“STRETCHED STYRENE—BASED RESI N MOLDI NGS AND A PROCESS FOR PRODUCT! #€FHEEREOF
I—BACKGRCUND OF THE I NVENTION 1. Field of the Invention The present invention
Telates to stretched styrene-based resin noldings and a process for the
production thereof. Mre particularly, it is concerned with stretched
styrene- based resin noldings which are excellent in heat resistance,

sol vent $PREBCHRED eSTERENESBASERS RESANCHMOLAINGS IAND 17s (HROGESS praperti es,
mechani cal strength, nodulus of elasticity, dinmensional stability and

t ranspar BRRJYCTDON cTHEBEQENt | y can be used in various appllcatlons and a

process for
BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invéntion relates to stretched styrene-based
resin moldings and a process for the production thereof.
More particularly, it is concerned with stretched styrene-
bésed resin moldings which are excellent in heat resistance,
solvent resistance,_chemical resistance, electric insulating
properties, mechanical strength, modulus of elasticity,
dimensional stability and transparency, and consequently can
be used in various applications; and a process for
efficiently produciﬁg these stretched styrene-baséd resin
moldings.
2. Description of the Related Art
The styrene polymers which have been hitherto used are
those having atactic configuration as obtained by radical
polymerization. However, improvement in physical properties
- | by stretching such atactic styrene polymers cannot be
ekpected.

Styrene polymers having isotactic configuration are also
known, and an attempt to stretch them has been made (Kobunshi.
Kagaku (Polymer Cheﬁistry)'Zl 206 (1964)). However, a
satlsfactory stretchlng eﬁfect in such isotactic styrene
polymers cannot bgvgbtalned ‘because the rate of
crystalllzatlon 1s-slow and the main chain composed of

carbon-carbon bonds in the styrene polymers has spiral
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efficiently producing these stretched styrene-based resin noldings. 2.
Description of the Related Art The styrene pol yners which have been
hitherto used are those having atactic configuration as obtained by radical
pol ymeri zati on. However,inprovenent in physical properties by stretching
such atactic styrene poI ymers cannot be expected. Styrene pol yners having
i sotacti c copfsowration are also known, and an attenpt to stretch them has
been nmade (Kobunshi Kagaku (Pol yner Chenistry),Zl, 206 (1964)). However,
a satisfactory Bh&epebsagt eiheshtbpssugbsbaohanbsCfotiyienRat stretched

moldings having excellent physical properties can be obtained
if styrene-based resins of high syndiotacticity as developed

by the present inventors' group (Japanesé Patent Application

Laid-Open No. 104818/1987) are stretched.

SUMMARY OF THE INVENTION

An object of the present invention is to provide
stretched styrene-based resin moldings whiéh are excellent in
heat resistance, solvent resistance, chemical resistance,

- mechanical strength, modulus of elasticity, dimensional
stability and transparency.

Another object of the present invention is to provide
stretched styrene-based resin moldings which are excellent in
electric insulating properties, for instance, a breakdown
voltage at 25°C of at least 30 kV/mm.

Still another quect of the present invention is to
provide a process for efficiently producing these stretched
styrene-based rgsin moldings.

The present invention relates to a stretched styrene-
based resin molding as obtained by subjecting a styrene-based
reéin having mainly syndiotactic cﬁnfiguration_and a weight
average molecular weight.of at least 50,000 to uniaxial
stretching te at least two times the original length, or
alternatively to biaxial stretching to at least 1.2 times the
original length and width.

The present invention also relates to a process for
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'ﬁblyners cannot be obtai ned because the rate of crystallization is slow and
“the main chain conposed of carbon-carbon bonds in the styrene pol yners has
“spiral -2- structure. The present inventors' reseach has found that
stretched nol di ngs havi ng excel |l ent physical properties can be obtained if
styrene-based resins of high syndiotacticity as devel oped by the present

I nvent or $rddiRuihd aRanese-iad ety FORé L 6asE@Nresin molding which
comprisés stretching the ahove styrene-based resin to the
above draw ratios. More concretely, the process of the
present invention comprises heat melting the above styrene-
based resin and stretching it in a specified range of
temperature immediately after the heat melting, or
alternatively comprises quenching the styrene-based resin
molten by heat melting and then stretching it to the above
draw ratios.

The present invention also relates to a stretched
styrene~-based resin molding as obtained by heating the above
stretched styrene-based resin molding at from a temperature

"of 10°C higher than the glass transition temperature to a
temperature of 5°C lower than the melting point, for example,
at a temperature of 120 to 250°C.

BRIEF DESCRIPTION OF THE DRAWING

The figure is a graph showing the temperature dependency
of the dielectrié constant and dielectric loss tangent of the

- film obtained in Example 10.

e’
1

DESCRIPTION OF PREFERRED EMBODIMENTS

The material for producting the stretched moldings of
the present invention is a styrene-based resin having mainly
syndiotactic configurafion and a weight average molecular
weight of at dleast 50,000. %he syndiotaétic configuration
means a stereostructure in which phenyl groups or substituted
phenyl groups as side chains are iocated alternately in

opposite directions relative to the main chain composed of
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Lai d- Open No. 104818/1987) are stretched. SUMMARY OF THE | NVENTI ON An

obj ect of

the present invention is to provide stretched styrene-based resin

mol di ngs which are excellent in heat resistance, solvent resistance,

chem cal

resi stance, nechanical strength, nodulus of elasticity,

di nensional stability and transparency. Another object of the present

i nvention dSrich PELvbsle Béh@s chednst yaenechagedsr geantmehdingiywhi ch are

excel | ent

in electric insulating properties, for instance, a breakdown

vol t age ataeXdmiinéad oby athéeastld8rkMaghetSti tesanahber malhhedt uefinghe
present invention is to 1

carbon isotope (" “C-NMR method). The tacticity as determined

l3C-NMR method is indicated in terms of proportions of

by the
structural units continuously connected to each other, i.e.,
a diad in which two structural units are connected to each
other, a triad in which three structural units are connected
to each other, and a pentad in which five structural units
are connected to each other. The styrene-based resin having
mainly the syndiotactic configuration of the present
invention includes polystyrene, poly(alkylstyrene),
poly(halogenated styrene), poiy(alkoxysfyrene), polyvinyl
benzoate and mixtures therecf, and copolymers containing the
above polymer units as the main component and each having
syndiotacticity such that the proportion of a diad is at
least 75% and preferably at least 85%, or the proportion of a
pentad (racemi pentad) is at least 30% and preferably at
least 50%.

In the case of styrene-based resins with low
syndiotacticity, satiéfactory stretching effect can not be
expected even if they are subjected to the stretching
treatﬁent. |

The above poly(aikylstyrene) includes polymethylstyrene,
polyethylstyrgne, polyisoprepylstyrene, poly(tert-
butylstyrene) and the like. The poly(halogenated styrene)
includes polychlorostyrene, polybromostyrene,

polyfluorostyrene and the like. The poly(alkoxystyrene)
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prdévi de a process for efficiently producing these stretched styrene-based
resin noldings. The present invention relates to a stretched styrene- based
resin nol ding as obtai ned by subjecting a styrene-based resin having mainly
syndi otactic configuration and a wei ght average nol ecul ar wei ght of at

| east 50,000 to uniaxial stretching to at |east two tines the original

length, orirpdiedéa dpaﬁwetﬁohyaxy&én&t LI §olRietfhoxy saly ded@Stanl XHd Meikd he

original length and width. The present invention also relates to a process

for Of these styrene-based resins, polystyrene, poly(p-
methylstyrene), poly(m-methylstyrene), poly(p-tert-
butylstyrene), poly(p-chlorostyrene), poly(m-chlorostyrene),
poly(p-fluorostyrene), and a copolymer of styrene and p-
methylstyrene are most preferable.

The styrene-based resin to be used in the present
invention needs to have a weight average molecular weight of
at least 50,600, preferably at least 100,000, most preferably
at least 300,000. The molecular weight distribution is not
critical. If the weight average molecular weight is less
than 50,000, difficulties such as breakage®'in stretching
operation hinders a sufficient stretching, or a stretched
molding having high mechanical strength and heat resistance
cannot be obtained.

The styrene-based resin having mainly syndiotactic
configuration can be obtained, for example, by polymerizing a
styrene-based monomer (corresponding to the desired styrene-
based resin) by the use of a catalyst comprising a titanium
compound and a condensate of water and trialkylaluminum in
the presence or absence of an inert hydrocarbon solvent
(Japanese Patent Application Laid-Open No. 187708/1987).

In the present iﬁvention, the aforementioned styrene-
based resin having mainly syndiotactic configuration is used
as the material for the stretched molding, In addition,
maferials as prepared by adding other polymers (e.g.,

styrene-based resins having atactic configuration, styrene-
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produci ng a stretched styrene-based resin nolding which conprises
.stretching the above styrene-based resin to the above draw ratios. Mre
concretely, the process of the present invention conprises heat nmelting the
above styrene- based resin and stretching it in a specified range of
tenperature inmedi ately after the heat nelting, or alternatively conprises.
quenchi ngy4dws stos enenbased iestacontt eBnBygheatishl t 18g aBdethaar

stretching it to the above draw rati os. The present invention also rel ates
to a streteigith s¢ yyeere bosseddr ess ingohdiviggasyohitataediby heating the above

configuration, and polymers other than the styrene-based

resins), inorganic powaers such as metal powder, talc and

mica, inorganic fibers such as glass fiber, an antistatic

agent, a lubricant, an anti-clouding agent, a heat

stabilizer, a dye, a pigment and the like to the above

styrene-based resin having mainly syndiotactic configuration

can be used. The amount of the other polymer, inorganic

powde;, inorganic fiber or additive to be used is 0.0005 to

10 parts by weight and preferably 0.001 to 5 parts by weight

and most preferably 0.01 to 3 parts by weight per 100 parts

by weight of the styrene-based resin having mainly

syndiotactic configuration.

In the present invention, the styrene-based resin having
mainly syndiotactic configuration or material obtained by
compounding other componénts thereto is used as a raw
material and is ﬁolded by extrusion moiding, calender -
molding, blow molding or .injection molding and so forth to
‘produce a sheet (film or preliminary molding) and tube for
stretching. In this.case, the raw material is usuallylmelted
by heating and molded in the desired form by the use of
various molding machihes, but the raw material may be molded
in a softened state without -heat melting. The melting
temperature of the raw material is usually preferably not
lower than the melting point to not higher than the

decomposition point of the styrene-based polymer used or
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stretched styrene-based resin nolding at froma tenperature of 10[err]C
. higher than the glass transition tenperature to a tenperature of 5[err]C
Tower than the nelting point, for exanple, at a tenperature of 120 to
250[ err] C. BRI EF DESCRI PTION OF THE DRAW NG The figure is a graph show ng
the tenperature dependency of the dielectric constant and dielectric |oss

tangent of the f%§n£0btal Ie 10 “EFS [, PTI OF PREFE D b
EMBODI MENTE B At EPFEFOfor EPSd& e "HF et G £ TR «
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confi gur aver age cul'a

350°C and preferably 280 to 330°C. If the temperature is too
high, undesirable problems occur, such as decomposition of
the raw material. Thickness of the sheet is not critical and-
is usually chosen from the range of not more than 5 mm,
preferably 3 mm to 20 uym. If the thickness is in excess of 5
mm, the sheet sometimes becomes difficult to stretch by -
internal crystallization. The crystallinity of the sheet
(film) is not more than 25%, preferably not more than 15% and
most preferably not more than 10%.

