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FIELD OF THE INVENTION

This invention relates to expandéble rubber-modified
styrene resin beads for obtaining expanded beads éuitable as
expanded molded articles excellent in outer appearance, impact
resistance, and softness; and; expanded beads and expanded
molded articles obtained from the expandable beads.

BACKGROUND OF THE INVENTION

Polystyrene foam exhibits excellent cushioning, heat
insulating properties, and easy molding and is widely employed
as pé&kaging'material oi'heat insulating material. However, it
is liable to partially break off due to insufficient impact
resistance or softness so that it is unsuitable for, for
example, packaging of precision components. Although expanded
polyolefin resins have excellent impact resistance and
softness, they require large-scale productive facilities, and
they must be, by nature, transported from a manufacturer to a
molder in the form of expanded beads, which incurs increase of
production cost.

In recent years, expanded materials obtained from a
rubber-modified styrene resin _which is prepared by bulk
polymerization or suspension polymerization of a styrene
monomer in the presence of butadiene rubber as a base resin

have been proposed for easy moldiﬁg and improved impact
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.resistance or softness so that it is unsuitable for, for exanple, packaging
of precision conponents. Although expanded pol yol efin resins have excel |l ent
i npact resistance and softness, they require |arge-scal e productive
-facilities, and they nust be, by nature, transported froma nmanufacturer to
a nolder in the formof expanded beads, which incurs increase of production
cost. In recent years, expanded materials obtained froma rubber-nndified

styrene Lesigealibehahd SPRALEH DVCDUE BOLYIRE: 60k OBl BY3RRNSLS

pol ynmeri Zation o rene nononer € presenc 'ene Tu er as

a base reghf,hage &md@éw%?daﬁﬂé-@ﬁsmwédwaea%r&nmw-@' | dPa¢Led
herein means an “"examined published Japanese patent
application®") and JP-B-51-46536. However, the degree of the

improvements in these materials is still insufficient.

SUMMARY OF THE INVENTION

The inventors of the present invention have conducted
extensive investigations to solve the above problems and found,
as a result, that expandéble rubber-modified styrene resin
beads comprised of a specific rubber component and a styrene
resin and having a limited mineral oil content provide expanded
resin beads which provide expanded molded articles having
excellent appearance, impact resistance and softness, and thus
completed the present invention.

The present invention relates to expandable rubber-
modified styrene resin beads comprising a rubber-modified
styrene resin comprising a styrene resin having dispersed
therein 8 to 15% by weight of a rubber component consisting of
a conjugated diene rubber having a 1,4-cis structure in a
proportion of not less than 70%, said conjugated diene rubber
having a form of particles having an average particle size of
1.5 to 3.0 um, said rubber-modified styrene resin having a
mineral oil content of not more ‘than 3.0% by weight, and said
expandable rubber-modified styrene resin beads containing 1 to

15% by weight of a volatile blowing agent.
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.2 resistance and softness over the conventional polystyrene resin foam as-
di sclosed in JP-B-47-18428 (the term"JP-B" as used herein neans an
"exam ned published Japanese patent application") and JP-B-51-46536.
However, the degree of the inprovenents in these materials is stil

i nsufficient. SUMWARY OF -THE | NVENTI ON The inventors of the present

I nvention have conducted extensive investigations to solve the above

probl ens and found, ,as a result; at expandabl e rubber-nodified styrene
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and having .a lijmted m.nera $%é ﬁ@@tent 8rovide expanded resin beads which
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It is preferable that the ekpandable rubber-modified
styrene resin beads have an internal water content of not more
than 0.2% by weight. -

It is preferable that the volatile blowing agent
consists mainly of butane.

It is preferable that the expandable rubber-modified
styrene resin beads further contain at least one organic
solvent selected from the group consisting of hydrocarbons and
carboxylic acid esters having a boiling point of not lower than
80°C.

The present invention further relates to expanded
rubber-modified styrene resin beads obtained by heat expanding
the above-mentioned expandable rubber-modified styrene resin
beads.

The present invention furthermore relates to an
expanded molded article having a density of 10 to 600 kg/m’
which comprises the above-mentioned expanded rubber-modified
styrene resin beads.

DETAILED DESCRIPTION OF THE INVENTION

The expandable rubber-modified styrene resin beads of
the present invention comprise a Styrene resin having dispersed
therein 8 to 15% by weight of a rubber component consisting of

a particulate conjugated diene xrubber having a 1,4-cis
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.excel | ent appearance, inpact resistance and softness, and thus conpl eted
the present invention. The present invention relates to expandabl e rubber-
nodi fied styrene resin beads conprising a rubber-nodified styrene resin
-conprising a styrene resin having dispersed therein 8 to 15% by wei ght of a
rubber conponent consisting of a conjugated di ene rubber having a 1,4-cis
structure in a proportion of not less than 70% said conjugated diene

P E, TRER LR IR O cBRIGR O W MW UBEP P08 LA ot Sophal B 10
of not ”?E%t&EQE §1Qé)@$ veisghly zand 0|d expandabl e rubber-nodi fied
styrene resin beads containing 1 to 15% by wei ght of a volatile bl ow ng
agent. The rubber component in the rubber-modified styrene
resin consists of a conjugated diene rubber having a 1,4-cis
structure in a proportion of not less than 70%, preferably not
less than 80%, still preferably nof. less than 90%. If
proportion of the 1,4-cis structure is too low, expanded molded
articles obtained from the resulting rubber-modified styrene
resin have insufficient softness or insufficient impact
resistance.
Conjugated diene rubbers having a 1,4-cis structure in
a proportion .of not less than 70% can be obtained by, for
example, coordination ionic polymerization of a conjugated
diene in the presence of a rare earth metal (atomic number 21,
39, 57 to 62) catalyst, preferably a cerium group (atomic
number 57 to 62) catalyst. The rare earth metal catalyst
baéically'comprises (a) a rare earth metal compound represented
by formula MR; (wherein M is a rare earth element; and R is a
reactive residue of an organic acid), (b) an organcaluminum
compound, and (c) a halogen compound. The organic acid which
constitutes the rare earth metal compound includes organic
compounds having an active hydrogen atom displaceable with a
rare earth metal, such as carboxylic acids, alcohols, and
amines (refer to JP-A-55-663903 (the term "JP-A" as used herein

means an "unexamined published Japanese patent application")

and JP-A-60-23406).
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S It is.preferable that the styrene resin has a Z-average nol ecul ar wei ght
of 350,000 or nore. It is preferable that the expandabl e rubber-nodified
styrene resin beads have an internal water content of not nore than 0.2% by
weight. It is preferable that the volatile bl ow ng agent consists nmainly of
butane. It is preferable that the expandabl e rubber-nodified styrene resin
beads further contain at | east one organic solvent selected fromthe group

consisting of NyqiacatBRreded 62" QUL @k AhALS i he0c8nRbbERE
poi nt of not | ower an
diene rubber is a proportion of a 1,4-cis structure in the
total carbon-carbon double- bonds in the conjugated diene
rubber, which can be determined by !*C-NMR spectroscopy.

The conjugated diene rubber may be obtained either by
homopolymerization of a conjugated diene monomer, such as
butadiene, isoprene or chloroprene, or copolymerization of an
appropriate combination of these monomers. Rubber obtained by
homopolymerization of butadiene is preferred for ease in
grafting styrene thereto and its bulk availability on an
industrial scale. '

. The conjugated diene rubber content in the rubber-
modified styrene resin is 8 to 15% by weight, preferably 10 to
13% by weight, still preferably 11 to 13% by weight. If the
conjugated diene rubber content is less than 8% by weight,
sufficient softness and impact resistance cannot be obtained.
If it exceeds 15% by weight, no further improvement in strength
is obtained, and expanded beads obtained therefrom have
considerably deteriorated moldability only to provide an
expanded molded article suffering surface melt, etc.

The particulate conjugated diene rubber has a particle
size of 1.5 to 3.0 pm, preferably 2.0 to 2.8 um. If the
particle size is less than 1.5 um, insufficiency in impact

resistant can result. If it exceeds 3.0 um, the beads fail to

form cells in a stable manner and are liable to shrink.
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80[err]C. The present invention further relates to expanded rubber-nodified
styrene resin beads obtai ned by heat expandi ng the above-nenti oned
expandabl e rubber-nodi fied styrene resin beads. The present invention
furthernore relates to an expanded nol ded article having a density of 10 to
600 kg/ nferr] which conprises the above-nentioned expanded rubber-nodified
styrene resin beads. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The expandabl e
rubber - nodi fi ed 3# rene resin beag%sgf The resent Lnvention conp rlse A

styrene resin ha Slv?ﬁ@:g?edp?ﬁ 13‘% 9eR8P fifttof %

gogpgpentfg&@;t'eacaf A PR gyhal %f:ogl e " WG AYAG

vessel for styrene polymerization, the number of revolution of
the stirrer, the stirring time, and the polymerization
temperature, and is not decided by control of a single factor.
The average particle size falling within the above range can be
secured by adjusting such conditions as impose shear stress on
rubber during polymerization, such as the number of revolution
for stirring.

In the present invention, the average particle size of
dispersed particles of the conjugated diene rubber is
calculated from the following equation based on the measurement
of the particle diameter of 100 to 200 rubber particles in a
transmission electron micrograph:

Average particle size = EINiD?/ZINiD

{(wherein Ni represents the number of rubber particles;

and D represents the diameter of a rubber particle)

The styrene resin in the rubber-ﬁodified styrene resin
preferably has a Z-average molecular weight of 350,000 or more,
still preferably 400,000 or more. If the Z-average molecular
weight is smaller than 350,000, the resulting exéanded.material
tends to have poor impact resistance or softness.

The expandable rubber-modified styrene resin beads of
the present invention have a mineral oil content of not more
than 3.0% by weight, preferably not more than 2.0% by weight,

based on the rubber-modified styrene resin and contains 1 to
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.4 structure.in a proportion of not |ess than 70% and an average particle
size of 1.5 to 3.0 [err]m The rubber conponent in the rubber-nodified
styrene resin consists of a conjugated diene rubber having a 1,4-cis
-structure in a proportion of not less than 70% preferably not |ess than
80% still preferably not |ess than 90% | f proportion of the 1,4-cis
structure is too | ow, expanded nol ded articles obtained fromthe resulting

rUbber‘”ﬁg%“%?jﬁéiﬁﬁ@e peararhsYg 3y figd epy SRibhess o¥ 4 Neyitgisnt

I npact resistance
blowing agent.

If the mineral oil content in the beads exceeds 3.0% by
weight, the resulting expanded material is apt to underxrgo
shrinkage or deformation.

