METHOD FCOR MANUFACTURING AN INJECTION-MOLDED ARTICLE

CHNICAL
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The present invention relates to a method for

manufacturing an injection-molded article in which a

L
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olyarylene sulfide resin composition is injection-molded.

BACKGROUND ART
Polyarylene sulfide (hereinafter abbreviated as “PAS")
phenylene sulfide (hereinafter
abbreviated as “PPSY) resin, 1s sxcellent in heat resistance,

mechanical properties, chemical resistance, dimensional

stapility, and flame resistance. Therefore, the PAS resin has
been widely used as a material for parts of electrical or
electronic devices, a material for parts of vehicle devices, a
materiasl for parts c¢f chemical devices, etc., in particular
for applications under high temperatures in usage environment.
However, the PAS resin exhibits a slow crystallization
speed and a high glass transition temperature; therefore, the

crystalline structure is likely to be locally nonuniform. For

this reason, the surface of molded articles is likely te be

nonuniform in terms of appearance as well as structure.
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It is therefore necessary, in order toc continuously
manufacture molded-articles stably using the PAS resin as a

raw material, that mold temperature is

4]
{

t at no less than
140°C to promote crystailization. However, in this case, the

higher mcold temperature leads to a problem in that the amount
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of flash generated at parting surfaces of molds etc. becomes
large.
Onn the other hand, when molding is performed at lowser mold
temperatures (e.g., 100°C or lees), laborious procedures can
be eliminated since temperature control can be performed using

water rather than oll. Furthermore, th
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generated can be reduced. However, since the molding under
lower temperature condition does not promote crystallization
at the surface of molded-articles, problems such as bad
ejection of the molded-articles from the mold (reason:
insufficient surface hardness), suriace roughness change and
dimensional change (or warpage} under certain environment
temperature (reason: shrinkage after molding, or after-

shrinkage) occur.

Methods for compounding various crvstalli
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ion promoters
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or plasticizers for the purpose of eliminating the problems

described above by increasing crystallization speed are

publicly known. For sxample, a method for adding an oligomer
ester (Patent Document 1), a method for adding a thioether

Fh

{Patent Document 2}, a method for adding a carboxylic acid
ester (Patent Document 3}, a method for adding a certzin
phosphoric ester {Patent Documents 4, 5, etc.), etc. are
publicly known. It 1s said that the methed for adding a
certain phosphoric ester described in Patent Documents 4, 5,

etc., is highly effective in particular.

A method for adding a polyphenylene ether
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{polyphenylene oxide resin) and a certain phosphorus compound

in order to improve surface of molded articles, properties, or

H

flame resistance is publicly known in the molded artic

formed of a resin composition containing the PAS resin (Patent
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Document 6, etc.).

[Patent Document 1] Japanese Unexamined Pa
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Publication No. S62-45654

[Patent Document 27 Japansse Unexamined Patent Applicetion,
Publication No. 3862~230848

[Patent Document 3] Japanese Unexamined Pa%tent Application,
Publication No. 3$62-230848

[Patent Document 4! Japanese Unexamined Patent Application,

[Patent Document 5] Japanese Unexamined Patent Application,
Publication No. 2003-33594%

"Patent Docum

1]

nt 6] Japanese Unexamined Patent Application,

Publication No. H07-1453%310

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention
There arise problems, in the methods described in Patent
Documents to 5, such as gesneration of gas during melting and

melding, roughness problem cf molded surface due

by

within injection unit ‘etc., and decrease of mechanical
properties of molded articles.

As described above, the method for adding a phosphoric
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[}

h

(RN

ster fective; howsver, the method describe
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tent Document 4 has a problem of insufficient thermal
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ity during melting at high temperatures. The method
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described in Patent Document 5 is excellent in thermal

stability during melting at high temperaturss, but has 2
problem that the phosphoric ester bleeds out due to continuous

exposure of the molded articles under high temperatures (e.¢.,

180°C).

There arise problems, in the method described in Patent
Document € etc., such as generation of gas during meiting and
molding, roughness of molded surface, and decrease of
mechanical properties of molded articles, similarly as the

method for adding a phosphoric ester described above.