An effective way to produce a sheet having the lowest
crystailinity as possible, particularly a sheet having a
large thickness, is that the ‘raw material which has been heat
melted be quenched at the time of molding. The temperature
of the coolant in this quenching is desirably adjusted to a

_ —
temperature of 10°C or more, preferably 20°C or more and
--A\’_/______,,—w——-—\ -
further preferably 30°C or more lower than the glass
3 transition temperature of the styrene-based polymer or
compounds thereof. For instance, when the styrene-based

polymer is polystyrene, the temperature is not higher than

80°C, preferably not hlgher than 70°C, and most preferably

ST, L aga

e

not more thaq 60°C. The quenching rate is from 200 to 3°C/
sec., preferably from 200 to 5°C/sec. and most preferably
from 200 to 10°C/sec. If the temperature of the coolant is
too high and quenching rate is too low, cooling becomes slow

and the material becomes turbid as a result of partial
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wei ght of at |east 50,000. The syndiotactic configuration nmeans a
stereostructure in which phenyl groups or substituted phenyl groups as side
chains are located alternately in opposite directions relative to the main
chai n conposed of - 4 - carbon-carbon bonds. The tacticity is
gquantitatively determ ned by the nucl ear magneti c resonance net hod using a.

car bon |§%&%§ﬂﬁ_§§94gg% thod). The tacticity as determ ned by the

[err]C-N cated in ternms of proportions of
The thickness of the sheet for stretching as obtained

above is not critical. It is preferred, however, that the
unevenness in thickness be minimized. More specifically, it
should be controlled to be not more than 15% and particularly
preferably not more than 5%. Surface irregularities are
preferably controlied to be not more than 1 ym (measured
according to JIS BOGQI).

The sheet is generally stretched uniaxially or biaxially
while heating at a temperature of from glass transition
. temperature of the raw material to a temperature 10°C lower
than the melting point thereocf. A temperature_of the glass
transition temperature to the cold crystallization
temperature of it is préferred. Therein stretching rate is
preferably 100%/min. to 500,000%/min. In the case of
uniaxial stretching, the sheet should be stretched at a draw
ratio of at least 2, preferably 3 to 10. In the case‘of
biaxial stretching, the sheet should be stretched at a draw
ratio of at least 1.2, prefgrably at least 1.5, more
preferably 2.5 to 8.5, mdst preferably 3 to 5 in each
Qirection. If the draw ratio is too small, physical
properties of sheet, film or tape of the stretched molding
are not satisfactorilj improved. In the case of biaxial
stfetching, the sheet may be stretched simultaneously in the
machine direction (MD) and transverse direction (TD), or may
be stretched succesively in the desired order.

In the present invention, particularly in the case of
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structural units continuously connected to each other, i.e., a diad in
whi.ch two structural units are connected to each other, a triad in which
three structural units are connected to each other, and a pentad in which
five structural units are connected to each other. The styrene-based resin
having mainly the syndiotactic configuration of the present invention

e e OIS SPE-gRRNA Kbl W ey el el 09503 i 2161

poly(alkoxyé nzoat e and ‘mXxtures er

D A0 S 7B OIS S50 P S5 SRR e
75% and prefehabi¥nabs! 8aghe8% %o r0h ANG IHARSF kP g &0 produce a
biaxially stretched molding (e.g., a biaxially stretched
film): In this inflation molding or stretching blow molding,
it is effective so as to prevent melt fracture, roughness of
surface and the like that the resin be maintained at a
temperature of at least 20°C higher than its melting point.
If, however, the melt temperature is too high, the
decombosition of the resin proceeds in molding. Therefore,
the melt temperature is preferably lower than the
decomposition point. When the styrene-based polymer is
polystyrene, for instance, the melt temperature is usually
adjusted to the range of 270 to 330°C, preferably 280°C to
300°C. In the inflation molding, where stretching is
effected immediately after molten extrusion, the stfetching
temperature is preferably 5 to 150°C lower and more
preferébly 10 to 100°C lower than the melting point. In the
case of stretching biow molding, the preform before
stretching may be either a hot parison or a cold parison. In
inflation molding or .stretching blow molding, if the blow-up"
ratio is decreased, uniaxial stretching is realized.

Uniaxial stretching or biaxial stretching according to
the present invention provides a stretched molding having
excellent heat resistance, solvent resistance, chemical
resistance, mechaniéal properties and electric insulating

properties. It is alsoc effective that the stretched molding
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peintad (racem pentad) is at |east 30% and preferably at |least 50% In the
case of styrene-based resins with |ow syndiotacticity, satisfactory
stretching effect can not be expected even if they are subjected to the
stretching treatnment. The. above pol y(al kyl styrene) i ncl udes

pol ynmet hyl st yrene, pol yet hyl styrene, polyisopropylstyrene poly(tert-

o1 o38) AR Al T M O SRR DL o

pon(aIkoxxib% ?n%han the glass tran51tlon temperature to a temperature
of 5°C or more lower than the melting point, for example, at
a temperature of 120 to 250°C. Improvement in heat
resistance and so forth cannot be expected if the annéaling
temperature is lower than a temperature of 10°C higher than
the glass transition temperature. On the other hand,
problems such as melting of a part or the whole if it is in
excess qf a temperature of 5°C lower than the melting point.
The annealing time is usually 1 second to 100 hours,
preferably 5 seconds to.100 hours and most preferably 20
seconds to 10 hours. The annealing is usually carried out in
the air atmosphere or in an atmosphere of inert gas such as
argon and nitrogen. It is more effective during the
annealihg the stretched molding in a state of tension. This-
annealing further increases heat resistance, dimensional
stability and so forth of the stretched molding.

When the styrene-based resip is stretched and molded
" into a wrapping material or container according to the
present invention, a transparent stretched molding can be
cbtained, the contents of which can be seen and maintains
heat resistance and solvent resistance of the raw material;
because the styrene-based resin used as the raw material has
high syndiotacticity and transparency such that the haze is
not more than 30%.
Moreover, a stretched molding can be obtained which is

excellent in electric properties such as electric insulating
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i ncl.udes pol ymet hoxystyrene, pol yet hoxystyrene and the like. O these
~styrene-based resins, polystyrene, poly(p- nethylstyrene),
poly(m met hyl styrene), poly(p-tert- butylstyrene), poly(p-chlorostyrene),
pol y(m chl orostyrene), poly(p-fluorostyrene), and a copol yner of styrene
and p- nmethyl styrene are nost preferable. The styrene-based resin to be

used in ;;J%Pwrec&@st (VENt i PNy AEHESwd® PEYageVERBVY avenage Bl geul ar
wei ght of at |east 50,000, preferably at |east 100,000, nost preferably at
| east 30Qedd 3avimier Wred dwd DddtEist properefess not
Accordingly, the molding of the present invention can be
used as a food wrapping material (e.g., sheet, film or
bottle), a housing material for electric or electronic parts,
a wrapping material, and further as an electric insulator,
e.g., condenser, cable and transverter and other industrial
films.
The present invention is described in greater detail

with reference to the following examples.

REFERENCE EXAMPLE 1

(1) (Preparation of'Methylauminoxane)

200 ml of toluene was placed in a reactor, and 47.4 ml
(492 millimoles) of trimethylaluminum and 35.5 g (142
millimoles) of copper sulfate pentahydrate were added thereto
and reacted with each other at 20°C for 24 hours.

Then the solid poftion was removed form the reaction
mixture to obtain a toluene solution containing 12.4 g of

™y methylalgminoxane.
(2) (Production of Polystyrene having Syndiotactic
Configuration)

2 L (L=1liter) of toluene as a solvent, and 5 mmol of
tetraethoxytitanium and 500 mmol (as aluminum atom) of_
methylaluminoxane obtained in abovedescribed (1) as catalyst
components were placed in a reactor, and then 15 L of styrene
was added at 50°C and polymerized for 4 hours.

After polymerization, the reaction product was washed

AN
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¢ritical. If the wei ght average nol ecul ar weight is |less than 50, 000,
difficulties such as breakage in stretching operation hinders a sufficient
stretching, or a stretched noldi ng having hi gh nechani cal strength and heat
resi stance cannot be obtained. The styrene-based resin having mainly
syndi otactic configuration can be obtained, for exanple, by polynerizing a. ;

styrene- bagag WIEBrutE BF QSRPRSERTo t e téi@l&ieéﬁa efﬁiet?ﬁazﬁ@ﬂetob&éesmﬁswl)

by the use of a catalyst conprising a titanium conpound a condensate of
wat er and ddd addad vl WREWR AL FLE EERSENERLH! RS CAKEn Oérﬂédl P8 bbtain

hydr ocar bon sol vent (Japanese Patent Application Laid-Open No.

187708/ 19&7)5 kg of a styrene-based resin (polystyrene). The polymer
was subjected to Soxhlet extraction using methyl ethyl ketone
as a solvent to obtain 95% by weight of an extraction
residue. The weight average molecular weight of the residue
Qas 800,000. A 13C--NMR analysis (solvent: 1,2-dichloro-
benzene) showed a peak at 145.35 ppm, ascribable to the
syndiotactic structure, and the syndiotacticity in terms of
the racemi pentad as calculated from the peak area was 96%.
The melt viscosity of the styrene polymer as determined with
a capillary rheometer using Autograph 1125 (manufactured by
Instrom Copy.) was 7x104 poises under conditions of
temperature 300°C and rate of shear 10/sec.

(3) (Prodﬁction of Polystyrene having Syndiotatic

Configuration)

2 L of toluene as a solvent, and 5 mmol of tetraethoxy-
titanium and 300 mmol (as aluminum atom) of methylaiuminoxane
obtained in abovedescribed (1) as catalyst components were
plaéed in a reactor, and then 15 L of styrene was added at
55°C and polymerized.for 4 hours.

After polymerization, the reaction product was washed
with a mixture of hydfochloric acid and methanol to decompose
and remove the catalyst components, and then dried to obtain

2.5 kg of a styrene-based resin(polystyrene). The polymer

was'subjected to Soxhlet extraction using methyl ethyl ketone

as a solvent to obtain 97% by weight of the extraction

This sp
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{ﬁ the present invention, the aforenentioned styrene- based resin having

.mainly syndiotactic configuration is used as the material for the stretched

molding, In addition, materials as prepared by adding other polyners (e.g.,

styrene-based resins having atactic configuration, styrene- -6- based -

resin having isotactic confi-guration, |ow nolecular weight styrene-based
resi ns haxésgdaayndi vhaciedghanbivguagid ordleatdl a0l webgist obhethé haastitae

st yrene- based 13 ‘
was 400,000. A C-NMR analysis showed a peak at 145.35 ppm,
ascribable to the syndiotactic strdcfure, and the
syndiotacticity in terms of the racemi pentéd as calculated
from the peak area was 98%.