The expandable rubber~modifiea styrene resin beads
preferably has an internal water content of not more than 0.2%
by weight, still preferably not more than 0.1% by weight. If
the internal water content in the beads exceeds 0.2% by weight,
the expanded beads would have a reduced cell size and tend to
undergo melting or shrinkage on the surface of a molded article
while they -are expansion molded only to provide poor
appearance. Further, in the case where beads having a high
internal water content are used in combination with butane
which is known as such a volatile blowing agent as has
excellent molding properties, the cells of the heat-expanded
beads become very fine, and molded articles obtained therefrom
tend to have deteriorated appearance. Such being the case, it
is difficult to use butane as a main component of a blowing
agent, so that there is often no choice but to use n-pentane
which does not make cells so fine. However, use of n-pentane
as a blowing agent is limiﬁed if increased productivity is
aimed at; for the cooling time after heating the expanded beads
in a mold is relatively long although the appearance of molded
articles is improved. The above problem can be solved by

controlling the internal water content. That is, with the so
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.Conj ugat ed di ene rubbers having a 1,4-cis structure in a proportion of not
| ess than 70% can be obtained by, for exanple, coordination ionic

pol ymeri zati on of a conjugated diene in the presence of a rare earth netal
-(atom ¢ nunber 21, 39, 57 to 62) catalyst, preferably a cerium group
(atom c nunber 57 to 62) catal yst. The rare earth netal catalyst
basically conprises (a) a rare earth nmet al conpound represented by formul a

or gan ¢ GEPRFCABR %%iaﬁfoara PRt A (BF Sl Bl JBty HipBund.
Th hyd
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earth nme carboxyllc aci dsg, alcohols, and am nes (refer to
JP—A-SS-%%éggé?ggl% erm"JP-A" as used herein

A combination of butane and an organic compound having
a boiling point of not higher than 80°C, such as propane,
n-pentane, isopentane, neopentane, cyclopentane, hexane,
trichlorofluoromethane, dichlorodifluoromethane, dichloro-
tetrafluoroethane, chloromethane, chloroethane, dichloro-
methane, methanol, and diethyl ether, may be used as volaeile
blowing agent. Where the above-described internal water
content is 0.2% by weight or less, a mixture containing butane
(a hydrocarbon compound having 4 carbon atoms, i.e., n-butane,
isobutane, etc.) as a main component, that is, in a proportion
of at least 50% by weight is preferred for maintenance of
sufficient foaming properties and reduction of the molding
cycle. A mixed Dblowing agent consisting of about 70% of
n-butane and about 30% of isobutane is industrially available.

Further, a mixed blowing agent containing at least one
organic solvent selected from the group consisting of
hydrocarbons and carboxylic acid esters having a boiling point
of not lower than 80°C, especially in an amount of not more
than 1% by weight, is preferred for obtaining increased foaming
properties. Examples of useful -hydrocarbons having a boiling
point of not lower than 80°C are cyclohexane, heptane, octane,

xylene, toluene, and ethylbenzene, with cyclohexane being

particularly preferred for its safety. Examples of useful
o T




.means an "unexam ned published Japanese patent application”) and

JP- A- 60- 23406) . 5 The proportion of a 1,4-cis structure in the

conj ugat ed di ene rubber is a proportion of a 1,4-cis structure in the total
.car bon- car bon doubl e- bonds in the conjugated di ene rubber, which can be
determ ned by [err] CG-NWR spectroscopy. The conjugated diene rubber may be
obt ai ned ei t her by honmopol yrreri zation of a conjugated di ene nmonomer, such

e it R A SO RLENE, o PR, EIACT A0 chan
80°C are dioctyl phthalate, diheptyl phthalate, dioctyl
adipate, and diethylene glycol dibenzoate. Addition of these
organic solvents in an amount exceeding 1% by weight is rather
unfavorable because the necessary cooling time in a molding
cycle would be inereased, tending to fail to accomplish the
object of the present invention.

The rubber-modified styrene resin which can be used in
the present invention is obtained by dissolving the aforesaid
specific conjugated diene rubber in a styrene monomer, such as
styrene, p-methylstyrene, and a-methylstyrene, and subjecting
the monomer- mixture to bulk polymerization, solution
polymerization, suspenéion polymerization, bulk-suspension
polymerization, and the 1like in the presence of an azo.
compound, such as azobisisobutyronitrilé, or a peroxide, such
as benzoyl peroxide or t-butyl peroxybenzoate.

The rubber-modified styrene resin may further contain
inorganic fillers, such as talc, clay, calcium carbonate and
titanium oxide; antioxidants, antistatic agents, ultraviolet
absorbers; lubricants, such as carbon black, aluminum stearate,
zinc stearate and aluminum p-t-butylbenzoate; and flame
retarders, such as tris(dibromopropyl) phosphate, pentabromo-
diphenyl ether, tetrabromobutane, dibromoethylbenzole, and
1,2,5,6,9,10-hexabromocyclodecane.

The expandable rubber-modified styrene resin can be

obtained by, for example, a process comprising pelletizing a

“ﬁiiiiiﬂ‘iiilﬂiﬂ“ li‘ﬂin
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_honopol.yner.i zation of butadiene is preferred for ease in grafting styrene
thereto and its bulk availability on an industrial scale. The conjugated

di ene rubber content in the rubber- nodified styrene resinis 8 to 15% by
-wei ght, preferably 10 to 13% by weight, still preferably 11 to 13% by

wei ght. If the conjugated di ene rubber content is |ess than 896by wei ght,
sufficient softness and i npact resistance cannot be obtai ned. It exceeds
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particul ate conjugated di ene rubber has a particle size of 1.

[err] m gtgtenablresdd po1LeBs| BaWlily a lpelbét size of 0.5 to 5 mm,
dispersing the pellets in an aqueous medium in the presence of
a suspending agent in a closed vessel to impregnate a blowing
agent into the pellets; or a process.comprising thoroughly
melt-kneading the compound together with a blowing agent in an
extruder, extruding the compound through the nozzles of the die
tip and immediately leading the extruded strands into water for
quenching, and granulating as unexpanded.

In particular, expandable rubber-modified styrene resin
of t@g present invention having a controlled internal water
content and capable of providing molded article with excellent
appearance can be obtained by a process comprising pelletizing
a melt-kneaded compound from an extruder by strand cutting,
undexrwater cutting, hot cutting, etc. to obtain rubber-modified
styrene resin pellets having a pellet size of 0.5 to § mﬁ,
dispersing the pellets in an aqueous medium in the presence of
a suspending agent in a closed wvessel, and impregnating a
blowing agent into the pellets in the presence of 0.01 to
2.0 mol/l, based on the agueous medium, of an electrolyte.

The expandable rubber-modified styrene resin beads of
the present invention is expanded by heating to obtain rubber-
modified styrene resin expanded beads. Heat expansion of the
expandable resin beads can be carried out by, for example,

heating with steam, etc. to a temperature near the glass

- 10 - This Sheet Has Been R m
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The resulting expanded rubber-modified styrene resin
beads can be molded by means of a molding machine used for the
ppoduction of polystyrene expanded molded articles. In more
detail, expanded beads are charged in a mold, fusing the
expanded beads together by steam heating, and, after cooling
for a prescribed time period, removing the expanded molded
article from the mold. The molding of the expanded beads of
the present invention can be completed in a reduced cooling
time, and the resulting molded article has an expansion ratio
of Sq. and, after being allowed to stand at 23°C for 24 hours
from removal from the mold, exhibits excellent impact
resistance as having 50% failure height of 35 to 45 cm,
excellent softness of 50 to 80 mm, and excellent appearance in
good Dbalance, as demonstrated in Examples hereinafter
described.

The present invention will now be illustrated in
greater detail with reference to Examples, but it should be
understood that the present invention is not construed as being
limited thereto.

EXAMPLE 1

A rubber-modified styrene resin shown in Table 1 below,
which contained a rubber component consisting of 100% butadiene
rubber as conjugated diene rubber was melted in a single-screw

extruder having a bore diameter of 30 mm and pelletized by

- 11 -
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.particle size is less than 1.5 [err]m insufficiency in inpact resistant
can result. If it exceeds 3.0 [err]m the beads fail to formcells in a
stabl e manner and are liable to shrink. 6 The average particle size
-dependent on various factors, such as the type of a stirrer of a

pol ymeri zati on vessel for styrene pol ynerization, the nunber of revol ut
of the stirrer, the stirring time, and the polynerization tenperature
is not d cQnt.y [ a cl
falling &#F%%§4ﬁ§n c%égrgégghéa%g ge%e%%?eglégﬁéﬁj nd&%%h gﬁ%n?
as inposqo%h@5[ stress on



I ubber .during polynerization, such as the nunber of revolution for
stirring. In the present invention, the average particle size of dispersed
particles of the conjugated diene rubber is calculated fromthe follow ng
equati on based on the neasurenent of the particle diameter of 100 to 200 -
rubber particles in a transm ssion electron m crograph: Average particle
size = [err]NiDerr]/[err]NiD (wherein N represents t he nunber of rubber

Pl DU EPEREEENG (0 HRIRheiledt d4DOBRARR |ULLE) WThEHIRY one

resinin er-no styrene resin pre as a ave
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expanded dmiRfd#! 600 g of the resulting rubber-modified styrene resin
beads, 900 g of ion-exchanged water, 4.0 g of sodium
pyrophosphate, 8.0 g of magnesium sulfate, 0.45 g. of sodium
dodecylsulfate, and 9.0 g of sodium sulfate. The contents were
heated up to 120°C over 1 hour. On reaching 120°C, 58 g of
pentane was added thereto. The contents were kept at 120°C for
10 hours and then cooled to 30°C. The pentane added consisted
of 80% of n-pentane and 20% of isopentane.

The expandable rubber-modified styrene resin beads were
taken_‘ out of the autoclave, and magnesium pyrophosphate adhered
on the surface were removed by dissolving with nitric acid.
The beads were washed with water and centrifuged.  The
collected beads were put in a cylindrical metal container
having an inner diameter of 10 cm and a height of 25 cm with
its both ends closed with a metal net having an opening of
0.1 mm and dried by blowing dried nitrogen gas at 20°C through
the cylinder from the bottom at a flow rate of 500 ¢/min for
10 minutes. .

A hundred parts by weight of the resulting expandable
rubber-modified styrene resin beads were mixed with 0.06 part
by weight of zinc stearate as anti-blocking agent and 0.04 part
by weight of a bis(hydroxyethyl)alkylamine as antistatic agent.
The thus coated beads were put in a 30 liter batch pre-

expander, and steam was blown therein from the lower part under

i




.tends to have poor inpact resistance or softness. The expandabl e
rubber-nodi fied styrene resin beads of the present invention have a m neral
oil content of not nore than 3.0% by wei ght, preferably not nore than 2. 0%
-by wei ght, based on the rubber-nodified styrene resin and contains 1 to

7 15% by weight, preferably 3 to 10% by weight, of a volatile blow ng
agent. |If the mneral oil content in the beads exceeds 3.0% by wei ght, the

resulting expanded TR §7Ip2hed sy AR £5 0o BLLPh 9PN e ML 1§98 BhndEHCLIBHLOD:
modified styrene resin beads weighing 20 kg per m’.

The resulting expanded beads were filled into a mold,
heated by steam under a pressure of 0.7 kgf/cm? for 20 seconds,
cooled with water for 5 seconds, and_allowed to cool for a
prescribed period of time to obtain an expanded molded article.