Furthermore, mold temperature is typically set to a
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dditives described above. When molding is performed at mold
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temperatures above 100°C, molded articles with & high degree
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arises & problem that the amount of flash generated increzses
since it takes a long time for the resin, which has Ilowed
into the very narrow space between the parting suriaces of
melds, to soilidify. Furthermore, a mold femperature above

100°C requires great care since temperature control cannot be

performed by water and thus the temperature control must be

Ls described above, the methods for compounding additives

to the PAS resin cannot produce molde
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articles having a higt
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degree 0f crystallinity and also reduce the amount of flash
generated. A method for manufacturing a molded article, whicl
satisfies all of these reguirements, has been reguired;

however, when the mold temperature is set higher, there arise

th

problems such as reguirement of great care in temperature
control of molds and larger amounts of flash generated, on the

hand, when the mcld temperature i

w

set lower, molded articles
with a high degree of crystallinity cannct be obtained
although great care in temperature control of molds may be

mitigated and the amount of flash generated may be reduced.
Accordingly, it has been considered very difficult to reduce
the amount of flash generated and to obtain molded articles
with a high degree of crystallinity.

The present invention has beenrn made to scolve the problems

described above; and it 1s an cb
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the present invention
to provide a method for producing a method for manufacturing
an injection-molded article that can reduce the amount cf

1 . 4

flash genersted and cobtain a molded article with a high degres
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thoroughly investigated o
solve the problems described above. As a result, it has been
found that the problems can be solved by performing injection
molding using a mold having a heat-insulating layer formed on
an inner surface of z mold, and at a mold temperature of 100°C

or less, thereby completing the present invention. More

®

specifically, the present vides the following:
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In a first aspect, a method Ior manufacturing an

indection-moided articie of a peolyvarylene sul
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composition is provided, wherein injection molding
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performed using a mold having a heat-insulating laysr formed

on an inner surface of a mold, and at a mold Temperature of

I
t00°C or less.

et

Rceording to a second aspect of the present invention, 12

according to the first aspect, the heat-insulating layer has a

thermal conductivity of 5 W/ (m-K; or less

¥

According to a third aspect ¢f the present invention, in

the method for manufacturing an injection-molded article
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accerding to the first or second aspect, the heat-insulating
layer includes & polyimide resin.

According to a fourth aspsct of the present invention, in

according to any one of the first to third aspects, the

pelyarylene sulfide resin composition includes a polyphenylene
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Effects of the Invention

In accordance with the present invention, a molid having a
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ing layer formed on an inner surface of a mold is
used as the mold for injection molding. As a result, molded

articles of a high degree of crystallinity can be obtained

“

Since melded articles of a high degree of crystallinity
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can be obtained even under a condition that the mold

temperature 1is
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emperature controel of the mold

can be performed by water. For this reason, molded articles of
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a high degree of crystallinity can be easily obtained in
acceordance with the present invention. Furthermore, when the

rrated

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is & cross—-section view of a mold used in the

v

method for manufacturing an injection-melded article cof the
present invention: 1A is cross~section view showing &
condition in which a heat-insulating layer has been formed on
a pair of divided moids that has been clamped; 1B is a cross

section view showing a condition in which the PAS resin

compesition of molten state has flowed into z cavity where a

x
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heat-insulating laysr has been formed; and 1C is an enlarged

<
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ction view of a part of parting surfaces of divided

molds under a condition in which the PAS resin composition of

molten state has flowed intoc a cavity where a heat-insulating
ayer has been formed.

FIG. 2 is a cross-section view of a mold used in a method

for manufacturing an injection-molded article of the prior

art: 2A is a cross-saction view showing a condition in which a
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has been clamped; 2ZB 1s & crogs-section



view showing a condition in which the PAS resin composition of
molten state has flowed into a cavity where a heat-insulating
layer has not been formed; and 2C is an enlarged cross-section
view of a part of parting surfaces of divided molds under a
condition in which the PAS resin composition of molten state

owad into a cavity where a heat-insulating layer has not
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has

been formed.

PREFERRED MODE FOR CARRYING OUT THE INVENTION

The present invention is explained with respect to
enbodiments thereof below. The present invention is not
limited to¢ the invention described below.