The melt viscosity of the styrene polymer as determined
under the same conditions as above (2) was 2x104 poises.
(4)(Production of Polystyrene héving Syndiotactic

Configurétion)

; | 2 L of toluene as a solvent, and 1 mmol of cyclopenta-
dienyltitanium trichloride and 500 mmol (as aluminum atom) of
methylaluminoxane obtained in abovedescribed (1) as catalyst
compénents were placed in a reactor, and then 3.6 L of
styrene was added at 20°C and polymerized for 1 hour.

After polymerization, the reaction product was washed
with a mixture of hydrochloric acid and methanol to decompose
and remove the catalyst components, and then dried to obtain
330 g of a styrene-based resin(polystyrene). The polymer was

- - subjected to Soxhlet extraction using methyl ethyl ketone as

a solvent to obtain 95% by weight of an extraction residue.

The weight average molecular weight of the residue was

290,000, the number average molecular'weight thereof was

158,000 and the melting point was 270°C. A L3C-NMR analysis

showed a peak at syndiotacticity in terms of the racemi

pentad as calculated from the peak area was 96%. The melt

viscosity of the styrene polymer as determined under the same

conditions as above (2) was 4x103 poises.

—_—
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resins), inorganic powders such as netal powder, talc and.mica, inorganic
-fibers such as glass fiber, an antistatic agent, a lubricant, an

‘anti-cl oudi ng agent, a heat stabilizer, a dye, a pigment and the like to
the above styrene-based resin having mainly syndiotactic configuration can
be used. The anount of the other polyner, inorganic powder, inorganic fiber.

or additivi-‘gt)?p%au%%qo'ns & A5G rih P UL s/ﬁcﬂmtaaa@wreferabl y 0.001°
.to 5 parts by wei and nost prefeéerably 0.01 3 parts by wei ght per 100

parts by melghtogklbgga&hxm@ne based resin haV|ng mai nly syndiotactic
configuration. In the present invention, the styrene-based resin having

50 ml of toluene as a solvent, and 0.075 mmol of
tetraethoxytitanium and 7.5 mmol (as aluminum atom) of
methylaluminoxane obtained in abovedescribed (1) as catalyst
.components were placed in a reactor, and then 225 ml of
styrene was added at 40°C and subsequently hydrogen was
introduced therein until the hydrogen pressure reachgd 5
kg/cmz. Polymerization was performed for 1.5 hours.

After polymerization, the reaction product was washed
with a mixture of hydrochloric-acid and methanol to decompose
and remove the catalyst components, and then dried to obtain-
15.0 g of a styrene—baéed resin(polystyrene). The polymer
was subjected to Soxhlet extraction using methyl ethyl'ketone
as a solvent to obtain 95% by weight of an extraction
residue. The weight average molecular weight of the residue
was 16,000 and the number average molecular weight thereof
was 3,000. A 13C--NMR analysis showed a peak at 145.35 ppm,
ascribable to the syndiotactic structure, and the
syndiotacticity in terms of the racemi pentad as calculated
from the.peak area was 98%.

EXAMPLE 1

To the polystyrene obtained in Reference Example 1(2)
were added 0-7 part Ey weight of bis(2,4-di-tert-butylphenyl)
pentaerythritol diphosphite and 0.1 part by weight of
tetraquis(methylene(3,5~di~tert-butyl-4-hydroxy-

hydrocinnamate) )methane as antioxidants, and the resulting

—_—
—
—_—
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nafnly syndi otactic configuration or material obtained by conmpoundi ng ot her
conponents thereto is used as a raw material and is nolded by extrusion

mol di ng,

cal ender nol di ng, bl ow nolding or.injection nolding and so forth

to. produce a sheet (filmor prelimnary nolding) and tube for stretching.

In this.case, the raw material is usually nelted by heating and nmol ded in

the desired form the use_ o varloui nnld%gt I nes, e raw

mat eri al ﬁ%ﬁ?ﬁf?ﬂ#?ﬁ%P*ﬁr% edr fBAcHeI LS4 2 ﬁ@hﬁ ﬁe&F%ﬂﬂ |§1'wq%e
melting te eratur raw_nat er. u referably not | ower
than the rEtt Eﬁ?é to no%nﬁiahg%a?ﬁ tﬁg 3gc§ﬁ§osition poi nt of the
styrene- based Hﬂh¥ﬂ§é1£§€9 Phus obtained were introduced in a single-

s

screw extruder having a diameter of 40 mm and equipped with a

T die at the top thereof, and extruded under conditions of

cylinder temperature 290°C, T die temperature 300°C, through

put 4.2 kg/hr. while quenching to 30°C'at average quenching

rate of 50°C/sec. to produce a sheet having a thickness of

600 um. )
The sheet for stretching as obtained above was

transparent and had a density of 1.04 g/cm3, a glass

transition temperature of 90°C and a crystallinity of 2%.

The sheet;ﬁas subjected to s}gg}}§9§onsmbiaxia&;stfetching

/
(draw ratlo. 2x2) at 125°C to obtain a stretched film. This

T — oot e — e e —

e n ot e e . T

stretched fllm was subjected to annealing in a state of-

et - a an e o e oot o e o

tension at 160°C for 20 seconds. The physical properties of .

e
the film are shown in Table l.

- The sheet was uniaxially stretched in MD at a draw ratio
of 4.5 at a stretching temperature of 120°C to obtain a
stretched £ilm. The physical properties of the film are
shown in Table 1. |
EXAMPLE 2
The film obtained in Example 1 was subjected to heat
treatment in a state of tension at 210°C for 20 seconds. The

physical properties of the film thus treated are shown in

- il
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conpounds thereof. For instance, when the styrene-based polyner is
polystyrene, the nelting tenperature is 260 to 350[err]C and preferably 280
to 330[err]C. If the tenperature is too high, undesirable problenms occur,
such as deconposition of the raw material. Thickness of the sheet is not
critical and is usually chosen fromthe range of not nore than 5 nm

preferably 3 rmi‘l-t)é) s%%e{@fﬂfﬂs_&feéaelﬁ@l&gn@sﬁaiﬁeanuexm%ppé b was the
sheet sonetines becomesdiTITCUlIt to stretch by internal crystallization.

The CrySt@deEéﬁédﬁtéfEhﬁﬁE%ﬁneous_blaxlal stretching (draw ratio:

e 4 et i et e e e e S
———

2x2) at 125°C to _obtain a stretched f£ilm. The physical

e ——— e e e et et ca st

\;;Bﬁérties of the film are shown in Table 1.

EXAMPLE 4

The film as obtained in Example 3 gifnsubjected to

-

S ————

annealing in a state of tension at 160° C.for.20_seconds. The

P —— T ——
physical properties of the film are shown in Table 1.

EXAMPLE 3

The sheet for stretching as obtained in Example 1 was
subjected to simultaneous biaxial stretching (draw ratio:
4x4) at 120°C to obtain a stretched film. The physical
properties of the film are shown in Table 1.

EXAMPLE 6 -

The sheet for stretching as 6btained in Example 1 was
first stretched to a draw ratio of 3.5 times in MD and then
to a draw ratio of 3 times in TD to obtain a stretched film.
The physical properties of the film are shown in Table 1.
EXAMPLE 7

A styrene-based polymer (polystyrene), having a weight
average molecular weight of 1,500,000 and a syndiotacticity
in a racemi pentad of 96%, was produced in the same manner as
in Reference Example i except that the polymerization
temperature was changed from 50°C to 35°C. 2 parts by wéight
of talc powder as a lubricant was added to the polystyrene,
and the resulting mixture was molded into a sheet at 280°C by

the use of a caiender roll. The surface temperature of the

This Sheet Has Been Rep laced
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(film is not nore than 25% preferably not nore than 15% and nost

preferably not nore than 10% An effective way to produce a sheet having

the | owest crystallinity as possible, particularly a sheet having a | arge
thickness, is that the raw material which has been heat nelted be quenched

at the time of nolding. The tenperature of the coolant in this quenching is-:
desirably agjilusfed tocaihgnuaeaisinee tofwal0[XrYd.LC or nore, preferably

20[err] C or nore and further preferably 30C or nore |lower than the glass
transition tenpehat sheesf wale tdieyr sndjrastad g yaieru otaneatpd unbex takr eof .

For instance, when the styrene-based pol yrrer S poloystyrene t he
tenperaturetrgtgb@ng|gﬁgpwtﬁgﬁlo- 2.5 x2.5) at 120°C "to obtain a

" stretched film. The physical properties of the film are
shown in Table 1.

EXAMPLE 8

To a mixture of 90 parts by weight of the polystyrene
obtained in Reference Example 1 and 10 parts by weight of
atactic polystyrene (trade name: NF20; weight average

T molecular weight: 300,000; pfoduced by Idemitsu Petrochemical
Co., Ltd.) were added 0.1 part by weight of bis(2,4-di;tert-
butylphenyl)pentaerythritol diphosphité and 0.1 part by
weight of tetraquis(methylene(3,5-di-tert-butyl-4-
hydroxyhydrocinhamate)) methane, and the resulting mixture
was extruded and pelletized by the use of a twin-screw
extruder having a diameter of 40 mm.

The pellets thus obtained were introduced into a single
screw extruder having a diameter of 40 mm and equipped with a
T die at the top thereof, and extruded under conditions of
cylinder temperature 290°C,_f'die temperature 300°C and
through put 4.2 kg/hrxr. while quenching to 20°C at average
quenching rate of 50°C/sec. to obtain a sheet having a
thickness of 600 pum.

The sheet thus obtained- had a density of 1.04 g/cm3, a
glass transition temperature of 100°C and a crystallinity of
2%.

The sheet was subjected to simultaneous biaxial

o

Been Re‘)la(}bd
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80[err]C, preferably not higher than 70[err]C, and nost preferably not nore
than 60[err] C. The quenching rate is from 200 to 3[err]C sec., preferably
from 200 to 5[err]C/ sec. and nost preferably from200 to 10[err]C/sec. |f
the tenperature of the coolant is too high and quenching rate is too | ow,

cool i ng becones slow and the material beconmes turbid as a result of partial._:

8 crystal | [zaLi8R:inghakaiCkRReS 06 . 5ha Shept o astrettehicigaam ebt ai ned
stretched film. The physical properties of the film are
shown in Table 1.

EXAMPLE 9

The pellets obtained in Example 1 were molded by the use
of an injection molding mechine to produce a preliminary
molding (outer diameter: 28 mm; total length: 150 mm;
thickness: 2.0 mm; weight: 35 g). This preliminary molding
(crystallinity: 5%) was subjected to biaxial stretching blow
molding by heating it at 130°C for 50 seconds with an
infrared ray heater and blowing nitrogen gas at a pressure of
25 kg/cmz in a stretching blow molding machine to obtain a
hollow container having a volume of 1 L. The physical
properties of the container are shown in Table 1.