The rubber particle size, butadiene content, micro-
structure of the butadiene rubber, and Z-average molecular
weight of the rubber-modified styrene resin, and the internal
water content and amount and composition of the wvolatile
blowing agent in the above-obtained expandable resin beads, the
ocoutexr appearance of the expanded molded article, the time of
allowing the expanded molded article to cool (cooling time),
and the compression strength, flexural strength, impact
strength (50% failure height), and softness of the expanded
molded article were evaluated according to the following
methods.

Measurement of Rubber Particle Size of Rubber-Modified Styrene
Resin:

The particle diameter of 100 to 200 rubber particles on
a transmission electron micrograph was measured, and an average
particle size was calculated from ENiD?/EZNiD (wherein Ni
represents the number of rubber particles; and D represents the

diameter of a rubber particle).
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.The expandabl e rubber-nodified styrene resin beads preferably has an

I nternal water content of not nore than 0.2% by weight, still preferably
not nore than 0.1% by weight. If the internal water content in the beads
exceeds 0.2% by wei ght, the expanded beads woul d have a reduced cell size
and tend to undergo nelting or shrinkage on the surface of a nolded article
whil e they are expansion nolded only to provide poor appearance. Furt her,

in the cgéeemgnst%ﬁdschavnﬁaaalaheh £Bheeng! &ﬁaermf&%%@éﬁeraseéf' n
conbi natton wth butane NOWNn as such a volatlle OW ng t as
has excebhgaaigabdR&gbgkqpert|es, the cells of the heat-expanded beads
becone very fine, and nolded articles obtained therefromtend to have
deteriorated appgheanasobétiaiodf e seyarse résia didd | aibkol&redseifut ane

as a nmai n conponent of a bl ow ng
chloroform-D in a concentration of 10% by weight and subjected

to 3C-NMR spectroscopy at 67.8 MHz using tetramethylsilane as
an internal standaxrd (§ 0.0 ppm) to détermine the butadiene
content and the microstructure of the butadiene rubber.
Measurement of Z-Average Molecular Weight:

The rubber-modified styrene resin was dissolved in a
0.25% by weight solution of chloroform. Any insoluble matter
was removed by filtration, and the filtrate was subjected to
gel pgrmeation chromatography.

Measurement of Internal Water Content:

After dried, the expandable rubber-modified styrene
resin beads were dissolved in dried toluene, and the water
content was measured by a Karl Fischer’s method.

Measurement of Amount of Volatile Blowing Agent:

A weighed sample was heated‘at 120°C for 4 hours and
reweighed. The ratio (%) of the weight loss on heating to the
sample weight before heating was taken as amount of the
volatile blowing agent.

Composition of Volatile Blowing Agent:

One gram of a sample -was dissolved in 20 ml of
dimethylformamide and subjected to gas chromatography to

determine the composition of the blowing agent.
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.agent, .so that there is often no choice but to use n-pentane which does not
make cells so fine. However, use of n-pentane as a blowing agent is limted
if increased productivity is ained at; for the cooling tine after heating
-t he expanded beads in a nold is relatively |long although the appearance of
nol ded articles is inproved. The above probl em can be sol ved by
controlling the internal water content. That is, with the so 8

controll %,&er}t %%@é%%ﬁ%edcont ent, nolded articles having a satisfactory

appear ancte carr | whi l e increasing productivity.
The appearance of the expanded molded article was

visually observed and evaluated according to the following
rating system.

A ... Shrink, melt or gaps are hardly observed.

B ... Shrink, melt or gaps are'observed.

C ... Considerable shrink, melt or gaps are observed.

Cooling Time:

The time necessary for a molded article to have egual
thickness to the internal dimension of the mold (50.7 mm). If
the cooling time is shorter than necessary, the molded article
woulq.be oversized after removal from the mold.

Compression Strength:

A 50 mm long, 50 mm wide and 25 mm thick test piece cut
out of the expanded molded article was applied to a compression
test according to JIS 720234 to measure a compression strength
(kgf/cm?).

Flexural Strength:

A flexural strength (kgf/cm?) of a 300 mm long, 75 mm

wide and 25 mm thick test piece cut out of the expanded molded

article was measured in accordance with JIS A 9511.

-
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A conbination of butane and an organi c conmpound having a boiling point of
not higher than 80[err]C, such as propane, n-pentane, isopentane,

neopent ane, cycl opentane, hexane, trichl orofl uoronethane,

di chl orodi fl uoronet hane, dichloro- tetrafluoroethane, chloronethane,

chl or oet hane, dichl oro- nethane, nethanol, and diethyl ether, may be used
as volatile bl ow ng agent. Where the above-described internal water

cont ent i%%oF%%i%%e .él heQ | ess, a ni'xture containing butane (a

hydr ocar { | 4 carbon atons, i.e., n-butane, isocbutane,
etc.) as a main gql e('ﬁ@?tl%atféﬁlm‘:é‘ ReRGRARChd s Oknal o £ SQKa By

wei ght is preferred for malntenance of sufficient foamng properties and
reduct i ogagkesheneIfdiing ey Jfe.50% deesl DhweRlofoeast CpNEEES REsBbgabout

70% of n-butane and about 30% of isobutane is industrially avail able.
in a falling weight impact test. A steel ball weighing 255 g
was fallen on a 200 mm long, 40 mm wide and 25 mm thick test
piece cut out of the expanded molded aéticle, and 50% failure
height was measured in accordance with JIS K7211l.

Softness:

The expanded molded article was cut into a test piece
of 200 mm in length, 30 mm in width and 20 mm in thickness.
The central part of the test piece was applied to the
circumferential surface of a cylinder having a diameter varying
from 10 mm up to 100 mm by 10 mm, and both ends of the test
piece were bent around the cylinder in about 5 seconds. The
testing was repeated, while changing the diameter of the
cylinder starting from 100 mm in a decreasing order until the
test piece was broken. The diameter of the cylinder with which
the test piece was broken was recorded. The softness of the
test piece was evaluated from an average (mm) of measured
values of 10 test pieces per sample. The smaller the value,
the more excellent the softness. |

EXAMPT.ES 2 AND 3 AND COMPARATIVE EXAMPLES 1 TO 3

The same procedure as in~Example 1 was repeated except
for using the rubber-modified styrene resin whose composition

{exclusive of a blowing agent) is shown in Tables 1 and 3.

i — e —— =
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.Further;, a m xed bl ow ng agent containing at | east one organic sol vent

sel ected fromthe group consisting of hydrocarbons and carboxylic acid
esters having a boiling point of not lower than 80[err]C, especially in an
anount of not nore than 1% by weight, is preferred for obtaining increased
foam ng properties. Exanples of useful hydrocarbons having a boiling point
of not lower than 80[err] C are cycl ohexane, heptane, octane, xylene,

tol uene, and ethyiienzgogsed! dbeyalanexgnahe! #e-Rapkh6Y I Bidio us! Shied
for its safety. Exanpl es of us G+ l’Egoxyf: ? ac?d estﬁégs havi ng a
boi l'i ng RRinpardftifdd BouRS1ddare shown in Tables 2 and 4 below.
EXAMPLE 4
The rubber-modified styrene resin shown in Table 1 was
melted in a single-screw extruder having a bore diameter of
30 mm and pelletized by means of an uﬁder water cutter into
spherical beads each weighing about 1.4 mg. In a 3 liter
autoclave equipped with a stirrer were charged 600 g of the
resulting resin beads, 900 g of ion-exchanged water, 4.0 g of
sodium pyrophosphate, 8.0 g of magnesium sulfate, 0.45 g of
sodium dodecylsulfate, and 9.0 g of sodium sulfate, and heated
up tq'100°c over 1 hour. On reaching 100°C, 23 g of pentane
and 40 g of butane were added thereto, and the mixture was kept
at that temperature for 5 hours. The temperature was raised to
120°C over 2 hours, at which the mixture was imintained for
2 hours, followed by cooling to 30°C. The resulting expandable
rubber-modified styrene resin beads were processed in the same
manner as in Example 1. The results obtained are shown in
Table 2.
The pentane used above consisted of 80% of n-pentane
and 20% of isopentane, and the butane used above consisted of
70% of n~butane and 30% of isobutane.
EXAMPHE 5
The same procedure as in Example 4 was repeated except

for altering the composition of the rubber-modified styrene

- 17 - 1sSheetHasBeenRi
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80[err].C are dioctyl phthal ate, diheptyl phthal ate, dioctyl adipate, and
di et hyl ene gl ycol dibenzoate. Addition of these organic solvents in an

anount exceedi ng 1% by wei ght

cooling time in a nolding cycle would be increased, tending to fail to
acconplish the object of the present invention. The rubber-nodified styrene

resin which can be used in the present

s styreqBri Spec%o'g%ﬁ%ﬂ BTk (B P ot Bt o ot ] 40 RGSEhe

nononer

suspenS|on

8@3 énﬁk polynerlzatlon sol ution pol ynerization,

in the presence of an azo conmpoupgamptighgas azobisisobutyronitrile,

per oxi de,

such
The same procedure as in Example 4 was repeated except

for using 22 g of pentane and 38 g of butane as blowing agent
and further using 7 g of cyclohexane. The results obtained are
shown in Table 2.
EXAMPLE 7
The same procedure as in Example 4 was repeated except
for using 54 g of butane as blowing agent and further using 7 g
of cyclohexane. The results obtained are shown in Table 2.
EXAMPLE 8
The same procedure as in Example 4 was repeated except
for using 72 g of butane as blowing agent. The results
obtained are shown in Table 2.
EXAMPLE 9
In a 3 liter autoclave equipped with a stirrer were
charged 600 g of the same resin beads as used in Example 4,
900 g of ion-exchanged water, 4.5 g of tricalcium phosphate,
and 0.027 g of sodium dodecylbenzenesulfonate, and treated in
the same manner as in Example 4. The results obtained are
shown in Table 2.

COMPARATIVE EXAMPLES 4 TO 6

The same procedure as in Example 4 was repeated except
for using the rubber-modified styrene resin shown in Table 3.

The results obtained are shown in Table 4.

i
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as benzoyl . peroxide or t-butyl peroxybenzoate. The rubber-nodified styrene
resin may further contain inorganic fillers, such as talc, clay, calcium
carbonate and titani um oxide; antioxidants, antistatic agents, ultraviolet
.absorbers; lubricants, such as carbon bl ack, alum num stearate, zinc

stearate afd|al um u - tw buby| p,gnzoate“’and; flame retardérsy sﬁ'bh @s
tris(di brong®propyls pbosphatg, pent abr on.- gl phenyl egjwerw = o o
t et r abr onolput ane, di br onoet hyl benzol e, - and
1,2,5,6,9, 10- hexabronocycl odecane. The expandabl e rubber-nodified styrene
resin can Rejobtai ned by, for exanple, g,process conprjsifg gel Icetiéi ng a
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10 nelt-kneaded conpound from an extruder by strand cutting,

cutting, hot cutting, etc.

i npregnate a bl owi ng agent ifntlo the pel]
t horoughly nelt-kneading th

ext ruder,

i medi ately | eading the extr

extruding the co

granul ati ng as unexpanded.

styrene resin of the presentjd|n
content and capabl e of provi{di

TABLE 2

under wat er

to obtain rubber-nodified styrene resin pellets
having a pellet size of 0.5 to 5 nm dispersing the pellets in an agueous
mediumin the presence of a
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spendi ng agent
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Ora
wogetiher (it
ound t hrough the nozzles of the die tip and
uded strands into water for quenching, and

in a closed vessel to

rocess conprising

| om ng agent in an

expandabl e rubber-nodified

£~
*
N

2.5 2.5 2,6 2.6 2.6

2.6

Flexural strength (kgf/cm?)