The present invention is a method for manufacturing an

- N

injection-molded article, in which injection molding is
performed using & mold having a heat-insulating layer formed
on an inner surface of a meld, and at a mold temperaturse of
100°C or less. The PAS resin compoesition as the matserial, the

method for manufacturing an injection-molded article of the

resent invention, and an injecrion-molded article resulting

o)

rom the manufacturing method of the present invention are

Hh

¥xplained in crder below.
Polyarylene Sulfide Resin Composition

P

The present invention solves the specific problems

occurring when a resin composition, containing the PAS resin
having a feature of a slow crystallization speed, is used as a

material to be molced. The PAS resin, contained in the resin

composition of the material to be molded, may be conventional



PAS resins, without particular limitation thereto. For examplie,
PARS resins below may be exemplified.
{PAS resin]

ene sulfide-derived resin, contained in
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The polyary
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resin composition, mainly comprises —{(Ar-8)~ {Ar=arvlene
group) as a repeating unit. In the present invention, a PAS

resin having & generally known molacular structure can be used.
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The arylene group includes, but is not specifically
limited to, for example, p-phenylene group, m-phenylene group,

o-phenylene group, substituted phenylene group, p, p'-

diphenyleneether group, p, p'-diphenylenecarbonyl group,
naphthalene group. Among arylene sulfide groups having the
aryleneg groups, preference is given to & homopolymer using the
same repeating units, as well as a polymer comprising

&

repeating units having heterogeneous arylene sulfide groups.

o

A homopolymer having a repeating unit of p-phenylene

rh

fide groups as the arylene group 1is preferable as the
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su
homopolymer, although depending on the application. This is

because

('l

the homopolymer with the p-phenylene sulfide group as
the repeating unit has very high heat-resistance, and exhibits
high strength, high stiffness and high dimensional stability

over & wide temperature range. Molded articles with very

-

excellent properties can be obtained by using the homopolymer.

5

Among arylene sulfide greups having the arylene group, a
combination of at least twe different arylene suifide groups

can be peolymerized to form a copolymer. Among these, &
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combination of p-phenylene sulfide group with m-phenylens
gulfide group is preferably used in view of obtaining molded

articles with excellent properties in terms of heat-resistance,

ty, mechanical property, etc. It is desirabl
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polymer to comprise no less than 70 mol% of the p~phenylene
sulfide group, more preferably nc less than 80 mel% of the p-
phenylene sulfide group.
The PAS resin having the p-phenylene sulfide group and the
~phenylene sulfide group as repeating units is particularly
demanded for increase of the degree ¢f crystallinity in molded

articles, etc. The high degree of crystallinity can be
achieved by using the method for manufacturing an injection-

molded article of the present invention. Furthermore, the

ethod for manulacturing an injection-molded article oi the

ko]

resent invention may be free from probliems in terms of

workability and productivity. Here, the PAS res
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n having

phenylene sulfide group is a PPS (polyphenylene sulfide) re
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{Other Components]
The PAS resin composition used in the present invention

may contain other resins within a range not hindering the

thH

effect of the present invention. Compositions added wit
additives such as nucleating agent, carbon black, pigment like
inorganic calcined pigment, antioxidizing agent, stabilizing

agent, plasticizer, lubricant, release agent, and flame

S v : e
retarder in order t

&)

impart desirable properties are also

encompassed by the PAS resin composition used in the present

invention.
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;Properties of PAS Resin Compcesition]

One feature of the present invention is a lower amount of
flash generated since the molten resin that penetrates between
parting surfaces of molds immediately sclidifies. 2 melt
viscosity of the PAS resin composition changes wvariously
depending on the application since the components in the resin
composition vary depending on the application; however, the

generation of flash can be sufficiently reduced aven when the

I"U

melt viscosity of the PAS resin composition is 300 Pa-s or
less by using the manufacturing method of the present
invention. In this case, the melt viscosity is measured in
accordance with 18011443, and the measurement 1s obtained.
Mcre specifically, melt viscosity is measured using a flat
moid ¢f L mme x 20 mml as a capliilary at a barrel temperature

of 310°C and a shear rate of 1000 sec™".