EXAMPLE 10

An original film was produced in the same manner as in
Example 4, using the styrene polymer obtained in Reference
Example 1 (3). The average quenching rate was 40°C/sec. and
the cooling temperature was 30°C. The original film thus
obtained (thickness: 0.4 mm; crystallinity: 4%) was subjected
to simultaneous biaxial stretching in both MD and TD each to
4 times the original length (draw ratio: 4 x 4) , and then
annealed at 260°C for 15 seconds. The results are shown in
Table 1. - -

EXAMPLE 11

An original film was produced in the same manner as in

Example 4, u51ng the styrene polymer obtained in Reference

il



above is not critical. It is preferred, however, that the unevenness in
~thickness be mnimzed. Mre specifically, it should be controlled to be
"not nore than 15% and particularly preferably not nore than 5% Surface
irregularities are preferably controlled to be not nore than 1 [err]m
(measured according to JIS 80601) The sheet is generally stretched

uni axi-al |y, g&\ﬁggai'? ® URHHI Pl fird SHRETH 44 £ O . fgggw[ ghass

transition &r &t Uréd to a tenperature err]C | ower

than the Esb&aﬂg ﬁa@h. texiaﬁ%&%onvaﬁstoe@erafﬁg CoPigihel OF 888 th@ssi tion

tenperature to The |'d crystallization tenperature of it is preferred.

Therein SbB%EEﬂbag(Eﬁh%kh%ss: 0.5 mm; crystallinity: 4%) was subjected
to simultaneous biaxial stretching in both MD and TD each to

4.5 times the original length (draw ratio: 4.5 x 4.5), and

then annealed at 250°C for 10 seconds. The results are shown

in Table 1.

COMPARATIVE EXAMPLE 1

The physical properties of the sheet (not-stretched
sheet) as obtained in Example 1 are shown in Table 1.

COMPARATIVE EXAMPLE 2

An original sheet for stretching as obtained in Example
1 was subjected to annealing in a state of tension at 150°C
for 600 seconds. The physical properties of the sheet are
shown in Table 1.

COMPARATIVE EXAMPLE 3

To the styrene polymer obtained in Reference Example 1
(5) was added the same antioxidant as used in Example 1, and
T the resulting mixture was press molded to obtain an amorphéus
original film. On heating the amorphous original film to
120°C, the film was deformed by the weight thereof and could
not be stretched.

EXAMPLE 12

The sheet of 0.1 mm thickness obtained in the same
manner as in Example 1 was subjected to simultaneous biaxial
stretching (draw ratio: 2.0 x 2.0) at 125°C to obtain a

stretched film having a thickness of 50 ym. This film was

T——
—
——
——
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preferably 100% m n. to 500,000% mn. In the case of uniaxial stretching,
t he sheet should be stretched at a draw ratio of at |least 2, preferably 3
to 10. In the case of biaxial stretching, the sheet should be stretched at
a drawratio of at least 1.2, preferably at least 1.5, nore preferably 2.5
to 8.5, nost preferably 3 to 5 in each direction. If the drawratio is too
smal |, phygueahepr sppjtcesdoftosheakalfinigmadr 21ape.of the stretched nol di ng
are not satisfactorily inproved. In the case of biaxial stretching, the
sheet nay be st Thechbisicall pappeusipsi 0 ft Hdenmdisierte adier esdiawon invVD)a el

transverse direction (TD), or may be stretched succesively in the desired
or der. 2. The sheet was measured for changes with temperature of

dielectric constant and dielectric loss tangent by the use of
an apparatus for measuring a dielectric constant (produced by
Toyo Seiki Co., Ltd.) at a frequency of 976 Hz. The results
are shown in Fig. 1 |

It can be seen from Fig. 1 that the temperature
dependency of dielectric constant and dielectric loss is
small.

EXAMPLES 13 TO 16

Stretched films of 25 ym thickness were produced in the
same manner as in Example 12 except that the thickness of
original sheet, the stretching temperature, dfaw ratio,
annealing tempefature and annealiﬁg time were changed as
shown in Table 2.

The physical properties of the films are shown in
Table 2. |

COMPARATIVE EXAMPLE 4

A stretched film was produced in the.same manner as in
Example 10 except that atactic polystyrene (NF 20) was used
in place of-the polystyrene obtained in Reference Example 1,
and the stretching temperature and the draw.ratio were .
changed to 120°C and 3.0 x 5.0, respectively.

The stretched f£ilm mélted upon application of heat
treatment at 170°C.

COMPARATIVE EXAMPLE 5

eet Has Been Reﬁaced o
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In the present invention, particularly in the case of - 9 - biaxial
stretching, the raw material can be subjected to inflation nolding or
"-stretching blow nolding directly without formation of a sheet or
prelimnary nmolding to produce a biaxially stretched nolding (e.g., a
bi axially stretched film. In this inflation nolding or stretching bl ow

nmol ding, it i ffectq S . \% t qf u r
’ Hel RO Y€ SO 831404 PLEVERLMBELL 1f (ACkUNRath PHYANLIS g
surface and the%laqa%%a e %es?n ﬁe na?%?alned at a
then quenched to obtain a sheet (crystallinity: 6%) having a
thickness of 3 mm. This sheet was subjected to annealing at

170°C for 600 seconds. The results are shown in Table 2.

REFERENCE EXAMPLE 2

(Production of Styrene Copolymer having Mainly Syndiotactic
Configuration)

6 L of toluene as a solvent, and 5 mmol of
tetraethoxytitanium and 500 mmol (as aluminum atom) of
methylaluminoxane as catalyst components were placed in a
reactor, and then 48.75 mol of styrene and 1.25 mol of p-
methylstyrene were added thereto at 50°C and polymerized for
2 hours.

After of polymerization, the reaction product was washed
with a mixture of hydrochloric acid and methanol to decompose
and remove the catalyst components, and then dried to obtain
640 g of a copolymer. This copolymer was subjected to
Soxhlet extraction using methyl ethyl ketone as a solvent to

i} obtain 80% by weight of an extraction residue. The
copolymer, the residue, had a weight average molecular weight
of 440,000, a number .average molecular weight of 240,000 and
a melting point of 255°C. The p-methylstyrene unit content
of the copolymef was 5 mol%.

A 13C-NMR analysis of the cOpolymer showed peaks at 145.11
ppm, 145.22 ppm and 142.09 ppm. |

EXAMPLE 17

A stretched film was produced in the same manner as in

eet Has Been Rcﬁaced '
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tenperature of at |least 20[err]C higher than its nelting point. If,
however, the nelt tenperature is too high, the deconposition of the resin
proceeds in nolding. Therefore, the nelt tenperature is preferably | ower
than the deconposition point. Wen the styrene-based polyner is

pol ystyrene, for instance, the melt tenperature is usually adjusted to the

range of 2%%%0&%3 erer)Jc ecraﬁley eq{‘{]%’ﬁ@lﬁﬁgla[t eirdGndd) 40e

i nflat.ion ere |ng I S ec y after nolten

extrusi on. Jfis Shiel %&a&g;lt eg% Ufod Saakt o156 Abloh 5401 SR md et

and nore pre | ower than the nelting point. In the
case of stret (‘3h_|5ng( By ew nol di ng, the preform before

The physical properties of the film are shown in

Table 2.

EXAMPLE 18

To a mixture of 95 parts by weight of the polystyrene
obtained in Reference Example 1 and 5 parts by weight of
glass fiber having an average fiber length of 3 mm (produced
by Asahi Fiber Glass Co., Ltd.; fiber diameter: 10-15 uym; in
the chopped strand form) were added 0.1 part by weight of
bis(2,4-di-tert-butylphenyl)pentaerythritol diphosphite and
0.1 part by weight of tetraquis(methylene(3,5-di-tert-butyl-
4-hydroxyhydrocinnamate) )methane as antioxidants, and the
resulting mixture was extruded and pelletized by the use of a
twin-screw extruder having diameter of 40 mm.

The pellets thus obtained were introduced into a single
screw extruder having a diameter of 40 mm and equipped with a
T die at the top thereof, and extruded unhder conditions of
cylinder temperature 290°C, T die temperature 300°C and
through put 4.2 kg/hr. while quenching to 30°C at average'
quenching rate of 75°C/sec. to obtain a sheet having a
thickness of 200 ﬁm.

The sheet was subjected to siﬁultaneous biaxial
stretching (draw ratio: 2 x 2) at 125°C to obtain a stretched
film. The physical properties 6f the film are shown in

Table 2. | o

et =
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stretching may be either a hot parison or a cold parison. In inflation

nol di ng or stretchlne,blom/nnlding, If the blowup ratio is decreased,
‘uni axi al strptchi s reglized. Uniaxial stretching or biaxial stretching
according tofthke oresAnt iinventi on provides a stretched nol di ng havi ng
excel l ent hept orepi st @nge,| sol vent resi stance, cchemiccal rresi stance,
nmechani cal propeE | eswand |lel ectric insulating properties. It is also
ef fective that,iﬁa st BeEched nmol di ng -10- :
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i's further anneal ed (heated) at a tenperature of 10[err]C or
than the glass transition tenperature to a tenperature of 5[ err]C or

“ower than the nelting po

250[err] C
i f the anneal

than the gl as$

melting of a

| ower than th¢

hour s,
10 hours.

Table 1 (continued-1)
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the air atnosphere or

nitrogen. It
i'n a state of
di nensi onal st
styrene-based
cont ai ner acco
nol di ng can be
heat resi stanc
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transparency s
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€. §., condenser, cable and transverter and other industrial filnms. The
present invention is described in greater detail with reference to the
follow ng exanpl es. REFERENCE EXAMPLE 1 (1) (Preparation of

Met hyl aum noxane) 200 ml of toluene was placed in a reactor, and 47{4 m
(492 mllinoleg) of trimethylalum numand 35.5 g (142 mllinoles) of copper ._
sul fate pentahydrate werel added thereto2and Peact€d wi ¥h eafh ot Rgr |at
20[err] C for 24 hgurs. Bhen tdie sokid pertlon waser enoved form t ke feaction
m xture to obtginZdp toluegne solution containing 12.4 g of
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‘met hyl al umi noxane. (2) (Production of Polystyrene having Syndiotactic
Configuration) 2 L (L=liter) of toluene as a solvent,

-t etraet hoxytitani umand 500 mmol

reactor,
4 hours.

and 5 mol
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49

30 25

240

0.2

Example 16

™~

219

48

100 25

170

0.25

Example 17

o~

240

53

30 25

220

0.1

Example 18

Comparative
Example 4

then 15 L of styrene was added at 50[err]d
Lon prqduct yas
@ \o o (o]

151

49

600

170

[ and pol yneri zed fqr:
washed

Breakdown Voltage (BVD) measured according to JIS C-2110 at 25°C

same as in Table 1

*] to *4
x5



12 - with a mixture of hydrochl ori c acid and net hanrel—te—deconpose—and

renove the catal yst conponents, and then dried to obtal f |
styrene-based resin (polystyrene). The pol ynmer was gltlﬁﬂgmamﬁﬂg(mmet
extraction using nethyl ethyl ketone as a solvent to 0 DY i ght
of an extraction residue. The wei ght average nol ecul ar wei ght of the

resi due 1gmaas ROGIOMED Ats: G NWR anal'ysis (solvent: 1, 2-dichloro-
benzene) showed a peak at 145.35 ppm ascribable to the syndiotactic
structure,l.and & tyinched astyceng-baseér mesdh tmbédriagems pbribadess by
calculated fromthe peak area was 96%
subjecting a styrene-based polymer having mainly syndiotactic
configuration and a weight average molecular weight of at
least 50,000 to uniaxial stretching of at least two times or

e e

to biaxial stretching of at least 1.2 times in each
direction.

