which had been
molten and plasticized at 250°C through a resin passage
provided in the lower male mold. Thereafter, the mold was
closed to effect molding of the resin. The molded article had
clearly transferred designs of the female mold and no breakage
of the skin layer foam layer, and a multilayer article with
good appearance was obtained.

Comparative Example

In a Mixtron BB-16 (manufactured by Kobe Steel, Ltd.), 70
parts by weight of an oil-extended EPDM rubber (Mooney
viscosity (ML,,, 100°C) = 53) which consisted of 100 parts by
weight of an ethylene-propylene-ethylidenenorbornene copolymer
rubber (propylene content: 28% by weight, iodine value: 12)
and 100 parts by weight of a mineral olil base softener
(Dynaprocess* PW 380 manufactured by Idemitsu Kosan), 30 parts
by weight of random polypropylene (ethylene content: 4.5% by
weight, MFR (230°C, 2.16 kg) = 8.0 g/10 min.) and 0.4 part by

* Trademark
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weight of a cross-linking aid (Sumifine BM* manufactured by

Sumitomo Chemical Co., Ltd.) were mixed for 10 minutes and

- 10 =-

extruded to produce a particulate composition. To 100 parts
by weight of the composition, 0.04 part by weight of 2,5-

5 dimethyl-2,5-di-tert.-butylperoxyhexane was added and
dynamically cross-linked at 220°C for one minute with a twin-
screw kneader (TEX-44* manufactured by Nippon Seikosho) to
prepare a thermoplastic elastomer. The properties of the
thermoplastic elastomer were as follows:

10 Tensile properties
M100 = 30 kg/cm?

_ 2
T, = 143 kg/cm

E, = 750%
Flow characteristics (at 200°C)
15 n* = 8.0 x 10° poises
n = 0.65

In the same molding steps as in Example 1 but using this

skin material, molding was carried out. The skin material was
broken.

20

25
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35 * Trademark




10

15

20

25

..
A
q'

-1 - 2046785

Claims:

1. A multilayer molded article comprising a body of a
thermoplastic resin and a skin material which is laminated on
a surface of said body and comprises an olefin thermoplastic
elastomer having a complex viscosity (n*) of from 1.0 x 10° to
5.0 x 10* poises at 200°C and a vibrational angular velocity of
100 rad/sec. and a Newtonean viscosity index (n) of from 0.6
to 0.8 in a vibrational angular velocity range between 50 and
200 rad/sec. both measured by a dynamic viscoelasticity
measurement.

2. A multilayer molded article according to claim 1,
wherein said complex viscosity is from 1.3 X 10* to 2.5 x 10*
polises.

3. A multilayer molded article according to claim 1,
wherein said Newtonean viscosity index 1is from 0.65 to 0.75.

4. A method for producing a multilayer molded article
comprising placing, between unclosed male and female molds, a
skin material comprising an olefin thermoplastic elastomer
having a complex viscosity (n*) of from 1.0 x 10* to 5.0 x 10*
poises at 200°C and a vibrational angular velocity of 100
nad/sec. and a Newtonean viscosity index (n) of from 0.6 to
0.8 in a vibrational angular velocity range between 50 and 200
rad/sec. both measured by a dynamic viscoelasticity
measurement, supplying a thermoplastic resin melt between said
skin material and either of said male and female molds, and
closing said male and female molds to integrally bond said

skin material and said thermoplastic resin.
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