H
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Method for Manufacturing an Injection-Molded Article

The method for manufacituring

Q

n injection-molded articie

of the present invention is characterized in that & molid

mold is used. Therefore, an explanation 1s given initially
with respect to the mcld used in tne method for manufacturing
an injection-molded article of the present invention.
[Mold]

In the method for manufacturing an injection-molded
article of the present inventicn, the mold having a heat-

'

insulating laver formed on an inner surface of a mold {surface

inside the mold) is used. By action of the heat-insulating
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layer formed on an inner surface of a mold, the PAS resin
composition fliowed into the mold 1s unlikely to solidify near

As a result, the P2S resin
the surface

=

the mold.

the surface of

composition can be prevented from rapild ccoling at t

of the meld and also from solidifving without crystallization,
articles of a high degree of crystallinity can

and thus molded
be cobtained.
Furthermore, the heat brought by the molten resin that has

lown into the mold is unlikely fo dissipate ocuz of the mold
nner

'

py the effect of the heat-insulating layer formed on i
resin composition can

surface of a mold. As a resul
from rapid cooling at the surface of the mold
and

temperatures of the molid,

P

bhe prevented
£ lower

even under a conditicn of
£ crystallinity of molded articles can be
ent

g method of the pres
& high degree
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the degree of
increased. When the manulactur
on is employed, molded articles with

the mold

FaE

inventi

crystallinity can

is set o 100°C or less.

temperature contreol of the meld can be p
cles of a high

be obtained even when
When the mold temperature
erformed by

oy
Q.
(P
G
s
®
®
O

less,
water. For this reason, molded arzi
crystallinity can be easily obtained by employing the method
injection~molded article of the present
on that the

for manufacturing an
It is preferred in the present inventi
rhe

This 1s because ©

invention.
mold temperature is set to 80°C or less.
amount of flash generated can be remarkably reducsd along with
i tallinity of molded

suificiently increasing the degree of crys

articles,



Material etc. of the heat-insulating layer formed on the
inner surface of a mold is not particularly limited as long as

I

ess dissipation cf heat brought by the molten
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resin so that crystallization of the PAS resin proceeds at the

\

mold surface and solidification of the molten resin can be

h

retarded. Those having the heat-insulating layer formed on &

part of the inner surface of a mold (wall surface of cavity)

3

are also encompzassed by the “mold having & heat-insulating

=

layer formed on an inner surface of a mold”. In the method for

3

manufacturing an injection-molded article of the present

o

invention, 1%t 1s necessary that the heat-insulating layer has

been formed on at least all desired parts ¢f the inner surface

of a mold which correspond to the parts wher

6]

a high degree of

s reguired in the resulting molded article, and

-

crystailinity

preferably it has been formed on all of the inner surface of

o

Furthermore, the amount of flash generated can be

h

remarkably reduced by emploving the method for manufacturing
an injection-moided article of the present invention. The
effect on increasing the degree of crystallinity of molded
articles of the present invention and the effect on reducing

lash generated are simply explained with

h

the amount of
reference to figures. FIG. 1 is a view showing & mold used in
the method for manufacturing an injection-molded article of
the present invention, and FIG. 2 is a view showing a mold
used in a method for manufacturing an injection-molded article

of the prior art. FIG. 1A is a cross-section view showing a
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condition in which a heat-insulating layer has been formed on

a palr of divided molds that has been clamped. FIG. 1B is a

[N

cross—-section view showing a condition in which the PAS resin
composition of molten state has flowed into a cavity where
heat-insulating layer has been formed. FIG. 1C is an enlarged

arting surfaces of divided

H

cross~section view at
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molds under a condition in which t©
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PAS resin composition of
molten state has flowed into a cavity where a heat-insulating
layer has been formed. FIG. 2A is a cross=—section view showing
a condition in which a pair of divided molds has been clamped.
FIG. 2B is a cross-section view showing a condition in which
the PAS resin composition of molten state has flowed
cavity where a heat-insulating layer has not been formed. FIG.
2C is an enlarged cross~sectieon view at a part of parting
surfaces of divided molds under a condition in which the PAS

resin compesition of molten state has
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where a heat-insulating layer has not been formed.

As shown in FIG. 1A, the mold I consists of divided mclds
10, 11. 2s also shown in FIG. 12, a pair of divided molds 1G,
12, which has been clamped, is equipped with a cavity 12 and
parting surface 13, 14 of the divided moids. The “inner
surface of a2 mold” indicates a wall surface of the cavity 12,
and the heat-insulating layer 2 has been formed on the entire
wall surface of the cavity 12 as shown in FIG. 1A. As apparent
from FIGs. 1, 2, the mcld shown in FIG. 2 is the same as the
moid shown in FIG. 1 except that the heat-insulating layer 2

has not been formed.