41

42

41 42 41 38
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50% failure height (em)

ntgonChavﬁng d%coatrabl ed internal water
ng ol de§ arti cl evwi Th

&xcel | ent
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appear ance .can be obtained by a process conprising pelletizing a

nel t - kneaded conpound from an extruder by strand cutting, underwater
cutting, hot cutting, etc. to obtain rubber-nodified styrene resin pellets
having a pellet size of 0.5 to 5 nm dispersing the pellets in an agueous
mediumin the presence of a suspending agent in a closed vessel, and

| npregnating a blow ng agent into the pellets in the presence of 0.01 to
2.0 mol /1, based on the aqueous nedlggbg_f3an el ectrol yte. The expandabl e
rubber-nodi fied styrene resin beads %e—present i nvention is expanded by

heating to obtain rubber- nodified st St ' ads. Heat

expansi on of the expandable regm UEdé;Cd#&n%h%%ﬁ%%%ggggfgg?T_fUTgEXaﬁp|e,

heating with steam etc. to atenperalure medar thegrass
Resin Composition:

Butadiene 8 5 9 8 8 9
content (%)

Proportion of 92 92 93 96 27 93
cis form (%)

Rubber particle 3.5 2.1 2.6 1.1 2.2 2.5
size (um)

Mineral oil 0.2 0.5 4.0 0.2 0.2 4.0
content (%)

Z-Average 48 39 45 32 42 40
molecular weight
(x107%)
Expandable Resin:

Internal water 0.04 0.01 0.02 0.02 0.04 0.03
content (%)

Volatile blowing 7.1 7.3 6.7 7.1 7.4 6.7
agent content (%)

Blowing agent

composition:
isobutane - - - 18.1 19.3 18.8
n-butane - - - 36.2 40.2 38.7
isopentane 18.9 18.5 19.0 9.1 6.9 8.3
n-pentane 81.1 81.5 81.0 36.6 33.6 34.2
Oxganic solvent 0.0 0.0 0.0 0.0 0.0 0.0
(cyclohexane)
(%) -

This Sheet Has Been Re;
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.transition.point of the rubber-nodified styrene resin (about 100[err]C).
The resulting expanded rubber-nodified styrene resin beads can be nol ded by
means of a nol ding machi ne used for the production of polystyrene expanded
nol ded articles. In nore detail, expanded beads are charged in a nold,
fusi ng the expanded beads together by steam heating, and, after cooling for
a prescribed tinme period, renoving tfdgpmexpanded nol ded article fromthe
mol d. The nol di ng of the expanded béads of the present invention can be
conpleted in a reduced cooling tinme, gefiphRratiesukkhigleohdaed article has
an expansion ratio of 50 and, [, after_being alBowed_ta standsat 23[e& r]C for
24 hours

Expansion ratio 40 S50 30 50 50 45
Outer appearance B A C A A c
Cooling time (sec) - 113 - 71 69 -
5% Compression - 1.3 - 1.2 1. -
strength (kgf/cm?)

Flexural strength - 3.1 - 2.5 2.8 -
{(kgf/cm?)

50% failure height - 28 - 31 30 -
(cm)

Softness (mm) - 98 - 92 93 -

As is apparent from the results shown in Table 2 in
vieW'af the results of Table 4, the expandable rubber-modified
styrene resin beads obtained in Examples 1 to 9 which satisfy
all the requirements of the present invention provide expanded
molded articles excellent in appearance and strength.

It is seen, on the othexr hand, that the expanded molded
articles obtained by using the rubber-modified styrene resin of
Comparative Example 4, in which the dispersed conjugated diene
rubber particles are undersized; of Comparative Example 5, in
which the conjugated diene rubber has a low proportion of a
1,4-cis structure; or of Comparative Example 2, in which the
conjugated diene xrubber content is small; are inferior in
falling ball impact strength or softness. It is also seen that
the expandable resin of Comparative Example 1, in which the

rubber particle size is oversized, undergoes slight shrinkage

- 22 -
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fromrenoval fromthe nold, exhibits excellent inpact resistance as having
50% failure height of 35 to 45 cm excellent softness of 50 to 80 mm and
excel | ent appearance in good bal ance, as denonstrated in Exanpl es

herei nafter described. The present invention will now be illustrated in
greater detail with reference to Exanples, but it should be understood that

L e 2kl BN | 2RO baat Sl AR AEb10 LBRER! dfghlar RAELE 1

s cATRARIAS I (0RO SIS OBEL CorEU G o e

mm and pgklighitZednB¥érgo serious shrinkage after molding and therefore
have poor expansion moldabiiity.

It was proved that the required cooling time in
Examples 4 to 9, in which butane was used as a main blowing
agent, is shorter than that in Examples 1 to 3 in which pentane

' was used as a sole blowing agent. The expanded molded article
of Example 9, in which the internal water content of the
expandable resin beads was over 0.2% by weight, had slightly
deteriorated appearance, i.e., cave-ins on the surface due to
melt of part of the expanded beads.

As déscribed above, the expandable rubber-modified
styrene resin according to the present invention provides
expanded molded articles having excellent appearance and
strength. In particular, the expandable rubber-modified
styrene resin with its internal water content controlled and
containing butane as a main blowing agent is advantageous in
that cooling time required in a molding cycle can be reduced.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

-

spirit and scope thereof.
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12 underwat.er cutting to obtain spherical beads each-weighing 1.-4-ng--1n a
3 liter autoclave equipped with a stirrer were charge f
resul ting rubber-nodified styrene resin beads, 900 g o ﬁ@ﬂﬂﬂﬂg e&ﬂf
water, 4.0 g of sodium pyrophosphate, 8.0 g of nagne3|ufﬂﬂﬂ[ 5 g of
sodi um dodecyl sul fate, and 9.0 g of sodiumsulfate. The
heat ed upydOr 1IZ9[ErL1ESVes: 1 hour. On reaching 120[err]C, 58 g of.pentane
was added thereto. The contents were kept at 120[err]C for 10 hours and
then cooled to 3Mgdddabiide paiBRNe-nsiicei sONsisiRtbrd 8Q6kin N- pRIZENE
and 20% of i sopent ane.

comprising a rubber-modified styrene resin comprising a styrene

resin having dispersed therein 8 to 15% by weight of a rubber
component consisting of a conjugated diene rubber having a 1,4-
cis structure in a proportion of not less than 70%, said
conjugated diene rubber having a form of particles having an
average particle size of 1.5 to 3.0 pum, said rubber-modified
styrene resin having a mineral oil content of not more than
3.0% by weight, and said expandable rubber-modified styrene
resin beads containing 1 to 15% by weight of a volatile blowing
agent.

2. - Expan&able rubber-modified stfrene resin  beads
according to claim 1, wherein said styrene resin has a
Z-average molecular weight of 350,000 or more.

3. Expandable rubber-modified styrene resin Dbeads
according to claim 1, wherein said expandable rubber-modified
styrene resin beads have an internal water content of not more
than 0.2% by weight.

4. Expandable rubber-modified styrene resin Dbeads
according to claim 1, wherein said wvolatile blowing agent
consists mainly of butane.

5. Expandable rubber-modified styrene resin beads
according to claim 1, wherein s&gd expandable rubber-modified
styrene xresin beads further contain at least one organic

solvent selected from the group consisting of hydrocarbons and

- 24 -
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.The expandabl e rubber-nodified styrene resi g ggg ret ken out of the
aut ocl ave, and magnesi um pyrophosphat e adher were renoved
by dissolving with nitric acid. The beads V\qmaﬁ m ] wat er and
centrifuged. The col |l ected beads were put al netal

contai ner having an inner dianeter of 10 cmand a height of 25 cmw th its

bot h end W th s n i i f Led by
b1 owi no. SPEEE A F oo Oy 88 tar oo B L AthPELBRE U Clat nbe TLRRE FAMED (o
at a floggeate of 500 | /mn for 10 m nutes. A hundred parts by weight of

the resulting expandabl e rubber-nodified styrene resin beads were m xed
with 0.0g part bgxpangeld GubbdicndEia idE NSyPdhé -POTK BSadsehbtanflel. 04

part by weight of a bis(hydroxyethyl)al kyl armi ne as antistatic agent.

by heat expanding expandable rubber-modified styrene resin
beads comprising a rubber-modified styrene resin which
comprises a styrene resin having dispersed therein 8 to 15% by
weight of a rubber component consisting of a conjugated diene
rubber having a 1,4-cis structure in a proportion of not less
than 70%, said conjugated diene rubber having a form of
particles having an average particle size of 1.5 to 3.0 pm,
said rubber-modified styrene resin having a mineral oil content
of not more than 3.0% by weight, and said expandable rubber-

_ modified styréne resin beads containing 1 to 15% by weight of
a volatile blowing agent.
7. An expanded molded article comprising expanded rubber-
modified styrene resin beads and having a density of 10 to
600 kg/n?®, said expanded rubber-modified styrene resin being
obtained by heat expanding expandable rubber-modified styrene
resin beads comprising a rubber-modified styrene resin
comprising a styrene resin having dispersed therein 8 to 15% by
weight of a rubber component consisting of a conjugated diene
rubber having a 1,4-cis structure in a proportion of not less
than 70%, said conjugated diene rubber having a form of
particles having an average particle size of 1.5 to 3.0 um,

said rubber-modified styrene resin having a mineral oil content

of not more than 3.0% by weight, and said expandable rubber-

- 25 -
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The thus coated beads were put in a 30 IhistSe¢et BaiBedn Replaced expander, and st eam
was blown therein fromthe | ower part un essure of 1.0
kgf/cmferr] to obtain thermally expanded

ied styrene resin
beads wei ghing 20 kg per nferr]. The resulting expanded beads were filled
into a nold, heated by steam under a pressure of 0.7 kgf/cnierr] for 20
seconds, feRkedel LRyHRLR i KA ConttlithAld OWetb L O5$ 09 §&f

prescri bed period ofy??%e to 8btain an éxpandedQ%DIded artﬁg*e. T%e rﬁgber

particle gi $81ak¥tadbeReisenke@ht M cro- structure of the butadiene rubber,
and Z-average nol ecul ar

- 26 -
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wei ght »of ¢ he rubber-nodified styrene resin, and the internal water content
and anount and conposition of the volatile blowng agent in the
above- obt ai ned expandabl e resi n beads, the outer appearance of the expanded
nol ded article, the tine of allow ng gpe expanded nol ded article to cool
(cooling tinme), and the conpression strength, flexural strength, inpact
strength (50% fail ur egkpingibir rRBEEERNEDNEED SivrEEe re¥anded nol ded article
were eval uated accordi nogeaps! Mxrh@iEOBEAS TRErRoes Axeasur enent of Rubber
Particle Size of Rubﬁ;qrpmmllybmﬂ) aRyrEre Gearep therpeayi cl e di aneter of

100 to 200 rubber particles on a transm ssion electron m crograph was
nmeasured, and an average particle size was calculated from

[err]NiDlerr]/[err]Ni D (whaBSTRANI OF THE DISCILOSURE

Expandable rubber-modified styrene <resin Dbeads,
expanded rubber-modified sEYrene resin beads, and expanded
molded rubber-modified styréne resin articles are described.
The expandable beads comprise a rubber-modified styrene resin
comprising a styrene resin having dispersed therein 8 to 15% by
weight of conjugated diene rubber particles having a 1,4-cis
structure in a proportion of not less than 70% and an average

.particle size of 1.5 to 3.0 pm, the rubber-modified styrene
resin having a mineral oil content of not moxe than 3.0% by
weight, and the expandable rubber-modified styrene resin beads
containing 1 to 15% by weight of a volatile blowing agent. The
expanded molaed article has excellent appearance, impact

resistance and softness.