2. The molding as claimed in Claim 1, having heat
resistance and such transparency that the haze is not more

. than 30%.

3.The molding as claimed in Claim 1, having such electric
‘insulating properties that the breakdown voltage at 25 °C is
at least 30 kV/mm.

4, A process for producing a stretched styrene—based.resin
molding which comprises subjecting a styrene-based resin
having mainly syndiotactic configuration and a weight average
molecular weight of at least 50,000 to uniaxial stretching of
at least two times or biaxial stretching of at least 1.2
times in each direction.

5. A process for producing a stretched styrene-based resin
molding which comprises heat melting a styrene-based resin
having mainly syndiotactic configuration and a weight average
molecular weight of at least 50,000, quenching the molten

| resin, and then supjecting the guenched resin to uniaxial
stretching at a draw ratio of at 1ea§t two times or biaxial
stretching at a draw ratio of at least 1.2 times‘in each

direction.

This Sheet Has Been Rei

T




The nelt viscosi ty of the styrene polyner as determmed with a capillary

rheomet er usi ng Autograph 1125 (manufactured by Ins :

7x10[ err] poises under conditions of tenperature SO.Hmmmmaumﬂmear

10/ sec. (3) (Production of Polystyrene having Syndi otat¢c Corfi guration)

L of toluene as a solvent, and 5 nmol of tetraethoxy- titaniumand 300 mmol .

(as al um ngm at gk BLoBBLLYLE! WTLNRANG0RLa;RPS | RRAUGHSARII Afthd 1) as .

catal yst conponents were placed in a reactor, and then 15 L of styrene was
added at 5pLekri§ apdmPebymek zed fs@ic.4 hours. After polynerization, the
d

reaction product was washe
7. A stretchgd styrene-based resin molding as obtained by
subjecting the stretched styrene-based resin molding of Claim
1 to annealing at a temperature of 10°C higher than the glass
transition temperature to a temperature of 5°C lower than
me;ting point.
8. The stretched sgyrene-based resin molding as claimed in

Claim 7 wherein the temperature of annealing is 120°C to

250°C.

—_—

~ This Sheet Has Bee

i

- 30 -



.ot T

with a mxture of hydrochloric acid and nethanol to deconpose and renove
the catal yst conponents, and then dried.to.obtain 2.5 kg of a styrene-based
"resi n(pol ystyrene). The pol yner was subjected to Soxhl et extraction using
met hyl ethyl ketone as a solvent to obtain 97% by wei ght of the extraction
-13 - residus. The wei ght average nol ecul ar weight of the residue was

499, 000. « § & NALXS wed a peak at 145.35 ppm ascribable to~
the syndi o t BI%% DR p

Stretched moldlngs {(e.g., stretched films, sheets or
bottles) of styrene-based resins (e.g., polystyrene) having
mainly syndiotactic configuration and a weight average
molecular weight of at least 50,000, and a process for the
production thereof are disclosed. The stretched moldings are
obtained by uniaxially stretching the styrene-based resins at
a draw ratio of at least 2 times, or biaxially stretching at
a draw ratio of aé least 1.2 fimes in each direction. The
stretched moldings are excellent in heat resistance, chemical
resistance, solvent resistance, electric insulating
properties, mechanical strength and so forth, and thus can be
used as food wrapping materials, housing materials for

electric or electronic parts, and so forth.

Sheet Has Been Re laced

||II||\| I




syndiotacticity in terns of the racem pentad as calculated fromthe peak
‘area was 98% The nelt viscosity of the styrene pol ymer as determ ned under
‘the sane conditions as above (2) was 2x10[err] poises. (4)(Production of

Pol ystyrene having Syndiotactic Configuration) 2 L of toluene as a solvent,
and 1 mmol of cyclopenta- dienyltitaniumtrichloride and 500 mmol (as

al um num at om of net hyl al um noxane obt ai ned i n abovedescri bed (1) as

catal yst conmponents were placed in a reactor, and then 3.6 L of styrene was
added at 20[err]C and polynerized for 1 hour. After polynerization, the
reacti on product was washed
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with a mixtur ERW cid and net hanol r;to gqt@aﬁ%‘.&am{ s
£ .:‘.....’....l f. e
. x r;a(ft | ()"ri' h’sffnfﬁ

the catal yst goffponents, and jhen dried to obtai
resi n(ﬁol ystygene) g/ymer f was subj ected toj

met hyl-. et hyl ketlon a@g‘;ﬂ?ol vénl to obtain 95% by ,wel‘ “of, ,ah“}é ?a tq’%h'i"”:'
resi due. The \ei cul ar wel ght of the/fg ndﬁ“é’ W™ 96 Boppged .=
t he nunber avdrage nol ecul ar ight thereof was 158, ‘000 % hd t1#@SHet 1 ‘Prﬁged--’---
poi nt" was 270[TTTC A [err] G NWR anal ysi s shovvefj a peak at syndiotacticity

interms of the racemi pentad as cal cul ated fromthé peak BFEXIREs.iW8... The
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PRODUCTION THEREOF

BACKGROUND OF THE INVENTION

i. Field of the Invention
The present invention relates to stretched styrene-based
resin moldings and a process for the production thereof.
.More particularly, it is concerned with stretched styrene-
based resin moldings which are excellent in heat resistance,
solvent resistance, chemical resistance, electric insulating
properties, mechanical strength, modulus of elasticity,
dimensional stability and transparency, and consequently can
be used in various applications; and a process for
efficiently produciﬁg these stretched styrene-based resin
moldings.
2. Description of the Related Art
The styrene polymers which have been hitherto uséd are
those having atactic configuration as obtained by radical
" polymerization. However,improvement in physical properties
by stretchiﬁg sgch atactic styrene polymers cannot be
_expected.

Styrene polymers having isotactic configuration are also
known, and an attempt to stretch them has been made {Kobunshi
Kagaku (Polymer Chemistry),21, 206 (1964)). However, a
satisfactory stretching effect in such isotactic styrene
polymers cannot be obtained because the rate of
crystallization is slow and the main chain composed of

carbon-carbon bonds in the styrene polymers has spiral




condltlons as above (2) was 4x10 poi ses. - 14 - Th EMEMEN 's¢ppedshi ng
as obtained in Exanple 1 was subjected to sinultaneou TE“ S g
(draw rsatio: 2x2) at 125C to obtain a stretched film E?ﬁélcal »
properties of the filmare shown in Table 1. EXAMPLE 4{‘1’1:3 1986 oift di ned
in Exanpl e 3 was subjected to annealingan a state of
for 20 seconds. The

structure.

The present inventors' reseach has found that stretched
moldings haQing excellent physicél properties can be obtained
if styrene-based resins of high syndiotacticity as developed
by the present inventors' group (Japanese Patent Application
Laid-Open No. 104818/1987) are stretched.

SUMMARY OF THE INVENTION

An object of the present inveﬁtion is to provide
stretched styrene-based resin moldings which are excellent in
heat resistance, solvent resistance, chemical resistance,
mechanical strength, modulus of.elasticity, dimensional
stability and transparency.

Another object of the present invention is to provide
stretched styrene-based resin moldings which are excellent in
electric insulating properties, for instance, a breakdown
voltage at 25°C of at least 30 kV/mm.

Still another object df the present invention is to
provide a process for efficiently producing these stretched
styrene-based resin moléings.

The present invention relates to a stretched styrene-
based resin molding as obtained by subjecting a styrene-based
resin having mainly syndiotactic configuration and a weight
average molecular weight of at least 50,000 to uniaxial
stretching to at least two times the original lenth, or
alternatively to biaxial stretching to at least 1.2 times the
original length and width.

The present invention also relates to a process for

sian. at 160feqr] C



phyéical properties of the filmare shown in Tabl e.l-
for stretching as obtained in Exanple 1 was subjecgﬁf
bi axi al” stretching (draw ratio: 4x4) at 120[err]C jofobtalnh a str~'c ed
film The physical properties of the filmare sho

The sheet for stretching as obtained in fxanple 1 : _
draw ratio of 3.5 tines in MD and then to a draw ratile in TD.to

obtain a stretched film The phy5|cal properties ofithe filma
Table 1. EXAMPLE 7
producing a stretched styrene-based resin molding which

comprises stretching the above styrene-based resin to the
above draw ratios. More concretely, the process of the
present invention comprises heat melting the above styrene-
based resin‘and stretching it in a specified range of
temperature immediately after the heat melting, or
alternatively comprises quenching the styrene-based resin
molten by heat melting and then stretching it to the above
draw ratios.

The present invention also relates to a stretched
styrene-based resin molding as obtained by heating the above
stretched styrene-based resin molding at from a temperature

"of 10°C higher than the glass tradsition temperature to a
temperature of 5°C lower than the melting point, for example,
at a temperature of 120 tb 250°C. |

BRIEF DESCRIPTION OF THE DRAWING

The figure is a graph shoﬁing the temperature dependency
of the dielectric constant and dielectric loss tangent of the
film obtained in Example 10.

DESCRIPTION OF PREFERRED EMBODIMENTS

The material for producting the stretched moldings of
the present invention is a styrene-based resin having mainly
syndiotactic configuration and a weight average molecular
weight of at least 50,000. The syndiotactic configuration
means a stereostructure in which phenyl groups or substituted
phenyl groups as side chains are located alternately in

opposite directions relative to the main chain composed of



A styrene-based pol ymer (polystyrene), having a weight lﬁpgr @
wei ght of 1,500,000 and a syndiotacticity in a racem |Jp

produced in the sane manner as in Reference Exanple 1]ejce % t hat the
pol ynmeri zati on tenperature was changed from50[err]C §o BSF r@TT2 phr
by wei,ght of talc powder as a |ubricant _wgs_added to §h St

the resulting m xture was nolded into a sheet at 280[érr]C by the u$
cal ender roll. The surface tenperature of the - 15 e

carbon-carbon bonds. The tacticity is quantitatively
determined by the nuclear magnetic resonance method using a
carbon isotope (13C-NMR method). The tacticity as determined
by the 13c_.NMR method is indicated in terms of proportions of
structural units continuously connected to each other, i.e.,
a diad in which two structural units are connected to each
other, a triad in which three sfructural units are connected
to each other, and a pentad in which five structural units
are conﬁected to each other. The styrene-based resin having
mainly the syndiotactic configuration of the present
invention includes polystyrene, poly(alkylstyrene), _
poly({halogenated styrene), poly(alkoxysfyrene), polyvinyl
benzoate and mixtures thereof, and copolymers cdntaining the
above polymer units as the main component and each having
syndiotacticity such that the proportion of a diad is at
least 75% and preferably at least 85%, or the proportion of a
pentad (racemi pentad) is at least 30% and preferably at
least 50%.