FIG. 1B shows a condition in which the PAS resin
composition 3 of molten state has flowed into a cavity 12 when
the mold temperature is 100°C or less. As shown in FIGs. 1A to
1C, the PAS resin composition around the wall surface of the
cavity 12 is unlikely to harden since the heat-insutlating
layer 2 has been formed on the wall surface ¢f the cavity 12
in accordance with the manufacturing method oI the present
invention. As a result, the PAS resin even with a slow
crystallization speed undergoes crystallization, which can
result in molded articles with a high degree of crystallinizy.

FIG. 2B shows a condition in which the PAS resin
composition of molten state has flowed into a cavity 12, where
the heat-insulating layer has not been formed, when the mold
temperature is 100°C or less. As shown in FIGs. 22 to 2C,
since the heat-insulating layer has not been formed in the
cavity 12 of molds used in the conventional manufacturing
method, the PAS resin composition is zapidly cocled when the
mold temperature is 100°C or less. As a result, the PAS resin

with a slow crystallization speed solidifies before sufficient

bt

progress of crystallization, thus molded articles with a high

degree of crystaliinity cannot be obtained.

®

FIG. 1C shows an enlarged cross—section view near partin

Q2

w

surfaces 13 of divided molds under a condition in which the

PAS resin composition 2 of molten state has flowed into a
cavity 12. As shown in FIG. 1C, the heat-insulating layer 2

has been formed at the parting surfaces. Then the mold

temperature is set te 100°C or less in the method for
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manufacturing an injection-molded article c¢f the present

invention. Therefore, the PAS resin composition 3 of molten

Fh
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state, which has flowed between the parting surfaces 13, 14 o
divided molds, immeciately solidifies, thereby the amount of

flash generated can be remarkably reduced.

e}

FIG. 2C shows an enlarged cross-section view near the
parting surface 13 of divided molds under a condition in which
the PAS resin composition of molten state has flowed into a
cavity 12 where a heat-insulating layer has not been formed
when the mold temperature is above 14(°C. The injection
molding is performed with setting the mold temperature toc a

temperature of 140°C or more; however, solidification of the

PAS resin composition penetrated between the parting suriaces

2
-

ot

, 14 of divided molds is retarded when the mold temperaturs
becomes higher., As a resulz, the amount oI flash generated
increasses with conventional manufacturing methods. ¥When the
mold temperature is set lower in order tc reduce the amount of
fiash gensrated, the PAS resin 1s rapidly cooled and

immediately solidifies at the wall surface of the cavity. The

PAS resin has a slow speed of crystallization, therefore, the

&)

degree of crystallinity of molded articles becomes lower when

it is rapidiy cooled and immediately solidifies.

o

The thickness of the heat-insulating layer, which is not
particularly limited, may be appropriately set toc a preferable
thickness depending on a material fto be used, & shape of the

molded article, etc. It is preferred that the thickness of the

heat-insulating layer i1s no less than 20 pm since a
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sufficiently high heat-insulating effect can be obtained. The
thickness of the heat-insulating layer formed on the inner
surface of a mold may be uniform; alternatively sites with a

different thickness may be included in the heat-insulating

t is also preferred in particular that a thsrmal

conductivity of the heat-insulating layer formed on the inner
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1d iz 5 W/ im-K) or less. When thes thermal
conductivity of the heat-insulating laver is adjusted within
the range, injection-molded articles with & high degree of
crystallinity can be more easily cobtained even when injection-
molded articles are manufactured at a mold temperature of

100°C or less. Here, the thermal conductivity described above

)

indicates one measured by the method described in Examples.
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It is alsoc necessary for the heat-insulating laver to have

heat resistance sc that it can withstand high temperatures
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he PAS resin composition at high

temperatures flows into the moids during injection molding.

b

It is preferred that the heat-insulating layer formed on

the inner surface ¢of the mold used in the method for
manufacturing an injection-molded article of the present

a5

invention contains a pclyimide resin. This is bacause the

e}

olyimide resin has a thermal conductivity of 5 W/ {(m-K) or
less and also heat resistance sufficiently durable to high

temperatures during inj

(9% 2

ection molding. Examples of the
polyimide resin which can be emploved, include pyromellitic

cid (PMDA} peolyimide, biphenyl tetracarboxylic acid polyimide,
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pclyamide-imide using trimellitic acid, bismaleimide resin