%represents t he nunber of rubber particles; and D represents

a -rubber

M crostructure of Butadi ene Rubber:

14 Determ nation of Butadi ene Content a
The rubber-nodified

particle).

ﬂﬁoomg-—q

| anmet er

of

styrene resin was

di ssolved in chloroformD in a concentration of 10% by wei ght and subj ect ed
to [err] C-NWR spectroscopy at 67.8 Mdk.using tetranethylsilane as an

i nt er nal

the m crostructure
Mol ecul ar Wi ght :

standard ([err]
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BEADS, EXPANDED BEADS THEREQCF, AND
EXPANDED MOLDED ARTICLES OBTAINED THEREFROM

IELD OF THE INVENTION

———

This invention relates to expandable rubber-modified
styrene resin beads for obtaining expanded beads suitable as
expanded molded articles excellent in outer appearance, impact
resistance, and softness; and expanded beads and expanded
molded articles obtained from the expandable beads.

BACKGROUND OF THE INVENTION

Polystyrene foam exhibits excellent cushioning, heat
insulating properties, and easy molding and is widely employed
as péﬁkaging'material or heat insulating material. However, it
is liable to partially break off due to insufficient impact
resistance or softness so that it is unsuitable for, for
Although expanded

example, packaging of precision components.

polyolefin resins have excellent impact resistance and

softness, they require large-scale productive facilities, and
they must be, by nature, transported from a manufacturer to a
molder in the form of expanded beads, which incurs increase of
production cost.

In recent years, expanded materials obtained from a
rubber-modified styrene resin which is prepared by bulk
polymerization or suspension polymerization of a styrene
monomer in the presence of butadiene rubber as a base resin
have been proposed .for easy molding and improved impact
| ' o REPLACEMENT SHEETS  5G__

Description : paged@L. to paged 23
aim(s) : paged 24 to paged %6,
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. The rubber-nodified styrene resin was dissolved in a 0.25% by wei ght
solution of chloroform Any insoluble matter was renoved by filtration, and
the filtrate was subjected to gel perneation chromatography. Measurenent of
Internal Water Content: After dried, the expandabl e rubber-nodified styrene
resin beads were dissolved in dried toguene, and the water content was
nmeasured by a Karl Fischer's nethod. urenment of Amount of Volatile

Bl owi ng Agailstsh e i d osemlse waérhaeé brferiZfd 1 Ide 1hat A dHUIkS 53R

rewei ghed. The ratio (% of the weight |oss on heating to the sanpl e wei ght
bef ore hemddmg a¥isdiskedsas aroUPl-pef4 1N@e0d afile béawi Ngragenks used

Conposition of Volatile Bl owi ng Agent:
herein means an "examined published Japanese patent
application”) and JP-B-51-46536. However, the degree of the
improvements in these materials is still insufficient.
SUMMARY OF THE INVENTION

The inventors of the present invention have conducted
extensive investigations to solve the above problems and found,
as a result, that expandable rubber-modified styrene resin
beads comprised of a specific rubber component and a styrene
resin and having a limited mineral oil content provide expanded
resin beads which provide expanded molded articles having
excellent appearance, impact resistance and softness, and thus
completed the present invention.

The present invention relates to expandable rubber-
modified styrene resin beads comprising a Irubber-modified
styrene resin comprising a styrene resin having dispersed
therein 8 to 15% by weight of a rubber component consisting of
a conjugated diene rubber having a 1,4-cis structure in a
proportion of not less than 70%, said conjugated diene rubber
having a form of particles having an average particle size of
1.5 to 3.0 um, said rubber-modified styrene resin having a
mineral oil content of not more than 3.0% by weight, and said
expandable rubber-modified styrene resin beads containing 1 to

15% by weight of a wvolatile blowing agent.

This is the replacement sheet
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One gram of a sanple was dissolved in 20 m of dinethylformm de and
subjected to gas chronmat ography to determ ne the conposition of the bl ow ng

agent 15 Quter Appearance: The appearance of the expanded nol ded
article was visually observed and eval uated according to the foll ow ng
rating system A ... Shrink, nelt or_gaps are hardly observed. B ...
Shrink, nmelt or gaps are observed. C ... Considerable shrink, nelt or gaps

are observed. . . . .
It is preferable that the styrene resin has a Z-average

molecular weight of 350,000 or more.

It is preferable that the expandable rubber-modified
styrene resin beads have an internal water content of not more
than 0.2% by weight. .

It is preferable that the volatile blowing agent
consists mainly of butane.

It is preferable that the expandable rubber-modified
styrene resin beads further contain at least one organic
solvent selected from the group consisting of hydrocarbons and
carboxylic acid esters having a boiling point of not lower than
8o°C._ |

The present invention further relates to expanded
rubber-modified styrene resin beads obtained by heat expanding
the above-mentioned expandable rubber-modified styrene resin
beads. | |

The present invention furthermore relates to an
expanded molded article having a dénsity of 10 to 600 kg/m?
which comprises the above-mentioned expanded rubber-modified
styrene fesin beads.

DETAILED DESCRIPTION OF THE INVENTION

The expandable rubber-modified styrene resin beads of
the present invention comprise a styrene resin having dispersed
therein 8 to 15% by weight of a rubber component consisting of

a particulate conjugated diene rubber having a 1,4-cis
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Cooling Tinme: The tine necessary for a nolded article to have equal

t hi ckness to the internal dinension of the nold (50.7 mm. If the cooling
‘time is shorter than necessary, the nolded article woul d be oversized after
removal fromthe nold. Conpression Strength: A 50 mm|ong, 50 nm w de and
25 mmthick test piece cut out of the gxpanded nol ded article was applied
to a conpression test according to Jl $Z0234 to neasure a conpression

kot onf &t e ICSPEE" Spe BEFBUEROF GETMDY 1855 SRARTT0X AHl: apezage.u

out of t@a%p@fgegigglggdlggt{:gl g_ﬁaﬁmr.reasured in accordance with JIS A
9511.

The rubber component in the rubber-modified styrene
resin consists of a conjugated diene rubber having a 1,4-cis
structure in a proportion of not less than 70%, preferably not
less than 80%, still preferably not- less than 90%. If
proportion of the 1,4-cis structure is too low, expanded molded
articles obtained from the resulting rubber-modified styrene
resin have insufficient softness_ or insufficient impact
resistance.

Conjugated diene rubbers having a 1,4-cis structure in
a proportion -of not less than 70% can be obtained by, for
example, coordination ionic polymerization of a conjugated
diene in the presence of a rare earth metal (atomic number 21,
39, 57 to 62) catalyst, preferably a cerium group (atomic
number 57 to 62) catalyst. The rare earth metal catalyst
basically comprises (a) a rare earth metal compound represented
by formula MR; (wherein M is a rare earth element; and R is a
reactive residue of an organic acid), '(b) an organocaluminum
compound, and (c) a halogen compound. The organic acid which
constitutes the rare earth metal compound includes organic
compounds having an active hydrogen atom displaceable with a
rare earth metal, such as carboxylic acids, alcohols, and
amines (refer to JP-A-55-66903 (the term "JP-A" as used herein
means an “"unexamined published Japanese patent application")

and JP-A-60-23406).
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16 50% Failure Height: Fifty (50) % failure height neans the hei ght which
causes the failure of 50% of the nunber of test pieces tested in a falling
wei ght inpact test. A steel ball weighing 255 g was fallen on a 200 nm

|l ong, 40 nm wi de and 25 nmthick test piece cut out of the expanded nol ded
article, and 50% failure height was neasured in accordance with JI'S K7211.
Soft ness: The expanded nol ded article @as cut into a test piece of 200 mm

in length, 30 Mmin width and 20 mmin thickness.
The proportion of a 1,4-cis structure in the conjugated

diene rubber is a proportion of a 1,4-cis structure in the
total carbon-carbon double- bonds in the conjugated diene
rubber, which can be determined by !3C-NMR spectroscopy.

The ceonjugated diene rubber may be obtained either by
homopolymerization of a conjugated diene monomer, such as
butadiene, isoprene or chloroprene, or copolymerization of an
appropriate combination of these monomers. Rubber obtained by
homopolymerization of butadiene is preferred for ease in
grafting styrene thereto and its bulk availability on an
industrial scale.

The conjugated diene rubber content in the rubber-
modified styrene resin is 8 to 15% by weight, preferably 10 to
13% by weight, still preferably 11 to 13% by weight. If the
conjugated diene rubber content is less than 8% by weight,
sufficient softness and impact resistance cannot be obtained.
If it exceeds 15% by weight, no further improvement in strength
is obtained, and expanded beads obtained therefrom have
considerably deteriorated moldability only to provide an
expanded molded article suffering surface melt, etc.

The 'particulate conjugated diene rubber has a particle
size of 1.5 to 3.0 um, preferably 2.0 to 2.8 um. If the
particle size is less than 1.5 um, insufficiency in impact
resistant can result. If it exceeds 3.0 um, the beads fail to

form cells in a stable manner and are liable to shrink.
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The central part of the test piece was applied to the circunferential
surface of a cylinder having a dianeter varying from 210 nmup to 100 mm by
{0 nm and both ends of the test pi ece were bent around the cylinder in
about 5 seconds. The testing was repeated, while changing the dianeter of
the cylinder starting from 100 nmin a decreasing order until the test

pi ece was broken. The dianeter of the Tyrinder with which the test piece

was broken was reopidedvelagesophpessial thget 63 HEEEﬁdlé’ﬁﬁnpec‘r(rg! "Jr%arg.%ufsr om

an average (nmm of neasured val Ues of 10 test pleces per sa

smal | er theaedte, bhenie exseklpat dheasakliness. FEAVPLES vhetMRad 12N

COVPARATI VE EXAMPLES 1 TO 3 The sane procedure as in Exanple™1 was repeated

except forvessey fde dthfmic Puliynesi £A0ieNe RS iTunMias @ fCHIRAIHidh of
the stirrer, the stirring time, and the polymerization
temperature, and is not decided by control of a single factor.
The average particle size falling within the above range can be
secured by adjusting such conditions as impose shear stress on
rubber during polymerization, such as the number of revolution
for stirring.