In the case of styrene-based resins with low
syndiotacticity, satiéfactory stretching effect can not be
expected even if they are subjected to the stretching
treatment.

The above poly(alkylstyrene) includes polymethylstyrene,
polyethylstyrene, polyisopropylstyrene, poly(tert-,
butylstyrene) and the like. The poly(halogenated styrene)
includes polychlorostyrene, polybromostyrene,

polyfluorostyrene and the like. The poly(alkoxystyrene)



roj| for cooling the sheet was 10[err]C. The sheet , dto

- si mul taneous bi axial stretching (draw ratio: 2.5 .5) at to
obtain a stretched film The physical properties ¢f th'p7fd¢]-,m, re shpwn in
Table 1. EXAMPLE 8 To a m xture of 90 parts by wejght of t ea%gélyﬁt rene
obtai-ned in Reference Exanple 1 and 1lOsparts by [ |

pol ystyrene (trade nanme: NF20; wei ght average nol 300, 000;
produced by |Idemtsu Petrochem cal Co., Ltd.) were added y wei ght

of bis(2,4-di-tert- butyl phenyl)pentaerythritol diphosphite and 0.1 part by
includes polymethoxystyrene, polyethoxystyrene and the like.

Of these styrene-based resins, polystyrene, poly(p-
methylstyrene), poly(m~methylstyrene), poly(p-tert-
butylstyrene), poly(p-chlorostyrene), poly(m-chlorostyrene),
poly(p-fluorostyrene), and a copolymer of stYrene and p-
methylstyrene are most preferable.

The styrene-based resin to be used in the present
invention needs to have a weight-average molecular weight of
at least 50,000, preferably at least 100,000, most préferably
at least 300,000. The molecular weight distribution is not
critical. If the weight average molecular weight is less
than 50,000,.difficulties such as breakage'in stretching
operation hinders a sufficient stretching, or a stretched
molding having high mechanical strength and heat resistance
cannot be obtained.

The styrene-based resin having mainly syndiotactic
configuration can be obtained, for example, by polymerizing a
styrene-based monomer (corresponding to the desired styrene-
based resin) by the use of a catalyst comprising a titanium
compound and a condensate of water and trialkyialuminum in
the presence or absence of an inert hydrocarbon solvent
(Japanese Pafent Application Laid-Open No. 187708/1987).

In the present ipvention, the aforementioned styrene-
based resin having mainly syndiotactic cohfigurat;on is used
as the material for the stretched molding, In addition,
materials as prepared by adding other polymers (e.g.,

styrene-based resins having atactic configuration, styrene-



ght of tetraqui s(nethylene(3,5-di-tert-butyl-4- h-y-C!LO.)qdl)Ld.[
met hane, and the resulting m xture was extruded and'KEp j

of a twi n-screw extruder having a dianmeter of 40
obtained were introduced into a single screw extrud
40 mm and equi pped with a T die at the_tgp.thereof,
conditions of cylinder tenperature 290[err]C, T di
and through put 4.2 kg/hr. while quenching to 20[erfr]C at average qu
rate of 50[err]C/sec. to obtain a sheet having a t 32 :
The sheet bhssdobtainetakadga idensiciti Ofcch g wra£tiei || loa molecular

weight styrene-based resins having syndiotactic
configuration, and polymers other than the styrene-based
resins), inorganic powders such as metal powder, talc and
mica, inorganic fibers such as glass fiber, an antistatic
agent, a lubricant, an anti-clouding agent, a heat
stabilizer, a dye, a pigment and the like to the above
styrene-based resin having mainly syndiotactic configuration
can be used. The amount of the other polymer, inorganic
powder, inorganic fiber or additive to be used is 0.0005 to
10 parts by weight and preferably 0.001 to 5 parts by weight
and most prefe;ably 0.01 to 3 parts by weight ber 100 parts
by weight of the styrene-based resin having mainly
syndiotactic configuration.

In the present invention, the styrene-based resin having
mainly syndiotactic confiquration or material obtained by
compounding other componénts thereto is used as a raw
material and is molded by extrusion molding, calende;
molding, blow molding or .injection molding and so forth to.
produce a sheet (film or preliminary molding) and tube for
stretching. In this .case, the raw materiai is usually melted
by heating and molded in the desired form by the use of
various molding machines, but the raw material may be molded
in a softened state without heat melting. The melting
temperature of the raw material is usually preferably not
lower than the melting point to not higher than the

decomposition point of the styrene-based polymer used or



glass transition tenperature of 100[err]C and a crystall ﬂﬁﬁ%ﬂcﬂ
sheet was subject-ed to sinultaneous biaxi al - 16 -. st)r _
ratio: 35 x 3.5) at 125[err]C to obtain a stretched filfmf The physi
properties of the filmare shown in Table 1. EXAMPLE 9 fh pbs

in Exanple 1 were nol ded by the use -7 -

compounds thereof. For instance, when the styrene-based
polymer is polystyrene, the melting temperafure is 260 to
350°C and preferably 280 to 330°C. If the temperature is too
high, undesirable problems occur, such.as decomposition of
the raw material. Thickness of the sheet is not critical and
is usually chosen from the range of not more than 5 mm,
preferably 3 mm to 20 uym. If the thickness is in excess of 5
mm, the sheet sometimes becomes difficult to stretch by
internal crystallization. The crystallinity of the sheet
(£film) is not more than 25%, preferably not more than 15% and
most preferably not more than 10%.

An effective way to produce a sheet having the lowest
crystailinity as possible, particularly a sheet having a
large thickness, is that the raw material which has been heat
melted be guenched at the time of molding. The temperature
of the coolant in this quenching is desirably adjusted to a
temperature of 10°C or more, preferably 20°C or more and
further preferably 30°C or more lower than the glass
transition temperature of the styrene-based polymer or
compounds thereof. For instance, when the styrene-based
polymer is polystyrene, the temperature is not higher than
80°C, preferably not higher than 70°C, and most preferably
not more thaq 60°C. The quenching rate is from 200 to 3°C/
sec., preferably from 200 to 5°C/sec. and most preferably
from 200 to 10°C/sec. If the temperature of the coolant is
too high and quenching rate is too low, cooling becomes slow

and the material becomes turbid as a result of partial



. di aneter:
This prelimnary nolding (crystallinity: 5% was subj‘
stretching blow nolding by heating it at 130[err]C fo
infrared ray heater and blowi ng nitroggn_gas at a pregshre ﬁﬁ@/c
In a stretching bl ow nol ding machine to obtain a hO||tM/CO%
volunme of 1 L. The physical properties of the contai
1. EXAMPLE 10 An original filmwas produced in the sang
Exanpl e 4, using the styrene pol ynmer obtained in Referesee

i

28 mm total |ength: 150 mm thi ckness: 2.0

FSéconds Wit

al ner

crystal zation.

The thickness of the sheet for strétching as obtained
above is not critical. It is preferred, however, that the
unevenness in thickness be minimized. More specifically, it
should be controlled to be not more than 15% and particularly
preferably not more than 5%. Surface irregularities are
preferably controlled to be not more than 1 pm (measured
according to JIS BOGQl).

The sheet is generally stretched uniaxially or biaxially
while heating at a temperature of from glass transition
temperature of the raw material to a temperature 10°C lower
than the melting point thereof. A temperature of the glass
transition temperature to the cold crystallization
temperature éf it is preferred. Therein stretching rate is
preferably 100%/min. to 500,000%/min. In the case of
uniaxial stretching, thé sheet should be stretched at a draw
ratio of at least 2,'preferab1y 3 to 10. In the case.of
biaxial gtretching, the sheet should be stretched at a draw
ratio of at least 112' preferably at least 1.5, more
preferably 2.5 to 8.5, most preferably 3 to 5 in each
diréction. If the draw ratio is too small, physical
properties of sheet, film or tape of the stretched molding
are not satisfactorily improved. 1In the case of biaxial
stretching, the sheet may be stretched simultaneously in the
machine direction (MD) and transverse direction (TD), or may

be stretched succesively in the desired order.

In the present invention, particularly in the case of



Exanple 1 (3). The average quenching rate was 40[errl &/ sec, ﬁ?
tenperature was 30[err]C. The original filmthus obthi ed-(p i
nm crystallinity: 4% was subjected to sinultaneous}blaxig
both MD and TD each to 4 tinmes the original length (4raw rati o: .
and then anneal ed at 260[err] C for 15 secands. The rqsult.s—are8$Hown in

Table 1. EXAMPLE 11 An original filmwas produced in the sane nmanner as in

Exanpl e 4,

usi ng the styrene. pol ymer obtained in Reference

biaxial stretching, the raw material can be subjected to
inflation molding or stretching blow molding directly without
formation of a sheet or preliminary molding to produce a
biaxially stretched molding (e.g., a biaxially stretched
film). In this inflation moldgng_of stretchiqg Slow molding,
it is effective so as to prevent melt fracture, roughness of
surface and the like that the resin be maintained at a
temperature of at least 20°C higher than its melting point.
If, however, the melt temperature is too high, the
decomposition of the resin proceeds in molding. Therefore,
the melt temperature is preferably lower than the
decomposition point. When the styrene-based polymer is
polystyrene, for instance, the melt temperature is usually
adjusted to the range of 270 to 330°C, preferably 280°C to
300°C. In the inflation molding, where stretching is-
effected immediately after molten extrusion, the stfetching
temperatgre is preferably 5 to 150°C lower and more '
preferably 10 to 100°C lower than the melting point. 1In the
case of stretching blow mqlding, the preform before
stretching may be either a hot parison or a cold parison. In
inflation molding or .stretching blow molding, if the blow-up
ratio is decreased, uniaxial stretching is realized.

Uniaxial stretching or biaxial stretching according to
the present invention provides a stretched molding having
excellent heat resistance, solvent resistance, chemical
resistance, mechanical properties and electric insulating

properties. It is also effective that the stretched molding




_1? -

Example 1 (4). The quenching rate was 30[err] C/sec. and the cooling

.tenperature was 30[err]C. The original filmthus CREPLA€ Nﬂﬂnys T;f 0.5

If\\l

nm crystallinity: 4% was subjected to sinultanequ St hlng in-
both MD and TD each to 4.5 tinmes the original lendth (draw ratio: |4]5 x

4. 5).,

and then annealed at 250C for 10,geconds. THe |r e3 1 BGT 39% shoyn in

Tabl e 1. COVWARATI VE EXAMPLE 1 The phyS|caI propertiles of the sheet
(not-stretched sheet) as obtained in Exanple 1 arg shown in Table 1

is further annealed (heated) at a temperature of 10°C or more
higher than the glass transition temperature to a temperature
of 5°C or more lowe; than the melting point, for example, at
a temperature of 120 to 250°C. Improvement in heat
resistance and so forth cannot be expected if the annealing
temperature is lower than a temperature of 10°C higher ;han
the glass transition temperature. On the other hand,
problems such as melting of a'parf or the whole if it is in
excess of a temperature of 5°C lower than the melting point.
The annealing time is usually 1 second to 100 hours,
preferably 5 seconds to.lOO houré and most preferably 20
seconds to 10 hours. The annealing is usually carried out in
the air atmosphere or in an atmosphere of inert gas such as
argon and nitrogen. It is more effective during the
annealing the stretched molding in a state of tension. This
annealing further increases heat resistance, dimensional
stability and so forth of the stretched molding.