{(bismaleimide/triazine etc.), benzophenone tetracarboxylic

acid polyimide, acetylene~-terminated polyimide, thermoplastic

it is particularly

polyimide, and the like. In addition, it

raeferred that the heat-insvlating layver consists of the

Prefesrable materials other than the poclyimide

]

polyvimide resi

resin are exemplified by a tetrafluorcethylene resin etc.

The method for forming the heat-

inner surface of the mold is not particularly limited. For

example, the heat-insulating 1

inner surface of the moid by the methods below.

There are exemplified by a method for forming a heat-

insulating layer of a polyimide film etc. by coating a

sclution of polymer precursor such as polyimide precursor on a

mold surface, heating to evaporate a solvent thereof, and

heating further to cause polymerization; a method for wvapor-

depositing and polymerizing a monomer of heat-resistant

polymer such as pyromeillitic acid anhydride and 4,4-diaminc
or when a planar mold is used, an appropriate

=
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diphenyl ether;
thod for adhering a heat-insulating polymer film or a method
for forming a heat~insulating layer bv adhering an adhesive

tape or & heat-insulating polymer film on a desired part of a

film is formed an

Fh

mold. It is alsc possible that a polyimide

then a chromium (Cr) film or & titanium nitride (TiN)

formed as a hard metal film on the surface.

Molding Conditions other than the meld temperature may be

appropriately set depending on meteriazls te be used and shapes
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of injection-molded articles.

Injection-Molded Article

Q.

As described above, injection-molded articles containing
the PAS resin composition prepared by the manufacturing method
of the present invention are sufficiently high in terms of the
degree of crystallinity. As the crystallinity progresses, the
molded articles become harder and the hardness thereof becomes
higher. For this resason, the hardness of molded articles is an
index for evaluating the degree of crystallinity. In this
invention, “high degree of crystallinity” indicates that the
moided articles are higher in terms of the degree of
crystalilinity compared to the molded articles prepared using a
mold where the heat-insulating layer has not been formed. In
accordance with the manufacturing method c¢f the present
invention, the Vickers hardness of the resulting molded
articles is higher by 10 kgf/mm’ or more than that of the
nolded articles prepared by the conventicnal manufacturing

methods; and molded articles with a surface hardness of

o8

3.0
kgf /mm® or more, which corresponds to the Vickezrs hardness of
the molded articles resulting from conventional injection
molding at a mcld temperature of 140°C, can be obrained. The
values of the Vickers hardness are obtained by the method

described in Examples.

EXAMPLES
The present invention i1s more specifically explained based

on examples, but the present invention is not limited to the
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examples.
Material

PAS resin composition: polyphenylene sulfide resin
composition (Fortron 1140R64, by Polyplastics Ce., Lid.), 230
Pars of melt viscesity in accordance with ISO 11443

Material for forming heat-insu

f—)

ating laye

3
<t
83
i
-3
I,...l.
2
%
@]
o

polyimide resin {by Fine Chemical Japan Co., Ltd.), 0

1

W/ {m K) of thermal conductivity
The thermal conductivity of the polyimide resin was

P

calculated from & th

®
P
=
o8}
I_..l
O.
“J -
[
!
[
m
’,_( -
o]
o)

factor based on a lasex

flush method, a specific gravity based on Archimedes metnod,

4

and a specific heat bassd on DSC.

Exampie 1

A heat-insulating material was spraved onio a mold cavity
(flat plate shape of 40mm sguare with a thickness of imm), and
was baked at 250C for 1 hour to build up a heat-insulating

layer (Polyimide). This laver then was polishesd to the righ

thickness shown in Table 1, and PAS was molded within the
vity under the condition of mold temperature also shown in
Table 1, and thereby obtained the injection-moldad articlie. In
addition, conditions other tharn the molding condi

in Table 1 are indicated below.