In the present invention, the average particle size of
dispersed particles of the conjugated diene rubber is
calcq;ated from the following equation based on the measurement
of the particle diameter of 100 to 200 rubber particles in a
transmission electron micrograph:

Average particle size = INiD?/ENiD

(wherein Ni represents the number of rubber particles;

and D represents the diameter of a rubber particle)

The styrene resin in the rubber-modified styrene resin
preferably has a Z-average molecular weight of 350,000 dr'more,
still preferably 400,000 or more. If the Z-average molecular
weight is smaller than 350,000, the resulting expanded material
tends to have poor impact resistance or softness.

The expandable rubber-modified styrene resin beads of
the present invention have a mineral o0il content of not more
than 3.0% by weight, preferably not more than 2.0% by weight,

based on the rubber-modified styrene resin and contains 1 to
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(exclusive of a blow ng agent) is shown in Tables 1 and 3. 17 The
results obtained in the foregoi ng Exanpl es and Conparative Exanples are
*shown in Tables 2 and 4 bel ow. EXAMPLE 4 The rubber-nodified styrene resin
shown in Table 1 was nelted in a single-screw extruder having a bore

di aneter of 30 mm and pelletized by neans of an under water cutter into
spherical beads each wei ghing about I7Z ng. In a 3 liter autocl ave

equi pped16Rt Ibya weiglie; peeceehblged &Y Po®f biyheeighitl t ioX) & esbhabeads,

900 g of ion-exchanged water, 4.0 g of
blowing agent.

If the mineral oil content in the beads exceeds 3.0% by
weight, the resulting expanded material is apt to underxgo
shrinkage or deformation.

The expandable rubber-modified styrene resin beads
preferably has an internal water content of not more than 0.2%
by weight, still preferably not more than 0.1% by weight. If
the internal water content in the beads exceeds 0.2% by weight,
the expanded beads would have a reduced cell size and tend to
undergo melting or shrinkage on the surface of a molded article
whilg_ they -are expansion molded only to provide poor
appearance. Further, in the case where beads having a high
internal water content are used in combination with butane
which is known as such a volatile blowing égent as has
excellent molding properties, the cells of the heat-expanded
beads become very fine, and molded articles obtained therefrom
tend to have deteriorated appearance. Such being the case, it
is difficult to use butane as a main component of a blowing
agent, so that there is often no choice but to use n-pentane
which does not make cells so fine. However, use of n-pentane
as a blowing agent is limited if increased productivity is
aimed at; for the cooling time after heating the expanded beads
in a mold is relatively long although the appearance of molded
articles is improved. <The above problem can be solved by

controlling the internal water content. That is, with the so

This is the replacement sheet

pate: 2 1 MAY 1996



sodi um pyrophosphate, 8.0 g of magnesium sulfate, 0.45 g of sodium
dodecyl sul fate, and 9.0 g of sodiumsulfate, and heated up to 100[err]C

‘over 1 hour. On reaching 100[err]C, 23 g of pentane and 40 g of butane were
added thereto, and the m xture was kept at that tenperature for 5 hours.
The tenperature was raised to 120[err] C over 2 hours, at which the m xture
was mai ntained for 2 hours, followed b%»cooling to 30[err]C. The resulting

Cxpanal e AL S YREE, LR R VLS, BURSETIRL IV ELE 1o

Pent e A HUE I Shkat e LN BePoiktatagnd CAleg! | Apegpng, ond

EXAMPLE éroductivity . - '

A combination of butane and an organic compound having
a boiling point of not higher than 80°C, such as propane,
n-pentane, isopentane, neopentane, -cyclopentane, hexane,
trichlorofluoromethane, dichlorodifluoromethane, dichloro-
tetrafluorocethane, chloromethane, chlorcethane, dichloro-
methane, methanol, and diethyl ether, may be used as volatile
blowing agent. Where the above-described - internal water
content is 0.2% by weight or less, a mixture containing butane
(a hygrocarbon compound having 4 carbon.atoms, i.e., n-butane,
isobutane, etc.) as a main component, that is, in a proportion
of at least 50% by weight is preferred for maintenance of
sufficient foaming properties and reduction of the molding
cycle. A mixed blowing agent consisting of about 70% of
n-butane and about 30% of isobutane is industrially available.
Further, a mixed blowing agent containing at least one

organic solvent selected from the group consisting of
hydrocarbons and carboxylic acid esters having a boiling point
of not lower than 80°C, especially in an amount of not.more
than 1% by weight, is preferred for obtaining increased foaming
properties. Examples of useful hydrocarbons having a boiling
point of not lower than 80°C are cyclohexane, heptane, octane,
xylene, toluene, and ethylbenzene, with cyclohexane being

~particularly preferred for its safety. Examples of useful
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The sane procedure as in Exanple 4 was repeated except for altering the
conposition of the rubber-nodified styrene 18 resin as shown in Table 2
‘bel ow. The results obtained are also shown in Table 2. EXAMPLE 6 The sane
procedure as in Exanple 4 was repeated except for using 22 g of pentane and
38 g of butane as bl owi ng agent and fugther using 7 g of cycl ohexane. The
results obtained are shown in Tabl e 27EXAVPLE 7

carboxylic acid esters having a boiling point of not lower than
80°C are dioctyl phthalate, diheptyl phthalate, dioctyl
adipate, and diethylene glycol dibenzoate. Addition of these
orgénic solvents in an amount exceeding 1% by weight is rather
unfavorable because the necessary cooling time in a molding
cycle would be increased, t;nding to fail to accomplish the
object of the present invention.

The rubber-modified styrene resin which can be used in
the present invention is obtained by dissolving the aforesaid
specific conjugated diene rubber in a styrene monomer, such as
styrene, p-methylstyrene, and a—methylétyrene, and subjecting
the _monomer - mixture to bulk polymerization, solution
polymerization, suspension polymerization, bulk-suspension
polymerization, and the 1like in the presence of an azo
compound, such as azobisisobutyronitrile, or a peroxide, such
as benzoyl peroxide or t-butyl peroxybenzoate. |

The rubber-modified styrene resin may further contain
inorganic fillers, such as talc, clay, calcium carbonate and
titanium oxide; antioxidants, antistatic agents, ultraviolet
absorbers; lubricants, such as carbon black, aluminunlstearate,
zinc stearate and aluminum p-t-butylbenzoate; and flame
retarders, such as tris(dibromopropyl) phosphate, pentabromo-
diphenyl ether, tetrabromobutane, dibromoethy}benzole, and
1,2,5,6,9,10~-hexabromocyclodecane.

The expandable rubber-modified styrene resin can be

obtained by, for example,.a process comprising pelletizing a
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The sane procedure as in Exanple 4 was repeated except for using 54 g of

but ane as bl owi ng agent and further using 7 g of cycl ohexane. The results
‘obtai ned are shown in Table 2. EXAMPLE 8 The sane procedure as in Exanple 4

was repeated except for using 72 g of butane as bl owi ng agent. The
results obtained are shown in Table 2. MPLE 9 In a 3 liter autoclave
equi pped with a stirrer were charged g of the sane resin beads as used

i n Exanphe14-k%eadedof compognahangasl wal esxtfuled Wyt Gitgana UsuEhosghat e,

and 0.027 g of sodi um dodecyl benzenesul fonate, and treated in the sane

manner asndermsary eudtindghehoestititsinp) avwed tar ebsAdWrhbbdabhed2f ied
styrene resin pellets having a pellet size of 0.5 to 5 mm,
dispersing the pellets in an aqueous medium in the presence of
a suspending agent in a closed vessel to impregnate a blowing
agent into the pellets; or a process'comprising thoroughly
melt-kneading the compound together with a blowing agent in an
extruder, extruding the compound through the nozzles of the die
tip and immediately leading the extruded strands into water fpr
quencﬁing, and granulating as unexpanded.

In particular, expandable rubber-modified styrene resin
of the present invention having a controlled internal water
content and capable of providing molded article with excellent
appearance can be obtained by a process comprising pelletizing
a melt-kneaded compound from an extruder by strand cutting,
underwater'cﬁtting, hot cutting, etc. to obtain rubber-modified
styrene resin pellets having a pellet size of 0.5 to 5 mm,
dispersing the pellets in an agqueous medium in the'presence of
a suspending agent in a closed vessel, and impregnating a
blowing agent into the pellets in the presence of 0.0l to
2.0 mol/l, based on the agueous medium, of an electrolyte.

The expandable rubber-modified styrene resin beads of
the present invention is expanded by heating to obtain rubber-
modified styrene resin expanded beads. Heat expansion of.the
expandable resin beads can be carried out by, for example,

heating with steam, etc. to a temperature near the glass
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COMPARATI VE EXAMPLES 4 TO 6 The sane procedure as in Exanple 4 was repeated
except for using the rubber-nodified styrene resin shown in Table 3. The
‘results obtained are shown in Table 4. 19 [err] 20 [err]

11

transition point of the rubber-modified styrene resin (about
100°C).

The resulting expanded rubber-modified styrene resin
beads can be molded by means of a molding machine used for the
production of polystyrene expanded molded articles. In more
detail, expanded beads are charged in. a mold, fusing the
expanded beads together by steam heating, and, after cooling
for a prescribed time period, removing the expanded molded
article from the mold. The molding of the expanded beads of
the present invention can be completed in a reduced cooling
time, and the resulting molded article has an expansion ratio
of Sq.and, after being allowed to stand at 23°C for 24 hours
from removal from the mold, exhibits excellent impact
resistance as having 50% failure height of 35 to 45 cm,
excellent softness of 50 to 80 mm, and excellent appearance in
good balance, as demonstrated in Examples hereinaﬁter
described.

The present invention will now be 1illustrated in
greater detail with reference to Examples, but it should be
understood that the present invention is not construed as being
limited thereto.

EXAMPLE 1

A rubber-modified styrene resin shown in Table 1 below,
which contained a rubber component consisting of 100% butadiene
rubber as conjugated diene rubber was melted in a single-screw

extruder having a bore diameter of 30 mm and pelletized by
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21 TABLE 3 Conparative Exanple No. 1 2 3 4 5 6

Resi n Conposition: Butadiene 8 5 9 8 8 )
"9 content (% Proportion of 92 92 93 96 27 93

cis form (% Rubber particle 3.5 2.1 2.6 1.1 2.2 2.5 size
([err]m 12

it

underwater cutting to obtain "spherical beads each weighing
1.4 mg. In a 3 liter autoclave equipped with a stirrer were
charged 600 g of the resulting rubber-modified styrene resin
beads, 900 g of ion-exchanged water, 4.0 g of sodium
pyrophosphate, 8.0 g of magnesium sulfate, 0.45 g of sodium
dodecylsulfate, and 9.0 g of sodium sulfate. The contents were
heated up to 120°C over 1 hour. On reaching 120°C, 58 g of
pentane was added thereto. The contents were kept at 120°C for
10 hours and then cooled to 30°C. The pentane added consisted
of 80% of n-pentane and 20% of isopentane.