Wheh the styrene-based resin is stretched and molded
into a wrapping material or container according to the
present invgntion, a transparent stretched molding can be
obtained, the contents of which can be seén and maintains
heat.resisténce and solvent resistance of the raw material;
because the styrene-based resin used as the raw material has
high syndiotacticity and transparency such that the haze is
not more than 30%.

Moreover, a stretched molding can be obtained which is

excellent in electric properties such as electric insulating



COVPARATI VE EXAMPLE 2 An original sheet for stretching
Exanpl e 1 was subjected to annealing in a state of tensi
600 seconds. The physical properties of the sheet are shown in Table 1.
COMPARATI VE EXAMPLE 3 To the styrene pol ynmer obtained
1 (5) <was added the sanme antioxidant as #ieg in Exanpl ef{l1] and the
resulting mxture was press nol ded to obfai

heati ng the anorphous original filmto 120[err]C, the fi
t he wei ght thereof and could not be stretched. :

e m e weq wpece

Ref &/ BGE 1226anpl

ain an anorphoyis original film

properties (e.g., a breakdwon voltage (BDV) at 25°C of at
least 30 kV/mm) and dielectric properties.

Accordingly, the molding of the present invention can be
used as a food wrapping material (e.g.; sheet, film or
bottle), a housing material for electric or electronic parts,
a wrapping material, and further as an electric insulator,
e.g., condenser, cable and transverter and other industrial
£ilms.

The present invention is described in greater detail
with refereﬁce to the following examples.

REFERENCE EXAMPLE 1

(1) (Preparation of Methylauminoxane)

200 ml of toluene was placed in a reactor, and 47.4 ml
(492 millimoles) of trimethylaluminum and 35.5 g (142
millimoles) of copper sulfate pentahydrate were added thereto
and reacted with each other at 20°C for 24 hours.

Then the solid poftion was removed form the reaction
mixture td obtain a toluene solution containing 12.4 g of
methylalgminoxane.

(2) (Production of Polystyrene having Syndiotactic
Configuration)

2 L (Léliter) of toluene as a solvent, and 5 mmol of
tetraethoxytitanium and 500 mmol (as aluminum atom) of
methylaluminoxane obtained in abovedescribed (1) as catalyst
components were placed in a reactor, and then 15 L of styrene
was added at 50°C and polymerized for 4 hours.

After polymerization, the reaction product was washed

REPLACEDENT, SHEET|,

1%

=g
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EXAMPLE 12 The sheet of 0.1 mmthickness obtained in th Rﬁﬂh&GbmwmﬁfSHﬂﬁﬂ
Exanpl e 1 was subjected to sinultaneous biaxial stretchijng (draw ratio.7}2.
X 2.0) at 125[err]Cto obtain a stretched filmhaving a tkickqpﬁe q% 50
[err]m This filmwas -18 - further subjected to anndalfing a 51 ?%wz]t
S

The physical properties of the sheet areighown in Table {2.

-y

nmeasured for changes with tenperature of

with a mixture of hydrochloric acid and methanol to decompose
and remove the catalyst components, and then dried to obtain

2.5 kg of a styrene-based resin (polystyrene). The polymer.

was subjected to Soxhlet extraction using methyl ethyl ketone
as a solvent to obtain 95% by weight of an extraction

residue. The weight average molecular weight of the residue
" was 800,000. A L3Cc-MMR analysis (solvent: 1,2-dichloro-
benzene) showed a peék at 145.35 ppm, ascribable to the
syndiotactic structure, and the syndiotacticity in terms of
the racemi pentad as calculated from the peak area WAS 96%.
The melt viscosity of the styrene polymer as determined with
a capillary rheometer‘using Autograph 1125 (manufactured by
Instrom Copy.} was 7x104 poises under conditions of
temperature 306°C and rate of shear 10/sec.
(3) (Prodﬁction of Polystyrene having Syndiotatic

Configuration)

2 L of toluene as a solvent, and 5 mmol of tetraethoxy-
titanium and 300 mmol (as aluminum atom) of methylaluminoxane
obtained in abovedescribed (1) as catélyst components were
placed in a reactor, and then 15 L of styrene was added at
55°C and po;ymerized.fpr 4 houxs.

After polymerization, the reaction product was washed
with a mixture of hydrochloric acid and methanol to decompose
and remove the catalyst components, and then dried to obtain
2.5 kg of a styrene-based resin(polystyrene). The polymer
was subjected to Soxﬁlet extraction using methyl ethyl ketone

as a solvent to obtain 97% by weight of the extraction



diel ectric constant and dielectric |oss tangent by the

.for neasuring a dielectric constant (produced by Toyo SkiFK a
frequency of 976 Hz. The results are showmn in Fig. 1 It]c

Fig. 1 that the tenperature dependency of dielectric cops

dielectric loss is small. EXAMPLES 13_T{,16 Stretched fjl |

t hi ckness were produced in the sanme manner as in Exanplje 12 except that Hhe

t hi ckness of original sheet, the stretching tenperature, Orawteto:
anneal i ng tenperature and annealing tinme were changed as

residus. The weight average molecular weight of the residue
was 400,000. A 13C-NMR analysis showed a peak At 145.35 ppm,
ascribable to the syndiotactic structure, and the
syndiotacticity in terms of the racemi pentad as calculated
from the peak area was 98%.

The melt viscosity of the styrene polymer as determined
under the same conditions as above (2) was 2x104 poises.
(4)(Production of Polystyrene having Syndiotactic

Configuration)

2 L of toluene as a solvent, and 1 mmol of cyclopenta-
dienyltitanium trichloride and 500 ﬁmol (as aluminum atom) of
methylaluminoxane obtained in abovedescribed (1) as catalyst
compénents were placed in a reactor, and then 3.6 L of
styrene was added at 20°C and polymerized for 1 hour.

After.polymerization, the reaction product was washed
with a mixture of hydrochloric acid and methanol to decompose
and remove the catalyst-componénts, and then dried to obtain
330 g.of a styrene;baséd resin(polystyrene). The polymer .was
subjected.to Soxhlet extraction using methyl ethyl ketone as |
a solvent to obtain 95% by weight of an extraction residue.
The weight average molecular weight of the residue was
290,000, the number average molecular weight thereof was
158,000 and the melting point was 270°C. A 13C--NMR analysis
showed a peak at syndiotacficity in terms of the racemi
pentad as calculated from the peak area was 96%. The melt
viscosity of the styrene polymer as determined under the same

conditions as above (2) was 4x103 poises.



shown in Table 2. The physical properties of the filns are JHHHMKHﬂWEEEHSHEBI

2. COVWPARATI VE EXAMPLE 4 A stretched fil mwas produced in thel Same Tremret

as in Exanple 10 except that atactic polystyrene (NF 20) wgs
of the polystyrene obtained in Reference Exanple 1, and thg
tenpefature and the draw ratio were chaggig to 120[err] C ard
respectively. The stretched filmnelted up6bnapplication of

e

S 3.()

(V)]

heat treat ment

at 170[err] C. COVPARATI VE EXAMPLE 5

The sheet for stretching. as--obtained in Example 1 was

subjected to simultaneous biaxial stretéhing (draw ratio:

2x2) at 125°C to obtain a stretched film. The physical

properties of the film are shown in Table 1.

EXAMPLE 4

The film as obtained in Example 3 was subjected to

annealing in a state of tension at 160°C_for 20 éegqus. The

physical properties of the f£ilm are shown in Table 1.

EXAMPLE 5

The sheet for stretching as obtained in Example 1 was

P T P o a T

. o] : °
subjected to simultaneous biaxial stretching (draw ratio:

4x4) at 120°C to obtain a stretched film. The physical

properties of the film are shown in Table 1.

EXAMPLE 6

The sheet for stretching as obtained in Example 1 was

first stretched to a draw ratio of 3.5 times in MD and then

to a draw ratio of 3 times in TD to obtain a stretched film.

The physical properties of the film are shown in

EXAMPLE 7

Table 1.

A styrené-based polymer (polystyrene), having a weight

average molgcular weight of 1,500,000 and a syndiotacticity

in a racemi pentad of 96%, was produced in the same manner as

in Reference Example 1 except that the polymerization

temperature was changed from 50°C to 35°C. 2 parts by weight

of talc powder as a lubricant was added to the polystyrene,
and the resulting mixture.was molded into a sheet at 280°C by

the use of a calender roll. The surface temperature of the



-19 - The pellets obtained in Exanple 1 were heat pressed a
- to obtain a sheet (crystallinity: 6% having a thickness of
sheet was subjected to annealing at 170C for 600 seconds. TlelT
shown in Table 2. REFERENCE EXAMPLE 2 (Production of Styren
having Mainly Syndiotactic Configuratiopg 6 L of toluene as
5 mol of

roll for cooling the sheet was 10°C.

The sheet was then subjected to simultaneous biaxial
stretching (draw ratio: 2.5 x 2.5) at 120°C to obtain a
stretcﬁed film. The physical properties of the film are
shown in Table 1.

EXAMPLE 8

To a mixture of 90 parts by weight of the polystyrene
obtained in Reference Example 1 and 10 parts by weight of
atactic poletyrene (trade name: NF20; weight average |
molecular weigPt: 300,000; produced by Idemitsu Petrochemical
Co., Ltd.) were added 0.1 part by weight of bis(2,4-di;tert—
butylphenyl)pentaerythritol diphosphite and 0.1 part by -
weight of tetraquis(methylene(3,5-di-tert-butyl-4-

) hydroxyhydrocinnamaté)) methane, and the resulting mixture
was extruded and pelletized by the use of a twin—screw'
extruder having a.diameter bf 40 mm.

The pellets thus obtained were introduced into a single
screw extruder having a diameter of 40 mm and equipped with a
T die at the top thereof, and extruded under conditions of
cylinder temperature 290°C,,f die temperature BOOiC and
through put.4.2 kg/hr. while guenching to 20°C at average
quenching rate of 50°C/sec. to obtain a sheet having a
thickness of 600 um.

The sheet thus obtained had a density of 1.04 g/cm3, a
glass transition temperature of 100°C and a crystallinity of
2%.

The sheet was subjected to simultaneous biaxial



tetraet hoxytitani umand 500 mmol (as al um num at om) of rret hyI al um' noxane as

cat al yst conponents were placed in a reactor, and then 4 Aot ,'%ﬁﬁréne-

and 1.25 nol of p- nethylstyrene were added thereto at | HS

pol ymeri zed for 2 hours. After of polynerization, the r,

washed- with a m xture of hydrochloric aciggand nethanol d“a Wombif !

renove the catal yst conponents, and then dried to obtai 40 z a

copol ymer. This copol ymer was subjected to Soxhlet extractlior—ds+ng-TETNY

et hyl ketone as a solvent to obtain 80% by wei ght of an extraction resi

The copol yner, the residue, had a wei ght average nol ecul Nt
stretching (draw ratio: 3.5 x 3.5) at 125°C to obtain a

stretched film. The physical properties of the film are
shown in Table 1.