[Moiding Condition]

Rotation number of screw: 100 rpm

Injection speed: 100 mm/sec

Example 2

An injection-molded article was prepared under the same

) N

conditions as those of Example 1 except that the mold



temperature was changed from 40°C to BO°C.
Example 3

An injection-molded article was prepared under the same
conditions as those of Example 1 except that the mold
temperature was changed from 40°C to 100°C.
Comparative Example 1

An injectilicecn-molded article was preparsed under the same

4]
"

conditions as those c¢f Example 1 except that a mold, where the

§

,_
5

heat-

[N

sulating layer had not bee

3

formed, was used.

p

Comparative Example 2

An injection-molded article was prepared under the same
conditions as those of Comparative Example 1 except that the
mold temperature was changed from 4CG°C to 80°C.

Comparative Example 3

)
Q.
o
5
0.
®
£
"y
®
n
o
=
®

An injecticon-molded article was prepar
conditions as those of Comparative Example 1 except that the
mold temperature was changed from 40°C to 100°C.

Comparative Example ¢

3

An injection-molded article was prepared under the same

e - - -3 - iy
nXampie 1L 8XCept Tnat tne

¢
R

conditions as these of Comparativ
mold temperature was changed from 40°C to 140°C.
Evaluation

The injection-molded articles prepared by the
manufacturing methods of Exampies 1 to 2 and Comparative

£Z

Examples 1 t0 4 were evaluated 1n terms of Vickers hardness

-

o
3
&3
fh
‘—J
W

sh length.

[Evaiuation of Vickers Hardness]
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The Vickers hardness of a éurface of an injection-molded
article was measured under the condition of 25 gf of lcad and
25 seconds of loading time using a micro Vickers hardness
tester (by Matsuzawaseiki. Co., Ltd., DMH-1LS). The

measurement results are shown in Table 1. Here, 33.0 kgf/mm®

4y

or more of Vickers hardness represents sufficient

5

The flash length at four edges of a flat plate (40mm
square with a thickness of Imm} was measured by using a Vision
Measuring Machine to magnify the target, and the maximum value
was defined as the flash length.

The measurement results are shown in Table 1.

]

Table 1}

Compara | Compara | Compara | Compara
Example | Example | Example tive tive tive Tive
s 1 s$2 s3 Example | Example | Exampizs | Example
1 2 3 4
Thickness of
Polyimide Film 20 20 20 1] 0 0 0
(m)
mold
temperature 40 80 160 40 80 100 140
(cc)
Vickers 344 334 34.8 22.8 223 22.8 33.9




hardness

(kef/mm?)

Flash Length

12 14 29 13 12 32
{grm)

75

ks apparent from the results of Examples 1 tce 3 shown in
Table 1, the amount of flash generated can be reduced during
molding along with providing a sufficient Vickers hardness.
Furthermore, temperature control of the mold coulid be
prerformed by water in Examples 1 to 3 since the mold
temperature was 100°C or less.

As is apparent from the resulits of Examples 1 fo 3 and
Comparative Example 4, in accordance with the manufacturing
method of t

e res

]

nt invention, the Vickers hardness can be

e}

&

[0

nigh as that achieved when a mold temperature of 140°C is

used. This result demonstrates, 1n accordance with the

1

manufacturing method of the present invention, that the degree

ok
]

ct

of crystallinity can as high as that achieved when a mold
temperature of 140°C is used, even when the mold temperature
is 100°C or less.

As is apparent from the results of Examples 1 to 3, the
amount of Zlash generated can be remarkably reduced and

Vickers hardness can be sufficiently increased even when the

mold temperature is 100°C or less.

EXPLANATION OF REFERENCE NUMERALS

*g
3
O
i_.)
o3




11: divided molds

cavity

14: parting surfaces of divided molds
heat-insulating layer

PAS resin composition
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CLAIMS

1. A method for manufacturing an injection-moided article of a polyarylene sulfide resin
composition, wherein injection molding is performed using a mold having a heat-insulating
layer formed on an inner surface of a mold, and at a mold temperature of 100°C or less,
wherein the heat-insulating layer includes a polyimide resin.

2. The method for manufacturing an injection-molded article according to claim 1,
wherein the heat-insulating layer has a thermal conductivity of 5 W/(m=K)} or less.

3. The method for manufacturing an injection-molded article according to claim 1 or 2,
wherein the polyarylene sulfide resin composition includes a polyphenyiene sulfide resin.