The expandable rubber-modified styrene resin beads were
taken_. out of the autoclave, and magnesium pyrophosphate adhered
on the surface were removed by dissolving with nitric acid.
The beads were washed with water and centrifuged.  The
collected beads were put in a cylindrical metal container
having an inner diameter of 10 cm and a height of 25 cm with
its both ends closed with a metal net having an opening of
0.1 mm and dried by blowing dried nitrogen gas at 20°C through
the cylinder from the bottom at a flow rate of 500 ¢/min for
10 minutes.

A hundred parts by weight of the resulting expandable
rubber-modified styrene resin beads were mixed with 0.06 part
by weight of zinc stearate as anti-blocking agent and 0.04 part
by weight of a bis(hydroxyethyl)alkylamine as antistatic agent.
The thus coated beads were put in a 30 liter batch pre-

expander, and steam was blown therein from the lower part under
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M neral oil 0.2 0.5 4.0 0.2 0.2 4.0 content (%

Z- Aver age 48 39 45 32 42 40 nol ecul ar

“wei ght (x10[err]) Expandable Resin: Internal water 0. 04 0.01 0.02
0.02 0.04 0.03 content (% Volatile blowing 7.1 7.3 6.7 7.1
7.4 6.7 agent content (% Bl ow ng agent conposition: isobutane -
- - 18.1 19.3 18. 8 n- but anme~ - - - 36.2

40.2 S%iémessure of 1.0 kgf/cm? to obtain thermally expanded rubber-

modified styrene resin beads weighing 20 kg per m’.

The resulting expanded beads were filled into a mold,
heated by steam under a pressure of 0.7 kgf/cm? for 20 seconds,
cooled with water for 5 seconds, and .allowed to cool for a
prescribed period of time to obtain an expanded molded article.

The rubber particle size, butadiene content, micro-
structure of the butadiene rubber, and Z-average molecular
weight of the rubber-modified styrene resin, and the internal
water content and amount and composition of the volatile
blowing agent in the above-obtained expandable resin beads, the
outer appearance of the expanded molded article, the time of
allowing the expanded molded article to cool (cooling time),
and the compression strength, flexural strength, impact
strength (50% failure height), and softness of the expanded
molded article were evaluated according to the following
methods.

Measurement of Rubber Particle Size of Rubber-Modified Styrene

Resin:

The particle diameter of 100 to 200 rubber particles on
a transmission electron micrograph was measured, and an average
particle size was calculated from ZNiDZ/ INiD (wherein Ni
represents the number of rubber particles; and D j:epresents the

diameter of a rubber particle).
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| sopent ane 18.9 18.5 19.0 9.1 6.9 8.3 n-pentane
81.1 81.5 81.0 36.6 33.6 34.2 Oganic solvent 0.0 0.0 0.0
0.0 0.0 0.0 (cycl ohexane) (% 22 TABLE 4 Conparative Exanple No. 1
5

2 3 4 6 Expansion ratio 40 50 30
50 50 45 Quter appearance 4 B A C A A
- C

Determination of Butadiene Content and Microstructure of

Butadiene Rubber:

The rubber-modified. styrene resin was dissolved in
chloroform-D in a concentration of 10% by weight and subjected
to PC-NMR spectroscopy at 67.8 MHz using tetramethylsilane as
an internal standard (§ 0.0 ppm) to déﬁermine the butadiene
content and the microstructure of the butadiene rubber.

Measurement of Z-Average Molecular Weight:

The rubber-modified styrene resin was dissolved in a
0.25% by weight solution of chloroform. Any inspluble matter
was removed by filtration, and the filtrate was subjected to
gel pgrmeation chromatography.

Measurement of Internal Water Content:

After dried, the expandable rubber-modified styrene
resin beads were dissolved in dried toluene, and the water
content was measured by a Karl Fischer’s'method.

Measurement of Amount of Volatile Blowing Agent:

A weighed sample was heated at 120°C for 4 hours and
reweighed. The ratio (%) of the weight loss on heating to the
sample weight before heating was taken as amount of the
volatile blowing agent.

Composition of Volatile Blowing Agent:

One gram of a sample was dissolved in 20 ml of

dimethylformamide and subjected to gas chromatography to

determine the composition of the blowing agent.
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Cooling tinme (sec) 113 - 71 69 - 5% Conpr essi on

- : - 1.2 1.1 - strength (kgf/cnferr]) Flexural
*strength - 3.1 - 2.5 2.8 - (kgf /cnferr]) 50%
failure height - 28 - 31 30 - (cm Softness (mm
- 98 - 92 93 - 1&s is apparent fromthe results shown

in Table 2 in view of the results of Table 4, the expandabl e

r ubber - ng igie styrene resin beads obtained in Exanples 1 to 9 which

satisfy ts of the present invention provide expanded

nol ded articles Il ent i earan and st th Lt s en, on the

ot her hand, that %gi&?r?&%di%rftél §gd the exPar{qeéw Rold%d a2tifleas
visually observed and evaluated according to the following

rating system.

A ... Shrink, melt or gaps are hardly observed.

B ... Shrink, melt or gaps are observed.
C ... Considerable shrink, melt or gaps are observed.

Cooling Time:

The time necessary for a molded article to have egual
thickness to the internal dimension of the mold (50.7 mm). If
the cooling time is shorter than necessary, the molded article
would be oversized after removal from the mold.

Compression Strength:

A 50 mm long, 50 mm wide and 25 mm thick test piece cut
out of the expanded molded article was applied to a compression
test according to JIS 20234 to measure a compression strength
(kgf/cm?) .

Flexural Strength:

A flexural strength (kgf/cm?) of a 300 mm long, 75 mm

wide and 25 mm thick test piece cut out of the expanded molded

article was measured in accordance with JIS A 9511.
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articles obtained by using the rubber-nodified styrene resin of Conparative
Exanple 4, in which the di spersed conjugated di ene rubber particles are
‘under si zed; of Conparative Exanple 5, in which the conjugated di ene rubber
has a | ow proportion of a 1,4-cis structure; or of Conparative Exanple 2,
in which the conjugated di ene rubber cdftent is small; are inferior in
falling ball inpact strength or softness. It is also seen that the

expandabl i n, of rative Exanple 1, in which the rubber particle

size is MS sl i ght shrinkage 23 after molding and that

the expandabl e r??i@éyoﬂsﬁg”ﬂﬁr%ékiﬁre height means the height which
causes the failure of 50% of- the number of test pieces tested
'in a falling weight impact test. A steel ball weighing 255 g
was fallen on a 200 mm long, 40 mm wide and 25 mm thick test
piece cut out of the expanded molded article, and 50% failure
height was measured in accordance with JIS K7211.
Softness:

The expanded molded article was cut into a test piece

of 200 mm in length, 30 mm in width and 20 mm in thickness,
The central part of the test piece was applied to the
circquerential surface of a cylinder having a diameter varying
from 10 mm up to 100 mm by 10 mm, and both ends of the test
piece were bent arocund the cylinder in about 5 seconds. The
testing was repeated, while changing  the diameter of -the
cylinder starting from 100 mm in a decreasing order until the
test piece was broken. The diameter of the cylinder with which
the test piece was broken was recorded. The softness of the
test piece was evaluated from an average (mm) of measured
values of 10 test pieces per sample. The smaller the value,
the more excellent the softness.

EXAMPLES 2 AND 3 AND COMPARATIVE EXAMPLES 1 TO 3

The same procedure as in Example 1 was repeated except
for using the rubber-modified styrene resin whose composition

(exclusive of a blowing agent) is shown in Tables 1 and 3.

—
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Exanpl es 3 and 6, which have a mneral oil- content of 4% by weight, undergo

serious shrinkage after nolding and therefore have poor expansion

nDIdab|I|ty

It was proved that the required cooling time in Exanples 4 to

9, in which butane was used as a nain bl owi ng agent, is shorter than that
in Exanples 1 to 3 in which pentane was7used as a sole bl owi ng agent. The
expanded nol ded article of Exanple 9, in which the internal water content

of the expandabl e g5l pebgadls WAk ANRIG 01370 YEbolloi AT Bldidy

deteriorated appearance, |1.e., cave-l1ns on e sur

of the ex

pa rt
NGRS - EAmgiese rd e S RbY €in 'I'Qﬁléépﬁnéﬁ‘@' £ Babéer- rmdl fied

styrene resifi according to the present invention provides expanded nol ded
articles having excell ent appear anceggaxMpr.E 4

The rubber-modified styrene-resin shown in Table 1 was
melted in a single-screw extruder having a bore diameter of
30 mm and pelletized by means of an uﬁder water cutter into
spherical beads each weighing about 1.4 mg. In a 3 liter
autoclave equipped with a stirrer were charged 600 g of the
resulting resin beads, 900 g of ion-exchanged water, 4.0 g of
sodium pyrophosphate, 8.0 g of magnesium sulfate, 0.45 g of
sodium dodecylsulfate, and 9.0 g of sodium sulfate, and héated
up to 100°C over 1 hour. On reaching 100°C, 23 g of pentane
and 40 g of butane were added thereto, and the mixture was kept
at that temperature for 5 hours. The temperature was raised to
120°C over 2 hours, at which the mixture was maintained for
2 hours, followed by cooling to 30°C. The resulting expandable
rubber-modified styrene resin beads were processed in the same
manner as in Example 1. The results obtained are shown in
Table 2.

The pentane used above consisted of 80% of n-pentane
and 20% of isopentane, and the butane used above consisted of
70% of n-butane and 30% of isobutane.

EXAMPLE 5
The same procedure as in Example 4 was repeated except

for altering the composition of the rubber-modified styrene
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st rengt h. In particular, the expandable rubber-nodified styrene resin
with its internal water content controlled and containing butane as a main

"bl owi ng agent is advantageous in that cooling tine required in a nolding

cycle can be reduced. Wiile the inventjon has been described in detail and
with reference to specific enbodinentsgihereof It will be apparent to one
skilled in the art that various changes and nDdlflcatlons can be nade

E:Eilr E/:E B WedH0n a SRR 1% re®Te! hepebbtd.t 2HE SEORELS h©ofned ard MEAT |'S

shown in Table 2.
EXAMPLE 6
The same procedure as in Example 4 was repeated except
for using 22 g of pentane and 38 g of butane as blowing agent
and further using 7 g of cyclohexane. The results obtained are
shown in Table 2.
EXAMPLE 7
The same procedure as in Example 4 was repeated except
for using 54 g of butane as blowing agent and further using 7 g
of cyclohexane. The results obtained are shown in Table 2.
EXAMPLE 8
The same procedure as in Example 4 was repeated except
for wusing 72 g of butane as blowing agent. The results
obtained are shown in Table 2.
EXAMPLE 9
In a 3 liter autoclave equipped with a stirrer were
charged 600 g of the same resin beads as used in Example 4,
900 g of ion-exchanged water, 4.5 g of tricalcium phosphate,
and 0.027 g of sodium dodecylbenzenesulfonate, and treated in
the same manner as in Example 4. The results obtained are
shown in Table 2.
COMPARATIVE EXAMPLES 4 TQ 6
The same procedure as in Example 4 was repeated except
for using the rubber-modified styrene resin shown in Table 3.