EXAMPLE 9

The pellets obtained in Example .1 were molded by the use
of an injection molding mgchine to.produce a preliminary
molding (outer diameter: 28 mm: totai length: 150 mm;
thickness: 2.0 mm; weight: 35 g). This preliminary molding
(crystallinity: 5%) was subjected-to'biaxial stretching blow
molding by heatipg it at 130°C for 50 seconds with an
infrared. ray heater and blowing nitrogen gas at a pressure of
25 kg/cm2 in a stretching blow ﬁolding machine to obtain a
hollow container having a volume of 1 L. The physical
properties of the container are shown in Table 1.

EXAMPLE 10

An original film was produced in the same manner as in
Example 4, using the styrene polymer obtained in Reference
Example 1 (3). The average quenching rate was 40°C/sec. and
the cooling temperature was 30°C. The original f£ilm thus
obtained (thickness: 0.4 mm; crystallinity: 4%) was subjected
to simultaneous biaxial stretching in both MD and TD each to
4 times the original length (draw ratio: 4 x 4) , and then
annealed at 260°C for 15 seconds. The results are shown in
Table 1. |

EXAMPLE 11

An original film was produced in the same manner as in

Example 4, using the styrene polymer obtained in Reference



of_. 440,000, a nunber average nol ecul ar wei ght of 24
. point of 255[err]C The p-nethylstyrene unit conte
mol % 13 A C-NMWR anal ysis of the copol yner showed ges
145. 22 ppm and 142. 09 ppm EXAMPLE 17 A stretched ffil
same nanner as in - 20 - - 17 - -

ks at 145.11 pp

r was 5
m

m dels0BT dged in the

!

Example 1 (4). The quenching rate was 30°C/sec. and the

cooling temperature was 30°C. The original film thus
obtained (thickness:-O.S mm; crystallinity: 4%) was subjected
to simultaneous biaxial stretching in Both MD and TD each to
4.5 times the original length (draw ratio: 4.5 x 4.5), and
then annealed at 250°C for 10 seconds. The results are shown
in Table 1.

COMPARATIVE EXAMPLE 1

The physical properties of the sheet (not-stretched
sheet) as obtained in Example 1 are shown in Table 1.

COMPARATIVE EXAMPLE 2

An original sheet for stretching as obtained in Example_
1 was subjected to annealing in a state of tension at 150°C
for 600 seconds. The physical properties of the sheet are
shown in Table 1. |

COMPARATIVE EXAMPLE 3

To the styrene polymer obtained in Reference Example 1
(5) was added the same antioxidant as used in Example 1, and
the resulting mixture was press molded to obtain an amorphous
original film. On heating the amorphous original film to
120°C, the film was deformed bx the weight thereof and could
not be stretched.

EXAMPLE 12

The sheet of 0.1 mm thickness obtained in- the same
manner as in Example 1 was subjected to simultaneous biaxial
stretching (draw ratio: 2.0 x 2.0) at 125°C to obtain a

stretched f£ilm having a thickness of 50 ym. This film was



Exanpl e 12 except that the styrene copol ynmer obtained

2 was used and the draw ratio was changed to 3.5 x 3.5.
properties of the filmare. shown in Table 2. EXAMPLE 18
parts by wei ght of the polystyrene obtained in Reference
parts:by weight of glass fiber having anjgverage fiber |E
(produced by Asahi Fiber dass Co., Ltd.; fiber dianeter
the chopped strand form were added 0.1 part by wei ght of
bis(2,4-di-tert-butyl phenyl)pentaerythritol diphosphite

further subjected to annealing at 210°C.

The physical properties of the sheet are shown in Table
2. The sheet was measured for changes with temperature of
dielectric constant and dielectric loss tangent by the use of
an apparatus for measuring a dielectric constant (produced by
Toyo Seiki Co., Ltd.) at a frequency of 976 Hz. The results
are shown in Fig. 1 -

It can be seen from Fig. 1 that the temperature
dependency of dielectric constant and dielectric loss is
small.

EXAMPLES 13 TO 16

Stretched films of 25 pym thickness were produced in the
same manner as in Example 12 except that the thickness 6f
original sheet, the stretching temperature, draw ratio,
annealing temperature and annealiﬁg time were changed as
shown in Table 2.

The physical properties of the films are shown in
Table 2. |

COMPARATIVE EXAMPLE 4

A stretched film was produced in the same manner as in
Example 10 except that atactic polystyrene (NF 20) was used
in place of'the polystyrene obtained in Reference Example 1,
and the stretching temperature and the draw ratio were
changed to 120°C and 3.0 x-s.O, respectively.

The stretched film melted.upon application of heat
treatment at 170°C.

COMPARATIVE EXAMPLE 5




0.1 part by weight of tetraquis(nethylene(3,5-di-tert-butylg S
4- hydr oxyhydr oci nnanat €) ) met hane as anti oxi dants, and the réﬁﬂ[ﬁﬂ}ﬂwmwygﬁﬁﬁT
was extruded and pelletized by the use of a tw n-screw extrfu : -
di aneter of 40 mm The pellets thus obtained were introducgd im’?@Cﬁi nq%lhe
screw extruder having a dianeter of 40_mypgyand equi pped wit T'di 19%ne
top thereof, and extruded under conditions of cylinder tempe
290[err]C, T die tenperature 300[err]C and through put 4.2lkg/ hr. while

okt A1 N

L e

guenching to 30[err]C at average quenching rate of 75[err] Csec—to—obtal-n

a sheet’ having a thickness of 200 [err]m_ The sheet was subjected to
si nul t aneous bi akhelpellets obtained in Example 1 were heat pressed and

then quenched to obtain a sheet (crystallinity: 6%) having a
thickness of 3 mm. This sheet was subjected to annealing at

170°C for 600 seconds. The results are shown in Table 2.

REFERENCE EXAMPLE 2_

(Production of Styrene Copolymer having Mainly Syndiotactic
Configuration)

6 L of toluene as a solvent, and 5 mmol of
tetraethoxytitanium and 500 mmo; {as aluminum atom) of
methylaluminoxane as catalyst components were placed in a
reactor, and then 48.75 mol of styrene and 1.25 mol of p-
methylstyrene were added thereto at 50°C and polymerized for
2 hours.

After of polymerization, the reaction product was washed
with a mixture of hydrochloric acid and methanol to decompose
and remove the catalyst components, and then dried to obtain
640 g of a copolymef; This copolymer was subjected to
Soxhlet extraction using methyl ethyl ketone as a solvent to
obtain 80% by weight of an extraction residue. The
cobolYmer, the residue, had a weight average molecular weight
of 440,000,_a number .average molecular weight of 240,000 and
a melting point of 255°C. The p-methylstyrene unit content
of the copolymer was 5 mol%.

A 13C—NMR analysis of the éopolymer showed peaks at 145.11
ppm, 145.22 ppm and 142.09 ppm.

EXAMPLE 17

A stretched film was produced in the same manner as in



stretching (drawratio: 2 x 2) at 125[err]C to obtain a stretched film The”

physical properties of the filmare shown in Table 2. RBFEAEEWﬁﬂﬂngEE
- \ '
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Example 12 except that the styrene copolymer obtained in
Reference Example 2 was used and the draw ratio was changed
to 3.5 x 3.5.

The physical properties of the film are shown in
Table 2.

EXAMPLE 18

To a mixture of 95 parts by weight of the polystyrene
obtained in Reference Example 1 and 5 parts by weight of
glass fiber having an average fiber length of 3 mm (produced
by Asahi Fiber Glass Co., Ltd.; fiber diameter: 10-15 um; in
the chopped strand form) were added 0.1 part by weight of
bis(2,4-di~tert-butylphenyl)pentaerythritol diphosphite and
0.1 part by weight of tetraquis(methylene(3,5-di-tert-butyl-
4-hydroxyhydrocinnamate) )methane as antioxidants, and the
resulting mixture was extruded and pelletizéd by the use of a
twin-screw extruder having diameter of 40 mm.

The pellets thus obtained were introduced into a single
screw extruder having a diameter of 40 mm and equipped with a
T die at the top thereof, and extruded under conditions of
cylinder temperature'290°c, T die temperature 300°C and
through put 4.2 kg/hr. while quenching to 30°C at average
quenching rate of 75°C/sec. to obtain a sheet having a
thickness of 200 uym.

The sheet was subjectea to simultaneous biaxial
stretching (draw ratio: 2 x 2) at 125°C to obtain a stretched
film. The physical properties of the film are shown in

Table 2.
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1 to. anneal i ng at a tenperature of 10[err] C higher than the glass
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WHAT IS CLAIMED IS:

1. A stretched styrene-based resin molding as obtained by
subjecting a étyrene-based polymer having mainly syndiotactic
configuration and a weight average molecular weight of at
least 50,000 to uniaxial stretching of at least two times or
to biaxial stretching of at least 1.2 times in each
direction.

2. The molding as claimed in Claim 1, having heat
resistance and such transparency that the haze is not more
than 30%.

3.The molding as claimed in Claim 1, having such electric
‘insulating properties that the breakdown voltage at 25 °C is
at least 30 kV/mm.

4. A process for producing a stretched styrene-based resin
molding which comprises subjecting a styrene-based resin
having mainly syndiotactic configuration and a weight average
molecular weight of at least 50,000 to uniaxial stretching of
at least two times or biaxial stretching of at least 1.2
times in each direction.

5. A process for prbducing a stretched styrene-based resin
molding which comprises heat melting a styrene-based resin
having mainly syndiofactic configuration and a weight average
molecular weight of at least 50,000, qpenching the molten
resin, and then subjecting the quenched resin to uniaxial
stretching at a draw ratio of at leaét two times -or biaxial

stretching at a draw ratio of at least 1.2 times in each

-

direction. { REPLACEMENT SHEET

17 OCT 1996
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6. The process as claimed in Claim 5, wherein quenching
rate is from 200 to 3°C/sec.

7. A stretched styrene-based resin molding as obtained by
subjecting the stretched styrene-based resin molding of Claim
1 to annealing at a temperature of 10°C higher than the glass
transition temperature to a temperature of 5°C lowef than
me}ting point. |

8. The stretched styrene-based resin molding as claimed in

Claim 7 wherein the temperature of annealing is 120°C to

250°C.
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STRETCHED STYRENE-BASED RESIN MOLDINGS AND A PROCESS FOR
PRODUCTION THEREOF

ABSTRACT OF THE DISCLOSURE

Stretched moldings (e.g., stretched films, sheets or
bottles) of styrene-based resins (e.g., polystyrene) having
mainly syndiotactic configuration and é weight average
molecular weight of at least 50,000, and a process for the
production thereof are disclosed. The stretched moldings are
obtained by uniaxially stretching the styrene-based resins at
a draw ratio of at least 2 times, or biaxially stretching at
a draw ratio of at least 1.2 times in each direction. The
stretched moldings are excellent in heat resistance, chemical
resistance, solvent resistance, electric insulating
properties, mechanical strength and so forth, and thus can be
used as féod wrapping materials, housing materials for

electric or electronic parts, and so forth.

FIGURE 1
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