The results obtained are shown in Table 4.

This is the replacement sheet

Date: 9 7 MAY ‘19%



1. Expandabl e rubber - nodi fi ed styrene resin beads conprising a
rubber-nodi fied styrene resin conprising a styrene resin having dispersed
"therein 8 to 15% by wei ght of a rubber nponent consisting of a conjugated
di ene rubber thaving a 1,4- cis structure jn a proportign gf not oL‘ess t han
70% said jugated @ben€ rGbep havi ngaa form of particles havi-ng@an
average parltiicl e slze Df &. 540 8.0 [errpm rsaid rubbék- nBdi fT edast ¢r ene
resin having 'a mneral oil content of not nore than 3.0% by wei ght, and

sai d expandabl e rubber-nodified styrene resin beads containing 1 to 15% by
wei ght of a volatile bl ow,ngepgent. 2. <«  Expandabl e+ &ubker-sodified
styrene riegi n béhdgacgorg_j ndeto clai ™ 1,{\-Wnerei n Saig stgrede resin
has a Z-average nol ecul ar wel ght of 350,€00 or nore. ™ @ e
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3. Expandabl e r ubber - nodi fi ed styrene resin beads accordl ng to
ol aim 1, wherein said expandabl e rubber-2mdified styrene resin beads have

wat er content of not nore than 0.2% by weight. 4.

an i nternal
beads according to claim1,

Expandabl e r ubber - nodi fi ed styrene resin
wherein said volatile bl ow ngepgent &on&ssﬂe mainl yoof bHutane. 5.
Expandabl e r ubber - nodi fi ed styrene ““resin d&eaffs a&cording to claiml,
wherein said expandabl e rubbgr-nodified styrene resin beads further contain
at | east one organic solvent [sel ected fromthe group consisting of
hydr ocar bons and —
_ of 3 O« 2 - Q2 o o
N4 N ™M v
~ < N T 4 om
~ ~
W 2 & o W ¥ & w
o
Z
owf 2 o C o o«
J—(m<m,_q Nm[\
g
q
<
m .
« =2 A
- 555 g 38
N
j<3]
-
2 o o
moﬁcw.szﬁ‘
& 0 - o o ¥ oun
o @ & & © i T
- N""«O
N O v
- 2 . - ]
‘“‘c: Nm:s
NA
i
S0~
e - T —;
g g
gv
O P ,::z
® ¢ w P o
O O o o B |
a8 - g g ¢
T 4 @ A4 @y
5 d £ w 4 o E
S+ B n Y o~
§ 2 ° 8~ 0 3
o ]
s ° 2 g5 %38
s ¥ 333 ¢ 3
£ 58 .28 2 &
H 6 0 wl & 2 3

Thig is the repiacement sheet

Date: 2 1 MAY 1998



25 carboxylic acid esters having a boiling point of not |ower than
80[err]C. 6. Expanded rubber-nodified styrene resin beads obtai ned by
heat expandi ng expandabl e rubber-nodified styrene resin beads conprising a
rubber-nodified styrene resin which copgprises a styrene resin having

di spersed therein 8 to 15% by wei ght 06T a rubber conponent consisting of a
conj ugat ed di ene rubber having a 1,4-cis structure in a proportion of not

| ess than 70% said conjugated diene 4@@@r3having a formof particles
havi ng an average particle size of 1;g‘r6‘370 [err]m said rubber-nodified

styrene resin having a mneral oil contgpba®htioe MaapiRafo3. 0% by wei ght,

and sai d expandabl e rubber - ﬁBHIFT@H’§§7F§H€'E€§TH’B§§§2 comtaining I to

15% by wei ght -of -
Resin Composition:

Butadiene 8 5 9 8 8 9
content (%)

Proportion of 92 92 93 96 27 93
cis form (%)

Rubber particle 3.5 2.1 2.6 1.1 2.2 2.5
size {pm)

Mineral oil 0.2 0.5 4.0 0.2 0.2 4.0
content (%) '

Z-Average 48 39 45 32 42 40
molecular weight

(x107%) :

Expandable Resin:

Internal waterxr 0.04 0.01 0.02 0.02 6.04 0.03
content (%)

Volatile blowing 7.1 7.3 6.7 7.1 7.4 6.7
agent content (%)

Blowing agent

compositions
isobutane - - - i8.1 19.3 18.8
n-butane - - - 36.2 40.2 38.7
isopentane 18.3 18.5 19.0 S.1 6.9 8.3
n-pentane 81.1 81.5 81.0 36.6 33.6 34.2
Organic solvent 0.0 0.0 0.0 0.0 0.0 0.0
(cyclohexane) '
(%)
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a volatile blow ng agent. 7. An expanded nol ded article conprising
expanded rubber- nodified styrene resin beads and having a density of 10 to
800 kg/nferr], said expanded rubber-nodified styrene resin being obtained
by heat expandi ng expandabl e rubber-nodXied styrene resin beads conprising
a rubber-nodified styrene resin conprising a styrene resin having di spersed
therein 8 to 15% by wei ght of a rubbeEéEbgpﬁnent consi sting of a conjugated
di ene rubber having a 1,4-cis structure in a proportlon of not |ess than
70% said conjugated diene ru E |
average particle size of 1.5 o130 -sa—d—rub5%+-nnd#i+ed-sﬁiLene
0 .
;:isljne)r:zg\e/ll a mqr}g%_fél contgéﬂ of §8t m)rgot han EOO/O bys\sel ght ,45and

Outer appearance B A c A A C
Cooling time (sec)} - 113 - 71 69 -
5% Compression - 1.3 - 1.2 1.1 -
strength (kgf/cm?)

Flexural strength - 3.1 - 2.5 2.8 -
(kg£f/cm?)

50% failure height - 28 - 31 30 -
(cm) -

Softness (mm) - 98 - 92 93 -

As is apparent from the results shown in Table 2 in
view of the results of Table 4, the expandable rubber-modified
styrene resin beads obtained in Examples 1 to 9 which satisfy
all the requirements of the present invention provide expanded
molded articles excellent in appearance and strength.

It is seen, on the other hand, that the expanded molded
article; obtained by using the rubber-modified styrene resin of
Comparative Example 4, in which the dispersed conjugated diene
rubber particles are undersized; of Comparative Example 5, in
which the conjugated diene rubber has a low proportion of a
1,4-cis structure; or of Comparative Example 2, in which the
conjugated diene rubber content is small; are inferior in
falling ball impact strength or softness. It is also seen that
the expandable resin of Comparative Example 1, in which the

rubber particle size is oversized, undergoes slight shrinkage
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26 nodified styrene resin beads containing 1 to 15% by wei ght of a volatile
bl owi ng agent.

,31;
after molding and that the expandable resins of Comparative
Examples 3 and 6, which have a mineral oil content of 4% by
weight, undergo serious shrinkage after molding and therefore
have poor expansion moldabiiity.

It was proved that the required cooling time in
Examples 4 to 9, in which butane was used as a main blowing
agent, is shorter than that in Examples 1 to 3 in which pentane
was used as a sole blowing agent. The expanded molded article
of Example 9, in which the internal water content of the
expandable resin beads was over 0.2% by weight, had slightly
deteriorated appéarance, i.e., cave-ins on the surface due to
melt of part of the expanded beads. |

As déscribed, above, the expandable rubber-modified
styrene resin according to the present invention provides
expanded molded articles having excellent appearance and
strength. In particular, the expandable rubber-modified
styrene resin with its internal water content controlled and
containing butane as a main blowing agent is advantageous in
that cooling time required in a molding cycle can be reduced.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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WHAT IS CLAIMED IS:

1. Expandable rubber-modified styrene resin beads
comprising a rubber-modified styrene resin comprising a styrene
resin having dispersed therein 8 to 15% by weight of a rubber
component consisting of a conjugated diene rubber having a 1,4-
cis structure in a proportion of not less than 70%, said
conjugated diene rubber having a form of particles having an
average particle size of 1.5 to 3.0 um, said rubber-modified
styrene résin having a mineral oil content of not more than
3.0% by weight, and said expandable rubber-modified styrene
resin beads containing 1 to 15% by weight of a volatile blowing
agent.

2. - Expandable rubber-modified styrene resin beads
according to claim 1, wherein said styrene resin has a
Z-average molecular weight of 350,000 or more.

3. Expandable rubber-modified styrene resin Dbeads
according to claim 1, wherein said expandable rubber-modified
styrene resin beads have an internal water content of not more
than 0.2% by weight.

4. Expandable rubber-modified styrene resin beads
according to claim 1, wherein said volatile blowing agent
consists mainly of butane.

5. Expandable rubber-modified styrene resin beads
according to claim 1, wherein said expandable rubber-modified
styrene resin beads further contain at least one organic

solvent selected from the group consisting of hydrocarbons and
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carboxylic acid esters having a boiling point of not lower than
80°C.

6. Expanded rubber-modified styrene resin beads obtained
by heat expanding expa.ndabie rubber-modified styrene. resin
beads comprising a rubber-modified styrene resin which
comprises a styrene resin having dispersed therein 8 to 15% by
weight of a rubber component consisting of a conjugated diene
rubber having a 1,4-cis structure in a proportion of not less
than 70%, said conjugated diene rubber having a form of
particles.having an average particle size of 1.5 to 3.0 pm,
said rubber-modified styrene resin having a mineral oil content
of not more than 3.0% by weight, and séid expandable rubber-
modified styréne resin beads containing 1 to 15% by weight of
a volatile blowing agent.

7. An expanded molded article comprising expanded rubber-
modified styrene resin beads and having a density of 10 to
600 kg/m’, said expanded rubber-modified styrene resin being
obtained by heat expanding expandable rubber-modified styrene
resin beads comprising a rubber-modified styrene resin
comprising a styrene resin having dispersed therein 8 i:o 15% by
weight of a rubber component consisting of a conjugated diene
rubber having a 1,4-cis structure in a proportion of not less
than 70%, said conjugated diene rubber having a form of
particles having an average particle size of 1.5 to 3.0 um,
said rubber-modified styrene resin having a mineral oil content

of not more than 3.0% by weight, and sa_.id expandable rubber-
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26
modified styrene resin beads containing 1 to 15% by weight of

a volatile blowing agent.

I

~
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